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Foreword - International
Continence Society

Walter Artibani

Conservative treatment, and namely physical therapy,
is one of the mainstays of management of pelvic
floor disorders and urinary incontinence. To transform
clinical practice into science, and vice-versa to elect
evidence-based medicine as the ground for clinical prac-
tice, is a challenge and this is what this wonderful book
aims to reach.

Every single related topic is comprehensively dealt
with, from anatomy, to neurophysiology, to assess-
ment, to strategies of treatment. All possible clinical sit-
uations in which physical therapy can be effectively

used are extensively covered including the existing
evidence.

The editors and authors are to be commended for
their efforts. The outcome is remarkable and this book
is going to become THE reference book in regards with
physical therapy to all those who are involved in pelvic
floor disorders.

Walter Artibani
General Secretary
International Continence Society



Xi

Foreword - International
Urogynecology Association

Paul A Riss

The science and clinical practice of the diagnosis and
treatment of pelvic floor disorders has changed dramati-
cally over the last few years. While previously most
researchers and clinicians often focused on a particular
problem and remained within their sometimes small
area of expertise it has become apparent that the study
of the pelvic floor requires a holistic approach. This is
true for the different specialties — gynaecology, urology,
physiotherapy, physiology — but even more because of
the fact that it is not enough to look at a particular, well-
circumscribed problem; many different aspects of a
pelvic floor dysfunction have to be considered.

In this respect the role of physical therapy has become
increasingly important. Originally physical therapy
often was considered a minor adjunct in the treatment
of pelvic floor disorders for highly motivated women.
Today, however, the central role of physical therapy in
the prevention and treatment of pelvic floor disorders
and lower urinary tract symptoms is recognized.
Without doubt it has been the work and experience of
our colleagues from Scandinavia which has pioneered
these developments.

We owe the Scandinavians a great debt: they not only
popularized and implemented physical therapy in their
countries but they also put physical therapy on a solid
scientific basis. They addressed the questions of epide-
miology, they conducted trials, and several reviews — for
example in the Cochrane database — demonstrate the
usefulness and effectiveness of physical therapy.

What has been lacking, however, is an overview
bringing together the different aspects of physical
therapy and putting them in context with medical and
physiological research. This is what Professor Kari Be
and her colleagues from Norway and Belgium have
done with this book. On one hand it almost feels like a

textbook on pelvic floor disorders, on the other hand it
shows how concepts of physical therapy are relevant for
all kinds of problems and should be integrated into
therapeutic concepts.

When reading this book one will immediately notice
two particularly noteworthy aspects:

Firstly, as the title implies it is evidence-based physi-
cal therapy. This means that it is not just the narrative
and anecdotal evidence of experienced physical thera-
pists and clinicians but the results of studies and trials
which form the basis of what is presented in this book.
It goes without saying that in this respect special chap-
ters of the book are devoted to methodology, to the
design and the conduction of trials, and to the evalua-
tion of data and the results of trials.

The second noteworthy feature of the book is the fact
that it covers every aspect of pelvic floor dysfunction:
male and female, sexual and urinary function, urinary
and fecal incontinence, incontinence and prolapse, and
of course the role of pregnancy and childbirth.

In this respect it is a very modern textbook. It is based
on evidence, it brings together physical therapists, clini-
cians and researchers, and it focuses on what really
matters — namely the problem of the patient which
impacts on her or his quality of life. Dr Kari Bg, Dr Bary
Berghmans, Dr Siv Morkved and Dr Marijke Van
Kampen are to be congratulated on having brought
together such a distinguished list of contributors. They
will open our eyes and give us a new understanding of
physical therapy of the pelvic floor.

Professor Dr Paul A Riss
Past President
International Urogynecology Association
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Foreword — World Confederation
of Physical Therapy

Sandra Mercer Moore

The World Confederation for Physical Therapy (WCPT)
postulates that physical therapists have a duty and
responsibility to use evidence to inform practice and to
ensure that the care of clients, their carers and communi-
ties is based on the best available evidence. WCPT also
believes that evidence should be integrated with clinical
experience, taking into consideration beliefs and values
and the cultural context of the local environment. In
addition, physical therapists have a duty and responsi-
bility not to use techniques and technologies that have
been shown to be ineffective or unsafe.

It therefore follows that physical therapists should be
prepared to critically evaluate their practice. In addition
they need to be able to identify questions arising in
practice, access and critically appraise the best evidence,
and implement and evaluate outcomes of their actions
(WCPT 2003).

Evidence-Based Physical Therapy for the Pelvic Floor
takes us on a wonderful journey where three core themes
of synthesizing, accessing and implementing evidence
are intertwined. Throughout the wealth of information
in the book is the constant reminder that in order to
provide quality care using the best available evidence,

the practitioner must have detailed knowledge of rele-
vant sciences such as anatomy, physiology, pathology
and measurement as well as a good understanding of
critical appraisal and review of the effects of physical
therapy interventions. The book contains an eclectic mix
of physical therapy assessment and intervention for a
range of conditions from childhood to older age and I
am pleased to note that attention is given to both male
and female patients.

On behalf of WCPT, I congratulate the authors and
editors of Evidence-Based Physical Therapy for the Pelvic
Floor — Bridging Science and Clinical Practice and commend
them for their efforts in contributing to the body of
knowledge in this important discipline.

Sandra Mercer Moore DBA MPhty
President
World Confederation of Physical Therapy

WCPT Declarations of Principle — Evidence Based Practice
Approved at the 15th General Meeting of WCPT, June
2003
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Preface

Kari Bg, Bary Berghmans, Siv Mgrkved and

Marijke Van Kampen

It is with great pleasure and excitement that we present
this new textbook! We hope it will attract all physical
therapists interested in the broad area of function and
dysfunction of the pelvic floor. The editors of this book
have more than 20 years” experience in clinical practice
and research in the prevention and treatment of symp-
toms of pelvic floor dysfunction. Between us our experi-
ence covers most areas of physical therapy for the pelvic
floor, from children, women and men, to special groups
such as pregnant and postpartum women, athletes, the
elderly and patients with special health problems. In
addition, we also have extensive background in other
areas of physical therapy such as sports physiotherapy,
neurology, rehabilitation, musculoskeletal, ergonomics,
exercise science, health promotion, biomechanics, motor
control and learning and implementation of guidelines.

Prevention and treatment of pelvic floor dysfunction
is truly a multidisciplinary field in which every profes-
sion should play its own evidence-based role for the
highest benefit of the patients. With this in mind, we are
very proud that so many leading international clini-
cians, researchers and opinion leaders from different
professions have participated in the realization of this
book. Our sincere and warmest thanks to all of you for
your unique contribution and the time and effort you
have put in to making this book a truly evidence-based
and up-to-date textbook.

We sincerely hope to have created a special and
important book for the physical therapy profession for
pelvic floor dysfunction. We anticipate that it will be
useful for physical therapy schools and will be found in
scientific libraries worldwide. Moreover, we hope this
book will become the base for postgraduate studies in
pelvic floor physical therapy. We hope that the multidis-
ciplinary nature of the authorship of this book will be

reflected in the readership, serving nurses and other
health professionals working in conservative treatment
and pelvic floor muscle training, as well as those in the
physical therapy field.

As in the medical profession, clinical practice of
physical therapy in pelvic floor has built up from a base
of clinical experience, through small experimental
studies to clinical trials. Today clinicians can build on
protocols from high-quality randomized clinical trials
(RCTs) showing sufficient effect size (the difference
between the change in the intervention group and the
change in the control group). A quick search on PEDro
(the Physiotherapy Evidence Database, Sydney, Aus-
tralia, www.pedro.fhs.usyd.edu.au) shows that physical
therapy is changing rapidly from being a non-scientific
field to a profession with a strong scientific platform. In
February 2007 there were 8859 RCTs, 1478 systematic
reviews and 461 evidence-based clinical practice guide-
lines in different areas of physical therapy listed in the
database. While this book recognizes that much more
research is needed into the prevention and treatment of
many conditions in the pelvic floor area, there are
already more than 50 RCTs evaluating the effect of
pelvic floor muscle training for stress and mixed incon-
tinence. Hence, in good clinical practice the physical
therapist should adapt individual patient training pro-
grammes according to the protocols from these studies
rather than using theories or models which are not
backed by clinical data. In addition, good clinical prac-
tice always should be individualized and should be
based on a combination of clinical experience, knowl-
edge from high-quality RCTs and patient preferences.
Next to this, good clinical practice should always be
based on respect, empathy and strong ethical
grounding.
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In 2001, Lewis Wall, Professor of Urogynecology,
wrote an editorial in the International Urogynecology
Journal describing 7 stages in the life of medical
innovations:

1. Promising report, clinical observation, case report,
short clinical series

2. Professional and organizational adoption of the
innovation

3. The public accepts the innovation — state or third
party pays for it

4. Standard procedure — into textbooks (still no critical
evaluation)

5. RCT!!

. Professional denunciation

7. Erosion of professional support, discredit.

(o)}

He stated that by the time stage 7 is concluded, or
even before the RCT has started, the procedure may
already have given way to a new procedure or method
which has grown in its wake. This cycle continues with
these new methods and procedures being prescribed to
patients without patients being informed about the
effect, risk factors or complications. It is also noteworthy
that, in most cases, patients are unaware of the fact that
there is no scientific base for the proposed treatment.
While Wall’s description of the lifecycle applies specifi-
cally to medical innovations, we are subject to the same
scrutiny and criticism in physical therapy.

Although physical therapy modalities, in compari-
son with surgery, rarely produce serious side effects or
complications, we suggest that Wall’s 7 stages also may
be very useful to show how different theories, and not
science, impact on physical therapy practice. We are
keenly aware and concerned that in the long run such
un-scientific evolution of practice will damage patients,
the physical therapy profession itself and parties respon-
sible for compensation. In particular, the use of such
untested models and theories as a background for
implementing new interventions when there is in fact
evidence available for alternative and proven treatment
strategies, must be considered bad clinical practice,
and may even be considered unethical. Hence, it is our
hope that this book will be a big step towards evidence-
based practice in all symptom areas of pelvic floor
dysfunction.

This does not mean that we should not treat condi-
tions for which there are no or only few/weak control-
led studies to support clinical practice. However, we
sincerely believe that all physical therapists should be
aware of the different level and value of statements,
theories, clinical experience, knowledge from research
designs other than RCTs and knowledge from high-
quality research. It is a duty to openly explain to patients
and other parties that the proposed treatment is not

based on high-quality studies, but only on the best avail-
able knowledge at that time. The profession should
never confuse statements, clinical experience and theo-
ries with evidence from high-quality RCTs, and opti-
mally, we should not use new modalities in regular
clinical practice until they have proved to be effective in
RCTs. In this book we have tried our best to differentiate
between the different levels of knowledge and evidence
and to be very clear about the limitations of the research
underlying the recommendations for practice. In line
with this, we have left out those areas that were not
convincing because of lack of evidence. These areas
include:

¢ Therole or effect of PEMT on core stability to prevent/
treat low back and pelvic girdle pain

¢ The effect of ‘functional training’

® The role of motor control training as the sole treat-
ment of pelvic floor dysfunction

¢ The definition, assessment and treatment for "hyper-
tone pelvic floor’

¢ The effect of body posture on the pelvic floor

¢ The effect of respiration on the pelvic floor and vice
versa.

Our aim is to continue updating the evidence in all
areas of research in pelvic floor physical therapy. There-
fore, we hope that the next edition will already include
more areas because of the continuing growth of knowl-
edge based on high-quality research.

The evidence presented in this book is based on
reviews from the Cochrane Library, the three Interna-
tional Consensus Meetings on Incontinence, other sys-
tematic reviews and updated searches on newer RCTs.
However, the conclusions of these high-quality system-
atic reviews can differ because they are a product of how
the authors have posed their research questions, what
type of studies they have included, what choice of
outcome measures they have made, and how they have
classified the studies. Therefore, not all conclusions in
this book are in line with other conclusions. The goal of
the editors of this book is to evaluate only clinically rel-
evant research questions. Moreover, our selection pro-
cedure and strategy for the in- and exclusion of studies
should be transparent and easy to understand for the
readers of the book.

Active exercise is the core of physical therapy inter-
ventions. Passive treatments may be used to stimulate
non-functioning muscles and to manage pain so that
active exercise becomes possible. The following is a
quote from Hippocrates which elegantly lends itself to
the philosophy of physical therapy:

“All parts of the body which have a function, if used
in moderation and exercised in labours in which each is
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accustomed, become thereby healthy, well-developed
and age more slowly, but if unused and left idle they
become liable to disease, defective in growth, and age
quickly.” It is the role of the physical therapist to moti-
vate patients and to facilitate exercise and adapted
physical activity throughout the lifespan.

We hope that new students in this exciting and inter-
esting field will find enough guidance in this book to
begin to prevent, assess and treat pelvic floor dysfunc-
tion effectively in their clients/patients, but they must
also learn to be critical of new theories and modalities
that have not yet been tested sufficiently. For experi-
enced physical therapists we hope that providing con-
temporary scientific evidence to support or contradict
clinical practice will effect changes in practice and will
push for more high-quality clinical research projects.

Hopefully, you will enjoy reading the book just as much
as we have enjoyed working with it. Through working
on the book we have certainly become aware of many
unanswered questions, and have identified many new
research areas that need to be addressed in this challeng-
ing area. We encourage the readers interested in research
to continue with formal education in research methodol-
ogy (MSc and PhD programs) and join us in trying to
make high-quality clinical research in the future. We
appreciate any constructive feedback for chapters to be
changed or included for the next edition.

Kari Bg, Professor, PhD, MSc PT

Bary Berghmans, Researcher, PhD, MSc PT
Marijke Van Kampen, Professor, PhD, MSc PT
Siv Merkved, Associate Professor, PhD, MSc PT
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Overview of physical therapy for
pelvic floor dysfunction

Kari Bg

CHAPTER CONTENTS
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PELVIC FLOOR DYSFUNCTION

The framework of this book is based on the approach to
disorders of the pelvic floor in women described by
Wall & DeLancey (1991). Wall & DeLancey (1991) stated
that ‘pelvic floor dysfunction, particularly as manifested
by genital prolapse and urinary or fecal incontinence,
remains one of the largest unaddressed issues in
women’s health care today’ (p. 486). In their opinion
lack of success in treating patients with pelvic floor dys-
function is due to a professional ‘compartmentalization’
of the pelvic floor.

Each of the three outlets in the pelvis has had its own
doctor and medical specialty, with the urethra and
bladder belonging to the urologist, the vagina and
female genital organs belonging to the gynaecologist,
and the colon and rectum belonging to the gastroenter-
ologist and the colorectal surgeon (Fig. 1.1).

Wall & DeLancey (1991) argue that instead of con-
centrating on the three ‘holes’ in the pelvis, one should
look at the ‘whole pelvis” with the pelvic floor muscles
(PEM), ligaments and fasciae as the common supportive
system for all the pelvic viscera.

The interaction between the PFM and the supportive
ligaments was later elaborated by DeLancey (1993) and
Norton (1993) as the ‘boat in dry dock theory’. The ship
is analogous to the pelvic organs, the ropes to the liga-
ments and fasciae and the water to the supportive layer
of the PFM (Fig. 1.2).

DeLancey (1993) argues that as long as the PFM or
levator ani muscles function normally, the pelvic floor
is supportive and the ligaments and fascia are under
normal tension.

When the PEM relax or are damaged, the pelvic
organs must be held in place by the ligaments and
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fasciae alone. If the PFM cannot actively support the
organs, over time the connective tissue will become
stretched and damaged.

Bump & Norton (1998) also used this theoretical
framework in their overview on the epidemiology and
natural history of pelvic floor dysfunction. They sug-
gested that pelvic floor dysfunction may lead to the fol-
lowing conditions:

Colorectal
surgeon

Gynaecologist

Urologist

Pelvic
floor

Fig. 1.1 Gynaecologists, urologist, and colorectal surgeons
concentrate on their areas of interest and tend to ignore
the pelvic floor common to them all.

Fig. 1.2 'Boat in dry dock’. (From Norton 1993, p 927.)

urinary incontinence
incontinence);

fecal incontinence;
pelvic organ prolapse;
sensory and emptying abnormalities of the lower
urinary tract;

defecatory dysfunction;

sexual dysfunction;

chronic pain syndromes.

(stress, urge and mixed

Bump & Norton (1998) also described three stages in

the development of pelvic floor dysfunction:

1.

2.

3.

a perfect pelvic floor that is anatomically, neurologi-
cally, and functionally normal;

a less than perfect, but well-compensated pelvic
floor in an asymptomatic patient;

a functionally decompensated pelvic floor in the
patient with end-stage disease with urinary inconti-
nence, anal incontinence, or pelvic organ prolapse.

A model describing etiological factors possibly

leading to or causing pelvic floor dysfunction in women
has been developed, classifying the factors into:

predisposing factors (e.g. gender, genetic, neurologi-
cal, anatomical, collagen, muscular, cultural and
environmental);

inciting factors (e.g. childbirth, nerve damage, mus-
cle damage, radiation, tissue disruption, radical
surgery);

promoting factors (e.g. constipation, occupation,
recreation, obesity, surgery, lung disease, smoking,
menstrual cycle, infection, medication, menopause);
decompensating factors (e.g. ageing, dementia, debil-
ity, disease, environment, medications).

[T
(L
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Wall & DeLancey (1991) argued that progress in
the treatment of pelvic floor dysfunction in women
would occur more rapidly if a unified, cross disciplinary
approach to disorders of the pelvic support was
developed.

Wall & DeLancey (1991) mentioned only the different
medical professions as part of a multidisciplinary team.
In this book we will argue that physical therapists (PTs),
having assessment and treatment of the musculoskeletal
system in general as their speciality, should be core
professionals in a multidisciplinary approach to pelvic
floor dysfunction.

PHYSICAL THERAPY FOR THE
PELVIC FLOOR

The nature of physical therapy

In May 1999, at the 14th General Meeting of The World
Confederation for Physical Therapy (WCPT), a position
statement describing the nature and process of physical
therapy/physical therapy was approved by all member
nations (1999). This description will be used as a foun-
dation and framework to give an overview of physical
therapy/physical therapy in the area of pelvic floor dys-
function. The term ‘physical therapy’ will be used
throughout this book, in accordance with the guidelines
of the WCPT Europe.

According to the WCPT, physical therapy is ‘provid-
ing services to people and populations to develop,
maintain and restore maximum movements and func-
tional ability throughout the lifespan’.

The main area of practice for PT is musculoskeletal
pain and dysfunction. However, many PTs also special-
ize in other areas such as the cardiorespiratory field,
neurology, and coronary disease. In all areas PTs
aim to improve functional capacity and improve the
patients’ ability to maintain or increase physical activity
level.

The PFM are not responsible for gross motor move-
ments alone, but work in synergy with other trunk
muscles. Therefore, pelvic floor dysfunction may lead to
symptoms during movement and perceived restriction
in the ability to stay physically active (Bo et al 1989,
Nygaard et al 1990). Several studies have shown that,
for example, urinary incontinence may lead to a change
in movement patterns during physical activities (Bo
et al 1989, Nygaard et al 1990), withdrawal from regular
fitness activities and bother when being active (Brown
& Miller 2001, Nygaard et al 1990).

Lifelong participation in regular moderate physical
activity is important in the prevention of several dis-

eases, and is an independent factor in the prevention of
osteoporosis, obesity, diabetes mellitus, high blood
pressure, coronary heart disease, breast and colon
cancer, depression and anxiety (Bouchard et al 1993).

In addition, limitations in the ability to move or
conduct activities of daily living either due to age or
injuries may also lead to other problems, such as sec-
ondary incontinence.

Physical therapy for pelvic floor dysfunction may
therefore also include physical activities for increasing
general function and fitness level.

‘Physical therapy includes the provision of services in
circumstances where movement and function are
threatened by the process of aging or that of injury or
disease’

WCPT

Hippocrates (5th—4th centuries Bc) claimed that ‘all
parts of the body which have a function, if used in
moderation and exercised in labors in which each is
accustomed, become thereby healthy, well-developed
and age more slowly, but if unused and left idle they
become liable to disease, defective in growth, and age
quickly’.

The PEM are subject to continuous strain throughout
the lifespan. In particular, the pelvic floor of women is
subject to tremendous strain during pregnancy and
childbirth (Merkved 2003). In addition, hormonal
changes may influence the pelvic floor and pelvic organs
and a decline in muscle strength may occur due to
aging. Hence, the PFM may need regular training to stay
healthy throughout life.

‘Physical therapy is concerned with identifying and
maximizing movement potential, within the spheres of
health  promotion, prevention, treatment, and
rehabilitation’

WCPT

Physical therapists may promote PFM training
(PEMT) by writing about the issue in newspapers and
women’s magazines, informing all their regular patients
about PEMT, including PEMT in regular exercise classes
and in particular in antenatal and postnatal training, as
well as before and after pelvic surgery in men and
women. Physical therapists who treat pelvic floor dys-
function should be fully trained in this specialty or
should refer to colleagues who have the thorough
knowledge to treat patients according to the principles
of evidence based physical therapy.

‘Physical therapy is an essential part of the health ser-
vices delivery system’
WCPT
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‘PTs practice independently of other health care pro-
viders and also within interdisciplinary rehabilitation/
habilitation programs for the restoration of optimal
function and quality of life in individuals with loss and
disorders of movement’

WCPT

In most countries physical therapy work is by referral
from medical practitioners. However, during recent
decades this has changed in some countries such as
Australia and New Zealand. In 2006 Dutch PTs have
also become primary contact practitioners. Both systems
require good collaboration between the medical and
physical therapy professions.

The referral system implies that the medical practi-
tioner is aware of what the PT can offer, and also has
PTs available to send referrals to. One of the weaknesses
of this system is that medical practitioners who are not
motivated or who have insufficient knowledge about
the evidence for different physical therapy interventions
will not send suitable patients to physical therapy. The
patients will more likely be offered traditional medical
treatment options such as medication or surgery. These
treatments may have adverse effects and are more
expensive than exercise therapy (Black & Downs 1996,
Smith et al 2002). In addition, the referral system is
expensive because it involves an extra consultation.

The argument against PTs as primary contact practi-
tioners has been that PTs do not have enough education
to make differential diagnoses, and may therefore not
detect more serious diseases such as cancer or neuro-
logical disease underlying the symptoms.

The editors of this book do not take a stand for either
system of physical therapy service. We believe that pre-
vention and treatment of pelvic floor dysfunction needs
a multidisciplinary approach and would encourage col-
laboration between physicians and PTs at all levels of
assessment and treatment.

"

‘Physical therapy involves “. .. using knowledge and
skills unique to physical therapists and, is the service
ONLY (author’s emphasis) provided by, or under the
direction and supervision of a physical therapist”’
WCPT

The educational standard of PTs differs between
countries throughout the world. In the US, physical
therapy is at master’s degree level (although this is based
onanundergraduate degree other than physical therapy),
whereas in most countries in Europe, Asia, Africa, it is a
3-year bachelor degree and in Australia and New
Zealand itis a 4-year bachelor degree with the possibility
to continue with a master’s degree and PhD.

Physical therapy schools are within the university in
many countries, but in other countries physical therapy

is taught in polytechnic schools or colleges below
university level.

There can be different educational requirements
for entry into undergraduate programmes within one
country and from country to country. In most countries,
however, physical therapy is a professional education
and the entry level for physical therapy undergraduate
studies is very high, in some countries being at the same
level as medicine. In the area of pelvic floor dysfunction,
several PTs are professors and many PTs throughout
the world have master’s and PhDs.

The emphasis on pelvic floor dysfunction in under-
graduate physical therapy curricula varies between
countries at both undergraduate and postgraduate
physical therapy level. The broad knowledge of anatomy
and physiology, medical science, clinical assessment
and treatment modalities learnt by all PTs can be applied
to the pelvic floor. Several countries also have post-
graduate education programmes for PTs specializing
either in women’s health or pelvic or pelvic floor physi-
cal therapy with education level and content varying
between countries.

‘The physical therapy process includes assessment,
diagnosis, planning, intervention, and evaluation’
WCPT

Assessment

"Assessment includes both the examination of individu-
als or groups with actual or potential impairments,
functional limitations, disabilities, or other conditions
of health by history taking, screening and the use of
specific tests and measures, and evaluation of the
results of examination through analysis and synthesis
within a process of clinical reasoning’

WCPT

In patients with pelvic floor dysfunction, after thor-
ough history taking, the PT will assess the function of
the pelvic floor by visual observation, vaginal palpation
and/or measurement of muscle activity (measurement
of vaginal or urethral squeeze pressure, electromyo-
graphy [EMG], ultrasound) (Be & Sherburn 2005).

Diagnosis

‘In carrying out the diagnostic process, physical thera-
pists may need to obtain additional information from
other professionals’

WCPT

MostPTsin private practice obtain referrals of patients
from general practitioners. These medical practitioners
themselves seldom have access to urodynamics, EMG,
magnetic resonance imaging (MRI) or ultrasound.
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According to the Report from the Standardization
Subcommittee of the International Continence Society
(Abrams et al 2002) a diagnosis of stress or urge
incontinence or pelvic pain syndrome cannot be based
on history taking alone. Therefore, interdisciplinary
collaborations with other professionals are highly rec-
ommended. In real life most PTs in private practice treat
patients who have not undergone a thorough diagnostic
investigation.

DeLancey (1996) has suggested that the cure and
improvement rates of PFMT would be higher for stress
urinary incontinence (SUI) if more detailed knowledge
about the pathophysiology of each patient was
available.

Planning

‘A plan of intervention includes measurable outcome
goals negotiated in collaboration with the patient/client,
family or care giver. Alternatively it may lead to refer-
ral to another agency in cases which are inappropriate
for physical therapy’

WCPT

It is extremely important that the patient decides the
final goal of the treatment. For example, not all women
need to be totally dry during jumping because they may
never perform this activity.

One goal for an elderly woman might be to be able
to lift her grandchild without leaking or feeling heavi-
ness from a pelvic organ prolapse. If she is able to con-
tract the PFM with a certain degree of strength this may
be quite easy to accomplish with proper instruction of
pre-contraction of the PEM before and during lifting.

Another woman may have the goal of being totally
dry or having good organ support while playing tennis
(Bo et al 2004a). To achieve this she may need much
more intensive PFM training because she needs to build
up muscle volume and stiffness of the pelvic floor and
gain an automatic PFM action during an increase in
abdominal pressure or a high ground reaction force (Bo
2004b).

Because most PTs treat patients with pelvic floor
dysfunction without a full diagnosis it is of utmost
importance that they communicate with other medical
professions if they discover discrepancies between
expected outcomes, or suspect other underlying condi-
tions to be the cause of the patient’s complaints. For
example, urgency and urge incontinence may be the
first signs of multiple sclerosis.

Intervention

‘In general physical therapy intervention is imple-
mented and modified in order to reach agreed goals and

may include: manual handling; movement enhancing;
physical, electro-therapeutic and mechanical agents;
functional training (muscle strength and endurance,
coordination, motor control, body-awareness, flexibil-
ity, relaxation, cardiorespiratory fitness); provision of
aids and appliances; patient/client related instruction
and counseling; documentation and coordination, and
communication’

WCPT

In treating pelvic floor dysfunction the mainstay of
physical therapy is education about the dysfunction,
in-formation regarding lifestyle interventions, manual
techniques and PFMT.

PEMT can be taught with or without the use of bio-
feedback or other adjunctive therapies, such as electrical
stimulation or mechanical agents. It includes teaching
of the correct contraction, muscle and body awareness,
coordination and motor control, muscle strength and
endurance, and relaxation.

The PT will choose different treatment programmes
for different conditions and different patients. In some
cases the PT will also provide preventive devices to the
patients, and teach them how to use them.

Interventions may also be aimed at preventing
impairments, functional limitations, disability and
injury and include the promotion and maintenance of
health, quality of life, and fitness in all ages and
populations.

To prevent urinary incontinence, teaching pelvic
floor exercises in pregnancy and after childbirth is
essential.

The choice of interventions should always be based
on the highest level of evidence available.

Ideally, the PT will choose the protocol from a ran-
domized controlled trial (RCT) where the intervention
has been shown to be effective and adjust this to the
patient’s needs and practical requirements.

In the area of SUI there is sufficient knowledge from
RCTs to choose an effective training protocol. However,
in other conditions that may be caused by pelvic floor
dysfunction such knowledge is not yet available. The PT
then has to develop a programme on the basis of clinical
experience (his or her own or other experts), small
experimental studies or theories. It is essential that such
experience or theories are quickly developed into
research hypotheses and tested in RCTs by trained
researchers to see if there is a clinically worthwhile
effect.

Collaboration between experienced clinicians and
researchers is extremely important in planning clinical
research. Experienced clinicians should not jump at new
theories and ideas or change their practice based on
theories and small experimental studies alone. Ideally,
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the only information that should lead to a drastic change
of clinical practice are results (positive or negative) from
RCTs.

When undertaking research and deciding on a PT
intervention, the PT must be aware that the ‘quality of
the intervention’, particularly the intensity of the physi-
cal therapy intervention, will affect the outcome. Inef-
fective (low dose) or even harmful treatments can be in
aRCT thathas high-quality methodology. These research
challenges are the same when conducting RCTs
that include both surgery and PFMT, and the method-
ological quality of studies of both surgery and PFMT
has been variable (Hay-Smith et al 2001, Smith et al
2002).

When participating in research led by other profes-
sionals it is important that the physical therapy inter-
vention meets quality standards. No drug company
would dream of conducting a study with a non-optimal
dosage of the drug. In published RCTs, there are several
PEMT programmes with low dosage showing little or
no effect (Hay-Smith et al 2001).

Evaluation

‘Evaluation necessitates re-examination for the purpose
of evaluating outcomes’
WCPT

Using the same outcome measures before and after
treatment is mandatory for the purpose of evaluating
outcomes in clinical practice.

In treating symptoms of pelvic floor dysfunction the
PT uses different forms of PFMT (independent variable
in experimental research) to change the condition
(named dependent variable in experimental research
e.g. stage of pelvic organ prolapse, pelvic pain or
SuI).

It is mandatory that PTs use the concept of the Inter-
national Classification of Impairment, Disability and
Handicap (ICIDH) (1997), later changed to International
Classification of Function (ICF) (2002) to evaluate effi-
cacy of the intervention. The ICF is a World Health
Organization (WHO)-approved system designed to
classify health and health related states. According to
this system (see Ch. 5.1) different health components are
related to specific diseases and conditions:

* body functions: physiological and psychological
functions of body systems (e.g. delayed motor latency
of the nerves to the PFM);

* body structures: anatomical parts (e.g. rupture or
atrophy of the PEM);

* impairments: problems in body function or structure
such as significant deviation or loss (e.g. weak or
non-coordinated PEM);

* activity: execution of a task or action by an individual
(e.g. to stay continent during increase in abdominal
pressure);

* participation: involvement in a life situation (being
able to participate in social situations such as playing
tennis or aerobic dancing without fear or embarrass-
ment of leaking);

* environment (e.g. easy access to the bathroom).

Physical therapy aims to improve factors involving
all these components. Therefore we need to select
different outcome measures for different components.
For example, PFMT may improve timing of the co-
contraction during cough (ICF: body functions; neuro-
physiology). This may be measured by wire or needle
EMG.

One of the aims for PEMT in treating pelvic organ
prolapse (POP) is to alter the length/stiffness of the
PEM so they sit at a higher anatomical location inside
the pelvis (ICF: body structure, anatomy). This may be
measured using MRI or ultrasound.

Impairment of the PFM can result from inability
to produce optimal strength (force). Muscle strength
can be measured by manometers or dynamometers
during attempts of maximal contraction.

Ambulatory urodynamics of urethral pressure during
physical activities may be developed as a future measure
of automatic co-contraction during activity.

Urinary leakage could be classified as disability in
the ICIDH and as activity in the new ICF system. The
actual leakage can be measured by number of leakage
episodes (self report) or pad tests.

Physical therapy also aims at, for example, reducing
urinary leakage to a point where this is no longer
restricting the patient from participation in social activi-
ties (ICF: participation). This can be measured by quality
of life questionnaires. PTs can also work politically to
improve the environment such as advocating for easy
access to toilets in public buildings.

Ideally, PTs should assess the effect of the physical
therapy intervention in all these components using
outcome measures with high responsiveness (measure-
ment tools that can detect small differences), reliability
(intra- and inter-tester reproducibility), and validity (to
what degree the measurement tool measures what it is
meant to measure).

PTs should “use terminology that is widely understood
and adequately defined’ and ‘recognize internationally
accepted models and definitions’

WCPT

In the area of pelvic floor dysfunction we are fortu-
nate to have international committees working on



Role of the physical therapist in pelvic floor dysfunction

7

standardization and terminology. The International
Continence Society (ICS) constantly revises its stan-
dardization of terminology (Abrams et al 2002), and the
Clinical Assessment Group within the same society
has also delivered a standardization document (www.
icsoffice.com).

Physical therapists must refer to definitions and ter-
minology from the WHO, the WCPT and for definitions
and standards developed in exercise science and motor
learning and control to be able to communicate effec-
tively with other professions.

Linking research and practice

‘Emphasise the mneed for practice to be evidence-
based whenever possible’ and ‘appreciate the inter-
dependence of practice, research and education within
the profession’

WCPT

Sackett et al (2000) has defined evidence-based medi-
cine as ‘the conscientious, explicit and judicious use of
current best evidence in making decisions about care of
individual patients’. Neither the best available external
clinical evidence (RCTs) nor clinical expertise alone is
good enough for decision making in clinical practice.
Without clinical experience, ‘evidence’ can ignore the
individual’s needs and circumstances, and without
evidence, ‘experience’ can become old fashioned/out
of date.

Evidence-based (PT) practice has a theoretical body
of knowledge, uses the best available scientific evidence
in clinical decision making and uses standardized
outcome measures to evaluate the care provided
(Herbert et al 2005).

Herbert et al (2005) have stated that research con-
ducted as part of routine clinical practice can be prone
to bias because there is often a lack of comparison of
outcomes with outcomes of randomized controls. In
such studies it may be difficult to distinguish between
effects of intervention and natural recovery or statistical
regression. In addition, self-reported outcomes may be
biased because patients may feel obliged to the thera-
pist. There may be no record or follow-up of drop-
outs, outcome measures may be distorted by assessors’
expectations of intervention, adherence to the training
protocol is seldom reported and long-term results
are often not available. The best evidence of effects of
intervention comes from randomized trials with ade-
quate follow-up and blinding of assessors and, where
possible, blinding of patients too.

Our understanding of the mechanisms of therapies
is often incomplete, and it is unknown whether the

effects of some PT interventions are large enough to be
worthwhile (effect size).

Only high-quality clinical research (RCTs) potentially
provides unbiased estimates of the effect size (Herbert
2000a, b). This provides several challenges in clinical
practice.

To increase their level of knowledge in clinical prac-
tice PTs need to:

e stay updated in pathophysiology;

* use interventions for which we have evidence-based
knowledge of dose-response issues;

e if possible: use interventions/protocols based on
results/protocols from high quality RCTS with posi-
tive results (clinically relevant effect-size);

® use pre- and post-treatment tests that are responsive,
reliable, and valid;

e measure adherence and adverse effects!

ROLE OF THE PHYSICAL THERAPIST IN
PELVIC FLOOR DYSFUNCTION

* Work in a team with other professions in medicine
(e.g. general practitioner, urologist, gynecologist,
radiologist).

e Evaluate the degree of pelvic floor dysfunction symp-
toms and complaints and overall condition by cover-
ing all components of the ICF.

e Fully evaluate PFM performance, including ability to
contract and strength.

e Set individual treatment goals and plan treatment
programmes in collaboration with the patient.

e Treat the condition individually and/or conduct
PEFM exercise classes.

e Teach preventive PFM exercise individually or in
classes during pregnancy and postnatally.

¢ Clinicians without a research background can partici-
pate in high-standard research as deliverers of high-
quality physical therapy and conduct evaluation of
the intervention. They should, however, refuse to be
involved in studies with low-quality methodology
and/or low-quality intervention (e.g. inadequate
dosage).

* Research PTs should:

— conduct basic research on tissue adaptation to dif-
ferent treatment modalities;

- participate in the development of responsive, reli-
able and valid tools to assess PFM function and
strength and outcome measures;

- conduct high-quality methodological and inter-
ventional RCTs to evaluate effect of different
physical therapy interventions.
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In the preceding chapter, Kari Bo described her vision
of physical therapy for the pelvic floor. A core part of
that vision is that practice should be guided by evidence
in the form of high-quality clinical research. This chapter
develops that theme by considering one specific sort of
evidence: evidence about the effects of interventions.
The chapter begins by identifying the sorts of evidence
that tell us about the effects of intervention. It then
explores how readers of the research literature can dif-
ferentiate between high- and low-quality evidence. The
chapter concludes by briefly considering how high-
quality evidence of the effects of intervention can be
used to assist clinical decisions.

RANDOMIZED TRIALS AND
SYSTEMATIC REVIEWS

Randomized trials

Randomized trials (also called randomized controlled
trials or randomized clinical trials [RCTs]) provide a
mechanism for estimating the effects of interventions.
They involve samples of people (trial ‘subjects’ or “par-
ticipants’) drawn from clinical populations who either
have a health disorder (in studies of treatment) or are at
risk of a health disorder (in studies of prevention).

Each participant in the trial is randomly allocated to
receive the intervention of interest or not. The group of
participants that does not receive the intervention of
interest is often called the ‘control group’. Subsequently
the experimenter compares the outcomes of participants
in the intervention and control groups.
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There are a number of variations on this broad
approach (Herbert et al 2005). In the simplest version,
participants are allocated to groups that receive inter-
vention or a group that receives no intervention. Alter-
natively, participants in both groups could receive
standard care but participants in one group could
receive, in addition, the intervention of interest. Or one
group could receive an intervention and the other group
could receive a different intervention. If participants are
randomized to groups all of these variations can be
called randomized trials.

Two features differentiate randomized trials from
other studies of the effects of intervention: there is com-
parison between outcomes of groups that do and do not
receive a particular intervention, and participants are
allocated to conditions using a random procedure.
These features make it possible to separate out the
effects of intervention from other factors that influence
clinical outcomes, such as the natural history of a condi-
tion, or statistical phenomena such as statistical regres-
sion. The logic is as follows: randomization generates
groups that are likely to be very similar, especially in
large trials. So when we give the intervention of interest
to one group and not the other, differences in the out-
comes of the two groups are attributable to the interven-
tion. A complication is that, because randomization
produces similar but not identical groups, differences in
outcomes could be due to small differences between
groups at baseline. Statistical methods can be used to
assess whether this is plausible or not. This means that
the difference between the outcomes of the two groups
in a randomized trial provides an estimate of the effect
of intervention.

Importantly, randomization is the only way to
generate two groups that we can know are comparable.
No other method can assure a ‘fair comparison’ between
intervention and control groups. (Some empirical evi-
dence suggests well-conducted non-randomized trials
often produce similar results to randomized trials
[Benson & Hartz 2000, Concato et al 2000; but see Kunz
& Oxman 1998], but there is no reason why we should
expect that to be so.) For this reason randomized trials
can claim to be the only method that can be expected
to generate unbiased estimates of the effects of
interventions.

Systematic reviews

Many physical therapy practices, including several
interventions for the pelvic floor, have been subjected to
multiple randomized trials. Where more than one trial
has examined the effects of the same intervention we
can potentially learn more from a careful examination
of the totality of evidence provided by all relevant

randomized trials than from any individual trial. Poten-
tially we can get more information about the effects of
an intervention from literature reviews rather than from
individual studies.

Until a couple of decades ago, reviews of the litera-
ture were conducted in an unsystematic way. Authors
of reviews would find what they considered to be rele-
vant trials, read them carefully, and write about the
findings of those trials. The authors of the best reviews
were able to differentiate between high- and low-quality
trials to bring together a balanced synthesis that fairly
reflected what existing trials said about the effects of the
intervention.

Nonetheless, traditional (narrative) reviews have
always had one important shortcoming: their methods
are inscrutable. It is hard for readers of narrative reviews
to know if the review was carried out optimally. Readers
cannot determine, without specific knowledge of the
literature under review, whether the reviewer identified
all of the relevant trials or properly weighted the find-
ings of high-quality and low-quality studies. Also,
readers usually cannot know how the reviewer went
about drawing together the findings of the relevant
trials to synthesize the review’s conclusions. There
must always be some concern that the evidence
provided in narrative reviews is biased by selective
reporting of studies, unbalanced assessment of trial
quality, or partial interpretations of what the best trials
mean.

The method of systematic reviews was developed
in the late 1970s to overcome some of the shortcomings
of narrative reviews (Egger et al 2001, Glass et al 1981).
The most important characteristic of systematic reviews
is that they explicitly describe the methods used to
conduct the review; typically systematic reviews have a
methods section that describes how the search was
conducted, how trials were selected, how data were
extracted, and how the data were used to synthesize
the findings of the review. Thus, in systematic reviews,
the methods are transparent. This means the reader can
make judgments about how well the review was
conducted.

A principle that underlies the design of most system-
atic reviews is that the methods should minimize bias
by attempting to find all relevant trials, or at least a
representative subset of the relevant trials. Also, pre-
determined criteria are used to assess the quality of
trials, and to draw together the findings of individual
trials to generate an overall conclusion.

To summarize, systematic reviews generally provide
a better source of information about the effects of an
intervention than narrative reviews because they employ
transparent methods designed to minimize bias (Box
2.1).
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Box 2.1

The best information about the effects of
physiotherapy interventions for the pelvic floor is
provided by randomized trials or, where there has
been more than one randomized trial, by systematic
reviews of randomized trials

What can't randomized trials and
systematic reviews tell us?

Theoretically, randomized trials could provide us with
estimates of the effects of every physical therapy inter-
vention and every component of every physical therapy
intervention. In practice, we are a long way from that
position, and it is likely we will never get there.

Randomized trials are cumbersome instruments.
They are able to provide unbiased estimates of the effects
of interventions, but do so at a cost. Many trials enroll
hundreds or even thousands of participants and follow
them for months or years. The magnitude of this under-
taking means that it is not possible to conduct trials to
examine the effects of every permutation of every com-
ponent of every intervention for every patient group.

In practice the best that randomized trials can provide
us with is indicative estimates of effects of typical inter-
ventions administered in a small subset of reasonable
ways to typical populations, even though we know that
when the intervention is applied in clinical settings its
effects will vary depending on precisely how the inter-
vention is administered and precisely who the interven-
tion is administered to.

Randomized trials can suggest treatment approaches,
but the fine detail of how interventions are implemented
will always have to be supplemented by clinical experi-
ence, by our understandings of how the intervention
works, and by common sense.

Randomized trials and systematic reviews of rand-
omized trials are suited to answering questions about
the effects of interventions, but are not able to answer
other sorts of questions. Different sorts of designs are
required to answer questions about the prognosis of a
particular condition or about the interpretation of a
diagnostic test (Herbert et al 2005).

A major limitation of randomized trials is that the
methods developed for analysing randomized trials can
only be applied to quantitative measures of outcomes.
But it is not possible to quantify the full complexity of
people’s thoughts and feelings with quantitative meas-
ures (Herbert & Higgs 2004). If we want to understand
how people experience an intervention we need to
consult studies that employ qualitative methods, such

as focus groups or in-depth interviews, rather than ran-
domized trials. In general, qualitative methods cannot
tell us about the effects of intervention but, because they
can tell us about people’s experiences of intervention,
they can inform decisions about whether or not to inter-
vene in a particular way.

How can the evidence be located,
and how much evidence is there?

Several databases can be used to locate randomized
trials and systematic reviews of the effects of
intervention.

PubMed indexes the general health literature and can
be accessed free of charge at http://www.pubmed.
gov.

CENTRAL, part of the Cochrane Library (http://
www.mrw.interscience.wiley.com/cochrane/), specifi-
cally indexes randomized trials and is free in many
countries. (To see a list of countries from which
CENTRAL can be accessed free of charge, follow the
link to ‘Do you already have access?’).

The only database that specifically indexes rand-
omized trials and systematic reviews of physical therapy
interventions is PEDro. It is freely available at www.
pedro.fhs.usyd.edu.au. In May 2005, a quick search of
the PEDro database for records indexed as relevant to
the “pelvic floor or genitourinary system’ yielded 183
randomized trials and 40 systematic reviews. The quality
of these trials will be discussed in the next section.

Dimensions of quality of randomized trials
and systematic reviews

Randomized trials and systematic reviews vary greatly
in quality. There are high-quality studies that have been
carefully designed, meticulously conducted and rigor-
ously analysed, and there are low-quality studies that
have not!

Physical therapists must be able to differentiate
between high- and low-quality studies if they are to be
able to discern the real effects of intervention.

A key characteristic of high-quality randomized
trials and systematic reviews is that they are relatively
unbiased. That is, they do not systematically underesti-
mate or overestimate effects of intervention.

And of course high-quality trials and reviews must
also be relevant to clinical practice. That is, they must
tell us about the effects of interventions when adminis-
tered well to appropriate patients, and about the effects
of the intervention on outcomes that are important.
Finally, high-quality trials and reviews provide us with
precise estimates of the size of treatment effects. The
precision of the estimates is primarily a function of the
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sample size (the number of subjects in a trial or the
number of subjects in all studies in the review). Thus
the highest quality trials and reviews, those that best
support clinical decision making, are large, unbiased
and relevant.

The following sections consider how readers of trials
and reviews can assess these aspects of quality.

SEPARATING THE WHEAT FROM
THE CHAFF: DETECTING BIAS IN
TRIALS AND REVIEWS

Detecting bias in randomized trials

When we read reports of randomized trials we would
like to know if the trials are biased or not. Another way
of saying this is that we need to assess the validity (or
‘internal validity’) of the trials.

One way to assess internal validity is to see how well
the trial has been designed. Over the past 50 years meth-
odologists have refined the methods used to conduct
randomized trials to the extent that there is now consen-
sus, at least with regards to the main features of trial
design, about what constitutes best practice in the design
of clinical trials (Moher et al 2001, Pocock 1984). This
suggests we could assess internal validity of individual
trials by examining how well their methods correspond
to what is thought to be best practice in trial design.

Alternatively, we could base judgments about the
validity of trials on empirical evidence of bias. Several
studies have shown that, all else being equal, certain
design features are associated with smaller estimates of
the effects of intervention (e.g. Chalmers et al 1983,
Colditz et al 1989, Moher et al 1998, Schulz et al 1995).
This has been interpreted as indicating that these design
features are markers of bias.

Potentially we could use either of these approaches:
we could base decisions about the validity of trials
either on expert opinion or empirical evidence. There is
much debate about which is the best way to assess
validity. But fortunately both approaches suggest that
trial validity should be assessed by looking for the pres-
ence of similar features of trial design (Box 2.2).

Random allocation

Most methodologists believe that true random alloca-
tion reduces the possibilities for bias, and some empiri-
cal evidence supports this position (Kunz & Oxman
1998). To ensure that allocation is truly randomized it is
important to ensure that the person who recruits patients
into the trial is unaware, at the time he or she makes

Box 2.2: Key features conferring validity to
clinical trials

e True (concealed) random allocation of participants
to groups

e Blinding of participants and assessors

® Adequate follow-up

decisions about whether or not to admit a patient into
the trial which group the patient would subsequently
be allocated to. Similarly, it is important that patients do
not know which group they would be allocated to. This
is referred to concealment of the allocation schedule.

Failure to conceal allocation potentially distorts ran-
domization because experimenters might be reluctant to
let patients with the most serious symptoms into the
trial if they know the patient is to be allocated to the
control group, and patients may be less likely to choose
to participate in the trial if they know they will subse-
quently be allocated to the control group. This would
generate groups that are not comparable at baseline
with regard to disease severity, so it introduces poten-
tial for serious bias. For this reason concealment is
thought to protect against bias in randomized trials.
Indeed, empirical evidence suggests failure to conceal
allocation may be one of the most important indicators
of bias (Chalmers et al 1983, Schulz et al 1995).

Of the trials of physical therapy for the pelvic floor
listed on the PEDro database, only 27% explicitly conceal
the allocation schedule.

Blinding

A second key design feature is blinding. Blinding
implies that a person (such as a trial participant or a
person assessing trial outcomes) is unaware of whether
the trial participant is in the intervention group or the
control group.

Blinding of the participants in a trial is achieved by
giving a sham intervention to subjects in the control
group. Sham interventions are interventions that resem-
ble the intervention of interest, but are thought to have
no specific therapeutic effect. (An example of an attempt
to use a sham condition in a trial of an intervention for
the pelvic floor is the trial by Sand et al (1995) which
compared the effects of active transvaginal electrical
stimulation with sham stimulation.)

By providing a sham intervention all trial partici-
pants can appear to receive intervention, but only the
intervention group receives active intervention. Conse-
quently trial participants can be ‘kept in the dark” about
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whether they are receiving the intervention or control
condition.

The usual justification for blinding trial participants
is that this makes it possible to determine if an interven-
tion has more of an effect than just a placebo effect.
In so far as placebo effects occur, they are expected to
occur to an equal degree in intervention and sham-
intervention groups, so in sham-controlled trials the
estimated effect of intervention — the difference between
group outcomes — is not influenced by placebo effects.

An additional and perhaps more important justifica-
tion is that, in trials with self-reported outcomes, blind-
ing of participants removes the possibility of bias created
by patients misreporting their outcomes. In unblinded
trials, patients in the intervention group could exagger-
ate improvements in their outcomes and patients in the
control group could understate improvements in their
outcomes, perhaps because they think this is what asses-
sors want to hear. When participants are blinded (when
they do not know if they received the intervention or
control conditions) there should be no difference in
reporting tendencies of the two groups, so estimates of
the effect of intervention (the difference between groups)
cannot be biased by differential reporting.

In most trials of physical therapy interventions for
the pelvic floor it is difficult to administer a sham inter-
vention that is both credible and inactive. For example,
it is difficult to conceive of a sham intervention for train-
ing pelvic floor muscles. In that case the best alternative
may be to deliver an inactive intervention to the control
group, even if the inactive intervention does not exactly
resemble the active intervention. An example is the trial
by Dumoulin et al (2004) that compared pelvic floor
rehabilitation (electrical stimulation of pelvic floor
muscles plus pelvic floor muscle exercises) with bio-
feedback. These authors gave the control group relaxa-
tion massage to the back and extremities in the belief
that this would control, to some degree, the effects of
placebo and misreporting of outcomes. Such trials
provide some control, but perhaps not complete control,
of the confounding effects of placebo and misreporting
of outcomes.

The difficulties of providing an adequate sham inter-
vention preclude participant blinding in most trials of
physical therapy interventions for the pelvic floor. Only
6% of these trials truly blind participants.

It is also desirable that the person assessing trial
outcomes is blinded. Blinding of assessors ensures that
assessments are not biased by the assessor’s expecta-
tions of the effects of intervention. When objective
outcome measures are used, blinding of assessors is
easily achieved by using assessors who are not other-
wise involved in the study and are not told about which
patients are in the intervention and control groups.

However, blinding of assessors is more difficult when
trial outcomes are self-reported (as, for example, in
studies which ask women whether they ‘leak’). In that
case the assessor is really the participant, and the asses-
sor is only blind if the participant is blind.

Follow-up

A third feature of trial design that is likely to determine
a trial’s validity is the level of follow-up.

In most trials participants are randomized to groups,
but for various reasons outcome measures are not sub-
sequently obtained from all participants. Such ‘loss to
follow-up” occurs, for example, when subjects become
too ill to be measured, or they die, go on holiday, or
have major surgery, or because the researchers lose
contact with the participant. Loss to follow-up poten-
tially “‘unrandomizes” allocation, and can produce sys-
tematic differences in the characteristics of the two
groups, so it potentially biases estimates of the effects
of intervention.

How much loss to follow-up is acceptable in a rand-
omized trial? When is loss to follow-up so extreme that
it potentially causes serious bias? There is no simple
and universally applicable answer to these questions.
However methodologists have applied threshold losses
to follow-up of between about 10 and 20%. Losses to
follow-up of less than 10% of randomized subjects are
usually considered unlikely to produce serious bias, and
losses to follow-up of greater than 20% are thought be
a potential source of serious bias.

Fortunately most trials of physical therapy interven-
tions for the pelvic floor have adequate follow-up: 67%
of the relevant trials have loss to follow-up of less than
15%.

A related but more technical issue concerns problems
with deviations from the trial protocol. Protocol devia-
tions occur when, for example, people do not receive the
intervention as allocated (e.g. if participants in an exer-
cise group do not do their exercise), or if outcome
measures are not measured at the allocated times. This
presents a dilemma for the person analysing the data:
should data from these subjects be excluded? Should
data from subjects who did not receive the intervention
be analysed as if those subjects had been allocated to the
control group? The answer to both questions is no!

Most methodologists believe that the best way to
deal with protocol violations is to analyse the data as if
the protocol violation did not occur. In this approach,
called “analysis by intention to treat’ (Hollis & Campbell
1999), all subjects’ data are analysed, regardless of
whether they received the intervention as allocated or
not, and their data are analysed in the group to which
they were allocated.
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Analysis by intention to treat is thought to be the
least biased way to analyse trial data in the presence of
protocol violations. Of the relevant trials on PEDro 24%
explicitly analyse by intention to treat.

Detecting bias in systematic reviews

The search strategy

Systematic reviewers attempt to provide an unbiased
summary of the findings of relevant trials. Ideally sys-
tematic reviews summarize the findings of all relevant
trials that had ever been conducted. That would achieve
two ends: it would ensure that the reviewer had taken
full advantage of all of the information available from
all extant trials, and it would mean that the summary of
the findings of the trials was not biased by selective
reporting of only those trials with atypical estimates of
the effects of the intervention.

Unfortunately it is usually not possible to find com-
plete reports of all relevant trials: reports of some trials
are published in obscure journals, others are published
in obscure languages, many are published only in
abstract format, and some are not published at all. Con-
sequently even the most diligent reviewers will fail to
find some trial reports.

Given that it is usually not possible to find reports of
all relevant trials the next best thing is for reviewers to
obtain reports of nearly all trials. We can use reviews
that summarize nearly all relevant trial reports to tell
nearly all of what is known about the effectiveness of
the intervention.

Incomplete retrieval of trial reports raises another
problem. If reviewers do not identify all trial reports
then there is the possibility that they have retrieved a
particular subset of trials with exceptionally optimistic
or pessimistic estimates of the effect of the intervention.
We would like to be reassured when reading a system-
atic review that the reviewer has located a representa-
tive subset of all trials. That is, we would like to know
that the reviewer has not selectively reported on trials
that provide overly optimistic or pessimistic estimates
of the effects of intervention. Even if we cannot expect
reviewers to find reports of all trials we can require that
they find an unbiased subset of nearly all trials.

To this end, most reviewers conduct quite thorough
literature searches. For a Cochrane systematic review
of pelvic floor muscle training (PFMT), for urinary
incontinence in women, Hay-Smith et al (2000)
searched the Cochrane Incontinence Group trials
register, Medline, Embase, the database of the Dutch
National Institute of Allied Health Professions,
CENTRAL, Physical Therapy Index and the reference
lists of relevant articles. They also searched the proceed-

ings of the International Continence Society page by
page. Some reviewers include trials published only as
abstract form, whereas others include only full papers
on the grounds that most abstracts have not been peer
reviewed and often contain too little information to be
useful.

Occasionally systematic reviewers conduct limited
searches, for example by searching only Medline. This
is potentially problematic: although Medline is the
largest database of the medical literature such searches
are likely to miss much of the relevant literature. It has
been estimated that Medline only indexes between 17
and 82% of all relevant trials (Dickersin et al 1994).

When reading a systematic review it is important to
check that the literature search in the review is reason-
ably recent. If a report of a systematic review is more
than a few years old it is likely several trials will have
been conducted since the search was conducted, and
the review may provide an out-of-date summary of the
literature.

Assessment of trial quality

Systematic reviewers may find a number of trials that
investigate the effects of a particular intervention, and
often the quality of the trials is varied. Obviously it is
not appropriate to weight the findings of all trials
without regard to trial quality. Particular attention
should be paid to the highest quality trials because these
trials are likely to be least biased; the poorest quality
trials should be ignored. Systematic reviews should
assess the quality of the trials in the review, and quality
assessments should be taken into account when drawing
conclusions from the review.

A range of methods have been used to assess the
quality of trials in systematic reviews. The most common
approach is to use a quality scale to assess quality, and
then to ignore the findings of trials with low-quality
scores. Commonly used scales include the Maastricht
scale (Verhagen et al 1998) and the PEDro scale (Maher
et al 2003); a copy of the PEDro scale is shown in Box
2.3. These scales assess quality based on the presence or
absence of design features thought to influence validity,
including true concealed randomization, blinding of
participants and assessors, adequate follow-up and
intention to treat analysis.

This approach sounds sensible, but there are some
reasons to think that it may discriminate inappropri-
ately between trials. The available evidence suggests
there is only moderate agreement between the ratings
of different quality scales (Colle et al 2002). Nonetheless,
it is not known how better to assess trial quality, so these
rudimentary procedures must suffice for now. For the
time being we should expect systematic reviews to take
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Box 2.3: The PEDro scale

(More details on this scale are available from http://
www.pedro.fhs.usyd.edu.au/scale_item.html.)

1. Eligibility criteria were specified

2. Subjects were randomly allocated to groups (in a
crossover study, subjects were randomly allocated
an order in which treatments were received)

3. Allocation was concealed

4. The groups were similar at baseline regarding
the most important prognostic indicators

5. There was blinding of all subjects

6. There was blinding of all therapists who
administered the therapy

7. There was blinding of all assessors who
measured at least one key outcome

8. Measures of at least one key outcome were
obtained from more than 85% of the subjects
initially allocated to groups

9. All subjects for whom outcome measures were
available received the treatment or control
condition as allocated or, where this was not the
case, data for at least one key outcome was
analysed by ‘intention to treat’

10. The results of between-group statistical
comparisons are reported for at least one key
outcome

11. The study provides both point measures and
measures of variability for at least one key
outcome

into account the quality of trials, but we cannot be too
discerning about how quality is assessed (Box 2.4).

ASSESSING RELEVANCE OF TRIALS AND
SYSTEMATIC REVIEWS

Not all valid trials are useful trials. Some provide valid
tests of poorly administered interventions, others
provide valid tests of the effects of intervention on inap-
propriate samples of patients, and yet others provide
valid tests of the effect of intervention on meaningless
outcomes.

The following sections consider how the quality of
the intervention, the selection of patients, and outcomes
can influence the relevance of randomized trials and
systematic reviews.

Quality of intervention

Randomized trials are most easily applied to pharmaco-
logical interventions. In one sense pharmacological

Box 2.4: Key features conferring validity to
systematic reviews

e An adequate search strategy (that finds an
unbiased subset of nearly all relevant trials)

® The review considers trial quality when drawing
conclusions about the effects of intervention

interventions are relatively simple: they involve the
delivery of a drug to a patient. Because pharmacological
interventions are quite simple they tend to be adminis-
tered in quite similar ways in all trials. (One possible
exception is the dose of the drug, but toxicity studies,
pharmacokinetic studies and dose-finding studies
often constrain the range of doses before definitive
trials are carried out, so even this parameter is often
fairly consistent across studies.) In contrast, many
physical therapy interventions are complex. In trials
of physical therapy interventions the intervention
is often tailored to the individual patient based on
specific examination findings, and sometimes the inter-
vention consists of multiple components, perhaps
administered in a range of settings by a range of health
professionals. Consequently a single intervention (such
as PFMT) may be administered in quite different ways
across trials.

Wherever there is the possibility of administering the
intervention in a range of ways we need to consider
whether, in a particular trial, the intervention was
administered well (Herbert & Bg 2005). It is reasonable
to be suspicious of the findings of trials where the inter-
vention was administered in a way that would appear
to be suboptimal.

Criticisms have been leveled against trials because
the interventions were administered by unskilled thera-
pists (Brock et al 2002) or because the intervention was
administered in a way that was contrary to the way in
which the intervention is generally administered (Clare
et al 2004), or because the intervention was not suffi-
ciently intense to be effective (Ada 2002, Herbert & Bo
2005). Such criticisms are sometimes reasonable and
sometimes not.

Of course it is impossible to know with any certainty
how an intervention should be administered before first
knowing how effective the intervention is. Trials must
necessarily be conducted before good information is
available about how to administer the intervention.
Consequently a degree of latitude ought to be offered to
clinical trialists: we should be prepared to trust the find-
ings of trials that test interventions that are applied in
ways other than the ways we might choose to apply the
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intervention, as long as the application of the interven-
tion in the trial was not obviously suboptimal.

Patients

Trials of a particular intervention may be carried out
on quite different patient groups. Readers need to be
satisfied that the trial was applied to an appropriate
group of patients. It could be reasonable to ignore the
findings of a trial if the intervention was administered
to a group of patients for whom the intervention was
generally considered inappropriate. An example might
be the application of pelvic floor exercises to reverse
prolapse in women who already have complete pro-
lapse of the internal organs. Most therapists would
agree that once prolapse is complete conservative inter-
vention is no longer appropriate and surgical interven-
tion is necessary.

The same caveat applies here: it is impossible to
know with certainty, at the time a trial is conducted,
who an intervention will be most effective for. Again we
must be prepared to give trialists some latitude: we
should be prepared to trust the findings of trials that test
interventions on patients other than the patients we
might choose to apply the intervention to, as long as the
patient group was not obviously inappropriate.

Outcomes

The last important dimension of the relevance of a
clinical trial concerns the outcomes that are measured.
Ultimately, if an intervention for the pelvic floor is to
be useful, it must improve quality of life. Arguably
there is little value in an intervention that increases the
strength of pelvic floor muscles if it does not also
increase quality of life.

Studies of variables such as muscle strength can help
us understand the mechanisms by which interventions
work, but they cannot tell us if the intervention is worth
doing. The trials that best help us to decide whether or
not to apply an intervention are those that determine
the effect of intervention on quality of life.

Many trials do not measure quality of life directly,
but instead they measure variables that are thought to
be closely related to quality of life. For example, Bo
et al (2000) determined the effect of PEFMT for women
with stress urinary incontinence (SUI) on the risk of
incontinence-related problems with social life, sex life,
and physical activity. It would appear reasonable to
expect that problems with social life, sex life and physi-
cal activity directly influence quality of life, so this trial
provides useful information with which to make deci-
sions about PFMT for women with SUL

In general trials can help us make decisions about
intervention in so far as they measure outcomes that are
related to quality of life.

USING ESTIMATES OF EFFECTS OF
INTERVENTION TO MAKE DECISIONS
ABOUT INTERVENTION

The most useful piece of information a clinical trial can
give us is an estimate of the size of the effects of the
intervention. We can use estimates of the effect of inter-
vention to help us decide if an intervention does enough
good to make it worth its expense, risks and inconven-
ience (Herbert 2000a, 2000b).

Obtaining estimates of the effects of
intervention from randomized trials and
systematic reviews

Most people experience an improvement in their condi-
tion over the course of any intervention. But the magni-
tude of the improvement only partly reflects the
effects of intervention. People get better, often partly
because of intervention, but usually also because the
natural course of the condition is one of gradual
improvement or because apparently random fluctua-
tions in the severity of the condition tend to occur in the
direction of an improvement in the condition. (The latter
is called statistical regression; for an explanation see
Herbert et al 2005.) In addition, part of the recovery may
be due to placebo effects or to patients politely overstat-
ing the magnitude of the improvements in their
condition.

As several factors contribute to the improvements
that people experience over time, the improvement in
the condition of treated patients cannot provide a
measure of the effect of intervention.

A far better way to estimate the effects of interven-
tion is to look at the magnitude of the difference in out-
comes of the intervention and control groups. This is
most straightforward when outcomes are measured on
a continuous scale. Examples of continuous outcome
measurements are pad test weights, measures of global
perceived effect of intervention, or duration of labour.
These variables are continuous because it is possible to
measure the amount of the variable on each subject.

An estimate of the mean effects of intervention on
continuous variables is obtained simply by taking the
difference between the mean outcomes of the interven-
tion and control groups. For example, a study by Be
et al (1999) compared pelvic floor exercises with a no-
exercise control condition for women with SUIL The
primary outcome was urine leakage measured using a
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stress pad test. Over the 6-month intervention period
women in the control group experienced a mean reduc-
tion in leakage of 13 g whereas women in the PEMT
group experienced a mean reduction of 30 g. Thus the
mean effect of exercise, compared to controls, was to
reduce leaking by about 17 g (or about 50% of the initial
leakage).

Other outcomes are dichotomous. Dichotomous out-
comes cannot be quantified on a scale; they are events
that either happen or not. An example comes from the
trial by Chiarelli & Cockburn (2002) of a programme of
interventions designed to prevent post-partum inconti-
nence. Three months postpartum, women were classi-
fied as being continent or incontinent. This outcome
(incontinent/continent) is dichotomous, because it can
have only one of two values.

When outcomes are measured on a dichotomous
scale we can no longer talk meaningfully about the
mean outcome. Instead we talk about the risk (or prob-
ability) of the outcome; our interest is in how much
intervention changes the risk of the outcome.

Chiarelli and colleagues found that 125 of the 328
women in the control group were still incontinent at 3
months, and 108 of 348 women in the intervention
group were still incontinent at 3 months. Thus the risk
of being incontinent at 3 months was 125/328 (38.1%)
for women in the control group, but this risk was
reduced to 108/348 (31%) in the intervention group. So
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SUMMARY

The anatomic structures that prevent incontinence and
a prolapse during elevations in abdominal pressure
include sphincteric and supportive systems. In the
urethra, for example, the action of the vesical neck and
urethral sphincteric mechanisms at rest constrict the
urethral lumen and keep urethral closure pressure
higher than bladder pressure. The striated urogenital
sphincter, the smooth muscle sphincter in the vesical
neck, and the circular and longitudinal smooth muscle
of the urethra all contribute to closure pressure. The
mucosal and vascular tissues that surround the lumen
provide a hermetic seal via coaptation, aided by the
connective tissues in the urethral wall. Decreases in the
number of striated muscle sphincter fibres occur with
age and parity, but changes in the other tissues are not
well understood.

The supportive hammock under the urethra and
vesical neck provides a firm backstop against which the
urethra is compressed during increases in abdominal
pressure to maintain urethral closure pressures above
the rapidly increasing bladder pressure. This support-
ing layer consists of the anterior vaginal wall and the
connective tissue that attaches it to the pelvic bones
through the pubovaginal portion of the levator ani
muscle and the uterosacral and cardinal ligaments com-
prising the tendinous arch of the pelvic fascia.

At rest the levator ani act to maintain the urogenital
hiatus closed in the face of hydrostatic pressure due to
gravity and slight abdominal pressure. During the
dynamic activities of daily living they are additionally
recruited to maintain hiatal closure in the face of inertial
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loads related to visceral accelerations as well as
abdominal pressure resulting from activation of the
abdominal wall musculature and diaphragm.

Urinary incontinence is a common condition in
women, with prevalence ranging from 8.5 to 38%
depending on age, parity, and definition (Herzog et al
1990, Thomas et al 1980). Most women with inconti-
nence have stress urinary incontinence (SUI) (Diokno
et al 1987), which is treated using conservative therapy
or surgery. Despite its common occurrence, there have
been few advances in our understanding of its cause in
the past 40 years. Most of the many surgical procedures
for alleviating SUI involve the principle of improving
bladder neck support (Bergman & Elia 1995, Colombo
et al 1994). Treatment selection based on specific ana-
tomic abnormalities has awaited identification, in each
case, of the muscular, neural, and/or connective tissues
involved.

Understanding how the pelvic floor structure/func-
tion relationships provide bladder neck support can
help guide treatment selection and effect. For example
if, while giving vaginal birth, a woman sustains a par-
tial tear of a portion of her pelvic muscles that influence
her continence, then pelvic muscle exercises may be
effective.

On the other hand, if portions of those muscles are
irretrievably lost, for example due to complete and per-
manent denervation, then no amount of exercising will
restore them; pelvic muscle exercises may well lead to
agonist muscle hypertrophy, but whether or not this will
restore continence will depend upon whether the agonist
muscles can compensate for the lost muscle function.

This chapter reviews the functional anatomy of the
pelvic floor structures and the effects of age on urethral
support and the urethral sphincter, and attempts to
clarify what is known about the different structures that
influence stress continence. This mechanistic approach
should help guide research into pathophysiology, treat-
ment selection, and prevention of SUL In addition, we
also review the structures that resist genital prolapse
because vaginal delivery confers a 4-11-fold increase in
risk of developing pelvic organ prolapse (Mant et al
1997).

HOW IS URINARY
CONTINENCE MAINTAINED?

Urethral closure pressure must be greater than bladder
pressure, both at rest and during increases in abdominal
pressure to retain urine in the bladder. The resting tone
of the urethral muscles maintains a favourable pressure
relative to the bladder when urethral pressure exceeds
bladder pressure.

During activities such as coughing, when bladder
pressure increases several times higher than urethral
pressure, a dynamic process increases urethral closure
pressure to enhance urethral closure and maintain con-
tinence (Enhorning 1961). Both the magnitude of the
resting pressure in the urethra and the increase in pres-
sure generated during a cough determine the pressure
at which leakage of urine occurs (Kim et al 1997).

Although analysis of the degree of resting closure
pressure and pressure transmission provides useful
theoretical insights, it does not show how specific
injuries to individual component structures affect the
passive or active aspects of urethral closure. A detailed
examination of the sphincteric closure and the urethral
support subsystems (Fig. 3.1) is required to understand
these relationships.

The dominant element in the urethral sphincter is the
striated urogenital sphincter muscle, which contains a
striated muscle in a circular configuration in the middle
of the urethra and strap-like muscles distally. In its
sphincteric portion, the urogenital sphincter muscle
surrounds two orthogonally-arranged smooth muscle
layers and a vascular plexus that helps to maintain
closure of the urethral lumen.

fascia

fasc. pelv.

Rectum — A
Levator ani
External anal - Urethra
sphincter
P Perineal
membrane

Fig. 3.1 Lateral view of the components of the urethral
support system. Note how the levator ani muscles support
the rectum, vagina, and urethrovesical neck. Also note how
the endopelvic fascia beside the urethra attaches to the
levator ani muscle; contraction of the levator muscle leads
to elevation of the urethrovesical neck. Puborectalis muscle
is removed for clarity. (Redrawn from Delancey 1994, with
permission of C V Mosby Company, St Louis. © DelLancey
2005.)
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THE URINARY SPHINCTERIC
CLOSURE SYSTEM

Sphincteric closure of the urethra is normally provided
by the urethral striated muscles, the urethral smooth
muscle, and the vascular elements within the submu-
cosa (Figs 3.2 and 3.3) (Strohbehn et al 1996, Strohbehn
& DeLancey 1997). Each is believed to contribute equally
to resting urethral closure pressure (Rud et al 1980).

Anatomically, the urethra can be divided longitudi-
nally into percentiles, with the internal urethral meatus
representing point 0 and the external meatus represent-
ing the 100th percentile (Table 3.1). The urethra passes
through the wall of the bladder at the level of the vesical
neck where the detrusor muscle fibres extend below
the internal urethra meatus to as far as the 15th
percentile.

Trigonal
urothelium
Trigonal
ring
Pubovesical
muscle

Longitudinal smooth
muscle

Circular smooth
muscle

Striated urogenital
sphincter muscle

Symphysis
pubis

Distal venous

plexus

The striated urethral sphincter muscle begins at the
termination of the detrusor fibres and extends to the
64th percentile. It is circular in configuration and
completely surrounds the smooth muscle of the
urethral wall.

Starting at the 54th percentile, the striated muscles of
the urogenital diaphragm, the compressor urethrae, and
the urethrovaginal sphincter can be seen. They are con-
tinuous with the striated urethral sphincter and extend
to the 76th percentile. Their fibre direction is no longer
circular. The fibres of the compressor urethrae pass over
the urethra to insert into the urogenital diaphragm near
the pubic ramus.

The urethrovaginal sphincter surrounds both the
urethra and the vagina (Fig. 3.4). The distal terminus of
the urethra runs adjacent to, but does not connect with,
the bulbocavernosus muscles (DeLancey 1986).

Superficial trigonal
muscle

Deep
trigone

Detrusor
muscle

Crista
urethralis

Trigonal
plate

Longitudinal subepithelial
venous plexus

Proximal venous
plexus

Submucosal vaginal
muscle

Vaginal
mucosa

Non-keratinizing
squamous epithelium

Fig. 3.2 Midsagittal section showing the anatomy of the urethra. (© Delancey 1997)
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Functionally, the urethral muscles maintain conti-
nence in various ways. The U-shaped loop of the detru-
sor smooth muscle surrounds the proximal urethra,
favouring its closure by constricting the lumen.

The striated urethral sphincter is composed mainly
of type 1 (slow twitch) fibres, which are well suited to
maintaining constant tone as well as allowing voluntary
increases in tone to provide additional continence pro-

Fig. 3.3 Transverse histologic section of the midurethra of
a 21-year-old woman. On the left structures are visualized
using a sigma-actin smooth muscle stain, which shows the
pubovesical muscle (PVM), the circumferential smooth
muscle (CMU) layer, and the longitudinal smooth muscle
(LMU) layer. On the right, the contralateral side is stained
with Masson's trichrome to show the arcus tendineus fascia
pelvis (ATFP), the striated urogenital sphincter (SUG), the
levator ani (LA), the anterior vaginal wall (AV), and the
submucosa of the urethra (SM). (From Strohbehn et al
1996, with permission of Lippincott Williams Wilkins,
Baltimore, MD.)

Table 3.1

tection (Gosling et al 1981). Distally, the recruitment of
the striated muscle of the urethrovaginal sphincter and
the compressor urethrae compress the lumen.

The smooth muscle of the urethra may also play a
role in determining stress continence. The lumen is sur-
rounded by a prominent vascular plexus that is believed
to contribute to continence by forming a watertight seal
via coaptation of the mucosal surfaces. Surrounding this
plexus is the inner longitudinal smooth muscle layer.
This in turn is surrounded by a circular layer, which
itself lies inside the outer layer of striated muscle.

Fig. 3.4 Lateral view of urethral and pelvic floor muscular
anatomy. BC, bulbocavernosus; CU, compressor urethrae;

D, detrusor; LA, levator ani; US, urethral sphincter; UVS,
urethrovaginal sphincter. Puborectalis muscle is removed for
clarity. (© Delancey 2004.)

Urethral topography and urethral and paraurethral structures

Percentile of urethral length

Location—-Region of the urethra

Structures

0-20 Intramural Internal urethral meatus

Detrusor loop

20-60 Mid-urethra Striated urethral sphincter muscle
Smooth muscle

60-80 Urogenital diaphragm Compressor urethrae muscle
Urethrovaginal sphincter
Smooth muscle

80-100 Distal urethra Bulbocavernosus muscle
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The smooth muscle layers are present throughout the
upper four-fifths of the urethra. The circular configura-
tion of the smooth muscle and outer striated muscle
layers suggests that the contraction of these layers has
a role in constricting the lumen. The mechanical role of
the inner longitudinal smooth muscle layer is presently
unresolved. Contraction of this longitudinal layer may
help to open the lumen to initiate micturition rather
than to constrict it.

CLINICAL CORRELATES OF URETHRAL
ANATOMY AND EFFECTS OF AGEING

There are several important clinical correlates of ure-
thral muscular anatomy. Perhaps the most important is
that SUI is caused by problems with the urethral sphinc-
ter mechanism as well as with urethral support.
Although this is a relatively new concept, the supporting
scientific evidence is strong.

The usual argument for urethral support playing an
important role in SUT is that urethral support operations
cure SUI without changing urethral function. Unfortu-
nately, this logic is just as flawed as suggesting that
obesity is caused by an enlarged stomach because gastric
stapling surgery, which makes the stomach smaller, is
effective in alleviating obesity. The fact that urethral
support operations cure SUI does not implicate urethral
hypermobility as the cause of SUL

Most studies have shown not only that there is sub-
stantial variation in resting urethral closure pressures in
normal women compared with those with SUI but also
that the severity of SUI correlates quite well with resting
urethral closure pressure.

Loss of urethral closure pressure probably results
from age-related deterioration of the urethral muscula-
ture as well as from neurologic injury (Hilton & Stanton
1983, Smith et al 1989a, b, Snooks et al 1986). For exam-
ple, the total number of striated muscle fibres within
the ventral wall of the urethra has been found to
decrease seven-fold as women progress from 15 to 80
years of age, with an average loss of 2% per year (Fig.
3.5) (Perucchini et al 2002a).

Because the mean fibre diameter does not change
significantly with age, the cross-sectional area of striated
muscle in the ventral wall decreases significantly with
age; however, nulliparous women seemed relatively
protected (Perucchini et al 2002b). This 65% age-related
loss in the number of striated muscle fibres found in
vitro is consistent with the 54% age-related loss in
closure pressure found in vivo by Rud et al 1980, sug-
gesting that it may be a contributing factor. However,
prospective studies are needed to directly correlate the
loss in the number of striated muscle fibres with a loss
in closure pressure in vivo.
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Fig. 3.5 Decrease in total number of striated muscle fibres
in the ventral wall with age. The closed circles denote data
from nulliparous women, and the open circles denote data
from parous women. (From Perruchini et al 2002a, with
permission of Lippincott Williams Wilkins, Baltimore, MD.)

It is noteworthy that in our in-vitro study, thinning
of the striated muscle layers was particularly evident in
the proximal vesical neck and along the dorsal wall of
the urethra in older women (Perucchini et al 2002b). The
concomitant seven-fold age-related loss of nerve fibres
in these same striated urogenital sphincters (Fig. 3.6)
directly correlated with the loss in striated muscle fibres
(Fig. 3.7) in the same tissues (Pandit et al 2000); and the
correlation supports the hypothesis of a neurogenic
source for SUI and helps to explain why faulty innerva-
tion could affect continence.

We believe that the ability of pelvic floor exercise to
compensate for this age-related loss in sphincter striated
muscle may be limited under certain situations. Healthy
striated muscle can increase its strength by about 30%
after an intensive 8-12 week progressive resistance
training intervention (e.g. Skelton et al 1995). For
example suppose an older woman had a maximum
resting urethral closure pressure of 100 cmH,O when
she was young but it is now 30 cmH,O due to loss of
striated sphincter muscle fibres. If she successfully
increases her urethral striated muscle strength by 30%
through an exercise intervention and there is a one-to-
one correspondence between urethral muscle strength
and resting closure pressure, she will only be able to
increase her resting closure pressure by 30%, from
30 cmH,O to 39 cmH,0, an increment less than one-
tenth of the 100 cmH,O increase in intravesical pressure
that occurs during a hard cough. It remains to be deter-
mined whether pelvic floor muscle exercise is as effec-
tive in alleviating SUI in women with low resting
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Fig. 3.6 Decreasing nerve density (number per mm? in
the ventral wall of the urethra with age. This is a subgroup
of the data in Fig. 3.5 (Perucchini et al 2002a). The closed
circles denote data from nulliparous women, and the open
circles denote data from parous women. (From Pandit et al
2000, with permission of Lippincott Williams & Wilkins,
Baltimore, MD.)

urethral pressures as it can be in women with higher
resting pressures, especially for women participating in
activities with large transient increases in abdominal
pressure.

URETHRAL (AND ANTERIOR VAGINAL
WALL) SUPPORT SYSTEM

Support of the urethra and vesical neck is determined
by the endopelvic fascia of the anterior vaginal wall
through their fascial connections to the arcus tendineus
fascia pelvis and connection to the medial portion of the
levator ani muscle.

It is our working hypothesis that both urethral con-
striction and urethral support contribute to continence.
Active constriction of the urethral sphincter maintains
urine in the bladder at rest. During increases in abdomi-
nal pressure, the vesical neck and urethra are com-
pressed to a closed position when the raised abdominal
pressure surrounding much of the urethra exceeds the
fluid pressure within the urethral lumen (see Fig. 3.1).
The stiffness of the supportive layer under the vesical
neck provides a backstop against which abdominal
pressure compresses the urethra. This anatomic division
mirrors the two aspects of pelvic floor function relevant
to SUL urethral closure pressure at rest and the increase
in urethral closure caused by the effect of abdominal
pressure.
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Fig. 3.7 Correlation between nerve density (number per
mm?) and total fibre number in the ventral wall of the
urethra. No distinction is made between nulliparous and
parous women (Perucchini et al 2002a). In the equation
given for the regression line, Y denotes the ordinate, X the
abscissa, and R? the coefficient of variation. (From Pandit
et al 2000, with permission of Lippincott Williams &
Wilkins, Baltimore, MD.)

Support of the urethra and distal vaginal wall are
inextricably linked. For much of its length, the urethra
is fused with the vaginal wall, and the structures that
determine urethral position and distal anterior vaginal
wall position are the same.

The anterior vaginal wall and urethral support
system consists of all structures extrinsic to the urethra
that provide a supportive layer on which the proximal
urethra and midurethra rest (DeLancey 1994). The major
components of this supportive structure are the vaginal
wall, the endopelvic fascia, the arcus tendineus fasciae
pelvis, and the levator ani muscles (see Fig. 3.1).

The endopelvic fascia is a dense, fibrous connective
tissue layer that surrounds the vagina and attaches it to
each arcus tendineus fascia pelvis laterally. Each arcus
tendineus fascia pelvis in turn is attached to the pubic
bone ventrally and to the ischial spine dorsally.

The arcus tendineus fasciae pelvis are tensile struc-
tures located bilaterally on either side of the urethra and
vagina. They act like the catenary-shaped cables of a
suspension bridge and provide the support needed to
suspend the urethra on the anterior vaginal wall.
Although it is well defined as a fibrous band near its
origin at the pubic bone, the arcus tendineus fascia
pelvis becomes a broad aponeurotic structure as it
passes dorsally to insert into the ischial spine. It there-
fore appears as a sheet of fascia as it fuses with the
endopelvic fascia, where it merges with the levator ani
muscles (see Fig. 3.1).
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Levator ani muscles

The levator ani muscles also play a critical role in sup-
porting the pelvic organs (Berglas & Rubin 1953, Halban
& Tandler 1907, Porges et al 1960). Not only has evi-
dence of this been seen in magnetic resonance scans
(Kirschner-Hermanns et al 1993, Tunn et al 1998) but
histological evidence of muscle damage has been found
(Koelbl et al 1998) and linked to operative failure (Hanzal
et al 1993).

There are three basic regions of the levator ani muscle
(Kearney et al 2004) (Figs 3.8 and 3.9):

* the first region is the iliococcygeal portion, which
forms a relatively flat, horizontal shelf spanning
the potential gap from one pelvic sidewall to the
other;

the second portion is the pubovisceral muscle, which
arises from the pubic bone on either side and attaches
to the walls of the pelvic organs and perineal body;

e the third region, the puborectal muscle, forms a sling
around and behind the rectum just cephalad to the
external anal sphincter.

The connective tissue covering on both superior and
inferior surfaces are called the superior and inferior
fasciae of the levator ani. When these muscles and their
associated fasciae are considered together, the combined
structures make up the pelvic diaphragm.

The opening within the levator ani muscle through
which the urethra and vagina pass (and through which
prolapse occurs), is called the urogenital hiatus of the
levator ani. The rectum also passes through this opening,
but because the levator ani muscle attaches directly to
the anus it is not included in the name of the hiatus. The
hiatus, therefore, is supported ventrally (anteriorly) by
the pubic bones and the levator ani muscles, and dor-
sally (posteriorly) by the perineal body and external
anal sphincter.

The normal baseline activity of the levator ani muscle
keeps the urogenital hiatus closed by compressing the
vagina, urethra and rectum against the pubic bone, the
pelvic floor and organs in a cephalic direction (Taverner
1959). This constant activity of the levator ani muscle is
analogous to that in the postural muscles of the spine.
This continuous contraction is also similar to the

Fig. 3.8 Schematic view of the levator ani muscles from
below after the vulvar structures and perineal membrane
have been removed showing the arcus tendineus levator ani
(ATLA); external anal sphincter (EAS); puboanal muscle
(PAM); perineal body (PB) uniting the two ends of the
puboperineal muscle (PPM); iliococcygeal muscle (ICM);
puborectal muscle (PRM). Note that the urethra and vagina
have been transected just above the hymenal ring.

(© Delancey 2003.)

Fig. 3.9 The levator ani muscle seen from above looking
over the sacral promontory (SAC) showing the pubovaginal
muscle (PVM). The urethra, vagina, and rectum have been
transected just above the pelvic floor. PAM, puboanal
muscle; ATLA, arcus tendineus levator ani; ICM,
iliococcygeal muscle. (The internal obturator muscles have
been removed to clarify levator muscle origins.) (From
Kearney et al 2004, with permission of Elsevier North
Holland, New York, © Delancey 2003.)
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continuous activity of the external anal sphincter muscle,
and closes the lumen of the vagina in a manner similar
to that by which the anal sphincter closes the anus. This
constant action eliminates any opening within the pelvic
floor through which prolapse could occur.

A maximal voluntary contraction of the levator ani
muscles causes the pubovisceral muscles and the pubo-
rectalis muscles to further compress the mid-urethra,
distal vagina and rectum against the pubic bone distally
and against abdominal hydrostatic pressure more
proximally. It is this compressive force and pressure
that one feels if one palpates a pelvic floor muscle
contraction intravaginally. Contraction of the bulbocav-
ernosus and the ventral fibres of the iliococcygeus
will only marginally augment this compression
force developed by the pubovisceral and puborectalis
muscles because the former develops little force and the
latter is located too far dorsally to have much effect
intravaginally.

Finally, maximal contraction of the mid and dorsal
iliococcygeus muscles elevates the central region of the
posterior pelvic floor, but likely contributes little to a
vaginal measurement of levator strength or pressure
because they do not act circumvaginally.

Interactions between the pelvic floor muscles
and the endopelvic fasciae

The levator ani muscles play an important role in pro-
tecting the pelvic connective tissues from excess load.
Any connective tissue within the body may be stretched
by subjecting it to a tensile force. Skin expanders used
in plastic surgery stretch the dense and resistant dermis
to extraordinary degrees, and flexibility exercises prac-
ticed by dancers and athletes elongate leg ligaments.
Both these observations underscore the adaptive nature
of connective tissue when subjected to repeated tension
over time.

If the ligaments and fasciae within the pelvis were
subjected to continuous stress imposed on the pelvic
floor by the great force of abdominal pressure, they
would stretch. This stretching does not occur because
the constant tonic activity of the pelvic floor muscles
(Parks et al 1962) closes the urogenital hiatus and carries
the weight of the abdominal and pelvic organs, prevent-
ing constant strain on the ligaments and fasciae within the
pelvis.

The interaction between the pelvic floor muscles and
the supportive ligaments is critical to pelvic organ
support. As long as the levator ani muscles function to
properly maintain closure of the genital hiatus, the
ligaments and fascial structures supporting the pelvic
organs are under minimal tension. The fasciae simply act

to stabilize the organs in their position above the levator
ani muscles.

When the pelvic floor muscles relax or are damaged,
the pelvic floor opens and the vagina lies between the
zones of high abdominal pressure and low atmospheric
pressure outside the body. In this situation it must be
held in place by the suspensory ligaments. Although the
ligaments can sustain these loads for short periods of
time, if the pelvic floor muscles do not close the pelvic
floor then the connective tissue will eventually fail,
resulting in pelvic organ prolapse.

The support of the uterus has been likened to a ship
in its berth floating on the water attached by ropes on
either side to a dock (Paramore 1918). The ship is analo-
gous to the uterus, the ropes to the ligaments, and the
water to the supportive layer formed by the pelvic floor
muscles. The ropes function to hold the ship (uterus) in
the center of its berth as it rests on the water (pelvic floor
muscles). If, however, the water level falls far enough
that the ropes are required to hold the ship without the
supporting water, the ropes would break.

The analogous situation in the pelvic floor involves
the pelvic floor muscles supporting the uterus and
vagina, which are stabilized in position by the ligaments
and fasciae. Once the pelvic floor musculature becomes
damaged and no longer holds the organs in place, the
supportive connective tissue is placed under stretch
until it fails.

The attachment of the levator ani muscles into the
perineal body is important and damage to this part of
the levator ani muscle during delivery is one of the
irreparable injuries to pelvic floor. Recent magnetic res-
onance imaging (MRI) has vividly depicted these defects
and it has been shown that up to 20% of primiparous
women have a visible defect in the levator ani muscle
on MRI (DeLancey et al 2003).

It is likely that this muscular damage is an important
factor associated with recurrence of pelvic organ pro-
lapse after initial surgical repair. Moreover, these defects
were found to occur more frequently in those individu-
als complaining of SUI (DeLancey et al 2003). An indi-
vidual with muscles that do not function properly has
a problem that is not surgically correctable.

PELVIC FLOOR FUNCTION RELEVANT TO
STRESS URINARY INCONTINENCE

Functionally, the levator ani muscle and the endopelvic
fascia play an interactive role in maintaining continence
and pelvic support. Impairments usually become evi-
dent when the system is stressed.

One such stressor is a hard cough that, driven by a
powerful contraction of the diaphragm and abdominal
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muscles, can cause a transient increase of 150 cmH,O, or
more, in abdominal pressure. This transient pressure
increase causes the proximal urethra to undergo a
downward (caudodorsal) displacement of about 10 mm
in the midsagittal plane that can be viewed on ultra-
sonography (Howard et al 2000a). This displacement is
evidence that the inferior abdominal contents are forced
to move caudally during a cough.

Because the abdominal contents are essentially
incompressible, the pelvic floor and/or the abdominal
wall must stretch slightly under the transient increase
in abdominal hydrostatic pressure, depending on the
level of neural recruitment. The ventrocaudal motion of
the bladder neck that is visible on ultrasonography indi-
cates that it and the surrounding passive tissues have
acquired momentum in that direction. The pelvic floor
then needs to decelerate the momentum acquired by
this mass of abdominal tissue.

The resulting inertial force causes a caudal-to-cranial
pressure gradient in the abdominal contents, with the
greatest pressure arising nearest the pelvic floor. While
the downward momentum of the abdominal contents is
being slowed by the resistance to stretch of the pelvic
floor, the increased pressure compresses the proximal
intra-abdominal portion of the urethra against the
underlying supportive layer of the endopelvic fasciae,
the vagina, and the levator ani muscles.

We can estimate the approximate resistance of the
urethral support layer to this displacement. The ratio of
the displacement of a structure in a given direction to a
given applied pressure increase is known as the compli-
ance of the structure.

If we divide 12.5 mm of downward displacement of
the bladder neck (measured on ultrasonography) during
a cough by the transient 150 cmH,O increase in abdomi-
nal pressure that causes it, the resulting ratio (12.5 mm
divided by 150 cmH,0) yields an average compliance of
0.083 mm/cmH,O in healthy nullipara (Howard et al
2000a). In other words, the cough displaces the healthy
intact pelvic floor 1 mm for every 12 cmH,O increase in
abdominal pressure. (Actually, soft tissue mechanics
teaches us to expect ever smaller displacements as the
abdominal pressure increments towards the maximum
value).

The increase in abdominal pressure acts transversely
across the urethra, altering the stresses in the walls of
the urethra so that the anterior wall is deformed toward
the posterior wall, and the lateral walls are deformed
towards one another, thereby helping to close the ure-
thral lumen and prevent leakage due to the concomitant
increase in intravesical pressure.

If pelvic floor exercises lead to pelvic floor muscle
hypertrophy, then the resistance of the striated compo-
nents of the urethral supportlayer can be expected to also

increase. This is because the longitudinal stiffness and
damping of an active muscle are linearly proportional to
the tension developed in the muscle (e.g. Blandpied &
Smidt 1993); this is partly because, for the same muscle
tone, the hypertrophied muscle contains more cross-
bridges in the strongly-bound state (across the cross-
sectional area of the muscle) and these provide greater

resistance to stretch of the active muscle.

If there are breaks in the continuity of the endopelvic
fascia (Richardson et al 1981) or if the levator ani muscle
is damaged, the supportive layer under the urethra will
be more compliant and will require a smaller pressure

increment to displace a given distance.

Howard etal 2000a showed that compliance increased
by nearly 50% in healthy primipara to 0.167 mm/cmH,0O
and increased even further in stress-incontinent primi-
para by an additional 40% to 0.263 mm/cmH,O. Thus,
the supportive layer is considerably more compliant
in these incontinent patients than in healthy women;
it provides reduced resistance to deformation during
transient increases in abdominal pressure so that closure
of the urethral lumen cannot be ensured and SUI

becomes possible.

An analogy that we have used previously is attempt-
ing to halt the flow of water through a garden hose by
stepping on it (DeLancey 1990). If the hose was lying on
anoncompliant trampoline, stepping on it would change
the stress in the wall of the hose pipe, leading to a defor-
mation and flattening of the hose cross-sectional area,
closure of the lumen, and cessation of water flow, with

little indentation or deflection of the trampoline.

If, instead, the hose was resting on a very compliant
trampoline, stepping on the hose would tend to accelerate
the hose and underlying trampoline downward because
the resistance to motion (or reaction force) is at first negli-
gible, so little flattening of the hose occurs as the trampo-
linebegins to stretch. While the hose and trampoline move
downward together, water would flow unabated in the
hose. As the resistance of the trampoline to downward
movement increasingly decelerates the downward move-
ment of the foot and hose, flow will begin to cease. Thus,
an increase in compliance of the supporting tissues essen-
tially delays the effect of abdominal pressure on the trans-
verse closure of the urethral lumen, allowing leakage of

urine during the delay.

Additionally, the constant tone maintained by the
pelvic muscles relieves the tension placed on the endo-
pelvic fascia. If the nerves to the levator ani muscle are
damaged (such as during childbirth) (Allen et al 1990),
the denervated muscles would atrophy and leave the
responsibility of pelvic organ support to the endopelvic
fascia alone. Over time, these ligaments gradually
stretch under the constant load and this viscoelastic

behaviour leads to the development of prolapse.
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There are several direct clinical applications for this
information. The first concerns the types of damage that
can occur to the urethral support system. An example is
the paravaginal defect, which causes separation in the
endopelvic fascia connecting the vagina to the pelvic
sidewall and thereby increases the compliance of the
fascial layer supporting the urethra. When this occurs,
increases in abdominal pressure can no longer effectively
compress the urethra against the supporting endopelvic
fascia to close it during increases in abdominal pressure.
When present, this paravaginal defect can be repaired
surgically and normal anatomy can thus be restored.

Normal function of the urethral support system
requires contraction of the levator ani muscle, which sup-
ports the urethra through the endopelvic fascia. During a
cough, the levator ani muscle contracts simultaneously
with the diaphragm and abdominal wall muscles to build
abdominal pressure. This levator ani contraction helps
to tense the suburethral fascial layer, as evidenced by
decreased vesical neck motion on ultrasonographic
evaluation (Miller et al 2001), thereby enhancing urethral
compression. It also protects the connective tissue from
undue stresses. Using an instrumented speculum
(Ashton-Miller et al 2002), the strength of the levator ani
muscle has recently been quantified under isometric con-
ditions (Sampselle et al 1998), and racial differences have
also been found in the levator muscle contractile proper-
ties (Howard et al 2000b).

Striated muscle takes 35% longer to develop the same
force in the elderly as in young adults, and its maximum
force is also diminished by about 35% (Thelen et al

1996a). These changes are due not to alterations in neural
recruitment patterns, but rather to age-related changes
in striated muscle contractility (Thelen et al 1996b).
Furthermore, if the striated muscle of the levator ani
becomes damaged or if its innervation is impaired, the
muscle contraction will take even longer to develop the
same force. This decrease in levator ani strength, in turn,
is associated with decreased stiffness, because striated
muscle strength and stiffness are directly and linearly
correlated (Sinkjaer et al 1988).

Alternatively, if the connection between the muscle
and the fascia is broken (Klutke et al 1990), then the
normal mechanical function of the levator ani during a
cough is lost. This phenomenon has important implica-
tions for clinical management. Recent evidence from
MRI scans, reviewed in a blinded manner, shows the
levator ani can be damaged unilaterally or bilaterally in
certain patients (DeLancey et al 2003).

URETHROVESICAL PRESSURE DYNAMICS

The anatomical separation of sphincteric elements and
supportive structures is mirrored in the functional
separation of urethral closure pressure and pressure
transmission. The relationship between resting urethral
pressure, pressure transmission, and the pressureneeded
to cause leakage of urine are central to understanding
urinary continence. These relationships have been
described in what we have called the ‘pressuregram’
(Kim et al 1997). The constrictive effect of the urethral

Table 3.2 Effects of changes in cough pressure and pressure transmission ratio on urethral closure pressure

and the potential leakage of urine

Example Pvesgy Purag UCPg Cough PTR APura, Pves. Pura, UCPc Status
(Pura — Pves) (%)

1 10 60 +50 200 100 200 210 260 +50 C

2 10 60 +50 200 70 140 210 200 -10 I

3 10 30 +20 100 70 70 110 100 -10 |

4 10 60 +50 100 70 70 110 130 +20 C

5 10 30 +20 50 70 35 60 55 =5 |

Primary variables shown in bold from which other pressures are derived.
Parameters that have been varied are italicized to show how changes in specific parameters can change continence status.

All pressures are expressed as cmH,0.

C, continent; APura, change in urethral pressure; |, incontinent; PTR, pressure transmission ratio; Purac, urethral pressure during cough;
Purag, urethral pressure at rest; Pvesc, bladder pressure during cough; Pvesg, vesical pressure at rest; UCP, urethral closure pressure

during cough; UCPg, urethral closure pressure at rest.
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sphincter deforms the wall of the urethra so as to main-
tain urethral pressure above bladder pressure, and this
pressure differential keeps urine in the bladder at
rest. For example, if bladder pressure is 10 cmH,O while
urethral pressure is 60 cmH,0, a closure pressure of
50 cmH,O prevents urine from moving from the bladder
through the urethra (Table 3.2, example 1).

Bladder pressure often increases by 200 cmH,O or
more during a cough, and leakage of urine would occur
unless urethral pressure also increases. The efficiency of
this pressure transmission is expressed as a percentage.
A pressure transmission of 100% means, for example,
that during a 200 cmH,O increase in bladder pressure
(from 10 cmH,O to 210 cmH,0), the urethral pressure
would also increase by 200cmH,O (from 60 to
260 cmH,0) (see Table 3.2, example 1).

The pressure transmission is less than 100% for
incontinent women. For example, abdominal pressure
may increase by 200 cmH,O while urethral pressure
may only increase by 140 cmH,O, for a pressure trans-
mission of 70% (see Table 3.2, example 2).

If a woman starts with a urethral pressure of
30 cmH,O, resting bladder pressure of 10 cmH,O and
her pressure transmission is 70%, then with a cough
pressure of 100 cmH,O her bladder pressure would
increase to 110 cmH,O while wurethral pressure
would increase to just 100 cmH,O and leakage of urine
would occur (see Table 3.2, example 3).

(A) Medium cough

200
100 é

Urine leakage (cm?)

In Table 3.2, example 4 shows the same elements, but
with a higher urethral closure pressure; and similarly
example 5 shows what happens with a weaker cough.

According to this conceptual framework, resting
pressure and pressure transmission are the two key con-
tinence variables. What factors determine these two
phenomena? How are they altered to cause inconti-
nence? Although the pressuregram concept is useful for
understanding the role of resting pressure and pressure
transmission, it has not been possible to reliably make
these measurements because of the rapid movement
of the urethra relative to the urodynamic transducer
during a cough.

CLINICAL IMPLICATIONS OF LEVATOR
FUNCTIONAL ANATOMY

Pelvic muscle exercise has been shown to be effective in
alleviating SUI in many, but not all, women (Bo &
Talseth 1996). Having a patient cough with a full bladder
and measuring the amount of urine leakage is quite
simple (Miller et al 1998a). If the muscle is normally
innervated and is sufficiently attached to the endopelvic
fascia, and if by contracting her pelvic muscles before
and during a cough a woman is able to decrease that
leakage (Fig. 3.10) (Miller et al 1998b), then simply learn-
ing when and how to use her pelvic muscles may be an

(B) Deep cough

6——0o

T T
Without With
KNACK

T T
Without With
KNACK

Fig. 3.10 The effect of learning the 'knack’ (precontracting the pelvic muscles before a cough) on reducing the total
amount of urine leaked during three separate medium-intensity coughs (left panel) and during three separate deep coughs
(right panel) measured 1 week after the women had learned the skill. Each line joins the wet area on one trifold paper towel
for each of the 27 women observed coughing without the knack (denoted by ‘without knack') with that observed on a
second paper towel when the same women used the knack (denoted ‘with knack’) (Miller et al 1998b). With regard to the
units on the ordinate, a calibration test showed that every cm” of wetted area was caused by 0.039 mL urine leakage. (From
Miller et al 1998b, with permission of Blackwell Science, Malden, Massachusetts.)
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Fig. 3.11

(A) The perineal membrane spans the arch between the ischiopubic rami with each side attached to the other

through their connection in the perineal body. (B) Note that separation of the fibres in this area leaves the rectum
unsupported and results in a low posterior prolapse. (© DeLancey 1999.)

effective therapy. If this is the case, then the challenge
is for the subject to remember to use this skill during
activities that transiently increase abdominal pressure.

If the pelvic floor muscle is denervated as a result of
substantial nerve injury, then it may not be possible
to rehabilitate the muscle sufficiently to make pelvic
muscle exercise an effective strategy. In order to use the
remaining innervated muscle, women need to be told
when to contract the muscles to prevent leakage, and
they need to learn to strengthen pelvic muscles.

A stronger muscle that is not activated during the time
of acough cannot prevent SUI Therefore, teaching proper
timing of pelvic floor muscles would seem logical as part
of a behavioural intervention involving exercise. The
efficacy of this intervention is currently being tested in a
number of ongoing randomized controlled trials. In addi-
tion, if the muscle is completely detached from the fascial
tissues, then despite its ability to contract, the contraction
may no longer be effective in elevating the urethra or
maintaining its position under stress.

ANATOMY OF THE POSTERIOR
VAGINAL WALL SUPPORT AS
IT APPLIES TO RECTOCELE

The posterior vaginal wall is supported by connections
between the vagina, the bony pelvis and the levator ani
muscles (Smith et al 1989b). The lower one-third of the
vagina is fused with the perineal body (Fig. 3.11), which
is the attachment between the perineal membranes on
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Fig. 3.12 Posterior prolapse due to separation of the
perineal body. Note the end of the hymenal ring, which lies
laterally on the side of the vagina, no longer united with its
companion on the other side. (© Delancey 2004.)
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,:ga?»“m-}-— Ischial spine

Fig. 3.13 Lateral view of the pelvis
showing the relationships of the
puborectalis, iliococcygeus and pelvic
floor structures after removal of the
ischium below the spine and
sacrospinous ligament (SSL) (EAS,
external anal sphincter). The bladder
and vagina have been cut in the
midline, yet the rectum left intact.
Note how the endopelvic fascial
‘pillars’ hold the vaginal wall dorsally,
preventing its downward protrusion.
(© Delancey 1999.)

either side. This connection prevents downward descent
of the rectum in this region.

If the fibres that connect one side with the other
rupture then the bowel may protrude downward result-
ing in a posterior vaginal wall prolapse (Fig. 3.12).

The midposterior vaginal wall is connected to the
inside of the levator ani muscles by sheets of endopelvic
fascia (Fig. 3.13). These connections prevent ventral
movement of the vagina during increases in abdominal
pressure. The medial most aspect of these paired sheets
is referred to as the rectal pillars.

In the upper one-third of the vagina, the vaginal wall
is connected laterally by the paracolpium. In this region
there is a single attachment to the vagina, and a separate
system for the anterior and posterior vaginal walls does
not exist. Therefore when abdominal pressure forces the
vaginal wall downward towards the introitus, attach-
ments between the posterior vagina and the levator
muscles prevent this downward movement.

The uppermost area of the posterior vagina is sus-
pended, and descent of this area is usually associated
with the clinical problem of uterine and/or apical pro-
lapse. The lateral connections of the midvagina hold this
portion of the vagina in place and prevent a midvaginal
posterior prolapse (Fig. 3.14). The multiple connections
of the perineal body to the levator muscles and the
pelvic sidewall (Figs 3.15 and 3.16) prevent a low pos-
terior prolapse from descending downward through the
opening of the vagina (the urogenital hiatus and the
levator ani muscles). Defects in the support at the level
of the perineal body most frequently occur during
vaginal delivery and are the most common type of pos-
terior vaginal wall support problem.

Fig. 3.14 Midvaginal posterior prolapse that protrudes
through the introitus despite a normally supported perineal
body. (© Delancey 2004.)
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Fig. 3.15 Levator ani muscles seen from below the edge
of the perineal membrane (urogenital diaphragm) can be
seen on the left of the specimen. (© Delancey 1999.)
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INTRODUCTION

Pelvic floor muscles (PFM) support pelvic organs, they
are actively involved in their function, and probably the
main culprits in some dysfunctions. A good example is
stress urinary incontinence (SUI), which may develop
due to weakness and/or activation and coordination
disturbances of PFM. All activity of PFM is mediated
(controlled) by the nervous system.

INNERVATION OF PELVIC
FLOOR MUSCLES

Somatic motor pathways

The motor neurons that innervate the striated muscle of
the external urethral and anal sphincters originate from
a localized column of cells in the sacral spinal cord
called Onuf’s nucleus (Mannen et al 1982), expanding
in humans from the second to third sacral segment
(52-S3) and occasionally into S1 (Schroder 1985). Within
Onuf’s nucleus there is some spatial separation between
motor neurons concerned with the control of the ure-
thral and anal sphincters. Spinal motor neurons for the
levator ani group of muscles seem to originate from
S3-S5 segments and show some overlap (Barber et al
2002).

Sphincter motor neurons are uniform in size and
smaller than the other alpha motor neurons. They also
differ with respect to their high concentrations of amino
acid, neuropeptide, noradrenaline (norepinephrine),
serotonin and dopamine-containing terminals, which
represent the substrate for the distinctive neuropharma-
cological responses of these neurons, and differ from
those of limb muscles, the bladder and the PFM.
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The somatic motor fibres leave the spinal cord in the
anterior roots and fuse with the posterior roots to
constitute the spinal nerve. After passing through the
intravertebral foramen the spinal nerve divides into
a posterior and an anterior ramus (Bannister 1995).
Somatic fibres from the anterior rami (also called the
sacral plexus) form the pudendal nerve.

Traditionally the pudendal nerve is described as
being derived from the S2-S4 anterior rami, but there
may be some contribution from S1, and possibly little or
no contribution from S4 (Marani et al 1993).

The pudendal nerve continues through the greater
sciatic foramen and enters in a lateral direction through
the lesser sciatic foramen into the ischiorectal fossa
(Alcock’s canal). In the posterior part of Alcock’s canal
the pudendal nerve gives off the inferior rectal nerve;
then it branches into the perineal nerve, and the dorsal
nerve of the penis/clitoris.

Although still controversial, it is generally accepted
that the pudendal nerve supplies not only the anal but
also the urinary sphincter. On the other hand it is mostly
agreed that the main innervation for the PFM is through
direct branches from the sacral plexus (‘from above’)
rather than predominantly by branches of the pudendal
nerve (‘from below’) (Fig. 4.1).

Significant variability of normal human neuroana-
tomy is probably the source of remaining controversies
originating from anatomical studies of peripheral inner-
vation of pelvis, which have so far been performed in
only a small number of cases.

Higher nervous system regions control spinal cord
motor nuclei by descending pathways; these inputs to

Levator
ani nerve
External
urethral \ Pudendal
sphincter nerve
External
anal sphincter
Levator
ani muscle

Fig. 4.1 The pudendal nerve is derived from the anterior
rami of roots S1-S4. It continues through the greater
sciatic foramen and enters in a lateral direction into the
ischiorectal fossa. Its muscular branches innervate the
external anal sphincter and the external urethral sphincter.
There may be muscular branches for the levator ani, which
is as a rule innervated by direct branches from the sacral
plexus (from above) - the levator ani nerve.

PEM motor neurons are manifold, and mostly ‘indirect’
(through several interneurons). More direct connections
to Onuf’s nucleus are from some nuclei in the brain-
stem (raphe, ambiguous) and from paraventricular
hypothalamus.

Functional brain imaging is a powerful new tool to
demonstrate functional anatomy of the human brain,
and has already increased our knowledge in the realm
of neural control of the lower urinary tract (LUT). Func-
tional brain imaging techniques are based in particular
on registering — directly or indirectly — the blood flow
in the living human brain. Those brain areas, which
during a particular manoeuvre (e.g. pelvic floor contrac-
tion) are controlling that particular activity, are more
metabolically active than other ‘nonactive’ brain areas.
The increase in metabolism is accompanied by an
increase in blood flow through the particular area, and
this can be recorded.

The established way of recording the ‘amount’ of
blood flow in parenchymatous organs is by nuclear
medicine techniques, by making the blood flow “visible’
by a radioisotope injected into the blood. Positron emis-
sion tomography (PET) relies on this principle and is
able to render enough anatomical detail to be useful also
for functional anatomical studies.

Using a different recording principle (but based on
similar physiological principles), functional magnetic
resonance tomography (fMR) is even better for provid-
ing detailed functional anatomical data. (These tech-
niques can also demonstrate brain areas with ‘less
activity” as in the ‘resting state’, thus indicating inhibi-
tion of certain brain areas during execution of some
manoeuvres.)

PET studies have revealed activation of the (right)
ventral pontine tegmentum (in the brainstem) during
holding of urine in human subjects (Blok et al 1997).
This finding is consistent with the location of the ‘L
region’ in cats, proposed to control PFM nuclei. The
connections serve the coordinated inclusion of PFM into
‘sacral” (LUT; anorectal, and sexual) functions. Indivi-
dual PFM and sphincters need not only be neurally
coordinated ‘within’ a particular function (e.g. with
bladder activity), but the single functions need to be
neurally coordinated with each other (e.g. voiding and
defecation, voiding and erection).

Sacral function control system is proposed to be a
part of the ‘emotional motor system” derived from brain
or brainstem structures belonging to the limbic system.
It consists of the medial and a lateral component
(Holstege 1998). The medial component represents
diffuse pathways originating in the caudal brainstem
and terminating on (almost all) spinal grey matter, using
serotonin in particular as its neurotransmitter. This
system is proposed to ‘set the threshold” for overall
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changes in muscle activity, such as for instance in muscle
tone under different physiological conditions (e.g.
sleeping).

The lateral component of the emotional motor system
consists of discrete areas in the hemispheres and
the brainstem responsible for specific motor activities
such as micturition and mating. The pathways belong-
ing to the lateral system use spinal premotor inter-
neurons to influence motor neurons in somatic and
autonomic spinal nuclei, thus allowing for confluent
interactions of various inputs to modify the motor
neuron activity.

PFM nuclei also receive descending corticospinal
input from the cerebral cortex. PET studies have revealed
activation of the superomedial precentral gyrus during
voluntary PFM contraction, and of the right anterior
cingulate gyrus during sustained PFM straining (Blok
et al 1997). Not surprisingly, PFM contraction can be
obtained by electrical or magnetic transcranial stimula-
tion of the motor cortex in man (Brostrom 2003, Vodusek
1996).

Afferent pathways

Because PFM function is intimately connected to pelvic
organ function, it is proposed that all sensory informa-
tion from the pelvic region is relevant for PFM neural
control.

The sensory neurons are bipolar. Their cell bodies are
in spinal ganglia. They send a long process to the
periphery and a central process into the spinal cord
where it terminates segmentally or — after branching for
reflex connections — ascends in some cases as far as the
brainstem (Bannister 1995).

The afferent pathways from the anogenital region
and pelvic region are divided into somatic and visceral.
Somatic afferents derive from touch, pain and thermal
receptors in skin and mucosa and from proprioceptors
in muscles and tendons. (Proprioceptive afferents arise
particularly from muscle spindles and Golgi tendon
organs.) The visceral afferents accompany both para-
sympathetic and sympathetic efferent fibres. The somatic
afferents accompany the pudendal nerves, the levator
ani nerve and direct somatic branches of the sacral
plexus. The different groups of afferent fibres have dif-
ferent reflex connections, and transmit at least to some
extent different afferent information.

The terminals of pudendal nerve afferents in the
dorsal horn of the spinal cord are found ipsilaterally,
but also bilaterally, with ipsilateral predominance
(Ueyama et al 1984).

The proprioceptive afferents form synaptic contacts
in the spinal cord and have collaterals (‘primary afferent
collaterals’), which run ipsilaterally in the dorsal spinal

columns to synapse in the gracilis (dorsal column)
nuclei in the brainstem. This pathway transmits infor-
mation about innocuous sensations from the PFM.

The lateral columns of the spinal cord transmit infor-
mation concerning pain sensations from perineal skin,
as well as sexual sensations. In humans this pathway is
situated superficially just ventral to the equator of the
cord and is probably the spinothalamic tract (Torrens &
Morrison 1987).

The spinal pathways that transmit sensory informa-
tion from the visceral afferent terminations in the spinal
cord to more rostral structures can be found in the
dorsal, lateral, and ventral spinal cord columns.

NEURAL CONTROL OF
SACRAL FUNCTIONS

Neural control of continence

At rest continence is assured by a competent sphincter
mechanism, including not only the striated and smooth
muscle sphincter but also the PFM and an adequate
bladder storage function.

Normal kinesiological sphincter EMG recordings
show continuous activity of motor units at rest (as
defined by continuous firing of motor unit potentials),
which as a rule increase with increasing bladder fullness.
Reflexes mediating excitatory outflow to the sphincters
are organized at the spinal level (the guarding reflex).

The L region in the brainstem has also been called
the ‘storage centre’ (Blok et al 1997). This area was active
in PET studies of those volunteers, who could not void,
but contracted their PFM. The L region is thought to
exert a continuous exciting effect on the Onuf’s nucleus
and thereby on the striated urinary sphincter during the
storage phase; in humans it is probably part of a complex
set of ‘nerve impulse pattern generators’ for different
coordinated motor activities such as breathing, cough-
ing, straining, etc.

During physical stress (e.g. coughing, sneezing) the
urethral and anal sphincters may not be sufficient to
passively withhold the pressures arising in the abdomi-
nal cavity, and hence within the bladder and lower
rectum. Activation of the PFM is mandatory, and may
be perceived as occurring in two steps by two different
activation processes.

Coughing and sneezing are thought to be generated
by individual pattern generators within the brainstem,
and thus activation of PFM is a preset coactivation — and
not primarily a ‘reflex’ reaction to increased intra-
abdominal pressure. But, in addition, there may be an
additional reflex PFM response to increased abdominal
pressure due to distension of muscle spindles within
PFM.
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The PFM can of course also be voluntarily activated
anticipating an increase in abdominal pressure. Such
timed voluntary activity may be learned (the knack
procedure’) (Miller et al 1998).

Neural control of micturition

Centres in the pons (brainstem) coordinate micturition
as such, but areas rostral to the pons (the hypothalamus
and other parts of the brain including the frontal cortex)
are responsible for the timing of the start of micturition.
The pontine micturition centre (PMC) coordinates the
activity of motor neurons of the urinary bladder and the
urethral sphincter (both nuclei located in the sacral
spinal cord), receiving afferent input via the periaque-
ductal grey matter. The central control of LUT function
is organized as an on—off switching circuit (or a set of
circuits, rather) that maintains a reciprocal relationship
between the urinary bladder and urethral outlet.

Without the PMC and its spinal connections coordi-
nated bladder/sphincter activity is not possible, thus
patients with lesions of the PMC and its spinal connec-
tions demonstrate bladder sphincter discoordination
(dyssynergia). Patients with lesions above the pons do
not show detrusor—sphincter dyssynergia, but have
urge incontinence (due to bladder overactivity) and
demonstrate noninhibited sphincter relaxation and an
inability to delay voiding to an appropriate place and
time.

Voluntary micturition is a behaviour pattern that
starts with relaxation of the striated urethral sphincter
and PFM. Voluntary PFEM contraction during voiding
can lead to a stop of micturition, probably because
of collateral connections to detrusor control nuclei.
Descending inhibitory pathways for the detrusor have
been demonstrated (de Groat et al 2001). Bladder con-
tractions are also inhibited by reflexes, activated by
afferent input from the PFM, perineal skin, and anorec-
tum (Sato et al 2000).

Neural control of anorectal function

Faeces stored in the colon are transported past the rec-
tosigmoid “physiological sphincter’ into the normally
empty rectum, which can store up to 300 mL of contents.
Rectal distension causes regular contractions of the
rectal wall, which is effected by the intrinsic nervous
(myenteric) plexus, and prompts the desire to defecate
(Bartolo & Macdonald 2002).

Stool entering the rectum is also detected by stretch
receptors in the rectal wall and PFM; their discharge
leads to the urge to defecate. It starts as an intermittent
sensation, which becomes more and more constant.
Contraction of the PFM may interrupt the process, prob-
ably by concomitant inhibitory influences to the defeca-

tory neural ‘pattern generator’, but also by ‘mechanical’
insistence on sphincter contraction and the propel-
ling of faeces back to the sigmoid colon (Bartolo &
Macdonald 2002).

The PFM are intimately involved in anorectal func-
tion. Apart from the ‘sensory’ role of the PFM and the
external anal sphincter function, the puborectalis muscle
is thought to maintain the ‘anorectal” angle, which facili-
tates continence, and has to be relaxed to allow defeca-
tion. Current concepts suggest that defecation requires
increased rectal pressure coordinated with relaxation of
the anal sphincters and PFM.

Pelvic floor relaxation allows opening of the anorec-
tal angle and perineal descent, facilitating fecal expul-
sion. Puborectalis and external anal sphincter activity
during evacuation is generally inhibited. However,
observations by EMG and defecography suggest that
the puborectalis may not always relax during defecation
in healthy subjects (Fucini et al 2001).

Neural control of the sexual response

The PEM are actively involved in the sexual response.
Their activation has been mostly explored in males
during ejaculation, where their repetitive activation
during a several seconds interval is responsible for the
expulsion of semen from the urethra, particularly by the
bulbocavernosus muscles (Petersen et al 1955). Little is
known on PFM activity patterns during other parts of
the human sexual response cycle.

It is assumed that apart from general changes in
muscle tone set by the emotional motor system, the
sacral reflex circuitry governs much of the PFM activity
during the sexual response cycle. The bulbocavernosus
reflex behaviour, as known from studies (Vodusek
2002a) would allow for reflex activation of the PFM
during genital stimulation. Tonic stimulation of the
reflex is postulated to hinder venous outflow from
penis/clitoris, thus helping erection. Reflex contraction
of the PFM should conceivably contribute to the achieve-
ment of the ‘orgasmic platform’ (contraction of the
levator ani and - in the female — the circumvaginal
muscles). Climax in humans (in both sexes, and in
experimental animals) elicits rhythmic contractions of
the PFM/perineal muscles, which in the male drives the
ejaculate from the urethra (assisted by a coordinated
bladder neck closure).

NEUROPHYSIOLOGY OF PELVIC
FLOOR MUSCLES

Muscle activity is thoroughly dependent on neural
control. ‘Denervated” muscle atrophies and turns into
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fibrotic tissue. Muscle — like every tissue — consists of
cells (muscle fibres). But the functional unit within stri-
ated muscle is not a single muscle cell, but a motor unit.
A motor unit consists of one alpha (or lower’) motor
neuron (from the motor nuclei in spinal cord), and all
the muscle cells this motor neuron innervates. The
motor unit — in other words —is the basic functional unit
of the somatic motor system; control of a muscle means
control of its motor units. Thus, in discussing neural
control of muscle, we really only need to consider the
motor neurons in the spinal cord and all the influences
they are exposed to.

The function of pelvic floor and sphincter lower
motor neurons is organized quite differently from other
groups of motor neurons. In contrast to the reciprocal
innervation that is common in limb muscles, the neurons
innervating each side of the PFM have to work in
harmony and synchronously. Indeed, sphincters may be
morphologically considered to constitute ‘one” muscle
— which is innervated by two nerves (left and right)!

By concomitant activity the PFM act as the ‘closure
unit” of the excretory tracts, the ‘support unit’ for pelvic
viscera, and an ‘effector unit’ in the sexual response. In
general, muscles involved in these functions from both
sides of the body act in a strictly unified fashion as ‘one
muscle’: this has been demonstrated for the pubococcy-
gei muscles, but has not really been documented for the
whole group of PFM and sphincters (Deindl et al 1993).
However, as each muscle in the pelvis has its own uni-
lateral peripheral innervation, dissociated activation
patterns are possible and have been reported between
the two pubococcygei (Deindl et al 1994) and between
levator ani and the urethral sphincter (Kenton &
Brubaker 2002).

The differences in evolutionary origin of the sphinc-
ter muscles and levator ani furthermore imply that uni-
lateral activation may be less of an impossibility for the
PEM than for sphincters. It can be postulated that the
neural mechanisms controlling the different muscles

Tonic activity

Cough Pinprick 1?

involved in sphincter mechanisms and pelvic organ
support may not be as uniform as has been assumed.
How much variability there is in normal activation pat-
terns of PFM is not yet clarified. It is clear, however, that
the coordination between individual PFM can defini-
tively be impaired by disease or trauma.

Tonic and phasic pelvic floor muscle activity

The normal striated sphincter muscles demonstrate
some continuous motor unit activity at rest as revealed
by kinesiological EMG (Fig. 4.2). This differs between
individuals and continues also after subjects fall asleep
during the examination (Chantraine 1973). This physio-
logical spontaneous activity may be called tonic, and
depends on prolonged activation of certain tonic motor
units (Vodusek 1982).

The ‘amount’ of tonic motor unit activity can in prin-
ciple be assessed counting the number of active motor
unit potentials or analysing the interference pattern by
EMG,; this has so far not been much studied. Thus, little
is known about the variability and the normal range of
tonic activity in normal subjects, and the reproducibility
of findings; this makes it difficult to assess the validity
of results from the few studies reporting activity changes
accompanying LUT, anorectal or sexual dysfunction.

As a rule tonic motor unit activity increases with
bladder filling, at the same time depending on the rate
of filling. Any reflex or voluntary activation is mirrored
first in an increase of the firing frequency of these motor
units. On the contrary, inhibition of firing is apparent
on initiation of voiding.

With any stronger activation manoeuvre (e.g. con-
traction, coughing), and only for a limited length of
time, new motor units are recruited (see Fig. 4.2). These
may be called “phasic” motor units. As a rule, they have
potentials of higher amplitudes and their discharge
rates are higher and irregular. A small percentage of
motor units with an ‘intermediate” activation pattern
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Fig. 4.2 Kinesiological EMG recordings from urethral sphincter muscle. Concentric needle electrode recording in a 53-year-
old continent woman: recruitment of motor units on reflex manoeuvres and on command to contract. (From Vodusek 1994,

with kind permission of Springer Science and Business Media.)
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Fig. 4.3 Patterns of activation of pubococcygei muscles in
a normal continent nulliparous woman - the tonic (above)
and the phasic (below) pattern at two discrete recording
sites within the right and left muscle. (From Deindl et al
1993, with permission.)

can also be encountered (Vodusek 1982). It has to be
stressed that this typing of motor units is electrophysi-
ological, and no direct correlation to histochemical
typing of muscle fibres has so far been achieved.

With regard to tonic activity, sphincters differ from
some perineal muscles; tonic activity is encountered in
many but not all detection sites for the levator ani
muscle (Deindl et al 1993, Vodusek 1982) (Fig. 4.3) and
is practically never seen in the bulbocavernosus muscle
(Vodusek 1982). In the pubococcygeus of the normal
female there is some increase of activity during bladder
filling, and reflex increases in activity during any activa-
tion manoeuvre performed by the subject (e.g. talking,
deep breathing, coughing).

On voiding, inhibition of the tonic activity of the
external urethral sphincter — and also the PFM - leads
to relaxation. This can be detected as a disappearance of
all EMG activity, which precedes detrusor contraction.
Similarly, the striated anal sphincter relaxes with defe-
cation and also micturition (Read 1990).

Reflex activity of pelvic floor muscles

The human urethral and anal striated sphincters seem
to have no muscle spindles; their reflex reactivity is thus
intrinsically different from the levator ani muscle
complex, in which muscle spindles and Golgi tendon
organs have been demonstrated (Borghi et al 1991).
Thus, PFM have the intrinsic proprioceptive ‘servo-
mechanism’ for adjusting muscle length and tension,
whereas the sphincter muscles depend on afferents
from skin and mucosa. Both muscle groups are inte-
grated in reflex activity, which incorporates pelvic organ
function.

The reflex activity of PFM is clinically and electro-
physiologically evaluated by eliciting the bulbocaverno-
sus and anal reflex. The bulbocavernosus reflex is
evoked on nonpainful stimulation of the glans (or —elec-

trically — the dorsal penile/clitoral nerve). As recorded
electromyographically, it is a complex response: its first
component thought to be an oligosynaptic and the later
component a polysynaptic reflex (Vodusek & Janko
1990). The polysynaptic anal reflex is elicited by painful
(pinprick) stimulation in the perianal region.

The constant tonic activity of sphincter muscles is
thought to result from the characteristics of their ‘low-
threshold” motor neurons and the constant ‘inputs’
(either of reflex segmental or suprasegmental origin). It
is supported by cutaneous stimuli, by pelvic organ dis-
tension, and by intra-abdominal pressure changes.

Sudden increases in intra-abdominal pressure as a
rule lead to brisk PEM (reflex) activity, which has been
called the ‘guarding reflex’; it is organized at the spinal
level. It needs to be considered that ‘sudden increases in
intra-abdominal pressure’, if caused by an intrinsically
driven manoeuvre (i.e. coughing) include feed forward
activation of the PFM as part of the complex muscle
activation pattern. The observed PFM activation in the
normal subject (e.g. during coughing) is thus a com-
pound ‘feed-forward” and ‘reflex” muscle activation.

Another common stimulus leading to an increase in
PEM activity is pain. The typical phasic reflex response
to a nociceptive stimulus is the anal reflex. It is com-
monly assumed that prolonged pain in pelvic organs is
accompanied by an increase in ‘reflex” PFM activity,
which would indeed be manifested as ‘an increased
tonic motor unit activity’. This has so far not been much
formally studied. Whether such chronic PEM overactiv-
ity might itself generate a chronic pain state and even
other dysfunctions may be a tempting hypothesis, but
has not been well demonstrated so far.

To correspond to their functional (effector) role as
pelvic organ supporters (e.g. during coughing, sneez-
ing), sphincters for the LUT and anorectum, and as an
effector in the sexual arousal response, orgasm and
ejaculation, PFM have also to be involved in very
complex involuntary (‘reflex’) activity, which coordi-
nates the behaviour of pelvic organs (smooth muscle)
and several different groups of striated muscles. This
activity is to be understood as originating from so called
‘pattern generators” within the central nervous system,
particularly the brainstem. These pattern generators
(‘reflex centres’) are genetically inbuilt.

MUSCLE AWARENESS

The sense of position and movement of one’s body is
referred to as ‘proprioception’, and is particularly
important for sensing limb position (stationary pro-
prioception) and limb movement (kinaesthetic
proprioception).
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Proprioception relies on special mechanoreceptors in
muscle tendons and joint capsules. In muscles there are
specialized stretch receptors (muscle spindles) and in
tendons there are Golgi tendon organs, which sense the
contractile force. In addition, stretch sensitive receptors
signalling postural information are in the skin. This
cutaneous proprioception is particularly important for
controlling movements of muscles without bony attach-
ment (lips, anal sphincter). By these means of afferent
input the functional status of a striated muscle (or rather:
a certain movement) is represented in the brain. Indeed,
muscle awareness reflects the amount of sensory input
from various sites. Typically, feedback to awareness on
limb muscle function (acting at joints) is derived not
only from their input from muscle spindles, and recep-
tors in tendons, but also from the skin, and from visual
input, etc. The concept of the ‘awareness’ thus in fact
overlaps with the ability to voluntarily change the state
of a muscle (see below).

In contrast to limb muscles, the PEM (and sphincters)
lack several of the above mentioned sensory input
mechanisms and therefore the brain is not ‘well
informed” on their status. Additionally, there may be a
gender difference, inasmuch as pelvic floor muscle
awareness in females seems to be in general less com-
pared to males. (The author concludes this on the basis
of long personal experience with PFM EMGs in both
genders; there seems to be no formal study on PFM
activation patterns in man apart from ejaculation.)

Healthy males have no difficulties in voluntarily
contracting the pelvic floor, but up to 30% of healthy
women cannot do it readily on command. The need for
‘squeezing out’ the urethra at the end of voiding and
the close relationship of penile erection and ejaculation
to PEM contractions may be the origin of this gender
difference. The primarily weak awareness of PFM in
women seems to be further jeopardized by vaginal
delivery.

Voluntary activity of pelvic floor muscles

Skilled movement of distal limb muscles requires indi-
vidual motor units to be activated in a highly focused
manner by the primary motor cortex. By contrast, acti-
vation of axial muscles (necessary to maintain posture
etc.) — while also under voluntary control — depends
particularly on vestibular nuclei and reticular formation
to create predetermined ‘motor patterns’.

The PFM are not, strictly speaking, axial muscles, but
several similarities to axial muscles can be proposed as
regards their neural control. In any case, PFM are under
voluntary control (i.e. it is possible to voluntarily acti-
vate or inhibit the firing of their motor units). EMG
studies have shown that the activity of motor units in

the urethral sphincter can be extinguished at both low
and high bladder volumes even without initiating mic-
turition (Sundin & Petersen 1975, Vodusek 1994).

To voluntarily activate a striated muscle we have to
have the appropriate brain ‘conceptualization” of that
particular movement, which acts as a rule within a par-
ticular complex ‘movement pattern’. This evolves par-
ticularly through repeatedly executed commands and
represents a certain ‘behaviour’.

Proprioceptive information is crucial for striated
muscle motor control both in the ‘learning’ phase of a
certain movement and for later execution of overlearnt
motor behaviours. It is passed to the spinal cord by fast-
conducting large-diameter myelinated afferent fibres
and is influenced not only by the current state of the
muscle, but also by the efferent discharge the muscle
spindles receive from the nervous system via gamma
efferents. To work out the state of the muscle, the brain
must take into account these efferent discharges and
make comparisons between the signals it sends out to
the muscle spindles along the gamma efferents and the
afferent signals it receives from the primary afferents.

Essentially, brain compares the signal from the
muscle spindles with the copy of its motor command
(the “corollary discharge’ or ‘efferents copy’) which was
sent to the muscle spindle intrafusal muscle fibres by
the CNS via gamma efferents. The differences between
the two signals are used in deciding on the state of the
muscle. The experiments were carried out in limb
muscles (McCloskey 1981), but it has been suggested
(Morrison 1987) that similar principles rule in bladder
neurocontrol.

NEUROMUSCULAR INJURY TO THE PELVIC
FLOOR DUE TO VAGINAL DELIVERY

Many studies using different techniques have demon-
strated neurogenic and structural damage to the PFM
and sphincter muscles as a consequence of vaginal
delivery (Vodusek 2002b). Other lesion mechanisms,
such as muscle ischaemia, may also be operative during
childbirth. As a consequence, the PFM would become
weak; such weakness has indeed been demonstrated
(Verelst & Leivseth 2004). The sphincter mechanisms
and pelvic organ support become functionally impaired,
with SUI and prolapse being a logical consequence.

Although muscle weakness may be a common con-
sequence of childbirth injury, there seem to be further
pathophysiological possibilities for deficient PFM func-
tion; it is not only the strength of muscle contraction that
defines its functional integrity.

Normal neural control of muscle activity leads to
coordinated and timely responses to ensure appropriate
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Fig. 4.4 Patterns of activation of pubococcygei muscles in
a parous woman with stress incontinence. A paradoxical
inhibition of firing of motor units occurs during coughing in
one of the puboccocygei. (From Deindl et al 1994, with
permission)

muscle function as required. Muscular ‘behavioural’
patterns have been studied by kinesiological EMG
recording (Deindl et al 1993). Changes in muscular
behaviour may originate from minor and repairable
neuromuscular pelvic floor injury (Dendl et al 1994).

In nulliparous healthy women two types of behav-
ioural patterns named as tonic and phasic pattern,
respectively, can be found (see Fig. 4.3):

e the tonic pattern consists of a crescendo-decrescendo
type of activity (probably derived from grouping of
slow motor units) that may be the expression of con-
stant (‘tonic’) reflex input parallel to the breathing
pattern;

e the phasic pattern, probably related to fast-twitch
motor unit activation, is motor unit activity seen only
during activation manoeuvres, either voluntary con-
traction or coughing.

With respect to these muscle activation patterns
parous women with SUI are subject to a number of pos-
sible changes (Dendl et al 1994), such as a significant
reduction of duration of motor unit recruitment, unilat-
eral recruitment of reflex response in the pubococcygeal
muscle, and paradoxical inhibition of continuous fir-
ing of motor units (Fig. 4.4) in PFM activation on
coughing.
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Introduction
Kari Bg and Margaret Sherburn

The International Classification of Impairments, Disa-
bilities and Handicaps (ICIDH) (1997), lately changed to
International Classification of Functioning, Disability,
and Health (ICF) (2002), is a World Health Organization
(WHO)-approved system for classification of health
and health-related states in rehabilitation science.
According to this system, the causes of a non-optimally
functioning pelvic floor (e.g. muscle and nerve damage
after vaginal birth) can be classified as the pathophysi-
ological component. Nonfunctioning pelvic floor
muscles (PFM) (reduced force generation, incorrect
timing or coordination) are the impairment component,
and the symptom of pelvic floor dysfunction (e.g.
urinary leakage, fecal incontinence, or pelvic organ
prolapse) is a disability. How the symptoms and condi-
tions affect the women'’s quality of life and participation
in fitness activities is an activity or participation
component.

Physiotherapists working to prevent or treat pelvic
floor dysfunction aim to improve disability and activ-
ity /participation components by improving PFM func-
tion and strength. Hence, it is important to measure all
ICF components. In this chapter we deal only with the
pathophysiological and impairment component with a
focus on assessment of ability to contract the PFM and
measurement of PFM strength.

The main reasons for physical therapists to conduct
high-quality assessment of ability to contract the PFM
and PFM strength are as follows.

1. Without proper instruction, many women are unable
to volitionally contract PFM on demand. This may
be because they are situated at the floor of the pelvis
and are not visible from the outside. In addition the
muscles are seldom used consciously. Several studies
have shown that more than 30% of women do not
contract their PFM correctly at their first consulta-
tion, even after thorough individual instruction
(Benvenuti et al 1987, Bump et al 1991, Bo et al 1988,
Kegel 1948). The most common errors are to contract
the gluteal, hip adductor, or abdominal muscles
instead of the PFM (Bg et al 1988). Some women also
stop breathing or try to exaggerate inspiration
instead of contracting the PFM. Some studies have

demonstrated that many women strain, causing
PFM descent, instead of actively squeezing and
lifting the PFM upward (Bump et al 1991, Bo et al
1990). For proper contraction of the PFM, it is man-
datory that women receive precise training with
appropriate monitoring and feedback. Hay-Smith
et al (2001) found that in the reports of only 15 of
43 RCTs they reviewed did the authors state that
a correct PFM contraction was checked before
training began.

2. In intervention studies evaluating the effect of PEM
training, the training is the independent variable
meant to cause a change in the dependent variable
(e.g. stress urinary incontinence [SUI] or pelvic organ
prolapse; Thomas & Nelson 1996). Thus, measure-
ment of PFM function and strength before and after
training is important to determine whether the inter-
vention has made significant changes. Even in the
presence of tissue pathology (e.g. neuropathy), if there
is no change in PFM function or strength after a train-
ing programme commensurate with that pathology,
the training programme has been of insufficient
dosage (intensity, frequency or duration of the train-
ing period) or the participants have had inadequate
adherence (Bouchard et al 1994). It is likely that such
programmes have not followed muscle training
recommendations.

In this chapter we describe different measurement
tools such as clinical observation, vaginal palpation, elec-
tromyography (EMG), vaginal squeeze pressure meas-
urement (manometry), urethral pressure measurement
(stationary and ambulatory), dynamometry, ultrasonog-
raphy and magnetic resonance imaging (MRI) in use for
assessment of the PFM. This can be either assessment of
unconscious co-contraction of the PEM during anincrease
in abdominal pressure or ability to volitionally perform a
correct contraction. A correct voluntary contraction is
described as an elevation and squeeze around the pelvic
openings (Kegel 1948).

Muscle strength has been defined as ‘the maximum
force that can be exerted against an immovable object
(static or isometric strength), the heaviest weight which
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can be lifted or lowered (dynamic strength), or the
maximal torque which can be developed against a pre-
set rate-limiting device (isokinetic strength)” (Frontera
& Meredith 1989). Maximum strength is often referred
to as the maximum weight the individual can lift once.
This is named the one repetition maximum or 1RM
(Wilmore & Costill 1999).

Maximum strength is measured through a maximum
voluntary contraction. Maximum voluntary contraction
refers to a condition in which a person attempts to recruit
as many fibers in a muscle as possible for the purpose of
developing force (Knuttgen & Kraemer 1987). The force
generated is dependent on the cross-sectional area of the
muscle and the neural components (e.g. number of acti-
vated motor units and frequency of excitation; Wilmore
& Costill 1999). Hence, PFM strength is a surrogate for
underlying factors that will change with regular strength
training.

Muscle power is the explosive aspect of strength and
is the product of strength and speed of movement
[power = (force x distance)/time] (Wilmore & Costill
1999). Muscle force is reduced with speed of the contrac-
tion. Power is the key component of functional applica-
tion of strength. Speed, however, changes little with
training, thus power is changed almost exclusively
through gains in strength (Wilmore & Costill 1999).

Muscular endurance can be classified as:

1. ability to sustain near maximal or maximal force,
assessed by the time one is able to maintain a
maximum static or isometric contraction;

2. ability to repeatedly develop near maximal or
maximal force determined by assessing the maximum
number of repetitions one can perform at a given
percentage of 1RM (Wilmore & Costill 1999).

Muscle strength measurement may be considered an
indirect measure of PFM function in real-life activities.
Women with no leakage do not contract voluntarily
before coughing or jumping. Their PFM contraction is
considered to be an automatic co-contraction occurring
as a quick and effective activation of an intact neural
system.

Other important factors for a quick and effective con-
traction are the location of the pelvic floor within the
pelvis, the muscle bulk, stiffness/elasticity of the pelvic
floor and intact connective tissue.

A stretched and weak pelvic floor may be positioned
lower within the pelvis compared with a well-trained or
non-injured pelvic floor (Be 2004). The time for stretched
muscles to reach an optimal contraction may be too slow
to be effective in preventing descent against increased
abdominal pressure (e.g. sneeze), thereby allowing leakage
to occur.

In general, when measuring muscle strength it can be
difficult to isolate the muscles to be tested, and many test
subjects need adequate time and instruction in how to
perform the test. In addition, the test situation may not
reflect the whole function of the muscles, and the gener-
alizability from the test situation to real-world activity
(external validity) has to be established (Thomas &
Nelson 1996). Therefore, when reporting results from
muscle testing, it is important to specify the equipment
used, position during testing, testing procedure, instruc-
tion and motivation given, and what parameters are
tested (e.g. ability to contract, maximum strength, endur-
ance). When testing the PFM, additional challenges are
present because muscle action and location are not easily
observable.

Whether a measurement tool should be used in clini-
cal practice or in research depends on its responsive-
ness, reliability and validity. These terms are used
slightly different in different research areas and have
somewhat different definitions in different textbooks of
research methodology. The definitions given below are
the ones we have chosen to use in this textbook.

* Responsiveness: the degree or amount of variation
that the device is capable of measuring; the ability of
a tool to detect small differences or small changes
(Currier 1990).

* Reliability: consistency or repeatability of a measure.
The most common way to establish stability of a test
is to perform a test-retest. Intratest reliability is
conducted by one researcher measuring the same
procedure in the same subjects twice. Inter-test reli-
ability is conducted when two or more clinicians or
researchers are conducting measurement of the same
subjects (Currier 1990).

* Validity: degree to which a test or instrument mea-
sures what it is supposed to measure.

* Logical (face) validity: condition that is claimed
when the measure obviously involves the perfor-
mance being measured (e.g. squeeze and elevation of
the PFM can be felt by vaginal palpation).

* Content validity: condition that is claimed when a
test adequately samples what it should cover (few
methods measure both squeeze pressure and eleva-
tion of the PFM).

¢ Criterion validity: the degree to which the scores on
a test are related to some recognized standard, or
criterion (e.g. clinical observation of inward move-
ment of the perineum during attempts to contract the
PFM compared with ultrasonography).

e Concurrent validity: involves a measuring instru-
ment being correlated with some criterion admin-
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istered at the same time or concurrently (e.g.
simultaneous observation of inward movement
during measurement of PFM strength with manom-
eters and dynamometers).

e Predictive validity: degree to which scores of predic-
tor variables can accurately predict criterion scores.

e Diagnostic validity: ability of a measure to detect
differences between those having a diagnosis/
problem/condition/symptom with those not.

e Sensitivity: the proportion of positives that are cor-
rectly identified by the test.

* Specificity: the proportion of negatives that are cor-
rectly identified by the test (Altman 1997, Currier
1990, Thomas & Nelson 1996).
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Visual observation and palpation

Kari Bg and Margaret Sherburn

VISUAL OBSERVATION

A correct contraction can be observed clinically (Kegel
1948), by ultrasound (Beco et al 1987, Dietz et al 2002,
Petri et al 1999) or with dynamic magnetic resonance
imaging (MRI) (Bg et al 2001, Stoker et al 2001).

In 1948, Kegel described a correct PEM contraction as
squeeze around the urethral, vaginal and anal openings,
and an inward lift that could be observed at the peri-
neum (Kegel 1948, Kegel 1952). He estimated the inward
movement in the lying position to be 3—4 cm (Kegel
1952). However, newer research visualizing lifting dis-
tance inside the body with MRI and ultrasound has not
supported his estimation, which was based on visual
observation. Bg et al (2001) demonstrated a mean inward
lift during PFM contraction to be 10.8 mm (SD 6.0) in 16
women using dynamic MRI in a sitting position. This
corresponded with an inward lift of 11.2 mm (95% CI:
7.2-15.3) measured with suprapubic ultrasound in a
supine position (B et al 2003).

Most physiotherapists (PTs) would use visual obser-
vation of the PFM contraction as a starting point for
measurement of ability to contract. In spite of this, there
is a paucity of research on responsiveness, reliability and
validity of this method.

Bo et al (1990) used observation of movement of a
vaginal catheter, vaginal palpation, and vaginal squeeze
pressure to measure PFM function and strength. They
registered the ability to contract from visual observation
as:

e correct (inward movement of the catheter);
* no contraction (no movement);
e straining (outward movement).

There was 100% agreement between observation and
the vaginal palpation test in women who either con-
tracted correctly or were not able to contract according
to the palpation test. The observation classified six who
were straining and were not detected on the palpation
test. Hence observation of movement may be more
sensitive to straining and Valsalva manoeuvre than
palpation.

Responsiveness

No studies have been found evaluating the responsive-
ness of visual observation.

Intra- and inter-rater reliability

Devreese et al (2004) developed an inspection scale for
the PFM and abdominal muscles to be used in crook
lying, sitting and standing position. Contractions were
inspected during both voluntary contraction and reflex
contraction during coughing. They classified the con-
traction of the PFM as either ‘coordinated” (inward
movement of 1 cm of the perineum and a visible con-
traction of the deep abdominal muscle) or ‘not coordi-
nated” (downward movement of the pelvic floor and/or
an outward movement of the abdominal wall. The
results of inter-tester reliability showed kappa coeffi-
cients between 0.94 and 0.97.

Validity

Shull et al (2002) stated that by visual observation one
is generally observing superficial perineal muscles.
From this observation researchers assume that the
levator ani is responding similarly. It may, however, not
be the case.

Observing the inward movement of a correct PFM
contraction is the starting point for measurement of
PFM function, and has the advantage of being a simple,
noninvasive method. However, the inward lift may be
created by contraction of superficial muscle layers only,
and have no influence on urethral closure mechanism.
Conversely, there may be palpable PFM contraction
with no visible outside movement. A correct lift can be
difficult to observe from the outside, particularly in
obese women. Also it is questionable whether it is pos-
sible to grade cm of inward movement from the outside
of the body. In the future ultrasound may take over the
role of visual observation, and would also serve as a
biofeedback and teaching tool.

Whether the muscle action observed by visual obser-
vation or ultrasound is sufficiently strong to increase




Visual observation and palpation

51

urethral closure pressure can only be measured by
urodynamic assessment in the urethra and bladder.
Interestingly Bump et al (1991) found that, although
contracting correctly, only 50% of a population of con-
tinent and incontinent women were able to voluntarily
contract the PFM with enough force to increase urethral
pressure.

Sensitivity and specificity

Devreese et al (2004) used observation scores of coordi-
nated contractions during PFM contraction and cough-
ing, and compared continent and incontinent women
with blinded investigators. The results showed that con-
tinent women exhibited significantly better coordina-
tion between the pelvic floor and lower abdominal
muscles during coughing in all three positions (crook
lying sitting and standing).

Conclusion

Visual observation can be used in clinical practice to
give a first impression about ability to contract. Further
estimation about the amount of the inward movement
is not recommended. Visual observation should not be
used for scientific purposes because MRI and ultra-
sound are more responsive, reliable and valid methods
to assess movement during contraction, straining and
physical exertion.

CLINICAL RECOMMENDATIONS

PFM assessment using observation

* Inform and explain the procedure to the patient.

e Teach the patient how to contract the PFM by use
of models, anatomical drawings and imagery.

e After the patient has undressed, ask the patient to lie
down on the bench with hips and knees bent and
shoulder width apart (crook lying). Cover pelvic area
with a towel. Support legs of patient (one leg against
the wall, the other leg support with one hand).

¢ Allow some time for patient to practice before observ-
ing the contraction.

e Ask the patient to breathe normally and then lift the
perineum inwards and squeeze around the openings
without any movement of the pelvis or visible co-
contraction of the gluteal or hip-adductor muscles. A
small drawing in of the lower abdomen by transver-
sus abdominis with the PFM contraction is accepted.

Observe the patient’s attempt to contract and register
how the contraction was performed (correct, no con-
traction, inconclusive, straining).

e If there is an observable contraction, give positive
feedback and explain that you will palpate to register
action of the deeper muscles, and coordination and
strength of the contraction. If you are not able to
observe inward movement, explain that this is
common at the first attempt, and that it is not always
easy to assess from the outside, and that you need to
conduct a vaginal palpation to be sure whether there
is a contraction or not.

VAGINAL PALPATION

Vaginal palpation (Fig. 5.1) is used to:

1. assess the ability of the patient to contract and relax
the PFM correctly;

2. measure PFM muscle strength via a maximal occlu-
sive and lifting force (assessing the person’s attempt
to conduct a maximum voluntary contraction), abi-
lity to sustain a contraction (endurance) or perform
a number of repeated contractions (endurance);

3. assess other elements of PEM, such as resting tone,
the ability to fully relax after a contraction, coordina-
tion with lower abdominal muscles, symmetry of
right and left PFM contraction, scarring and adhe-

Fig. 5.1 During vaginal palpation the physiotherapist (PT)
instructs the patient about how to perform a contraction
correctly (squeeze around my finger and try to lift the
finger inwards) and tells her how well she is able to do it
and also about coordination skills and strength. With
encouragement most patients are able to contract harder.
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sions and the presence of pain, speed and sequence
of recruitment of levator ani with the perineal
muscles, and transverse and anteroposterior diame-
ters of the urogenital hiatus.

As there is yet no evidence for the responsiveness or
reliability of measurement of these other elements of
muscle parameters, they will not be discussed further in
this chapter.

The ICS Clinical Assessment Group (see www.
icsoffice.org) has proposed qualitative scales of meas-
urement for some of these parameters (absent, partial,
full), but there has been a lack of psychometric testing
of these scales or development of more responsive
scales. This is an area needing further research.

Kegel described vaginal palpation as a method to
evaluate the ability to perform a correct contraction
(Kegel 1948, Kegel 1952). He placed one finger in the
distal one-third of the vagina and asked the woman to
lift inwards and squeeze around the finger. Kegel did
not use this method to measure PFM strength. He clas-
sified the contraction qualitatively as correct or not. In
addition, he developed the ‘perineometer’, a pressure
manometer, to measure PEM strength through vaginal
squeeze pressure (Kegel 1948).

Van Kampen et al (1996) reported that after Kegel
first described vaginal palpation as a method to evalu-
ate PFM function, more than 25 different palpation
methods have been developed. Some examiners use
one, and others two fingers.

Worth et al (1986) and Brink et al (1989) have evalu-
ated pressure, duration, muscle ‘ribbing’, and displace-
ment of the examiner’s finger in a specific scoring
system. This system has mainly been used by American
nurses. There has been no systematic research to deter-
mine the best method of palpation to assess ability to
contract, or any of the parameters of muscle strength,
endurance, or power.

Laycock has developed the modified Oxford grading
system (Box 5.1) to measure PFM strength (British
Medical Research Council 1943, Laycock 1994), and this
seems to be the system mostly used by PTs to assess
PEM strength in clinical practice.

Responsiveness

Box 5.1:The modified Oxford grading scale

The modified Oxford grading scale is a six-point scale
where half numbers of + and — can be added when a
contraction is considered to fall between two full
grades, so it expands to a 15-point scale when both
+ and — are used:

e 0=no contraction

o 1 ="flicker

e 2 =weak

e 3 =moderate (with lift)

e 4=good (with lift)

e 5=strong (with lift)

ferentiate the proportions of occlusion versus lift. To
separate these two elements, manometers or dynamom-
eters can be used to evaluate occlusion, and ultrasound
to measure the lift component. When the responsive-
ness of this scale is tested against vaginal squeeze pres-
sure, it should be recognized that only one element,
occlusion, is being compared.

Bo & Finckenhagen (2001) questioned the re-
sponsiveness of the original scale (without + and -)
because they did not find that the scale could separate
between weak, moderate, good, or strong when com-
paring measurement of vaginal squeeze pressure. This
was supported by Morin et al (2004) comparing vaginal
palpation and dynamometry in continent and inconti-
nent women. They found that important overlaps were
observed between each category of vaginal palpation.
Mean force values differed significantly only between
nonadjacent levels in palpation assessment (e.g. between
1land 3,1 and 4, 1 and 5, 2 and 4, and 2 and 5
[p <0.05]).

Frawley et al (2006) found that the Oxford grading
scale using + and — had lower kappa values in intratest
reliability testing and recommended using the original
six-point scale in research.

Intra- and inter-rater reliability

The Oxford grading system has been modified from the
Medical Research Council scale (1943) which suffers
from poor responsiveness and non-linearity (Beasley
1961).

One of the difficulties of measurement using the
modified Oxford scale is that it produces one value for
two elements (occlusion and lift) in the one scale. The
palpating fingers may not be sensitive enough to dif-

The results from studies evaluating intra- and inter-rater
reliability of vaginal palpation for strength measure-
ment are conflicting (Be & Finckenhagen 2001, Frawley
et al 2006, Hahn et al 1996, Isherwood & Rane 2000,
Jeyaseelan et al 2001, Laycock & Jerwood 2001, McKey
& Dougherty 1986).

Isherwood & Rane (2000) found high inter-rater reli-
ability whereas Jeyaseelan et al (2001) concluded that
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inter-tester reliability should not be assumed, and needs
to be established when two or more clinicians are
involved in pre- and post-treatment assessment.

Bo & Finckenhagen (2001) using the six-point scale
and Laycock & Jerwood (2001) using the 15-point scale
found agreement between testers in only 45% and 45%
of the tested cases, respectively.

Frawley et al (2005) found 79% complete agreement
in both crook lying and supine using the six-point scale
but this dropped to 53 and 58%, respectively, using the
15-point scale. They tested intratester reliability of
vaginal digital assessment and found good to very
good kappa values of 0.69, 0.69, 0.86, and 0.79 for crook
lying, supine, sitting, and standing positions, respec-
tively. In addition, they compared vaginal palpation
with vaginal squeeze pressure measurement with the
Peritron perineometer and found that the Peritron was
more reliable than vaginal palpation (Frawley et al
2006).

Devreese et al (2004) developed a new vaginal palpa-
tion system assessing muscle tone, endurance, speed of
contraction, strength, lift (inward movement) and coor-
dination, and evaluated both superficial and deep PFM.
They found high agreement in interobserver reliability
in tone (95-100% agreement) and reliability coefficients
between 0.75 and 1.00 for measurements of the other
parameters above. The scoring system developed is
qualitative and open to personal interpretation, but is a
first step towards standardizing a measurement system
for observation and palpation.

Muscle ‘tone’ requires a universally acceptable defi-
nition to establish a reliable measurement system, and
to differentiate ‘tone’ from ‘stiffness’, ‘contracture” and
‘spasm’. Simons & Mense (1998) have proposed that
muscle tone specific to a muscle rather than generalized
tone be defined as ‘the elastic and viscoelastic stiffness
of a muscle in the absence of motor unit activity’. The
elastic component or ‘elastic stiffness’ is measured qual-
itatively by pressing or squeezing a muscle. However,
measurement of the viscoelastic component is more
complex and is dependent on the speed at which the
muscle is moved using pendular, oscillatory and reso-
nant frequency measurements (Simons & Mense 1998).
These viscoelastic measurements are not possible for the
PFM because the PFM do not pass over a joint to allow
elongation then shortening. If the PFM are elongated
using vaginal palpation to stretch the muscle fibres,
the muscle belly is actually being compressed by the
examining digit and elastic stiffness is again being
measured.

One can also discuss how one can assess that there
is no motor unit activity. At least for the PEM, there is
always electromyographic (EMG) activity except before
and during voiding (Fowler et al 2002).

Validity

Several investigators have studied criterion validity of
vaginal palpation comparing vaginal palpation and
vaginal squeeze pressure (Bo & Finckenhagen 2001,
Hahn et al 1996, Isherwood & Rane 2000, Jarvis et al
2001, Kerschan-Schindel et al 2002, McKey & Dougherty
1986).

Isherwood & Rane (2000) compared vaginal palpa-
tion using the Oxford Grading System and compared
it with an arbitrary scale on a perineometer from
1 to 12. They found a high kappa of 0.73. In contrast,
Bo and Finckenhagen (2001) found a kappa of 0.37
comparing the Oxford grading system with vaginal
squeeze pressure. Heitner (2000) concluded that lift was
most reliably tested with palpation, and that all other
measures of muscle function were better tested with
EMG.

Hahn et al (1996) found that there was a better cor-
relation of vaginal palpation and pressure measurement
in continent than in incontinent women (r =0.86 and
0.75, respectively). This was supported by Morin et al
(2004) comparing vaginal palpation with dynamometry,
finding r=0.73 in continent and r = 0.45 in incontinent
women, respectively.

Lying, sitting or standing?

PFM function and strength is often measured in a supine
position, despite the fact that urinary leakage is more
common in the upright position with gravity acting on
the PFM. Very few studies have addressed measure-
ment in different positions.

Devreese et al (2004) investigated inter-rater reliabil-
ity of clinical observation and vaginal palpation in crook
lying, sitting, and standing positions. They found high
inter-tester reliability in all positions, but did not report
whether there were differences in measurement values
in the different positions.

Frawley et al (2005) found that vaginal palpation of
PFM contraction had moderate to high intratest reliabil-
ity in crook lying, supine, sitting and standing
position.

Both Bo & Finckenhagen (2003) and Frawley et al
(2006) found that PTs and patients preferred testing
using vaginal palpation and vaginal squeeze pressure
in lying positions.

Bo & Finckenhagen (2003) found that the testing
procedure was easiest to standardize when the patient
was supine, and therefore recommend this in clinical
practice.

For scientific purposes the position of the
patient should be chosen according to the research
question.
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One or two fingers?

Conclusion

There is a discussion whether one or two fingers should
be used for vaginal palpation (Bo et al 2005, Shull et al
2002) and this may depend on factors such as whether
the patient is nulliparous and has a narrow vaginal
introitus and urogenital hiatus, or whether there is
introital discomfort or pain.

Hoyte et al (2001) reported increased diameters from
nonsymptomatic parous women, to parous women with
pelvic organ prolapse (POP). In parous women, vaginal
birth may have stretched the PFM and its investing fascia.
However, time and PFM training may normalize this in
many women.

When palpating, the anterior and posterior vaginal
walls are always in apposition and in contact with the
finger. The lateral vaginal walls expand in the upper
vagina at the level of the fornices and above the level of
the levator ani. At the PFM level, the lateral diameter of
the urogenital hiatus marks the medial borders of the
levator ani and these borders may be palpated through
the intervening vaginal mucosa.

Ghetti et al (2005) stated that intra- and inter-rater
reliability of vaginal palpation to assess the diameter of
the hiatus needs to be done. In addition, criterion valid-
ity between magnetic resonance imaging (MRI)/ultra-
sound and vaginal palpation of the hiatus has to be
established.

Putting a muscle on stretch makes it more difficult to
perform a maximal contraction (Frontera & Meredith
1989). Therefore the aim of palpation should be to gain
maximum sensation for the palpation with no stretch.
This must not be confused with the fact that a quick
stretch can be used to facilitate the stretch reflex. Quick
stretch is one technique used by PTs to facilitate a correct
PEM contraction if the patients are unable to contract
(Brown 2001).

Sensitivity and specificity

There are few studies comparing measurement of PFM
function and strength in continent and incontinent
women using vaginal palpation.

Hahn et al (1996) compared 30 continent and 30
incontinent women using vaginal palpation and found
that the group of incontinent women had lower scores
on palpation test (1.0 £0.1) compared to the group of
continent women (1.9 +0.1) (p < 0.001).

Devreese et al (2004) found a significant difference in
favour of continent women in speed of contraction,
maximum strength and coordination of both super-
ficial and deep PFM, and inward movement of the
superficial, but not the deep PFM, assessed with vaginal
palpation.

Today most PTs use vaginal palpation to evaluate PFM
function because both squeeze pressure and lift can be
registered, though with poor discrimination. It is a low-
cost method, and is relatively easy to conduct.

Vaginal palpation of PFM contraction is recom-
mended as a good technique for use by PTs to under-
stand, teach, and give feedback to patients about
correctness of the contraction. Position of the patient,
instruction given, and the use of one or two fingers have
to be standardized and reported. However, whether
palpation is robust enough to be used for scientific pur-
poses to measure muscle strength is questionable. Pal-
pationasamethod to detectmorphological abnormalities
also needs to be tested before being used in clinical
assessment and research.

CLINICAL RECOMMENDATIONS

Following perineal observation, with
patient in crook lying position

* Explain the palpation procedure to patient and obtain
consent.

* Prepare examination gloves, gel and tissues, and
check with the patient for latex and gel allergy. Use
vinyl gloves for preference.

* Wash hands, put on gloves and apply a little gel on
the palpating gloved finger(s).

* Gently part the labia and insert one finger in the
outer one-third of the vagina.

* Ask the patient whether she feels comfortable.
e If appropriate, insert the second finger.

* Ask the patient to lift in and squeeze around the
finger(s) and observe or control the action so that the
pelvis is not moving or the hip adductor or gluteal
muscles are not contracted.

* Give feedback of correctness, performance and
strength.

* Record whether PFM contraction is:
— Correct;
— only possible with visible co-contraction of other
muscles;
— not present;
— in the opposite direction (straining or Valsalva).

* Torecord the maximum voluntary contraction (MVC)
request a 3-5s maximum effort PFM contraction
after one or two submaximal ‘practice’ contractions.
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If you do not have a sensitive, reliable and valid tool
to measure strength, use the Oxford grading scale to
record the MVC. Separately record the lift compo-
nent as absent, partial or complete.

* Note the voluntary relaxation after these contractions
and record this as absent, partial or full.
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Electromyography
David B Vodusek

INTRODUCTION

Electromyography (EMG) is the extracellular recording
of bioelectrical activity generated by muscle fibres. The
term indeed stands for at least two different clinically
used methods, which are quite distinct and as a rule
performed in different settings (laboratories), for differ-
ent purposes. On the one hand EMG can reveal the
‘behaviour’ (i.e. patterns of activity) of a particular
muscle, or it can also be used to demonstrate whether a
muscle is normal, myopathic or denervated/reinner-
vated. The former can be called ‘kinesiological EMG’
and the latter ‘motor unit” EMG, but usually this divi-
sion is not specified and both types of examination are
just called ‘EMG’, which can confuse the uninitiated.

In clinical neurophysiology, EMG techniques are
combined with conduction studies to assess involve-
ment of the neuromuscular system by trauma or disease
(Aminoff 2005).

MUSCLE FIBRE, MOTOR UNIT, MUSCLE

A single muscle fibre (cell) does not contract on its own,
but rather in concert with other muscle fibres that are
part of the same motor unit (i.e. innervated by the same
motor neuron). Its axon reaches the muscle via a motor
nerve. Within the muscle the motor axon tapers and then
branches to innervate muscle fibres, which are scattered
throughout the muscle. Fibres that are part of the same
motor unit are not adjacent to one another. Bioelectrical
activity generated by the concomitant activation of
muscle fibres from one motor unit is ‘summated’ by the
recording electrode as a ‘motor unit action potential’

Stoker J, Halligan S, Bartram C 2001 Pelvic floor imaging. Radiology
218:621-641

Van Kampen M, De Weerdt W, Feys H et al 1996 Reliability and
validity of a digital test for pelvic muscle strength in women.
Neurourology and Urodynamics 15:338-339

Worth A, Dougherty M, McKey P 1986 Development and testing
of the circumvaginal muscles rating scale. Nursing Research
35(3):166-168

(MUP). As many motor units are active within a con-
tracting muscle and the recording surface of the EMG
electrode is adjacent to muscle fibres from several motor
units, several MUPs are recorded by the recording elec-
trode. This produces an ‘interference pattern” of MUPs in
a given time interval of recording. If the activation of a
normal muscle is strong, most motor units are activated
and the interference pattern is ‘full’ (Podnar & Vodusek
2005, Vodusek & Fowler 2004).

KINESIOLOGICAL EMG

Prolonged recording of bioelectrical activity of a muscle
provides a qualitative and quantitative description of its
activity over time, thus characterising its ‘behaviour’
during particular manoeuvres (see Ch. 4, Fig. 4.2). It
should be borne in mind that kinesiological EMG does
not provide information on the ‘state” of the muscle (i.e.
whether its motor units have been changed due to neu-
ropathy or myopathy). A special analysis of the EMG
signal is necessary to provide that information. Mean-
ingful kinesiologic EMG can, of course, only be obtained
from innervated muscle.

When we are interested in the pattern of activity of
an individual muscle, the EMG should ideally provide
a selective recording, uncontaminated by neighbouring
muscles on one hand, and a faithful detection of any
activity within the source muscle on the other hand.
Both objectives are difficult to achieve simultaneously.
Overall detection from the bulk of a muscle can only be
achieved with non-selective electrodes, selective record-
ings from small muscles can only be made with intra-
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muscular electrodes with small detection surfaces.
Non-selective recordings carry the risk of contamination
with activity from other muscles; selective recordings
may fail to detect activity in all parts of the source
muscle. Meaningful recordings from deep muscles can
only be accomplished by invasive techniques.

Considering the above, truly selective recording
from sphincter muscles can probably only be obtained
by intramuscular electrodes. In clinical routine the
concentric needle electrode is used as a rule. Needle
electrodes, however, may produce some pain on move-
ment, and can be dislodged. Instead, two thin isolated /
bare tip wires (with a hook at the end) can be introduced
into the muscle with a cannula, which is then with-
drawn, and the wires stay in place (Deindl et al 1993).
The advantage of this type of recording is good posi-
tional stability and painlessness once the wires are
inserted, though their position cannot be much
adjusted.

To make EMG recording less invasive various
surface-type electrodes have been devised - also for
special use in the perineum. Small skin-surface elec-
trodes can be applied to the perineal skin. Other special
intravaginal, intrarectal or catheter-mounted recording
devices have been described. Recordings with surface
electrodes are more artefact prone and furthermore the
artefacts may be less easily identified.

Critical online assessment of the ‘quality of the EMG
signal” is mandatory in kinesiological EMG, and this
requires either auditory or oscilloscope monitoring of
the raw signal. Integration of high-quality EMG signals
by the software of modern recording systems may help
in quantification of results. It should be borne in mind
that kinesiological EMG needs some concomitant event
markers to make it a valid indicator of muscle activity
correlated with specific manoeuvres or other physio-
logic events (e.g. detrusor pressure).

EMG METHODS TO DIFFERENTIATE
NORMAL FROM PATHOLOGICAL MUSCLE

EMG may help to differentiate between normal, dener-
vated and reinnervated and myopathic muscle. In pelvic
floor muscles (PFM) and sphincter muscles, ‘neuro-
genic’ changes are sought as a rule because only patients
with suspected denervation injury are routinely referred
for assessment. One or several muscles may be exam-
ined, according to the clinical problem in the individual
patient. The levator ani, anal and urethral sphincter, and
bulbocavernosus are the muscles routinely examined,
but if a rather equal involvement of PFM is suspected,
examination of the external anal sphincter (on one or
both sides) suffices (Podnar et al 1999).

Concentric needle EMG

Single-use disposable concentric needle EMG (CN
EMG) electrodes are used as a rule to diagnose striated
muscle denervation/reinnervation. The CN EMG elec-
trode records spike (or ‘near’) activity from about 20
muscle fibres in the vicinity of its active recording
surface at the bevelled tip (Vodusek & Fowler 2004). The
number of motor units recorded depends both upon the
local arrangement of muscle fibres within the motor unit
and the level of contraction of the muscle.

CN EMG can provide information on insertion activ-
ity, abnormal spontaneous activity, MUPs, and interfer-
ence pattern (Podnar & Vodusek 2005).

In healthy skeletal muscle initial placement of the
needle (and any movement of the tip) elicits a short
burst of ‘insertion activity” due to mechanical stimula-
tion of excitable membranes. Absence of insertion activ-
ity with an appropriately placed needle electrode
usually means a complete denervation atrophy of the
examined muscle (Podnar & Vodusek 2005). At rest,
tonic MUPs are the only normal bioelectrical activity
recorded.

In partially denervated sphincter muscle there is — by
definition — a loss of motor units, but this is difficult
to estimate. Normally, MUPs should intermingle to
produce an ‘interference’ pattern on the oscilloscope
during strong muscle contraction, and during a strong
cough. The number of continuously active MUPs during
relaxation can be estimated by counting the number of
continuously firing low-threshold MUPs (Podnar et al
2002a).

In patients with lesions of peripheral innervation,
fewer MUPs fire continuously during relaxation. In
addition to continuously firing low threshold (‘tonic’)
motor units, new motor units (‘phasic’) are recruited
voluntarily and reflexly. It has been shown that the two
motor unit populations differ in their characteristics:
reflexly or voluntarily activated ‘high-threshold” MUPs
being larger than continuously active ‘low-threshold’
MUPs (Podnar & Vodusek 1999).

Using the standard recording facilities available on
all modern EMG machines, individual MUPs can be
captured and their characteristics determined (Fig. 5.2).
Typically MUP amplitude and duration are measured.

To allow identification of MUPs and to be certain the
‘late” MUP components of complex potentials are not
due to superimposition of several MUPs, it is necessary
to capture the same potential repeatedly. MUPs are
mostly below 1mV and certainly below 2mV in the
normal urethral and anal sphincter; most are less than
7 ms in duration, and few (less than 15%) are above
10 ms; most are bi- and triphasic, but up to 15-33% may
be polyphasic. Normal MUPs are stable — their shape on
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repetitive recording does not change (Fowler et al 1984,
Rodi et al 1996, Vodusek & Light 1983) (Fig. 5.3).

There are indeed two approaches to analysing quan-
titatively the bioelectrical activity of motor units: either
individual MUPs are analysed (Podnar et al 2002a, b),
or the overall activity of intermingled MUPs (the ‘inter-
ference pattern’ - IP) is analysed (see Fig. 5.3) (Aanestad
et al 1989, Podnar et al 2002a, b).

Generally three techniques of MUP analysis (‘manual-
MUP’, ‘single-MUP’ and ‘multi-MUP’) and one tech-
nique of IP analysis (turn/amplitude — T/A) are
available on advanced EMG systems. By either method
a relevant sample of EMG activity needs to be analysed
for the test to be valid.

In the small half of the sphincter muscle collecting
ten different MUPs has been accepted as the minimal
requirement for using single-MUP analysis. Using
manual-MUP and multi-MUP techniques sampling of
20 MUPs (standard number in limb muscles) from each
EAS poses no difficulty in healthy controls and most of
patients (Podnar et al 2000, Podnar et al 2002b). Norma-
tive data obtained from the external anal sphincter
(EAS) muscle by standardized EMG technique using all
three MUP analysis techniques (multi-MUP, manual-
MUP, single-MUP) have been published (Podnar et al
2002b). There are several technical differences in the
methods. The template based multi-MUP analysis of
MUP is fast, easy to apply, and allows little examiner
bias (see Fig. 5.3).

Use of quantitative MUP and IP analyses of the EAS
is facilitated by the availability of normative values
(Podnar et al 2002b) that can be introduced into the
EMG system software. It has been shown that normative

data are not significantly affected by age, gender (Podnar
et al 2002a), number of uncomplicated vaginal deliver-
ies (Podnar et al 2000), mild chronic constipation (Podnar
& Vodusek 2000), and the part of the external anal
sphincter muscle (i.e. subcutaneous or deeper) exam-
ined (Podnar et al 2002a, b). This makes quantitative
analysis much simpler and results from different labo-
ratories easily comparable.

Similar in-depth analysed normative data by stand-
ardized technique for other pelvic floor and perineal
muscles are not yet available, but individual laborato-
ries use their own normative data.

CN EMG findings due to denervation
and reinnervation

In PFM and perineal muscles, complete or partial den-
ervation may be observed after lesions to its nerves. The
changes occurring in striated muscles after denervation
are in principle similar. After complete denervation all
motor unit activity ceases and there may be electrical
silence for several days; 10-20 days after a denervating
injury, ‘insertion activity’ becomes more prolonged and
abnormal spontaneous activity in the form of short
biphasic spikes, ‘fibrillation potentials’, biphasic
potentials with prominent positive deflections, and
‘positive sharp waves’ appear. With successful axonal
reinnervation MUPs appear again; first short bi- and
triphasic, soon becoming polyphasic, serrated and of
prolonged duration (Podnar & Vodusek 2005, Vodusek
& Fowler 2004). In partially denervated muscle some
MUPs remain and mingle eventually with abnormal
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Fig. 5.3 Comparison of normal (above) and pathological (below) motor unit potentials (MUPs) sampled by multi-MUP
analysis from the right halves of the subcutaneous parts of the external anal sphincter (EAS) muscles. On the right,
logarithm amplitude vs duration plots of the MUPs are shown; the inner rectangle presents the normative range for mean
values, and the outer rectangle for outliers. Below the MUP samples values are tabulated. Three plots on the bottom were
obtained by turnfamplitude analysis of the interference pattern (IP) in a patient with a cauda equina lesion. Delineated areas
(clouds) present the normative range, and dots individual IP samples. The normal subject was a 45-year-old woman. Results
of MUP and IP analysis were normal. The pathological sample was obtained from a 36-year old man with cauda equina
lesion caused by central herniation of the intervertebral disc 13 months before the examination, with perianal sensory loss.
Mean values for MUP amplitude and area are above the normative range, and polyphasicity is increased. In addition, for all
MUP parameters shown, individual values of more than 2 MUPs are above the outlier limits. Note that IP analysis in the
patient is within the normative range despite marked MUP abnormalities.
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spontaneous activity. In longstanding partially dener-
vated muscle a peculiar abnormal insertion activity
appears, so-called ‘repetitive discharges’. This activity
may be found in the striated urethral sphincter without
any other evidence of neuromuscular disease (Podnar
& Vodusek 2005).

In partially denervated muscle, collateral reinnerva-
tion takes place. Surviving motor axons will sprout
and grow out to reinnervate denervated muscle
fibres. This will result in a change in the arrangement of
muscle fibres within the motor unit. Following reinner-
vation several muscle fibres belonging to the same
motor unit come to be adjacent to one another; this is
reflected in changes of MUPs (increased duration and
amplitude).

In the late stage, after reinnervation has been com-
pleted, CN EMG as a rule finds a reduced number of
remaining motor units (i.e. the IP of MUPs is reduced).
The MUPs are of higher amplitudes, and longer dura-
tion, and the percentage of polyphasic MUPs is
increased. Such a finding may be taken as proof of pre-
vious denervation and successful reinnervation. The
function of the reinnervated muscle will depend on the
number (and size) of remaining motor units. The rela-
tive amount of remaining motor units can only be esti-
mated (Podnar et al 2002a, b, Vodusek & Fowler 2004).

Single fibre electromyography

The single fibre electromyography (SFEMG) electrode
has similar external proportions to a CN EMG electrode,
but instead of having the recording surface at the tip, it
is on the side above the tip and its recording surface is
much smaller. Because of the arrangement of muscle
fibres in a normal motor unit, a SFEMG needle will
record only 1-3 single muscle fibres from the same
motor unit.

The SFEMG parameter that reflects motor unit mor-
phology is fibre density (FD), which is the mean number
of muscle fibres belonging to an individual motor unit
per detection site. To measure FD, recordings from 20
different detection sites within the examined muscle are
necessary and the number of component potentials to
each motor unit recorded and averaged. The normal
fibre density for the anal sphincter is less than 2.0 (Neill
& Swash 1980, Vodusek & Janko 1981).

Due to its technical characteristics a SFEMG electrode
is able to record changes that occur in motor units due
to reinnervation, but is less suitable to detect changes
due to denervation itself (i.e. abnormal insertion and
spontaneous activity). The SFEMG electrode is also suit-
able for recording instability of motor unit potentials,
the ‘jitter” (Stalberg & Trontelj 1994). This parameter has
not been much used in PEM.

SFEMG has been used in research but is not widely
used, even for diagnostics in general clinical neurophys-
iological laboratories. The recording needles are very
expensive, and disposable needles are not available.

USEFULNESS OF EMG IN CLINICAL
PRACTICE AND RESEARCH

The validity, reliability, responsiveness and sensitivity/
specificity of EMG have to be discussed separately for
the particular physiological information sought from
EMG, and for various EMG techniques, types of record-
ing, and applications. EMG is often falsely understood
as ‘one method’, and as a method precisely measuring
muscle ‘function’. Muscle function is, however, complex
and different EMG techniques address different aspects
of it, but never really cover all of it. Indeed, motor unit
EMG techniques, for instance, are more useful in diag-
nosing denervation and reinnervation (i.e. helping in
diagnosing a neurological lesion) than in diagnosing the
functional deficit (i.e. quantifying the number of motor
units and thus providing data that would be directly
functionally relevant).

It has to be distinguished whether EMG is used to
detect the pattern of muscle activity, or rather to detect
muscle denervation/reinnervation. EMG methods are
reasonably reliable, reproducible, sensitive and specific
to diagnose muscle denervation/reinnervation — but
this is mostly ‘expert opinion” relying on long-term cor-
relation of clinical and EMG findings in conditions
affecting musculature in general. Correlation of EMG
findings to muscle function (strength, power and endur-
ance) is — in the individual — insecure (excluding
instances of minor or severe/complete denervation).

Validity of the EMG signal

(Kinesiological) EMG has good logical validity (i.e. it
measures the presence/absence of striated muscle activ-
ity), but technical expertise is required. EMG recording
has to be differentiated from artefacts, which is very
straightforward for intramuscular recordings (particu-
larly if also amplified as an acoustic signal). In surface
recordings, the artefacts are much more difficult to sort
out. With surface electrodes there may be a problem of
changing contact quality, particularly with prolonged
recordings, creating a variability of recording quality.
For detection with surface EMG there are studies claim-
ing sound reliability and clinical predictive validity for
intra-anal electrodes (Glazer et al 1999).

Content validity of kinesiological EMG recording
implies a continuous recording from the same defined
source; needle electrodes may become dislodged,
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therefore intramuscular wire electrodes are much more
intrinsically reliable for long-term recordings. The
content validity of recordings with surface-type elec-
trodes depends on the type of electrode, and the possi-
bility of their movement (displacement). A particular
problem is content validity of repeated EMG recordings,
which should sample the same source; this is intrinsi-
cally better for surface recordings, which are less selec-
tive. On the other hand, content validity of surface
recordings may be questioned if the source of EMG
activity is claimed to be only one of several muscles in
the vicinity of the electrodes. With surface-type elec-
trodes the overall anatomical source of the EMG signal
in the pelvic region is often uncertain —is the EMG really
derived only from the muscle which is claimed as the
source? The other relevant issue is the question of rep-
resentativeness —is the EMG signal really representative
for the muscle or muscle group for which it is being
claimed to be representative of? In other words, for all
electrode types, content validity needs to be established
for the physiological relevance of the particular source
recording. Thus, for example, anal sphincter record-
ing may not be conclusive for urethral sphincter
behaviour.

The kinesiological EMG (as obtained during poly-
graphic urodynamic recording) has accepted diagnostic
validity to detect detrusor/striated sphincter dyssyner-
gia, but this has not been formally researched much and
probably holds true particularly for intramuscular
recordings for the urethral sphincter. Indeed, the test
has not yet been standardized. Its sensitivity and spe-
cificity are not known, but are far from ideal.

The logical and content validity of CN EMG to diag-
nose muscle reinnervation is good, but is usually not
discussed in these terms. The diagnostic validity of CN
EMG to detect striated muscle denervation and rein-
nervation is generally accepted. CN EMG sensitivity
and specificity to detect moderate to severe denervation
and reinnervation is accepted as good. These statements
are supported by a large body of experience with nerve
and muscle lesions as defined clinically, electrophysio-
logically and histopathologically (see Aminoff 2005).
The sensitivity and specificity to diagnose changes of
reinnervation may vary for different types of CN EMG
signal analysis (Podnar et al 2002b).

SFEMG has good logical and content validity, and
good diagnostic validity to detect changes due to rein-
nervation, but does not seem to be used clinically for
PFM.

Responsiveness

A technically good EMG recording is capable of demon-
strating absence of electrical activity in a non-active

muscle (‘electrical silence’) and a graded response to
increasing muscle activation. There is no difficulty in
detecting even small differences in EMG activity from
a given source with a good (technically reliable)
technique.

Reliability

The consistency and reproducibility (Engstrom & Olney
1992) of results of diagnostic EMG (quantitative tech-
niques using concentric and single fibre needle elec-
trodes) is accepted as good if performed by experienced
testers (see Aminoff 2005). Extensive experience
is needed for either method, possibly even more for
CN EMG.

Straightforward parameters from surface EMG
recordings (presence/absence of muscle activation) are
much easier to interpret than CN EMG, and the consist-
ency and reproducibility of such recordings (if technical
issues are solved) are good. The overall consistency and
reproducibility of results of the kinesiological EMG as a
tool to investigate physiology lies more with the repro-
ducibility of the “physiology” that is being assessed (i.e.
reproducibility of muscle ‘behaviour’).

USE OF KINESIOLOGICAL EMG AND CN
EMG IN PARTICULAR PATIENT GROUPS

Kinesiological EMG recordings of sphincter and PFM
are used in research, and diagnostically in selected
patients with voiding dysfunction to ascertain striated
muscle behaviour during bladder filling and voiding,
and in selected patients with anorectal dysfunction. The
method is not standardized.

The demonstration of voluntary and reflex activation
of PEM is indirect proof of the integrity of respective
(central and peripheral) neural pathways. The demon-
stration of a normal PFM behaviour pattern (i.e. striated
sphincter non-activity during voiding) is indirect proof
of integrity of the relevant central nervous system
centres for lower urinary tract neural control.

Kinesiological EMG as a tool (if a sound technique is
used) is not controversial, but there is little knowledge
on behavioural patterns of PFM in health and disease.
Therefore, short intervals of EMG in a particular patient
may be misinterpreted as indicating significant pathol-
ogy, whereas it only may represent normal variability
of muscle behaviour or some non-specific muscle
response to the experimental setting. Kinesiological
EMG is also used as a therapeutic tool in biofeedback.

CN EMG is performed particularly in neurological,
neurosurgical and orthopaedic patients with (suspected)
lesions to the conus, cauda equina, the sacral plexus or
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the pudendal nerve, and only rarely in urological, uro-
gynecological and proctological patients with suspected
‘neurogenic” uro-ano-genital dysfunction.

Pelvic floor muscle denervation has been implicated
in the pathophysiology of genuine stress incontinence
(Snooks et al 1984) and genitourinary prolapse (Smith
et al 1989); different EMG techniques have been used in
research to identify sphincter injury after childbirth. The
usefulness of CN EMG in routine investigation of
women after vaginal delivery and/or with urinary
incontinence is, however, minimal and seems to be
restricted in practice to the rare cases of severe sacral
plexus involvement (Vodusek 2002).

Isolated urinary retention in young women was tra-
ditionally thought to be due either to multiple sclerosis
or psychogenic factors (Siroky & Krane 1991). Profuse
complex repetitive discharges and ‘decelerating burst
activity” in the urethral sphincter muscle have been,
however, described by CN EMG in such patients (Fowler
et al 1988). It was proposed that this pathological spon-
taneous activity leads to sphincter contraction, which
endures during micturition and causes obstruction to
flow (Deindl et al 1994). The syndrome was associated
with polycystic ovaries (Fowler & Kirby 1986) and is
now referred to as Fowler’s syndrome. Because CN
EMG will detect both changes of denervation and rein-
nervation that occur with a cauda equina lesion, as well
as abnormal spontaneous activity, it has been argued
that this test is mandatory in women with urinary reten-
tion (Fowler et al 1988). The specificity of CN EMG
pathological changes in women in retention has,
however, been questioned.

The CN EMG electrode can be employed at the same
diagnostic session for recording motor evoked responses
and/or reflex responses for a more comprehensive eval-
uation of the nervous system (Podnar & Vodusek 2005;
Vodusek & Fowler 2004).

In conclusion, both ‘kinesiological” and ‘motor unit’
EMG have contributed significantly to our understand-
ing of pelvic floor, lower urinary tract, anorectal and
sexual function in health and disease, but there is still
much research to be done.
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Vaginal squeeze pressure measurement

Kari Bg and Margaret Sherburn

Measurement of squeeze pressure is the most com-
monly used method to measure pelvic floor muscle
(PFM) maximum strength and endurance. The patient
is asked to contract the PFM either as hard as possible
(maximum strength), to sustain a contraction (endur-
ance), or repeat as many contractions as possible (endur-
ance). The measurement can be done either in the
urethra, vagina or rectum.

Kegel (1948) developed a vaginal pressure device con-
nected to a manometer (named the perineometer)
showing the pressure in millimetres of mercury as a

measure of PFM strength. He did not report any data
about responsiveness, reliability or validity for his
method. The term “perineometer” is somewhat mislead-
ing because the pressure-sensitive region of the probe of
the manometer is not placed at the perineum, but in the
vagina at the level of the levator ani. Currently several
typesof vaginal pressure devices are available tomeasure
vaginal squeeze pressure, all with different device sizes
and technical parameters (Bo et al 1990a, Dougherty et al
1986, Laycock & Jerwood 1994) (Figs 5.4-5.6). The tools
measure pressure in either mmHg or cmH,O.
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Fig. 5.4 Apparatus with multiple functions: measurement
of pelvic floor muscle function with surface EMG and
vaginal and rectal squeeze pressure (Enraf Nonius
International, 2600 AV Delft, The Netherlands).

Fig. 5.5 Vaginal squeeze pressure measured with a
vaginal balloon connected to a microtip pressure transducer
(Camtech AS, Sandvika, Norway).

RESPONSIVENESS

In most studies describing measurement tools, data on
responsiveness are not reported. However, in a newer
type of apparatus, a specialized balloon catheter con-
nected to a fibreoptic microtip and strain gauge pressure
transducer has shown high responsiveness (Abrams
et al 1986, Bo et al 1990a, Dougherty et al 1986, Kvarstein
et al 1983, Svenningsen & Jensen 1986). In the apparatus
of Bo et al (1990a) (Camtech AS, Sandvika, Norway), the
transducer’s measurement range is 0-400 cmH,O, with
linearity of 0.5-1%, hysteresis less than 0.5%, thermal
baseline drift less than 0.5% (typically 0.2 cmH,O per
°C), and thermal sensitivity drift less than 0.1% per °C
(Kvarstein et al 1983, Svenningsen & Jensen 1986).

Fig. 5.6 One commonly used perineometer — Peritron with
vaginal probe (Cardio Design Pty Ltd, Oakleigh VIC 3166,
Australia).

INTRA- AND INTER-TESTER RELIABILITY

Several authors (Be et al 1990a, Dougherty et al 1986,
Frawley et al 2006, McKey & Dougherty 1986, Wilson
et al 1991) have shown that vaginal squeeze pressure
can be measured with satisfactory reliability. However,
Dougherty et al (1991) reported a within-subjects mean
of 15.5 mmHg (SD 3.9) and a between-subjects mean of
132.4 mmHg (SD 11.5) in healthy subjects age range
from 19 to 61 years. A significant variation was con-
firmed by Bo et al (1990a) who also showed that at the
first attempt some women needed some time to find and
recruit motor units, whereas other women fatigued,
causing the strength to drop considerably after only a
few attempts. However, comparing the results of the
whole group of women on two different occasions 14
days apart, reproducible results were found. Wilson
et al (1991) also found a significant difference between
first and last contractions. They did not find a signifi-
cant difference between measurements obtained with a
full or empty bladder or during the menstrual cycle.
Dougherty et al (1991) did not find a significant differ-
ence when muscle strength was measured on different
days, at different times of the day, or during stress.
Kerschan-Schindl et al (2002) tested intratester relia-
bility of the Peritron perineometer and found that the
absolute difference in maximal contraction force and
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mean contraction force within 5s was less than
5.3 mmHg and 4.5 mmHg, respectively. Frawley et al
(2006) tested intratester reliability of the Peritron peri-
neometer, and found ICC values for squeeze pressure
readings to be 0.95, 0.91, 0.96, and 0.92 for crook lying,
supine, sitting and standing positions, respectively. The
ICC values for endurance testing in the same positions
were much lower: 0.05, 0.42, 0.13, and 0.35. ICC values
for resting pressure were 0.74, 0.77, 0.47 and 0.29. They
concluded that there were high values of reliability of
maximal voluntary contraction measured by the Peri-
tron. However, endurance testing was unreliable, and
so also was resting pressure in sitting and standing
position.

VALIDITY

Of the three pelvic canals, measurement within the
urethra has the best face and content validity for mea-
suring urethral closure pressure caused by the force
of muscle contraction. This is where the increased pres-
sure created by the PFM contraction is required to
prevent urinary leakage. However, because of the risk
of infection and the lack of availability of equipment in
most physical therapy clinics, this method has mostly
been used for research purposes (Benvenuti et al 1987,
Lose 1992). Rectal pressure may not be a valid measure
of the PFM in relation to urinary incontinence
because it also includes contraction of the anal sphincter
muscle. However, in men rectal pressure is the only
practical option. In contrast to men, most women would
have little sense of where the urethra is located, and
most women probably would have the optimal sense of
PEM contraction in the vagina. Therefore, vaginal
squeeze pressure is the most commonly used method
clinically.

PLACEMENT OF THE DEVICE

Size of the vaginal probe differs between devices. Some
devices cover the full length of the vagina and place-
ment of the probe is therefore not a problem. Using
smaller devices (Bo et al 1990a, Dougherty et al 1986),
location of the probe in the vagina creates both a reliabil-
ity and validity problem because the balloon may be
located outside the anatomical location of the PFM. The
balloon or transducer has to be placed at the same ana-
tomical level and at the level where the PFM are located.
Kegel (1948, 1952) suggested that the PFM were located
in the distal one-third of the vagina, and Be (1992) found
that most women had the highest pressure rise when
the balloon was placed with the middle of the balloon

3.5 cm inside the introitus. However, individual differ-
ences were found.

SIZE AND SHAPES OF THE DEVICE

Results reported from different squeeze pressure and
electromyography (EMG) apparatus can not be com-
pared due to differences in the diameter of the vaginal
devices. There is discussion regarding the optimum
diameter of vaginal devices (Schull et al 2002). It is
unknown whether a wide-diameter vaginal device
stretches the PFM, inhibiting its activity or, conversely,
increasing activity by providing firm proprioceptive
feedback. In a study by Be et al (2005), measurement of
PFM maximum strength was compared using two com-
monly used apparatus with different size of the vaginal
probe. Significant differences were found, and it was
concluded that measurements obtained with different
methods cannot be compared.

INFLUENCE FROM INCREASED
ABDOMINAL PRESSURE

Squeeze pressure measurements obtained from all three
canals can be invalid because an increase in abdominal
pressure will increase the measured pressures. The PEM
form one wall of the abdominopelvic cavity, and all
rises in abdominal pressure will increase the pressure
measured in the urethra, vagina and rectum.

Both Bo et al (1988) and Bump et al (1991) have
shown that straining is a common error when women
attempt to contract their PFM, and therefore an errone-
ous measurement can be registered. However, because
a correct contraction involves an observable inward
movement of the perineum or the instrument, and
straining creates a downward movement, some authors
(Bo et al 1990b, Bump et al 1996) have suggested that a
valid measurement can be ensured by simultaneous
observation of inward movement of the perineum.

Some researchers (Cammu & Van Nylen 1998) have
tried to avoid co-contraction of the abdominal muscles
interfering with measurement of PFM strength by use of
surface EMG on the rectus abdominis muscle to train
subjects to relax their abdominal muscles or by simulta-
neous abdominal pressure measurement. Performance
of a near-maximal PFM contraction is important to
achieve the best training effect (Komi 1992, Wilmore
& Costill 1999). Several researchers (Bg et al 1990b,
Dougherty et al 1991, Neumann & Gill 2002, Sapsford
et al 2001), however, have shown that there is a co-
contraction of the deep abdominal muscles (lower trans-
versus abdominis and internal oblique) during attempts



66 MEASUREMENT OF PELVIC FLOOR MUSCLE FUNCTION AND STRENGTH AND PELVIC ORGAN PROLAPSE

ata correct, maximal contraction. Neumann & Gill (2002)
also reported that during a maximum PFM contraction
the mean abdominal pressure was 9 mmHg (range 2-19).
The abdominal pressure rose to a mean of 27 mmHg
(range 11-34) with a head and leg lift from supine while
performing a PFM contraction, and 36 mmHg (range
33-52 during forced expiration and PFM contraction
when supine, two activities which require diaphrag-
matic and outer abdominal muscles (external oblique
and rectus abdominis) activity. A normal co-contraction
of the lower abdominal wall, therefore, can be allowed
because abdominal pressure rise is small with this
co-contraction.

Dougherty et al (1991) allowed an increase in abdom-
inal pressure of 5mmHg only, to ensure the least
abdominal pressure interference with the measurement
results. Bo et al (1990b) standardized the testing by not
allowing any movement of the pelvis during measure-
ment. Further investigation is required to assess how
subtle changes in postural activity might affect vaginal
pressure measurements.

Contraction of other muscles such as the hip adduc-
tor and external rotator muscles and gluteals, also alters
intravaginal pressure measurement (Bo et al 1990b,
Peschers et al 2001). Bo & Stien (1994) showed with
concentric needle EMG in women without urinary
incontinence that contraction of these other muscles
increased muscle activity in both the striated urethral
wall muscle and the PEFM. However, when analysing
the whole group of women, contraction of the other
pelvic muscles did not give a higher pressure response
than contraction of the PFM alone. Caution has to be
taken though because for some individuals this may
occur. Because the gross motor pattern of gluteal and
adductor activity is not part of the normal neuro-
muscular action of the PFM and lower transversus
abdominis synergy, co-contractions of the outer pelvic
muscles are discouraged when measuring PFM action
and strength.

SENSITIVITY AND SPECIFICITY

Several case—control studies comparing PFM strength
with vaginal squeeze pressure in continent and inconti-
nent women have demonstrated that continent women
have better strength than incontinent women (Hahn
et al 1996, Moerkved et al 2004), and that there is an
association between improvement in muscle function
or strength and reduction in urinary incontinence (Bo
2003). However, some studies have not found an asso-
ciation between increase in muscle strength and
improvement in incontinence (Elser et al 1999), which
may be explained by the fact that there was no improve-

ment in muscle strength following the low-dosage exer-
cise protocol.

CONCLUSION

Because all increases in abdominal pressure will affect
urethral, vaginal, and rectal pressures, squeeze pressure
cannot be used alone. With simultaneous observation of
inward movement of the perineum, it is likely that a
correct contraction is measured. Cautious teaching of
the patient, standardization of instruction and motiva-
tion, and standardization of the patient’s position and
performance are mandatory. If the aim is to measure the
ability to close the urethra, urethral pressure should be
measured. If overall PFM strength is the aim of the
investigation, vaginal squeeze pressure (pressure man-
ometry or dynamometric force) is preferred because this
is the least invasive method with a low risk of infection
in women.

CLINICAL RECOMMENDATIONS

Measurement of vaginal squeeze pressure is difficult,
and clinical skills and experience are important factors
in achieving reliable and valid results. The method has
to be used with caution. However, when used in accord-
ance with knowledge from research in this area, meas-
urement of PFM contraction can give important
information and feedback to both the patient and thera-
pist (Fig. 5.7).

* Fully inform the patient about the test procedure and
gain consent.

* Give the patient privacy to undress and a drape to
place over her on the examination couch.

e Always start the instruction with observation and
palpation of PFM contraction.

e If the patient is unable to contract, strains or uses
other muscles instead of the PFM, pressure measure-
ment is not possible.

e Patient can be supine, crook lying, sitting or stand-
ing. Use the same position for each assessment for
that patient.

* The physiotherapist must be in a position to be able
to observe the perineum.

* Prepare the measuring device before washing hands
and putting on examination gloves.

* Follow local infection control guidelines with regard
to covering the probe or use a single-use apparatus.

* Gently insert the probe or ask the patient to do it.

* Once the probe is comfortably in place, instruct the
patient to relax and breathe normally before the PFM
contraction.
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SUI symptoms

18-year-old
resting pressure:
18 cmH,0

Highest: 14

19-year-old
resting pressure:
30 cmH,0

Highest: 22

)

CCC CC C

CCCcCCC

Holding Endurance

Endurance

Holding

Fig. 5.7 Measurement of resting pressure, pelvic floor muscle maximal strength, attempts of holding, and repeated
contractions at first time consultation in two nulliparous female sports students. Both were able to contract the PFM as
assessed by vaginal palpation. The first had proven urodynamic stress urinary incontinence (SUI) with 43 g of leakage on
ambulatory urodynamics. The second had no symptoms of pelvic floor dysfunction.

Support the device to keep it in the same intravaginal
position.

Instruct the patient to contract the PFM as hard as
possible with no visible co-contraction of hip adduc-
tor, gluteal or rectus abdominis muscles (pelvic tilt)
and then to relax without pressing the perineum
downwards.

A small indrawing or ‘hollowing’ using internal
abdominals (transversus abdominis and internal
oblique) with maximum contraction and no tilting of
the pelvis is allowed.

Resting pressure, holding time and repeated contrac-
tions can also be registered depending on the device
parameters.

Only contractions with simultaneous visible inward
movement of the perineum or the measurement
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Urethral pressure measurements
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Continence depends on the intramural and extramural
forces that maintain urethral closure while the bladder
is filling. Stress leakage may occur if the urethral resist-
ance is overcome by abdominal forces, therefore result-
ing in a vesical pressure that is higher than urethral
pressure (Barnes 1961). An understanding of urethral
function is vital in incontinence.

Urethral pressure measurements are a common
method of measuring urethral function. They assess the
ability of the urethra to prevent urinary incontinence.
They can be measured at single points in the urethra
or most commonly over the entire length of the ure-
thra (urethral pressure profile). We begin with the
definitions of urethral pressure parameters, followed by
the different methods and techniques used to obtain
urethral pressures. The advantages and disadvantages
of the different methods and techniques will be
discussed.

DEFINITIONS

Urethral pressure is defined as the fluid pressure
needed to just open a closed (collapsed) urethra
(Griffiths 1985). This definition implies that the urethral
pressure is similar to an ordinary fluid pressure (i.e. is
a scalar [does not have a direction] quantity with a
single value at each point along the length of the urethra;
Lose et al 2002).

From the definition, it is apparent that the introduc-
tion of catheters changes the properties of the closed
urethra but the effect on the urethral pressure measure-
ment was considered to be small (Griffiths 1985). Ure-
thral pressure measures the intra and extramural forces
that cause apposition of the urethral walls and associ-
ated definitions are as follows (Fig. 5.8).

e Urethral pressure profile (UPP) is a graph indicating
the intraluminal pressure along the length of the
urethra.

e Urethral closure pressure profile is given by the
subtraction of intravesical pressure from urethral
pressure.

¢ Maximum urethral pressure (MUP) is the maximum
pressure of the measured profile.

e Maximum urethral closure pressure (MUCP) is the
maximum difference between the urethral pressure
and the intravesical pressure. This is the reserve pres-
sure of the urethra to prevent leakage. The calculation
of MUCP (p.) requires the simultaneous recording
of both intraurethral (p,.,) and intravesical (py.s) pres-
sure. The calculation is as follows: puep = Pura = Pres-

e Functional urethral length (FUL) is the length of the
urethra along which the urethral pressure exceeds
intravesical pressure in women.

METHODS OF MEASURING URETHRAL
PRESSURE PROFILOMETRY

There are currently three methods of measuring urethral
pressure profilometry:

e fluid perfusion technique or the Brown Wickham
technique (Brown & Wickham 1969);

* microtip/fibreoptic catheters;

e balloon catheters.

A summary of the advantages and disadvantages of
the different methods is shown in Table 5.1.

Fluid perfusion technique

The fluid perfusion technique measures the pressure
needed to perfuse the catheter, which is withdrawn at
a constant speed, at a constant rate. The constant rate of
infusion is usually provided by a syringe driver. The
measured quantity can be very close to the local urethral
pressure, provided that the urethra is highly distensible
(Griffiths 1980). Several factors affect the technique, as
discussed below.

Catheter size

Catheter sizes from 4- to 10-French gauge are satisfac-
tory to use in the fluid perfusion technique (Harrison
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Table 5.1 Advantages and disadvantages of the different methods of measuring urethral pressures
Fluid perfusion technique Microtip/fibreoptic catheters Balloon catheters
Advantages Less prone to movement Measure rapid pressure changes No orientation dependence
artefacts
Cheap

Disadvantages Slow response to

pressure cha nges

Influenced by transducer shape and
orientation

Dilating effect on urethra
Expensive

Stiffness of the catheter can lead to
further artefacts, so a flexible
catheter is required

Expensive and fragile

Intra urethral pressure (cmH,0) ‘

Maximum
urethral Wi
pgcs):z:z urethral
pressure
(MUCP) (MUP)
Pves
Functional urethral length
(FUL)
Fig. 5.8 The measurement of urethral pressure
parameters.

1976). Large-sized catheters give a falsely higher reading
because they record urethral elasticity as well as the
urethral closure pressure (Lose 1992).

Catheter eyeholes

Two opposing side holes 5 cm from the tip of the cath-
eter are satisfactory (Abrams et al 1978). A larger number
of holes does not improve accuracy. The orientation is
not important.

Perfusion rate

A perfusion rate of 2-10 mL/min will give an accurate
measurement of closure pressure (Abrams et al 1978). A
syringe driver is preferable to a peristaltic pump.

Catheter withdrawal speed

The catheter should preferably be withdrawn continu-
ously with the optimal withdrawal speed of less than

7 mm/s (Hilton 1982). The usual rate of withdrawal is
between 1 and 5 mm/s.

Response time

Response time is dependent on the rate of perfusion and
the rate of catheter withdrawal. The perfusion method
is able to record a maximum rate of change between 34
and 50 cmH,O/s.

Microtip/fibreoptic catheters

The microtransducer catheters have the ability to
measure rapid changes in pressure. However they
appear to have several disadvantages. First there is a
significant degree of positional dependence (Hilton &
Stanton 1983a). For example if the catheter microtrans-
ducer is facing anteriorly, then the MUP is greater
and FUL shorter than posteriorly (Abrams et al 1978).
Secondly bending in urethral wall tissue may lead
to a superimposition of local urethral tissue and trans-
ducer interactions on the urethral pressure: this requires
the catheters to be very flexible. If used it is recom-
mended that the transducer faces laterally (Anderson
et al 1983).

Balloon catheters

The advantages of balloon catheters in measuring ure-
thral pressures are that they avoid orientation depend-
ence. However, in the past technical problems meant
that the balloons were too large, causing a dilatation
effect on the urethra. This results in an overestimation
of the urethral pressure. Additionally the length of the
balloon is also important. If the balloon is too long this
averages out the pressure variations along the length of
the urethra. Recent balloon catheters have overcome
these difficulties (Pollak et al 2004).
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FACTORS AFFECTING MAXIMUM
URETHRAL CLOSURE PRESSURES

Urethral pressure measurement can be carried out at
different bladder volumes and in different subject posi-
tions at rest, during coughing or straining and during
voiding.

Bladder volume

Urethral closure pressure measurement in women
depends on bladder volume. In continent women the
urethral closure pressure increases with increasing
volume. However, in women with stress incontinence it
tends to decrease with increasing volume (Awad et al
1978).

Patient position

Position also has an effect on urethral closure pressure:
continent women showing an increase in urethral
closure pressure on standing whereas women with
stress incontinence show a decrease in pressure on
standing (Henriksson et al 1977; Hendriksson et al 1979).
However, there is poor reproducibility of the urethral
closure pressure in the standing position, thus limiting
clinical use (Dorflinger et al 2002).

Pelvic floor activity

Pelvic floor muscle (PFM) activity is always active except
before and during voiding. However, a failure of relaxa-
tion of the voluntary pelvic floor contraction increases
urethral closure pressure. This can usually be overcome
by repeating the urethral pressure profilometry twice
more or until a reproducible pattern is obtained, and if
need be, over a longer period of time. Conversely, the
effect of pelvic floor activity on the urethra can be
assessed during measurement of urethral pressure.
The catheter is placed at the point of MUP and the
patient is asked to contract the pelvic floor voluntarily
as if trying to stop themselves from passing urine. In
normal women an increment above the MUCP is seen. A
value of less than 10 cmH,O above the MUCP denotes a
poor pelvic floor squeeze in the fluid perfusion technique
(Table 5.2).

The variation of urethral closure pressures depends
on the method used and the position, and to facilitate
reliable recordings, recommendations on the standardi-
zation of urethral pressure measurements have been
made. Below are some of the recommendations of the
International Continence Society (ICS) sub-committee
on the standardization of urethral pressure measure-
ments (Lose et al 2002).

Table 5.2 Comparison of clinical PFM strength
assessment by experienced clinicians and urethral
pressure assessment (fluid perfusion technique)

PFM strength as Normal Reduced  Absent
assessed by urologist/

urogynaecologist

Number of patients 2757 3399 485
Urethral pressure 18.1 8.8 3.6
assessment (cmH,0) (15.5) (11.1) (7.5)

(SD)

A large series from the Bristol Urological Institute over a period
of 15 years.
PFM, pelvic floor muscle.

STANDARDIZATION OF URETHRAL
PRESSURE MEASUREMENTS

The investigator is asked to specify:

1. type of measurement (point — profilometry -
ambulatory);

2. period of time over which the measurement was
recorded;

3. constant (given by the probe) or variable cross-
sectional area of the urethra (i.e. inflation of a
balloon);

patient position;
bladder volume;
manoeuvres (coughing, Valsalva, other);

withdrawal speed (for profilometry);

® N T e

infusion medium and rate of infusion (for fluid-
perfused catheters);

9. type of catheter;
10. size of catheter;
11. catheter material — flexibility;
12. orientation of a directional sensor;

13. sensor position fixation (for point pressures or
during coughing/straining);
14. zeroing of pressure sensors:
— external transducers (and fluid-filled catheters)
— superior edge of the symphysis pubis (piezo-
metric) for pressure reference height; to correct
for viscous pressure losses within the catheter
zero of pressure should be set as the reading in
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air when the fluid is flowing. (zero reference
point is atmospheric pressure)

— microtip transducers calibrated to atmospheric
pressure, but no pressure reference height is
needed for catheter-mounted transducers; when
calculating closure pressure using multisensor
microtips, any difference in vertical height
between the ‘bladder” transducer and urethral
transducer(s) should be taken into account

15. recording apparatus:

— describe type of recording apparatus — the fre-
quency response of the total system should be
stated; equipment with a sampling rate of 18 Hz
can satisfactorily record cough-produced pres-
sure changes in the urethra (Thind et al 1994).

NORMAL URETHRAL PRESSURE PROFILES

There are sex differences between men and women in
the range of normal urethral pressure values. In men,
MUP does not significantly decrease with age (Abrams
1997), whereas in women, after the menopause, MUP
decreases. Prostatic length tends to increase with age in
men; however urethral length tends to decrease in
women. A rough guide to MUP in women is a value of
92 — age (cmH,0) using values obtained from the fluid
perfusion technique (Edwards & Malvern 1974).

Urethral pressure profile shape

Men

Certain features are seen in the male UPP; there are two
peaks — the presphincter peak followed by the prostatic
plateau and then the sphincter peak (Fig. 5.9). Abnor-
malities in the presphincteric prostatic plateau can be

MUP

Prostatic
peak

Plateau

Prostatic length

Fig. 5.9 The male urethral pressure profile measurements,
demonstrating the prostatic peak, plateau and length. MUP,
maximum urethral pressure; MUCP, maximum urethral
closure pressure (MUCP).

due to bladder neck hypertrophy or prostatic enlarge-
ment. The sphincter peak in men can be too high, as seen
in some neurogenic patients, or too low in male patients
with iatrogenic causes of stress incontinence, such as
after prostate surgery.

Women

The female urethral pressure profile tends to symmetri-
cal in shape as seen in Fig. 5.8.

Normal and abnormal urethral pressure profiles are
shown in Figs 5.10 and 5.11, respectively. Women can
also have low or high urethral pressures. A high ure-
thral pressure sometimes denotes Fowler’s syndrome, a
condition in which idiopathic sphincter overactivity
causes voiding difficulties (Fowler et al 1988). A low
urethral pressure may denote intrinsic sphincter defi-
ciency, which usually results from childbirth and may
lead to stress urinary incontinence (SUI).

The measurement of resting UPPs has several uses.

e In post-prostatectomy incontinence; there is a close
association between sphincter damage and a reduc-
tion in the MUCP (Hammerer & Huland 1997).

e There is some evidence that a low MUCP is associ-
ated with a poor outcome with surgery in women for
SUI (Hilton & Stanton 1983b).

e Urethral pressure measurements may provide an
answer to unexplained incontinence in women.

* When considering patients for urinary diversion
surgery the MUCP gives an indication as to whether
an artificial sphincter is necessary. An MUCP greater
than 50 cmH,O would not require a sphincter if
a good-volume, low-pressure reservoir is created
(Abrams 1997).

Urethral pressure profile and
incontinence surgery

Several studies have suggested that female patients
with a low urethral closure pressure and urethral length
have a worst outcome after incontinence surgery (Bhatia
& Ostergard 1982; Hilton 1989; Hilton & Stanton 1983b).
Some have not shown any difference (Sand et al 2000).

RESTING URETHRAL PRESSURE PROFILES

Responsiveness

The microtip catheters have a high frequency response
of over 2000 Hz, which is more than adequate to record
physiological events in the lower urinary tract. The fluid
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Pura

cmH,0 20/div

100

0

Pves

cmH,0 20/div

100

0

Pucp

cmH,0 20/div

100

0

Fig. 5.10 Normal urethral pressures in women: the diagram shows two urethral pressure profiles (UPPs) with the shorter
higher peak being the artefact recorded when the catheter is passed though the sphincter area to perform the second UPP
seen on the right. (pyc, urethral closure pressure, p,,, intraurethral pressure, p,., intravesical pressure.)

Pura 100
nJ MM
cmH,0 20/div 0
Pves 100
CI’T'IHZO 20/div 0 Lﬁwww/\%_wwh\_,./\,_
Pucp 100
omH,0 20idiv 0 M M

Fig. 5.11 Reduced urethral pressures: two urethral pressure profiles are recorded with a short artefact between them (see
Fig. 5.10). (Pucp,, urethral closure pressure, Pura, intraurethral pressure, Pves, intravesical pressure.)
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perfusion technique has a reduced responsiveness in
comparison.

Reliability

The reproducibility and repeatability of the fluid per-
fusion technique and the microtip catheter have been
shown to be reasonable (Abrams et al 1978; Hilton 1982;
Wang & Chen 2002). The standard deviation of measure-
ments made in a single occasion of the fluid perfusion
technique and the microtip catheter is shown to be
approximately 5 and 3 cmH,O, respectively (Abrams et
al 1978; Hilton & Stanton 1983a). The inter-test measure-
ments showing a standard deviation of 3.5-5 cmH,O
depending on menstrual status (van Geelen et al 1981;
Hilton 1982). Recently balloon catheters have shown
reasonable correlations with microtip catheters (Pollak
et al 2004).

Validity

The validity of the measurements of resting urethral
pressure profilometry depends on the technique used
The measured quantity can be very close to the local
urethral pressure, provided that the urethra is highly
distensible (Griffiths 1980) in the case of the fluid per-
fusion technique.

Microtip catheters measure the stress of the urethral
wall, not the pressure. The validity of urethral pressure
measurements in assessing PFM strength is high.

Sensitivity and specificity

Female patients with SUI generally have significantly
lower mean values of MUP than in continent women
(Hilton & Stanton 1983a). The MUP is lowest in those
women (and men) with increasingly severe SUL
However, there is a large overlap between the MUPs of
normal and incontinent patients. Therefore urethral
pressure profilometry does not have the diagnostic
accuracy for SUI to be used alone (Versi 1990).

STRESS URETHRAL PRESSURE PROFILES

This method assesses the pressure transmission from
the abdominal cavity to the proximal urethra. Decreased
conductance of abdominal pressure is associated with
stress incontinence. Essentially a UPP is performed,
preferably with a microtip catheter with the patient
coughing. If the urethral closure pressures become neg-
ative on coughing, then leakage is likely and represents

a positive test. Ideally the stress UPP should be carried
out in the erect position with a full bladder. This poses
practical issues. A lack of specificity with the test has
limited its use (Versi 1990). Stress UPPs are no longer
used regularly in clinical practice.

NEW METHODS OF MEASURING
URETHRAL PRESSURES

A recent technique devised called the retrograde ure-
thral pressure has been described for women. This is the
pressure required to achieve and keep the urethral
sphincter open. The mean retrograde urethral pressure
was shown to be lower in continent women (Slack et al
2004b). There appears to be some association with MUP
and severity of incontinence (Slack et al 2004a). However
further work is required to test its clinical diagnostic
value in diagnosing SUI and the technique has been
criticised as being incompletely validated (Abrams &
Cardozo 2004).

CONCLUSION

Resting urethral pressure measurements can be
made using several techniques and the results are influ-
enced by the technique used and biological factors.
Urethral pressure measurements are static measure-
ments that do not reflect the forces exerted on the
urethra at leakage. Increases in abdominal pressure
compress the urethra and result in reflex activation of
the periurethral muscles, which are not assessed by
resting urethral pressures.

CLINICAL RECOMMENDATIONS

e Urethral pressure measurements should be under-
taken under the supervision of the urologist or
urogynaecologist.

* The urologist or urogynaecologist should refer to the
ICS standardization report on urethral pressure
measurements.

* An understanding of the limitations of the different
urethral pressure measurements is required before
embarking on research.

* Multidisciplinary collaboration is required when
physiotherapists perform research in this area with
the urologist or urogynaecologist providing the ure-
thral pressure measurements.

e Urethral pressure measurements, if done correctly,
are good valid measurements for assessing PFM
strength.
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Pelvic floor dynamometry

Chantale Dumoulin and Mélanie Morin

INTRODUCTION

Precise, quantitative measurements of strength are criti-
cal for determining the clinical progression of neu-
romuscular weakness and assessing the response to an
intervention aimed at increasing strength. Dynamom-
eters accurately measure forces produced during a
muscle contraction independently of the evaluator’s
judgement. Although these instruments have been
widely use by physiotherapists for the evaluation of
trunk, upper and lower extremity muscles for more than
40 years (Bohanon 1990), pelvic floor dynamometers are
fairly new. Caufriez (1993, 1998) and Rowe (1995) were
the first to report the development of dynamometers for
measuring the PFM function. However, only in non-
peer reviewed manuscripts (Caufriez 1998, 1993) and in
one brief conference abstract (Rowe 1995). Sampselle et
al (1998) and Howard et al (2000) were the first to
mention the use of a pelvic floor dynamometer in clini-
cal trials. In a patent document published in 2002,
Ashton-Miller described the strain gage device used in
those trials (Ashton-Miller et al 2002). However, no
report on the reliability and validity of this apparatus
has been published so far.

Four years ago, our research team designed and
developed an original dynamometric speculum for
measuring isometric dorsoventral pelvic floor muscle
(PEM) forces (Dumoulin et al 2003). This new PFM
dynamometer comprises a dynamometric speculum
and a computerized central unit (Dumoulin et al 2003)
consisting of a laptop computer and a PCMCIA data
acquisition card. The dynamometric speculum (Fig.
5.12) consists of two aluminium branches. The upper
branch of the speculum is fixed while an adjustable
screw can slowly open the lower one. The distance
between the two branches can be adjusted from 5 mm
(minimum) to 40 mm. Once the aperture is determined,
a second screw fixes the moveable branch of the specu-
lum. PFM forces are measured using two pairs of strain
gauges glued on each side of the dynamometer lower
branch.

For the evaluation of the PFM function, which refers
to PFM parameters such as strength, endurance, speed

of contraction and passive forces, the patient adopts a
supine position, with hips and knees flexed and feet flat,
on a conventional gynaecologist’s table. The evaluator
prepares the instrument by covering each branch with a
latex condom and lubricating it with a hypoallergenic
gel. The dynamometer is then inserted into the vagina to
a depth of 5 cm, which allows the forces exerted by the
pelvic floor musculature to be measured. PFM contrac-
tion results in lengthening or shortening of a strain gauge
causing its electrical resistance to change, which in turn,
is measured as a voltage variation. Voltage values from
the strain gauge are amplified then digitized and con-
verted into units of force (N). Then, a computer program
(Numeri) presents the PFM force measurements in
written and graphic form. Fig. 5.13 presents a typical
recording of a pelvic floor strength measurement in a
female subject (Dumoulin et al 2003).

More recently, Verelst & Leivseth (2004a, 2004b)
developed a PEM dynamometer. The originality of this
instrument is that it measures PFM forces in the trans-
verse direction of the urogenital hiatus. Verelst and
Leivseth’s dynamometer consists of two semi-round
parallel branches, one of which is spliced with a metal
plate on which a strain gauge is glued. During PFM
contraction, the metal plate is deformed and the various
forces can be measured. Both branches can be opened
to permit measurement from 30 mm to 50 mm of medi-
olateral opening. The sensor is connected to a signal
processing system.

IN-VITRO CALIBRATION STUDIES

Only three investigators have reported conducting in
vitro calibration studies for their PFM dynamometers
(Rowe, Dumoulin, Verelst). Rowe reported that his
device exhibited good linearity with a quantification
accuracy of 0.07 N, a maximum experimental error of
0.3 N and minimum hysteresis for the range of forces
from -5 N to +5 N. Output was found to drift by less
than 0.14 N in 2 hours of continuous service and to be
repeatable within and between days and at both room
and body temperature (Rowe 1995).
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Fig. 5.12 Dynamometric speculum.

Dumoulin’s dynamometer was assessed for linearity,
repeatability, ability to measure the resultant force inde-
pendently of its point of application on the branch of the
speculum, and hysteresis (Dumoulin et al 2003). The
linearity proved excellent for a range of forces from 0
to 15N, with regression coefficients close to unity
(R*=0.999). To evaluate the repeatability, the dyna-
mometer was loaded twice with the same loading tech-
nique. The slopes and intercepts of the regression lines
were not significantly different between loading trials,
indicating the high reliability of these in-vitro
measurements.

To verify that the force was measured independently
of its exact site of application to the lower branch of the
speculum, successive loading using the same loading
technique was done at distances of 2.5 cm, 3.5 cm and
4.5 cm from the tip of the lower branch of the speculum.
The slopes and intercepts of the regression lines in the
three loading trials were not significantly different, con-
firming that the force measurement was independent of
the force application site. Finally, the hysteresis was
computed by dividing the maximum difference in
voltage output between two loading conditions by the
maximum scale output recorded with the highest load.
The device exhibited minimal hysteresis of 0.000 06%.
Furthermore, the output of the strain gauges was found
to drift by less than 0.003 N in 1 hour of continuous
service.

Verelst & Leivseth (2004b) reported very good linear-
ity to 60 N with quantification of non-linearity of 2%
of rate output at temperatures ranging between 15 and
50°C, and resolution of 0.06 N. No further details regard-
ing calibration techniques were given in either Rowe’s
or Verelst’s paper.

Newton
D
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o
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Fig. 5.13 Recording of a maximal PFM strength
measurement.

TEST-RETEST RELIABILITY STUDIES

Only two investigators (Verelst and Dumoulin) have
reported on test-retest reliability. With regard to
Dumoulin’s dynamometer, two studies were under-
taken to evaluate the intra-rater test-retest reliability
of the dynamometric strength, speed and endurance
measurements of the PFM among women with per-
sistent postpartum stress urinary incontinence (SUI)
(Dumoulin et al 2004, Morin et al 2004a).

In the Dumoulin et al study, there were 29 female
participants, primipara and multipara, aged between 23
and 42 years, presenting different severity levels of SUI
(Dumoulin et al 2004). Of these, 17 reported episodes of
urinary incontinence when coughing or sneezing or
during physical exertion or effort but did not demon-
strate any involuntary leakage in the provocative stress
test. The others (n=12) reported the same symptoms
but had involuntary leakage in the provocative stress
test. Strength, speed and endurance evaluations using
the new PFM dynamometer were repeated in three suc-
cessive sessions by the same evaluator.

For the strength measurements, participants were
instructed to contract their PFM as hard as they could for
10 s. Standard verbal encouragement was given through-
out the effort (Dumoulin et al 2004). Maximal strength
values were recorded at three dynamometer openings
(0.5 cm, 1.0 cmand 1.5 cm between the two dynamometer
branches).

The endurance measurement consisted of a 1-min
maximum contraction with standardized verbal encour-
agement. The participants were instructed to contract as
hard and as fast as possible while breathing in and out
for 60 s. The maximal rate of force development (MRFD)
or rapidity of PFM contraction and the percentage of
strength lost after 10 s and 60 s were computed from the
endurance trial (Dumoulin et al 2004).

The generalizability theory (Shavelson 1988) was
applied to estimate the reliability of the PFM measure-
ments. The reliability was quantified by the index of
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dependability (@) and the corresponding standard error
of measurement (SEM) for the mean of three trials per-
formed in one session for the strength measurements
and one trial completed in one session for the endurance
and speed measurements. Results are presented in
Tables 5.3 and 5.4.

For the maximal strength measurements, the largest
coefficient of dependability, with a value of 0.88, was
obtained at the 1.0-cm opening. The corresponding SEM
reached 1.49 N. Regarding the endurance measure-
ments, the reliability of the MRFD was also very good,
with a coefficient of 0.86 and an SEM of 0.056 N/s.

Table 5.3 Dependability index (®) and standard
error of measurement (SEM) for the strength
measurements at different dynamometer openings

Strength measurement Dynamometer opening (cm)

0.5 1.0 25
) 0.71 0.88 0.76
SEM (N) 1.22 1.49 2.11

Table 5.4 Dependability index (®) and standard
error of measurement (SEM) for the endurance
measurements

Endurance measurement

MRFD Loss of Loss of
strength % strength %
after 10s after 60 s
(O] 0.86 0.38 0.10
SEM 0.056 N/s 15.71% 20.75%

MRFD, maximal rate of force development.

However, the strength loss measurements at 10 s and
60 s were unreliable, with coefficient values of only 0.38
and 0.10 respectively (Dumoulin et al 2004).

In the study by Morin et al 19 women with SUI, six
of them primipara and 13 multipara, aged between 23
and 41 years, were recruited at Ste-Justine Hospital in
Montreal (Morin 2004a). Stress incontinence was con-
firmed by the 20-min pad test with standardized bladder
volume (Abrams 1988, Sand 1992) and the absence of
detrusor overactivity was verified by cystometry. Two
sessions to assess the speed of contraction and endur-
ance by different techniques to those used in the study of
Dumoulin et al (2004) were conducted at 8-week inter-
vals by a single evaluator. In the endurance test, the
maximum sustained contraction was prolonged to 90 s
(Morin 2004a) and the normalized area under the force
curve was taken as the endurance parameter: (area under
the curve/maximal strength) x 100. For the speed meas-
urements, the women were instructed to contract maxi-
mally and relax as fast as possible for 15 s (Morin 2004a).
The speed of contraction was quantified by the MRFD of
the first contraction and the number of full contractions
performed during the 15-s period. The maximum
strength during the speed test was also extracted from
the curves (Morin 2004a). The reliability of the data was
evaluated using the generalizability theory (Shavelson
1988). These estimates are reported for one measurement
session involving one trial (Table 5.5).

The normalized area under the force curve showed
good reliability with a coefficient of 0.81 and an SEM of
298%. For the speed measurements, the range of
observed coefficients of dependability from 0.79 to 0.92
indicates a good to very good test-retest reliability. The
associated SEM for the rate of force development,
number of contractions and maximum strength were
1.39 N/s, 1.4 contractions and 1.00 N respectively.

The results of these two studies show that the test-
retest reliability of the PFM parameters (maximum
strength, speed and endurance measurements) was high
enough for future investigations into pelvic floor reha-

Table 5.5 Dependability index (@) and standard error of measurement (SEM) for the speed and

endurance measurements

Speed measurement

Endurance measurement

MRFD Number of contractions Maximal strength Normalized area under the curve
(] 0.92 0.79 0.79 0.81
SEM 1.39 N/s 1.4 1.0N 298%

MRFD, maximal rate of force development.
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bilitation programmes (Dumoulin et al 2004, Morin et al
2004a).

Verelst & Leivseth (2004b) completed an intra-rater
test—retest reliability study of dynamometric strength
measurements of the PFM in the transverse direction of
the urogenital hiatus. Twenty healthy parous women
volunteers with no history of urinary incontinence par-
ticipated in the study. Dynamometric measurements
were taken with a consecutively increasing diameter in
the transverse plane at 30, 35, 40, 45 and 50 mm. The
procedure was repeated with 2- to 4-day intervals.
Within-subject day-to-day variability atall dynamometer
openings tested was non-significant, indicating that the
measurements were reliable, the 40-mm dynamometer
opening being the most favourable (Verelst & Leivseth
2004b).

Although the intra-rater reliability of dynamometric
measurements has been studied quite extensively for
different PFM functional tests and in different popula-
tions, the inter-rater reliability of dynamometric meas-
urements remains to be investigated.

Acceptance

Dumoulin et al assessed women'’s acceptance of the
dynamometric measuring procedure during the course
of their test-retest reliability study. The subjects” unani-
mous appreciation when asked to comment on the
measurement procedure implied that the instrument
was acceptable and that the measuring procedure was
not painful (Dumoulin et al 2004).

VALIDITY STUDIES

Only one investigator team, Morin et al, has reported
on the validity of the dynamometer developed by
Dumoulin.

Validity criterion: To date, there is no recognized
gold standard for evaluating PFM function so it is
impossible to evaluate the dynamometric instrument’s
validity criterion. Consequently, validation of the PFM
dynamometer has to rely on the construct validity,
which Dunn (1989) has defined as the extent to which a
test can be proven to measure a hypothetical construct
(the PFM function, in this case). Various studies need to
be performed to support the construct validity, namely
correlation with another instrument and the Known
Groups Method (Nunnally & Bernstein 1994, Portney &
Watkins 2000).

Convergent validity: A study was carried out to
compare the new dynamometer with the digital assess-
ment for evaluating pelvic floor maximum strength
(Morin et al 2004b). The focus of this approach is con-
vergent validity, one of several components of construct

validity (Nunnally & Bernstein 1994, Portney & Watkins
2000). Digital assessment was chosen over other
tools because it is the approach currently used by most
physiotherapists to evaluate pelvic floor function.
Thirty continent women and 59 women with SUI, aged
between 21 and 44 years, participated in the study.
Spearman’s rho coefficients were calculated to assess the
correlation between the dynamometric and the modi-
fied Oxford grading system (Laycock 1992). Significant
correlations were found between the two measurements
with coefficients of r =0.727, r =0.450 and r = 0.564 for
continent, incontinent and all women, respectively
(p<0.01). According to the standards proposed by
Portney & Watkins (2000), these correlations can be
defined as moderate to good.

In conclusion, the significant relations observed
between digital and dynamometric assessments support
some of the various aspects of construct validity of the
dynamometric speculum.

Sensitivity and specificity

Known groups method: This type of construct validity
focuses on the ability of the new instrument to discrimi-
nate between groups that are known to be different
(Dunn 1989, Portney & Watkins 2000). In other words,
if the new dynamometer proved capable of differentiat-
ing between the PFM function of continent women and
women with SUI, this would support its validity (Morin
et al 2004c).

Thirty continent women and 59 women with SUI,
aged between 21 and 44 and parous, were recruited. A
20-min pad test was performed to confirm continence in
the asymptomatic women and to appreciate the severity
of incontinence in the women who had reported leak-
age. A conventional urodynamic examination was also
carried out on the incontinent women to exclude those
experiencing uninhibited detrusor contractions.

The new dynamometer was used to assess the fol-
lowing static parameters of the PFM: (1) passive force,
(2) maximal strength in a self-paced effort, (3) rate of
force development and number of contractions during
a protocol of rapidly repeated 15-s contractions and,
lastly, (4) absolute endurance recorded over a 90-s period
during a sustained maximal contraction.

Analyses of covariance were used to control the con-
founding variables of age and parity when comparing
the PFM function in the continent and incontinent
women. The incontinent women demonstrated a lower
passive force and absolute endurance than the continent
women (p <0.001). In the protocol of rapidly repeated
contractions, the rate of force development and number
of contractions were both lower among the SUI subjects
(p <0.01).




80 MEASUREMENT OF PELVIC FLOOR MUSCLE FUNCTION AND STRENGTH AND PELVIC ORGAN PROLAPSE

In conclusion, the capacity of the dynamometer to
discriminate between women with SUI and continent
postpartum women confirms further aspects of con-
struct validity.

CONCLUSION

Although the new dynamometer seems a highly prom-
ising tool for assessing PFM function, it is not yet avail-
able commercially. Psychometric evaluation is still in
progress and further inter-rater reliability and valida-
tion studies are required. The effect of intra-abdominal
pressure on dynamometric measurements needs to be
investigated. During coughing or straining, an increase
in force is recorded by the dynamometer. This is prob-
ably caused by a reflex contraction in the PFM during
effort and tension coming from vaginal tissues. Thus
intra-abdominal pressure might influence the force
recording. Whether this systematic bias is important
and can be compensated for needs to be studied in more
depth.

CLINICAL RECOMMENDATIONS

* Inform and explain the procedure to the patient.
e After the patient has undressed, ask her to
adopt a supine lying position, with hips and knees
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Ultrasound in the assessment of pelvic
floor muscle and pelvic organ descent

Hans Peter Dietz

INTRODUCTION

Ultrasound is increasingly used for the morphological
and functional assessment of the muscles of the pelvic
floor. Recent developments have greatly simplified the
direct demonstration of the inferior parts of the levator
ani (i.e. the pubovisceral muscle complex [puborectalis
and pubococcygeus]) by ultrasound.

The advent of 3D ultrasound has given us access to
the axial plane. 4D ultrasound now allows realtime
imaging of the effect of maneouvres such as cough, Val-
salva manoeuvre and pelvic floor muscle (PFM) contrac-
tion in any arbitrarily defined plane (Dietz 2004b). Most
recently, volume contrast and speckle reduction algo-
rithms as well as multislice or tomographic ultrasound
imaging have enabled us to reach resolutions equivalent
to magnetic resonance imaging (MRI) in all three dimen-
sions, while delivering temporal resolution far above
anything possible on MRI today.

This discussion will be limited to translabial or
transperineal ultrasound, the only sonographic imaging
modality to allow direct assessment of levator structure
and function. Although transabdominal ultrasound has
been used to describe levator activity (Thompson &
O’Sullivan 2003), such an assessment is necessarily indi-
rect and very limited.

TECHNIQUE

Translabial or perineal ultrasound (Dietz 2004c, Koelbl
& Hanzal 1995, Schaer 1997) is performed by placing a

transducer (usually a 3.5-5, 4-8 or 6-9 MHz curved
array) on the perineum, after covering the instrument
with a glove or thin plastic wrap for hygienic reasons.
Powdered gloves can markedly impair imaging quality
due to reverberations and should be avoided. Imaging
can be performed in the dorsal lithotomy position, with
the hips flexed and slightly abducted, or in the standing
position. Bladder filling should be specified; for some
applications prior voiding is preferable. The presence of
a full rectum may impair diagnostic accuracy and some-
times necessitates a repeat assessment after bowel emp-
tying. Parting of the labia may improve image quality.

The transducer can generally be placed quite firmly
against the symphysis pubis without causing significant
discomfort, unless there is marked atrophy. The result-
ing image includes the symphysis anteriorly, the urethra
and bladder neck, the vagina, cervix, rectum and anal
canal (Fig. 5.14). Posterior to the anorectal junction a
hyperechogenic area indicates the central portion of the
levator plate (i.e. the puborectalis/pubococcygeus or
pubovisceral muscle). The cul de sac may also be seen,
filled with a small amount of fluid, echogenic fat or
peristalsing small bowel. Parasagittal or transverse
views may yield additional information (e.g. enabling
assessment of the puborectalis muscle and its insertion
on the arcus tendineus of the levator ani [ATLA]).

BLADDER NECK POSITION AND MOBILITY

Bladder neck position and mobility can be determined
with a high degree of reliability. Intra- and interobserver
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Fig. 5.14 Field of vision for translabial/perineal
ultrasound, midsagittal plane. (From Dietz 2004c.
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Gynecology. Reproduced with permission from John Wiley &
Sons Ltd on behalf of the ISUOG.)

variability have been published, with a test-retest series
on 50 young nulliparous women seen after a minimum
interval of 4 weeks showing an intraclass correlation of
0.77 (Dietz et al 2005). This was confirmed in another
series where an intraclass correlation of 0.79 was
obtained in 47 women seen by two trained observers
within 30 minutes (Dietz 2003).

It is essential, however, to ensure an adequate Val-
salva manoeuvre. This means that the patient has to be
coached to breathe in, hold her breath, and ‘push as if
you had to push a baby out’ or ‘push as if you had to
pass a hard motion’ to achieve adequate abdominal
pressures. At the same time, one should ensure that the
patient does not produce a concomitant levator contrac-
tion, which will result in artificially low values for pelvic
organ descent. This is most common in young women
with good PFM function and is evident as a reduction
in the anteroposterior diameter of the levator hiatus,
and as a posterior displacement of the prepubic fat pad,
seen inferior or caudal to the inferior surface of the
symphysis pubis, due to contraction of the superficial
perineal muscles. Pressure on the transducer has to be
reduced during a Valsalva manoeuvre to allow full
descent of pelvic organs.

Points of reference are the central axis of the symphy-
sis pubis (Schaer 1997) or its inferoposterior margin (Dietz
2004c). The former may be more accurate because meas-
urements are independent of transducer position or
movement; however, due to calcification of the inter-

pubic disc the central axis is often difficult to obtain in
older women, reducing accuracy. There have been no
comparative studies on repeatability of measurements
to date.

Measurements of bladder neck position are generally
performed at rest and on maximal Valsalva manoeuvre.
The difference yields a numerical value for bladder neck
descent (Fig. 5.15). On Valsalva manoeuvre, the proxi-
mal urethra may be seen to rotate in a posteroinferior
direction. The extent of rotation can be measured by
comparing the angle of inclination between the proxi-
mal urethra and any other fixed axis (see Fig. 5.15).

Fig. 5.16 illustrates how pelvic floor ultrasound can
be used to quantify descent not just of the bladder neck
and urethra, but also of the most dependent part of a
cystocele, an enterocele or a rectocele.

There is no definition of ‘normal” for bladder neck
descent although cut-offs of 20 and 25 mm have been
proposed to define hypermobility. Average measure-
ments in women with stress incontinence are consist-
ently around 30 mm (own unpublished data). Fig. 5.17
shows a relatively immobile bladder neck before a first
delivery (left), and a marked increase in bladder neck
mobility after childbirth (right). Bladder filling, patient
position and catheterization have been shown to influ-
ence measurements, and it can occasionally be quite diffi-
cult to obtain an effective Valsalva manoeuvre, especially
in nulliparous women (Dietz 2004c).

The aetiology of increased bladder neck descent is
likely to be multifactorial. The wide range of values
obtained in young nulliparous women suggests a con-
genital component, and a recently published twin study
has confirmed a high degree of heritability for anterior
vaginal wall mobility (Dietz et al 2005). Vaginal child-
birth (Dietz & Bennett 2003, Meyer et al 1998, Peschers
et al 1996) is probably the most significant environmen-
tal factor (see Fig. 5.17), with a long second stage of
labour and vaginal operative delivery being associated
with increased postpartum descent (Dietz & Bennett
2003). This association between increased bladder
descent and vaginal parity is also evident in older
women with symptoms of pelvic floor dysfunction
(Dietz et al 2002a). Although the pelvic floor is undoubt-
edly affected by pregnancy and childbirth, labour and
delivery are in turn affected by pelvic floor characteris-
tics: anterior vaginal wall mobility on Valsalva manoeu-
vre has been found to be a potential predictor of delivery
mode (Balmforth et al 2003, Dietz et al 2003).

LEVATOR ACTIVITY

Perineal ultrasound has been used for the quantification
of PFM activity, both in women with stress incontinence
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Fig. 5.15 Perineal ultrasound image (A) and line drawing (B), illustrating some of the measured parameters (distance
between bladder neck and symphysis pubis [at rest: x-r and y-r, on Valsalva: x-s and y-s], urethral inclination and
retrovesical angle [RVA]). (From Dietz 2004c. © International Society of Ultrasound in Obstetrics and Gynecology.
Reproduced with permission from John Wiley & Sons Ltd on behalf of the ISUOG.)

I Cystocele Enterocele Rectocele (no defect)

Fig. 5.16 Three-compartment prolapse as seen on
translabial ultrasound. A line of reference is placed through
the inferior margin of the symphysis pubis to enable
quantification of prolapse. There is a cystocele with intact
retrovesical angle, an enterocele and a 'false’ rectocele due
to perineal hypermobility. (© Dietz 2006.)

and in continent controls (Wijma et al 1991), as well
as before and after childbirth (Dietz 2004a, Peschers
et al 1997a). A cranioventral shift of pelvic organs
imaged in a sagittal midline orientation is taken as
evidence of a levator contraction (Dietz 2004c). The
resulting displacement of the internal urethral meatus
is measured relative to the infero-posterior symphyseal
margin (Fig. 5.18). In this way pelvic floor activity is
assessed at the bladder neck. Another means of quanti-
fying levator activity is to measure reduction of the
levator hiatus in the midsagittal plane, or the change in
the main hiatal plane relative to the central symphyseal
axis.

Ultrasound can also be used for PFM exercise
teaching by providing visual biofeedback (Dietz
et al 2001). The technique has helped validate the con-
cept of ‘the knack’ (i.e. of a reflex levator contraction
immediately before increases in intra-abdominal pres-
sure such as those resulting from coughing; Miller et al
1996).
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Immobile bladder neck (bladder neck descent [BND] 6 mm) before first delivery (left pair of images), and a

marked increase in bladder neck mobility (BND 38.1 mm) after childbirth (right pair of images). (From Dietz & Bennett 2003,

with permission.)

17 . Smm

31 .9mm

Fig. 5.18 Quantification of levator contraction:
cranioventral displacement of the bladder neck is measured
relative to the inferoposterior symphyseal margin. The
measurements indicate 4.5 (31.9-27.4) mm of cranial
displacement and 16.2 (17.9-1.7) mm of ventral
displacement of the bladder neck. (From Dietz 2004c, with
permission. © International Society of Ultrasound in
Obstetrics and Gynecology. Reproduced with permission
from John Wiley & Sons Ltd on behalf of the ISUOG.)

Correlations between cranioventral shift of the
bladder neck on the one hand and palpation/perineo-
metry on the other have been shown to be good (Dietz
et al 2002b). A recent study comparing transabdominal
and transperineal ultrasound for the visualization of
PEM activity showed good repeatability of both tech-
niques (intra-class correlation coefficient [ICC] 0.91 for

I Symphysis
pubis \

Pubovisceral
muscle

Pelvic
sidewall

g dorsal
Monarc

implant
{ cranial

Fig. 5.19 Demonstration of the pubococcygeus/
puborectalis complex by oblique parasagittal imaging. In
this case, there is a transobturator tape (Monarc)
perforating the most inferomedial aspects of the muscle
close to its insertion on the arcus tendineus of the levator
ani. This orientation can be used to directly observe
shortening of the pubovisceral muscle complex on
contraction. (© Dietz 2006.)

the transperineal, ICC 0.93 for the transabdominal
approach) (Thompson et al 2005).

Finally, direct visualization of a levator con-
traction and shortening of fibres is possible on 2D ultra-
sound using an oblique parasagittal plane (Fig. 5.19),
although there are no published reports on this
technique.
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PROLAPSE QUANTIFICATION

Translabial ultrasound can demonstrate uterovaginal
prolapse (Dietz et al 2001). The inferior margin of the
symphysis pubis serves as a line of reference against
which the maximal descent of bladder, uterus, cul de
sac and rectal ampulla on Valsalva manoeuvre can be
measured (see Fig. 5.16). Findings have been validated
against clinical staging and the results of a standardized
assessment according to criteria developed by the Inter-
national Continence Society, with good correlations
shown for the anterior and central compartments (Dietz
et al 2001). Although there may be poorer correlation
between posterior compartment clinical assessment and
ultrasound, it is possible to distinguish between ‘true’
and ‘false’ rectocele (i.e. a true fascial defect of the
rectovaginal septum, and perineal hypermobility
without fascial defects; Steensma & Dietz 2004a, b).
Hopefully the ability to differentiate between different
forms of posterior compartment descent will allow
better surgical management in the future, not least
because enterocele (see Fig. 5.16) can easily be distin-
guished from rectocele. Most recently, it appears that
colorectal surgeons are starting to use the technique to
complement or replace defecography (Beer-Gabel 2002),
and perineal ultrasound can also be used for exoanal
imaging of the anal sphincter (Peschers et al 1997b).

Disadvantages of the method include incomplete
imaging of bladder neck, cervix and vault with large
rectoceles and the possible underestimation of severe
prolapse due to transducer pressure. Procidentia or
complete vaginal eversion preclude translabial imaging.
Occasionally, apparent anterior vaginal wall prolapse
will turn out to be due to a urethral diverticulum, a
vaginal cyst such as a Gartner duct cyst (cystic remnant
of the mesonephric or Wolffian ducts), a cyst due to
epithelial inversion after repair surgery, or even a
vaginal fibroma.

3D PELVIC FLOOR IMAGING

3D and 4D pelvic floor ultrasound is currently per-
formed using systems that have evolved around trans-
ducers that allow motorized acquisition. The first such
motorized probe was developed in 1974, and by 1987
transducers for clinical use were becoming commer-
cially available (Gritzky & Brandl 1998). The first system
platform, the Kretz Voluson, was developed around
such a ‘fan scan’ probe. With these types of transducer,
automatic image acquisition is achieved by rapid oscil-
lation of a group of elements, as with the abdominal and
endovaginal probes used in systems such as the GE
Kretz Voluson 730/730 expert series, Medison SA 8000—

9900 and Accuvix systems, Phillips IU 22 and HD 11 or
Siemens sonoline G50/G60 systems. The results have
been the abdominal and endovaginal probes used in
systems such as the GE Kretz Voluson 730 series, the
Philips HDI 4000 and the Medison SA 8000-9000 series.
The widespread acceptance of 3D ultrasound in obstet-
rics and gynaecology was helped considerably by the
development of such transducers because they do not
require any movement relative to the investigated tissue
during acquisition. A single volume obtained at rest
with an acquisition angle of 70° or higher will include
the entire levator hiatus with symphysis pubis, urethra,
paravaginal tissues, the vagina, anorectum and pubo-
visceral muscle from the pelvic sidewall in the area of
the ATLA to the posterior aspect of the anorectal junc-
tion (see Figs 5.20-5.25).

There has been some controversy as to whether to
include the rectum in the levator hiatus (DeLancey 1993,
Tunn et al 1999), but for practical purposes the levator
hiatus as seen on translabial 3D /4D ultrasound or MRI
is the plane of minimal dimensions between the sym-
physis pubis/pubic rami anteriorly and the pubovis-
ceral muscle laterally and posteriorly. It is understood
that this plane, strictly speaking, is not linear in all direc-
tions but very likely somewhat warped, especially ante-
riorly. For measurement purposes it appears most
appropriate to select minimal anteroposterior hiatal
dimensions in the midsagittal plane and then rotate to
the axial plane at this level, an approach that is highly
reproducible (Dietz et al 2005¢, Majida et al 2006, Shek
et al 2004, Yang et al 2006).

Depending on the dimensions of the hiatus and pub-
ovisceral muscle, the field of vision may also include the
anal canal and even the external sphincter. Of course

Urethra Urethra

Vagina Vagina
Rectum Y Rectum

Levator
ani

Levator
ani

Fig. 5.20 The axial plane on magnetic resonance (MR)
imaging (left) and ultrasound (US, freehand 3D, right).
Although these images were obtained in different patients,
all significant structures can be identified by both methods.
(MRI image courtesy of Dr Ben Adekamni, Plymouth UK.
From Dietz 2004b. © International Society of Ultrasound in
Obstetrics and Gynecology. Reproduced with permission
from John Wiley & Sons Ltd on behalf of the ISUOG.)
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this also holds true for volumes acquired on levator
contraction because this shortens the levator hiatus in
the anteroposterior direction without altering its lateral
dimensions significantly. A Valsalva manoeuvre how-
ever may result in lateral or posterior parts of the
pubovisceral muscle being pushed outside the field of
vision, especially in women with significant prolapse
and hiatal areas over 40 cm? on Valsalva manoeuvre (see
below). The currently offered abdominal 8-4 MHz
volume transducer for Voluson 730 expert systems
allows acquisition angles of up to 85°, ensuring that the
levator hiatus can be imaged in its entirety even in
women with significant enlargement (‘ballooning’) of
the hiatus on Valsalva manoeuvre.

The main advantage of volume ultrasound for pelvic
floor imaging is that the method gives access to the
plane of the levator hiatus (i.e. the axial or transverse
plane). Up until recently, pelvic floor ultrasound was
limited to the midsagittal plane. Parasagittal (see Fig.
5.19) and coronal plane imaging (see Fig. 5.21, top right,
for an example) have not been reported, which may be
because there are no obvious points of reference, as
opposed to the convenient reference point of the sym-
physis pubis on midsagittal views. The axial plane was
accessible only on MRI (DeLancey et al 1999) (see
Fig. 5.20 for an axial view of the levator hiatus on MRI
and 3D ultrasound).

Imaging planes on 3D ultrasound can be varied in a
completely arbitrary fashion to enhance the visibility of
a given anatomical structure, either at the time of acqui-
sition or offline at a later time. The levator ani usually
requires an axial plane that is tilted in a cranioventral
to dorsocaudal direction, and this is also true for imaging
of the hiatus itself. The three orthogonal images (i.e.
three planes at right angles to each other — sagittal,
transverse and axial) are complemented by a ‘rendered
image’ (i.e. a semitransparent representation of all
volume pixels [voxels] in an arbitrarily definable ‘box’).
The bottom right hand image in Fig. 5.21 shows a stand-
ard surface rendered image of the levator hiatus, with
the rendering direction set from caudally to cranially,
which seems to be most convenient for imaging of the
pubovisceral muscle. Midsagittal, axial and coronal
views of the levator hiatus are given in the ‘orthogonal’
images in the top row and bottom left.

4D IMAGING

4D imaging implies the realtime acquisition of volume
ultrasound data, which can then be represented in
orthogonal planes or rendered volumes. Recently, it has
become possible to save cine loops of volumes, which is
of major importance in pelvic floor imaging because it

allows enhanced documentation of functional anatomy.
Avulsion of the pubovisceral muscle from the ATLA is
often more evident on Valsalva manoeuvre or levator
contraction, and most significant pelvic organ prolapse
is not visible at rest in the supine position. Fascial defects
such as those defining a true rectocele (Dietz 2004b)
usually only become visible on Valsalva manoeuvre.

The ability to perform a realtime 3D (or 4D) assess-
ment of pelvic floor structures makes the technology
potentially superior to MR imaging because the absence
of realtime observation of manoeuvres means that
patient compliance with instructions during MRI acqui-
sition is impossible to ensure. Therefore, ultrasound has
potential advantages when it comes to describing pro-
lapse, especially when associated with fascial or muscu-
lar defects, and in terms of defining functional levator
anatomy.

VOLUME CONTRAST IMAGING

Latest technical developments have focused mainly on
the use of software algorithms as a means of improving
resolutions and enhancing clinical applications. Differ-
ent manufacturers use different proprietary terms such
as ‘volume contrast imaging (VCI)" and ‘speckle reduc-
tion imaging (SRI)" to describe rendering algorithms
employed to reduce speckle artefact (random noise)
(Ruano et al 2004). Such algorithms may result in very

midsagittal plane coronal plane

=
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axial rendered volume

axial plane

Fig. 5.21 The levator hiatus in three orthogonal planes
(midsagittal on top right, coronal on top left, axial on
bottom left) and as a rendered volume (bottom right). This
case illustrates normal anatomy at rest. The pubovisceral
muscle is marked with a star wherever it is visible in the
different planes. (© Dietz 2006.)
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significant gains in resolution, especially in the axial
plane (see Figs 5.25 and 5.26). Tomographic or ‘multi-
slice” imaging or ‘sonoCT” allow the representation of
volume data in a series of slices of predetermined thick-
ness and spacing, analogous to other cross-sectional
imaging methods. Tomographic ultrasound is particu-
larly useful in pelvic floor imaging as shown in Fig. 5.25.
As a result of these developments, pelvic floor ultra-
sound has become more “user-friendly” and has reached
spatial resolutions very close to, if not similar to MR,
while temporal resolutions are higher by several orders
of magnitude.

CLINICAL RESEARCH USING 3D/4D
PELVIC FLOOR ULTRASOUND

To date, there are few published data on imaging of the
levator ani by 3D/4D ultrasound, and most of it has
been accumulated over the last 3 years. We do know,
however, what a normal, healthy pelvic floor in a nulli-
gravid young woman looks like. In a series of 52 women
aged 18-24 years, no significant asymmetry of the
levator was observed, supporting the hypothesis that
significant morphological abnormalities of the levator
are likely to be evidence of delivery-related trauma
(Dietz et al 2005c). Contrary to MRI data, there was no
significant side difference, neither for thickness nor for
area (Fielding et al 2000).

A number of biometric parameters of the puborecta-
lis/pubococcygeus complex itself and of the levator
hiatus were defined in this series (Dietz et al 2005¢) and
have recently been confirmed by others (Kruger et al
2000b, Majida et al 2006, Yang et al 2006). Results agreed
with MRI data obtained in small numbers of nulliparous
women for dimensions of the levator hiatus (Fielding et
al 2000) and levator thickness (Tunn et al 1999). In a
test-retest series, it became evident that diameter and
area measurements of the pubococcygeus/puborectalis
complex are less reproducible than measures of the
levator hiatus. Possibly as a consequence, measures of
muscle mass did not correlate with levator function as
determined by displacement of the bladder neck on
levator contraction.

Hiatal depth, width and area measurements (see Fig.
5.22) seem highly reproducible (ICC of 0.70-0.82) com-
pared to muscle diameter (axial ICC 0.52, coronal 0.54)
and cross-sectional area (axial ICC 0.44, coronal 0.45)
(Dietz et al 2005¢). Depth, width and area of the hiatus
correlate strongly with pelvic organ descent, both at rest
and on Valsalva manoeuvre (Dietz et al 2005¢, Dietz &
Steensma 2006). Although this is not surprising for the
correlation between hiatal area on Valsalva manoeuvre
and descent (because downwards displacement of

Fig. 5.22 Quantification of hiatal dimensions in a patient
with a wide hiatus at rest (area 26.4 cm?) and marked
asymmetrical levator ballooning (to 41.8 cm?) on Valsalva
manoeuvre. Clinically, there was a recurrent large
enterocele (which is visible as a large echogenic mass
within the hiatus) and voiding dysfunction. (© Dietz 2006.)

organs may push the levator laterally), it is much more
interesting that hiatal area at rest is associated with
pelvic organ descent on Valsalva manoeuvre. These data
constitute the first real evidence for the hypothesis that
the state of the levator ani is important for pelvic organ
support (DeLancey 2001), even in the absence of levator
trauma.

The typical form of levator trauma, a unilateral avul-
sion of the pubovisceral muscle off the pelvic sidewall,
is clearly related to childbirth (see Figs 5.23-5.25 and
5.27) and is palpable as an asymmetrical loss of sub-
stance in the anteromedial portion of the muscle. In the
author’s and others’ experience (DeLancey, personal
communication), digital evaluation for morphological
abnormalities is not easy and requires significant opera-
tor experience (Dietz et al 2006b, Kearney et al 2006b).
Bilateral defects (see Fig. 5.24) are even more difficult to
palpate and much less common. In a recently completed
study the author found that over one-third of women
delivering vaginally suffered such injuries (Dietz & Lan-
zarone 2005), an incidence that is unexpectedly high
compared to observations in older symptomatic women
(Steensma & Dietz 2004b).

The clinical significance of such defects, however,
remains in doubt. Own data suggest that levator avul-
sion is common (about 15% in parous women) which
agrees approximately with comparable MRI data
(DeLancey et al 2003). Defects were associated with
anterior and central compartment prolapse, but not
with urodynamic findings or symptoms of bladder dys-
function in a series of over 300 primary urogynaecologi-
cal assessments (Dietz & Steensma 2006). Cross-sectional
studies of levator anatomy in asymptomatic and symp-
tomatic older women are needed to determine whether
such abnormalities are associated with clinical symp-
toms or conditions in the general population. Another
interesting question is whether major morphological
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Fig. 5.23 Levator avulsion (arrows) on magnetic
resonance imaging (MRI; left) and 3D ultrasound (right).
Although these images were obtained in different patients,
the appearances are typical in that a levator avulsion
frequently seems to occur on the patient's right (left side of
the images). (MRI image courtesy of Dr Ben Adekamni,
Plymouth UK. From Dietz 2004b. © International Society of
Ultrasound in Obstetrics and Gynecology. Reproduced with
permission from John Wiley & Sons Ltd on behalf of the
ISUOG.)

abnormalities of the levator ani affect surgical outcomes.
From experience to date, it appears to the author that
major levator trauma (i.e. avulsion of the pubovisceral
muscle from the pelvic sidewall) seems to be associated
with early presentation and recurrent prolapse after sur-
gical repair.

It is highly likely that levator avulsion injury is the
missing link — or a large part of the missing link —
between vaginal childbirth and female pelvic organ pro-
lapse, with a relative risk of 6.6 recently defined by
DeLancey’s group (Margulies et al 2006). Not just
the presence of defects, but defect width and depth
are determinants of both objective prolapse and symp-
toms of prolapse (Dietz 2006). Neuropathic damage to
the levator ani muscle probably exists, but we seem
to have massively overestimated its importance relative
to direct muscle trauma.

Of major interest is the recent observation of an
almost linear relationship between maternal age at first
delivery and levator trauma (Dietz & Lanzarone 2005,
Dietz & Lekskulchai 2006, Kearney et al 2006), suggest-
ing that the biomechanical properties of the muscle-
bone interface may be of paramount importance. Every
year of delayed childbearing increases the risk of levator
injury by more than 10%. This implies that this risk
triples or quadruples during the reproductive years,
from below 15% shortly after menarche to over 50% at
age 40. Vaginal operative delivery is a clear risk factor,
almost doubling the injury rate at a given age (Dietz &
Lekskulchai 2006).

Fig. 5.24 Axial plane translabial imaging at rest,
illustrating both a severe case of delivery-related pelvic
floor trauma and the impact of the most recent
technological developments in pelvic floor ultrasound. The
left image shows a bilateral avulsion and complete loss of
tenting bilaterally on conventional axial plane 3D
ultrasound. The right image shows the same plane in the
same volume dataset using volume contrast imaging (VCI).
The patient has severe stress incontinence and prolapse 3
years after a rotational forceps delivery. (© Dietz 2006.)

OUTLOOK

The ready availability of axial plane imaging is likely to
have a significant impact on conservative and surgical
treatment paradigms for pelvic floor disorders. Since the
19th century, gynaecologists and surgeons have
attempted to cure prolapse and incontinence by pushing
organs cranially using a vaginal approach. Since the
middle of the 20th century, pulling those organs up by
means of sutures and/or mesh has become popular, and
so far those methods seem to give the best long-term
results in curing prolapse. Since the mid-seventies, the
defect-specific approach blames all prolapse on distinct
fascial defects and sets out to repair these discrete
defects. Neither concept is entirely satisfactory, as evi-
denced by the large and growing number of techniques
on offer.

Now largely forgotten, Bob Zacharin of Melbourne,
Australia, developed a rather different approach in
the 1960s and 70s. He appreciated the central role of the
levator ani in pelvic organ support long before the
advent of modern cross-sectional imaging and proposed
focussing on levatorplasty as the primary means of
curing pelvic organ descent (Zacharin 1980). Levator-
plasty is rather unpopular at present, but it appears
likely that an increased awareness of the importance
of levator biomechanics and function may change this.
It seems blatantly obvious to the observer of severe
levator ballooning on Valsalva manouevre that poor
levator resting tone and marked distensibility will not
be cured by a Burch colposuspension or an abdominal
vault suspension. Such women are destined for recur-
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Fig. 5.25 Tomographic ultrasound imaging of a complex right-sided levator injury, imaged from 7.5 mm below to 10 mm
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above the plane of minimal dimensions. The slices are obtained at 2.5 mm intervals. There is a defect of the right
pubovisceral muscle (arrows), involving both the lower three and the top three slices, with the central two slices appearing
relatively normal, though the muscle is clearly thinner on the right. (© Dietz 2006.)

rence of prolapse, often in another location, but recur-
rence all the same. They undergo a vaginal hysterectomy
with repairs, come back with incontinence, have a Burch
colposuspension, come back with a rectoenterocele,
have a sacrocolpopexy or sacrospinous fixation, and
then come back with a large high cystocele or anterior
enterocele, get an anterior mesh repair, which then
erodes, until either they give up on us or we give up
on them.

A focus on (and understanding of) functional levator
anatomy may change all that. Clearly, in some women
the pubovisceral muscle has to be the target of our
therapeutic efforts, at least in an adjunctive sense. This
may not have to involve the morbidity and technical
difficulty of the original Zacharin procedure. Prediction
of levator trauma appears feasible and prevention trials
are already in progress, focusing either on elective cae-

sarean section in high-risk women or on modification of
biomechanical properties of the muscle-bone interface.
Pelvic floor physiotherapy will have to play a major part
in this regard. Secondary prevention has become at least
theoretically feasible with the observation that major
levator trauma can sometimes be diagnosed in the
labour ward, provided it is not occult but overt due to
a large vaginal tear (see Fig. 5.27).

Conventional suturing techniques are unlikely to be
successful, but it would be rather premature to assume
that the peculiar nature of this trauma should preclude
successful surgical management. Conventional trauma
management strategies require identification of trauma
and early intervention, potentially opening up new
indications for pelvic floor physiotherapy.

Conservative treatment may also be enhanced by an
improved understanding of levator functional anatomy.
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Fig. 5.26 Axial plane image representing the plane of
minimal dimensions, showing the levator urethra gaps
(arrows). These gaps are the key to palpating levator
trauma. (© Dietz 2006.)

Our goal should be to increase resting tone and bulk of
the pubovisceral muscle, reducing downwards displace-
ment of pelvic organs and improving pressure transmis-
sion to the urethra — and there may be other ways of
doing this than with conventional physical therapy. An
increase in resting tone or stiffness and a reduction in
hiatal dimensions may in theory be achievable by direct
electrophysiological, pharmacological or surgical means.
Axial plane imaging will hopefully deliver the means of
optimizing treatment regimens to achieve these goals.

Some women suffer significant pelvic floor damage in
labour, be it due to overdistension, avulsion or denerva-
tion of the pubovisceral muscle. In the future, we may be
able to identify those women most at risk of such injury
and intervene to prevent such damage from occurring in
the first instance. In the meantime however, it appears
that demographic trends, especially delayed childbear-
ing and the obesity epidemic, arelikely to further increase
the incidence of such trauma.

CONCLUSIONS

Ultrasound imaging, and in particular translabial or
transperineal ultrasound, has become an important
research tool for assessing the levator ani. Although
much information can be obtained easily and cheaply
using 2D ultrasound systems, direct demonstration of
the inferior aspects of the levator is much simplified by
axial plane imaging (i.e. 3D/4D ultrasound). The avail-
ability of this technology is rapidly increasing, with tens

Fig. 5.27 The left image shows a major levator avulsion injury with concomitant large vaginal tear as diagnosed
immediately after normal vaginal delivery. The defect is clearly evident 3 months postpartum, as shown on translabial 4D
ultrasound (middle) and MR (right).
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of thousands of such systems now installed worldwide.
Most tertiary obstetrics and gynaecology units in the
developed world (and increasingly in the developing
world) have access to 3D capable systems, enabling
them to obtain a functional and morphological assess-
ment of the PEM with minimal discomfort to the patient
and at little cost. Physiotherapists, urologists and gynae-
cologists are in the process of discovering the usefulness
of such systems for their field. Undoubtedly, pelvic floor
imaging by ultrasound provides a superior tool for
research and clinical assessment. It will alter our percep-
tion of pelvic floor morbidity and hopefully enhance our
means of treating it.

There is currently no evidence to prove that the use
of modern imaging techniques improves patient out-
comes in pelvic floor medicine. However, this limitation
is true for many diagnostic modalities in clinical medi-
cine. Due to methodological problems, the situation is
unlikely to improve soon. In the meantime, it has to be
recognized that any diagnostic method is only as good
as the operator behind the machine, and diagnostic
ultrasound is well known for its operator-dependent
nature. Teaching is therefore of paramount importance
to ensure that imaging techniques are used appropriately
and effectively.

CLINICAL RECOMMENDATIONS

Pelvic floor imaging is unlikely to become a routine
intervention in the hands of each and every clinical
practitioner providing pelvic floor re-education, but it
already is a very useful tool for research and the
most convenient imaging method currently available.
Below is a list of recommendations for the clinical use
of 2D ultrasound equipment in assessing pelvic floor
function via the translabial route. Recommendations for
3D/4D applications are available from the author on
request.

Equipment

* Realtime B-mode capable diagnostic ultrasound
system
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INTRODUCTION

Pelvic striated muscle activity is critical to normal con-
tinence and pelvic organ support. Three portions of the
levator ani muscle support the pelvic organs and influ-
ence continence as described in Ch. 4. These muscles
must constantly adjust to the widely varying stresses
placed on the pelvic floor during daily activities that
may range from sitting and reading, to jumping on a
trampoline, to forcefully sneezing. This chapter will
focus on the levator ani muscle damage seen after
vaginal delivery and the implications of this damage for
muscle rehabilitation.

Each muscle in the body has its own specific action.
Knowing the functional loss that occurs when a muscle
is injured is important to understanding the dysfunction
that arises from muscle injury. When one of the levator
ani muscle elements is damaged knowing how pelvic
muscle training is influenced by muscle injury type has
relevance to clinical therapy. If one muscle in the shoul-
der, for example, is damaged, there is a characteristic
impairment that results. Damage to the pectoral muscle
for example, would limit forward motion of the arm,
while not limiting its backward movement. Now that
MRI can show us evidence of localized muscle injury in
an individual it will be possible to better understand the
relationship between injury to a specific part of the
muscle and specific female pelvic floor problems.

The mechanism of injury to a muscle may also influ-
ence its rehabilitation. If a muscle is weak it can be
strengthened. If a portion of the muscle is partially den-
ervated then the remaining muscle parts can be recruited
to compensate for its muscle loss. If, on the other hand,
an entire muscle is lost through avulsion from its attach-
ment and subsequent atrophy or is lost through com-
plete denervation, then it may not be possible to improve
the function of the missing muscle. In the past, knowing
how a given type of pelvic floor muscle injury would
respond to treatment has not been possible because it
has not been possible to visualize and locate the injury.
Now, with the advent of modern imaging, we can

directly see the pelvic floor muscles and their injuries.
There is the very real possibility that failure rates with
muscle training will decline as patients are more
appropriately selected for treatment based on each indi-
vidual’s specific situation.

MRl ANATOMY OF THE NORMAL
LEVATOR ANI MUSCLE STRUCTURE

The levator ani muscle consists of several parts. Each
has its own origin and insertion. The suggested terms
for these components, along with their origin/insertion
and function, are listed in Table 5.6 based on a review
of anatomical descriptions available in the literature
(Kearney et al 2004). These are shown in Figs 5.28 and
5.29. Although these parts are simple and are described
consistently by authors that have personally studied the
muscle, a profusion of conflicting terms that have his-
torically applied to this region makes it somewhat com-
plicated to interpret the literature, as described in
Kearney et al (2004).

The iliococcygeal muscle is a thin sheet of muscle that
spans the pelvic canal from the tendinous arch of the
pelvic fascia to the midline iliococcygeal raphe where
it interdigitates with the muscle of the other side and
connects with the superior surface of the sacrum and
coccyx.

Arising from the pubic bone and passing beside the
pelvic organs is the pubovisceral muscle. This muscle
has previously been called the pubococcygeal muscle,
but we favour Lawson’s term ‘pubovisceral’” (Lawson
1974) because it describes the origin and insertion accu-
rately, whereas the older term is based on evolutionary
considerations rather than human anatomy. Within the
pubovisceral muscle are parts that attach to the perineal
body (puboperinealis), and a part that inserts into the
anal canal and skin (puboanal). The vaginal wall is
attached to this mass of muscle and those fibres to which
the vaginal wall is attached belong to the pubovaginal
portion of the pubovisceral muscle. Arising near the
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Table 5.6 Overview of the nomenclature and functional anatomy of the levator ani

Terminologia Anatomica Origin Insertion Function
Pubococcygeal (we favour
‘oubovisceral’)
Puboperineal Pubis Perineal body Tonic activity pulls perineal body
ventrally toward pubis
Pubovaginal Pubis Vaginal wall at the level of the Elevates vagina in region of
mid-urethra mid-urethra
Puboanal Pubis Intersphincteric groove between Inserts into the intersphincteric
internal and external anal groove to elevate the anus and its
sphincter to end in the anal skin attached anoderm
Puborectal Pubis Sling behind rectum Forms sling behind the rectum
forming the anorectal angle and
closing the pelvic floor
Iliococcygeal Tendinous arch  Two sides fuse in the iliococcygeal The two sides form a supportive
of the raphe diaphragm that spans the pelvic
levator ani canal

perineal membrane and coursing lateral to the remain-
der of the levator ani muscle is the puborectal muscle.
It forms a sling behind the rectum and is distinct from
the pubovisceral muscle. While the puborectal muscle
creates an angulation in the rectum, the pubovisceral
muscle elevates the anus, perineal body and vagina.
(Lawson includes this muscle within the pubovisceral
muscle complex, but we prefer a separate designation
because it has a very different muscle fibre direction.)

Each of these different origin/insertion pairs has its
unique mechanical action. Injury to one component
may have different mechanical effects than damage to
another. For example, loss of the pubovaginal muscle
would prevent elevation of the anterior vaginal wall
(and urethra), while loss of the puborectal muscle would
prevent kinking of the rectum in the post-anal angle.
Therefore knowing their subdivisions will make a
difference.

Magnetic resonance imaging (MRI) is a new and
exciting investigative tool that provides anatomical
detail in the pelvic floor. It has, for the first time, allowed
the detailed anatomy and integrity of the levator ani
muscles to be examined. Not only has this technique
revealed important insights about normal anatomy, but
it also allows investigators to study muscle damage
while providing permanent records of muscle morphol-
ogy that can be evaluated by researchers blinded to the

subject’s clinical status, minimizing potential observer
bias. Systematic studies concerning repeatability of
these techniques, their validity and their responsiveness
to change are yet to be carried out. However, the detailed
anatomical information that can be gained from these
techniques has already established their use in research,
and data concerning the performance of these measures
are certain to be forthcoming.

MRI APPEARANCE OF THE LEVATOR
ANl MUSCLES

Damage to the levator ani muscle has been described in
cadavers with pelvic organ prolapse for 100 years
(Halban & Tandler 1907). Matched cross-sections of a
cadaver pelvis and MR images clarified the anatomy of
the levator ani muscles in cross-sectional imaging
(Strohbehn et al 1996). Recent advances in MRI have
allowed the muscles to be examined and demonstrated
the anatomy of the muscles in 2D images (Fig. 5.30) and
in 3D reconstructions (Fig. 5.31) (Hoyte et al 2001,
Kirschner-Hermanns et al 1993). These scans show con-
siderable variation in the normal thickness and configu-
ration of the muscle from one individual to another
(Tunn et al 2003) (Fig. 5.32). As is true in other parts of
the body this variation in muscle bulk is likely attribut-
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Fig. 5.28 Schematic view of the levator ani muscles from
below after the vulvar structures and perineal membrane
have been removed showing the arcus tendineus levator ani
(ATLA); external anal sphincter (EAS); puboanal muscle
(PAM); perineal body (PB) uniting the two ends of the
puboperineal muscle (PPM); iliococcygeal muscle (ICM);
puborectal muscle (PRM). Note that the urethra and vagina
have been transected just above the hymenal ring. (From
Kearney et al 2004. © Delancey 2003.)

able to a combination of genetic factors, daily demands
and exercise. The amount of muscle that an individual
has should have implications for pelvic floor function
and injury. A woman with a naturally bulky set of
muscles may lose half of her muscle bulk due to injury
or atrophy and still have the same amount of muscle as
a woman with naturally delicate muscles. The conse-
quences of these variations and damage remain to be
determined.

BIRTH IS A MAJOR EVENT CAUSING
PELVIC FLOOR DYSFUNCTION

Vaginal birth increases the likelihood that a woman will
have pelvic floor dysfunction (Mant et al 1997, Rortveit
et al 2003) and vaginal birth has been identified as a
cause of damage to the muscle (DeLancey et al 2003).
The levator ani muscles and pelvic floor undergo

Fig. 5.29 The levator ani muscle seen from above looking
over the sacral promontory (SAC) showing the pubovaginal
muscle (PVM). The urethra, vagina, and rectum have been
transected just above the pelvic floor. PAM, puboanal
muscle; ATLA, arcus tendineus levator ani, ICM,
iliococcygeal muscle. (The internal obturator muscles have
been removed to clarify levator muscle origins.) (From
Kearney et al 2004. © Delancey 2003.)

remarkable changes during the second stage of labour
to dilate sufficiently for the fetal head to be delivered.
Understanding how injury can occur and how recovery
does or does not proceed are central to understanding
the role of rehabilitation.

Recovery after vaginal birth

Pelvic muscle training is a mainstay of recovery after
vaginal birth, decreasing incontinence and improving
muscle function more rapidly than occurs without
regular exercise (Morkved et al 2003, Sampselle et al
1998). Imaging has allowed us to study the process of
normal recovery and has given insight into changes the
muscle must undergo to return to its normal healthy
state.

Soon after delivery the pelvic floor sags and the uro-
genital hiatus is wider than normal (Fig. 5.33) (Tunn
et al 1999). Muscle recovery results in resumption of the
near-normal position in most women over the course of
the first 6 months, the time when normal pelvic muscle
strength also returns to normal (Sampselle et al 1998).
Chemical changes in the muscle where there is increased
fluid from edema in certain muscle parts early in the
recovery reveal the changes in muscular tissue during
the normal healing process (Fig. 5.34).
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Fig. 5.31
34-year-old woman with normal anatomy showing the
urethra (U), vagina (V), anal sphincter (AS), rectum (R), and
levator ani (LA). (© Delancey 2005.)

View of 3D model made from MRI scans of a

Injury from vaginal birth

In a study of primiparous women 32 of 160 primiparous
women (20%) had damage to the levator ani muscles
(DeLancey et al 2003). A nulliparous control group of 80
women was also studied, and none of these women had
injuries; identifying birth as a cause of the type of levator
ani muscle injury seen in women with pelvic floor dys-
function (Hoyte et al 2001). Twenty-nine of these visible
injuries occurred in the pubovisceral muscle and only
three of these were in the iliococcygeal portion of the
muscle (Fig. 5.35). This was a study originally designed
to study stress incontinence: equal numbers of women
that had developed de-novo stress incontinence and
women that remained continent after their first birth

Fig. 5.30 Axial and coronal images from a 45-year-old
nulliparous woman. The urethra (U), vagina (V), rectum (R),
arcuate pubic ligament (A), pubic bones (PB), and bladder
(B) are shown. The arcuate pubic ligament is designated as
zero for reference, and the distance from this reference
plane is indicated in the lower left corner. Note the
attachment of the levator muscle (arrows) to the pubic
bone in axial 1.0, 1.5, and 2.0. Coronal images show the
urethra, vagina, and muscles of levator ani and obturator
internus (OI). (From Delancey et al 2003. © Delancey 2002.)

» o

Fig. 5.32 Axial section at level of middle urethra showing
difference in levator ani muscle thickness and configuration.
In this and subsequent illustrations, scans from two
individuals are compared; scans from one individual are
displayed on the left, and scans from the other individual
are displayed on the right: (A) thin muscle (31-year-old
nulliparous woman); (B) thicker muscle (36-year-old
nulliparous woman). Note that the muscle is shaped more
like a V in A and more like a U in B. Closed arrowhead,
right levator ani muscle; open arrowhead, insertion of arcus
tendineus fasciae pelvis into pubic bone in B. (From Tunn
et al 2003. © Delancey 2002)

Fig. 5.33 T2-weighted sagittal sections of an 18 year-old
woman, para 2, 1 day (left) and 6 months (right) after
spontaneous vaginal delivery. The external anal sphincter
(EAS) and perineal body that lies ventral to it are much
lower in the first day after delivery compared with the
anatomy 6 months later and the urogenital hiatus is also
larger (line). (From Tunn et al 1999. © Delancey 2005.)
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Fig. 5.34 Changes in muscle appearance following birth showing the left side of the pelvis at different time points after
delivery. The urethra (U), vagina (V) and levator ani (LA) can be seen. Notice the increasing definition of the structures
postpartum, especially the medial portion of the levator ani muscle adjacent to the vagina, which is quite pale 1 day after
delivery, but recovers its signal by 6 months. (© DelLancey 2005.)

were recruited. Because the group with stress inconti-
nence were twice as likely to have defects as the conti-
nent group, the occurrence of these defects in a group
of primiparous women not over-sampled for stress
incontinence would be somewhat lower than this figure.
However, even if it were half, this still indicates that
one in ten women delivering their first infant would
have levator damage. In a more recent study, Dietz &
Lanzarone (2005) have evaluated women both before
and after vaginal birth using 3D ultrasound and have
confirmed that these types of injury occur during vaginal
delivery.

Among the women with injury to the pubovisceral
muscle the amount of muscle injury varies from one
individual to another. Some of these injuries involve
complete bilateral loss of pubovisceral muscle bulk (see
Fig. 5.35) while others have only unilateral loss (Fig.

5.36). There is also variation in the amount of architec-
tural distortion that occurs. Some individuals show
major changes in the overall architecture (Fig. 5.37)
while others have intact spatial relationships (Fig. 5.38).
Whether this represents the difference between a muscle
rupture that distorts muscle appearance or denervation
that simply results in loss of muscle without deformity,
remains to be determined.

What are the mechanisms of levator injury?

There have been several suggestions for why the levator
ani muscles might be injured. Information from electro-
diagnostic techniques has demonstrated that birth
causes changes in mean motor unit duration after
vaginal birth (Allen et al 1990) as well as changes in
pudendal terminal motor latency. Abnormal tests have
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Fig. 5.35 (A) Axial proton density MRI shows normal
pubococcygeal muscle with the muscle outlined at the level
of the mid-urethra. (B) A similar image from a woman with
complete loss of the pubococcygeal muscle (expected
location of pubococcygeal muscle shown by outline).

PB, pubic bone; R, rectum; U, urethra, V, vagina. (From
Delancey 2005. © Delancey 2005.)

been seen in women with both prolapse and stress
incontinence (Weidner et al 2000). Although the puden-
dal nerve innervates the voluntary urethral and anal
sphincters, it does not innervate the levator ani muscles,
which receive their own nerve supply from the sacral
plexus (Barber et al 2002). At present it is not clear
whether the visible levator defects are from neurological
or stretch injury.

Recent computer models have suggested that some
muscle damage during the second stage of labour may
come from overstretching because those parts of the
muscle that are stretched the most are those parts that
are seen to be injured (Lien et al 2004). Using a computer
model of the levator ani muscle based on anatomy from
anormal woman, the degree to which individual muscle
bands are stretched could be studied (Fig. 5.39). This
analysis revealed that the muscle injured most often, the
pubovisceral (pubococcygeal) portion was the portion
of the muscle that underwent the greatest degree of
stretch, and the second area of observed injury, the ilio-
coccygeal muscle, was the second most stretched muscle.
Furthermore, when the portion of the muscle at risk was
identified in cross-sections cut in the same orientation
as axial MRI scans, the pattern of predicted injury
matched the injury seen in MRI (Fig. 5.40). These theo-
retical findings suggesting stretch-induced injury are
supported by studies showing increased insulin-like
growth factor-1 splice variants that indicate stretch and
overload in women after a first vaginal birth (Cortes
et al 2005).

WHAT ARE THE CLINICAL IMPLICATIONS
OF LEVATOR ANI MUSCLE INJURY?

There are potentially both direct and indirect ways in
which birth-induced levator injury may influence pelvic
floor function. Pelvic organ support is provided by the
combined action of the levator ani muscles and the
endopelvic fascia. The levator ani closes the vagina by
creating a high-pressure zone (Guaderrama et al 2005)
similar to the high-pressure zones created by the ure-
thral and anal sphincter muscles. The muscles and liga-
ments must resist the downward force applied on the
pelvic floor by the superincumbent abdominal organs
and the forces that arise from increases in abdominal
pressure during cough, sneeze or from inertial loads
placed on them when landing from a jump (for example).
This normal-load sharing between the adaptive action
of the muscles and the energy efficient action of static
connective tissues is part of the elegant load-bearing
design of the pelvic floor. When injury to one of these
two components occurs, the other must carry the
increased demands placed on it. When the muscle is
injured, the connective tissue is subjected to increased
load. If this load exceeds the strength of the pelvic
tissues, they may be stretched or broken, and prolapse
may result. This forms a causal chain of events by which
pelvic muscle injury may influence pelvic organ pro-
lapse or urinary incontinence. In addition, there is accu-
mulating evidence that women operated on for pelvic
organ prolapse or urinary incontinence have higher
postoperative failure rates if they have levator ani
muscle impairment assessed by biopsy (Hanzal et al
1993) or muscle function testing (Vakili et al 2005) than
women who have normal muscles.

Birth-induced levator ani muscle injury may be
accompanied by other types of injury that occurred
during vaginal birth. A birth that was sufficiently diffi-
cult that it resulted in injury to the levator ani muscle
may have also created injury to the connective tissue
supports. This hypothesis is supported by observations
made on the function of the urethral sphincter in women
with injured levator ani muscle and also those with
intact muscles (Miller et al 2004). In this study of 28
women with normal muscles and 17 women with com-
plete bilateral pubovisceral muscle loss, women with
intact muscles generated a greater increase in urethral
pressure during a maximal pelvic muscle contraction
than those with absent pubovisceral muscles (14 + 11 vs
6 £9 cmH,0) (Table 5.7). This difference in the ability to
increase pressure came from the fact that more of the
women (86%) were able to elicit a measurable increase
(>5 ecmH,0) in urethral closure than those with missing
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Fig. 5.36 Axial and coronal images from a 34-year-old incontinent primiparous woman showing a unilateral defect in the
left pubovisceral portion of the levator ani muscle. The arcuate pubic ligament (A), urethra (U), vagina (V), rectum (R), and
bladder (B) are shown. The location normally occupied by the pubovisceral muscle is indicated by the open arrowhead in
axial and coronal images 1.0, 1.5, and 2.0. (From Delancey et al 2003. © Delancey 2002.)
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Fig. 5.37 Axial and coronal images of a 38-year-old incontinent primiparous woman are shown. The area where the
pubovisceral portion of the levator ani muscle is missing (open arrowhead) between the urethra (U), vagina (V), rectum (R),

and obturator internus muscle (OI) is shown. The vagina protrudes laterally into the defects to lie close to the obturator
internus muscle. A arcuate pubic ligament. (From Delancey et al 2003. © Delancey 2002.)

—
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Fig. 5.38 Levator ani defect in a 30-year-old incontinent primiparous woman with loss of muscle bulk but preservation of
pelvic architecture. The area where the levator is absent in this woman is shown (open arrowhead) in the axial images and
the coronal images 1.5 and 2.0. Note that in contrast to Fig. 5.30, where the vagina lies close to the obturator internus (Ol),
it has a normal shape. The normal appearance of the levator ani muscle is seen in coronal images 2.0 and 2.5 (arrows).

A, arcuate pubic ligament; R, rectum; U, urethra; V, vagina. (From Delancey et al 2003. © Delancey 2002.)

muscles (41%); among women that could increase ure-
thral closure pressure, the increase in urethral closure
pressure was the same. Women with complete levator
muscle loss can volitionally elevate urethral pressure in
the absence of the pubovisceral muscle (presumably
using their still-intact striated urethral sphincter muscle),
but fewer women are able to do this, suggesting the
occurrence of sphincter injury as well in a subset of
women in this group. This indicates that some women
who are unable to contract their levator ani muscles due
to muscle (or nerve) injury escape injury to the urethral
sphincter (or pudendal nerve), whereas others do not,

and that this phenomenon occurs more often in women
with muscle problems.

Issues in rehabilitation

‘The injured patient is entitled to know at the outset, in
general terms, what [her] injuries are, what the immedi-
ate treatment will be, and what may be the expected
result’ (Committee on Trauma, ACS 1961, p. 16) and
‘The fate of the injured person depends to a large extent
upon the initial care that [her] injuries receive. Skilled
competent care may salvage function in seemingly
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Fig. 5.39 On the left is a computer model of selected levator ani muscle bands before birth, with muscle fibres numbered
and the muscle groups identified; the middle figure demonstrates muscle band lengthening present at the end of the second
stage of labour; on the right is a graphic representation of the original and final muscle (top) and the stretch ratio (bottom),
indicating the degree to which each muscle band must lengthen to accommodate a normal-sized fetal head. Note that the
pubococcygeal muscle fascicles labelled ‘PC2" undergo the greatest degree of stretch and would be the most vulnerable to
stretch-induced injury. (From Lien et al 2004, with permission. © Biomechanics Research Laboratory 2005.)

C

. 5 ¥4 A
Fig. 5.40 (A) Normal anatomy in an axial mid-urethra proton density MRI showing the pubovisceral muscle (*) (see Fig.
5.28 for orientation). (B) Woman who has lost a part of the left pubovisceral muscle (displayed on the right side of the
image, according to standard medical imaging convention) with lateral displacement of the vagina into the area normally
occupied by the muscle. The arrow points to the expected location of the missing muscle. The puborectalis is left intact
bilaterally. Ol, obturator internus; PB pubic bone; R, rectum; U urethra, V vagina. In (C), an axial, mid-urethral section of the
model through the arch of the pubic bone (see pubic symphysis [PS], top) and the model levator ani muscles corresponding
to those from the patients shown in (A) and (B). Intact muscles are shown in dark grey. Simulated PC2 muscle atrophy is
illustrated by the light grey shading of the left-side PC2 muscle. This location is shown to correspond with the location
of muscle atrophy demonstrated in Fig. 5.33. R, rectum; U, urethra; V, vagina. (From Lien et al 2004, with permission.
© Biomechanics Research Laboratory 2005.)
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Table 5.7 Urethral closure pressure data in 28
women with intact pubovisceral muscles and 17
women with absent pubovisceral muscles (Adapted
from Miller et al 2004)

Pubovisceral
muscle absent

Pubovisceral
muscle intact

Pressure increase 86 41
>5 ¢cmH,0 (%)

Mean MUCP (SD)

58 (21) 55 (19)
14 (11) 6 (9)

Mean volitional
MUCP pressure
increase (SD)

MUCP, maximum urethral closure pressure.

hopeless situations; inept care for even a trivial injury
may end in disaster.” (Committee on Trauma, ACS 1961,
p-1).

This statement made over 40 years ago articulates an
enduring truth about injury management; that is,
knowing the type of injury is an important guide to
proper treatment. Imaging has now demonstrated spe-
cific evidence of localized muscle loss revealing a great
variety of injury patterns in different women. At present,
we do not know whether birth-induced muscle injury is
caused by neurological injury or by muscle rupture.
Whether or not there should be similar treatment of
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Clinical assessment of pelvic

organ prolapse
Richard C Bump

BACKGROUND: WHY MEASURE PELVIC
ORGAN SUPPORT?

Pelvic organ prolapse (POP) is a common clinical condi-
tion, encountered on a daily basis by physiotherapists
specializing in the care of women with pelvic floor dis-
orders. By definition female POP is an anatomical condi-
tion, the downward displacement of the pelvic organs
from their usual anatomical location. This section will
consider the standardized, quantitative description of
pelvic organ position in women, stressing existing evi-
dence for the reliability and validity of this description.
However, it is clear that anatomical changes alone
neither fully characterize POP nor define its importance
as a health condition for women. The importance of

POP is its relationship to functional deficits of the
involved organs, which in turn impact overall quality of
life.

Women who have POP may describe many clinical
symptoms alone or in combination. These include, but
are not limited to, urinary incontinence, voiding dif-
ficulty, defecatory dysfunction, anal incontinence,
vaginal pressure, difficulties with coitus, pelvic pres-
sure, and abdominal and back pain. It is unclear whether
the anatomical findings are directly related to these
symptoms and either partial or total correction of
anatomy is necessary to resolve them. Some women
with POP have no symptoms and it is unknown what
proportion of these is destined to develop symptoms
and/or progression of their anatomic changes. Finally,
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the long-term anatomical outcomes of most interven-
tions for POP, non-surgical as well as surgical, are often
poorly documented, both in the medical literature and
in the clinic record.

Each of these unknowns represents a daily clinical
challenge for clinicians and a career scientific challenge
for researchers dedicated to the field of female pelvic
floor disorders. Answers to these challenges depend
upon a very basic prerequisite, our ability to reliably
measure and record pelvic organ support. Without such
a measuring system, we cannot communicate with
others across space or with ourselves over time. It is
important to emphasize that a measuring system does
not define what are critical, clinically important changes
in pelvic organ support. However, we are unlikely to
ever provide these definitions and correlate anatomy
with symptoms if we cannot reliably measure the
anatomy.

SUMMARY OF THE PELVIC ORGAN
PROLAPSE QUANTIFICATION
(POP-Q) SYSTEM

Before 1996, there was no widely accepted system for
describing the anatomic position of the pelvic organs.
As a result, many reports related to pelvic organ pro-
lapse treatment used undefined and non-validated
terms, rendering conclusions questionable and compari-
sons impossible. One of the most widely referenced
systems (Beecham 1980), graded prolapse based on the
presumed organ involved (rectum, bladder, urethra,
uterus, and small bowel or peritoneal cavity) and man-
dated a resting, non-straining examination. Both these
requirements likely resulted in inaccurate examinations
that misidentified the involved segments and under-
estimated the true extent of the prolapse.

In 1993 an international multidisciplinary committee
composed of members of the International Continence
Society (ICS), the American Urogynecologic Society
(AUGS), and the Society of Gynecological Surgeons
(SGS) began work on a standardization document for
terminology for female pelvic organ prolapse and pelvic
floor disorders. Over the ensuing several years, drafts
and revisions of the document were circulated to
members of the three societies and validation studies
were performed. The final document was formally
adopted by the societies in late 1995 and early 1996 and
was published in July 1996 (Bump et al 1996).

One part of the standardization document is dedi-
cated to the quantitative description of pelvic organ
position. This system quickly became known as the
POP-Q, though this designation appears nowhere in the

standardization document. The POP-Q borrowed
heavily from the several site-specific ‘half-way’ classifi-
cations developed and modified by Baden & Walker
(1992). Using the hymen as a precisely identifiable visual
landmark for reference, the anatomical locations of six
defined vaginal points (two anterior, two posterior, and
two superior) (Fig. 5.41) are measured in centimetres
above or proximal to (negative number) or below or
distal to (positive number) the plane of the hymen,
which is defined as zero (0).

Measurements are made only when the full extent of
the prolapse has been demonstrated and the document
details criteria that can be used confirm this. Additional
measurements include the anteroposterior length of
both the genital hiatus and perineal body and the total
vaginal length (see Fig. 5.41). A vaginal profile can be
drawn on a grid once all POP-Q measurements are com-
pleted. While the nine-number POP-Q vaginal profile
was designated as the preferred way of describing
pelvic organ position, the committee recognized the
need for a more concise designation of POP. The stand-
ardization document therefore also includes an ordinal
staging system, with five stages (0 through IV) based
on the measurements from the full POP-Q profile
(Table 5.8).

Fig. 5.42 represents a clinical data sheet that can be
used to record the results of the POP-Q exam, including
the nine measurements, stage and substage, and the

Fig. 5.41 The six vaginal segments (Aa, Ba, C, D, Ap, and
Bp), the genital hiatus (GH), perineal body (PB), and total
vaginal length (TVL) measured to complete the pelvic organ
prolapse quantitation (POP-Q) profile. (From Bump et al
1996, with permission.)
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Table 5.8 Ordinal staging system for pelvic organ prolapse, based on the POP-Q system

Stage Definition

0 No prolapse is demonstrated. Points Aa, Ap, Ba, and Bp are all at —3 and the absolute value of either point C
or D is < (TVL-2) cm +6

| Criteria for stage O are not met, but the most distal portion of the prolapse is >1 cm above the hymen (its
absolute value is <—1 cm)

Il The most distal portion of the prolapse is <1 cm proximal to or distal to the hymen (its absolute value is <+1
but >—1 cm)

1]l The most distal portion of the prolapse is >1 cm below the plane of the hymen but protrudes no further than
2 cm less than TVL (its absolute value is >+1 but < [TVL-2] cm)

v Essentially, complete eversion of the total length of the vagina is demonstrated. The distal portion of the

prolapse protrudes to at least (TVL-2) cm (its absolute value is > [TVL-2] cm)

type of defect believed to be responsible for any observed
prolapse (see below). A grid is also provided to facilitate
drawing of the vaginal profile.

LEARNING AND USING THE POP-Q

The full POP standardization document, which includes
a detailed description of the measurement technique, is
found in Bump et al 1996. However, the POP-Q is much
more complicated to describe in words than to demon-
strate visually or to perform. An instructional video
demonstrating how measurements are taken is available
through the AUGS website (www.AUGS.org under the
‘Education resources’ tab).

The instructional video has been demonstrated to
enhance significantly the ability of new users to under-
stand and interpret findings based on the POP-Q exami-
nation (Steele et al 1998). Others have demonstrated that
the POP-Q system is easily learned and that even inex-
perienced examiners can obtain reliable measurements
after a brief period of instruction and orientation (Hall
et al 1996).

The POP-Q system has been recommended for use
as a baseline and outcome measure in POP research by
the US National Institutes of Health (Weber et al 2001),
the AUGS and SGS (Wall et al 1998), and the Interna-
tional Consultation on Incontinence (Brubaker et al
2005). Nonetheless, a recent survey showed that 29.1%
of published pelvic floor research used the POP-Q and
23.3% used the similar Baden Walker system from July
2001 to June 2002, while nearly half used either a non-
standard system or did not reference any system (Muir
et al 2003).

Because it was developed by societies oriented
toward research, the POP-Q is often seen as only a
research instrument. But it also has obvious clinical
value in that it can significantly enhance the follow-up
of patients and the evaluation of treatments. A 2004
report showed that 40.2% of ICS and AUGS members
used the POP-Q in their clinical practice (Auwad et al
2004).

REPRODUCIBILITY

Inter and intra-observer reliability

Before its publication, the POP-Q system was evaluated
for reproducibility in 240 women in four reports from
the USA and Europe (Bump et al 1996). Two of these
studies were published as full manuscripts. The first
(Hall et al 1996) evaluated inter-observer reliability in
48 subjects using five experienced and two inexperi-
enced physician examiners. Between different examin-
ers, correlations for each of thenine POP-Q measurements
were substantial and highly significant. Absolute differ-
ences in measurements were not clinically relevant,
averaging between 0.04 and 0.40 cm. Staging and sub-
staging agreement was also highly and significantly cor-
related. The findings with respect to intra-observer
reproducibility in 25 patients were similar. Experienced
examiners took an average of 2.05 minutes to complete
and record the POP-Q exam, while inexperienced exam-
iners averaged 3.73 minutes. Level of experience did not
impact the accuracy of the measurements.

The second published report (Kobak et al 1996) deter-
mined inter-observer reliability, comparing physician
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Pelvic organ prolapse examination record

Point Definition Possible range in cm Value in cm
Aa Lower anterior vaginal wall -3t0+3
Ba Upper anterior vaginal wall -3to+TVL
C Cervix or vaginal cuff scar -TVL to +TVL
D Posterior fornix -TVL to +TVL
Ap Lower posterior vaginal wall -3t0+3
Bp Upper posterior vaginal wall -3 to+TVL
GH Genital hiatus No limit
PB Perineal body No limit
TVL Total vaginal length No limit

stage: [lo LI Chn Tl Ty
Substage: [ a Dp [ 1pa [ IBa DAp DBp [JclIp

Anterior Defect
[ none [] central [] left [ right U] superior [ attenuated fascia
Posterior Defect
[ none [] inferior at PB [ central [ ]left Dright U] superior [ attenuated fascia

POP-Q Grid
+10 +8 +6 +4 +2 0 -2 -4 -6 -8 -10
Stage Il
Comments:

Fig. 5.42 Clinical data collection form for the POP-Q examination.
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and nurse clinician measurements in 49 women. They
found substantial and highly significant correlations
between examiners for both the stage of prolapse and
for all POP-Q measurements. The high level of agree-
ment between the nurse and physician measurements
led the authors to conclude that the most important
factors for obtaining accurate and reproducible results
were clear definitions and close attention to examina-
tion technique.

Variability related to differences in
measuring technique

The standardization document stresses that variables of
the examination technique should be specified in any
report and that efforts should be made to measure the
maximum extent of the prolapse. The committee recog-
nized that variations in technique could change meas-
urements and stressed that the patient’s confirmation
that the maximum prolapse was being observed was an
important quality control measure. Obviously, the same
technique should be used when serial examinations are
performed, especially before and after a therapeutic
intervention.

Several techniques of the examination have been
demonstrated to have a statistically significant and
potentially clinically important effect on POP-Q meas-
urements and staging. Barber et al (2000a) compared
supine lithotomy examinations on an examining table
to examinations in a semi-upright (45°) position in a
birthing chair. Of 133 women, 26% had an increase in
one stage and 48% had at least one POP-Q measurement
increase by at least 2 cm when examined upright.

Other investigators have confirmed a significant
impact of position of measurements. In a seven-site, 16-
examiner study involving 133 women, Visco et al (2003)
demonstrated significantly greater prolapse across all
stages in the standing compared with the lithotomy
position. Moreover, the segment of maximum prolapse
was different in 18% of patients (95% CI: 16%, 41%). This
same group demonstrated that the use of a speculum
during the POP-Q exam had minimal impact on the
assessment of stage, with 79% of subjects having the
same stage with and without a speculum-aided exami-
nation. Of those who changed stage, about half increased
and half decreased.

Silva et al (2004) examined the impact of position and
the state of bladder filling on POP-Q measurements.
They confirmed increasing prolapse in the standing
compared with the supine position, and further con-
firmed increasing prolapse with an empty compared
with a full bladder. Most women (29 of 50) had their
prolapse stage increased going from a supine, full-

bladder examination to a standing, empty-bladder
examination: 24 increased by one stage, three by two
stages, and two by three stages. Going from supine to
standing, 22% (full bladder) to 30% (empty bladder) of
women had an increase in stage. Going from full to
empty bladder, 34% (supine) to 44% (standing) had an
increase in stage.

In contrast to these previous findings, Swift & Herring
(1998) did not demonstrate a significant or clinically
relevant difference in any POP-Q measurement (correla-
tions between 0.96 and 0.98) or in prolapse stage (identi-
cal in 48 of 51 patients) when comparing the results
of a lithotomy examination while the patient was per-
forming a maximal Valsalva strain with the results of a
standing examination. In both situations, the patients
confirmed that the protrusion that bothered them was
reproduced during the examination. They concluded
that the standing examination was unnecessary as long
as the patient was able to strain forcefully and the extent
of the protrusion was validated by the patient.

To date, no study has compared the POP-Q results
of sitting upright or semi-upright examinations with the
results of standing examinations. Importantly, none of
these studies reported the clinical impact of their
observed changes in POP-Q findings at baseline. It is
therefore not clear if these differences actually changed
the way the patients were managed. However, it is clear
that to be able to measure the anatomical impact of
an intervention for POP, the circumstances of the exam-
ination should be identical before and after the
intervention.

LIMITATIONS OF THE POP-Q

Many of the limitations attributed to the POP-Q system
since its introduction are derived from the misconcep-
tion that the system is meant to identify the precise
cause of an individual patient’s prolapse, the pelvic
organs involved in the prolapse, or the best intervention
for the prolapse.

In fact, the system is no more or less than a reproduc-
ible, quantitative description of the position of the
vaginal segments. It measures where a segment is, not
why it is there or how best to change its position. Simi-
larly, the POP-Q measurements do not identify the clini-
cal relevance of a particular stage of prolapse or its
relationship to symptoms. However, it does provide a
standard measure to facilitate the process of answering
many of these unknowns. Analogous to the sphyg-
momanometer, which measures blood pressure and
allows researchers and clinicians to determine the symp-
toms and impact of high blood pressure as well as the
acute and chronic risks and benefits of various treat-
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ments, the POP-Q is a measuring tool to be used in our
efforts to further our understanding of POP.

The standardization document describes pelvic
support in terms of vaginal topography rather than in
‘terms such as “cystocele, rectocele, enterocele, or ure-
throvesical junction” because these terms may imply an
unrealistic certainty as to the structures on the other side
of the vaginal bulge’. It also stresses that ‘functional
deficits caused by POP and pelvic floor dysfunction are
not well characterized or absolutely established’. A
large part of the overall terminology document is dedi-
cated to ancillary techniques for describing or assessing
POP, including supplementary physical examination
techniques, endoscopy, photography, imaging, surgical
observations, pelvic floor muscle testing and symptom
surveys. Many of these techniques have unproved clini-
cal use, but the POP-Q can help establish their value.
For example, if someone theorizes that a specific defect
is responsible for point Aa being at +3 cm, devises a test
to identify this defect, and develops an intervention to
correct the defect and reposition point Aa to —2 or
-3 cm, then validation of the theory, test and interven-
tion would be established if point Aa is actually reliably
restored to and maintained in this position.

Scottietal (2000) have written a detailed critique of the
POP-Q system, adding more measures and descriptions
of isolated fascial tears and detachments to the system.
As one example, the POP-Q is criticized for not including
the description of paravaginal (lateral) anterior vaginal
wall defects. However, others have demonstrated that
the inter- and intra-examiner reliability for the descrip-
tion of these anterior defects is poor (Whiteside et al 2004)
and that the findings on physical examination often do
not correspond with findings at surgery (Barber et al
1999). The standardization document does mention
many supplementary physical examination techniques
that may be important for determining optimal treat-
ment, but none of these are essential to actually measur-
ing the position of the vaginal segments. Further, the
importance of these additional techniques canbe assessed
by how they enhance our ability to normalize vaginal
position, as measured with the POP-Q.

It has been shown that the six vaginal segments that
make up the overall POP-Q vaginal profile do not
predict the position of or identify the anatomical struc-
tures on the other side of the vaginal wall. Thus, it
has been shown that point Aa value is not predictive
of urethrovesical junction hypermobility as measured
with the Q-tip test (Cogan et al 2002), and that the values
for the posterior segment points do not predict the
organs involved in the prolapse or the size of a rectocele
or enterocele as assessed by cystodefecoperitoneogra-
phy (Altman et al 2005). Other authors have come to
similar conclusions using both contrast fluoroscopy

(Kenton et al 1997) and magnetic resonance imaging
(Hodroff et al 2002, Singh et al 2001). Although these are
accurate observations, they serve to validate the termi-
nology committee’s decision to abandon the ‘-cele” ter-
minology when describing the anatomical position of
the vaginal wall. Moreover, it is unknown if certain
identification of the visceral content of a vaginal hernia
is important to the successful treatment of the hernia.
Proving this value may be difficult, but it would be
impossible if the anatomical results could not be meas-
ured reliably.

POP-Q USES IN THE MEDICAL RESEARCH

Since their introduction, the POP-Q profile and staging
system have been used by many authors in an attempt
to clarify the relationships between anatomical findings
of prolapse and a variety of pelvic floor symptoms. The
system has also contributed to trials that aim to define
threshold values for clinically important levels of POP,
to define normal levels of support, and to determine the
prevalence of, risk factors for, and natural history of
POP. Finally, the system has become an important
outcome variable in the assessment of various surgical
procedures for POP.

Swift et al (2003, 2005) have been at the forefront
of efforts to define the anatomical threshold for clini-
cally important POP. First in a single-site study (2003),
later confirmed in a multiple-site study (2005), they
determined that prolapse at or near the hymen (mid
stage 2) ‘defined prolapse’ or, more correctly, defined
the threshold of pelvic support that was clinically
important based on patient-recorded symptoms.
However, the symptom that was most influential in this
determination was ‘Can you feel with your hand or see
something bulging out of your vagina?’, making it inev-
itable that prolapse at or near the hymen would be the
first level at which this criterion would likely be met.
Nonetheless, their findings and those of other investiga-
tors, legitimately challenge the designation of stage 1
and early stage 2 pelvic organ support as ‘prolapse’, a
term that implies these levels of support represent a
disease or abnormality. Swift et al also suggested that
a single point, just proximal to or at the hymen should
be the dividing line that defines prolapse. However,
basing this recommendation primarily on the sensation
of a bulge may be too restrictive because functional
symptoms possibly related to changes in position of the
bladder neck or the rectum may be associated with
lesser levels of prolapse.

A thorough review of the literature using the POP-Q
to correlate anatomy and function is beyond the scope
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of this section. However, the availability of the system
has facilitated the performance of multiple studies
attempting to clarify these relationships (Burrows et al
2004, Ellerkmann et al 2001, Fialkow et al 2002, Heit
et al 2002, Mouritsen & Larsen 2003, Tan et al 2005,
Tapp et al 2005). Some symptoms, such as vaginal pain
and back pain, seem not to be associated with prolapse
(Heit et al 2002, Mouritsen & Larsen. 2003). The bimodal
relationship between anterior segment prolapse and
incontinence (early stage prolapse) and emptying
phase symptoms (advanced stage prolapse), while not
exact, is fairly widely accepted (Burrows et al 2004,
Ellerkmann et al 2001, Tapp et al 2005). Conversely, any
relationship between various levels of posterior pro-
lapse with bowel dysfunction and prolapse of any
segment with sexual dysfunction is uncertain (Burrows
et al 2004, Fialkow et al 2002). Nonetheless, being able
to accurately measure pelvic support and correlate those
measurements with function is serving to expand our
understanding of these complex relationships.

The POP-Q profile and staging system can be used
in an observational cross-sectional study design to esti-
mate the point prevalence of various levels of pelvic
organ support and to define risk factors for the develop-
ment of prolapse (Nygaard et al 2004). It can also be
used in longitudinal studies to follow the natural pro-
gression of POP over time or to assess the impact of
various putative inciting factors such as pregnancy
(O’Boyle et al 2003) and delivery (O’Boyle et al 2005).
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Motor learning
Kari Bg and Siv Mgrkved

ABILITY TO CONTRACT
THE PELVIC FLOOR MUSCLES

Before starting a training programme of the pelvic floor
muscles (PFM) one has to ensure that the patients/
clients are able to perform a correct PFM contraction. A
correct PFM contraction has two components: squeeze

around pelvic openings and inward (cranial) lift (Kegel
1952). Several research groups have shown that over
30% of women are not able to voluntarily contract the
PFM at their first consultation even after thorough indi-
vidual instruction (Benvenuti et al 1987, Bump et al
1991, Bo et al 1988, Kegel 1952). Common mistakes
when trying to perform a PFM contraction are listed in
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Table 6.1

Common errors in attempts to contract the pelvic floor muscles

Error Observation

Contraction of outer abdominal
muscles instead of the PFM

The person is curving the back, or starts the attempt to contract by 'hollowing'/tucking
the stomach inwards (note that a small ‘hollowing’ can be seen in a correct

contraction with the transverse abdominal muscle co-contracting)

Contraction of hip adductor
muscles instead of the PFM

A contraction of the muscles of the inner thigh can be seen

Contraction of gluteal muscles
instead of the PFM

The person is pressing the buttock together, lifting up from the bench

Stop breathing

The person closes her/ his mouth and holds the breath

Enhanced inhaling

The person takes a deep inspiration often accompanied by contraction of abdominal

muscles, and tries erroneously to ‘lift up' the pelvic floor by the inspiration

Straining

The person presses downwards. When undressed, the perineum can be seen pressing in

a caudal direction. If the person has pelvic organ prolapse, the prolapse may protrude

Table 6.1. Bo et al (1988) and Bg et al (1990a) found that
many women contracted other muscles in addition to
the PFM, and nine out of 52 were straining instead of
lifting. Bump et al (1991) found corresponding results
in an American population with as many as 25% of
women straining instead of squeezing and lifting. These
findings werelater supported by Thompson & O’Sullivan
(2003) in a population of Australian women.

There may be several explanations why a voluntary
PEM contraction is difficult to perform:

¢ the PFM have a invisible location inside the pelvis;

e neither men nor women have ever learned to con-
tract the PFM and most people would be unaware of
the automatic contractions of the muscles;

e the muscles are small and, from a neurophysiologial
point of view, therefore more difficult to contract
voluntarily;

e the common awareness of these pelvic and perineal
area of the body may be associated with voiding and
defecation, and straining at toilet is common.

Tries (1990) suggests that there may be a lack of
sensory feedback during PFM training in some women,
causing:

e problems with feedback from the correct muscles
because other muscles are used instead of the PFM;

e insufficient kinaesthetic feedback due to low-
intensity contractions in weak PFM;

e lack of or reduced sensation, which may limit the
sensory incentive that normally leads to a motor
response or reflex preventing leakage.

Motor re-learning depends on sensory feedback (Tries
1990). Following Gentile (1987) learning is in general
facilitated by the use of feedback, and the physical thera-
pist (PT) should give external feedback as ‘knowledge of
results’ (KR) as a part of the intervention. KR may com-
pensate for a loss of normal sources for internal feedback
in patients with central- or peripheral nerve injuries
(Winstein et al 1991). Although many women have
reduced innervations in the pelvic floor (e.g. after injury
related to pregnancy and delivery), the use of KR may be
useful in learning correct PFM contraction.

Our reason for attempting to isolate the PFM contrac-
tion from outer pelvic muscles when training the
muscles is not because we do not appreciate that all
muscles in the body act together and never work in
isolation. However, such simultaneous contractions of
outer and more commonly used larger muscle groups
outside the pelvis may mask the awareness and strength
of the PEM contraction. The person erroneously believes
he or she is performing a strong contraction, but the
PFM are not doing the job. Most importantly, to train
and build up a muscle or muscle groups’ strength and
volume it is mandatory to work specifically with the
targeted muscle.

More concerning than the contraction of outer pelvic
muscles simultaneously with PEM contraction, is strain-
ing. If patients are straining instead of performing a
correct contraction, the training may permanently
stretch, weaken and harm the contractile ability of the
PEM. In addition straining may stretch the connective
tissue of fasciae and ligaments, thereby potentially
increasing the risk of development of pelvic organ
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prolapse. Proper assessment of ability to contract the
PFM and feedback on performance is therefore manda-
tory before starting a training programme.

PRACTICAL TEACHING OF CORRECT
PFM CONTRACTION

The steps of learning a correct muscle contraction can
be separated into five levels.

1. Understand - the patient needs to understand where
the PFM are located and how they work (cognitive
function).

2. Search - the patient needs time to put this under-
standing into her or his body. Where is my pelvic
floor?

3. Find - the patient must find where the PFM are, but
often needs reassurance from the PT of the
location.

4. Learn — after having found the PFM, the patient
needs to learn how to perform a correct contraction
of the PEM. Feedback from the PT is mandatory.

5. Control — after having learned to contract, most sub-
jects still strive for a while to perform controlled and
coordinated contractions recruiting as many motor
units as possible during each contraction; most
people are unable to hold the contraction, perform
repetitive contractions or conduct contractions of
high velocity or strength.

Basically, four teaching tools can be used to facilitate
skill acquisition (Gentile 1972): the therapist can try to
verbally indicate key aspects of the task or performance,
supplementary visual input can be provided, direct
physical contact with the learner might be employed,
and the therapist can structure the environmental condi-
tions under which practice is to take place.

To facilitate correct PFM contractions the PT
can use different teaching tools

Verbal instructions should be based on knowledge of
the function of the PFM, namely to form a structural
support and to ensure a fast and strong contraction
during abrupt increase in abdominal pressure. One
example of a training command is ‘squeeze and lift".
To teach patients the PT might use drawings and
anatomical models of the pelvic floor to show the patient
where the muscles are located anatomically (Fig. 6.1).
We also recommend the PT to demonstrate a correct
PEM contraction in standing position, showing that
there should be no movement of the pelvis or thighs
visible from the outside. The patient can also palpate the

Use of anatomical models or illustrations to

Fig. 6.1
teach anatomy and physiology of the pelvic floor. Place the
anatomical model in front of the patient’s pelvis so she can
see the correct location of the organs as they are inside
her.

PT’s buttocks to feel the difference between gluteal
muscle contraction and the relaxed position these
muscles should hold during PFM contraction. Allow the
patient to ask questions and practice a few contractions
for herself.

One way to help patients understand the action of
the PFM is to use imagery such as describing the con-
traction as a lift starting with closure of the doors
(squeeze) and from there the elevator is moving upstairs
(lift). Another way is to explain the action as eating
spaghetti or the action of a vacuum cleaner. Many
patients may have general low body awareness and
sometimes it is necessary first to focus on the pelvic area
and make the patient move the pelvis in different direc-
tions by use of outer pelvic muscles (Fig. 6.2). When the
patient is familiar with the pelvic area, one can start to
focus on the internal pelvic muscles (the PFM).

One way of visualizing where the PFM are located
and how they work is to use a skeleton and place the
patient’s hand as if it was the pelvic floor inside the
pelvis. Then the PT presses the hand towards the ‘pelvic
floor” to make the patient understand the role of the
PFM as a structural support for all the pelvic organs and
how it should resist increases in abdominal pressure
(Fig. 6.3).

Direct physical contact may be used to enhance
sensory stimulation and proprioceptive facilitation. An
effective position to teach a correct PEM contraction
is having the patient sit on an armrest with legs in
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Fig. 6.2 First teach the patient where the pelvis is by practicing movements of the pelvis in anteroposterior direction (A)

and sideways (B).

abduction, feet on the floor, straight back and hip flexion.
In this position, the patient gets exteroceptive, and for
some maybe, proprioceptive stimulus on the perineum/
PEM. The patient is then instructed to squeeze and lift
away from the chair without rising up, and then relax
again (Fig. 6.4). After this instruction the patient is
allowed to go to the toilet to empty the bladder.
Observation and vaginal palpation then takes place.
Fig. 6.5 shows the relationship between the PT and
patient with vaginal palpation during attempts to
contract the PFM. Both PT and patient give verbal
feedback to each other during the contraction. In addi-
tion, proprioceptive facilitation may be used during
vaginal palpation to enhance contraction of the PFM.
The palpation (rectal for men) is also important to give
feedback of the strength of the contraction and to make
the patient understand that although he or she is con-

tracting correctly it is possible to work much harder.
Gentile (1987) claims that in general one of the most
important roles of the instructor is to keep the patient’s
motivation high because practice/training is a premise
for learning. A distinction must be made between feed-
back aiming at giving information about performance
or results, and verbal comments to motivate the patient
to adherence.

It can be explained to men that if they perform a
correct PFM contraction they feel and see a lift of the
scrotum. If appropriate, a mirror can be used for both
men and women to see the inward lifting movement.
However, some people feel uncomfortable observing
their genitalia, and the PT must show tact before sug-
gesting this method.

Another way of facilitating learning may be to struc-
ture the environmental conditions under which practice
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Fig. 6.3 Teaching of the location of the pelvic floor
muscles (PFM) as a structural support for the internal
organs and how it acts to resist downward movement and
increase in abdominal pressure by lifting upwards. The
physical therapist presses downwards and the patient holds
against the movement mirroring the work of the PFM.

is to take place. We emphasize a situation during PFM
training, both at home and training groups that allows
thorough concentration. One consequence of this is that
during group training classes we do not use music when
teaching the PFM contractions.

Although as many as 30% may not be able to conduct
a correct PFM contraction at the first consultation, we
have experienced that most women learn to contract if
they are given advice to practice on their own at home
for a week. It is important not to strain the patient at the
first consultation if she is not able to contract. Ask the
patient to exercise on an armrest at home and also ask
her or him to try to stop the dribble at the end of the

Fig. 6.4 The patient sits on an armrest with legs apart,
feet on the floor, flexed hips and straight back with the
perineum resting on the armrest. The instruction is to
squeeze around the pelvic openings and lift the skin away
from the armrest without rising up or putting any pressure
on the feet.

voiding. However, stopping the urine stream is not rec-
ommended in a training protocol, as it may disturb the
fine neurological balance between bladder and urethral
pressures during voiding. There should be no PFM
activity just before (opening of the urethra) and during
voiding. Stopping the dribble at the very end of the
voiding is therefore only recommended as a test of the
ability to contract, and many patients have reported that
they have learned to contract the PFM with this method.
Another way to improve the awareness of a correct PEM
contraction is to contract other circular muscles (e.g.
those surrounding the mouth; Liebergall-Wischnitzer
et al 2005). The recommendation of all the above men-
tioned methods to teach PFM contraction is based on
clinical experience only. No studies have been found
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Fig. 6.5 Vaginal palpation is mandatory to give immediate
feedback on correctness of the attempt to contract the
pelvic floor muscles.

evaluating or comparing the effect of the different teach-
ing methods.

If the patient is still unable to contract the PFM after
1 week of rehearsal on her own, the PT may try general
muscle facilitation techniques to stimulate awareness of
the PFM. Methods such as fast stretch of the PFM,
tapping on the perineum or muscles, pressure/massage
techniques or electrical stimulation can be tried out
(Brown 2001). However, no studies have yet been found
evaluating the effect of such techniques to increase
awareness of the PFM or ability to contract. These
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Strength training
Kari Bg and Arve Aschehoug

INTRODUCTION TO THE CONCEPT OF
STRENGTH TRAINING FOR PELVIC
FLOOR MUSCLES

The pelvic floor muscles (PFM) are regular skeletal
muscles and will therefore adapt to strength training in
the same way as other muscles (Fig. 6.6). The aim of a
strength training regimen is to change muscle morphol-
ogy by increasing the cross-sectional area, improve neu-
rological factors by increasing the number of activated
motor neurons and their frequency of excitation, and
improve muscle ‘tone” or stiffness (DiNubile 1991) (Fig.
6.7). Specific changes are dependent on the type of exer-
cise and the training programme used, but response to
a specific training programme also depends on genetics
and hereditary factors (Haskel 1994). However, when-
ever starting to activate any muscle in the body, physi-
ological changes will occur within the activated muscles.
Table 6.2 gives a list of some of the physiological adapta-
tions in the muscle fibre following regular strength
training.
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Connective tissue is abundant within and around all
skeletal muscles including the epimysium, perimysium,
and endomysium. These connective tissue sheaths
provide the tensile strength and viscoelastic properties
(‘stiffness”) of muscle and provide support for the
loading of muscle (Fleck & Kraemer 2004). There is evi-
dence that strength training can increase connective
tissue mass, and that intensity of training and load
bearing are major factors for effective training. The theo-
retical rationale for intensive strength training of the
PFM is that strength training may build up the struc-
tural support of the pelvis by elevating the levator plate
to a permanent higher location inside the pelvis and by
enhancing hypertrophy and stiffness of the PFM and
connective tissue. This would facilitate a more effective
co-contraction of the PFM and prevent descent during
increases in abdominal pressure. The pelvic floor can
be considered as a trampoline with its position inside
the pelvis. If the trampoline is stretched and sagging
down, it is difficult to jump. However, a firm trampoline
gives a quicker response and an effective ‘push’ upwards
(Fig. 6.8).
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Fig. 6.6 The pelvic floor muscles consist of two muscle
layers the pelvic diaphragm (cranial location) and the
urogenital diaphragm (caudal location, also named the
perineal muscles).

Fig 6.7 Regular strength training develops muscle
hypertrophy, and the same has been seen in the pelvic floor
muscles.

Table 6.2 Muscle fibre adaptation with resistance
training (From Kraemer & Fry 1995)

Variable Muscle's adaptational

response

Muscle fibre myofibrillar protein T

content

Capillary density ol
Mitochondrial volume density 4
Myoglobin L
Succinate dehdrogenase =
Malate dehydrogenase ol
Citrate synthase =
3-hydroxyacyl-CoA ol
dehydrogenase

Creatine phosphokinase T
Myokinase T
Phosphofructokinase ol
Lactate dehydrogenase =
Stored ATP T
Stored PC T
Stored glycogen T
Stored triglycerides T?

Myosin heavy chain composition  Slow to fast

ATP, adenosine triphosphate, PC, phosphocreatine.

As most individuals starting a PFM training (PFMT)
regimen would be untrained, some improvements
would probably occur regardless of the type of train-
ing programme applied (Kraemer & Ratamess 2004).
Because all PEMT studies have used different training
dosage and different outcome measures, it is not possi-
ble to compare effects and conclude which training pro-
gramme is the most effective. It may be considered
much easier to improve quality of life (QoL) compared
to reducing amount of urinary leakage or increasing
muscle hypertrophy. Both general and disease-specific
QoL parameters will most likely change because of
factors other than the actual training programme (e.g.
as a result of information that the condition can be
improved or cured, care, support, comfort and motiva-
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Fig. 6.8 With its location in the bottom of the pelvis the
pelvic muscles should act as a trampoline when abdominal
pressure is increased. A stiff trampoline gives a quick
response to load and pushes upwards.

tion). On the other hand, a change in morphological
muscle factors must be due to actual training. In addi-
tion, there is a huge difference between a report of
‘feeling better’ and measurement of cure on a pad test
with standardized bladder volume. We will argue that
proper training is needed to make a measurable change
in muscle morphology and cure symptoms of pelvic
floor dysfunction.

TERMINOLOGY AND DEFINITIONS

Muscle strength

Muscle strength is ‘the maximal amount of force or
torque a muscle or muscle group can generate in a spe-
cific movement pattern at a specific velocity of move-
ment” (Knuttgen & Kraemer 1987). To include different
muscle actions it has also been defined as the ‘maximum
force which can be exerted against an immovable object
(static/isometric strength), the heaviest weight which
can be lifted or lowered (concentric and eccentric
dynamic strength), or the maximum torque which
can be developed against a pre-set rate limiting device
(isokinetic strength)” (Frontera & Meredith 1989).

A repetition is one complete movement of an exer-
cise (e.g. one contraction of the PFM). It normally con-
sists of two phases: the concentric muscle action and the
eccentric muscle action (Fleck & Kraemer 2004).

A set is a group of repetitions performed continu-
ously without stopping or resting. Sets typically range
from 1 to 15 repetitions (Fleck & Kramer 2004).

Maximum voluntary contraction -
one repetition maximum (1RM)

Knuttgen & Kraemer (1987) described a maximal vol-
untary contraction as ‘a condition in which a person
attempts to recruit as many fibres in a muscle as possible
for the purpose of developing force’. They focus on the
importance of the word ‘voluntary” because inhibitory
mechanisms in the central nervous system (CNS) can
limit the recruitment of motor units, and the total
number of muscle fibres that will produce the force. An
important part of strength training is to diminish the
inhibitory mechanisms during maximal effort and allow
the person to come as close as possible to total recruit-
ment. The resistance at which the subject can perform
only one lift of a free weight and not be able to repeat
it is termed the one repetition maximum (1RM). The
mass of the free weight that limits the person to ten
repetitions would be termed 10RM (Knuttgen & Kraemer
1987). Performing voluntary maximal muscular actions
means that the muscles involved must contract against
as much resistance as its present fatigue level will allow.
This is often referred to as overloading the muscle.

Local muscle endurance

Local muscle endurance is usually defined as either
number of repetitions conduced, or duration of sustain-
ing a contraction. Number of repetitions is inversely
related to the percentage of 1RM, and varies with train-
ing status, sex and amount of muscle mass needed to
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perform the exercise (Hoeger et al 1990). Fatigue is a
necessary component of local muscle endurance train-
ing (Kraemer & Ratamess 2004), and increases in
maximum strength usually increase local muscle endur-
ance, while muscle endurance training does not improve
maximum strength. Training to increase muscle endur-
ance requires the performance of high number of repeti-
tions and minimizing recovery between sets.

Muscle power

Muscle power is the explosive aspect of strength, the
product of strength and speed of movement
(force x distance)/time (Wilmore & Costill 1999). Power
is the functional application of both strength and speed
(distance/time), and is the key component of most per-
formances. Knuttgen & Kraemer (1987) explain the
interrelationship between power and strength empha-
sizing that high power development means less than
maximal force and maximal force development means
low power. Maximum strength is the force developed
during contractions of slow-velocity or isometric con-
tractions, and power is developed during high-velocity
contractions.

The order in which motor units are recruited is rela-
tively constant and according to the size principle. This
means that in light movements using low force, the
smaller motor units (low-threshold) motor neurons
innervating slow twitch, type I, muscle fibres are always
recruited first. With increasing loads the muscle
demands more force and progressively higher threshold
motor units (type II muscle fibres) are recruited (Fleck
& Kraemer 2004). This also applies when the load is
constant, but the speed of contraction increases. At
higher shortening velocities submaximal forces can be
maximum or at least close to maximum (Astrand et al
2003).

Training to increase muscular power requires two
general loading strategies:

FAVATAW

Force
Force

1. moderate to high training loads are needed to recruit
high-threshold fast twitch motor units for strength,
but this implies moderate to slow velocity con-
tractions;

2. incorporation of light to moderate loads performed
at an explosive lifting velocity.

These two loading strategies were used in the PFMT
programme developed by Bg et al (1990). The patient is
asked to contract as close to maximum as possible, try
to hold the contraction and then to add 3—4 fast contrac-
tions on top of the holding period (Fig. 6.9)

DETERMINANTS OF MUSCLE STRENGTH

There are several determinants of muscle strength.

* Anatomy. There is an individual difference in joint
angle and lever arm in different muscles. The longer
the lever arm the more work the muscle can produce
(work = force x lever arm). The most optimal lever
arm is difficult to establish in the PFM. A sagging
pelvic floor may be more difficult to lift voluntarily,
and the expected automatic co-contraction during
increased abdominal pressure may be too slow to
stop excessive downward movement. Also total
number of muscle fibres within a muscle, the cross-
sectional area, the distribution of type I and type II
muscle fibres (especially in fast dynamic contrac-
tions), and the internal muscle architecture are deter-
minants of muscle strength (Astrand et al 2003). This
differs between individuals.

* Length—tension. There is an optimal length of
which muscle fibres generate maximal force. The
total amount of force generated depends on the
total number of myosin cross-bridges interacting
with active sites on the actin. If a sarcomere or a
muscle is stretched or shortened beyond the optimal

Force

Time

Time

Time

Fig. 6.9 Progression of pelvic floor muscle contraction. First the patient is instructed to contract as hard as possible.
Second stage is to hold the contraction, and third stage is to contract as hard as possible, hold the contraction and add 3-4
quick contractions on top of the holding period (third diagram). The latter is meant to recruit fast twitch fibers.
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length, less force can be developed (Fleck & Kraemer
2004).

* Force-velocity. As the velocity of a movement
increases, the maximal force a muscle can produce
concentrically decreases. Conversely, as the velocity
of movement increases, the force that a muscle can
develop eccentrically increases (Fleck and Kraemer
2004).

* Muscle volume. There is a highly significant positive
correlation between cross-sectional area and maxi-
mum strength, especially for experienced athletes
(Brechue & Abe 2002). The connection is less pro-
nounced if untrained and in complex exercises
because differences in technique can explain a bigger
part of the result (Carroll et al 2001).

e Neural control (motor unit recruitment and rate of
firing) is an important component of muscle strength
and a prerequisite for development of muscle hyper-
trophy (Fleck & Kraemer 2004).

* Metabolic component (the rate at which myosin
splits ATP) (Fleck & Kraemer 2004).

The two most important factors that can be influ-
enced by strength training are neural adaptations and
muscle volume (hypertrophy) (Fleck & Kraemer 2004).

Neural adaptations

Neural factors can be listed as neural drive (recruitment
and rate of firing) to the muscle, increased synchroniza-
tion of the motor units, increased activation of agonists,
decreased activation of antagonists, coordination of all
motor units and muscles involved in a movement, and
inhibition of the protective mechanisms of the muscle
(e.g. Golgi tendon organs) (Fleck & Kraemer 2004).
When a person attempts to produce a maximal contrac-
tion, all available motor units are activated. Force can
be increased by recruiting more motor units and an
increase in motor unit firing rate. It has been suggested
that untrained individuals are not able to voluntarily
recruit the highest threshold motor units or maximally
activate their muscles (Kraemer et al 1996).

An important part of training adaptation is therefore
developing the ability to recruit all motor units in a
specific exercise. This is especially important for PEMT
because so few People are aware of the PFM or have
ever tried to contract PFM voluntarily. Another impor-
tant neural adaptation to training is a reduction in
antagonist activation. For the PEM it is difficult to say
which muscles can be considered antagonists. However,
abdominal contraction without a PFM contraction may

be an antagonist contraction. An automatic co-contrac-
tion of the PFM to counteract any increase in abdominal
pressure or the increase from ground reaction force may
be considered a goal for training.

The initial quick gains in strength seen after strength
training seem to be due to neural adaptation (Sale 1988).
A 50% increase in muscle strength within only weeks of
training is common. This strength gain is much greater
than can be explained by muscle hypertrophy (Fleck &
Kraemer 2004). After approximately 8 weeks of regular
training, muscle hypertrophy becomes the predominant
factor in strength increase, especially in young men.
However, muscle hypertrophy also reaches a maximum
and plateaus. Then the participants again need to work
on neural factors to increase maximum force. Despite
minimal changes in muscle fibre size during long-term
training in competitive Olympic weightlifters, strength
and power increases have been described (Kraemer
et al 1996).

Greater loading is needed to increase maximal
strength as one progress from intermediate to advanced
levels of training and loads greater than 80-85% of 1IRM
are needed to produce further neural adaptations during
advanced resistance training (Kraemer & Ratamess
2004). This is important because maximizing strength,
power and hypertrophy may only be accomplished
when the maximal numbers of motor units are
recruited.

Some of the strength exercises are more difficult
to coordinate than others and put the nervous system
under greater demands. The potential for neural
adaptations to influence the result are therefore higher
during such exercises (Chilibeck et al 1998). The more
complex bench and leg press movements compared to
the not so coordinated difficult arm curl exercise may
delay hypertrophy in the trunk and legs (Chilibeck et al
1998).

According to Shield & Zhou (2004) there is in general
only a small room for improvement in fully activating
the muscles in healthy people. The amount differs
with type of contraction (isometric, dynamic), muscle
groups, injuries, degenerations and complexity of move-
ments. But there are still disagreements in the amount
of activation, and the effect of strength training.
Most studies imply a full activation of most muscles
is measured with early twitch interpolation techniques,
whereas newer more sensitive techniques reveal that
even healthy adults routinely fail to fully activate a
number of different muscles despite maximal effort
(Shield & Zhou 2004). Other factors that can only be
explained by neural factors are the cross-education
effect seen in unilateral training and the effect where
strength is increased after imagined contractions
(Astrand et al 2003).
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Hypertrophy

One of the most prominent adaptations to strength
training is muscle enlargement. The growth in muscle
size is primarily due to an increase in the size of the
individual muscle fibre (Fleck & Kraemer 2004). Accord-
ing to Fleck & Kraemer (2004), humans have a potential
to hyperplasia, but it does not happen on a large scale
and is far from the dominating cause of hypertrophy.
An increase in the number of muscle fibres has been
shown in birds and mammals, but there are limited data
to prove this in humans.

The increase in cross-sectional area is attributed to
increased size and number of the contractile proteins
(actin and myosin filaments) and the addition of sar-
comeres within existing muscle fibres. An increase in
non-contractile proteins has also been suggested.

Satellite cells and myonuclei may indicate cellular
repair after training and the formation of new muscle
cells, and the proportion of satellite cells that appear
morphologically active, increases as a result of resist-
ance training (Fleck & Kraemer 2004).

Muscle fibre hypertrophy has been found in both
typeIand type Il fibres after strength training. However,
most studies show greater hypertrophy in type II and
especially Ila fibres (Green et al 1999). Genetic factors
decide whether a person has predominantly type I or
type II muscle fibres, and though transitions from type
IIb (now named IIx) to type Ila have been found (Green
et al. 1999), such changes only seem to happen within
fibre type (e.g. not from type Il to type I; Fleck & Kraemer
2004). Cessation of training leads to transitions back
from Ila to IIb. But even if most studies fail to find
changes in the amount of type I fibres, some strength
and sprint studies do. Kadi & Thornell (1999) found that
there was a significant increase in the amount of MyHC
Ila protein and a significant decrease of the amount of
MyHC I and IIb in the trapezius muscle of women in
the strength group.

Different muscles have different distributions of fibre
types and the total number of muscle fibres varies
between individuals. Because the number and distribu-
tion of muscle fibres do not seem to be the dominant
factor for hypertrophy, and it is impossible to evaluate
the number and distribution of muscle fibres in an indi-
vidual without biopsies, types of muscle fibres should
be disregarded as a factor when prescribing PEMT. The
aim is to target as many motor units as possible in each
contraction.

Greater hypertrophy has been associated with high-
volume compared to low-volume programmes (Kraemer
& Ratamess 2004). Short rest intervals have also been
shown to be beneficial for hypertrophy and local muscle
endurance (Kraemer & Ratamess 2004). Some studies

suggest that a fatigue stimulus with metabolic stress
factors has an influence on optimal strength develop-
ment and muscle growth, even if the mechanisms are
unknown. Rooney et al (1994) found that 30s rest
between each lift gave a significant lower strength
increase than the same amount of repetitions and loads
with no rest between the lifts. Maximal hypertrophy
may be best attained by a combination of strength and
hypertrophy training. One study showed greater
increases in cross-sectional area and strength when
training was divided into two sessions a day rather than
one (Kraemer & Ratamess 2004).

With the initiation of a strength training regimen,
changes in the types of muscle proteins start to take
place within a couple of work-outs. This is caused by
increased protein synthesis, a decrease in protein deg-
radation, or a combination of both. Protein synthesis is
significantly elevated up to 48 hours after exercise (Fleck
& Kraemer 2004). However, to demonstrate significant
muscle fibre hypertrophy, a longer training time is
required (>8 weeks) (Fleck & Kraemer 2004). As studies
are demonstrating an elevated muscle protein synthesis
after an acute strength training bout (MacDougall et al
1995) the discrepancy seen between increased strength
and muscle growth early in a strength training regimen
may be more due to methodological problems in meas-
uring small changes in muscle cross-sectional area
rather than the traditionally assumed effect of neural
adaptation. Another contributing factor that can explain
why the role of neural adaptation may be overestimated
at the beginning of a strength training programme is an
increase of muscle fibre girth at the expense of extracel-
lular spaces (Astrand et al 2003). In most training studies
increase in muscle fibre cross-sectional area range from
about 20 to 40% (Fleck & Kraemer 2004). In an uncon-
trolled PFMT trial Bernstein (1996) found an increase in
levator ani thickness of 7.6% at rest and 9.3% during
contraction.

Is a voluntary PFM contraction a concentric or iso-
metric muscle action? MRI studies (Bo et al 2001) have
shown that there is a movement of the coccyx during
PFM contraction. Hence, the contraction is concentric.
However, this movement is small and there therefore
must be an isometric component of PFMT. It has been
suggested that 6s is necessary to reach maximum
contraction. However, holding times between 3 and 10 s
are recommended for isometric contractions (Fleck &
Kraemer 2004). Daily isometric training is superior to
less frequent training, but three training sessions per
week will bring significant increases in maximal
strength. Isometric training alone with no external
weights has been shown to increase protein synthesis
49% and muscular hypertrophy of both type I and type
II muscle fibres. Twelve weeks of training increased
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knee extensor cross-sectional area 8% and muscle iso-
metric strength 41% (Fleck & Kraemer 2004). PEM action
is eccentric during increases in abdominal pressure.

DOSE-RESPONSE ISSUES

Dose-response issues deal with how much (or how
little) exercise is needed to make a measurable training
response (Bouchard 2001, Bouchard et al 1994). The
dosage can be divided into mode of exercise, frequency,
intensity, volume and duration of training. A training
response is a progressive change in function or structure
that results from performing repeated bouts of exercise,
and is usually considered to be independent of a single
bout of exercise. However, there is increasing evidence
that one bout of exercise can give acute biological
responses (Bouchard et al 1994).

Mode of exercise

groups). There is only one way to conduct a PEM con-
traction (squeeze around the pelvic openings and a lift
inwards/forwards). However, the exercises can be con-
ducted in different positions and they can be performed
as isometric, concentric and eccentric contractions
(Fig. 6.10).

Frequency

Frequency of exercise is usually defined as number of
training sessions per week in which a certain muscle
group is being trained or a particular exercise performed
(Fleck & Kraemer 2004). Training with heavy loads
increases the recovery time needed before subsequent
sessions. Most resistance training studies have used fre-
quencies of 2-3 alternating days per week in previously
untrained individuals. Power lifters typically train 4-6
days per week (Kraemer & Ratamess 2004).

Intensity

Mode of exercise refers to type of training (e.g. strength
training, flexibility training, cardiovascular training,
and all types of specific exercises for different muscle

Intensity of strength training is defined as the percent-
age of maximum (e.g. any given percentage of maximum
or different RM resistances for the exercise; Fleck &

Fig. 6.10 Different positions can be used to vary pelvic floor muscle training.
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Kraemer 2004). Intensity is by far the most important
factor for effective and quick response to a strength
training programme (American College of Sports Medi-
cine 1998). The minimal intensity that has been shown
to increase strength in young healthy individuals is 60—
65% of 1IRM. However, 50-60% of 1RM has been shown
to increase strength in special populations (e.g. older
women). Performing many repetitions with very light
resistance will result in no or minimal strength gain.
This is quite contradictory to the recommendations
given by Kegel (1956). Although he emphasized to train
against resistance, he advised to perform at least 500
contractions per day, and this has been the dominating
recommendations for PFMT since then. Today, it is,
however, important to use modern evidence-based
training principles to gain the best effect. Fewer contrac-
tions take less time and may be much more motivating.
Hence exercise adherence may increase.

Duration

The duration of the training period (e.g. whether it is 3
weeks or 6 months) influences the results. According to
the American College of Sports Medicine (1998) it is
reasonable to believe that short-term exercise studies
conducted over a few weeks have certain limitations.
Several studies have shown that increasing the duration
of the exercise period adds substantial improvement in
muscle strength.

In a randomized controlled trial (RCT) of PFM
strength training to treat female stress urinary inconti-
nence (SUI), Bo et al (1990) demonstrated an increasing
PEM strength in the intensive training group through-
out the 6-month training period (Fig. 6.11). Short train-
ing periods may therefore not elicit the true effect of
exercises. The American College of Sports Medicine
(1998) recommends that to evaluate the efficacy of
various intensities, frequencies and durations of exer-
cise on fitness variables, a 15-20-week duration is an
adequate minimum standard.

Training volume is a measure of the total amount of
work (joules) performed in a training session, in a week
of training, in a month of training or in some other
period of time (Fleck & Kraemer 2004). The simplest
method to estimate training volume is to summate the
number of repetitions performed in a specific time
period or the total amount of weight lifted. More
precisely it can be determined by calculating the work
performed (e.g. total work in a repetition is the resist-
ance multiplied by the vertical distance a weight is
lifted).

Periodization is the planned variation in the training
volume and intensity (Fleck & Kraemer 2004). Variation
is extremely important for continued gains in strength
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Fig. 6.11 Strength development during 6 months of two

different training regimens for the pelvic floor muscles.
There is 100% increase in muscle strength during the first
month of exercise. After this first initial increase in strength,
the group participating in supervised strenuous strength
training in a class, further develops muscle strength while
the other group exercising at home have no further
improvement.

and other training outcomes. For improvements to
occur, the programme used should be systematically
altered so that the body is forced to adapt to changing
stimuli. Variation can be achieved by altering muscle
actions (isometric, concentric, eccentric), positions, rep-
etitions, load, resting periods and types of exercises.

Adherence

Adherence (in medical literature often termed compli-
ance) is the extent to which the individual follows the
exercise prescription. Adherence is the most important
factor influencing outcome and should be reported in
all exercise programmes. For theories of adherence and
strategies to increase adherence, see Chapter 7.

HOW TO INCREASE MUSCLE STRENGTH
AND UNDERLYING COMPONENTS

Four main principles are important in achieving
measurable effects of strength training and underlying
components: specificity, overload, progression and
maintenance.

Specificity

The effect of exercise training is specific to the area of
the body being trained (American College of Sports
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Medicine 1998, Fleck & Kraemer 2004). Strength training
of the arms may therefore have little or no influence on
the legs and vice versa. This principle is extremely
important when it comes to the PFM. There have been
some suggestions that regular physical activity may
enhance PFM strength (Bo 2004). However, the prere-
quisite for this is that the load put on the pelvic floor by
the increased abdominal pressure or ground reaction
force is counteracted by an adequate response from the
PEM. Obviously in women with pelvic floor dysfunc-
tion the PFM are not co-contracting in adequate time or
with enough strength to counteract the increased load.
In such cases the PFM are not trained but overloaded
and stretched. There therefore needs to be a balance
between the degree of loading and the counteraction of the
PFM. A gymnast may have adequate response from the
PEM during coughing and light activities. However,
landing from a summersault on the bar may be too
much load and risk urinary leakage. A small increase in
abdominal pressure may therefore be an adequate stim-
ulus for a co-contraction and thereby a ‘training effect’,
while a huge increase may cause PFM descent and
stretch and weaken the PFM.

Although studies have shown that there are co-
contractions of the PFM with hip adductor, gluteal
and different abdominal muscle contractions in healthy
subjects (Bo & Stien 1994, Neumann & Gill 2002, Saps-
ford & Hodges 2001) such contractions may not occur
in persons with PFM dysfunction and may be weaker
than a specific PEM contraction. One should therefore
focus on specific PFMT. In addition, Graves et al (1988)
have shown that resistance training should be con-
ducted through a full range of motion for maximum
benefit.

Overload

Muscular strength and endurance are developed by the
progressive overload principle (e.g. by increasing more
than normal the resistance to movement or frequency
and duration of activity; American College of Sports
Medicine 1998). Muscular strength is best developed by
using heavier weights /resistance (thatrequire maximum
or near maximum tension development) with few rep-
etitions, and muscular endurance is best developed by
using lighter weights with a great number of repetitions
(American College of Sports Medicine 1998). There are
several ways to overload a muscle or muscle group:

add weight or resistance;

sustain the contraction;

shorten resting periods between contractions;
increase speed of the contraction;

* increase number of repetitions;

* increase frequency and duration of work-outs;

e decrease recovery time between work-outs;

e alternate form of exercise;

e alternate range to which a muscle is being worked.

The PT can manipulate all the above-listed factors
when training the PFM. However, certain important
factors are difficult to apply for PEMT (e.g. to add
weight and resistance). Plevnik (1985) invented vaginal-
weighted cones to make a progression of overload to the
PFM (Fig. 12). Vaginal cones come in different shapes
and weights and are placed above the levator muscle.
The patient is asked to start with a weight that she can
hold for 1 minute in standing position. The actual train-
ing is to try to stay in an upright position with the cone
in place for 20 minutes. When the woman is able to walk
around with a weight in place for 20 minutes, a heavier
weight should replace the one used to make progression
in workload. Although correct from a theoretical exer-
cise science point of view this method can be questioned
from a practical point of view. In addition, holding a
contraction for a long time may decrease blood supply,
cause pain and reduce oxygen consumption (Bo 1995).
Many women report that they are unable to hold the
cones in place and adherence may be low (Bo et al 1999,
Cammu & Van Nylen 1998).

Any magnitude of overload will result in strength
development, but heavier resistance loads to maximal
or near maximal will elicit a significantly greater train-
ing effect (American College of Sports Medicine 1998).
Heavy resistance training may cause an acute increase
in systolic and diastolic blood pressure, especially when
a Valsalva manoeuvre is evoked (American College of
Sports Medicine 1998). This is of importance for PEMT

Fig. 6.12 Vaginal weighted cones come in different
shapes and with different weights to make progression to
pelvic floor muscle training. They were developed by Plevnik
in 1985.
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because many women tend to erroneously perform a
Valsalva manoeuvre when attempting to perform a
PFM contraction. As far as we know, there have been
no studies so far examining blood pressure during
PEMT. However, some women report slight headache,
dizziness and discomfort during their first PEMT ses-
sions, and this may be due to an increase in blood pres-
sure or inadequate breathing. Normal breathing during
attempts of maximum contractions to contract is almost
impossible. Therefore, an emphasis on normal breath-
ing between each contraction is important.

Eccentric (lengthening) exercises are effective in
increasing muscle strength (Fleck & Kraemer 2004).
However, the potential for skeletal muscle soreness and
muscle injury is increased when compared to concentric
(shortening) or isometric contractions, particularly in
untrained individuals (American College of Sports
Medicine 1998, Fleck & Kraemer 2004). Eccentric con-
tractions are also more difficult to perform (require
more motor skill and muscle awareness) than concentric
or isometric contractions, and are therefore not recom-
mended at the beginning of a PFMT programme.

Progression

The three principles of progression are overload, varia-
tion and specificity.

Progressive overload is defined as ‘continually
increasing the stress placed on the muscle as it becomes
capable of producing greater force or has more endur-
ance’” (Fleck & Kraemer 2004, p. 7). One of the first
reports of progression in strength training is from ancient
Greece where Milo, an Olympic ‘wrestler” lifted a calf
each day until it reached full growth (DiNibule 1991).

The American College of Sport Medicine (2002) rec-
ommends that both concentric and eccentric muscle
actions are used in strength training programmes. For
initial training it is recommended that loads correspond-
ing to 8-12 repetitions maximum are used for novice
training. For intermediate to advanced training the rec-
ommendation is to use a wider range, from 1-12RM in
a periodized fashion, with eventually an emphasis on
heavy loading (1-6RM) with rest periods of at least 3
minutes between sets, and with a moderate contraction
velocity. Higher volume is recommended for maximiz-
ing hypertrophy.

In practice, the principle of progressive overload is
the most difficult factor to overcome in PEMT. It is dif-
ficult to put weight on the pelvic floor, and therefore
other methods needs to be used. In most cases the PT
has tried to encourage the woman to contract the PFM
as close to maximum as possible. This can be done
simultaneously with vaginal palpation (feedback) and
with any measurement tool in situ (biofeedback). Using

biofeedback to reach a maximum contraction can be
important from an exercise science point of view. Strong
verbal encouragement and motivation seem to be very
important in reaching maximum effort. However, the
PT should always ensure that the patient is performing
a correct contraction and not involving other muscles or
increasing abdominal pressure too much. Leaving a
patient to train alone is likely to result in loss of the
overload and progression because only a few individu-
als can motivate themselves for maximal efforts. Follow-
up, either individual training with the PT or in a class,
seems to be a prerequisite for effective training.

Bo et al (1990) have developed a method for progres-
sion in PEMT (see Fig. 6.9). First the patient learns to
contract as hard as possible with no holding period,
then the patient is encouraged to hold as long as possi-
ble, and the third step is to add 34 fast contractions on
top of the sustained contraction. After this has been
accomplished the PT encourages the patient to contract
as hard as possible in each contraction.

One way to produce progression is to ask the patient
to contract against progressively increasingly gravity
going from a lying to a standing position (Fig. 6.13).
Clinical experience has shown that most women find
that PFM contractions are more difficult to conduct in
the squatting position (Fig. 6.14). However, it is impor-
tant that the patients choose a position in which they are
able to perceive the contraction, and also choose a posi-
tion in which they feel a certain difficulty when training.
In this way they stimulate the CNS and hopefully recruit
an increasing number of motor units. In a group training
setting the different positions are also used for variation
in the training programme (Bo et al 1990, 1999). So far,
there are no studies comparing the effect of different
positions on the development of PEM strength.

Another method to increase progression of the con-
traction is to use vaginal or rectal devices and ask the
patient to hold back when the PT or the patient him or
herself withdraws the device. This method implies
eccentric muscle contraction and may be a very effective
method to increase strength. However, no studies have
evaluated a possible effect of such a programme,
and one should be aware of the increased risk of injuries
and development of muscle soreness in untrained
individuals.

There is a need for more research evaluating different
ways of adding progressive overload to PEMT.

Initial training status plays an important role in the
rate of progression during strength training. Trained
individuals have shown much slower rates of improve-
ment than untrained individuals. Kraemer & Ratamess
(2004) report that a literature review showed that
muscular strength increased approximately 40%
in ‘untrained’, 20% in ‘moderately’ trained, 16% in
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Fig. 6.13

In the standing position the pelvic floor muscles
must contract against gravity and is more difficult than in
a supine or prone position.

‘trained’, 10% in advanced and 2% in “elite’ over periods
of 4 weeks to 2 years. The only study looking at the
development of PFM strength (see Fig. 6.11) showed a
100% increase after 1 month of exercise. This may be
explained by the PFM being totally untrained, and
shows a huge potential for improvement. In a meta-
analysis Rea et al (2003) confirmed statistically greater
effect sizes in untrained compared to resistance-trained
individuals with respect to training intensity, frequency
and volume on progression. As the person approaches
his or her genetic ceiling, small changes in strength
require large amounts of training time.

Maintenance

Maintenance training is work to maintain the current
level of muscular fitness. Cessation of exercise training
is often termed ‘detraining’. Fleck & Kraemer (2004)

Fig. 6.14 Squatting position is reported to be a difficult
position for contracting the pelvic floor muscles and can
therefore be used as a progression in loading.

described detraining as ‘a deconditioning process that
affects performance because of diminished physiologi-
cal capacity’. Detraining from a muscle strengthening
programme will reduce muscle girth, muscle fibre size,
short-term endurance and strength/power, whereas
capillary density, fat percentage, aerobic enzymes and
mitochondrial density will increase (Fleck & Kraemer
2004). However, following a shorter period of detrain-
ing most individuals would still have higher values for
these variables than untrained subjects, and physiologi-
cal functions return quickly with retraining after the
detraining period. Strength may be maintained for up
to 2 weeks of detraining in power athletes and in recrea-
tionally trained individuals strength loss has been
shown to take as long as 6 weeks. However, eccentric
force and power seem to be more sensitive to detraining
effects over a few weeks (Fleck & Kraemer 2004).



130

PELVIC FLOOR AND EXERCISE SCIENCE

In general, strength gains decline at a slower rate
than strength increases due to training. There are few
studies, however, investigating the minimal level of
exercise necessary to maintain the training effect. A 5-
10% loss of muscle strength per week has been shown
after training cessation (Fleck & Kraemer 2004). Greater
losses has been shown in the elderly (65-75-year-olds)
compared to younger people (20-30-year-olds), and for
both groups most strength loss was from week 12-31
after cessation of training.

The rate of strength loss may depend on the duration
of the training period before detraining, type of strength
test used and the specific muscle groups examined.
Graves et al (1988) showed that when strength training
was reduced from 3 or 2 days a week to at least 1 day a
week, strength was maintained for 12 weeks of reduced
training. Reducing training frequency therefore does not
seem to adversely affect muscular strength as long as
intensity is maintained (Fleck & Kraemer 2004). In one
study, 24 weeks of heavy resistance training three times
a week increased vertical jump ability 13%. Twelve
weeks of detraining decreased the ability, but it was still
2% above the pretraining value (Fleck & Kraemer 2004).
It is suggested that the ability to perform complex skills
involving strength components may be lost if not
included in the training programme (Fleck & Kraemer
2004). Electromyography (EMG) studies have shown a
change in motor unit firing rate and motor unit synchro-
nization, and that this may cause the initial strength loss
in the detraining period. Type II fibres may atrophy to a
greater extent than type I fibres during short detraining
periods in both men and women (Fleck & Kraemer
2004).

Fleck & Kraemer (2004) concluded that research has
not yet indicated the exact resistance, volume, and fre-
quency of strength training or the type of programme
needed to maintain the training gains. However, studies
indicate that to maintain strength gains or slow strength
loss the intensity should be maintained, but the volume
and frequency of training can be reduced: 1-2 days a
week seems to be an effective maintenance frequency
for those individuals already engaged in a resistance
training programme (Kraemer & Ratamess 2004)

Only one follow-up study measuring PFM strength
after cessation of PEMT has been found. Bg & Talseth
(1996) showed that there was no reduction in PFM
muscle strength in the intensive training group 5 years
after cessation of a RCT: 70% of the women in this group
reported strength training of the PFM at least once a
week.

RECOMMENDATION FOR EFFECTIVE
TRAINING DOSAGE FOR PELVIC FLOOR
MUSCLE TRAINING

The American College of Sport Medicine has given the
following recommendations for general strength train-
ing for adults (American College of Sports Medicine
1998):

° target specific muscles;

e perform 8-12 slow-velocity, close-to-maximum con-
tractions (even fewer repetitions better to optimize
strength and power);

o perform three sets per day;

Table 6.3 Recommendations for progression of training for strength, power and hypertrophy in novice

participants. (From Kraemer & Ratamess 2004)

Strength

Power

Hypertrophy

Muscle action Eccentric and concentric

Eccentric and concentric

Eccentric and concentric

Exercise selection Single and multiple-joint

Multiple-joint

Single and multiple-joint

Exercise order High before low intensity

High before low intensity

High before low intensity

Loading 60-70% 1RM 60-70% for strength 60-70% 1RM
30-60% for velocity/technique
Volume 1-3 X 8-12 repetitions 1-3 X 8-12 repetitions 1-3 sets x 8-12 repetitions

Rest intervals 1-2 min

2-3 min for core

1-2 min

1-2 min for others

Velocity Slow to moderate

Moderate

Slow to moderate

Frequency 2-3 days per week

2-3 days per week

2-3 days per week
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* exercises should be conducted 2-3 (4) days a week;
* exercise for more than 5 months of training to show
effect.

Table 6.3 shows more specific recommendations for
strength training regimens to effectively improve muscle
strength, power and hypertrophy (Kraemer & Ratamess
2004). Developing from untrained to intermediate and
advanced, the progression is to get closer to maximum
contraction and to add more training days per week.

CLINICAL RECOMMENDATIONS

* Make sure the patient is able to perform a correct
contraction.
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INTRODUCTION

Non-compliance or non-adherence is an important
problem of health care interventions and therapy. Many
people have difficulties following given health care
advice. There is no generally agreed definition of com-
pliance or adherence, and over the past 25 years, several
alternative terms have been proposed. Adherence is
defined as ‘the extent to which patients follow the
instructions they are given for prescribed treatments’.
The term adherence is intended to be non-judgmental,
a statement of fact rather than of blame of the patient,
prescriber, or treatment (Haynes et al 2002). We have
chosen to use this term here on the understanding that
it can include the spirit of patient participation and
autonomy. Adherence behaviour is often not a matter
of all or nothing, but has to be regarded as a continuum
and patients may have many reasons why they adhere
completely, partly or not at all. According to the Inter-
national Classification of Functioning, Disability and
Health (ICF), the goal of physical therapy is to improve
functions and health and reduce disabilities (www.cdc.
gov/nchs). This requires adherence, and consequently
behavioural change and active patient participation
(Sluijs et al 1993, Steiner & Earnest 2000).

One of the greatest challenges for physical therapists
is how to effectively promote adherence behaviour and
prevent drop out, with techniques that can easily be
implemented in physical therapy and physiotherapeu-
tic pelvic floor muscle training (PFMT) in particular.
This chapter provides insight into:

e rationale for a relationship between adherence to and
effectiveness of PFMT;
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e determinants of adherence to PFMT;

e theories that relate to behavioural change, adherence
and drop out;

* ahealth education programme to promote adherence
and prevent drop out;

e evidence-based research on the promotion of adher-
ence to PFMT;

¢ clinical recommendations on how to promote adher-
ence and prevent drop out in PFMT.

RATIONALE FOR A RELATION BETWEEN
ADHERENCE TO AND EFFECTIVENESS OF
PELVIC FLOOR MUSCLE TRAINING

Physiotherapeutic PFMT is recommended for women
with stress, urge or mixed urinary incontinence. PEMT
is targeted to improve the strength, coordination, endur-
ance and number of repetitions of the PFM aiming to
improve and cure urinary incontinence. Increased
awareness is expected to motivate patients to perform
exercise behaviours to reduce disabilities and restore
functions and health (Berghmans et al 1998b, Versprille-
Fischer 1995).

Three systematic reviews (Berghmans et al 1998a,
Berghmans et al 2000, Hay-Smith et al 2001) revealed
that there is evidence that PFMT is effective for women
with either stress or mixed urinary incontinence, and
that favourable results for urge incontinence could be
expected. Short-term effect rates (cured or improved by
>50%) may exceed 70% of participants, while long-term
effect rates may reach adequate improvement in
50% when adherence is maintained (Mouritsen 1994,
Mouritsen & Schietz 2000).

Three studies on long-term effects found that adher-
ence was a significant predictor, both during the period
of therapy and thereafter (Bo & Talseth 1996, Chen et al
1999, Lagro-Janssen & Van Weel 1998). In general, the
best results and most adequate adherence behaviour
were found in women who had intensive training pro-
grammes guided by motivated physical therapists as
compared to women who were instructed for a short
time and then left to train alone (Bo et al 1990, Cammu
& Van Nylen 1994, Wall & Davidson 1992, Wyman et al
1998). The effectiveness of PFMT therefore seems
dependent on the intensity of the training programme
and on adherence to all behavioural aspects of the
treatment.

The observations concerning the possible link
between adherence and therapy outcome, as well as the
need for systematic and planned health education as
an adherence-promoting strategy, led to the study of
Alewijnse (2002). The study contained a longitudinal
randomized controlled trial (RCT) on the effectiveness

of PFMT supplemented with a theory-driven health
education programme to promote long-term adherence
to PFMT. It was hypothesized that better adherence
behaviour was related to better therapy outcomes.
The study revealed relevant predictors of long-term
adherence to PFMT and suggested several clinical
recommendations.

In this chapter, this study serves as an illustration
on how to analyse determinants of adherence, how to
apply theories to promote adherence and prevent drop
out in educational interventions, and how to evaluate
the effect of such interventions.

DETERMINANTS OF ADHERENCE TO
PELVIC FLOOR MUSCLE TRAINING

In a needs assessment to prepare for the development
of the PEMT programme with health education inter-
vention, an extensive literature study was conducted
and interviews were held with the target population —
women with urinary incontinence and physical thera-
pists specialized in PFMT - to provide information
about determinants of adherence to PFMT (Alewijnse et
al 2002a). Three important findings are illustrated
here.

First, the promotion of adherence behaviour is con-
sidered to be an integral part of patient education in
PFMT. However, patient education in physical therapy,
and especially the part of encouraging adherence behav-
iour, lacks a systematic and theoretically funded behav-
ioural approach (Knibbe & Wams 1994, Sluijs et al 1993).
Such an approach is expected to enhance the effective-
ness of education (Green & Kreuter 1991, 2004).

Second, there is a difference between short-term
supervised adherence, which is the adherence during
the period of therapy sessions, and long-term non-
supervised adherence, which is the adherence during
the period after the therapy sessions have ended and
the patient has to train alone. Physical therapists esti-
mate that 64% of patients adhere to exercise regimens
and health advice in the short term, but that only 23%
do so in the long term (Sluijs & Knibbe 1991). Findings
indicate that there is room for improvement (Alewijnse
et al 2003a).

Third, it was found that short- and long-term adher-
ence were partly related to different determinants (Box
7.1) (Johnson et al 2000, Knibbe & Wams 1994, Kok &
Bouter 1990, Sluijs & Knibbe 1991, Sluijs et al 1993).

Furthermore, targeting health education was also
identified as an important determinant of adherence
behaviour (Kreuter et al 2000, Sluijs & Knibbe, 1991).
This involves tuning the health education messages to
the characteristics of the target group involved, so that
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Box 7.1: Short- and long-term determinants of
adherence to physical therapy

SHORT-TERM DETERMINANTS
e Barriers
— forgetting to exercise
— difficulty with integrating exercise advice in
daily life
— lack of time
— lack of motivation
e Feelings of competence
o Self-efficacy expectations
e Attitude towards adherence behaviour
e Feedback
e Perception of symptoms

LONG-TERM DETERMINANTS

e Social norms

e Motivation to comply as a result of perceived
social norms

o Self-efficacy expectations

e Attitude towards outcome expectations

e Patient's representation of illness and concurrent
emotions and self-care strategies (i.e. drinking
less, frequent voiding)

information closely links up with adherence determi-
nants such as the perceptions, values and expectations
of the target group.

In summary, health education to promote adherence
behaviour needs a systematic and theory-driven
approach. Educational messages should focus on deter-
minants of both short- and long-term adherence and
the information should be targeted at the group of
interest.

Theoretical framework for determinants

To categorize and conceptualize variables found impor-
tant in determining adherence behaviour in a theoretical
framework, a social cognition model called the Attitude
Social influence self-Efficacy (ASE) model can be used
(De Vries et al 1988). According to this model, behav-
ioural change is best predicted by someone’s intention
to perform that behaviour. The model assumes that
behavioural intention is determined by three types of
cognitive proximal factors: attitudes, social influences
and self-efficacy expectations. Distal variables such as
sociodemographic, psychosocial and medical variables
are expected to influence behavioural intention through
the proximal variables. Barriers and skills play a role
when actual behaviour is performed, and this perform-

ance leads to a feedback process that influences the
three proximal variables (De Vries & Mudde 1998,
Lechner 1998).

According to the ASE model, the key to changing
adherence to PFMT is to analyse determinants of the
intention to adhere. Knowing what determinants influ-
ence this particular intention could help physical thera-
pists to motivate patients to adhere to PEMT. Fig. 7.1
shows how the ASE model is applied (Alewijnse et al
2001) and what determinants have been taken into
account in the health education programme (Alewijnse
et al 2002a).

The needs assessment revealed several proximal
determinants: positive and negative outcome expecta-
tions, perceived social norms, modelling, social support,
and self-efficacy expectations towards adherence to
PFMT. Distal determinants were lay beliefs about incon-
tinence, self-care strategies, illness representation, cul-
tural norms and values, risk perception, prognosis, and
perceived severity of symptoms. Barriers were lack of
discipline, time and energy, forgetting, stressful situa-
tions, (negative) associations with sex, perceiving the
pelvic floor as an unconscious body area, difficulties
with integrating exercises in daily life, fluctuations in
effectiveness, and muscle pain (bladder).

Two types of feedback played a role as well. In terms
of internal feedback, progress, symptom distress or
impact, self-esteem and body esteem were important for
adherence behaviour, while oral feedback, guidance
and reinforcement from the therapist and important
others seemed external feedback determinants. Two
aspects influenced many of the above determinants:
knowledge and sex-specific aspects such as perception
of the pelvic floor, socialization and gender role
(Ashworth & Hagan 1993, Bo et al 1990, Be 1995b,
Burns et al 1993, Cammu et al 1991, Cammu & van
Nylen 1994, Castleden et al 1984, Cramer 1995, Dough-
erty et al 1993, Gallo & Staskin 1997, Hahn et al 1993,
Janetzky 1993, Knibbe & Wams 1994, Kok & Bouter
1990, Lagro-Janssen et al 1994, 1995, Lagro-Janssen &
Van Weel 1998, Mantle & Versi 1991, Mouritsen et al
1991, Nygaard et al 1990, 1996, O'Dowd 1993, Sluijs &
Knibbe 1991, Sluijs et al 1993, Wall & Davidson 1992,
Wilson et al 1987, Wyman et al 1998).

THEORIES THAT RELATE TO
BEHAVIOURAL CHANGE AND ADHERENCE

The ASE model explains behaviour. Other theories pro-
vide insight in how to change behaviour. Promotion of
adherence to PFMT for urinary incontinence involves
stimulating a behavioural change process in terms of
integrating new behaviours in daily life and refraining
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The Attitude Social influence self-Efficacy (ASE) model of behavioural determinants. The dotted line between distal

variables and intention indicates a possible direct influence of distal variables on intention.

from behaviours that negatively affect incontinence
symptoms. Previous studies have emphasized the
importance of positive motivation (Cammu et al 1991,
Kok & Bouter 1990, Lagro-Janssen & Van Weel 1998,
Mantle & Versie 1991, Sluijs & Knibbe 1991).

The transtheoretical model (TTM) explains behav-
ioural change processes in terms of five motivational
stages (pre-contemplation, contemplation, preparation,
action and maintenance, Box 7.2) and is appropriate to
many health behaviours (Prochaska et al 1992, 1994),
including adherence (Willey et al 2000). The TTM
emphasizes the dimension of time in behavioural change
and provides options to influence behaviour. Each moti-
vational stage is characterized by several behavioural
determinants. This means that every stage needs spe-
cific methods and strategies to help patients move from
one stage to the next.

The following processes are considered key in
moving patients from precontemplation to contempla-
tion: consciousness raising, dramatic relief, environ-
mental re-evaluation, self-evaluation and decisional
balance.

Consciousness raising indicates that a patient
acquires information about the negative aspects of his
or her current behaviour (frequent voiding), and the
relationship between the advised behaviour and the
health problem. Furthermore, patients often become
motivated when they realize that their emotions are
either aroused (dramatic relief) by internal stimuli (not
being able to hold urine) or by external stimuli (smelling

Box 7.2: Stages of behavioural change in the
transtheoretical model

e Pre-contemplation - people do not intend to
change certain behaviours or adopt new behaviours

e Contemplation - people are considering a change

e Preparation - people make active plans to change

e Action - people have changed, but their behaviour
has not yet become a routine

e Maintenance - people have integrated the altered
behaviour in their lives and are trying to sustain it

other people, and relate this to the fear of being smelled).
Talking about embarrassing moments or fear of embar-
rassment might help to proceed to a more action-
oriented stage. Urinary incontinence might have an
effect on the environment as well. Many patients
avoid going out for instance. As a consequence the
rest of the family gets isolated as well (environmental
re-evaluation). Realization that urinary incontinence
negatively affects themselves and others can heighten a
patient’s motivation to get into action. And finally,
weighing up positive and negative outcomes of the
advised behaviour (decisional balance) might help
patients understand the gains and losses and help
them to assign importance to the pros and cons of
changing or remaining the way they are. In this context
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personal values can be discussed (self re-evaluation).
For example, how current behaviour and the health
problem conflicts with personal values and life goals,
such as being independent or the duty to take good care
of one’s body.

In the attempt to move people from contemplation
to preparation the same processes are relevant. Patients
start to think seriously about solving their problem.
They might want to receive information about treatment
options and wonder about their ability to do exercises
(self-efficacy expectations). When changing from prepa-
ration into action people need a plan to proceed. Confi-
dence in their ability to adhere to the advice remains
important in this stage, as well as stimulus control
(being cued to perform the advised behaviour) and
counterconditioning (altering response to cues that
might hinder performance), for example deliberately
taking time to do exercises in a stressful situation.

When changing into action, support from others such
as a physical therapist, becomes important. Urinary
incontinence is often not openly discussed, which might
result in patients feeling alone in this respect. Realizing
that a support system is available might be important in
this stage. In the process from action to maintenance
similar key processes can be identified as in the previous
transition.

The literature shows that sustaining behaviour is diffi-
cult (Haynes et al 2002). The client has to consolidate the
change attained and struggles to prevent relapse. Besides
previously mentioned processes, reinforcement manage-
ment might be important. Of course the most rewarding
success is a decrease of symptoms. Nevertheless patients
should learn that a temporary slip in adherence is not a
failure and that they can pick up or intensify the exercise
routine again as soon as symptoms reappear or get worse.
They have to learn which exercise intensity works best to
maintain their success.

As relapse and drop out are inherent to behavioural
change, it may occur in any of the motivational stages
(Prochaska et al 1992). Motivation is therefore seen as a
state of readiness or eagerness to change, which may
fluctuate from one time or situation to another (Miller
& Rollnick 2002), implying that a person can go back
(relapse) and forth between the stages as long as the
behavioural change is not internalized. Health educa-
tion can guide this iterative process.

The TTM is partly related to two other theories, the
self-regulation theory (SRT; Leventhal & Cameron 1987,
Leventhal et al 1998) and the social cognition theory
(SCT; Bandura 1986). The SRT provides insight in adher-
ence as self-management behaviour. It states that active
participation of patients is necessary to promote adher-
ence. To give patients more control over their lives and
more faith in their own abilities, attention must be paid

to patients’ cognitive representations of the illness in
relation to coping with the illness and appraisal of the
outcomes of behavioural change. The representation of
the illness is based on current symptoms, previous expe-
riences with illness, and personal views of health and
illness originating from social and cultural influences.
This representation also influences the self-care strate-
gies of patients, such as drinking less or frequent voiding
(Johnson et al 2000). To appraise the outcomes of adher-
ence behaviour, patients need to evaluate their repre-
sentations, self-care strategies and outcomes. This, in
turn, could enhance patients’ self-efficacy and effective-
ness in terms of adherence behaviour.

Self-efficacy is a construct derived from the SCT
(Bandura 1986). According to the SCT human behaviour
can be explained by various expectations of certain
behaviour:

¢ situation-outcome expectations;
* action-outcome expectations; and
e self-efficacy expectations.

In this theory, behaviour is the consequence of con-
tinuous interactions between the person, the behaviour
and the environment or situation. Another assumption
of the SCT is that people not only learn from performing
a (new) behaviour and experience the consequences, but
also from observing others (vicarious learning or model-
ling). Bandura (1986) adds the concept of self-control to
the theory because people behave on the basis of setting
their own goals and strategies for performing a specific
behaviour and reward themselves.

HEALTH EDUCATION PROGRAMME

A detailed account of the health education programme
to promote adherence to PEMT has been described in
Alewijnse et al (2002a). The rationale of this programme
was based on the three theories TTM, SRT and SCT. In
addition, to stimulate recognition and acknowledge-
ment of behavioural and informational needs, the prin-
ciple of targeted communication was used as a means
to promote adherence behaviour (Kreuter et al 2000,
Mullen et al 1985, Sluijs & Knibbe 1991). Consequently,
the programme was designed in such a way that women
could find appropriate answers to their changing needs
for information. Furthermore, attention was payed to
women’s sex-specific perception of their pelvic floor, to
body esteem, and to making explicit the relationship
between women’s socialization, social position and
gender role and their adherence behaviour (Alewijnse
et al 2002b, Janetzky 1993, Toner & Akman 2000).

The development of the theory-driven health educa-
tion programme was based on a problem-solving
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approach called intervention mapping (Bartholomew et
al 2001), in which for each identified determinant spe-
cific programme objectives were formulated and appro-
priate theory-based methods and practical strategies
were selected (Alewijnse et al 2002a). For example, for
the method of goal setting, the strategy consisted of a
filling-in task to write down personal treatment goals,
and for the method of modelling, role model stories
were the strategy (Bassett & Petrie 1999, Strecher et al
1995). Furthermore, self-evaluation about changes in
symptoms was stimulated through the strategies assess-
ment and feedback (Leventhal et al 1998), and reinforce-
ment was provided for positive behaviour changes
through self-monitoring of symptoms (Eagly & Chaiken
1993, Skinner 1938).

A minimal, a medium, and a maximum intervention
were developed, each following the phases of the
physiotherapeutic treatment plan (Knibbe & Wams 1994,
Verhulst et al 1994). This enabled investigating what
intensity of health education would be necessary to
promote adherence effectively. The most important com-
ponents were reminders in the form of stickers, guidance
of adherence as self-management process in the form of
a self-help guide, and structured feedback in the form of
a counselling scheme for physical therapists, guiding
structural oral feedback and reinforcement. The descrip-
tion of the programme of the self-help guide and coun-
selling scheme follows the stages of the TTM as they
logically follow the iterative phases of the physiothera-
peutic treatment plan (Verhulst et al 1994). The counsel-
ling scheme stimulates the systematic addressing of
issues, which should have a positive influence on adher-
ence. Table 7.1 presents the content of the self-help guide
and the corresponding counselling tasks for physical
therapists along the motivational stages of change and
phases of the physiotherapeutic treatment plan.

EVIDENCE-BASED RESEARCH ON THE
PROMOTION OF ADHERENCE TO PFMT

Pelvic floor muscle training and
adherence behaviour

As the Dutch clinical practice guidelines (Berghmans et
al 1998b) were not available at the time of the study, a
protocol for individual PEMT was prepared in coopera-
tion with the participating physical therapists as a
standard for all study conditions (Alewijnse et al 2003a).
This written protocol checklist covered all treatment
aspects usually applied in PFMT during diagnostic
assessment activities, formulation of the treatment plan,
commonly given patient education, treatment of exer-
cise therapy and evaluation (Berghmans et al 1998b,

Knibbe & Wams 1994, Verhulst et al 1994, Versprille-
Fischer 1995) (Box 7.3).

A schedule for frequency of treatment sessions over
time, covering nine sessions of 30 minutes each in 14
weeks, or for additional sessions up to 22 weeks, was
added to the protocol. This protocol and treatment fre-
quency reflected usual care in the Netherlands. In addi-
tion, physical therapists were asked to complete
treatment forms for every patient to evaluate eight treat-
ment goals (Box 7.4).

Twenty-eight physical therapists specialized in the
field of PFMT were recruited and trained to use the
protocol checklist. For the three experimental condi-
tions, the use of the health education intervention was
indicated in this checklist. The specific behaviours
trained in PEMT were translated into four performance
objectives for adherence to PFMT (Berghmans et al
1998b, Bo et al 1990, Bo 1995a, Lagro-Janssen et al
1995, Miller et al 1998, Mouritsen et al 1991, Nygaard
et al 1996, Payne 2000, Versprille-Fischer 1995, Wyman
et al 1998). Adherence was thus operationalized as
(Alewijnse et al 2003a):

e performing 50 slow (10-30s) and 50 fast (2-3s) con-
tractions during daily activities;

* using sudden contractions to prevent leakage (the
knack);

* training the bladder when needed;

° integration of the use of the pelvic floor muscles in
the daily posture and movement pattern.

Study design

A longitudinal RCT with three interventions and one
control condition was conducted (Alewijnse et al 2003a).
The control condition consisted of individual PFMT
alone, representing usual care. The intervention condi-
tions consisted of PEMT supplemented with one of the
three health education interventions.

Primary outcome measures were weekly frequency
of wet episodes and number of days per week women
had followed the behavioural advice of the physical
therapist, both measured with a 7-day diary (Kerssens
etal 1996, Nygaard & Holcomb 2000, Wyman et al 1988).
Secondary measures included demographics, determi-
nants of adherence behaviour and perceived severity of
symptoms. Patients were randomly allocated to one of
the four treatment conditions.

One hundred and twenty-nine women with urinary
incontinence were included. All women completed self-
administered questionnaires and diaries before and
directly after therapy, and 3 and 12 months later. Process
evaluation forms were completed by both physical
therapist and patients.
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Box 7.3: Protocol checklist of physical therapists with all important treatment aspects

DIAGNOSIS, HISTORY TAKING, OBSERVATION,
PHYSICAL ASSESSMENT

Ask about

— sort of complaint, severity, duration, possible causal
factors or underlying pathology, reason for seeking help

— voiding and defecating frequency, use of sanitary
towels

— other physical or mental health problems, factors
that may inhibit recovery and adjustment

— family situation, social roles, self-care potential

— sport activities

— (perception of) sexual life

Observe

— posture, standing/sitting balance, muscular movement

— behaviour and respiration pattern

Identify

— impairments, disabilities, participation problems
and inhibitory factors for recovery and adaptation

— what's behind the patient's story?

FORMULATION OF TREATMENT PLAN AND
PATIENT EDUCATION

Formulation of treatment plan

Discuss and show picture of anatomy and physiology

of bladder and pelvic floor muscles and their relation

with sexuality

Explain

— incontinence, causes and treatment options

— relationship between drinking, eating and voiding,
defecating

— toilet behaviour and toilet posture

— influence of thoughts on behaviour

— influence of psychological and social factors on
pelvic floor

— influence of physical and health factors on wet
episodes

— respiration and movement pattern

— voiding diary: how and why?

TREATMENT PLAN: EXERCISES FOR AWARENESS OF PFM

Instruct awareness of

- PFM

— relationship between respiration and PFM

— influence of body posture and movement on PFM
— influence of abdominal pressure on PFM

TREATMENT PLAN: BASIS OF PFMEs AND
BLADDER TRAINING

Instruct basis: fast twitch (strength) and slow twitch
(endurance)
Check for correct contraction and relaxation of PFM

Explain working towards a patient-centred amount of
slow- and fast-twitch exercises per day

Instruct basic PFMEs with differentiation in buttock,
leg and abdominal muscles

Check for correct basic PFMEs

Explain treatment goal of integrating basic PFMEs in
daily life activities

Explain bladder training when necessary and/or timed
voiding

Instruct training to prevent voiding when hearing
streaming water

TREATMENT PLAN: MORE PFMEs

Instruct coordination between respiration and posture
Instruct all kinds of special PFMEs such as the eleva-
tor, the knack and others (Versprille-Fischer 1995)
Instruct daily life activities with the correct use of
the PFM such as vacuum cleaning, bending, lifting etc.
Provoke: walking stairs, hopping, jumping

Make exercises heavier: use PFM correctly during fast
movements and changing body postures

TREATMENT PLAN: OTHER EXERCISES

Instruct relaxation exercises

Instruct respiration exercises

Instruct and/or improve awareness of posture and
movement pattern with exercises

EVALUATION OF PATIENT EDUCATION AND FEEDBACK
KNOWLEDGE AND BEHAVIOUR

Answer questions about given education

Discuss voiding diary, and repeat it if necessary

Ask for (problems with) integration of PFMEs in daily
life activities

Discuss (problems with) adherence, provide tips to
tackle problems and stimulate patient's problem
solving skills

Refer to other health care providers if necessary

EVALUATION OF PFMT AND FEEDBACK

Answer questions about exercises

Answer questions about respiration and posture habits
Provide feedback on patient's performance of various
exercises

Discuss results of therapy

BASIC PRINCIPLES OF THERAPY

Steps: thinking, feeling, performing, maintaining
From no awareness, via awareness to automatism

PFM, pelvic floor muscles; PFMEs, pelvic floor muscle
exercises, PFMT, pelvic floor muscle training
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Box 7.4: Treatment goals

e Conscious control over the pelvic floor muscles
(PFM)

e Conscious control over the PFM with a differentiation
in buttock, leg and abdominal muscles

e Conscious control over the PFM in functional
postures and movements

e Conscious control over the PFM during daily
activities

e Unconscious control over the PFM during daily
activities

e Normal voiding pattern

e \Wet episodes have decreased or patient is dry

e Problems with adherence are tackled and resolved

Results

Multiple regression analysis revealed relevant predic-
tors of intention to adhere to PEMT. At the onset of
therapy, intention to adhere to PEMT was very positive.
Two significant predictors of intention were identified.
Amount of urinary loss per wet episode and self-
efficacy expectations regarding adherence behaviour,
were positively related to intention to adhere to PFMT
before the start of therapy (Alewijnse et al 2001).

Sequential multiple regression analyses revealed
several significant predictors that predicted up to 50%
of variance in long-term adherence behaviour. Positive
intention to adhere, high short-term adherence levels
and positive self-efficacy expectations, significantly pre-
dicted high long-term adherence levels. Furthermore,
women with frequent weekly wet episodes before and
after therapy, were more likely to have high adherence
levels 1 year after therapy than women with fewer
losses (Alewijnse et al 2003b)

Process evaluation revealed that interventions were
not fully implemented as planned. Consequently, the
chosen interventions were less different from each other
than expected. The level of completeness for the stickers
used as a reminder method for improving adherence
behaviour was low and, although unintended, the
checklist had stimulated counselling skills from all
physical therapists. The self-help guide was used as
planned and highly appreciated by physical therapists
and patients.

Effect evaluation revealed that the three health edu-
cation interventions or the self-help guide alone had no
additional effect on treatment outcome, adherence
behaviour, or on predictors of adherence. In all groups,

the individual PFMT was very successful. Weekly fre-
quency of wet episodes drastically decreased from an
average 23 wet episodes to eight losses, and results were
maintained from post-test to 1 year follow-up (p < 0.001).
One year after therapy, 74.8% of the women (n=103)
were cured or improved by 50% (intention to treat
64.4%, n=129). Adherence behaviour was very high
with most women performing the exercise advice on
average 6 days per week at post-test and 4-5 days per
week 1 year after therapy (Alewijnse et al 2003a).

Discussion and conclusions

The long-term data (after 1 year), including intention to
treat, showed a higher rate of cure and improvement of
symptoms than reported in other studies (Hay-Smith et
al 2001, Mouritsen & Schigtz 2000). In addition, adher-
ence results were higher than found in other studies
during a 1-year follow-up (Ferguson et al 1990, Janssen
et al 2001, Lagro-Janssen et al 1992). Of course, measur-
ing adherence itself could have functioned as a reminder
for adherence behaviour (Beurskens et al 1992, Myers &
Midence 1998, Windsor et al 1994) as well as participat-
ing in a study, but that would have affected all groups
equally. Social desirability was high (80%), but equal in
all groups. Furthermore, this effect was minimized by
using a five-point scale to assess adherence behaviour
with three options with reasons for non-adherence.

An important finding was that women with more
frequent losses before and after therapy, had a higher
adherence level 1 year after therapy than women with
less frequent losses. This indicates that women learned
to adapt adherence behaviour to their symptoms
(Alewijnse et al 2003b). A similar adaptation pattern
was found by Burns et al (1993). In contrast to others
(Bo & Talseth 1996, Chen et al 1999, Lagro-Janssen &
Van Weel 1998), it was not found that women with
higher adherence levels had fewer wet episodes at
follow-up. It may be that it is much more difficult to
reduce symptoms 