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Anyone who has been to school can remcmber at least one teacher whose innu
ence inspired him to learn more fully, to appreciale the subjeci being taughl, and 
perhaps to realize a life's work. I have been fOrlunate enough to have had several 
such teachers. In high school, my biology leacher moved me inlo the sciences, and 
a humanities teacher instilled in me the desire to think and reason. While studying 
chiropractic, I found Dr. A.L. Logan. I first met him when he volunlarily did clini
cal rounds at the Los Angeles College of Chiropraclic. 

Roy Logan had a capacilY 10 undersland how the human body works, and a 
curiosilY aboul it thai kepi him constantly searching and researching for ways 10 

help heal il. The profession is full of personalities leaching a varielY of lechniques, 
some insisting theirs is the only way, but it has few true professors who can cull 
the various teachings. and present to the student a clear and concise way to ap
proach a patienl, withoul personalilY and ego gelling in Ihe way. Roy had these 
abililies, and, fOrlunalely for us, he had a desire 10 leach others. He never missed 
an opporlunilY. 

He saw the need in our profession for a way to link the rote clinical sciences and 
the various ways of executing an adjustment. He gave us an answer to the com
monly asked queslion of when and where to adjusl. He was constanlly pushing Ihe 
profession to realize the importance of effective clinical application of 
chiropractic principles at a time when there seemed to be more emphasis on fitting 
inlo the heahh care industry by wearing a while coal and using big words. 

Around the world, students of Dr. Logan use his methods of diagnosis and treal
ment every day and are reminded of his wonderful contributions to the profession. 
He leclured repealedly before several state associations, and laugh I an eighl month 
posl-graduate course at LACC for eight years. He was Chairman of the Technique 
Department al the Anglo-European College of Chiropractic for five years. 

In spite of his many contributions, Roy's work remains unfinished. He passed 
away in April of 1993, afler fighling a lenninal illness. He was working hard on 
his lextbooks up 10 Ihe end, hoping 10 transfer as much of his knowledge and 
wisdom 10 paper as he could. 

Dr. Logan has a number of students dedicaled 10 continuing his work and seeing 
it evolve in the way he envisioned. There is no "A. L. Logan Technique," but rather 
a compilation of various teachings, combined with a unique understanding of the 
inlerdependencies of the human structure. We hope 10 do his work justice and sec 
morc students of chiropractic become as effective as possible in the treatment of 
human disorders. 
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Helping patients, teaching students and practitioners how to 
assess and evaluate the problems of patients, and arriving at 
optimal treatment plans were some of the latc Dr. Roy 
Logan's goals. This book provides the reader with a system
atic approach 10 carrying out an assessment and understanding 
the reasons behind the various aspecLS of treatment. 

The Kllee: Clillical ApplicaTiolls follows an orderly pro
gression from the anatomy of the knee through examination, 
including muscle testing. with many illustrations and a chapter 
on imaging. Adjustive techniques arc also illustrated com
pletely, as are the chapters addressing conditions of the knee, 
therapy, and exercise. 

The chapter on case histories draws on some of Dr. Logan's 
most interesting clinical experiences; they demonstrate the art 
of problem solving. The examination chapter is organized in a 
manner consistent with helping the examiner pinpoint a prob
lem. To complete an assessment the patient must be properly 
and thoroughly examined. Accurate diagnosis depends on a 

IX 

Foreword 

knowledge of functional anatomy and history, as well as dili
gent observation. Both background and process are provided 
here. 

Dr. Logan dedicated his professional life to an extensive 
study of neuromusculoskeletal structure and the biomechanics 
of the body. This book provides the reader with a thorough 
understanding of the practical biomechanics of the knee. 

I deeply appreciate my friendship with the late Dr. Logan 
and the opportunity to have spent many delightful hours with 
him discussing anatomy, biomechanics, and patient assess
ment, then arriving at an adjustive or manipulative technique 
supported by our findings and observations. It is my expecta
tion that this text, intended for both students and practitioners, 
will offer them the same opportunity to increase their pro
fessional armamentarium and enhance their clinical under-. 
standing. 

HerberT I. Magee. Jr., DC, FlCC 

RedlVood City, Calijomia 



" . .. The application of principles . . .  involves 
higher menIal processes than their memorizing; 
every student should be given a thorough drill in 
clinical analysis in which he should be made to see 
the relationship which exists between the funda
mental facts and their clinical application. " 

Frallcis M. Pottellger, MD 

The education that a modern chiropractor undergoes in
cludes the clinical sciences and the manipulative arts. A 
graduate doctor of chiropractic has a thorough grasp of the di
agnostic and clinical skills and is trained in basic manipulative 
techniques. With this knowledge, the practicing doctor begins 
to gain the experience that makes the application of this 
knowledge successful. A successful doctor is one who contin
ues to learn beyond what is minimally required, for he or she is 
constantly renewed and stimulated. 

Dr. A.L. Logan was a successful chiropractor, a doctor that, 
like D.O. Palmer, continued to expand his understanding of 
the human body in health and disease. He studied the works of 
many of the chiropractic profession's leading educators. He 
researched and developed his own theories which he applied 
in his practice, and like most chiropractors, developed a suc
cessful. diversified approach to diagnosing and treating his 
patients. Dr. Logan recognized the need for a practical way to 
blend basic and advanced manipulative techniques with clini
cal skills. 

xi 

Series Preface 

From this recognition came over 20 years of teaching. It 
was his hope that his ideas would generate continued dialogue 
and interest in expanding the clinical application of chiro
practic principles. 

Dr. Logan did clinical rounds at the Los Angeles College of 
Chiropractic, since the early seventies. He lectured often for 
various state associations, and taught at the Anglo-European 
College of Chiropractic. During this time Dr. Logan continued 
to learn and grow as a clinician and teacher. His decision to 
write a series of texts on the clinical application of chiropractic 
principles came out of his experience in leaching undergradu
ate technique at AECC and seeing the difficulty upper division 
students had in understanding when, where, and why they 
should adjust. 

This series of textbooks will be a comprehensive reference 
on chiropractic clinical applications. Dr. Logan believed this 
approach should be the basis for an undergraduatc course in 
adjustive and clinical technique. It is, at the same time, a wel
come addition to the knowledge of any practitioner. 

Pottenger FM. Symptoms of Visceral Disease. 5t. Louis: 
Mosby; 1953. 

Chris Hutchesoll, DC 

Aubum, Califomia 



Preface 

The following remarks arc the author's. They appear as written 
before his untimely death in April 1993. 

While I taught postgraduate technique classes at the Los 
Angeles College of Chiropractic for a number of years, some 
things became apparent. Wilh students from many 
chiropractic colleges, the strong points as well as weaknesses 
of the undergraduate programs were easi Iy noted in workshop_ 
Some programs were totally Jacking in extremity techniques. 
Others placed little emphasis on the extremities, Icaving them 
until the end of the technique program. After teaching post
graduate classes, I had the privilege to teach undergraduate 
technique for four academic years at the Anglo-European Col
lege of Chiropractic in Bournemouth, England. Most of my 
classes were in the third- and fourth-year program, and most 
were on the eXlrernilies. 

All too often the spine and pelvis arc taught first and then 
the extremities. In chiropractic, the emphasis should be on the 
spine and pelvis and their influence on the body through the 
nervous system. I have been insisting for many years, how
ever, that teaching the spine and pelvis before the lower ex
tremities makes it extremely difficult for the sludenl lo grasp 
overall functional anatomy. 

Being urged to write about my approach to technique, my 
first consideration was to write about some of the exciting 
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things I have worked with in the last few years (anatomic short 
leg, lumbosacral tcchniques, etc). Several of my former stu
dents urged me 10 write what I have been saying for years is 
the ideal sequence, starting with the knee, moving to the foot, 
and following with the hip, pelvis, and spine. 

Now I have completed this text on what I consider the best 
place to start: learning to palpate and examine, range of mo
tion, how the musclcs feel, how to test them, and how to rec
ognize fixations of the knee. Why? The knee is the largest ar
ticulation in the body. It is easy to palpate because it is readily 
available, and there are two of them. It is easy to learn that 
both sides may be similar yet may have their unique differ
ences and still be normal. The knee is a less dangerous place to 
start the beginner than the pelvis or the cervical spine. 

I have attempted to write a text suitable for use by the begin
ner or the practitioner who has never had instruction on the 
knee. Included are anatomy illustrations emphasizing the 
clinical viewpoint: these are referred lO throughout to help the 
reader retain the anatomy information while learning how to 
use it. 
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The ligaments of the nomlal knee provide stability through

out the full range of mOlion, allowing even the somelimes 
speclacular feats seen in sports. The slrenglh of the ligaments 
and the power of the muscles can be appreciated when we ob
serve a 200-lb person jumping and landing on one limb with 
lhe knee bent. 

The knee is the largest joint in the body, with most of the 
structures being relatively easy to locate. For the student, the 
knee is the ideal joint to begin developing the skills of obser
valion, palpation, and testing. 

Not only is the knee large, but it is easily accessible and has 
sufficient stability to allow safe testing of the range of motion, 
muscle strength, and orthopedics. The experience of palpaling 
the large, mobile knee should provide the examiner with the 
basic skills to begin the morc complex, difficuh examination 
of the spine and pelvis. 

A knowledge of the anatomy is necessary to understand 
function. The importance of analOmy cannot be stressed LOa 
much. I n a study the author conducted at the Anglo-European 
Chiropractic College of students in the second- and third-year 
program who were having difficulty or failing, it was found 
that the students had barely managed to pass anatomy in the 
first year. 

Without a thorough understanding of anatomy, reading X
rays, conducting a proper examination, adjusting, and arriving 
at a proper treatment program are not possible. This chapter on 
the anatomy will provide the basics of anatomy for the student 
and a review for the practitioner. 

Chapter 1 

Anatomy 

BONY STRUCTURES 

The two major bones of the knee are the femur, the longest 
and strongest bone in the body, and the tibia. the second long
est bone. The patella is the largest sesamoid bone in the body 
(Figure I-I J. 

Figure I-I RighI knee. anterior view showing bony stmcturcs. 
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The dislal end of lhe femur enlarges inlo lwo condyles, wilh 
articular surfaces allowing aniculation inferiorly with the tibia 
and anleriorly wilh lhe palella. The palellar articular surface 
blends in wilh and separales into a medial and laleral arlicular 
surface, forming a U shape (Figure 1-2). 

The laleral femoral condyle is more prominenl, projecling 
anleriorly farlher lhan lhe medial, and provides a resislance 10 
help prevenl lhe palella from dislocating lalerally. Posleriorly 
the articular surfaces of the femur extend approximately the 
same dislance (Figure 1-3). 

The posilion of lhe libula is slighlly behind lhe laleral 
condyle of lhe libia, yel on the surface that angles downward 
and anteriorly. This prevents direct anterior movement and 
limits the proximal movement of lhe libula. 

The medial articular surface of the tibia extends a greater 
distance anteriorly than laterally. allowing greater movement! 
(Figure 1-4). 

Note the extent of the femoral articular surface (Figure 
1-5), allowing the normal range of motion of the knee from 
approximately 5° of hyperextension 10 160° of nexion. Some 
clinicians refer to the _5° to _100 as nannal extension. For the 

purposes of this text, extension is 0° or neutral, and all move
ment beyond 0° is hyperextension. 

The libula is not a part of the articulation of the knee, but it 
plays a major role in knee function and must be considered 
because of the ligament and muscle attachments. 

MENISCI 

The menisci are semilunar fibrocartilaginous discs that ab
orb much of the shock of weight bearing and allow seating of 

the femoral condyles onto the tibial condyles. The lwO menisci 

Figure 1-2 Righi femur. inferior surface showing lateral and media.l 
condyles. 
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Figure 1-3 Right knee. posterior view showing bony structures. 
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Figure 1-4 RighI tibia, superior view showing anicular surfaces. 
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Figure 1-5 Right knee. lateral view showing bony structures. 



are connected to each other by the anterior transverse liga
ment' (Figure l-{j). 

The medial meniscus also attaches onto the anterior ridge of 
the tibia, called the intracondylar eminence, by the posterior 
horn, the capsule, and the medial collateral ligament. 

The lateral meniscus is attached to the intracondylar emi
nence by both anterior and posterior horns, the posterior cruci
ate ligament, a loose connection to the capsule, and the 
popliteus tendon. 

The intracondylar eminence attachments of the menisci as 
well as the cruciate attachments to the tibia are along the mid
line, between the femoral condyle surfaces (Figure 1-7). The 
cartilaginous portion (the majority) has no blood supply. The 
blood supply is limited to the fibrous part of the meniscus on 
the periphery. 

Note the medial meniscus attachments on the intracondylar 
eminence. Its attachments posteriorly. anteriorly, and at its 
periphery and its greater surface allow it less movement and 
also leave it more susceptible to injury than its counterpart. 

The intracondylar attachments of the lateral meniscus are 
much closer together. The minimal attachment on the periph
ery (anterior transverse ligament and the popliteus tendon) al

lows greater mobility, making the lateral meniscus less sus
ceptible to injury. 

LIGAMENTS 

Cruciate Ligaments 

The cruciate ligaments are named after their tibial attach
ments and prevent excessive shearing movement of the tibia 
on the femur (Figure 1-8). 

The anterior cruciate inserts into the medial side of the lat
eral femoral condyle, preventing excessive anterior gliding of 
the tibia and external rotation of the tibia. 

The posterior cruciate inserts into the lateral side of the me
dial femoral condyle, preventing excessive posterior gliding 
of the tibia and internal rotation of the tibia. 

Anterior 

Medial 

Posterior 
cruciate 

Lateral 
meniscus 

Figure 1-6 Right tibia, superior view showing major ligament at
tachments. 

Medial Anterior 

Posterior 
cruciata 

Figure 1-7 Menisci and ligament allachmenls. 

Capsular Ligaments 

Anatomy 3 

The entire joint structure is secured by the capsular liga
ments except above the patella and the patella itself. 

The medial capsular ligaments of the knee are shown in Fig
ure \-9. The anterior tibial fibers traverse superiorly and ante
riorly with attachments on the femur, medial meniscus, and 
fibers of the patella ligament. 

The middle fibers are vertical, with the upper fibers secur
ing the meniscus to the femur. The lower fibers arc loosely 

attached to the meniscus, allowing mobility on the tibia. 

/ 
I 

I 

Anterior 
cruciate 

Posterior 
cruciate 

Figure 1-8 Right knee, posterior view showing cruciale ligament 
auachments. 
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Palella 

Capsular 
ligaments 

Medial 
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(cui) 

Figure 1-9 Right knee. medial view showing medial capsular liga
ments. 

The poslerior fibers fan oul and atlach 10 the posterior part 
of the medial meniscus and blend with the tendon of the 

semimembranosus muscle inferiorly and with the gastrocne
mius muscle superiorly. 

The lateral capsular ligaments are shown in Figure 1-10. 
The anterior fibers traverse vertically, with some fibers being 
atlached on the patella. Other fibers blend in with those from 
the vastus lateralis and the vastus medial is muscles. The upper 
portion receives fibers from the retinaculum of the vaslus 
lateral is muscle, and the lower portion receives fibers from the 
iliotibial tracl. 

The middle fibers originale above the origin of lhe poplileus 
muscle, covering it, and atlach on the lateral tibial condyle and 
on the anlerior capsular ligament of the fibula. 

The poslerior fibers run vertically from Ihe femur 10 Ihe 
tibia and blend with Ihe origins of the gastrocnemius muscle 
(Figure I-II). It is strengthened centrally by the oblique 
popliteal ligamenl. Laterally it blends with the lateral collat
eral ligament. 

Medially, a thickening of the capsule may be regarded as a 

deep componcnt of thc medial collateral ligamenl. 
The oblique poplileal ligament is an expansion of thc 

semimembranosus tendon and passes upward and laterally, al
taching to Ihe lateral condyle of the femur. 

Lateral 
collateral 
ligament 

Capsule 
-r 

Capsule 

Patellar 
ligament 

I 
I 

Figure 1-10 Right knee, anterior view showing lateral capsular liga
ments. 

The arcuate popliteal ligamenl arises from the fibula head in 
a Y shape, with some fibers altaching to the poplileus muscles 
and most passing over it and attaching to the intercondylar 
arca. Some fibers may atlach to the lateral head of the gastroc
nemius muscle. 

Note the capsule fiber's attachment 10 the popliteus muscle. 
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Figure I-II Right knee. posterior view showing capsular liga
ments. 



Collateral Ligaments 

The medial and lateral collateral ligaments (Figure 1- 12) 
are strong stabilizers against adduction and abduction of the 
tibia on the femur. They also receive help from the capsular 
ligaments. For the last 20° to 30° of extension the cruciale 
ligaments tighten, stabilizing the knee anteriorly and posteri
orly and also stabilizing adduction and abduction. Therefore, 
testing for collateral instability should be performed with 
slight flexion. 

Medial (Tibial) Callateral Ligamelll 

The medial collateral ligament is superficial to the medial 
capsule. Its deep fibers blend with the medial capsule. The su
perficial fibers originate on the medial epicondyle of  the fe
mur just below the adductor tubercle. It crosses the joint 
slightly posterior to the midline with the fibers angled anteri
orly and inserts into the shaft of the tibia below the medial 
condyle (Figures 1-13 and 1- 14). 

The deep fibers attach on the femur and the tibia above and 
below the joint line. Posteriorly the fibers of the medial collat

eral ligaments have attachments to the semimembranosus 
muscle, the capsule, and the medial meniscus. Several bursae 
are located between the medial collateral ligament, the cap
sule, and the meniscus. 

Lilteral (Fibular) Collateral Ligamelll 

The lateral collateral ligament (Figure 1- 15) originates on 
the lateral epicondyle of the femur superior and slightly poste
rior to the origin of the popliteus muscle, passing over it and 
inserting into the head of the fibula. Its insertion is surrounded 
by the biceps femoris tendon (see Figure 1-12). 

Popliteus 

Lateral collateral 
ligament 

Biceps 

Medial 
collateral 
ligament 

Figure 1-12 Right knee, anterior view showing medial and lateral 
collateral ligaments. 

Medial 
collateral 
ligament 

Anatomy 5 

Figure 1-13 Right knee. extended. medial view showing medial 
collateral ligament. 

Figure 1-14 Right knee, Oexed. medial view showing medial collat
cral ligament. 
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Figure 1-IS Right knee. lateral view showing collateral ligament. 
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Patellar Ligament 

The common tcndon of the quadriceps inserts into the supe
rior border of the patella. The tendons of the vastus lateralis 

and vaSlus medialis insert on their respective sides of the pa
telia. The superficial fibers of the tendons encompass the pa
telia and blend with the patellar ligament. The pateliar liga
ment originates above on the apex and sides of the patelia and 
inserts below into the tibial tuberosity (Figure 1- 16). 

The ligaments. menisci, and muscle attachments on the 
tibial surface depicted in Figure 1- 17 show their unique rela
tionships. 

BURSAE 

• Anterior (Figure 1-18) 

I. The suprapatellar bursa is between the femur and the 

quadriceps tendon. 

2. The prepatellar (subeutaneous) bursa is between the 
skin and the patella. This bursa is involved in the so
calied housemaid's knee. 

3. The superficial infrapateliar bursa is between the 
skin and the pateliar ligament. 

4. The deep infrapateliar bursa is between the upper 
tibia and the patellar ligament.' 

• Medial (Figures 1-18 and 1- 19) 

I. One is between the gastrocnemius muscle and the 
capsule. 

Vastus 
lateralis 

Patella 

Lateral 
collateral 
ligament 

Patellar 
ligament 

Tibial 
tuberosity 

Vastus 
medialis 

+ffrI-H-h'IJ-- Rectus 
femoris 

Figure 1-16 Right knee. anterior view showing patellar ligament. 

Patellar ligament 

Medial 
meniscus 

Anterior 
cruciale 

Lateral 
meniscus 

Popliteus 
tendon Medial 

collateral 
ligament 

Posterior j���::��§;��§:::� 
cruciale 
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Figure 1-17 Right tibia articular surface. 
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Figure 1-18 Righi knee. medial view showing bursae. 
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Figure 1-19 Right knee. posterior view showing bursae. 



2. One is belwccn Ihe medial collaleral ligamenl and Ihe 
pes anscrinus (attachment of the sartorius, gracilis. 
and semitendinosus muscles), 

3. Several are belween Ihe expanse of the medial collal
eralligamenl and Ihe femur, meniscus, libia, capsule, 
and semimembranosus muscle. 

4. One is bel ween Ihe semimembranosus, Ihe gaslroc
nemius, and the condyle of Ihe Libia. Occasionally il 
is connected with the capsule. Inflammation and ef
fusion of this bursa (bursilis) is commonly referred LO 
as Baker's cyst. 

• Laleral (Figure 1-19) 

I. One is bel ween the poplileus muscle and Ihe Ialeral 
condyle of the femur. This bursa usually communi
cales wilh Ihe capsule. 

2. One is beLween the popliLeus and Ihe laleral collaLeral 
ligament. 

3. One is bel ween the laLeral eollaLeral ligamenl and Ihe 
biceps femoris lendon (nol shown). 

4. One is belwccn Ihe capsule and the laleral head of Ihe 
gastrocnemius. 

MUSCLE ATTACHMENTS 

Figure 1-20 is an anlerior view of the righL knee showing 
the relative positions of the quadriceps muscles (except the 
vastus intcnncdialis, which is deep to the rectus) and their 
convergence into the quadriceps tendon. Note that the lower 
fibers of the vast us medialis originate lower than those of the 
vaSlus laleralis and Iraverse aL an oblique angle Lo Ihe palella. 
The iliotibial tracl inserts on the anterior portion of the lateral 
Libial condyle. 

The sartorius. gracilis, and semitendinosus muscles attach 
on the tibia below the medial condyle on the anteromedial sur
face (pes anserinus; Figure 1-2 1). 

The semimembranosus (Figure 1-22) lies deep 10 Ihe 
semitendinosus and inserts above it on the posterior tibial 
condyle. The medial head of Ihe gasLTocnemius passes lateral 
to both hamstring muscles and inserts into the posterior sur
face of Ihe medial condyle of the femur. 

The vaslus medialis muscle (Figure 1-22) originales on Lhe 
medial edge of the posLerior surface of lhe femur. Some fibers 
insert into the common quadriceps tendon and the medial bor
der of the paLella. This muscle also gives off fibers 10 the cap
sule. NOle Ihal lhe disLal oblique fibers originale jusL proximal 
10 Ihe adduclor lubercle and provide medial slabiliLY 10 Ihe 
patella. 

The popliLeal fossa (Figure 1-22) is formed medially by Lhe 
three pes anserinus muscles and the semimembranosus. Its su
perior and laLeral borders are formed by the lendons of biceps 
femoris. Inferiorly iL is formed by the Lwo heads of lhe gaslroc
nemius and plantaris muscles. 

Iliotibial 
tract 

Patella 

Anatomy 7 

Vastus 
intermedialis 
(deep) 

Rectus femoris 

Vastus 
medialis 

Oblique fibers of 
vastus medialis 

Figure 1-20 Right knee, anterior view showing muscle attachments. 

The angle of the vastus Ialeralis from iLS origin 10 its inser
Lion inLo the paLella is approximalely 30° (compared 10 55° for 
Ihe vaSLus medialis; Figures 1-23 and 1-24). 

The biceps femoris inserts inLo Ihe fibula head by IwO bands 
surrounding the insertion of the laleral collaleral ligament. 

The ilioLibial LraCI is a Lhick band of fasciae on Ihe laleral 
thigh originating with the insertions of the gluteus maximums 
and the tensor fascia lala muscles. As it approaches the knee it 

Vastus medialis 

Oblique fibers 

Figure 1-21 Right knee. medial view showing muscle 3Ilachments. 
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Figure 1-22 Right knee. posterior view showing muscle attach
ments. 
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Figure 1-23 Right knee. lateral view showing muscle attachments. 

Vastus lateralis 

Iliotibial tract 

Figure 1-24 Right knee, Ocxed.lateral view showing muscle attach
menlS. 

spreads out, anaching to the expansion from the vastus 

lateral is muscle and to all the exposed bone segments of the 
knee, including the fibula. Its greatest anachment is to the tu
bercle on the anterior surface of the lateral tibial condyle. 

FUNCTIONAL ANATOMY 

Flexion 

Muscles 

Active nexion (movement produced by the patient) of thc 
knee with the hip extended usually will not exceed 120°. This 
is due to the restraint oF the rectus Femoris muscles and the loss 
of hamstring efficiency' (Figure 1-25). Active nexion may 
reach 140° with the hip nexed' (Figure 1-26). 

Active nexion normally produces movement of the heel 
toward the ischial tuberosity. The most common deviation 
from the normal is the heel retracting medial to the tuberosi
ty'" (Figure 1-27). This is usually due to a lateral rotation 
fixation of the tibia on the femur or an imbalance of the 
muscles. The biceps andlor iliotibial tract may be hypertonic, 
or the popliteus andlor medial hamstrings may be weak (by 
comparison). 

---"'--" ... 

Figure 1-25 Aclive flexion of the knee 10 120°, 



Figure 1-26 Active nexion or the knee with the hip nexed. 

Passive nexion (movement produced by the examiner) may 
allain 1600 and may allow the heel to touch the bUllocks in line 
with the ischial tuberosity3 (Figure 1-28). 

Active nexion from full extension begins with medial (in
ternal) rotation of the tibia initiated by contraction of the 
popliteus muscle.' 

The most powerful nexors of the knee are the hamstrings: 
biceps femoris, semimembranosus, and semitendinosus (Fig
ure 1-29). Flexion is initiated by the popliteus muscle (not 
shown). All the hamstring muscles cross two joints; therefore, 

they affect both and are affected by both. Their action on the 
knee is stronger with the hip nexed than with the hip extended. 

Note the origin of the biceps. Along with the other ham
string muscles, it aLlaches to the ischial tuberosity. It also 

Figure 1-27 Active flexion of the knee with the heel medial. 

Anatomy 9 

Figure 1-28 Passive flexion of the knee. 

originates some fibers on the sacrotuberous ligament,' giving 
it influence on the sacroiliac joint and thus affecting the entire 

posture. The short head of the biceps originates on the poste
rior surface of the femur between the adductor magnus and the 
vast us lateral is. It then joins the long head to form the biceps 
tendon, inserting into the head of the fibula. 

Sacrotuberous 
ligament 

Semimembranosus 

Semitendinosus 

Greater 
r �

:;§i
��[:�trochanter 

t Biceps 
origins 

Biceps 
femoris 

Figure 1-29 Right leg. hamstring muscles. 
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The sartorius and gracilis muscles each contribute to flexion 

and medial rotation of the tibia (Figure 1-30). The sartorius 
with its origin on the anterosuperior iliac spine also assists in 
flexion of the hip joint. The gracilis with its origin on the pubis 
is a strong flexor of the knee and assists in adduction of the 
hip.'" 

The gastrocnemius muscle assists in flexion. The greatest 
eFfect is with the ankle dorsiflexed. The plantaris muscle has a 
similar action, but its size precludes any great contribution to 
flexion. 

Medial Meniscus 

During flexion, tibial contact with the femur moves posteri
orly' (Figure 1-31). The medial meniscus' contact with the 
articular surface of the femoral condyle and its attachment to 
the rim of the tibial condyle allow distortion to occur and cre
ate susceptibility to injury. 

In active flexion, the posterior horn is pulled posteriorly by 
the semimembranosus muscle, while the anterior horn is re
tained by its attachments and is pulled anteriorly by fibers at
tached to the anterior cruciate ligament. 

In passive flexion, the posterior horn is retained anteriorly 
without the posterior pull of the semimembranosus muscle. 

Lateral Melliscus 

In flexion, the lateral meniscus, like the medial meniscus, 
moves posterior. The anterior horn attachment on the inter
condylar eminence rather than on the rim of the tibia allows 
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Semitendinosus 

Gastrocnemius 

Figure 1-30 Right knee. medial view showing muscle attachments. 

Anterior 

Medial 

Posterior 
cruciate 

Anterior 

meniscus 

Figure 1-31 Right tibia. superior view showing major ligament at
tachments. 

greater mobility during movement. In flexion the popliteus 
muscle pulls the lateral meniscus posteriorly while moving the 
posterior capsule, preventing entrapment between the femur 
and the tibia. 

Transverse (Anterior) ligament 

During flexion the patella moves inferiorly and, through its 
attachment. allows the transverse ligament to move posteri
orly (Figure 1-31). This allows some posterior movement of 
the menisci yet restrains movement to either side from the 
midline. 

Cruciate Ligaments 

The anterior cruciate ongmates on the anterior inter
condylar area of the tibia and traverses posteriorly, superiorly, 
and laterally with the posterior allachment on the medial side 
of the lateral femoral condyle (Figure 1-31). During flexion 
the ligament lies between the femoral condyles and between 
the intercondylar eminences of the tibia. At 90° of flexion the 
anterior cruciate lies horizontally, and in full flexion the fibers 
are relaxed. 

The posterior cruciale originates on the posterior inter
condylar area of the tibia and the lateral meniscus (Figures 1-
32 and 1-33). It passes anteriorly, superiorly, and medially 10 
allach on the lateral surface of the medial condyle of the fe
mur. It is much shorter than the anterior cruciate. During flex

ion it becomes almost vertical. 

Extension 

Normal active extension goes slightly beyond 0°, allowing 
approximately 5° to 10° of hyperextension(Figure 1-34). The 
5° to 10° of hyperextension allows erect standing without 
quadriceps function. Farther extension is prevented by the 
capsular and other posterior ligaments as well as by the normal 
muscle tone of the popliteus. 



Medial Anterior 

i 
cruciale 
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Figure 1-32 Menisci and ligamem attachments. 

The primary extensors are the reclus femoris, vaSlus 
intennedialis. vast us medialis, and vast us lateralis (quadriceps 
femoris; Figure 1-35). They arc assisted by the action of the 
tensor fascia lata and gluteus maximus muscles through the 
iliotibial tracl. 

The extensors are approximately three times stronger than 
the Oexors, counteracting gravity and providing mediolateral 
stability. They also act as deeelerators in changes of gait and in 
actions such as walking downhill or abrupt landing after a 
jump. 

Anterior 
cruciale 
ligament 

Posterior 
cruciale 
ligament 

Figure 1-33 Righi knee. posterior view showing cruciale ligament 
attachments. 

Anatomy II 

----- ---

Figure 1-34 Right knee. nannal hyperextension. 

The vastus intermedialis is the deepest of the muscles, origi
nating on the anterior and lateral surface of the femur. 

The rectus femoris originates with two heads on the 
antcroinferior iliac spine and the groove above the acetabulum 
and is the only one of the quadriceps to cross two joints. Its 
actions upon the knee arc strongest with the hip extended. 

The vast us lateralis originates under the greater trochanter 
and the lateral aspect of the posterior surface of the femur 
along the linea aspera femoris and the gluteal tuberosity 
(Figure 1-36). 
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Figure 1-35 Right knee, anterior view showing muscle allachmenls. 
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Figure 1-36 Right femur, poslerior view. 

The vastus medialis originates along the medial aspect of 
the posterior femur with the lowest fibers almost horizontal to 
the upper border of the patella. 

The articularis genus is a small muscle below the rectus 
femoris that originates on the anterior surface of the femur. It 
often blends with the vaSlus intcrmcdialis muscle. It elevates 
the synovial membrane (lining of the capsule) during exten
sion. 

Some fibers of the vastus medialis allach to the capsular 
ligaments and the medial condyle of the tibia. Fibers from the 
vastus lateralis allach to the capsular ligaments, the lateral 
condyle of the tibia, and the iliotibial tract. 

The quadriceps muscles attach to the common quadriceps 
tendon, which in turn encompasses the patella and passes 
through the patellar ligament to the tibia. 

The tensor fascia lata, acting upon the iliotibial tract, assists 
in extension with the hip extended. Quadriceps function is 
strongest with the hip straight or in extension, allowing the 
greatest response by the rectus femoris muscle. 

Action of the rectus femoris and vastus intcrmedialis ex
tends the knee. The vastus medialis and vast us lateralis pro
vide extension strength and retain the patella in its articular 
groove. Through their capsular, iliotibial, and tibial attach
ments, they also provide stabilization to the knee during exten
sion movement. 

Electromyographic studies show that not all the muscles 
perform simultaneously but vary from phase to phase during 
extension. It is generally accepted that the vastus medialis 
muscle has minimal function except for the last 150 to 200 of 
extension. It has been my experience that it is of great impor
tance during the entire movement from extreme nexion to hy
perextension. These findings will be discussed in Chapter 6. 

As the patella is pulled superiorly during extension, its 

ligamental fibers' allachment to the anterior transverse liga
ment pulls it forward, and thus the menisci are pulled forward 
(Figure 1-37).' 

Moving from nexion to extension, upon reaching approxi
mately 10° to 20° the lateral condyle ceases movement. The 
balance of extension consists of the tibia pivoting on the lat
eral femoral condyle and the medial condyle of the tibia mov
ing anteriorly. The additional anterior movement of the medial 
tibial condyle (lateral rotation) lightens the cruciate and collat

eral ligaments with a screw-home effect, stabilizing the knee 
in extension and nonnal hyperextension. 

Rotation 

The screw-home effect stabilizes the knee and prevents 
mediolateral movement. At the same time it locks the tibia in 
lateral rotation; the tibia is limited and secured by the liga
ments and the intercondylar eminence. In nonnal hyperexten
sion. rotation is prevented in either direction. 

Passive movement of the knee from hyperext.ension to ncu
tral (0° of extension) unlocks the screw-home effect. It also 
allows medial rotation of the tibia back into neutral, allowing 
approximately 10° of lateral rotation and 5° of medial rotation 
of the tibia. As the knee flexes further, the range of rotary mo
tion increases, with the greatest range occurring at 100°. At 
100° of flexion, lateral rotation is approximately 15° and me-
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Figure 1-37 Righl libia, superior view showing major ligament at
tachments. 



dial rotation approximately 10°. In complete flexion, lateral 
rotation is restricted while medial rotation remains approxi
mately 10°. 

During rotation the menisci distort with the femur; thus, as 
lateral rotmion of the tibia occurs, the lateral meniscus is 
pulled toward the anterior tibial condyle while the medial me
niscus is drawn posteriorly. The reverse occurs during medial 
rotation. 

Medial (internal) rotation of the foot. ankle. and tibia with 
the knee at 90° of Oexion will be approximately 30° (Figure 

1-38); lateral (external) rotation will be approximately 40° 
(Figure 1-39). Passive rotation may increase both by approxi
mately 5°. Ligament laxity varies from individual to indi
vidual; therefore. always compare to the well knee and (0 the 
nexibility of the other main joints of the body. 

The primary medial rotators. the popliteus and medial ham
strings (Figure 1-40). are assisted by the sartorius'and graci lis. 
They are also assisted by some fibers of the vastus medialis 
and. with the ankle dorsiOexed. the medial head of the gastroc
nemius. 

The primary lateral rotators arc the biceps femoris, the tcn

sor fascia lata (iliotibial tract). and the gluteus maximus 

( / 

Figure 1-38 Medial rotalion or the roOl. ankle, and tibia (a 30° with 
the knee nexed al 90°. 
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Figure 1-39 Lateral rotation or the rOOI. ankle, and tibia to 40° with 
the knee nexcd at 90°. 
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Figure 1-40 Rotators of the rightlibia. 
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through the iliotibial tract. With the ankle dorsinexed, the lat
eral head of the gastrocnemius assists lateral rotation. 

Fibula-Tibia Articulation 

Although the fibula is not part of the knee proper, it plays an 
important part in knee function. The fibula's ligamental at
tachments on the femur (lateral collateral ligament), the knee 
capsule, and the tibia may affect knee function. 

Movement of the fibula on the tibia is governed by the 
fibula's location on the posterolateral surface of the libia as the 
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Figure 2-27 Right knee, palpation of the VMO origin. 





Figure 2-29 Right knee, palpation of the MCL origin. 









































Muscle te Ling is essential in the examination of all muscu
loskeletal problems. A muscle imbalance becomes an impor

tant objective finding when it verifies subjective complaints. 

history, observations of functional tests, and findings on pal
pation. Muscle weakness, when found to be a causative factor, 
becomes important when one is implementing the correct 

treatment program. 
Testing of an individual muscle is difficult. The allempt to 

isolate a primary muscle also includes the stabilizers and the 
secondary support muscles. 

Muscle testing is the continuation of an active movement by 

the patient, with the examiner using his or her skill to provide 
resistance. Resistance should be from a position and in a direc
tion to elicit the greatest response by the primary muscle. The 
skilled examiner will observe the patient's effort and the 

body's reaction during the allempl. 

GRADING 

Grading of muscle strength is based on the Lovell system 

from 1932 as reported by Kendall': 

Q-.no contraction 
I-muscle contraction without movement 

2-movement produced with elimination of gravity 
3-moverncnt against gravity 
4-movcment against gravity as well as against re

sistance 
5-movement that wilt overcome a greater amount 

of resistance 

49 

Chapter 3 

Muscle Testing 

Movement of ajoint requires a prime mover or movers. sec
ondary movers, stabilizers of the joint, and secondary support 
muscles (muscles that stabilize the bone structure from which 
the movers originate). 

A lack of normal strength in muscles other than the prime 

mover may give the following findings: 

• Testing of the primary may seem nomlal yet is accompa

nied by shifting of body position to give the secondary 
muscles grearer advantage. 

• Testing of the primary may seem nonnal yet is accompa

nied by abnonnal muscle reaction by the patient, such as 
shaking of the limb during the test or, if the lower limb is 

being tested, grasping of the table to assist in the resist
ance. 

• The prime mover may test weak when a weakness of a 
secondary muscle does not secure the origin. thus inter
fering with the normal response. For example. testing of 

the hip nexors (psoas or iliacus) in the presence of a 
weakness of the iliocostalis lumborum muscle on the op
posite side will result in what tests as weak hip nexors. It 

will also be accompanied by abnormal abdominal move
ment during the test. 

Other factors involved in muscle testing that l11uSt be con
sidered are as follows. The patient must understand the test 
being made. Place the patient in a position in which the muscle 
being tested has its greatest advantage. and have the patient 
hold the position. Using an open hand, indicate the direction in 
which pressure is to be applied. Do not grasp the limb. Grasp-
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ing makes it difficult for the patient to understand the correct 

direction. Apply slight pressure, and instruct the patient to re

sist the movement unless it is painful to do so. Do not 

"pounce" on it. Gradually increase pressure to maximum so 

that the patient has the opponunity to react. The object of the 

test is not to sec whether the muscle may be overpowered but 
to determine whether the response corresponds with nannal 

expectations from a patient of the same size, age, and build. 

Both extremities should be tested and the affected limb com

pared with the opposite one. 
A judgment must be made as to whether the patient is mak

ing the effort called for. This of course is difficult to judge 
without experience. It is helpful to test other muscles away 

from the area of complaint first to experience the patient's ef

fort and strength for comparison. 

Comparing muscle strength from onc side to the Olhcr is 
relmivcly easy in the nOTmal person. When testing an unusu

ally strong person, such as a bodybuilder, a greater amount of 
pressure must be applied. If positioned properly and if pres

sure is applied in the correct direction. any muscle or group of 

muscles may be overcome, even by a small examiner. Com

parison with the opposite side with observations for imbalance 

in the erect posture and comparisons of muscle tone are essen
tial to obtaining the correct diagnosis. Muscle balance, not 

strength, is the key to comfort. 

Muscle tests must not be prejudged by the examiner. Just 

because a knee is hyperextended in the erecl posture, do not 

assume that the popliteus muscle is weak. It may be hyperex
tended. but lhe examiner must keep an open mind to be free to 
test and observe objectively. 

Pain during any part of the test negates the test. It is impor

tant to observe the patient closely ror reaction and to question 

the patient. Some patients will not report pain unless asked 

and will simply make the effort because they were asked to. If 
pain is present, it is important to know what pan of the test 

became painful and the exact location of the pain. If the 
muscle tests strong yet pain is present, locating the pain may 

be helpful in identifying a small muscle tear, tendinitis, or bur

sitis. Pain away from the primary joint being tested might indi
cate a problem in the support structure. 

Recruitment or other muscles may be necessary to perronn 

the test. Most movements or the body are carried out with ease 
and smoothly and, against resistance, with strength. In the 
presence or pain. joint dysrunction, or muscle weakness the 
body cannot function efficiently and will be forced to use al
ternative methods to achieve movement when commanded to 

do so. Normal movement is now replaced with whatever is 

necessary to carry out the command. Shifting of the body or 
unusual movements of other musculature may occur to pro

vide greater leverage to other muscles recruited for the func

tion (for want of a better term, the author refers to the unusual 

movements as cheating). The normally smooth movement 

may now be supplanted by abnormal direction or hesitation 

during movement. Subtle alterations of direction by the pa-

tient must be detected and corrected by the examiner. Only 

with a knowledge or what nonnal movement is can an exam

iner detect abnom131 movement. 
To aid in determining whether a secondary muscle is at 

fault, give manual assistance to the muscle, or do the job of 
stabilizing the structure while retesting the primary muscle. If 

in doubt, retest. A single errort is representative or the 

patient's ability to perform only once and docs not represent 

the ability to perform the action repeatedly. In injury cases 

where muscle weaknesses are detected, the author has round 

that the muscle test should be performed four times consecu

tively. The fourth test should be normal before the patient is 
released to return to normal work. If the examiner depends 

upon only one test, the patient may return to work, perform 

nomlally for a short time, and then exaccrbate the condition 
with repealed activity. 

Several instruments have been developed in the anempllo 

lest muscles, record findings, and place a numeric grade on 

muscle tests. Although interesting, each apparatus tested by 

the author is still dependent upon the skill of the operator, and 
each of the factors mentioned above must still be considered. 

One method is often helpful when a muscle is weaker than 

expected. After testing, goad (deep moving pressure applied 

without moving the contact over the skin) the origin and inser
tion of the muscle and retest. If a muscle has had a mild stretch 

and is just not functioning up to par, the muscle may respond 
to goading, and that may be all that is necessary. If a muscle is 

truly weak, goading the origin and insertion may cause a re

sponse. Although the response is only temporary, it may aid in 
diagnosing the problem. 

A muscle that does not respond up to expectations: 

• may be mildly stretched as a result of loss of habit pattern 

and use during activities (eg, abdominal muscles post

partum; stretching during pregnancy alters the habit pat
tern or use and, if not restored, may result in chronic 

weakness) 

• may be mildly stretched sufficiently to inhibit normal 
function (eg, stretching of the popliteus muscle while sit

ting with heels resting on a footstool) 

• may simply be weak from lack of use and test weaker 

than its opposite or its antagonistic muscle 

• may be inhibited as a result of fixations (eg. dorsiOexion 

of the ankle and an anterior alias fixation in its relation
ship to the occiput; gluteus maximus abnormality and 
L-5 fixation) 

• may be affected by organic problems (see Appendix A) 

• may test weak when it is actually hypertonic (often a hy

pertonic psoas will test weak, as demonstrated by a posi

tive Thomas test) 

• may test weak if there is a loss of fulcrum (as in the quad

riceps with a lateral patella) 



• may have undergone trauma causing various degrees of 
damage and muscle reaction 

TRAUMA 

Trauma may be characterized as follows: 

• minimal sLretching without fiber damage, inhibiting nor
mal muscle function (may require nothing more than a 
reminder to rcturn to work with mild exercise) 

• trauma sufficient to cause a reaction yct with no fiber 
damage (eg, a "knuckle" into the deltoid may only re
quire rest, mild stretching, and/or little therapy to return 
to normal) 

• minimal strain-few fibers torn (may respond to 80% of 
normal; may have minimal pain during the test; no lesion 
may be palpated in the muscle) 

• moderate strain-tear sufficient to allow location by pal
pation (test produces pain and no response) 

• Severe-large depression in the muscle (a large segment 
is torn and may need surgical repair) 

Tears may occur within the bulk of the muscle or at the 
junction of the muscle and tendon. The tendon can tear, the 
muscle can tear away from its bone insertion, the tendon can 
tear away from its bone insertion, or a periosteal separation 
can occur at the origin or insertion. 

SPECWIC MUSCLE TESTS 

Although the examiner must keep in mind the many things 
that may innuence a test, the ability to test the muscle and to 
determine whether it is normal or not is important. If a muscle 
fails to respond normally, the examiner has many options to 
follow up to investigate why and to assist in a proper diagnosis 
and treatment program. 

Quadriceps Femoris 

The origins of the three vastus muscles are on the femur. 
The origin of the rectus femoris is on the anleroinferior iliac 
spine and the groove just above the rim of the acetabulum 
(Figure 3-1). To test all four muscles at the same time, it is 
necessary to test the hip nexors as well. 

With the hip and knee at 90°, place one open hand above the 
knee and one on the ankle (Figure 3-2). Begin by testing the 
hip nexors with pressure inferior on the knee and minimal 
pressure on the ankle. [f the hip nexor part of the test seems 
weak, stop the test. [f the primary hip nexors (psoas and 
iliacus) are weak, a rectus femoris weakness is difficult to dif
ferentiate. [f the primary hip nexors are normal (tested as 
such) and the first part of the test is weak, it would indicate a 
weak rectus femoris. Usually with normal hip nexors and a 
weak rectus, pelvic and/or abdomjnal movement will occur 
during the test. 

To test the vastus muscles (and, to some degree, the rectus), 
stabilize the knee with the support hand, and apply pressure on 

iliotibial 
tract 

Figure 3-1 Right knee. anterior view. 
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the ankle only. [f the hip nexors seem adequate, apply pres
sure to extend the hip, and nex the knee at the same lime. 

To place emphasis on the vastus lateralis (VL), rotate the 
foot medially and apply pressure into nexion and slightly me
dially. 

To place emphasis on the vastus medialis, laterally rotate 
the foot, and apply pressure into nexion and slightly [aterally. 

[f the quadriceps test is weak, the first suspect must be the 
oblique fibers of the vastus medialis muscle (VMO). To test 
for VMO weakness, retest the quadriceps while supporting the 
patella medially and slightly proximally (Figure 3-3). Hook 
the thumb of the support hand around the patella and the 

Figure 3-2 Quadriceps femoris test. 
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Figure 3-3 Quadriceps femoris test with support. 

fingers toward the origin of the VMO (the origin may be pain

ful). Duplicate the action of the VMO while repeating the test. 

A minimal response may indicate that other problems are 

more prominent. 
A good response would indicate that the VMO is a major 

factor in producing the symptoms. If the response is positive, 
repeat the test without support and again with support. This 

not only will reinforce the diagnosis but also will demonstrate 

to the patient that one source of the problem has been found. 
The author has found the VMO to be a major factor not only 

in diagnosing the problem but also in establishing a treatment 

program (see Chapter 6). 

Injury to the VMO occurs in many sports, especially in the 

football clipping injury, where the knee is struck from the side 

and rear. It occurs in any injury where undue stress is placed 

on the knee while flexed with the foot laterally rotated (com

mon in skiing injuries). Postural faults with valgus strain tax
ing normal VMO function may produce microtrauma, stretch

ing. weakness, and susceptibility to harm, even in minor 
injuries. 

Weakness also occurs in the VL, interfering with nannal 
quadriceps function, but this is relatively rare. Seldom does 

postural distortion place undue stress on the VL. To strain the 
VL requires a blow the opposite of the clipping injury. An ex

ample is the patient in full stride with the one leg forward who 

is struck on the medial side of the knee by a running dog. If 

weakness of the VL is suspected, test the VL while supporting 

the patella and the VL opposite the VMO support. 
Testing may be performed in all degrees of flexion if the 

following is kept in mind: 

• Testing the quadriceps femoris forces the patella into the 

trochlear groove, and the presence of edema or other 

problems may produce pain. If so, the test should bc dis

continued. 

• Upon testing. some stress is placed on the meniscus. The 

greater the degree of nexioo, the morc posterior the pres
sure. Without pain at 90° and with pain at greater nexioo. 
a posterior meniscus lesion is a possibility. 

• There is no constant activity of the muscles during exten
sion, with each muscle performing differently at differ

ent degrees of extension. 

• Some investigators suggest that the VMO is only effec

tive in the last 20° to 30° of cxtension. On the basis of the 
testing method above and other clinical tests, the author 

has clinically provcn otherwise. The VMO is a strong 
stabilizer at 90° of flexion and is an important factor in 

returning from a squat at full nexion, especially in the 
individual with a shallow lateral femoral condyle. 

The nerve supply to the quadriccps is the femoral nervc, 

L2-4. If the weakness is suspected as a rcsult of a fixation, the 

author has found that correcting fixations of TlO-I2 and L-I 
rather than fixations of L2-4 will affect quadriceps function. 

One theory is that a fixation affects the muscles and circula

lion of the articulations of the vertebrae above and below. 
A weakness of the quadriceps may be a sign of dysfunction 

of the small intcstincs (cspecially the duodenum; see Appen
dix A). If so, the area to adjust would be the lowcr six 

thoracics. The patient should be questioned about intestinal or 

digestive distress. 

Gracilis and Sartorius 

Both these muscles cross the hip and knee joints and have a 

common insertion in the pes anserinus on the tibia (Figure 

3-4). Testing either muscle alone is difficult. 

Gracilis 
The broad origin of the gracilis on the lower pubis and its 

descent to the tibia make it the most superficial ofthc adductor 
muscles. Its insertion into the pes anserinus allows it to partici

pate in adduction of the hip. It is not a strong adductor, yet it 
assists by adducting the tibia. With the knee extended, the 
gracilis provides medial stabilization of the knee. It assists the 

hamstring muscles in knee nexion after nexion is initiated by 
the popliteus and hamstrings. Finally, it assists the hamstring 

muscles in medial rotation of the tibia. Its nerve supply is the 

femoral nervc (L-2 and L-3). 

Sartorius 
The sartorius originates from the anterosuperior iliac spine. 

As a narrow band, it crosses the anterior thigh and over the 
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Figure 3--4 Gracilis and sartorius muscles. 
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vastus medialis muscle on its way (0 the pes anserinus 

insertion on the tibia. The sartorius assists in flexion of the hip 
and knee, abduction of the thigh, and lateral rotation of the 

thigh. With the knee extended, it assists in stabilization of the 

knee.2-4 

The sartorius is referred to as the tailor's muscle because of 

its function of moving the extended leg to place the ankle on 

the opposite knee. The sanorius nerve supply is the femoral 

nerve (L-2 and L--3). 

Testing must include both muscles. With the patient in the 
supine position, place the heel above the opposite knee and 

abduct approximately 40°. Have the patient hold the position. 

Place an open hand over the medial aspect of the knee, signal

ing to the patient that an abduction and slight extension pres
sure will be made. Place an open hand on the heel and ankle, 

signaling that pressure to extend the leg with slight abduction 
from the midline will be made (Figure 3-5). 

With the patient resisting, apply pressure with both hands 
simultaneously. The hand on the knee will reel the response 
from the gracilis more than the sartorius. The hand on the 
ankle will feel more of the response from the sartorius. 

While testing, it is important to remember that both muscles 

attach on the pelvis, requiring different secondary support 

muscles. Compare with the normal knee for abnonoal pelvic 

movements during the test, whether or not the muscles tested 
weak. Weakness of the gracilis may produce an auempt by the 

body to extend the hip, enabling the adductors to assist in the 
lest. Weakness of the sartorius may be accompanied by a pos
terior shifting of the ilium during the test. 

A weakened sartorius must be considered in persistent pos

terior rotation fixations of the ilium. A persistent sartorius 
weakness may be a sign of adrenal problems (see Appendix 

A). If adrenal problems are suspected, the specific area to ad

just is T-9. 
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Figure 3-S Tesling the sartorius and gracilis muscles. 

Popliteus 

The popliteus originates from the lateral condyle of the fe

mur just anterior and inferior to the origin of the lateral collat

eral ligament (Figure 3-{i). It also receives fibers from the ar

cuate popliteal ligament (from the fibula head to the posterior 

tibia and posterior capsule) and the lateral meniscus. From its 

Tibia 

Popliteus 
muscle 

Femur 

) .:: (' 

-7-- Fibula 

Figure 3-6 Right knee. posterior view showing the popliteus 
muscle. 
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origin, it passes under the lateral collateral ligament and fomls 

the noor of the popliteus fossa. It inserts into the posterior sur
face of the tibia. The most medial portion insertS along the 

soleus line, where it is easily palpated. 

The popliteus initiates nexion from hyperextension.4 With a 

fixed origin. contraction medially rotates the tibia and Oexes 
the tibia on the femur. With a fixed insertion, comraction of 

the popliteus pulls the lateral femoral condyle and lateral me

niscus posteriorly and pulls the capsular ligaments out of 

harm's way during flexion. The popliteus by both actions is a 

strong medial rotator of the tibia on the femur. Normal muscle 

tone prevents total dependence on ligaments in hyperexten
sion, allowing an "end feel" upon springing of the relaxed leg. 

With weight bearing, the popliteus is a major stabilizer of 

the lateral knee. Some studies show the popliteus securing the 
lateral knee even with the lateral collateral ligament severed. 
By its posterior pull on the lateral femoral condyle, in crouch

ing it is believed to assist the posterior crucialc ligament in 
preventing anterior slippage of the femur. 

Wilh a loss of normal muscle tone or strength, a patient in 

the erect posture will appear to have a slightly hyperextended 

knee. In the supine posture the affected knee will dip into 

greater hyperextension when relaxed than the nonnal knee and 

will have a loss of the normal "end feel." 

As with the VMO, postural distortions producing an in
crease in the Q angle and a valgus knee place great stress on 

the popliteus muscie. With a loss of muscle tone andlor 

stretching, a persistent lateral rotation of the tibia on the femur 
is the usual finding. 

The nerve supply is the tibial nerve (L-4, L-5, and S-I). 

One of the signs of gallbladder dysfunction may be a 

popliteus muscle that fails to function up to its normal 

strength' (see Appendix A). The specific area to adjust if the 

gallbladder is involved is T4-5. 

To test the popliteus, flex the knee to approximately 120°, 

diminishing the medial hamstring support (Figure 3-7A). 
Place the foot in medial rotation, and instruct the patient to 
hold it there. Do not have the patient medially rotate the foot 
(patients often will medially rotate and invert the foot, bring
ing into play the anterior tibialis muscle). With the patient 
holding, attempt lateral rotation of the foot while supporting 
the heel (Figure 3-7B). Do not use the toes for a contact; use a 

broad contact. 
A common error is to test with the knee at 900• With a 

popliteus weaknl'ss, the semitendinosus muscle will often be 
recruited for the test. Flexion beyond 90° prevents the ham

string recruitment. 

Uiotibial Tract 

The deep fascia begins with an auachment to the superior 
ramus of the pubis, inguinal ligament, iliac crest, sacrum, coc
cyx, sacrotuberous ligament, and ischial tuberosity. It en vel-

A 

B 

Figure �7 (A) Contacts to test the popliteus muscle. (B) Popliteus 
muscle test. 

ops the gluteal region and the thigh with the thickest fibers 
along the anterior lateral thigh (fascia lata). 

The fascia lata receives fibers from the tensor fascia lata 

muscle anteriorly and from the gluteus maximus muscle pos

teriorly. Passing as a broad, thick band (iliotibial tract), it has a 

broad insertion into all the exposed bone structures of the 

knee. Its insertion includes the fibula, patella, and condyle of 

the femur and a strong attachment to the lateral condyle of the 
tibia.2 



During flexion of the knee,the fibers inserting into the tibial 

condyle move posteriorly on the femoral condyle, returning 

anteriorly with extension. The movement over the lateral 

condyle is sometimes the site of irritation. 

Action of the iliotibial tract, influenced by the tensor fascia 

lata and the gluteus maximus muscles, assists in extending the 

knee. After flexion is initiated, it becomes a flexor of the knee 

and a lateral rotator of the tibia. Through the iliotibial tract, the 

gluteus maximus and tensor fascia lata muscles assist in stabi

lizing the knee. 

The broad expanse of the gluteus maximus muscle and its 

strength prevent its testing as an indicator of its influence on 

the knee. Its action of stabilizing the tract is only a small part 
of its overall function and strength. 

The tensor fascia lata muscle arises from the lateral iliac 

crest and the anterosuperior iliac spine. Fibers of the muscle 

vary in length, with some reaching the level of the lateral 

femoral condyle, where they join the majority of the fibers at

taching to the iliotibial tract. 
To test the tensor fascia lata muscle, place the patient in the 

supine position, elevate the extended leg to 45°, and internally 

rotate and abduct the leg to approximately 15° (Figure 3-8). 

Have the patient hold the position while applying pressure 

with an open hand on the ankle toward the opposite ankle. As 

discussed above, the gluteus maximus fixes the (ract and may 
influence the lest. 

Weakness of the gluteus maxirnus. abdominal muscles, and 

quadratus IUlllborum allowing the ilium to move anteriorly 
during the test will affect the outcome. In the presence of a 

weak tensor fascia lata, the patient may react by posteriorly 

rotating the ilium to compensate; hence the importance of ob
servation. 

The nerve supply to the iliotibial tract is the superior gluteal 

nerve (L-4 and L-5). 

Hamstrings 

All three of the hamstring muscles arise from the ischial tu
berosity (Figure 3-9). The long head of the biceps also has 

Tensor fascia lata muscle 

Iliotibial tract 

Fibrure 3-8 RighI leg. lateral view showing the tensor fascia lata and 
the iliotibiallract. 

Sacrotuberous 
ligament 

Semimembranosus 

Semitendinosus 

Mllscle TesTillg 55 

Greater ����{:::s. trochanter 

Bleeps origins 

Figure 3-9 Right leg. posterior view showing the hamstring 
muscles. 

fibers to the sacrotuberous ligament. The muscle fibers blend 
with each other for a short distance below the origin before 

dividing. 

The semitendinosus tendon forms the medial border of the 
popliteal fossa on its way to its insertion into the pes anserinus 
on the tibia. 

The semimembranosus lies deep to the semitendinosus and 

inserts into a tubercle on the posterior surface of the medial 

tibial condyle. It also gives off some slips to the popliteal fas
cia and some to the oblique popliteal ligament. 

The short head of the biceps femoris originates on the poste
rior surface of the femur as high as the lower fibers of the glu

teus maximus. The long head originates on the ischial tuberos
ity with some fibers to the sacrotuberous ligament. The two 

heads blend into a common tendon that forms the lateral bor

der of the popliteal fossa. The main part of the tendon splits 
and inserts on the head of the fibula on either side of the lateral 

collateral ligament. Some fibers of the tendon insert into the 

lateral collateral ligament and the lateral condyle of the tibia. 

Acting together, the hamstrings nex the knee and extend the 

hip. The biceps with the knee flexed is a lateral rotator of the 
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tibia. The medial hamstrings with the knee flexed are medial 

rotators of the tibia. 

The hamstrings become posterior rotators of the pelvis only 

if the pelvis is flexed forward, assisting in returning to neutral. 

In the ereet posture the hamstrings' effect on rotation of the 

pelvis is minimal, otherwise the large number of short ham

strings found in practice would produce a predominance of 

posteriorly rotated pel ves, which is not the case. 

The hamstrings act as stabilizers of the pelvis in the ercct 

posture and assist in moving the pelvis from side to side. 

Action of the biceps pulls the fibula proximally in the ex

tended knee. During the first stages of flexion, its pull influ

ences the fibula head posteriorly as well until 90· of flexion is 

reached, where the pull is posterior only. 

The biceps' action on the fibula becomes an important fac

tor not only in knee problems but in problems of the foot and 

ankle as well. The reverse is also important, with foot and 
ankle problems affecting biceps function. 

The nerve supply for all three hamstring muscles is the sci
atic nerve (L-5, 5-1, and 5-2). 

With the patient prone. test first with the knee at 90· (Fig
ure 3- 10). With the support hand, contact the belly of the 

muscles while pressure is applied using the back of the wrist 

or an open hand. 

If a muscle spasm should occur during the test, cease all 

pressure, and instruct the patient to relax. Straighten the leg. 

and apply steady pressure laterally to stretch the hamstring 

muscles until the spasm is over. Do not retest. 

Testing may be performed at different degrees from 45· to 

90· (Figure 3-11). Each places different stress on the menis

cus and other structures and may help in making the diagnosis. 
To emphasize the medial hamstrings, medially rotate the 

thigh (move the foot laterally; Figure 3- 12). This brings up the 
medial hamstrings so that they are more prominent and may be 

tested with less influence from the biceps. To emphasize the 

lateral hamstring. move the foot medially (Figure 3- 13). 

Figure 3-10 Hamstring muscle lest. 

__ - � --,,-c:.' :,' =� 

Figure 3-11 Hamstring muscle test in 80° of nexion. 

Gastrocnemius and Plantaris 

Both these muscles must be considered together because 

they have a common insertion into the calcaneus tendon. The 

plantaris muscle has lillie influence and is best considered a 

slip of the lateral head of the gastrocnemius origin (Fig
ure 3- 14). 

The primary action of the gastrocnemius and the plantaris is 

plantar flexion of the ankle. The effect on the knee in the erect 

posture is stabilization; these muscles have lillie or no effecl in 
flexion except when the ankle is dorsiflcxed. 

A shortened or contracted gastrocnemius may slightly flex 

the knee with the ankle in dorsiflexion. It would greatly re

strict dorsiflexion of the ankle, however, which would be 

easier to recognize. 

The plantaris muscle is a small muscle that may be palpated 
in the popliteal fossa just medial to the lateral head of the gas

trocnemius. It has been the author's experience that, in some 

cases of hamstring weakness, deep massage of the plantaris 

results in a greater response by the hamstrings. The plantaris 

Figure 3-12 Medial hamstring muscle lest with the femur rotated 
medially (foot moved taterally). 



Figure 3-13 Lateral hamstring muscle test with the femur rotated 
laterally (foot moved medially). 

may help in stabilization during nexion of the knee because 
some of its fibers insert into the nexor retinaculum. 

The nerve supply to both muscles is the tibial nerve (S-I 

and S-2). 

Medial head of 
gastrocnemius 

'-Il-'hf-- Plantaris muscle 

Lateral head of 
gastrocnemius 

Figure 3-14 Righi leg. posterior view showing plantaris and gas
trocnemius muscles. 
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The following will test the gastrocnemius. soleus, plantaris, 
and, to some degree, the posterior tibialis and nexor hallucis 

longus. Place the patient supine, grasp the heel with the fore

foot on the forearm, and attempt dorsinexion with the patient 

maintaining a neutral position (Figure 3-15). 

The soleus and posterior tibialis muscles may be isolated to 

some degree by nexing the knee, thereby removing the effect 

of the gastrocnemius and plantaris (Figure 3-16). The gastroc

nemius and plantaris cannot be isolated. The best information 
to be obtained is found by testing for muscle tone and length 

and through palpation. 

MUSCLE BALANCE 

The musculoskeletal system may function within reason 
without great strength. The 92-lb woman who has never par

ticipated in strenuous physical activity may be completely free 

of pain and discomfort. She may also move through the full 
range of motion and be perfectly balanced even though all her 
muscles are weak. On the other hand, the 200-lb male body

builder who works out every day and whose muscles all test 
strong may have limited range of motion, muscle imbalance, 

distortion, and pain. 

Imbalance is relatively easy to detect when a muscle I.ests 

weak on one side and strong on the opposite side. When both 

muscles test up to what is expected. the examiner must con

sider the possibility that, if tested to their total capacity, one 

may test to a greater capacity than the other. Thus an imbal
ance exists and must be dealt with. 

If a muscle is suspected of being stretched and not function
ing efficiently, it may be tested and then retested while the 

examiner gives manual support to the muscle (see Figure 3-3). 

If a positive response is found, repeat again without the sup

port. If it is still affected, treatment with exercise and/or sup
port may be used to restore the muscle to normal function. 

A knowledge of muscle function allows the examiner to 

recognize imbalance by body part position, differences in the 

- -
.--

- .. --.. _-

Figure 3-15 Test for gastrocnemius. plantaris. and soleus muscles. 
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Figure 3-16 Test removing some gastrocnemius function. 

range of mOlion, and passive stretching to test muscle lone. 
For example. a low shoulder with suspected weakness of the 
upper trapezius muscle in the sitting position may be verified 
with the patient supine. By pulling inferiorly on the clavicle 
and scapula. the true muscle length and tone may be checked 
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SUMMARY 

Muscle testing is fraught with many variables. as indicated 
earlier in this chapter. When used in conjunction with observa
lion and as a part of the overall examination, however. it is 
helpful in diagnosing problems. Muscles that test weak help in 
establishing a treatment program and in demonstrating to the 
patient the weaknesses. If exercises are needed. muscle testing 
helps persuade the patient to do them. 

Fixations may produce muscle reactions, and muscle imbal
ance may produce fixations. When a fixation is persistent, re
turning repeatedly, it is necessary for the practitioner to know 
which muscles allow the fixation to occur as well as which 
muscles may produce the fixation. This infomlation helps in 
initiating a program of treatment to prevent the fixation from 
recurring. It also improves the overall knowledge of the prac
titioner in how that particular articulation filS into the overall 
postural function. 
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This chapter reviews imaging of the most common abnor
malities of the knee. Available imaging modalities 3rc numer
ous, and many are utilized in the detection of specific disor

ders (Table 4-1). 

fMAGfNG METHODS 

Plain Film Radiography 

Minimum Study 

Conventional radiography remains a pivotal imaging ex

amination in knee disorders. It is readily available. fast. and 
cost effective. It is standard procedure that views are obtained 

in both frontal and lateral planes with supplemental views as 
considered appropriate. The basic knee series comprises 
anteroposterior (AP). AP tunnel. lateral. and patellofemoral 
("skyline" or tangential) views. 

Technical Considerations 

In general. radiographs of the knee should be obtained with 

a grid. although in young palients or in the case of measure
ments less than 10 COl this can be disregarded. An optimum 

exposure is in the range 55 to 60 kVp. Fine-detail or single
emulsion extremity screens and films should be utilized. 

Ameroposterior View 

Patient Position. This view can be obtained with the patient 
upright or recumbent. Upright weight-bearing views are pref
erable and should be obtained bilaterally with a single expo
surc.l.2 Some clinicians prefer a view with the patient standing 
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Chapter 4 

Imaging 
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Table 4-1 Clinical-Imaging Correlations in the Knee-

Bone Joint Soft Tissu9 
Technique Diseas9 Dis9ase Dis9Bse 

Plain film radiography +++ +++ + 
Computed tomography ++++ +++ +++ 

MagnetiC resonance 
imaging +++ ++++ +++++ 

Bone scan +++++ ++ +++ 
Arthrography + ++ + 
Ultrasound + +++ 

• This rating scale is based on the approximate clinical usefulness 01 a given 

Imaging method In a particular clinical circumstance. For eKample, note thai In 

bone disease nuclear scans are panicularly sensitive, as is computed 

lomography. Conversely, observe thai ultrasound offers little value in bone disor

ders. All modalities are assessed on a scale 01 0 (-) to 5 (+++++). 

on one leg to prevent support from the uninvolved leg (stork 
view).' With recumbentlilms the limb is internally rotated ap

proximately 5° with the ankle stabilized by a suitably placed 
sandbag across the lower leg. 

Tube Positiol/. Cephalad tube angulalion of 5° with the 

central ray centered I cm below the patellar inferior pole is 
optimum. This facilitates the beam passing parallel to the ar
ticular surface of the tibial plateau. 

Application. The osseous components of the distal femur, 
proximal libia. and libula along with the patella can all be 
identified (Figure 4-1). This view is especially valuable in the 
assessment of the femorotibial joint compartment, which 
should be no smaller than 5 mm. This is further enhanced 
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Figure 4-1 AP view. In this standard projection the bony structures 
of the femur. tibia, and fibula are well demonstrated. Notc also thai 
the femorotibial joint space is clearly seen. The patella. however, is 
obscured. Commelll: This view should be obtained in weight bearing 
to show loss of joint space and the presence of lateral tibial shift, 
changes in a degenerative knee joint that are not adequately demon
strated on recumbent views. 

when the projecLion is o bLained in the uprighL position. AI
Lho ugh the paLella is o bscured by the femur, iL is in Lhis view 
that any fracture lines or bipartite anomalies can often be iden
Lified. 

AlIleroposrerior IlIIercondylar (Tullllel) View 

Parielll Positio", The patient can be prone with the k nee 
flexed to 45°, Alternatively, an easier position is with the pa
tient k neeling and leaning forward to position the jo int at 45°.4 

Tube Positioll. The cenLral ray is direcLed LO the popliLeal 
fossa Lhrough the joinl. When the paLienL is pro ne, the Lube is 
angled caudad 45°. In the kneeling posiLion no Lube angulaLion 
is required. The milliampere-seconds should be increased Lo aL 
leasL 50% greaLer Lhan LhaL o f  the AP projecLion. 

Applicatiolls. As the name implies. this is a specific view 
LhaL provides addiLio nal deLail o n  conLenLs o f Lhe inLerco ndylar 

notch, especially loose bodies and Libial eminences, and ex
poses more o f  the femoral co ndylar surfaces' (Figure 4-2). 

Lateral View 

Patient Positioll. The patien t  lies with the study side down 
and the knee nexed LO 45°. The upper leg is carried forward 
and placed on  the table LO assisL sLabiliLY. The cenLral ray is 2 

cm disLal Lo the medial epicondyle wiLh the lo ng axis o f  Lhe 
femur coincident with the vertical component of  the beam. 

Tube Position. Some clinicians advocate the use o f  5° o f  
cephalad Lube LilL LO assisL i n  superimposing bO Lh femoral 
condyles. 

Applicatiolls. The paLella and paLellofemoral jo inL space are 
well demonsLrated in Lhis view. AddiLionally, the femoral and 

Figure 4-2 AP intercondylar (tunnel) view. With the knee flexed. 
the intercondylar notch comes into profile (black arrow). I n  addition. 
the tibial eminences are clearly displayed, and another tangential 
view of the femoral condyles is obtained. Note that the groove for the 
popliteus tendon (normal variant) is prominent (white arrow); it 
should not be mistaken for an erosive process. Comment: This pro
jection may show loose bodies and other abnormalities in the notch 
that are not visible on the standard AP view. Osteochondritis 
dissecans and Spontaneous Osteonecrosis of the Knee (SONK) also 
may be seen only on this view. 



tibial components, tibial tuberosity, and posterior jo int com

partment are depicted (Figure 4-3). To demo nstrate beller the 
tibial lUbcrosity and adjacent soft tissues, such as in the assess
ment o f  Osgood-Schlatter disease, the tibia should be ro tated 
internally by 5° and the exposure reduced by at least 50%.' A 
cross-table lateral view with the patient supine is especially 
useful in demo nstrating fat-fluid levels as a sign o f  an 
inlraarlicular fracture where there has been release o f  medul
lary bone fat into lhcjoint cavity. 

Patel/o/emoral (SlIlIrise, Skylille, or Tangefllial) View 

Patiem Position. The patient is pro ne with the knee nexed 
to more than 90°. A strap may be employed to assist in stabi
lizing the limb during the exposure. 

Tube Position. Thc central ray is dirccted beneath the pa
tella through the patellofemoral jo int with tight co llimation .  

Figure 4- 3  Lateral view. All bones are seen i n  a different profile. 
Note the clear presentation of the patella and the patellofcmoral joint. 
The fibula head normally overlaps the proximal tibia. Commen!: The 
fabella (normal variant) lies above the joint line just behind the femo
ral condyles (arrow). Observe the clearly defined loss of bone density 
in the dislai femur, which is due to the intercondylar nolch (Ludlofrs 
fleck). 
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Applicatiolls. This is the optimum view to depict thc patella 
surfaces, patella alignment, and patello femoral jo int' (Figure 

4-4). 

Alternative Patello/emoral Joim Views 

Various techniques have been described in the adeq uate as
sessment o f  the patello femoral jo int because the traditio nal 
projection described abo ve with the knee so flexed docs not 
accurately asscss patella subluxatio n, which characteristically 
occurs in lesser degrees o f  flexio n. Because the lU be positio n  
i n  all views can po tentially expose the pelvic area, a lead apron 
suitably positioned should be employed. At least fo ur other 
variations have been advocated: 

I .  Hughston view: The patient is pro ne, the leg is flexed 
50° to 60°, and the tube is angled toward the head paral
lel to the plane o f  thc patello femoral joinl.' 

2. Knutsso n  view: The patient is supine with the knee 
flexed and the tube horizo ntal. This requires a special 
film ho lder' 

3. Merchant view: The patient is supine with the knee 
flexed 45° over the table edge and the tube angled to 
ward the feel. A special film holder is required.lo 

4. lnferosuperior view (reversed Merchant view): The pa

tient is supine with the knee flexed over thc table cdgc. 
The beam is angled up toward the head, and thc paticnt 
ho lds the film perpendicular to the central ray." 

Stress View 

Patielll Positioll. The patient is supine with the Icg ex
tended. This view is best perfo rmed under general anesthesia 
to fully evaluate ligamentous integrity. Valgus stress is ap
plied across the joinl. 

Figure 4-4 Normal palellofemoral (skyline) projcction. Observe the 
congruence of the joinl surface and how the patella apex lies within 
the intercondylar groove. Comme",: This view is especially useful in 
the depiction of the patellofemoral joint. patella, and femoral 
condyles. 
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Tube Posirion. The tube is angled perpendicular to the knee. 

Applications. This view is an attempt to assess the degree of 
disruption of the collateral ligaments. The key sign is joint 
space widening. 

Arthrography 

Technique 

The joint is aspirated, and 2 to 5 mL of water-soluble con
trast medium and 30 mL of air are injected. The knee is then 
flexed and extended a number of times. Under fluoroscopy, 6 

to 12 exposures of each meniscus are made with increasing 
rotation. Traction and varus or valgus stress are also applied. 
At the end of the procedure, AP and lateral films are taken for 

cTuciale ligament analysis and to search for evidence of 
Baker's cyst. 

Applications 

Arthrography has been the traditional diagnostic method for 

the evaluation of intraarticular pathology. The accuracy for 
the diagnosis of meniscal tears approaches 99% for medial 

tears and 93% for lateral tears.12 Cruciale ligament tcars are 
less reliably diagnosed. Accurate assessment depends on the 
use of proper technique, with accuracy ranging from 50% to 
90%." Other conditions for which arthrography may be of use 
are chondromalacia patellae, osteochondritis dissecans, loose 
bodies, and pigmented villonodular synovitis. Abnormal ex
tension of contrast material into a bone-prosthesis interface 
can be used to detect loosening. 

Computed Tomography 

Technique 

With computed tomography (CT), images must be obtained 
sequentially with a 10-mm slice thickness or less. Soft tissue 
windows are used to display muscle and periarticular detail. 
Bone windows are used to demonstrate skeletal abnonnalities. 

ApplicGriolls 

CT of the knee as a diagnostic tool has not found wide ac
ceptance for diagnosing intraarticular or periarticular abnor
malities. This is due to the lack of tissue differentiation and 
resolution in structures such as menisci and ligaments. Three
dimensional reconstruction may have some application in cru
ciate ligament abnonnalities.13 The rnajor application of knee 
CT has been in the assessment of tumors, infections, and frac
lUres. 14 

Magnetic Resonance Imaging 

Technique 

The standard magnetic resonance (MR) examination of the 
knee is performed with the patient supine and the affected 
knee in 10° to 20° of external rotation and full extension, a 

position that optimizes visualization of the anterior crudate 
ligament. It is essential that both coronal and sagittal se
quences be performed on all patients. Both T 1- and T2-
weighted images are obtained. Ligaments and menisci show 
as black structures (low signal intensity). For meniscal assess
ment, a narrow window (meniscal window) is used to demon
strate more fully intrameniscal detail. Intraarticular effusions 

are best depicted on T2-weighted images, where fluid be
comes white (high signal intensity). 

AppiicGriolls 

In many centers MR imaging has replaced knee arth
rography. This depends largely on availability. 

The advantages of MR imaging include its noninvasive na
ture, lack of known side effects, lack of ionizing radiation, 
ability to image in any plane, and lack of operator dependence. 

MR imaging is capable of diagnosing and evaluating intra
articular (menisci and cruciate ligaments), periarticular (neo
plasms and collateral ligaments), and subehondral abnormali
ties (stress fractures and osteonecrosis) as well as lesions that 
are not accessible to the arlhroscopist.ls 

Isotopic Bone Scan 

Technique 

The two most common agents employed are 99mTc and 670a. 
Essentially, the radionuclide is injected intravenously and be
comes protein bound, whereupon it perfuses into skeletal sites 
and binds to the bone crystal surface. Radionuclide that is not 
incorporated into bone is renally excreted; excretion may be as 
high as 50% I hour after injection." As the isotope undergoes 

degeneration, y rays are emitted, which are detected by a scin
tillation camera. The greater the bone turnover, the higher the 
concentration of isotope and the greater the scintillation count, 

which produces the hot spot on the resultant image. 
Three studies are usually obtained after injection (three

phase study). One obtained immediately depicts the vascular 
tree distally and is called a flow study. Within 5 minutes, im
ages depict the capillary and venous phases of perfusion; these 
are called a blood pool study. At around 2 to 3 hours, there is 

significant bone uptake for the bone image study. 

ApplicQriolls 

Nuclear imaging is an extremely sensitive marker of bone 
and joint disease. It has high sensitivity but relatively low 
specificity. Any disease process that disturbs the normal bal
ance of bone production and resorption can be depicted on 
bone scan, usually as an area of increased uptake (hal spot) or 
occasionally decreased uptake (cold spOt). Increased bone up
take can be demonstrated with only a 3% to 5% change in 
bone activity; therefore, this type of study is especially useful 
in the early depiction of infections. tumors, stress fraclUres, 
avascular necrosis, articular disorders, and bone pain of unde-



tennined etiology. It sho uld be noted, however, that there will 
be an increased uptake in nonnal struct ures, such as develop
ing growth plates and adult metaphyses. 

MEASUREMENTS OF THE KNEE 

Patella Position 

Vertical Aligllmelll 

On a lateral view the length o f  the patella is compared with 
the length  o f  the patella ligament (Figure 4-5). These meas
urements are generally equal; normal variation does not ex
ceed 20%." If the patella is excessively high, this is called 
patella alta and may predispose to patella subluxatio n, patella 

dislocation, or chondro malacia patellae. A low-riding patella 
(patella baja) may be seen in po lio, achondro plasia, juvenile 
rheumatoid arthritis. and tibial tubercle transposition. 

Figure 4-5 Venical patella alignment. The length of the patella is 
measured from pole to pole (A-A). The patellar tcndon is measured 
on its deep surface from the lower pole to its attachment on the tibial 
tubercle (8-8). Comment: Normally these measurements arc equal, 
although the range of norma) is 20% variation. A high-riding patella 
(patella alta) or a low-riding palella (palella baja) can be delennined 
from this measurement. 
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Figure 4-6 Patella apex sign. The patella is in correct alignment 
when its apex lies directly above the deepest section of the 
intercondylar sulcus. Comment: This is a useful visual clue i n  the de
tection of subtle subluxations of the patellofemoral joint. 

Patella Apex 

The patella is centered when its apex is direct ly above the 
deepest section o f  the interco ndylar sulcus'(Figure 4-6). 

SlIlclls Allgle 

Lines drawn from the highest po ints o n  t he medial and lat
eral condyles to the lowest po int o f  the intercondylar sulcus 
foml an angle (Figure 4-7). Normally this angle should be 
1 38° (range 1 32° to 144°).,.10 Greater measurements (shallow 
intercondylar groove) predispose to subluxation and disloca
lio n. 

Lateral Patellofemoral Allgle 

A line tangential to the femoral condyles is intersect ed by a 
line jo ining the limits o f  the lateral facet" (Figure 4-8). The 
angle is normally open. In patellar subluxatio n, these lines are 
parallel or open medially. 

Lateral Patellofemoral Joint Illdex 

The narro west medial jo int space measurement is divided 
by the narro west lateral joint space measurement (Figure 4-9). 

Figure 4-7 Sulcus angle. Two lines are drawn tangential to the me
dial and lateral condylar surfaces to the lowest point of the 
intercondylar sulcus. Comment: Nonnally this measurement is 1 380 
(range t32° lO 144°). A shallow groove (>144°) may predispose lO 
subluxation and dislocation. 



64 THE KNEE 

Figure 4-8 Lateral patcllofemoral angle. Tangential lines are drawn 
through (he femoral condyles and the lateral patella. Nonnally these 
form an open anglc on the lateral side. CommelJt: In patellar 
subluxation these lines are parallel. or the angle is open medially. 

This index is normally less than or equal to 1.0. A value 
greater lhan 1.0 is noted in patients with chondromalacia pa
tellae." 

Lateral Patellar Displacemelll 

A line is drawn tangential to the medial and lateral condylar 
surfaces (Figure 4-10). A perpendicular line at the medial 
edge of the femoral condyle nomlally lies I mm medial to the 
patella or closer. I I 

Varus-Valgus Angulation 

On the AP standing film, lines are drawn along the femoral 
and libial shafts and nonnally inlersect 10 foml an angle of 5° 
to 7°.' This angle is greater than 7° in genu valgus and less 
than 5° in genu varus (Figure 4-11). 

Lateral Tibial Subluxation 

Nomlally the femoral and tibial shaft lines intersect at the 
knee joint. If the lines intersect above the joinl line, lateral 
tibial subluxation is present.3 This displacement can be quan
tified by measuring the distance between parallel lines drawn 
on the most lateral surfaces of the femur and tibia" (Figure 4-
12). 

Figure 4-9 Lateral pateJlofemoral joint index. This index is the ratio 
between the narrowest medial joint space (A) and the narrowest lat· 
eral joint space (8). Commellt: The index is normally 1 .0 or less. An 
index greater than 1.0 may denote chondromalacia patellae or degen. 
erative joint disease. 
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Figure 4-10 Lateral patellar displacement. A line is drawn tangen
tially through the femoral condyles (A-A). A line perpendicular to 
A-A is drawn at the medial edge of the medial condyle (B-A). An
other perpendicular line is drawn at the medial edge of the patella 
(C-A). Measurement is made between lines 8-A and C-A. Com

mellt: Nonnally the B-C interval is less than 1 mm. Measurements 
greater than I mm indicate patellar subluxation or dislocation. 
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Figure 4-11 Varus-valgus angulation. On an upright AP view. 
lines are drawn through the femoral and tibial shafls (A-A and B-B. 
respectively). These intersect at or below the joint to fonn an angle 
inferiorly. Commellt: The normal value is between 5° and 7°; 
measurements greater than 7° indicate genu valgus. and measure
ments less then 5° indicate genu varus. Furthennore. if these lines 
intersect above the join!. lateral displacement of the tibia is usually 
present. 



A,:8 
, , 
, , 
.. 
, , , , 
, , 
, , , , 
, , 

Figure 4-12 Latcral libial subluxation. The distance between the lat
eral margins of the femur and tibia is dctennined by drawing vertical 
lines tangential to their laleral margins (A-A and 8-8, respectively). 
Comment: The amount of lateral tibial displacement can be quantified 
and indicates degenerative joint disease causing ligamentous laxity. 
This measurement is best applied in weight-bearing studies. 

Femorotibial Joint Space 

On slanding views lhe canilage space is 5 10 I I  mm in 
lhickness' (Figure 4-13). 

Axial Relations 

Femoral Allgle 

Lines are drawn lhrough lhe axis of lhe femoral shaft and 
langential lo lhe femoral condyles (Figure 4-14). The angle on 
lhe laleral side is measured; il ranges from 7 5° 10 85°. This 
measurement is useful is assessing post fracture defonnilies 
and overgrowlh or hypoplasia of lhe femoral condyles." 

Tibial Allgle 

Lines are drawn lhrough the axis of the tibial shaft and lan
genlial lo lhe libial condyles (Figure 4-14). The angle on the 
lateral side is measured; it ranges from 850 to t 000. This meas
urement is useful in assessing post fracture deformities and 
overgrowlh or hypoplasia of lhe tibial plateau." 

Tibial Plateau Angle 

The angle of lhe tibial plaleau is defined on the laleral view 
by lhree lines: a line langential to lhe anlerior tibial corlex. a 

Imaging 65 

Figure 4-1 3 Femorotibial joint space. On weight·bcaring studies. 
the medial and lateral femorotibial joint spaces are measured at their 
narrowest dimensions. Commellt: The normal range is between 5 and 
11 mm. Narrowed joint spaces are indicative of joint disease. and 
widening may indicate acromegaly. 

line tangential 10 the plateau. and a line perpendicular to the 
conex line. The angle belween the laller of lhese lwo lines is 
measured; it varies between 5° and 20° with an average of 1 5° 
(Figure 4-15). This measurement is useful in delermining lhe 
degree of depression in tibial plaleau fraclures." 

Femoral Condyle Position 

On a lateral view, one line is drawn along the anterior femo
ral cortex and another through the intercondylar cortex 
(Blumensaa!'s line). The angle between these lines averages 
34° and helps quantify the deformity from supracondylar frac
tureW (Figure 4-16). 

Sagittal Instability 

A preliminary laleral non-weighl-bearing film with at least 
1 5° of flexion is obtained. A second uprighl weight-bearing 
film in 3t least 1 5° of flexion is required. A line is drawn tan
gential lo the tibial anicular surface. and a second perpendicu
lar line is drawn upward with the distance to the poslerior 
femoral condylar surface measured. This is done on both lal
eral views, and the measurements are compared. Comparison 
bilaterally with lhe normal knee is desirable. In general. the 
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Figure �14 Axial relations. Lines are drawn through the femoral 
and tibial shafts (A-A and 8-8. respectively) and tangential to the 
femoral and tibial condyles (C-C and D-D. respectively). The femo
ml angle (FA) ranges from 75' to 85'. The tibial angle (TA) ranges 
from 85° Lo 100°, Commellt: These lines and angles are useful in the 
quantification of condylar or shan dcfonnities. 

difference between erect and recumbent films is less than 
3 mm, with larger measurements indicating increasing cruci
ate insufficiency" (Figure 4-1 7). 

CONGENITAL ANOMALIES AND VARIANTS 

Bone Islands (Enostoma) 

Clillical Features 

Bone islands are histologically normal compact bone lying 
within the medullary cavity. They arc clinically insignificant 
skeletal variants that require differentiation from osteoid 
osteoma, Brodie's abscess, and osteoblastic metastasis. Serum 
alkaline phosphatase is normal with bone islands. Change in 
size with time is common in up to one third of bone islands.22.23 

Imagi"g Features 

On conventional radiographs a bone island is recognizable 
as a round LO oval, homogeneously sclerotic focus lying within 
the epiphysis or metaphysis (Figure 4- 18 ) .  Occasionally 
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Figure 4-1 5 Tibial plateau angle. On the lateral film three lines are 
drawn: tangential to the tibial anterior cortex (A-A), langenlial to the 
tibial plateau (A-B), and perpendicular to A-A (A-C). The angle 
between A-B and A-C is the tibial plateau angle. COmmelll: This 
angle usually ranges between 5° and 20° (average, 15°). In plateau 
rractures the amount or depression can be quantified. 

they may exist as 1110re elongated forms, usually with their 
long axis oriented along trabecular lines. They are never 
diaphyseal, nor is any periosteal reaction evident. Intermit
tently some cases will demonstrate a spiculated brush border 
due to thickened trabeculae that abut the lesion. A few may 
coexist simultaneously, but jf they are numerous, symmetric, 
and found at other long bone metaphyses, then this is 1110St 
likely due to osteopoikilosis. 

Bone islands on bone scan may demonstrate isotope up
take.24 CT scan is useful to determine whether there is a con
tained radiolucent area, which would be consistent with os
teoid osteoma or Brodie's abscess. 

Fabella (Sesamoid Bone of the Gastrocnemius) 

Clinical Features 

The fabella is a sesamoid bone that lies within the tendon of 
the lateral head of the gastrocnemius muscle. It is a nonnal 
skeletal variant of no clinical significance, but it must not be 
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Figure �16 Position of the femoral condyles. A line is drawn along 
the anterior femoral conex (A-A). Blumensaat's intercondylar line 
(A-B. tangential through the intercondylar conex) is drawn, and the 
angle between (he two lines is measured. Comment: The angle 
formed is normally around 34°, This measurement aids in assessing 
fracture deformity. 

confused with a bone fragment from fracture, osteochondritis 
dissecans, or synoviochondrometaplasia. It occurs in up to 
20% of the population" 

Imaging Features 

On conventional radiographs the fabella lies in the posterior 
and lateral aspects of the knee (see Figure 4-3). On the frontal 
view it characteristically lies above the joint cavity and can be 
seen superimposed on the lateral condyle. It can be of variable 
shape. from round and smooth to triangular. It is bilateral in 
more than 85% of cases." In advanced osteoarthritis of the 
knee. osteophytes and cystic changes can be seen. Avulsion of 
the medial head of the gastrocnemius tendon can be identified 
when the fabella is displaced medially and inferiorly. 
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Figure �17 Sagiual instability. A line is drawn tangential to the 
tibial plateau (A-A). A line perpendicular to A-A is drawn through 
the posterior tibial anicular surface (8-8). The distance from line 
8-8 to the posterior surface of the femoral condyle is measured. 
Commellt: These measurements must be compared with those on a 
weight-bearing film. A difference of more than 3 mm may be indica
tive of instability. although comparisons with the other (unaffected) 
knee are morc meaningful. 

Growth Arrest Lines ( Harris' Lines, Park's Lines) 

Clinical Features 

Transverse. linear. opaque metaphyseal bands arc a com
mon radiographic variant of no clinical relevance.25 They usu
ally arc found in the metaphyses of the distal femur and proxi
mal and distal tibia. Less obvious expressions do occur in 
other bones. including the pelvis and subendplate zones of the 
venebral bodies. They arc thought to result from temporary 
cessation of skeletal growth. which may be related to severe 
illness. Such lines have been observed in chemotherapy for 
childhood diseases such as leukemia as well as in lead poison
ing (lead lines). The main clinical implication is the need to 
identify the lines correctly and not to confuse them with stress 
fractures. 
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Figure 4-18 Bone island. An oval opacity is present within the tibial 
metaphysis (arrow). Comment: Bone islands around the knee are an 

extremely common radiographic finding of no clinical significance. 
They 3rc often elongated along the orientation of trabecular lines and 
Jack any intemal lucency or periosteal response, which are useful dif
fcrentialing (emures from osteoid osteoma or Brodie's abscess. 

Imaging Features 

The lines are recognizable on conventional radiographs as 
lransverse, thin, opaque bands, typically within the meta

physis and occasionally the epiphysis. Solitary or multiple 
forms occur. They are bilateral and symmetric. 

Segmented Patella (BipartiteffripartiteIMultipartitel 

Accessory Patella) 

Clinical Features 

The patella is a sesamoid bone that becomes radiographi
cally visible at about 6 years of age. It arises from a single 
ossification center, but in approximately 2% to 3% of indi
viduals this center may fragment and result in a variable num

ber of patella segments" The most common form is a small 
separated fragment at the superolateral pole, which is desig

nated as a bipartite patella. These occur bilaterally in up to 
40% of patients and are up to nine limes more common in 

boys.26-28 The majority are clinically insignificant radio-

graphic findings. There has been some suggestion that trau

matic loosening of the fibrous bridge between the fragments 
may become a focus of pain that is unresponsive to conserva

tive measures and is aggravated by activity.26.29 In these un
usual cases, surgical excision of the isolated fragment Illay be 

curative. 

Imaging Features 

The anomaly is adequately visualized on conventional ra

diographs. On frontal views the separated fragment is most 

common at the superolateral pole (Figure 4-19). The margins 

of the opposing segments are typically sclerotic and smooth, 
which readily allow exclusion of acute fracture, although in 
the presence of trauma this may be diflicult.JO Isotopic bone 

scan of a bipartite patella in symptomatic patients showing in
creased uptake at the separation site indicates bone activity 
and probably innammation.29 

Dorsal Defect of the Patella 

Clinical Features 

Virtually all cases are discovered as an incidental radio

graphic variant, although a causal associaLion has been made 
with patella subluxation as a stress-induced anomaly al lhe in

senion of the vastus lateralis.31 The incidence is less than 1 %. 
and there is no clear gender predilection"'" Less than 50% 
occur bilaterally." Histopathology of the defect has revealed 

necrotic bone or repair without inflammation.J2-JS 

Figure 4-19 Segmented (bipartite) patella. A clearly separated seg
ment is evident at the characteristic location of the outer upper pole of 
the patella (arrow). Note the smooth margins of the cleft. Comment: 

Such patellar defects can be present bilaterally in up to 40% of indi
viduals. the majority being clinically insignificant. 



Imaging Features 

The defecl ex isIS as a well-defined, round lytic lesion wilh a 
sclerotic margin in the superolaleral pole of the palella (Figure 
4-20). The average size is 9 mm; the size ranges from 4 10 
26 mm"J' Bone scans may demonstrale increased uplake, 
and arthrography reveals inlacl overlying cartilage." MR im

aging clearly identifies Ihe defect." The major differential di
agnostic considerations include osteochondritis dissecans, os
teoid osteoma. and Brodie's abscess. 

Tibial Tuberosity 

During the adolescenl phase the libial epiphysis undergoes 
gradual union 10 Ihe adjacenl melaphysis. One or more os
seous cenlers develop in Ihe tibial luberosily belween 8 and 14 
years which coalesce wilh the epiphysis and should nOI be 
confused as evidence of pathologic fragmenlalion such as 
Osgood-Schlaller disease. The cartilaginous physis can simu
lale a fraclure. 

Figure 4-20 Dorsal defect of the patella. A well-defined. round. lu
ceO( defect is apparent at the outer upper pole of the patella (arrow). 
Commem: Such lesions are uncommon and of no clinical signifi
cance. Courtesy of Neil Manson, DC, Newcastle. Australia. 

Vacuum Phenomenon 
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Occasionally a thin, waferlike radiolucency may be seen in 
Ihe joinl space, especially on lunnel and slTess views. II is 
more common in the medial joint space and cannol be con
strued as evidence of degenerative joint disease. A vacuum 
within Ihe subchondral bone of a femoral condyle is abnormal 
and is a sign of sponlaneous oSleonecrosis (SONK). 

Femoral Triangle (LudloWs Fleck) 

On the lateral view a distinct lucent zone is often seen over
lying the femoral epiphysis (see Figure 4-3). This is due 10 
thin cortices of the femoral condyles.'" 

Popliteus Groove 

A few millimelers above Ihe joinl line along Ihe laleral 
femoral condyle, a distincl, pillike defecl is usually visible; 
this is the groove for the lendon of the poplileus muscle. This 
is often accenlualed on the tunnel projection and should nOI be 
mislaken as evidence of a bony erosion" (see Figure 4-2). 

Pseudo-Osteochondritis Dissecans 

In the young individual, developmental variation in ossifi
cation of both femoral condylar articular surfaces may mimic 
oSleochondritis disseeans. This can be seen on frontal and lal
eral views37J' (Figure 4-2 1 ). 

Distal Femur Irregularity 

Areas of cortical irregularity are common within the femo
ral melaphysis, usually al the poslerior, anlerior, and medial 
surfaces. 

Posterior Surface 

On laleral and oblique views, the poslerior surface of the 
femoral metaphysis is often irregular and gives the impression 
of periosleal new bone (Figure 4-22). This is more common in 
patienlS younger than 20 years and is nOl a manifeslalion of an 
avulsive cortical lesion. It is cold on nuclear imaging.19 

Anterior Surface 

Adjacenl 10 Ihe anlerior junclion of Ihe growth plale, local
ized melaphyseal cortical irregularily may bc seen.�1 

Medial Surface 

On fronlal and oblique views, a similar irregularity may be 
seen at Ihe medial melaphysis. 
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Figure 4-21 Pseudo-osteochondritis dissecans in an 8-year-old pa
tient. Observe the apparent defect at the weight-bearing surface of the 
medial condyle (arrow). Comment: This is a common variant in ossi
fication in patients younger than J 2 years and should not be confused 
with osteochondritis dissecans, which in adolescents usually involves 
morc of the intercondylar surface of the medial condyle. Councsy of 
Inger F. Villadsen, DC, Newcastle, Australia. 

Pseudoperiostitis 

Localized areas of pseudoperiostitis are commonly seen 
along the fibula. tibia. and distal femur. At the tibia and fibula 
these are often expressions of the attachment of the 
interosseous membrane (Figure 4- 23). Further down into the 
proximal diaphysis of the tibia. the soleal line may be promi
nent:'1 

In the mid-diaphysis of the femur. especially on its posterior 
surface. the linea aspera may simulate periosteal new bonc. 
On the frontal view the linea aspera is seen as two parallel 
linear opacities (track sign)." 

Fong's Syndrome 

An association has been recorded between iliac horns, nail 
defects. and hypoplastic patellae. Synonyms include nail-pa
tella syndrome and Hereditary Osteo-Onycho-Dysplasia 
(HOOD) syndrome. Other recorded findings have included 

c1inodactyly. joint contractures. muscle hypoplasia. and renal 
dysplasia. At the knee. overgrowth of the medial condyle can 
precipitate genu valgus; the patella is prone to lateral 
subluxation and dislocation. Elbow anomalies involving dys
plasia of the radial head are also common. 

TRAUMATIC INJURfES 

The knee is especially vulnerable to traumatic injuries, 
which can affect the osseous and soft tissue components. Sort 
tissue injuries arc far more common than bony lesions and as 

Figure 4-22 Distal femur irregularity. posterior surface (arrow). 
Commellt: This is a common normal variant. especially in skeletally 
immature patients. This conical irregularity simulates a destructive 
bone lesion. 

such may require morc than plain radiographs for detection. 
The most common defects are meniscal and ligament injuries. 
The most common bone to fracture at the knee is the tibial 
plateau. 

Imaging Signs of Knee Trauma 

Fraclllre Line 

A linear radiolucency in any direction may be seen. It is 
often best observed at the cortical margins. where the bone is 

most dense. Transverse fractures are often associaled with 
bone pathology, such as tumors. If a sclerotic. smooth margin 
is evident at the fracture line, nonunion and pseudoarthrosis 
should be suspected. 

Zolle of Impactioll 

Impaction or compressive type forces may telescope the tra
beculae in the localized site, creating an area of linear opacity. 
In the early stages of healing. this can be further accentuated 
by callus and may be the only sign of an otherwise occult or 
stress fracture. 



Figure 4-23 Pseudoperiostitis. tibia and fibula. Observe the local· 
ized bony density beyond the confines of the normal cortex (arrows). 
Comment: Such a finding is common at the tibia and fibula, espe· 
cially at the surface. where the interosseous membrane attaches. 
Similarity to hypertrophic osteoarthropathy and periosteal·inducing 
conditions such as tumors, infections. and stress fractures can make 
this a confusing variant. 

Fragmellls 

Separated fragments at the fracture site are classified as 
comminuted fractures. An exception is where a piece of ar
licular bone is disrupled; Ihis is called an oSleochondral frac
ture, of which osteochondritis dissecans constitutes an ex
ample. 

Cal/lls 

At the fracture site, organization of the contained hematoma 
and mechanical elevation of the adjacent periosteum provoke 
new bone formalion. This can be seen as early as 5 10 7 days 
afler injury and persisls for many weeks. II is often the only 
sign of an unrecognized stress fracture and, because of its pro
liferative appearance, can be confused with an active neo
plasm, especially osteosarcoma. The callus varies in appear
ance from an initial veil-like pattern which progressively 
consolidates into a homogenous bony bridge. Any periosteal 
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new bone tends to be of a solid or laminated form. With re
modeling, the initial fTacture site may not be identifiable. 

Malalig"mellf 

This can be in a transverse, longitudinal, or rOlational direc

tion. The degree of apposilion should also be assessed. 

Effusioll 

Above the patella the suprapatellar pouch can be distended 
on lateral views, especially when the suprapatellar fat is seen 
to be displaced anteriorly. A cross-table lateral view can visu
alize a distinct linear fluid level from released intramedullary 
fat secondary to an intraarticular fracture n031ing on a 
hemarthrosis (lipohemarthrosis; Figure 4-24). This is called 
the FBI sign (Fat-Blood-Interface). aas in Ihe soft tissues or 
joint may indicate a compound injury or complicating gan
grene. 

Osteoporosis 

Marked deossificalion of the epiphyses and melaphyses at 
the joint can follow acute immobilization. Early there is dis
tinct linear deossification in the subchondral bone. With mobi
lization after healing. there is rapid restitution to normal den
sity. Care must be taken to exclude septic arthritis as a cause 
for such regional osteoporosis; the two can be radiographi
cally indistinguishable. 

Myosiris Ossi/icQns 

Significant posttraumatic intramuscular or ligamentous 
hematoma may undergo organization and subsequent ossifica-

Figure 4-24 Lipohemarthrosis (FBI sign). On this cross-table lateral 
view. note the sort tissue density of the effusion within the 
suprapatellar bursa (arrows) and the discrete linear interface between 
blood and fat (arrowhead). Comment: This finding is due to an 
intraarticular fracture releasing fatly bone marrow into the joint cay· 
ity. Even if a fracture cannot be located. its presence is assured when 
this sign is seen. 
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tion. The earliest plain film findings can ensue within 3 to 4 
weeks after the injury and may progress over the next 1 0  to 1 2  
weeks. The earliest sign is a thin, wavy, calcific density sepa
rated from the adjacent bone cortex. 

Fixatioll Artifacts 

After the removal of surgical hardware used in repair of the 
fracture remnant, bone artifacts remain often indefinitely. 
These represent an electroplating-like reaction at the bone-
metal interface, resulting in compact bone being deposited. 
This reaction is seen at the site of screws, intramedullary rods, 
and suppon stems of joint prostheses. If a gap of greater than 
1 mm is present at the bone-metal interface, this can be a sign 
of loosening of the implant. 

DegeneraTive Joim Disease 

Posttraumatic joint deterioration can be seen radiogra

phically. especially when complicated by malalignment, 
intraarticular extension, meniscal damage, significant hemar
throsis, or infection. The earliest changes are rarely seen be

fore one year. 

Fractures of lhe Femur 

These occur above the condyles (supracondylar) or through 
them (condylar). 

Supracolldylar Fracture 

The fracture line may be oblique, spiral, or transverse. 
Transverse fractures should raise the suspicion of underlying 
bone pathology. Supracondylar fractures have a strong tend
ency to rotate posteriorly because of the pull of the gastrocne
mius. 

COlldylar Fracture 

A Y or T configuration is commonly seen. The key feature 
is that these fractures are intraarticular and can be complicated 
by severe joint dysfunction. Occasionally a small osteo
chondral fragment may be displaced from the articular sur
face. 

Fractures of lhe Tibia 

Tibial Plateau Fracture (Bumper or Fellder Fracture) 

Valgus or varus forces thrust the conlralateral femoral 
condyle into the reciprocating tibial surface, which either de
presses its surface or shears the condyle away. The lateral pla
teau is involved in 80% of cases (Figure 4-25). There is often 
associated collateral ligament damage and complicating 
osteoarthritis. 

Tibial Eminence (Spine) Fracture 

These are readily overlooked because they may have mini
mal displacement. They are more frequent in young patients 

Figure 4-25 Tibial plateau (bumper) fracture. There is a subtle frac
ture through the lateral libial plateau (arrows). Comment: The lateral 
plateau is involved in 80% of cases as a result of impaction of the 
adjacent femoral condyle, usually from a valgus-type force. 

with hyperextension injuries and are associated with cruciate 
ligament disruption. 

Avulsion of the Tibial Tuberosity 

As an isolated injury, this is unusual. It should not be con
fused with the normal growth plate beneath the tuberosity in 
the young; bilateral comparison views will be helpful in these 
cases. 

Segond's Fracture 

A vulsion fracture of the lateral tibial rim at the insertion of 
the fascia lata is unusual and easily overlooked. It is invariably 
associated with lateral capsular and anterior cruciate l igament 
tears.43 

Fractures of the Fibula 

Isolated fractures of the proximal fibula are unusual but do 
occur as oblique or spiral disruptions. These are usually below 
the insertion of the proximal tibiofibular ligament. A fracture 
in this location occasionally follows an inversion injury of the 
ankle (Maisonneuve's fracture). Fracture of the fibula head 
may accompany a lateral tibial plateau fracture or diastasis of 
the tibiofibular joint. Assessment of the peroneal nerve should 
be made. 

Fractures of the Patella 

Horizomai Fracture 

This is the most common patella fracture and usually occurs 
in the middle zone. 

Vertical alld Comminuted Fractures 

These are uncommon. Displaced fractures require stabiliza

tion and, if the patella anicular surface cannot be adequately 
restored. may result in pat.ellectomy. 



Flake Fracture 

A small osteochondral fragment can be dislodged from the 
articular surface. especially when there has been traumatic 

subluxation or dislocation of the patella. 

Dislocations of the Knee 

Femorotibial Dislocation 

Although uncommon, this is a serious injury with popliteal 

artery and peroneal nerve damage often coexisting. Anterior 

dislocation is the most common although posterior, lateral, 
medial, and rotary forms are possible. Any type of dislocation 
is associated with significant disruption of the capsule and col

lateral and cruciale ligaments. 

Patel/ojemoral Dislocation 

This is the most common dislocation of the knee. Lateral 
dislocation predominates and is often recurrenl. This type of 
displacement can produce osteochondral (Oake) fractures of 

the patella medial facet or lateral femoral condyle. Predispos
ing causes in addition 1.0 trauma include patella aha, small lat

eral femoral condyle, shallow patellofemoral grove, genu 

val gum or recurvatum, lateral insertion of the patella ligament, 
muscle weakness, and tibial torsion. 

Tibiofiblliar Dislocatioll 

The least common of all knee dislocations, it is also readily 

overlooked. The usual fonn is where the fibula head is dis
placed anteriorly and laterally (anterolateral dislocation). 

Stress Fractures 

Slowly progressive fractures may occur in normal bone 

subject to abnomlal stress (fatigue or stress fractures) or in 

abnormal bone (eg, in Paget's disease, osteoporosis, or 

osteomalacia) subject to normal stress (insufficiency frac
tures).<&4·4S Repetitive activities such as athletic pursuits predis

pose to these injuries. The knee is the fourth most common site 

of stress fractures after the spine (pars defects), metatarsals, 
and the ankle. 

Imaging features may be sparse and difficult to identify. 

Key signs include a subtle fracture line, hazy sclerosis adja
cent to the fracture. and periosteal new bone. Bone scan is the 
most sensitive method available for detection. 

Distal Femur 

This is an unusual site for stress fractures, although long

distance running, ballet dancing, and marching may precipi
tate this injury. 

Proximal Tibia 

This is the most common site for slIess fracture at the knee. 
The fracture is usually found within 5 cm of the articulation 
and is best seen at the medial cortex of the tibia (Figure 4-26). 
Predisposing activities include long-distance running, danc

ing, football, netball, basketball, and marching. 

Proximal Fibllia 
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The stress fracture typically lies within 5 cm o f  the tibio
fibular joint and is almost as common as its counterpart in the 
proximal tibia. Changing from a soft to a hard running surface 
(runner's fracture) and activities involving repetitive jumping 

are commonly related activities.46 

Patel/a 

This is a very rare site but has been reported to invol ve the 

superior pole in hurdlers." 

Ligamentous Injuries 

Imaging of the intraarticular and periarticular knee struc
tures traditionally has been dependent on arthrography. MR 
imaging increasingly is providing more accurate delineation 
of these structures and is now the modality of choice in their 

assessment. 

Figure 4--26 Stress fracture of the tibia. Approximately 5 cm medi
ally below the joint, there is a hazy zone of sclerosis and periosteal 
new bone (arrows). Comment: This is the most common site of stress 
fractures at the knee. In the early sLages ofLhe fracture plain films are 
offen normal, but bone scan will clearly isolate the defect. 
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The only reliable plain film sign of ligamentous injury is 
calcification at the femoral insertion of the medial collateral 
ligament some months after injury (Pellegrini-Stieda disease; 
Figure 4-27). All ligaments are readily seen on MR images as 
low-signal structures. This is particularly true of the cruciate 
ligaments. where sensitivity for identifying lears approaches 
95%." Ligamentous injury is characterized by abnormal sig
nal (lear or edema), abnormal morphology, or absence of sig
nal (Figure 4-28). 

Myositis Ossificans ( Myositis Ossificans Traumatica, 

Heterotopic Ossification, Pscudomalignant Myositis 

Ossificans) 

Clinical Features 

Myositis ossificans is a benign, solitary, self-limiting, ossi- A 

fying sort tissue mass typically occurring within muscle. 
Trauma is the usual antecedent, although hemorrhage due to a 
bleeding disorder or anticoagulant therapy and even immobili
zation may produce similar bone masses. 

Figure 4-27 Pcllegrini-Sticda disease. There is a linear nake of cal
cification adjaccnl lo the medial epicondyle (arrow). Comment: This 
appearance is duc to severe trauma to the insenion of the medial col
lateral ligamcnl, resulting in transfonnation of the hematoma to bone. 
Such a finding may be associated with functional disability of the 
knee joint. Courtesy of Inger F. ViUadsen. DC. Newcastle. Australia. 

B 

Figure �28 MR scan of the cruciate ligaments. (A) Nonnal poste
rior cruciate ligament. The low-signal ligament is secn to be intact 
and attached to the femur and tibia (arrow). (8) Disrupted anterior 
cruciate ligament. The ligament is almost discontinuous in its 
mid portion as a result of an incomplete rupture (arrow). Comment: 

Disruption of the posterior cruciate ligament is an unusual lesion but 
can be depicted clearly on MR scan. Tears of the anterior cruciate are 
Similarly well visualized on MR scan. which clearly highlights this 
modality's application to diagnosing internal derangement of the 
knee. 

Blunt trauma to the quadriceps is the most common cause 
around the knee. Pain, swelling, and bruising occur early. 
Gradually a localized mass becomes evident that shrinks, 
hardens, and becomes more palpable. Eventually a hard mass 
remains with variable degrees of diminished muscle function. 
Avulsion injury of the medial collateral ligament at its femoral 
attachment may produce calcification (Pellegrini-Stieda dis
ease), which is a manifestation of the same process. 



Imaging Features 

Plain radiographs show faint calcification within 2 to 6 
weeks after the onset of symptoms. This becomes more defi
nite as externally an undulating conical border develops by 6 

to 8 weeks and shrinks to become mature by 5 to 6 months 
(Figure 4-29). On CT this rim is evident earlier with lower 
attenuation internally. MR scan shows edema in the early and 
intermediate stages with increased signal on T2-weighled im
ages. Throughout the organizing mass there is a heteroge
neous signal. Mature lesions are also heterogeneous centrally 
with a rim of decreased signal.47 

Meniscal lnjuries ( Meniscus Tear) 

Clinical Features 

Meniscal injuries are the most common disorders of the 
knee joint. They may be traumatic or degenerative in nature. 
The medial meniscus is injured far more commonly than the 
lateral meniscus because of its larger length, its reduced mo
bility, and the frequency of valgus forces. Clinical features are 
diverse but characteristically show locking, loss of extension, 
moderate effusion, and anicular noises on McMurray's ma
neuver. 

Imaging Features 

Traditionally, arthrography has been the mainstay for diag-
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nosis. Arthroscopy has displaced this as bOlh a diagnostic and A 
a therapeut.ic procedure. Presently MR scan is the noninvasive 
technique of choice with sensitivity as high as 95%.12 

Coronal and sagittal images are obtained with a TI -spin 
echo and narrow windows lO demonstrate meniscal detail. Ef
fusion is best seen on T2-weighted images. Tears are identi
fied as abnormal signal within the meniscus, which normally 
is a homogenous density. Degenerative tears lend to be hori
zontal, and traumatic disruptions are more verticaI12.411 (Figure 
4-30). 

The following grades of tears have been described": 

• Grade I :  global loss of signal within the meniscus that 
does nOl extend to the anicular surface; represents de
generative change 

• Grade 2: linear loss of signal within the meniscus that 
docs not extend to the surface; also represents degenera-
tion 

• Grade 3: loss of signal extending to the articular surface; 
represents a meniscal tear 

MR imaging is especially useful in the evaluation of the 
postmeniscectomy knee for incompletely excised tears, re
tained fragments, or other abnormalities. When meniscectomy 
has been performed, signs of degenerative joint disease are 
common. Early plain film signs are the development of a ridge 
of bone from the femoral and tibial margins (Fairbank's sign), 

8 

Figure 4-29 Myositis ossificans. (A) A fine, veil-like opacity is evi
dent over the medial aspect of the distal femur (arrow). Note the ma
lure cortical bone at the periphery of the lesion. which is one of the 
hallmarks of this process. (B) On MR examination the presence of 
intramuscular hematoma within the vastus lateral is is exquisitely 
shown (arrow). Commenr.· Hematomas in the first few weeks of their 
evolution are optimally shown on MR images. It is only in more ma
ture lesions that sufficient calcium is present to allow identification 
on conventional radiograph. 
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nallening of the articular surface, and diminished joint 
space. 25.49 

Occuh traumatic injuries such as a bruised bone are best 
evaluated by MR scan; there is reduced marrow signal on T l 
weighted images and increased signal o n  T2-weighted im
ages, 11 

Osgood-Schlatter Disease (Traction Apophysitis 

[Osteochondritis] of the Tibial Tuberosity) 

Clinical FeatLlres 

Osgood-Schlatter disease traditionally implied the 
pathologic process of avascular necrosis of the tibial tuberos
ily in  the young patient, resulting in fragmentation, pain, and 
overlying soft tissue swelling. The misnomer and confusing 
term osteochondritis has also been applied. 

The d isorder is the resuh of repetitive avulsion forces ap

plied to the tibial tuberosity-patella ligament insertion, where 
small fragments of cartilage and bone tissue are displaced with 
a resuhant innammatory response. With time these osteo

cartilaginous fragments undergo enlargement, the overlying 
tissues become edematous, and the patella ligament thickens. 
The clinical expressions of this underlying process are local
ized swelling and tenderness over the tibial tuberosity, which 
in chronic cases can be prominent. Up to 25% of cases can be 
bilateral and in different stages of evolution. Adults can at 
limes reactivate their adolescent syndrome. 

Imaging Features 

Osgood-Schlatter disease is a clinical diagnosis, not an im
aging diagnosis, because plain films can be unremarkable in  
the presence of significant clinical symptoms. Plain lateral ra
diographs should be obtained bilaterally, preferably with two 

exposures (high- and low-kilovoh exposures).'" For optimal 
dCl1lonsrralion, 5° of internal rotation of the tibia is required in 
the lateral projection. Signs include soft tissue swelling, 
opacified infrapatellar fat, a thickened patella ligament, ir
regular anterior contour of the tibial tuberosity, and free os
sicles (Figure 4-3 1 ). The growth plate beneath the tibial tuber
osity should not be mistaken as a manifestation of the disease. 
Occasionally a high-riding patella (patella aha) may be found 
in association.5O CT scan will demonstrate bony ossicles and 
soft tissue signs; bone scans may show focal uptake when the 
disease is active. MR imaging is especially useful showing 
edema and soft tissue details. 

Sinding-Larsen-Johansson Disease (Patella Apophysitis) 

Clillical Features 

This is a disease affecting adolescents, most commonly be
tween 10  and 1 4  years, consisting of tenderness and soft tissue 
swelling over the lower pole of the patella. It is analogous to 
Osgood-Schlaller disease in that recurrent trauma causes trac
tion on the patella ligament, precipitating tendinitis, calcifica-

A 
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Figure �30 MR i maging of meniscus tears. (A) A horizontal de
generative tear is seen in the posterior horn of the medial meniscus 
(arrow). (8) A vertical traumatic tear can be discerned extending 
through the posterior aspect of the lateral meniscus (arrow). Com

mellt: MR imaging is the modality of choice for the investigation of 
internal structural derangement. Meniscal tears are readily shown; 
traumatic tears tend to be vertical, and degenerative defects manirest 
as horizontal clefts. 

tion, or avulsion of bone fragments from the inferior pole of 
the patella (Figure 4-32). 

Imaging Features 

On the lateral view, small, separated bony ossicles can be 
seen distal to the inferior pole of the patella. A soft tissue study 
may demonstrate soft tissue swelling, thickening of the patella 
l igament, and effacement of the adjacent infrapatella fat-



Figure 4-31 Osgood-Schlauer disease. Note the isolated bony os
sicles adjacent to the tibial tuberosity (white arrow) and the loss of 
clear depiction of the infrapatellar fat (Hoffa's fat pad), which indi
cates edematous infiltration (black arrow). Comment: The loss of 
clear demarcation between Hoffa's fat pad and the patellar ligament 
is a reliable sign of active innammation from adjacent traction 
apophysilis. Counesy of James R. Brandt, DC, FACO, Coon Rapids. 
Minnesota. 

palella ligament inlerface. On resolution, the ossicles may be 
reincorporated into the patella or remain isolated. 

Osteochondritis Dissecans (Transchondral Fracture, 

Konig's Disease, Joint Mouse) 

Clinical FeatLlres 

Historically this well-known disorder has been considered 
to represent a manifestat.ion of a localized subarticular zone of 
avascular necrosis (osteochondritis). The most likely cause is 
trauma where there is impaction between the tibial eminences 
and femoral condyle. As the name suggests, it is a condition of 
bone and overlying canilage being dissecled away from their 
allachments. Most defects are discovered between the ages of 
10 to 20 years, and there is a male predominance. A broad 
spectrum of clinical manifestations is found, including pain, 
effusion, crepitus, and locking; the disorder may even be 
asymptomatic. Almost one third of cases occur bilaterally. 
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Figure 4-32 Sinding-Larsen-Johansson disease. Observe the iso
lated ossicle adjacent to the inferior pole of the patella (arrow). which 
is irregular. Comment: This lesion is analogous 10 Osgood-Schlatter 
disease. representing a traction apophysitis of the inferior patellar 
pole. 

Imaging Feallires 

The femoral medial condyle is affected in  85% of cases and 
the lateral condyle in the remaining 1 5%. Occasionally after 
dislocation of the patella, a small osteochondral nake may be 
dislodged from the femoral surface. 

The medial condylar lesion characteristically occurs at the 
lateral margin bordering the intercondylar surface. Lateral 
condylar lesions involve the weight-bearing surface. Conven
tional lilms show a concave, lucent defect (Figure 4-33). This 
may be obscured on the AP view but can be seen clearly on the 
AP intercondylar view. The lateral film can often locate the 
defect on the anterior condylar surface. The sequestered os
sicle varies from an oval shape to a linear nakc. It may or may 
not be closely opposed to the site of origin. CT will usually 
show the defect more completely, although the fragment may 
not be seen. MR signs around the defect show diminished sig
nal in the subchondral bone and separated fragmenl. l f a  zone 
of high signal is present between the fragment and the femur, 
this is indicative of stability with firm attachment between the 
two.SI 
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Figure �33 Osteochondrilis dissecans. (A) On this tunncl projec
tion the defect and contained fragment can be seen in the characteris
tic location al lhe laleral aspect of the medial condyle (arrow). (8) On 
MR scan the crater can be identified as a low-signal (black) zone 
(arrowhead); the separated fragment is of higher signal intensity (ar
row). Careful inspection oflhe posterior hom of the medial meniscus 
reveals a horizontal tear. Co"unenl: The use of MR i maging in the 
evaluation of this condition is clearly demonstrated because unsus
pected intraarticular lesions can be readily identified. The extent of 
the underlying osteonecrosis can be seen and the integrity of the hya
line cartilage assessed. 

ARTHRITIC DISORDERS 

Degenerative Joint Disease (Osteoarthritis, Degenerative 

Arthritis) 

Clillical Features 

Degenerative joint disease is the most common form of ar
thritis to involve the knee. Although the exact triggering 
mechanism is undefined, the altered biomechanical forces that 
follow trauma play an integral role. In women there may be a 

hereditary predisposition, especially in the presence of Heber
deen's nodes of the distal interphalangeal joints. There fre
quently exists great disparity between the clinical manifesta-

tions and radiographic changes. Common symptoms include 
pain and stiffness that are worse in the morning and in cold 

weather but improve with movement. Clinical signs may be 
few such as crepitus, valgus deformity, bony enlargement, 
low-grade swelling, and reduced movement. 

Imagillg Features 

The key signs of a degenerative joint arc nonuniform loss of 
joint space, osteophytes, sclerosis, subehondral cysts, sub
luxation, and occasionally intraarticular loose bodies. 

Femorotibial Joilll. There is a clear predisposition of early 
and more marked disease to involve the medial femorotibial 
joint (Figure 4-34). Nonuniform loss of medial joint space is 
characteristic. Osteophytes arc usually small and inconspicu
ous until the degeneration becomes severe; this is best seen at 

the medial tibial and femoral surfaces. Subchondral sclerosis 
is often mild or virtually absent until advanced disease be
comes apparent. Subehondral cysts (geodes) are commonly 
absent and, if present, tend to be small (less than 5 mOl). Tibial 
geodes are more common than those at the femur and are most 

Figure 4-34 Degenerative joint disease of the femorotibial joint. 
There is characteristic loss of medial joint space (arrow) as well as 
oSleophytes and lateral tibial shift. A few subchondral cysts are ap
parent beneath the tibial eminences. Commelll: This asymmetric loss 
of medial joint space is a good differential feature from rheumatoid 
arthritis. which lends to narrow bOlh the medial and the lateral joint 
compartments. 



prevalent below the tibial eminences in the posterior tibia. Lat
eral shift of the femur on the tibia parallels the diminution in 
the medial joint space. Intraarticular loose bodies are a rela
tively common association and should be sought on all stud
ies. These will calcify in up to 50% of cases and be visible 
radiographically as round, sometimes laminated opacities. 
They should not be confused with the fabella. Occasionally 
there may be associated chondrocalcinosis. MR scan is par
ticularly useful in depicting degenerative menisci and articular 
canilage. 

Parellofemoral Joillt. Degenerative joint disease at the 
patellofemoral joint is usually found in combination with dis
ease at the femorotibial joint. Isolated patellofemoral joint dis
ease suggests the presence of pseudogout. The changes are 
best seen on lateral and tangential views as a loss of joint 
space, sclerosis, and osteophytes from the poles of the patella 
(Figure 4-35). An early sign is loss of the lateral patello
femoral joint space. In advanced cases a smooth extrinsic ero
sion of the anterior femoral surface can be observed. Degen
erative ossification on the nonarticular anterior patella surface 
appears as irregular, vertical, bony spicules separated by lu
cent zones on the tangential view (patella tooth sign), which is 

Figure 4-35 Degenerative joint disease of the patellofemoral joint. 
There is pronounced loss of the patellofemoral joint space (arrow). 
Some sclerosis and marginal osteophytes can also be seen. Comment: 

Isolated degeneration of the patellofemoral joint space is usually due 
to pseudogout. 
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an age-related variant and not a sign of intrinsic articular dis
ease.l2 

Differemial Diagllosis 

Calcium pyrophosphate dihydrate (CPPD) crystal deposi
tion disease (pseudogout) is the most common and dimcult 
differential possibility. Clinically the manifestations arc more 
acute, innammatory (hot and swollen), and short lived. Radio
graphic signs include chondrocalcinosis, synovial calcifi
cation, isolated patellofemoral disease, and widespread 
tricompartmental disease (mediolateral femorotibial and 
patellofemoral joints). 

Chondromalacia Patellae 

Clillical Features 

Chondromalacia patellae describes the pathologic finding 
of patellar cartilage degeneration. It is onc of the more com
mon causes of knee pain in the adolescent and young adult. 
Whether cartilage injury in the young patient predisposes to 
adult patellofemoral arthritis remains controversial. Clinical 
features consist of a spectrum of presentations ranging from 

vague to severe anterior knee pain (accentuated by patello
femoral compression), crepitus, and collapse. Protracted knee 
nexion such as in sitting aggravates the pain (movie sign). 

The diagnosis is usually made on clinical grounds and is 

confirmed with arthroscopy because the imaging features gen
erally lack sensitivity, although the advent of MR imaging has 
altered this perception. 

Imagillg Features 

Plain film features are unusual, although occasionally ir
regularity of the patella surface can be identified (Figure 
4-36). Arthrography can also demonstrate these features in 
addition to cartilage fissuring. CT has been generally disap
pointing, although loss of cartilage and bony irregularity can 
be depicted. MR scans, both T2-weighted and TI -weighted 
sequences, exquisitely detail patellar cartilage abnormalities 
with an accuracy of at least 80% on the basis of either a focal 
globular or a linear increase in signal.SJ 

Rheumatoid Arthritis 

CIi"ical Features 

Rheumatoid arthritis is a common inflammatory disorder of 
synovial joints and connective tissue. The time of onset is usu
ally between 20 and 60 years of age, with a peak incidence 
between 40 and 50 years. Women younger than 40 years are 
three times morc frequently involved than men of the same 
age; after 40 there is an equal sex distribution. 

Signs and symptoms are variable. The most obvious feature 
is polyarticular innammatory joint disease, often of the pe
ripheral joints of the hands and feet. Systemic features can in-
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Figure 4-36 Chondromalacia patellae. Discrete cystic lucencies are 
present al lhe articular surface of the patella (arrow). Note the femo
ral growth plate in this l4-year-old girl. Commellt: Most plain film 
studies of chondromalacia patellae are unrewarding, allhough occa
sionally these changes may be evident. MR scan is the imaging 
method of choice to show cartilaginous defects. 

elude fever, weight loss, fatigue. muscle soreness, and anemia. 
Up to 70% of patients have a positive rheumatoid arthritis la
lex test. The erythrocyte sedimentation ratc is usually el
evated, and antinuclear antibody is often positive. Involve

ment of the knee is common and may occur early or late in the 
disease process. Early there is evidence of effusion, warmth, 

and stiffness. Baker's cysts are common and can be large. 
Later muscle atrophy of the quadriceps can be marked, and 
rheumatoid nodules occasionally will occur in the quadriceps 
tendon. 

Imaging Features 

Evidence of effusion is seen in  the suprapatellar pouch. 
Osteoporosis, initially juxtaanicular and Imer more general
ized, can be seen. The key is uniform loss of joint space in the 
medial and lateral femorotibial joint (bicompartmental dis
ease) and occasionally in the patellofemoral joint (tri
compartmental disease; Figure 4-37). Small marginal ero-

sians are occasionally seen at the proximal tibia. Large 
subchondral cystic lesions can occur, particularly in the tibia. 
Infrequently a solid or a single laminated periosteal response 
occurs in  the distal femur. Varus and valgus defonnities may 
supervene. Nuclear bone scan will show increased uptake on 
both sides of the joint. 

Pseudogout (CPPD Crystal Deposition Disease, 

Chondrocalcinosis) 

Clinical Features 

Pseudogout is a crystal-induced articular disorder that has 
marked similarities to the clinical presentation of gout. from 
which the lenn pseudogotlt derives. Rather than mono urate 
crystals of gout within synovial fluid, needle-shaped, birefrin
gent calcium pyrophosphate dihydrate (CPPD) crystals are 
found. CPPD crystals are deposited into intraarticular 
chondrocyte lacunae and subsequently are released coincident 
with chondrocyte death, inciting episodic innammatory 
synovitis. 

Three forms of presentation occur: acute, chronic, and 
asymptomatic. In the acute fonn (20% of cases), the joint is 
warm, swollen, and tender; these symptoms last for 1 to 7 
days. The chronic form (60% of cases) is most common and 
presents with stiffness. swelling. and crepitus; it is indistin-

Figure 4-37 Rheumatoid anhriris. There is symmetric loss of both 
the medial and the lateral joint spaces (arrows). Large subchondral 
cysts are evident in the tibia; these are uncommon in rheumatoid 
knee. Commell/: Such uniform loss of joint space is a hallmark of 
rheumatoid anhritis; selective companmelltal disease is more typical 
of degenermive joint disease. 



guishable from degencratjve joint disease. Acute episodes are 
often superimposed. In Ihe asymplomalic form (20% of 
cases), there is radiographic evidence only of chondro
calcinosis. 

Imagillg Features 

Pseudogout of the knee can be found in  Iwo separale or su
perimposed forms: chondrocalcinosis and pyrophosphate 
arthropathy. 

Chondrocaldnosis. This may be identified within menisci 
and hyaline cartilage. Meniscal chondrocalcinosis is readily 
identified by the triangular shape of the calcification and an 
often dense laleral meniscus (Figure 4-38). Hyaline 
chondrocalcinosis manifests as fine, punctate calcifications 

oriented in a l inear pallern paralleling the articular surface. 
Additional calcification is sometimes seen within the joint 
capsule, synovial lining. and periarticular ligaments and ten
dons. 

Confinnation of chondrocalcinosis can be made with radio
graphs of the contralateral knee, wrists (ulnar compartment 
triangular cartilage), and symphysis pubis. Other causes for 
chondrocalcinosis include the "three C's": catioll disease (cal
cium, hyperparathyroidism; iron, hemochromatosis; and cop
per, Wilson's disease); crystal disease (CPPD, pseudogoul; 
mono urate, gout; and homogentisic acid. ochronosis); and 
cartilage degeneration (degenerative joint disease, diabetes, 
and idiopathic). 

Pyrophosphate arthropathy. This is characterized by two 
features: advanced degenerative changes and an unusual dis-

Figure 4-38 Pseudogout. There is marked calcification of both the 
medial and the lateral menisci (arrowheads). This is designated 
chondrocalcinosis. Commerlt: This is one manifestation of pseudo
gout; the other is a destructive and degenerative arthropathy. There 
are also other causes of chondrocalcinosis (the three C's; see text). 
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lribulion. Prominent degenerative features are sclerosis, cysts, 
loose bodies, osteophyles, loss of joint space, and occasionally 
articular destruction simulating neuropathic arthropathy. Usu
ally there is involvement of Ihe medial femorotibial joint 

space; this is followed by the patellofemoral compartment 
and, last, by the lateral femorotibial compartment. [solated 
patellofemoral degenerative joint d isease should suggest 

CPPD as the underlying cause. 

Synoviochondrometaplasia (Osteochondromatosis, Loose 

Bodies, Joint Mouse) 

Clinical Features 

, [ntraarticular loose bodies may form as a result of 
osteochondritis dissecans, cartilage fragmentation, or, more 
commonly, benign synovial metaplasia (which forms multiple 
cartilaginous foci). It is a disorder found at all ages but usually 
presents in the 30- to 50-year age group and is more common 
in men (almost three times more common). The most frequent 
site is the knee; this is followed by the elbows, ankles, and 
shoulders. 

Clinical manifestations are mild and chronic with pain, ef
fusion, and crepitus. Internlillent joint locking signifies an 
intraarticular lesion as the loose bodies migrate into the articu
lar contact zone. Once removed, they are prone to recurrence. 
There is no association with malignant transfonnation. 

Imaging Features 

Up to 80% of these cartilaginous foci develop calcification 
and even ossification to become visible on plain film studies. 
They may be single or multiple. Each loose body varies in size 
from I to 20 mOl; they are round to ovoid and frequently lami
nated. They can be located anywhere in the suprapatellar 
pouch or popliteal fossa; they may even occur within a 
Baker's cyst down into the calf (Figure 4-39). 

The fabella should not be confused with synovio
chondrometaplasia, which lies in the posterolal.eral compart
ment behind the lateral femoral condyle. 

Calcific Prepatellar Bursitis (Housemaid's Knee) 

Clillical Features 

Repetitive trauma to the tissues below the patella may result 
in chronic innammation of the prepatellar borsa. the superfi
cial pretibial bursa, and other adventitious bursae along the 
patella l igament.'" This results in a painful soft tissue swelling 
above the tibial tuberosity. Recurrent episodes may result in a 
calcareous bursal deposit, which renders it hard and nodular 
on palpation. 
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Figure 4-39 Synoviochondrometaplasia. (A) There are multiple cal· 
cified cartilaginous loose bodies at the posterior aspect of the femur 
and its articulation (arrows). (Jl) On Tt .weighted MR scan lhe poste
rior femoral loose body is clearly depicted (arrows). Commem: Ap
proximately 80% of these lesions will have calcium present. which 
will allow identification on plain film study. 

Imaging Features 

On the lateral film round. irregular calcifications can be 
seen anterior to the patellar ligament (Figure 4-40). Notably. 
they are not intraarticular. If loose bodies are secn within the 
joint, they arc an unrelated process. 

Hypertrophic Osteoarthropathy (Hypertrophic 

Pulmonary Osteoarthropathy, Marie-Bamberger 

Syndrome) 

Clinical Features 

This is an uncommon manifestation of, most commonly. an 
intrathoracic neoplasm. The disorder is a triad of digital club
bing. symmetric peripheral arthritis. and long bone periostitis. 
The arthritis is nonspecific with swelling and warmth of the 
joint, most commonly the knees, ankles, elbows, and wrists. 
Periostitis manifests as painful legs and foreanns. especially 
on firm pressure. 

Figure 4-40 Prepatellar bursitis (housemaid's knee). In the chronic 
form. dense calcifications can occur (arrow). COtrUrlelll: Prepatellar 
bursitis is a common sequela to prolonged kneeling on hard surfaces. 
as in carrying out domestic chores. riding a surfboard, or laying 
carpet. 



Imagillg Features 

The most apparent and consistent radiographic sign is long 
bone periostitis. At the knee this is evident in the femur, tibia, 
and fibula as a single laminated or solid periosteal response. 
This is usually bilateral and restricted to the diaphysis and 
metaphysis (Figure 4-4 1 ). Effusion may be evident in the 
suprapatellar pouch. 

Meniscal Cyst (Ganglion Cyst) 

Clinical Features 

These most commonly involve the lateral meniscus, which 
itself is invariably abnormal. They present as a firm swelling 

at the joint line. Recurrence is common unless the associated 
meniscal tear is excised. The lesion represents synovial fluid 

Figure 4-41 Hypertrophic osteoarthropathy. Note the pronounced 
solid periosteal response on both the medial and the lateral cortices or 
the distal remur (arrows). The same findings were present on the op
posite femur, tibia. and fibula in this patient. Comment: This finding 
or bilateral and symmetric long bone periostitis is usually associated 
with carcinoma or the lung. IL does not represent metastatic disease 
but is related to renex altered blood now. A triad or findings can be 
present: clubbing of the digits. joint pain, and long bone periostitis. 
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being forced through a horizontal tear in the meniscus that ex
tends to the meniscocapsular margin. 

Imaging Features 

MR scan is diagnostic with low signal intensity on T 1 -
weighted images and high signal intensity on TI-weighted 
images. 12 Its margins are well demarcated, and the communi
cating meniscal tear may be identified (Figure 4-42). 

NEOPLASMS 

The knee is a common site for bone tumors because of its 
high metabolic rate and vascularity. The most common pri
mary malignant bone tumors are multiple myeloma. 
osteosarcoma, and chondrosarcoma. Secondary (metastatic) 
tumors are uncommon. Benign tumors occur at the knee much 
more frequently than malignant tumors. Of the benign tumors 
osteochondroma is the most common tumor of the knee. Other 
common benign lesions include nonossifying fibroma, aneu
rysmal bone cyst. giant cell tumor. and osteoid osteoma. 

Osteosarcoma 

Clinical Fealllres 

Osteosarcoma is the second most common primary bone 
tumor after multiple myeloma. In the adolescent to young 
adult stage ( 1 0  to 25 years). however. it is the most common. 
Males are affected almost twice as often as females. Pain and 
swelling that fail to resolve with conservative measures is the 
most common presentation. The tumor is often found fortu
itously when radiographs are obtained. Virtually 60% of all 

Figure 4-42 Meniscal cyst. On MR scan the cyst is clearly delin
eated abutting the adjacent tom lateral meniscus (arrow). Comment: 

Menisca.1 cysts arc far more common on the lateral joint line. They 
are invariably associated with a tear in the ipsilateral meniscus. which 
allows for the extravasation or synovial nuid. 
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osteosarcomas occur at the knee, 40% in the distal femur 
alone.54 This makes osteosarcoma the most common malig

nancy to be found at the knee. Survival is unpredictable as a 
resuH of metastatic disease, although the poor prognosis of 
previous decades has been somewhat mitigated. Notably, 
osteosarcoma and Ewing's sarcoma are the only primary bone 
tumors to metastasize to other bones. 

Imaging Features 

Osteosarcoma has a spectrum of presentations. although 
90% of lesions are greater than 5 cm, metaphyseal, and scle
rotic; disrupt lhe cortex; and exhibit a spiculated (hair-on-end) 
or laminated (onion-skin) periosteal response, Codman's tri
angles, and produce a dense soft tissue mass (cumulus cloud 
appearance) (Figure �3). Approximately 1 0% are diaphyse
al with epiphyseal regions rare. Purely osteolytic presenta

tions arc uncommon. 
Isotopic bone scan demonstrates strong isotopic uptake and 

is useful in detecting other bone-forming metastatic deposits. 
CT assists in delineating the plain film changes, especially the 

soft tissue mass, which is critical in  making the diagnosis. MR 
scan also is useful in this regard and can define the extent of 

A 

Figure 4-43 Osteosarcoma. (A) The increased density and peri
osteal response (arrow) are virtually diagnostic. 

bone marrow involvement (to assist in surgical planning) as 
well as response to chemotherapy. 

Chondrosarcoma 

Clinical Features 

Chondrosarcoma is the third most common primary malig
nant bone tumor after multiple myeloma and osteosarcoma. It 

makes up 1 0% of primary malignant bone tumors, with 50% 
involving the pelvis and upper femur. Approximately 7% in
volve the knee region.}4 They may arise as primary tumors or 
be secondary to osteochondroma, enchondroma, Paget's dis
ease, fibrous dysplasia, or irradiation. They most commonly 
occur in the 40- to 50-year age group and affect men twice as 
much as women. Pain and swelling can be mild; therefore, 

there may be extensive tumor by the time it is discovered. 

Imagi"g Fearures 

Lesions may be predominantly within the bone (central) or 
ncar its surface (peripheral). Central chondrosarcomas arc 
largely lytic, geographic-type lesions that may disrupt the cor
tex. Endosteal scalloping and, in up to two thirds of cases, 
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Figure 4-43 (8) On the lateral view the spiculated (sunburst) nature 
or the periosteal response is clearly demonstrated (arrow). 



matrix calcification (rings and arcs or popcorn sign) are char
acteristic. A large soft tissue mass and periosteal new bone are 
also common. Peripheral chondrosarcomas tend to exhibit less 
bone change but larger soft tissue mass. 

Synovial Sarcoma (Synovioma) 

Clinical Features 

Synovioma is a rare malignant tumor afislOg from 
synovium of joint capsules, bursae, or tendon sheaths. Ap
proximately 50% occur in the vicinity of the knee.'" Most oc
cur between 20 to 40 years of age and can be rapidly fatal. 
Pain, tenderness, and a lump that does not enlarge noticeably 
are characteristic. Rapid growth and metastasis can occur at 
any time, however. 

Imaging Features 

A soft tissue mass that is often spheric and around 7 cm in 
diameter is a consistent feature (Figure 4-44). More than 30% 
demonstrate fine necks or linear bands of calcification, which 
are more obvious on CT examination. Bone involvement is 
uncommon, although osteoporosis can be seen. 

c 

Figure 4-43 (C) cr examination with a bone window shows bone 
involvement as well as periosteal and sarcomatous new bone forma
tion (arrow). Comment: Osteosarcoma is the most common malig
nant tumor of the knee, and the knee is the most frequent site of oc
currence of this tumor. The imaging features demonstrated are 
characteristic in the vast majority of osteosarcomas. 
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Figure 4-44 Synovial sarcoma. A large soft tissue mass is evident in 
the posterior thigh (arrows). Commetll: Synovioma is a rare malig
nant tumor. although at least 50% occur at the knee. A soft tissue 
mass is often the only manifestation. although around 30% may cal
cify. 

Ewing's Sarcoma ( Malignant Endothelioma) 

Clinical Features 

This is a rare malignant bone tumor primarily occurring in 
the second decade of life with a peak age of 1 5  years. Boys are 
affected twice as commonly as girls. There is a predilection 
for the long bone diaphyses, with 20% arising in the femur, 
10% in the tibia, and 5% in the fibula.'" Pain is the usual first 
symptom; it gradually worsens and is followed by a soft tissue 
mass. Systemic features of intermittent fever, anemia. and 
leukocytosis initially confuse the clinical picture with that of 
osteomyelitis, which often cannot be excluded radiologically. 

Imaging Features 

Great variation in appearance occurs. The mOSl characteris
tic appearance is a diaphyseal moth-eaten destruction (cracked 
ice appearance) surrounded by a laminated periosteal response 
(Figure 4-45). Some lesions with a soft tissue mass cause an 
extrinsic destruction of the periosteal new bone and cortex, 
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Figure 4-45 Ewing's sarcoma. Along the lateral border of the tibia. 

note the triangular regions of periosteal response bordering the lesion 
(Codman's triangles; arrows). Within the lesion, a few scattered ver
tical periosteal spicules of bone are also evident. Note the characteris
tic but uncommon scalloped appearance (saucerization). Comment: 
Ewing's sarcoma is usually a diaphyseal lesion of bone. It tends to be 
centric with diffuse. moth-eatcn destruction and is surrounded by a 
laminated periosteal collar. 

crealing an externally concave defect (saucerization). MR and 
CT scans assist in defining the soft tissue mass and bony 
changes. 

Metastatic Carcinoma 

Clinical Features 

Bony secondaries demonstrate a wide spectrum of presenta
tions from asymptomatic to severely debilitating. Night pain 
that progressively worsens is a key feature. Pathologic frac
ture may be an acute presentation. In general, skeletal 
metastasis is an axial phenomenon, being confined to the 
spine, pelvis, skull, and ribs. Less frequently the proximal hu
merus and femurs may be involved. Metastasis is considered 
rare below the elbow and knee and accounts for less than 1 .5% 
of skeletal secondaries. S4 The most common cause of these 
limb metastases in more than 90% of cases is carcinoma of the 
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Figure 4-46 Metastatic carcinoma. (A) Osteolytic fonn (breast pri
mary). Observe the grossly destructive lesion within the fibula. The 
lesion has also disrupted the cortex., 

lung. Other occasional causes include tumors of the prostate, 
breast, kidney, and thyroid and melanoma. 

Imaging Features 

Most lesions are osteolytic with little to no periosteal re
sponse. Expansile blow-out and soap bubble metastases are 

associated with renal and thyroid tumors. Osteoblastic lesions 
can be focal or di ffuse (Figure 4-46). 

Osteochondroma (Exostosis) 

Clinical Features 

An osteochondroma is a benign developmental defect that 
follows a lateral herniation of an epiphyseal plate. It is the 
most common tumor of the entire skeleton, with at least 50% 
being found at the knee (femur, 35%; tibia, 1 5%) " Boys arc 
afllicted slightly more commonly than girls. Histologically 
the exostosis comprises normal mature bone covered with 
hyaline cartilage, which is identical to an epiphyseal plate. 
Growth of an osteochondroma therefore ceases once skeletal 
maturity is reached. Many lesions are found incidentally on 
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Figure 4-46 (D) Osteoblastic Conn (prostate primary). There is dif
fuse sclerosis of all bones. This type of presentation will usually 
have all bones similarly sclerotic. Commellt: Metastatic carcinoma is 
rare below the knee. The common primary sites to metastasize in this 
area are lung. prostate. breast. kidney, and thyroid; melanoma also 
metastasizes below the knee. 

radiographic examination. A common presentation is a pain
less hard mass near a joint. Less often there may be joint re
striction, acute fracture of the stalk, neurovascular compres
sion syndromes, and even popliteal aneurysm. Pain over an 
osteochondroma may be due to an inflamed overlying adven
titious bursa or adjacent tissue. Less than I % of exostoses may 
undergo malignant transformation, which is marked clinically 
by increasing size at a known site of exostosis. 

A hereditary fonn (hereditary multiple exostosis) exists that 
is male dominant, involves all skeletal growth plates, and may 
be complicated by malignant transformation in at least 1 0% of 
cases. 

Imaging Features 

These are metaphyseal lesions and have two conformations: 
pedunculated and sessile. 

Pedunculated OsteochOlulroma. This is the most common 
variety. It exhibits a bone stalk of variable length that is ori
ented away from the joint (Figure 4-47). The cap of the lesion 
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Figure 4-47 Osteochondroma. pedunculated rorm. (A) Solitary 
ronn. There is a prominent bony exostosis extending orr the lateral 
remur (arrow). Note the lhin cortex of the cap, whose resemblance 
to malignant change can be misleading. (8) Multiple form. Numer
ous osteochondromas can be seen originating from all bones. They 
remain consistent in their orientation away rrom the nearest joint. 
Commefll: Osteochondroma has the dual distinction of being the 
most common benign tumor of the entire skeleton and the most 
common tumor of the knee. The lesions are invariably oriented 
away from the nearest joint. Courtesy of Inger F. Villadsen. DC. 
Newcastle. Australia. 
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is often irregular, seems LO lack COrLex and may be calcified Lo 
a variable extent. When the exostosis is seen en face, there is 
an ovoid radiolucency corresponding to the origin of the stalk. 

Sessile Osteochondroma. The major morphologic feature is 
Lhe broad base at the point of origin. This may simulate an 
expansile neoplasm such as an aneurysmal bone cyst because 
the cortex is thin and the internal trabecular matrix is sparse. 
Some calcification may be evident in the cap. Isotopic bone 
scan often demonstrates activity in the cap, especially in skel
etally immature individuals. 

Nonossifying Fibroma (Fibroxanthoma, Nonosteogenic 

Fibroma, Fibrous Cortical Defect, Caffey's Defect) 

Clinical Features 

These lesions are extremely common in the first two 
decades of l ife, with up to 40% of normal children probably 
having one or more such defects." Up to 95% are discovered 
in individuals younger than 20 years. Fibrolls cortical defect 

(CaFfey's defect) is the term applied to the same lesion when 
found in patients younger than 8 years. At least 75% occur aL 
the knee, most often the distal femur. The majority are 
asymptomatic lesions discovered incidentally on radiographs 
obtained for another reason, especially trauma. Occasionally. 
if large, they may precipitate pathologic fracture or insuffi
ciency fractures. They do not undergo malignant transforma
tion. The natural history of most defects is involution and 
healing. Large lesions in critical sites may require surgical 
curettage and packing. Numerous nonossifying fibromas have 
been observed La coexist with neurofibromatosis. 

Imaging Features 

The characteristic appearance of nonossifying fibroma is an 
elongated, tapered (flame-shaped) lesion eccentrically placed 
in a long bone metaphysis (Figure 4--48). It occasionally can 
extend into the diaphysis. Other diagnostic features include a 
scalloped sclerotic margin, cortical thinning, and slight expan
sion. Evidence of resolution is diminishing size and the ap
pearance of scierotic foci  that enlarge and coalesce, progres
sively filling in the lesion. These arc usually active on isotopic 
bone scan. 

Aneurysmal Bone Cyst 

Clil/ical Features 

This is an expansile lesion that is the only bone tumor to be 
named by its radiographic appearance (it looks like an arterial 

Figure 4-48 Nonossifying fibroma. There is an eccentric. scalloped 
bony defect in the femoral metaphysis (arrow). Comment: Non
ossifying fibromas are extremely common benign bone lesions in the 
developing skeleton and occur most frequently close to the knee 
joint. As a rule. they do not cause clinical symptoms but when large 
may predispose to pathologic fracture. 

aneurysm) rather Lhan on the basis of histology. Aneurysmal 
bone cysts usually occur within the first three decades of life 

with equal sex distribution. Trauma appears to be a precipitant 
in a number of cases. The distal femur and proximal tibia are 
the most common sites.$6 Increasing pain over a relatively 
short period is the main Conn of presentation. 

Imaging Features 

The most conspicuous feature is a metaphyseal lesion that is 
cxpansile, l ightly septated, and contained within a thin, pe
ripheral, calcified (eggshell) rim (Figure 4--49). In the fibula it 
may be purely centrically located; in the larger femur and tibia 
eccentricity is the rule. At the base of the lesion is a reactive 
bumess (Codman's triangle), which signifies iLs active 
expansile nature. On isotope study there is active uptake at the 



Figure 4-49 Aneurysmal bone cyst. At the posterior aspect of the 
distal femur. an expansile septated tumor is clearly seen (arrow). Ob
serve in panicular the thin peripheral rim. Comment: These tumors 
grow quickly and cause moderate to severe pain. 

tumor site. CT delineates the morphology with greater resolu
tion. especially the thin rim. which may conlirm the diagnosis 
and help exclude a malignant tumor. MR imaging allows clear 
depiction ofilS internal vascularity, occasional fluid levels and 
septation with clarilication of the relationship to adjacent 
structures. which is useful in surgical planning. 

Giant Cen Tumor (Osteoclastoma) 

Clinical Features 

This tumor carries the distinction of being a quasi-malig
nant tumor: 80% are benign. and 20% are malignant. Benign 
giant cell tumor (GCT) can also transform into a malignant 
form. generally in the lirst 5 years after discovery. Most GCTs 
arise between thc ages of 20 and 40 years. Men exhibit a 
higher incidence of malignant forms and women ofthe benign 

forms. Up to 60% of GCTs occur at the knee. most commonly 
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the distal femur and then the tibia. the libula. and. rarely. the 
patella.54 Presentation is due to low-grade persistent pain or 
pathologic fracture. 

Imaging Features 

The hallmark of the tumor is its involvement of both the 
metaphysis and the epiphysis. extending to the subarticular 
plate. In addition. it tends to lie slightly eccentrically and 
causes scalloping and thinning of the cortex externally, while 
internally discrete septa are clearly visible (Figure 4-50). Iso
tope studies demonstrate increased uptake. CT and MR scans 
deline the morphology in greater detail. 

The radiographic appearance is inconsistent with the IUrnor 
being histologically benign or malignant. 

Pigmented Vilionodular Synovitis ( Benign Synovioma) 

Clinical Features 

Pigmented villonodular synovitis is a benign disorder with 
diffuse or localized hyperplasia ofthe synovial villi and hemo
siderin deposition. The most common site is the knee.54 Young 
adults are usually involved. presenting with swelling but lillie 
pain. Aspiration often fails to reduce the effusion, and the as
pirate is bloodstained and high in cholesterol content. 

Imaging Features 

Plain lilm lindings are nonspecilic and include soft tissue 
swelling that may be dense and lobulated. normal joint space, 
and. rarely. extrinsic bone erosion (Figure 4-5 1 ). On MR scan 
the lobulated intraarticular mass can be defined. On T I 
weighted images areas of fat and hemorrhage will be o f  high 
signal intensity; on T2-weighted images there is decreased 
signal due to hemosiderin and chronic synovial proliferation. 
On CT scan the high iron content results in high allenuation 
numbers of the mass. 

VASCULAR DISORDERS 

Clillical Features 

Vascular disorders around the knee arc not uncommon. 
They may involve the arteries or veins. Arterial disorders may 
include atherosclerosis, aneurysms. and thrombosis. Venous 
problems mostly manifest as thrombophlebitis. Anerial clini
cal signs include claudication and the "live P's" of arterial 
obstruction: reduced distal pulses. pallor. a painfully cold ex
tremity, paresthesia. and paralysis. Aneurysms of the poplitcal 
artery produce a pulsatile mass in the popliteal fossa; these are 
often bilateral and usually occur in  concert with abdominal 
aortic aneurysm " Thrombophlebitis is characterized by calf 
pain that is exacerbated by ankle dorsiflexion (Homans' sign) 
and edema below the thrombus. 
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Figure 4-50 Giant cell tumor (GeT). (A) Plain film. Within the lateral femoral condyle is a geographic lesion that extends into the subarticulnr 
region (arrow). (8) MR image. On this TI -weightcd image the extent of the tumor can be appreciated; the destruction of the cortex laterally 
(arrow) is not visible on the plain film study. Comment: GCTs can be malignant despite their benign appearance on plain films. MR imaging has 
the ability to depict clearly a soft tissue mass consistent with a malignant form. as shown in this case. 

Imaging Features 

Plain films are largely unhelpful. Evidence of alheroma can 
be seen wilh calcificalion of lhe subintimal plaques. Calcifica
lion of the vascular media is common in diabetes and can be 
seen as sequential, closely opposed rings. Aneurysms occa
sionally exhibil peripheral calcificalion, which allows lheir 
identificalion (Figure 4-52). Ultrasound and angiography are 
essemial for depiction of most vascular lesions. 

Spontaneous Osteonecrosis of the Knee (SONK) 

Clinical Features 

SONK is a disorder of the weighl-bearing position of the 
femoral condyle. It has been regarded incorreclly as the adull 
equivalenl of adolescenl oSleochondrilis dissecans. SONK oc
curs in the populalion older than 50 years and affecls women 
morc commonly than men,58 The medial condyle is involved 
in al leasl 85% of cases; oflhe remainder, the laleral condyle is 
involved in 1 0% and the libial condyles in 5%. SONK is rarely 

Figure �51 Pigmented villonodular synovitis. There is expansion 
of the intercondylar notch laterally (arrow). No other abnormalities 
are present. Comment: Plain film findings in this lesion are uncom
mon because the joint capsule is distensible and inhibits extrinsic 
bone erosion. 



Figure 4-52 Popliteal aneurysm. On the angiogram, nOle the saccu· 
Jar expansion of the popliteal artery (arrow). Comment: Popliteal an
eurysms usually coexist bilaterally and frequently are associated with 
abdominal aortic aneurysms. 
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bilateral " A history of sudden and severe pain without sig
nificant trauma both with exercise and at rest is typical. Physi
cal signs include tenderness of the knee joint, especially over 
the involved condyle, and effusion. Bone collapse, varus 
defonnity, and secondary degenerative changes can compli
cate the disease. Recorded causes of SONK include cortico
steroids, osteopenia, pancreatitis, lupus erythematosus, occlu
sive vascular disease, sickle cell anemia, caisson disease, 
Gaucher's disease, and alcoholism. Pathologically there is 
osteonecrosis, which may be due to primary vascular obstruc
tion or a fracture in osteopenic bone that disturbs its vascular
ity distally. 

Small lesions with minimal collapse can heal and result in 
minimal nattening of the condylar surface. More Frequently, 
where the defect involves more than 50% of the condyle, col
lapse of the articular surface ensues and rapidly progresses to 
severe secondary degenerative arthritis.58 

Imaging Fearures 

Plain film changes may take weeks to months 10 appear, 
although as early as 5 weeks after the first symptoms diagnos
tic features can occur.S9 

The major findings include nattening of the articular sur
face, subchondral sclerosis, subchondral fracture, and the for
mation of a pitlike radiolucent defect. Less commonly, iso-

B 

Figure 4-53 Spontaneous Osteonecrosis of the Knee (SONK). (A) Plain film. On the weighl·bearing surface of the medial femoral condyle. 
there is a linear lucency that has separated a flake of articular bone (arrow). (ll) MR scan. There is localized decreased signal intensity extending 
into the medial femoral condyle (arrow). Commelll: It can be a rapidly destructive condition and must be recognized early to avoid severe joinl 
dysfunction. 
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lated bone fragments can be seen (Figure 4-53). Periosteal 
new bone occasionally is prescnt at the distal femur. Bone 
scan is confinnatory. with intense radionuclide uptake in the 
involved condyle. 

The application ofCT and MR scans is to define more accu
rately the anatomic pathology. On MR scan in the early 
phases, there is decreased signal on TI -weighted images that 
may be present when all olher studies, including bone scan, 
are normal. Persistence of low intensity on TI-weighted im
ages (black on black) is a useful feature differentiating SONK 
from tumor and infection.59 

Bone Infarct (Localized Bone Death) 

Clinical Features 

A wide spectrum of presentations occurs. with no specific 
cluster of symptoms being diagnostic. Many bone infarcts are 
found incidentally on radiographs, whereas others cause 
nonspecific knee pain. Causes include pancreatitis, lupus 
erythematosus, alcoholism, caisson disease, Gaucher's dis
ease, sickle cell anemia, and vascular occlusive disease. For 
many bone infarcts, the cause remains undetem1ined. The dis
tal femur and proximal tibia are common sites of involvement. 

Imaging Features 

In the early stages of infarclion, plain films may be normal 
or may demonstrate a subtle admixture of mauled rarefaction 
and sclerosis within the medullary cavity of the diameta
physeal region (Figure 4-54). MR scan at this slage shows in
termediate signal intensity on T I -weighted images and high 
signal on T2-weighted images internally; these areas are delin
eated peripherally by a thin, low-signal band. Mature bone 
infarcts exhibit a densely calcified, serpiginous border sur
rounding a ccntral luccOl zonc. Thesc oldcr infarcts are of low 
signal on T I - and T2-weighted images.'" 

INFECTIONS 

Presentation of bone and joint infections depends on the 
underlying organism, hOSl defense, and preexisting abnor
malities. The most common organism in at least 90% of cases 
is StaphylococclIs allrells. Four patterns of skeletal infection 
are evident: aeute osteomyelitis, chronic osteomyelitis, 
Brodie's abscess, and scptic arthritis. 

Acute Osteomyelitis (Bone Infection, Skeletal Sepsis) 

Clinical Features 

The tibia is the most common bone affected by osteo
myelitis; it is followed by the femur. Pain, swelling, malaise, 
and fever are the most striking clinical signs. 

Figure 4-54 Bone infarct. Observe the diffuse and irregular calcifi
cation within the medullary cavity (arrow). Commellt: These are rela
tively common, asymptomatic bone lesions and occur most fre
quently within the femur and tibia. often close 10 the knee. 

Imagillg Features 

It may take a minimum of 1 0  days (radiographic latent pe
riod) before plain film changes become visible. These consist 
of moth-eaten destruclion, isolated necroLic bone fragments 
(sequestra), and, if periosteal new bone is proliferative, forma
tion of an involucrum (Figure 4-55). Fat planes tend to be 
obliterated. Gallium-67 bone scans are especially useful in 
early-stage depiction of these changes, although -Tc scans 
will also show increased uptake at the infective site." The 
metaphysis is the most common site for involvement. When 
there is spread into the joint from a metaphyseal focus, this is 
designated a Tom Smith arthritis.62 

Chronic Osteomyelitis (Garre's Sclerosing Osteomyelitis) 

Clillical FeafLlres 

Failure of therapy or body defense mechanisms to obliterate 
the organism can result in  an ongoing and unresolved 



osteomyelitis. This not uncommonly follows fractures of the 
tibia or femur. Low-grade pain, intermittent fever, malaise, 
and superficial discharge are common features. In chronic dis
charging lesions there may be transformation of the drainage 
sinus lining to squamous cell carcinoma (Marjolin's ulcer). 

Imaging Features 

All the features of acute osteomyelitis can be present. Key 
features suggesting chronicity arc the long length of bony in
volvement, prominent periosteal involucrum, sclerosis, and 
sequestra formation. These may best be appreciated on CT 
scan. The site of discharge from the bone (cloaca) may be 
identified on CT. 

Brodie's Abscess (Bone Abscess, Aborted Osteomyelitis) 

Clinical Feolllres 

The tibia and femur arc the most common sites for this le
sion. Pain is the predominant feature; it tends to be chronic and 
worse at night and may respond to aspirin. mimicking the 
presentation of osteoid osteoma. Brodie's abscess is a local
ized infection of bone that is contained by bone response. I t  
may or may not have pus, and frequently no organism is  cul
tured. 

Imaging Features 

The metaphysis and, less commonly, the epiphysis arc the 
primary siLes. In young patients the abscess can be seen Lo 
traverse the growth plate. Its shape is variable, from round to 
oval and occasionally erpiginous. The lesion is geographic in 
appearance; there is usually a distinct sclerotic border, which 
can be minimal or extcnsive (Figure 4-56), In largc medullary 
or small cortical lesions there may be accompanying peri
osteal new bone. All these features frequently make differen
tiation from osteoid osteoma and other tumors difficult. 

Septic Arthritis (Joint Infection) 

Clinical Features 

The knee is swollen, hot, and tender. Systemic features of 
fever and malaise are common. A history of intraarticular in
fection, surgery, or traumatic intrusion my be evident. Aspira
tion is necessary for diagnosis. 

Imaging Features 

10int effusion is usually the only feature. With progression, 
loss of the articular plate and diminution of joint space ensue 
(Figure 4-57). Moth-eaten destruction of the epiphysis may 
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Figure 4-55 Acute osteomyelitis. (A) Plain film. On (he medial cor
tex of the tibia, note (he localized laminated periosteal response (ar
row). There is some underlying dcstruction of the cortex. (8) CT 
scan. On bone window. note the laminated periostcal response (ar
row). A small bony sequestrum is also evident (arrowhead). Com· 
mellt: Acute osteomyelitis in its earliest phases is best detected by 
nuclear bone scan. cr is particularly well suited for defining the ex· 
tent of the infection. 
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Figure 4-56 Brodie's abscess. Within the proximal tibial meta
physis, a poorly defined geographic defect is visible (arrow). There is 
also some marginal sclerosis and laminated periosteaJ new bone at 
the lateral metaphysis (arrowhead). Commellt: Brodie's abscess is 
common in children and adolescents; the tibia is the most common 
bone affected. 

begin to appear coincident with metaphyseal periostitis. Reso
lution of the infection is often by joint ankylosis. 

METABOLIC DISORDERS 

Osteoporosis (Osteopeoia) 

Clinical Features 

Loss ofboo.c density is best described as osteopenia unless a 
cause is known, in which case Lhe correct teml is applied. 
There are many causes of oSlcopenia, including endocrine im
balance, infections. and neoplastic and posttraumatic abnor
malities, among others. The most common causes include 
postmenopausal hormone changes, immobilization, and 
trauma. 

Figure �S7 Septic anhritis. Observe the destruction of the oppos· 
ing articular surfaces at both medial and lateral jOint compartments. 
In this case of tuberculous arthritis. there has been widcning of the 
inlercondylar notch. Commellt: Characteristic of joint infections is 
their ability to destroy both sides of an articulation. Healing is by 
bony ankylosis if the damage is severe. 

Imaging Fearures 

Generally there is diminished bone density, thinning of the 
cortex, and, depending on severity, accentuation or loss ofse
lected stress-bearing trabeculae. In acute immobilization of a 
previously healthy bone, there is initially prominent loss ofthe 
subarticular bone that spreads rapidly into the epiphysis and 
metaphysis (Figure 4-58). Osteopenia associated with neo
plasm or infection may show moth-eaten, permeative, or geo
graphic destruction and periosteal new bone. 

Paget's Disease (Osteitis Deformans) 

Paget's disease may affect up to 3% of individuals older 
than 50 years; the incidence increases to more than 5% by the 
eighth decade of life. Strong racial and geographic innuences 
exist in thal the disease is most common in England and Aus
tralia, less common in North America, and rare in Scandinavia 
and Asia.54 Much speculation has been made concerning its 
etiology, but no definitive cause has been delineated. 

Clinical Features 

The knee is a common site of Pagel'S disC.:'1se. The femur is 
the second most common bone to be involved after the pelvis. 
The tibia is the fourth most common site, and patellar and 
fibular locations are considered rare. Notably, in the majority 

of cases no external signs of underlying Paget's disease will be 
apparent, and pain is often absent. The disease usually is dis-



Figure 4-58 Disuse osteoporosis. This patient was virtually immo
bile for many years. The features of osteopenia are well displayed: 
thinning of the cortex, decreased bone density, and sparse trabeculae. 
Commellt: Such osteopenia can be due to a number of causes. includ
ing immobility, corticosteroids, tumor. and endocrine disease. 

covered only fortuitously by radiography. External manifesta
tions, however, may include increased ovcrlying skin tem
perature, visible deformity, vascular bruit, pathologic fracture, 
and, rarely, a soft tissue mass duc to malignant transformation. 
The major biochemical marker is the alkaline phosphatase en
zyme, which nuctuatcs with disease activity and at times may 
be remarkably elevated (up to 40 times normal). 

Imagi"g Features 

Paget's disease is characterized by the wide diversity of 
imaging signs. It is a slowly evolving, dynamic disease proc
ess that passes through up to four stages: osteolytic, mixed, 
osteoblastic, and malignant transformation. Consequently, it 
has been labeled a great imitator of bone disease because of its 
ability to mimic many other disorders, such as metastatic car
cinoma and osteomyelitis. The key signs include cortical 
thickening, coarse lfabeculae. pseudofractures, bone expan
sion, altered density (lucent, sclerotic, or mixed), and a 
tendency to begin at one end of the bone and to progress long i-
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tudinally to involve the entire bone. Also, early in its evolution 
the disease conspicuously affects the subarticular bone, which 
is a key manifestation when this diagnosis is being considered. 
Isotopic bone scans demonstrate active uptake in all phases of 
the disease (Figure 4-59). 

Femur. It is most common for the disease to begin in the 
proximal femur and to progress distally. At the normal
pathologic bone interface of the advancing changes, a discrete, 
radiolucent, V-shaped density may be visible (blade of grass 
appearance). The diaphyseal-metaphyseal cortex is thickened 

to involve the articular plate. The trabeculae arc coarse and 
follow trabecular l ines. Expansion in bone caliber may be ap
parent at the femoral condyles. Within the subarticular zone 
the most common manifestation is an admixture of sclerosis 
and lucency, which can simulate aggressive destruction or 
avascular necrosis. Late in the course of the disease lateral 
bowing of the femur, when combined with coxa vara, can pro
duce a shepherd's crook deformity. 

Pseudofractures are most frequent at the lateral and anterior 
cortices below the trochanters. These are recognizable as lin
ear lucencies with sclerotic margins lying perpendicular to the 
cortex and associated with a localized bulge at their endosteal 
surfaces. 

Tibia. The disease begins more frequenliy in the proximal 
tibia rather than distally. The features are identical to those in 
the femur. It is. however, more likely to give rise to a blade of 
grass appearance in the tibia than in any other bone. Early in
volvement may begin in the tibial tuberosity, producing an 
ovoid cystic lesion." The major bowing deformity develops 
anteriorly (sabre shin), which also coincides with the location 
of pseudofractures. 

Fibula. Various reports attest to the rarity of fibular in
volvcment in Paget's disease.54 

Parella. The patella is an unusual site for Paget's disease. 
There is often profound enlargement and cortical thickening, 
and frequently the disease is complicated by transverse frac
tures. 

Complications 

A number of secondary problems can occur, some of which 
can be life threatening." 

Sarcomatous Tram!ormation (Paget's Sarcoma). The inci
dence of secondary malignant tumors is approximately 1%.  
The most common such tumor is osteosarcoma, although 
fibrosarcoma and chondrosarcoma do arise on occasion. The 
femur is a favored site for these tumors, and spread tends lO be 
diaphyseal. Osteosarcoma is readily recognizable by cortical 
disruption, moth-eaten destruction or a frankly sclerotic reac

tion, a spiculated periosteal response, and a soft tissue mass 
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Figure 4-59 Paget's disease. (A) Tibia. There is an increase in bone densily of the tibia, accentuation of the trabeculae. cortical thickening. and 
bone expansion. en) Bone scan. Observe the increased isotope uptake in the femur and contralateral tibia. Commellt: Pagel's disease exhibits 
these characteristic features and most notably extends to the subarticular bone. 

that may contain dense sarcomatous bone (cumulus cloud ap
pearance) (Figure 4-<i0). Clinically these tumors are marked 
by the appearance of a soft tissue mass, pain, and a rising alka
line phosphatase level. This is usually a lethal complication. 

Ciam Cell Tumor. GeTs are a rare association. Approxi
mately 25% are frankly malignant. The imaging lindings con
sist of an expansile, epiphyseal-metaphyseal geographic le
sion. 

Fracture and Deformity. The bone most commonly frac
tured in Paget' s  disease is the femur. The femoral locations 
occur, in descending order of frequency, at the subLrochanteric 
region (33%), middle third (20%), upperlhird ( 1 5%), femoral 

neck ( 1 2%), lower third ( 1 1 %), and the trochanters (9%) '" 
These fractures tend to be transverse (banana fracture) and 

heal within prolific callus, which itself is Pagetic in nature 
(Figure 4-<i I ). Avulsion of the tibial tuberosity may occur 
with no associated trauma. Bowing of (he femoral and tibial 
shafts (shepherd's  crook and sabre shin defonnities) occurs 
secondary to bone softening and can produce shortening of the 
limb. 

Degellerative ioim Disease. Paget's disease can precipitate 
degeneralive changes by altering the Slress biomechanics at 
the joint as a result of deformity, diminishing support for joint 
cartilage, and spread of the pathologic process from the 
subchondral bone to affect the cartilage directly. 



Figure 4-60 Paget's disease, sarcomatous transformation. Observe 
the characteristic Paget's disease of the distal femur. There is, how
ever, destruction of the lateral conex (arrow) with an associated soft 
tissue mass. Commeflt: Paget's sarcoma is a rare complication but 
tends to involve the femur. 
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Egyptologists have suggested that the ancient Egyptians 
were performing manipulations before the lime of Christ. 

Other cultures thal used manipulation in one fonn or another 
include the Greek physicians, nalive Americans, eastern Euro� 
peans, and the Japanese. 

Andrew Still linked manipulation to the principles of oste
opathy and started thc first osteopathic school in 1874 at 
Kirksville, Missouri. DO Palmer in 1895 founded the prin
ciples of chiropractic. He did not claim the discovery of ma
nipulation, but he did claim to be the first to use the spinous 
and transverse processes of the vertebrae as levers to adjust 
specific vertebrae. Palmer founded the first chiropractic col
lege in 1897 at Davenport, Iowa. 

Palmer referred to adjusting the 300 articulations of the 
body, which included the extremities as well as the spine and 
pel vis. Over the years the phi losophy of some schools and 
some political entities have placed restrictions on the areas to 
be manipulated, but the profession as a whole encompasses 
manipulation of all the articulations as accepted practice. 
When dysfunction exists in an extremity that may be related to 
a fixation of the spine or pelvis, all fixations of the spine and 
pelvis should be corrected before the extremity problem is ad
dressed, where possible. 

Most of the adjustive techniques in this book are based on 
those developed by Metzinger' and taught to the author by 
Crawford and Melzinger. Alternative techniques are shown 
where appropriate. Within our profession as well as osteopa
thy, many techniques have been developed and used success
fully. I have reviewed Athletic and Industrial Injuries D/the 
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Chapter 5 

Adjustive Techniques 

Kllee' by Schultz, some of whose techniques I have used and! 

or adapted, and Atlas o!Osreopathic Techniques' by Nicholas. 
With the announcement that I was in the process of writing 

a book about the knee. numerous sets of notes on technique 
were provided from around the world for my review. I have 
also attended many seminars on I.echniques involving the knee 

by many different proponents. The techniques that follow are 
what I have found the most useful in practice. 

LATERALLY ROTATED TmIA ON THE FEMUR 

Signs and Symptoms 

The patient may be asymptomatic or may exhibit a variety 
of symptoms from knee ache to the inability to walk. The pa
tient may be unable to extend the knee fully. The condition 

may be associated with a tight iliotibial tract and biceps. 

Tests 

The medial condyle of the tibia fails to move anteriorly 
from under the femur during hyperextension. Palpate the ante
rior surface of the medial condyle of both the femur and the 
tibia (Figure 5-1). Elevate the ankle to produce hyperexten
sion. Failure of the medial tibial condyle to move anteriorly 
from under Lhe femoral condyle indicates a fixation. 

Another test for lateraIly rotated tibia fixation is as follows. 
With the femur secured, apply pressure posteriorly on the me-



100 THE KNEE 

A 

B 

Figure 5-J (A and B) Right knee. contacts for palpation of medial 
condyle motion. 

dial tibial condyle (Figure 5-2). If the fixation exists, no 
movement will be fell. 

During the examination, there are two signs of a possible 
tibial rotation. Upon Oexing the knee, the heel may align itself 
medial to the ischial tuberosity (Figure 5-3), or lateral mobil
ity may be restricted (Figure 5-4). 

Precautions and Contraindications 

If the patient is unable to nex completely, an alternative 
technique should be used. The technique should not be used 
with any degree of instability or if hemarthrosis is present. Ex
ecution of the technique should never allow movement be
yond the normal range of motion. 

Adjustive Technique 

While palpating the anterior knee joint with the supporting 
hand, grasp the ankle and Oex the knee, moving the heel near 

, 

Figure 5-2 Right knee, palpation and adjustment for lateral rota
lion fixation. 

the buttocks (Figure 5-5). Rotate the tibia medially while ab
ducting (Figure 5-6). After abduction and rotation, return the 
ankle to approximately 30° of Oexion (Figure 5-7). All the 
above should be executed quickly and smoothly as one move
ment, keeping within the norn1al range of motion. A clicking 
may be heard and should be felt by the supporting hand if cor

rection is made. Extension should not exceed 30°. There 
should not be any whipping of the leg at the end. 

Caution should always be used in a trauma case where 
edema andlor hemarthrosis is present because the nuid pres-

Figure 5-3 Right knee, nexion with medial heel alignment. 



Figure � Right knee, restricted lateral mobility, 

sure may cloud an instability in normal testing procedures. 
Staying within the normal range of motion is necessary to pro
tect the knee. 

The laterally rotated tibia is the most common fixation of 
the knee. If present, it should be corrected and then the other 
fixations repalpated. 

With any fixation, the muscles involved that would either 
produce it or allow it to occur must be considered. The biceps 
and the iliotibial tract are the only lateral rotators, and then 

only with the knee flexed. Medial rotation is produced by the 
popliteus muscle in all ranges of extension and flexion and is 
assisted by the medial hamstrings, sartorius, and gracilis in the 
flexed knee. 

Several authors of medical texts suggest a manipulation 
similar to this adjustment. They refer to the popping or click as 
torn, dislocated, or "heaped up" meniscus slipping back into 
place and consider this a useful way of unlocking the knee.'·s 
A dislocated or "heaped up" meniscus would not be present if 
the bone structure were properly aligned. Correction of a later
ally rotated tibia is a vital step in allowing the soft tissues of 

the knee joint to repair rapidly and return to normal function, 
whether the meniscus is torn, "heaped up," or just stretched. 
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Figure 5-5 Adjustment for laterally fOlated tibia fixation, first parI. 

After adjusting the laterally rotated tibia, any muscles that 
tested weak should be retested. The fixation may interfere 
with normal function of any of the muscles that cross the joint. 

The examination 10 detennine the possibility of an ana
tomic short leg may be clouded in the presence of lhis fixation. 
Lateral rotation ahers bone position that either is caused by 
muscle imbalance or may produce a muscle reaction. All the 
above interfere with palpation of the end of the femur as a 
landmark and may disturb the overall distance from the hip to 
the medial malleolus. 

Alternative Technique I 

If complete flexion is not possible, place the patient's ankle 
on your shoulder nearest the table. With the inside hand (pri
mary contact), grasp the anterior surface of the medial tibial 
condyle with a pisiform hook contact. Lace the fingers to
gether with the outside hand supponing the knee (Figure 5-8). 
The thrust is a pull on the pisiform contact toward the floor 
with medial rotation. 

Caution: If edema and/or hemarthrosis is present, care must 
be taken to ensure that no funher damage occurs. The thrust 
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Figure � Adjustment [or lalcrally rotated tibia fixation. second 
pan. 

must be limited because of the possibility of ligamental dam
age clouded by the presence of nuid. 

Alternative Technique 2 
With the head ward hand, grasp the medial condyle of the 

femur, and laterally rotate the knee while slightly nexing the 
knee. Using an index contact on the anterior surface of the 

medial tibial condyle, thrust posteriorly with some rotation 
(Figure 5-9). 

Alternative Tee/mit/ue 3 
This is a technique for minimal fixations that may only exist 

as a result of a stretched muscle. It may also be useful for the 
patient in whom adjusting might be either painful or 
contraindicated. 

Place the patient supine with the hip and knee nexed. Se
cure the fOOL, preventing its movement into medial rotation. 

Have the patient allempt medial rotation (Figure 5-10). Gen
tly at first (and if lillie or no pain is present) increase the 
strength of the allempt, and release. Repeat several times until 

the pain diminishes and the allempt becomes stronger. The 

� . 
. :::-- } 
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Figure 5-7 Adjustment for laterally rolated tibia fixation. third part. 

Figure 5-8 Alternative adjustment for laterally rotated tibia fixa
tion. 



Figure 5-9 Right knee. palpation and adjustment for lateral rotation 
fixation. 

exercise is simply to restore muscle funclion and to establish 
patient confidence that the muscle may perform. 

If pain is present and fails to reduce or disappear after three 

exertions, st.op the exercise and reevaluate. 

Figure 5-10 Alternative technique for minimal fixation. 
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MEDIALLY ROTA TED TIBIA ON THE FEMUR 

This fixation seldom occurs. The muscles that produce lat
eral rotation (biceps and iliotibial tract) would have to be 
strained or the medial hamstrings and popliteus would have to 
be in contraction to produce the fixation. If the fixation should 
occur, the adjustive technique is the opposite of the laterally 
rotated fixation technique. 

ANTERIOR TroIA FIXATION ON THE FEMUR 

The anterior fixation is usually associated with a laterally 
rotated tibia fixation. If it is corrected, the anterior fixation is 
usually corrected along with it. If not, place a rolled towel un
der the femoral condyles. Reinforce a web contact on the tibial 
condyles, being careful to avoid a femoral head contact, and 
thrust posteriorly (Figure 5-11). 

By altering the technique slightly using an index contact on 
the medial tibial condyle, this technique may be used as an
other alternative technique for the laterally rotated tibia fixa
lion. 

POSTERIOR TIBIA FIXATION ON THE FEMUR 

Place a rolled towel under the tibial condyles. Use a rein
forced web contact on the femur condyles, thrusting posteri

orly (Figure 5-12). 

Alternatively, with the patient prone use a bilateral pisifonll 
hook contact on the tibial condyles. The thrust is a sharp pull 
toward the end of the table (Figure 5-13). 

LATERAL TIBIA FIXATION ON THE FEMUR 

Usually this is found with lateral rotation fixations. If so, 
correct the lateral rotation first and then palpate again. A 
combination of weakened vast us medialis oblique fibers, 
popliteus, and medial hamstrings and a shortened or eon-

-

Figure 5-11 Adjustment for anterior tibia fixation. 
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Figure 5-12 Adjustment for posterior tibia fixation. 

tracted biceps, iliotibial tract, and vastus lateral is may contrib
ute to producing a latcral tibia fixation. 

Secure the patient's ankle under the operator's arm. Use a 

pisiform contact of the outside hand on the lateral tibial 
condyle (be careful to avoid the fibula head). Secure the con
tact hand by placing the inside aml under the leg and the hand 
over the wrist. This allows complete control of the knee (Fig
ure 5-14). 

Flex the knee slightly and, using moderate traction, thrust 
medially. This is a limited thrust and should never be neces
sary, nor should it be used, if medial instability is found or 
suspected during the examination. 

As an alternative technique, place the fOOl between 
operator's knees and traction the leg. Use an index contact on 
the lateral tibial condyle while supporting the medial femoral 

condyle with the opposite hand. Slightly nex the knee and, 
using moderate traction, thrust medially on the tibial condyle 
with the opposite hand offering resistance to the femur (Figure 

._/ 

Figure 5-13 Adjustment for posterior tibia fixation. patient in prone 
position. 

Figure 5-14 Adjustment for lateral libia fixation. 

5-15). Again, this is a fimited thrust and should never be nec
essary, nor should it be used, if medial instability is found or 
suspected. 

MEDIAL TIBIA FIXATION ON THE FEMUR 

This is not a common fixalion, and when found it is usually 
associated with a rotated tibia, which if corrected usually re
moves bolh fixations. 

Secure the patient's ankle under the operator's arm. Use a 
pisiform contact of the inside hand on the medial tibial 

Figure 5-15 Adjustment ror lateral tibia fixation. alternative tech· 
niquc. 



condyle. Secure the contact hand by placing the outside ann 
under the leg and the hand over the wrist. This allows com
plete control of the knee (Figure 5-16). Flex the knee slightly 
and, using moderate lr3Clion, thrusl laterally. This is a limited 

thrust and should never be necessary, nor should it be used, if 
lateral instability is found or suspected during the examina
tion. 

Alternatively, place the patient's foot between operator's 
knees and traction the leg. Use an index contact on the medial 
tibial condyle while supporting the lateral femoral condyle 
with the opposite hand (Figure 5-17). Slightly nex the knee 
and, using moderate traction, thrust laterally on the tibial 
condyle with the opposite hand offering resistance to the fe
mur. Again, this is a limited thrust and should never be neces

sary, nor should it be used, if lateral instability is found or sus
pected. 

POSTERIOR FIBULA HEAD FIXATION 

Place the patient in the prone position with the knee flexed 

to 90° and the ankle resting against the operator's shoulder 
(sec Figure 5-18). Use a pisifonn hook contact of the outside 

hand around the fibula head reinforced with the support hand. 
Rotate the fibula head anterolaterally and thrust with a sharp, 
shallow pull (take care not to pinch the lateral head of the gas
trocnemius muscle). 

Figure 5-16 Adjustment for medial tibia fixation. 
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Figure 5-17 Adjustment for medial tibia fixation. alternative tech
nique. 

Alternative Technique 1 

With the patient in the prone position and the leg extended, 
slightly rotate the leg laterally. Stabilize the leg with the sup
port hand (Figure 5-19). Using a pisiform contact on the pos
terior aspect of the fibula head, give a quick, shallow thrust 
following the articular plane anterolaterally. 

Alternative Technique 2 

With the patient supine, place the ankle between the 
operator's knees and apply mild traction (only to stabilize). 
With the inside hand, grasp medial and anterior knee struc
lures to prevent anterior movement. With the outside hand, 

usc an index finger hook behind the fibula head with the rest of 
the fingers around the fibula (Figure 5-20). The thrust is a 
sharp pull anterolaterally. 

;0---

� - -�--:: ---
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Figure 5-18 Adjustment for posterior tibia fixation, patient in prone 
position. 
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Figure S-19 Adjustment for posterior fibula head fixation. 

SUPERIOR FIBULA HEAD FIXATION 

A superior fibula head fixation occurs from a hypertonic 
biceps femoris muscle and/or weakness of the fibula and foot 
muscles (peroneus longus, brevis, and lertius; ncxor hallucis 
longus; eXlensor hallucis longus; extensor digilorum longus; 

soleus; and poslerior tibialis). 
Wilh Ihe patient in Ihe prone position, medially rOlale Ihe 

leg by rotating Ihe heel oul with the support hand. From Ihe 
opposite side of the lable, conlact Ihe fibula head with a pisi
form contact on the head ward hand (Figure 5-21). The thrusl 
is shallow and as inferior as possible. 

ANTERIOR FIBULA HEAD FIXATION 

With the patient in the supine position, support Ihe ankle 
with the fool ward hand. Using a pisiform conlact on Ihe anle
rior fibula head, thrusl posteroinferiorly on the fibula head 
(Figure 5-22). 

lNFERlOR FIBULA HEAD FIXATION 

With the patient in the prone position and the knee ncxcd, 
dorsinex the ankle by bracing it againsl the chest. While ap-

Figure 5-20 Adjustment for posterior fibula head fixation, alterna
tive technique. 

Figure 5-21 Adjustment for superior fibula head fixation. 

plying dorsinexion, contact Ihe fibula head wilh both thumbs. 
The thrust is made by using Ihe operalor's body weighl 10 

dorsinex the ankle farther while Ihrusting with both thumbs 
loward Ihe table (Figure 5-23). 

SUPERIOR PATELLA FIXATION 

Although not a fixation of an articulation, Ihis is a common 
finding Ihal may be correcled readily in mOSI cases. 

With the leg eXlended, simply hold the palella firmly with a 
web contacl, push inferiorly, and hold unlil Ihe quadriceps re
laxes (Figure 5-24). 

This is especially effective in older patienls who have 
stopped nexing the knee (by squalling and similar move
ments), in whom the quadriceps becomes eilher shortened or 
hypertonic. Older patients who have had knee pain and have 
received cortisone injections often end up with contracted 
quadriceps muscles thaI inlerfere with normal funclion of the 
knee. 

Cautio,,: The presence of chondromalacia in the elderly is 
common (it may be the reason for the usc of cOrlisonc). Not 

Figure 5-22 Adjustment for anterior fibula head fixation. 



Figure 5-23 Adjustment for inferior fibula head fixation. 

only should the diagnosis be made firsl, but caution should be 
used not to apply posterior pressure during the stretch. Follow
up therapy should include stretching exercises at home. 

MEDIAL MENISCUS ENTRAPMENT 

After all other adjuslments are made, repalpale. If palpation 
reveals a small nodule or nodules along the medial joinl line, 
an entrapment should be considered. Usually the nodule is ex
tremely tender as a result of a small lear of Ihe medial capsular 
ligament allowing the entrapment of a small portion of the 
meniscus. 

With valgus trauma to the knee, the medial joint space may 
be stressed beyond the normal limils, causing the lear. Upon 
relUrning to its normal position, the joint space entraps the 
meniscus, leaving a small protrusion that feels like a match 
head under Ihe skin. 

With the patient in the supine position, sit on a stool ap
proximalely Ihe same heighl as the lable facing FooL ward. 

Figure 5-24 Adjustment for superior patella fixation (quadriceps 
femoris stretch). 
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Figure 5-25 Adjustment for medial meniscus entrapmenl. 

With the oUlside hand, grasp the ankle from undernealh. Place 
the knee firmly against the operator's ilium (Ihis prevents 

any pressure on the joint). Wilh the fingers around and behind 
the knee, conlaCI the nodule wilh a pisiform coniact (Fig
ure 5-25). 

The protrusion may be anlerior or poslerior of Ihe midline 
of the meniscus. The Ihrusl should be made toward Ihe cenler 
of the knee join!. ROlate the leg until the thrusl is toward both 
the cenler of Ihe joinl and Ihe operalor's ilium. 

Traction the ankle laterally, but only as far as necessary 10 
open Ihe medial join!. This may be delermined during palpa
tion in preparation for the contact 

The Ihrust is made loward the cenler of Ihe knee by Ihe op
erator placing the elbow at 900 to the ilium. With a correct 
contact againsl the ilium, the thrust itself can do no harm 10 the 
knee struclUre. The thrust may be made sharply as the joint 
opens up by traclion on the ankle laterally. 

As a follow-up, the author has found 3 minutes of ultra
sound al approximalely half power effective in promoling 
healing when coupled with 2 10 3 days of restricled nexion of 
Ihe knee pasl 20°. 

Although nOI as effective as Ihe above lechnique, Ihe fol
lowing alternative is useful in mild cases. With the patient su
pine, nex Ihe hip and knee. ROlate Ihe libia (using Ihe fOOL) 
medially. This exposes Ihe medial meniscus for easy palpation 
(Figure 5-26A). Apply pressure loward Ihe cenler of Ihe knee 
wilh a thumb contact while rotating the tibia laterally and ex
lending the knee (Figure 5-26B). 

LATERAL MENISCUS ENTRAPMENT 

As in meniscus tears, more meniscus entrapments are found 
medially than lalerally because of the laleral meniscus' mobil
ily and lack of laleral allachmenlS. If suspecled (the aUlhor has 
found only one case), the technique is the reverse of the tech
nique described above. 
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A 

Figure 5-26 (A) Contacts for medial meniscus entrapment, altema· 
live technique. 
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Many texts on the knee deal primarily with severe damage, 
diagnosis, and the surgical procedures necessary for repair. 
This chapter addresses problems of the knee all the way from 
mild postural strain to instability that may be treated conserva
tively in the office or referred for possible surgery. 

CHRONIC KNEE DYSFUNCTION DUE TO 

POSTURAL STRAIN 

Many deviations from normal posture may produce strain 
to the knee. [n the average practice, a majority of patients with 
knee symptoms have postural faults that either contribute to 
the problem or arc the direct cause of the problem. Any preex
isting postural strain becomes a major factor in the recovery 
from trauma. [f not detected, rehabilitation from trauma will 
be difficult, if not impossible; therefore, the most common 
postural fault will be covered first. 

Lordotic Lumbar Syndrome 

Probably the most common source of knee strain is postural 
stress. Lordotic lumbar syndrome (Figure 6-1) is prevalent in 
any society where there are conveniences of modern life and 
the workforce is employed in sitting jobs. Although common 
in bOlh sexes, it is more prevalent in the female because of the 
following: 

• distortions of the late stage of pregnancy 

• wearing of high-heeled shoes 
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• higher frequency of abdominal surgeries 

• wearing of bras, which restricts rib cage elevation during 
inspiration and the release of the rectus abdominus 
muscle, allowing the anterior pelvis to drop i nferiorly 

Stretched or weakened abdominal muscles, whether from 
pregnancy, surgery, obesity, or just lack of exercise, and re
gardless of sex, result in anterior rotation of the pelvis, i n
creased lumbar lordosis, i ncreased lumbosacral angle, 
stretched (and sometimes weakened) gluteus maximus 
muscles, hypertonic or shortened psoas and il iacus muscles, 
and stretched andlor weakened piriformis muscles (with 
weakening of the more powerful gluteus maximus muscles, 
the piriformis muscles eventually are stretched also). 

Medially Rotated Femur and Knee Problems 

With weakened or stretched piriformis and gluteal muscles, 
the femur rotates medially (the trochanters rotate anteriorly; 
Figure 6-2). [n the standing radiograph with the knees not 
touching and the feet facing forward, medial rotation may be 
detected by the diminished size of the lesser trochanters and 
usually an associated valgus knee. 

With medial rotation of the femur ( Figure 6-3) the normal 
Q angle (valgus angle) is increased, allowing the following to 
occur: 

• Reduction in the pectineus muscle length and reduction 
of the femur-pubic space may affect circulation (0 and 
from the lower extremity. Often the patient complains of 
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Figure 6-1 Lordotic lumbar syndrome. 

groin pain. Palpmion over the pectineus muscle will re
produce the pain (this may also occur in i l iopectineus 
bursitis). To differenliale, manually rolale Ihe pelvis pos
leriorly. If only a reactive peclineus muscle is presenl, 
Ihe pain will disappear. If il iopeclineal bursilis exisls, Ihe 
pain will not diminish and may increase. 

• The ability of the sartorius muscle to function is reduced. 

• The ability of the rectus femoris muscle (0 funcLion is 
reduced. 

• The valgus angle of Ihe knee is increased. 

• Stress is increased on the vaSlus medialis muscle, espe
cially Ihe oblique fibers (YMO). 

• The abnormal Iracking of Ihe palella in Ihe Irochlear 
groove may produce inflammation and lead to degenera
tion. 

• The increased Q angle usually produces a compensatory 
lateral rotation of the tibia. 

• The laleral rOlalion may produce a pronaled fool. 

Figure 6-2 Medially rolated femur. 

-' 

Figure 6--3 Valgus knee and medially rOlated femur (increased Q 
angle). 



A common finding in practice is the postpartum woman 
who afler one or more births is unable or unwilling 10 do Ihe 
proper exercises to restore abdominal tone. With dysfunction 
conlinuing for monlhs and years, she presenls with bilaleral 
valgus knees. The valgus knee is not Ihe cause of Ihe problem 
but a result of the low back and pelvis distortion. Treatment 
should be addressed 10 alleviale immediale pain, bUI Ihe 
lordotic lumbar syndrome must be Ihe primary targel of treal
ment. 

Patients may function for many years with all the stress 
listed above but with only minimal discomfort or fatigue. 
Wilhoul lrauma, major symploms may not appear until degen
eration makes normal movement impossible without pain. 

Trealment of Ihe palient with knee symploms who also has 
a lordolic lumbar syndrome should include adjustment of all 
fixations of the fOOl and ankle, adjustment of all fixalions of 
the spine and pelvis that may rei ale 10 the knee and/or the 
lordotic syndrome. and various exercises as described below. 

Exercises for Abdominal Muscles 

While lying on the floor wilh the legs on a chair, Ihe pmienl 
allempts sil-ups in 6 posilions from Ihe extreme righl 10 Ihe 
extreme lefl (Figure �). Eaeh movemenl should be to reach 
as far as possible, hold for a momenl, and Ihen slowly relum to 
the floor. Sil-up exercises performed rapidly and wilh bounc
ing from the noor each time are not as effective. 

Wilh Ihe hip flexed 1090° Ihe psoas action is decreased, and 
mOSI of the aClion is performed wilh the abdominal muscles. 
Usually a portion of the psoas muscle is short or hypertonic in 
the lordotic lumbar syndrome patient. 

The psoas muscle may be stretched using Ihe Thomas lesl 
posilion, flexing Ihe opposile leg wilh Ihe knee 10 the chest. 
The author finds this maneuver usually a waste of time except 
in the acute case with the psoas muscle in spasm. 

Lordosis Exercise 

With the patient in the supine posilion, place 1 0  to 20 lb of 
weighl on the abdomen below the umbilicus. Flex one knee 
(Figure 6-5) and with Ihat leg elevale Ihe bUllOCks from the 
lable while posteriorly rolating the pelvis. Hold for a moment, 
and Ihen slowly return 10 Ihe lable. Repeal 6 10 8 limes. Repeal 
on the opposite side. Compare one side wilh Ihe other, and for 
the side that lakes more effort repeat 6 to 8 limes. 

Exercises for the Gluteus Maximus Muscle 

With the patienl on all fours and the knee bent, push Ihe fOOl 
loward the ceiling (Figure 6-6). Do nOI extend Ihe hip joint 
beyond 10°. All movement past 10° must be made wilh the 
pelvis and would increase the lordosis. 

Exercises for the Piriformis Muscle 

In Ihe sealed position with the hip at 90° of flexion, Ihe 
piriformis becomes an abductor of Ihe Ihigh. Have the patient 

A 

I 
8 

Conditions and Therapy I I I 

-----

---
'-- - _._-- \ 

Figure 6-4 (A) Far right position ror sit-up exercise. (8) Far left 
position ror sit-up exercise. 

recline back sufficienlly 10 bring hip flexion 10 approximately 
45°. With exercise tubing secured l alerally, move Ihe fOOl 
medially againsl resislance, lalerally rolaling Ihe femur (Fig
ure 6-7). 
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Figure 6-5 Lordosis exercise. 

Anatomic Short Leg and Knee Problems 

Patients with an anatomic short leg of 1/4 in or more will 
usually have lordotic lumbar syndrome. It lVill llever respolld 
to exercises because it is necessary as a part of the compensa
tion for the imbalance. or course, the case becomes more 
complicated if compensation exists and muscle weakness ex
ists. 

The anatomic short leg is further complicated by either of 
the following': 

I. On the short leg side, the patient may laterally rotate the 
femur, producing a laterally rotated femur fixation and 
thus a longer leg (another compensation). 

2. On the long leg side, the patient may laterally rOlate the 
femur but will widen the stance, attempting to balance 
the pelvis. 

In either case, lateral rotation of the leg produces abnormal 
function of the fool. The patient may walk Charlie Chaplin
style on the rotated side. This in turn may produce pronation of 
the foot, funher lateral rotation of the tibia, and valgus stress 
on the knee. 

Treatment should include a careful analysis of the anatomic 
short leg, ruling out of a physiologic ( functional) shon leg, and 
appropriate measures to relieve the stress caused by it. 

Figure 6...() Gluteus maximus exercise. 

- � 

Figure 6-7 Piriformis muscle exercise. 

Passive Hyperextension of the Knee 

Passive hyperextension is not to be mistaken for genu 
recurvatum, where the knee (usually both knees) is congeni
tally hyperextended. 

To test for passive hyperextension, grasp both heels and el
evate them from the table, keeping them even (Figure 6-8A). 

Observe the knees for the ability to relax into the position. 
Edema is possible if the knee bounces back to nexion and if 
the screw-home movement does not occur. 

If no bouncing back is present, allow the legs to remain sus
pended. If this is not painful, ask the patient to try to relax the 
leg muscles further. Shake the legs gently 10 check if the pa
tient has relaxed them. This provides an opportunity to com
pare both legs thoroughly and may provide invaluablc signs 
for investigation. 

With the muscles consciously relaxed, a comparison of the 
true bulk of the muscles is possible. Look for obvious muscle 
conlraclions, differences in size, the dimpling usually found 
medial and superior to the patella (if absent. a sign of edema), 
and atrophy (usually of the VMO). 

If one knee is hyperextended more than the other, gently 
press down on each knee, not only feeling for reaclion but ob
serving as well (Figure 6-88). If the affected knee is hyperex
tended, the popliteus muscle must allow it. The popliteus 
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Figure 6-8 (A and 8) Test ror passive hyperextension. 

muscle initiates flexion of the knee from hyperextension (0 the 

beginning offlexion, where lhe hamstring muscles participate. 

The seemingly normal knee may be a genu recurvatum that 

cannot hyperextend because of edema. Normal hyperexten

sion is 5° to 10°. 

Laterally Rotated Femur and Knee Problems 

Any problem that produces a laterally rotated femur makes 

it necessary 10 walk with the foot deviated laterally (Figure 

6-9). This produces strain on the foot, causing pronation (Fig

ure 6-10) as well as strain of the medial structures of the knee. 

NOI only does this place strain on the medial ligamental struc

tures of the knee, bUI it also strains Ihe popliteus and the vastus 

medialis muscles. 

Laterally rotated femur may occur from the following: 

• hypertonic piriformis and/or gluteus maximus muscles 

(common in minor slip-fall injuries) 

• strained or stretched medial rotators of the femur (ante

rior fibers of lhe gluteus minimus and medius and the 

tensor fascia lata) 

• change of habit pattern to avoid pain of an iliopectineal 

bursitis 

• exercise programs that simulate the lotus position in 

yoga 

Figure 6-9 Lateral rotation. 
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• silting on the fOOL (a position assumed by individuals, 

especially women, with short legs that do nOI reach the 

noor in a normal chair) 

• sitling with one ankle over the opposite knee 

The most common cause is sleeping in the prone position. 
in which the feet must be lurned one way or Ihe olher. If turned 

to the right, the right knee must be nexed, which coupled with 
the turning of the fOOL produces Ihe lalerally rotated femur. 

The head muSI be turned toward the same side as the feel. Thus 

the prone sleeper usually has an imbalance not only of the hip 

« I f \ 
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Figure 6-10 Pronated righ[ rooL 
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and knee but of the cervical-thoracic junction as weil.l It is 

necessary to treat the knee problem, but it is also necessary to 
break the sleep habit as well or the problem just keeps repeat

ing itself. 

A sleep habit cannot be altered on the conscious level. The 

patient may alter the position upon going to sleep, but as soon 
as deep sleep occurs the prone position will be assumed. Three 

methods or breaking Ihe sleep habit have been found success

ful: 

I. Tape table tennis balls on each side or the abdomen, 2 

to 3 in from the umbilicus. This provides an irritant 

upon rolling over, disturbing not only sleep but the 

sleep habit. This method usually takes three to rour 

sleep-disturbed nights to break the habit. 

2. Also requiring three to four nighls to break the habit is 

the method or tying a belt around the knees, securing 

them together. Use a small, soft pillow between the 

knees to prevent pelvic torque. This makes it possible 

to sleep supine or on the side but impossible to sleep 

prone. 

3. Use an extremely large pillow next to the body to pre

vent rolling over during sleep. Place the pillow on the 

side away from the edge or the mattress. This method 

works for some individuals, but it is not as effective as 

the first two. 

No maller how severe the knee problem, postural stresses as 

noted above must be taken into consideration. If postural 

o::t:-csses are considered the primary cause of symptoms, treat

ment should be directed to include their correction. Ir postural 

stress is present in the trauma case, corrective treatment 
should be included at the earliest possible time. 

Pronated Foot and Knee Problems 

Pronation of the foot (see Figure 6-1 0) places valgus strain 
on the knee.l.J If pronation of one or both feel is present, a 

detennination must be made as to whether the pronation is the 

result or other postural strains. If so, these should be ad

dressed. The pronation may also be a local problem due to 

injury, worn-out shoes, or habit pallerns. 

Treatment may include exercises for the anterior and poste

rior tibialis muscles to elevate Ihe arch, the use or orthotics ir 

exercises fail, alteration of poor habit patterns. and throwing 

away of worn-out shoes. 

Use of Orthotics 

There are many types of orthotics in use today, including 

hard materials, soft pliable materials, and plastic. Some are 

reinforced with metal and leather. There are many ways of 

determining what shape the orthotic should be, including: 

• weight bearing onto a Styroroam rorm, which is then sent 

away to a technician, who manufactures the orthotic 

• weight bearing using an inked tape to produce the im

print of the plantar surface of the fOOL, which again is sent 

away for manufacturing 

• production of a non-weight-bearing cast, again sent for 

manufacturing 

• use of any of the above with the practitioner manufactur

ing his or her own orthotic from whatcvcr materials he or 

she desires. 

Each of the above methods (and lhere are others) claims its 

share of success. 

Theories abound as to when to apply ortholics, eilher at the 

beginning of treatment or after other treatment has failed. In 

the author's opinion, the only time an ortholic should be used 

at the beginning of treatment is when the symptoms arc caused 

by trauma and ligamental damage is suspected to have oc

curred. To apply an orthotic without first trying conservative 

care only provides a crutch for the foot, forever. It may correct 

the distortion immediately, but it does not correct the condi

tion that caused it. Therefore, orthotics should be used only 

after exercises and correction of the postural causes have been 

tried. 

KNEE DYSFUNCTION DUE TO ORGANIC 

PROBLEMS 

Gallbladder 

If the patient displays a hyperexlended knee during the ex

amination in the erect posture and it is verified by hyperexten

sion in the supine position, test the popliteus muscle. 

To test the popliteus, flex the knee to approximalely 120°, 

diminishing lhe medial hamstring support (Figure 6-IIA). 

Place the foot in medial rotation, and instruct the patient to 

hold it there. Do not have the patient medially rotate Ihe fOOl 

(patients often will medially rotate alld invert the foot, bring

ing into play the anterior tibialis muscle). With the patienl 

holding, allempt lateral rotation of the root while supporting 

the heel (Figure 6-11 B). Do not use the toes for a contact; use 

a broad contact. 

Ir the popliteus muscle tests weak, the possibility of a prob

lem in the gallbladder should be investigated (see Appen
dix A). Inquire as to whether any gallbladder symploms are 

present (eg, flatulence, heartburn, upper right quadrant pain, 

and/or constipation). 

Palpate T4-5 for fixation. Palpate just below the right costal 

cartilage and the paraspinal muscles or T4-5 for tenderness 

and tension. If the popliteus muscle is weak and a fixation at 

T4-5 is present, adjust the fixation and retest lhe muscle.lr the 

muscle responds yet both symptoms reappear on subsequent 

visits, investigation into gallbladder dysfunction is necessary. 
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Figure 6-11 (A) Contacts to test the popliteus muscle. (8) Popliteus 
muscle test 

Duodenum 

If a weak quadriceps femoris (QF) muscle is present that 

does not respond to manual assistance, adjust all fixations that 

may affect function of the QF. Consider the possibility of 

duodenum dysfunction if the lack of response is not caused by 
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pain, if there are persistent fixations in the midthoracic spine. 

if there are tension and tenderness of the paraspinal muscles of 

17-11 and tenderness and tension just above the umbilicus, 

and if digestive symptoms are present (see Appendix A). 

STRAINS 

Dorland's J1/ustrated Medical Dictionary defines strain as 

follows: to overexercise; (0 use to an extreme and hannful de

gree; or an overstretching or overexertion of some part of the 

musculature. Caillie[4<p·6), defines strain as "the physical force 

imposed upon the ligamentous tissues possibly exceeding nor

mal stress but not causing defonnation or damage to the tis

sues. Physiological recovery is expected." For the purposes of 

this text, strain refers to injuries to the musculature only and 

may be classified as follows: 

I. mild-stress or injury to the musculature that interferes 

with normal function but with little or no fiber damage 

2. moderate-injury to the musculature sufficient to pre

vent muscle function without pain; palpable areas of 

pain and/or edema within the muscle, the origin. or the 

insertion; some fiber damage, yet the muscle may func

tion in spite of the pain 

3. severe-tearing of a major portion of the muscle fibers, 

preventing use of the muscle. 

Mild Strain 

Examinatioll 

During the examination, posture may be found to be altered 

as a result of malfunction. A mild strain may produce a hyper

tonic reaction (eg, a "knuckle" in the deltoid). A muscle may 

not function up to par (eg, the popliteus muscle may be 

stretched after sitting with the legs suspended and the feet on a 

stool, allowing hyperextension). Testing of the muscle may 

cause cheating by the patient, that is, shifting to allow recruit

ment of other muscles to respond to the command. Testing of 

the muscle may be nearly normal, yet the muscle may shake 

during the test. 

Palpation of the muscles is important. Areas of hypertonic 

muscle fibers or lack of muscle tone may be detected only on 

palpation. Without careFul palpation, many strains may be 

overlooked simply because the muscle tested nearly normal. If 

the areas are left untreated, altered patterns of function could 

lead to more problems in the future. 

In the study of muscles and their function, the tendency of

ten is to assume that if the muscle tests nearly normal no dam

age has occurred. Many of the larger muscles of the body that 

originate or insert over a large area may test 100%, with the 

bulk of the muscle providing the resistance. A smaller portion 

of the muscle, however, may be functioning at only 50%. 
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A good example of this is the gluteus maximus muscle with 

origins on the ilia, sacrum, and coccyx and the insertion into a 

long area on the posterolateral femur. It may test normal even 
though the coccygeal fibers arc strained because the bulk of 

the muscle is normal. 

Treatmem Modalities 

Many modalities and techniques arc available for usc by the 
praclilioner. 

Ultrasoulld. Ultrasound has been used for many years for its 

high-frequency sound waves to produce a deep massage and 

heal. The author uses uhrasound over an entrapped medial 
meniscus after the adjustment has been made. 

Fric/ioll Massage. The operator's fingers are applied di
rectly on the skin over the tissue without lubrication. The mas

sage is directed across the tendon, with the operator's contact 

not moving on the patient's skin. Deep friction is applied to 
the patient's tolerance. This of course is painful and, in the 

author's opinion, questionable in its results. 

Goadi"g a/the Origin and/or Insertioll of Q Ligamem. This 
is similar to the friction massage, but applicaLion is directed 
over the origin or insertion of the ligament. Again, theories 

abound as to why this technique works, sometimes. The au

thor has used this technique where mild Iigamental strain or 
possible mild periosteal separation was suspected. It is not the 

treatment of choice, but it may be used as a last resort. 

Goading of the Origin alld/or Iflsertioll of a Muscle. Again, 

this is similar to friction massage but is directed over the ori
gin or insertion of a muscle suspected of injury. The author 

finds this technique useful for several reasons: 

• In the beginning it requires that the practitioner learn 
where the origin and insertion are (an excellent learning 
opportunity). 

• With knowledge of the origin and insertion as well as 
common sense, the practitioner will gain a beuer under

standing of the function of the affected muscle. 

• With a mild strain, goading of the origin and insertion 

often will cause an immediate response. Many times this 
becomes a diagnostic sign and also indicates the severity 
of the injury. 

Electrical Stimulatioll. Electrical stimulation may be used 
in cases of muscle disuse. Contractions may be induced with

out effort on the part of the patient and without movement of 
the joint involved, if called for. 

Cryotherapy. Cold therapy is used in many forms and in

cludes ice massage, use of nuoromethane spray, and use of ice 

packs. If has been shown that the application of cold therapy 
for 10 minul.es on and 10 minutes off three times causes the 

cold temperature to remain in the tissue longer than with 20-

minute applications. 

The author prefers to use the following technique, espe

cially on the extremities: 

I. Fold two towels to the size desired. 

2. Wet and ring them out so that they do not drip. 

3. Place in Ihe freezer for I hour or unlil they freeze. 

4. Place directly on the skin or over the taped surface. 

The surface of a frozen towel will start to thaw immedi

ately, thus preventing ice burn. By changing the LOwels, appli

cations may be made as necessary. 

Heat. One of the common errors made by patients is the 
application of a heating pad to a place that hurts. Patients re

port, "I started hurting on Friday, so I used the heating pad, 
and it fell bener. It got worse, though, and last night I laid on 
the heating pad all night for relief. Today, I can barely walk." 

The application of topical heat, especially with a heating 
pad, only brings circulation to the lissue. The blood vascular 
system continues its now, but the lymphatics, which depend 

on mOlion, only become more congested. This allows the tox
ins normally carried away by the lymphatics to remain in the 

local tissue. Therefore, when the patient is off the pad for a 

while, whatever relief was gained from the pad disappears, 
and the condition is now worse. 

The author prefers the following treatment: 

1 .  Fold a towel 10 the desired size. 

2. Wet and ring it out so that it docs not drip. 

3. Place in the microwave oven for 2 to 3 minutes, de

pending on the oven. COUlion: Be sure to check the in

side of the towel before using. Often the lowe I seems to 
keep on cooking and will be too hol. 

4. With Ihe knee elevated higher than the hip, apply Ihe 
hot towel over the affected knee for 110 more Ihol/ 2 
minutes. 

5. Remove the towel and place it back in the microwave to 

reheal. 

6. Move the joint gently through as much of the normal 

range of motion as possible for approximately 2 min

utes. 

7. Repcat the process five to six times. 

Theoretically, the application of moist heat brings increased 
circulation to the area involved. ff allowed to continue for 
more lhan 2 minutes, however, the lymphatics become over
loaded. By removal of the moist heat followed by movement 
of the joint, the lymphatics are drained, and the process may 
be repealed as needed. 

T,.eatmem of Specific Conditions 

If severe damage to the knee structures has been eliminated 
and only a mild strain has occurred. treatment should be di-



rected toward eliminating postural stresses, jf present, and 
stretching hypertonic muscles or portions thereof. 

Vastlls Lareralis. Careful palpation may reveal a hypertonic 

vaslUs lateralis muscle with a tight iliotibial tracl. This condi

tion often accompanies weakened VMO. In extreme cases, 
surgical intervention has been used to release the pull on the 

patella laterally. This of course should be the last resorl. Cor
rection may be accomplished by instituting an exercise pro

gram for the weakened VMO and stretching of the vastus 

lateralis muscle. 

To stretch the vastus lateralis, nex the knee to 90° and, us
ing both thumbs, apply steady pressure to stretch the fibers 

palpated as hypertonic (usually the lower third of the muscle). 
Stretching for 30 to 45 seconds of a hypertonic muscle that 

has resuhed from an opposing weakened muscle may relieve 

some pain and allow improved function. This can at best be 
only temporary, however, and can only serve as a method of 

relief until exercises can take effect. 

If examination reveals that the muscle is hypertonic as a re
suh of trauma, use heavy digital pressure over the tight area to 
relax the tissues. Manually stretch the muscle, and then apply 
moist heat for 2 to 3 minutes. Move the muscle gently, allow

ing it to move from partial contraction to its full length three to 
four times. Restretch manually, and repeat the moist heat and 
movement. Instruct the patient to repeat the moist heat and 

movement at home five times per session for three to four ses
sions in 24 hours. Finally, reevaluate. 

Quadriceps Femoris. In the elderly patieOl, in whom bend

ing, squatling, and other activities involving extreme knee 

nexion are no longer performed, a shortened QF is not un
usuaL Elderly patients who have been treated with cortisone 

injections for knee symptoms must be suspected of having this 

condition. 

Treatment may be instituted immediately by applying 

steady pressure inferiorly on the patella to stretch the QF over

all (Figure 6-1 2). This may be followed by stretching of the 
individual fibers if needed. 

The palieOllllay stretch the QF by lying on a table, couch, or 

bed with the affected limb off to the side. The patient 

hypernexes the knee and extends the hip by holding the foot 

(Figure 6-1 3). Where possible, the same principle may be ap

plied while standing. To increase the tension, have the patieOl 
posteriorly rolate the pelvis by using the abdominal muscles 
(Figure 6-1 4). Either method mUSl be repealed several times 
every day unlil lhe full range of mOlion is reslored. 

Hamstrings. Nonnally the hamstring muscles do not come 
inlo play unlil lhe hip is nexed to 30°. If lhe hamstring muscles 

are hypertonic or shortened, instruction for the patient at home 
should include eilher of the following melhods of strelching 
with applications of moisl heal before and afler. 

Place the foot of the affecled limb on a chair, keep the knee 

extended, and lean forward. Do nOf move arollnd; simply 

Figure 6-12 QF slrelch. 
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Figure 6-13 Supine QF Slrelch. 

---. 

Figure 6-14 Standing QF stretch. 
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streIch and hold until a release is felt, then slowly relax from 
the position. Do nol streIch hard enough 10 cause pain. 

The better method is to sil on Ihe floor with the pelvis and 
back securcly againsl lhe wall. Place the heel on a stool. Using 
the hand, apply pressure to straighten the knee (Figure 6-15). 

Triceps Surae (Gastrocnemius alld Soleus) and Plolllor;s. 
Shortened triceps surae and plantaris muscles arc a common 
problem that may produce symptoms in the foot and knee and, 
in lum, problems in Ihe function of the pelvis and spine. 

The gastrocnemius muscle i s  the l argest muscle producing 

plantar flexion and the only one of significance 10 cross the 
knee (the plantaris is small and sometimes absent). The soleus, 
posterior libialis, flexor hallucis longus, and peroneus longus 
all conlribule 10 plantar flexion of the fooL withoul any direct 
innucnce on knee funclion. 

If these muscles are shortened, the range of mOL ion will be 
limiled in dorsiflexion. Often the patienl cannol dorsiflex pasl 
90° (Figure 6-16). 

In Ihe normal stride, Ihe hind foot remains on the surface 
until the ankle flexes well past 90° before pushing off, allow
ing the body 10 travel forward (Figure 6-17). With a shortened 
gastrocnemius muscle, as the leg approaches Ihe 90° position 
the patienl shortens the stride on the opposile limb, giving a 
mincing slep. Alternatively, when the leg reaches 90° the body 
weighl is Ihrusl direclly on Ihe melalarsals 10 push off (ralher 
Ihan Ihe normal transfer of weighl through the fOOL as a whole; 
Figure 6-1 8). 

Attempled strelching by Ihe examiner is usually fUlile. Iflhe 
muscle is shortened, il  requires strelching over 2 10 3 weeks 10 
restore to "annal. 

Palienls may be inslrucled in several methods of strelching. 
While striding forward on Ihe opposile limb, keep the knee 
slraighl, and apply pressure 10 altempl lo place Ihe heel on the 
floor (Figure 6-19). While silting with the leg eXlended, usc a 
belt or lubing 10 pull Ihe fOOL inlo dorsiflexion and hold (Fig
ure 6-20). The beSI mel hod the aUlhor has found is with Ihe 
usc of a small slant board ( 1 3  x 1 3  in, rising 10 5'1> in  from the 
floor in Ihe fronl). By placing the board in  a convenienl loca
tion, the patienl may stand on il many times during the day 

Figure �lS Hamstring muscle stretch. 

Figure 6-16 Limited ankle dorsinexion. 

(with the patienl who cannOI flex pasl 90°, slanding on Ihe 
board withoul holding onlo something is nol possible). By 
slanding on Ihe board for 3104 minules several limes per day, 
dorsiflexion increases rapidly (Figure 6-2 1 ). 

Restoration /0 Nomlat Function of the Weakened. 
Strailled, or Stretched Muse/e 

Quadriceps Femoris. The VMO i s  Ihe mosl common 
muscle fiber affected in both traumatic and nontraumatic cases 
seen in Ihe office. 

If Ihe QF lesls weak wilh or wilhoul pain, relesl wilh sup
port. Hook a Ihumb over Ihe palella wilh Ihe fingers loward Ihe 
origin of the VMO. Secure Ihe palella medially and proxi
mally, and relest. If Ihe fulcrum of Ihe QF is diminished be
cause of lax VMO fibers only. the muscle will lesl nearly nor
mal' (Figures 6-22 and 6-23). 

In the case of a mild strain, goading of the origin of Ihe 
VMO, causing it to contract, is sufficient to allow retesting 
without manual assistance, and the QF may test nannal. If so, 

Figure 6-17 Normal ankle during stride. 



Figure 6-18 Short gastrocnemius muscle during stride. 

Figure 6-19 Gastrocnemius stretch. 

--

Figure 6-20 Gastrocnemius slretch with bell or tubing. 
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Figure 6-21 Gastrocnemius stretch with slant board. 

mild exercises should be all that are necessary to restore func
tion to normal. 

lethe QF responds with manual assistance but after goading 
fails to respond, it would indicate that the muscle fibers have 

been slrelched and weakened over a long time and need exer

cise or that it is in fact a moderate strain with some fibers torn 
and needs rest, support (see taping under moderate strain, be

low), and then exercise. 

Figure 6-22 QF muscle <est. 
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Figure 6-23 QF muscle test with patellar suppon. 

If the QF fails 10 respond with manual assislance, recheck 
for fixalions of Ihe knee, for fixations of Ihe lumbosacral 
spine, and for pain upon pressure in Ihe Irochlear groove. Re
check the olher QF muscles and. if suspicious. manually assisl 
Ihem and check again. Recheck for. and correCl, fixations 
found in 17-11. If Ihere is no response, manually assisl Ihe 
VMO and relesl (in case bolh problems are presenl). Wilhoul 
pain on testing and with failure to respond to manual as
sistance, paipale jusl above the umbilicus for a renex from Ihe 
duodenum. If lixations were found al 17-1 1 ,  invesligalion 
into possible duodenal problems should be done. 

Poplitells Mllscfe. Tesl lhe poplileus muscle with Ihe knee 
flexed to at least 1 00° to eliminate medial hamstring involve
menl (see Figure 6-24, A and B). If weak. goad the inserlion 
on the tibia (sec Figure 6-25). 

Relesl after goading. If the response is nearly normal, gentle 
exercises 10 reslore function may be all thaI are necessary. If 
Ihe poplileus muscle fails 10 respond, recheck for lixalions of 
the knee. for lumbosacral lixations, and for lixalions al T4-5 
(if presenl, adjusl and relesl). If Ihe muscle responds, inquire 
as 10 whelher any gallbladder symploms are present. If nOl, 
recheck al Ihe nexl visit. If gallbladder symptoms are present 
or if muscle weakness muJ fixation at T4-5 are both prescnt, 
on the next visit adjust the fixation and investigate the possi
bilily of gallbladder dysfunction. 

Sartorius alld Gracilis. If either or both of these muscles 
lesl weak, repalpale for fixalions of the knee, hip joinl, pelvis, 
and lumbar spine. 

Have Ihe palienl or an assislanl hold Ihe pelvis posleriorly 
and relest. If lhe muscle responds, the problem is wilh Ihe sup
port struclure and should be Irealed accordingly. 

A 

B 

Figure 6-24 (A) Contacts to test the popliteus muscle. (D) Popliteus 
muscle tesl. 

Goad Ihe insertion al Ihe pes anserinus. If the muscle re
sponds, rest and mild exercise may be all that are necessary. 

If the sartorius fails to respond, recheck [or fixations at 
T8-1 0 and, if presenl, adjust. If Ihe sarlorius responds yel is 



Figure 6-25 Goading the popliteus insenion. 

weak on the next visit. and if the fixation is again present, the 
possibility of stress to the adrenal gland should be suspected 
(this is common in the menopausal patient, whether meno
pause is natural or surgically induced). 

If the gracilis muscle fails to respond and the patient experi
enced an injury producing abduction and extension (eg, split
fall), carefully palpate the inferior ramus of the pubis and is
chium for possible tears or periosteal separation (this is 
difficult to detect on the usual X-ray views and may require 
special views). 

Hamstring Mllscle. While testing the hamstrings, always 
maintain contact with the belly of the muscles in case a spasm 
occurs (Figures 6-26 and 6-27). If the muscle cramps, 
straighten the leg immediately and apply pressure on the belly 
of the muscle until the cramp ceases. Do no retest on this visit. 

The examiner must keep in mind that an upset in the caJcium
phosphorus ratio or a vitamin E deficiency may lead to cramp
ing. 

If the hamstrings test weak, recheck for fixations of the 
lumbosacral spine and for fixations of the hip and knee joints. 
Repalpate the entire muscle for possible tears. Palpate the is
chial tuberosity for possible bursitis. periosteal separation, or 
tendon tears. Palpate the plantaris muscle and, if palpable, 
goad gently for a few moments and then retest the hamstrings. 
The author has found that goading the plantaris muscle often 
produces a response when the hamstrings are retested. The 
plantaris muscle inserts some fibers into the flexor retinacu
lum that may somehow affect hamstring function. Finally. re
evaluate the popliteus muscle for weakness (which will inter
fere with function of the hamstrings). 

If the medial hamstrings are suspected, carefully evaluate 
the sartorius and gracilis muscles, the insertion of the semi
membranosus. and the pes anserinus for possible bursitis or 
muscle tear. 

If the lateral hamstring is suspected, recheck the fibula for 
mobility (or lack of mobility) and all the muscles of the foot 
that originate on the fibula for dysfunction. Palpate the short 

Sacrotuberous 
ligament 

Semitendinosus 
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Figure 6-26 Right leg. posterior view showing hamstring muscles. 

head of the biceps on the posterior femur for possible tears or 
areas of hypertonicity. If tone seems to be lacking, gently goad 
the origin. Palpate the fibula head insertion (behind the inser
tion and the lateral collateral ligament) for bursitis. Finally, 
recheck for pelvic fixations or instability. 

- --=-- --=======::::::-J/Jl.-_ 
Figure 6-27 Hamstring muscle test. 
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Gastrocnemius Muscle. Seldom is the gastrocnemius 
muscle weak from a mild strain, but it is possible that a strain 
of one of the heads may lead to symptoms in the knee. Usually 
a unilateral strain of the head of the gastrocnemius muscle, 
especially the lateral head, produces foot symptoms. The pa
tient may pcrfonn a toe-walk easily by recruiting the nexor 
hallucis longus. This alters the normal function of the foot and 
usually produces symptoms in the tarsals. 

A mild strain that i nterferes with normal function yet re
veals no severe damage to the tissues often provides the prac
titioner an opportunity to do more than just relieve the imme
diate problem. It may also allow correction of postural stress 
and habit pallerns that could lead to severe degeneration later 
in l ife. 

Moderate Strain 

I njury to the musculature is often sufficient to prevent 
muscle function without pain and to produce palpable areas of 
pain and/or edema within the muscle, the tendon, the origin, or 
the insertion. A diagnosis of moderate strain would be consid
ered if: 

• no joint i nstability is found (it may be present with an 
instability and, if suspected, should be noted in the diag
nosis; testing of the muscle is i nconclusive in the pres
ence of an instability, however) 

• no joint edema is found 

• muscle testing is not possible without pain, with or with
out manual support 

• careful palpation reveals an area (or areas) of pain and/or 
edema within the muscle, tendon, origin, or insertion 

• a muscle is stretched and elongated sufficiently to inter
fere with its nonnal function (this is included as a moder
ate strain even though no tears are suspected; elongation 
of a muscle over a long lime requiring an exercise to 
strengthen and shorten the muscle usually requires sup
port until the exercise program shows progress) 

Treatment i ncludes cessation of all activities that would 
place stress on the tissues involved. Adjust all fixations that 
might affect the area i nvolved. U e ice therapy if edema is 
suspected ( i t  will l imit  i ntramuscular bleeding if present). 
Support the musculature involved with tape or a brace. Correct 
any postural stresses that may be contributing to the problem. 

AfIer edema is reduced and/or after sufficient time has 
elapsed to allow repair of the tissues, mild exercises may be 
started with subsequent applications of moist heat for 2 to 3 
minutes. If after exercise and moist heal application edema 
returns, cease the program and allow more time for tissue re
pair. 

If a stretched, elongated muscle is involved, exercises may 
be performed immediately with support. There are many sup-

ports designed for the knee that are useful for assisting in in
stabil ities. It has been the author's experience that the most 
effective means of supporting muscles of the knee is the usc of 
elastic taping without an underwrap. Some individuals with 
light skin or with an allergy to adhesive tape, or individuals 
requiring long-term wearing of the support, may need a spray 
skin coating before taping. 

Oblique Fibers of the Vastus Medialis 

If the QF tests weak and responds to manual support (see 
Figures 6-22 and 6-23), goad the origin of the VMO. If the 
muscle fails to respond and cannot perform adequately, taping 
is usually necessary. Taping provides support of the muscle, 
allowing the patient to be ambulatory with less, or no, pain. 

With the patient supine, rest the leg over the operator's 
thigh only slightly nexed. Begin the first tape well below the 
knee for secure attachment. Traverse the patella with the tape, 
following the direction of the VMO. Extend the tape around 
the thigh as far as the vast us lateralis muscle (Figure 6-28). 

Apply the second tape slightly lateral to the first, traversing 
the patella and following the direction of the lowest fibers of 
the VMO (Figure 6-29). Apply the third tape at a slightly 
different angle and follow the highest fibers of the VMO 

(Figure 6-30). 
Apply two or three strips along the medial leg for additional 

support of the medial knee structures (Figure 6-3 1 ). The ad
ductor, sartorius, gracilis. and semitendinosus muscles may be 
i nvolved. Secure the ends of the tape both proximally and 
distally to prevent roll ing up and to provide more security 
(Figure 6-32). 

Retest the quadriceps without manual support. If the muscle 
responded before with manual support and the tape is now ap
plied properly, the QF should respond as well with the tape on 
(Figure 6-33). 

Taping may only be needed for 3 to 4 days, and if upon 
reevaluation function is restored the tape may be removed. In 
the more severe of the moderate strain cases, it may be neces-

Figure 6-28 VMO support. first tape. 



Figure 6-29 VMO support. second lape. 

sary 10 leave the lape on for 7 to 1 0  days, depending upon 
patient cooperation with the exercise program. rr so, the tape 
may have to be reinforced after 3 or 4 days of wear. 

Vastus Lateralis 

Although relatively rare, a blow 10 the medial side of the 
knee may cause damage 10 Ihe vastus laleralis and possible 
iliotibial tract strain. It is extremely rare that the vaslus 
laleralis would be strained in a postural fault. If a vastus 
laleralis strain should occur, taping is the reverse of that for the 
VMO. 

Popliteus 

Popliteus muscle strain is common in ski injuries involving 
lateral rOlalion of the foot with the knee bent (Figure 6-34). 
The momenium produces damage to the medial knee struc
lures and 10 the VMO as well. Taping of the popliteus may be 
included in laping of the VMO. 

Begin taping on the medial leg, well below the knee. Follow 
the direction of the poplileal fibers as low as possible on the 
laleral condyle of the femur. Conlinue taping until sufficient 
surface is covered 10 support the muscle (Figure 6-35). 

Apply a second tape more posteriorly and following the 
muscle fibers, ending up proximal 10 Ihe first. Apply addi-

Figure 6-30 VMO support, Ihird lape. 
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/ 
Figure 6-31 Taping for additional support of medial knee struc
tures. 

tional tapes if necessary along the same track (Figure 6-36). 
Secure Ihe ends (Figure 6-37). 

Sartorius alld Gracilis 

Strains of the sartorius and gracilis are usually associaled 
with VMO or poplileus muscle strains, and, if suspected, addi
tional tape may be applied supporting the pes anserinus area 
and extcnding up the medial thigh. 

Medial Hamstrillg 

I f  the damage occurred at the insertion of the semi
tendinosus with the sartorius, gracilis, and popliteus, addi
tional tape may be applied following the muscle up the Ihigh. 

If damage to the semimembranosus is suspected, adequate 
taping is not possible directly on the insertion. The knee 
should be secured in a flexed position and rested until the tis
sue mends. 

If both hamstrings are strained involving fibers other than 
the insertion, taping of the entire posterior aspect of the thigh 
to prevent full extension of the knee may be necessary. 

Lateral Hamstring 

If  fibers of the biceps femoris other than those at or near the 
insertion are torn, taping the entire posterior thigh may be nec
essary and should include the insertion described below. 

f 
Figure 6-32 VMO support. securing the tape ends. 
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Figure 6-33 QF test with tape support. 

Before taping for an injury involving the biceps insertion, 
motion palpate the fibula head. If damage has occurred to the 

muscles opposing the biceps as well, taping should include the 

fibula. 

With the knee nexed at 1 0° to 1 5°, start the tape 6 in below 

the fibula head, and usc three to four strips of tape along the 
route of the fibers to approximately halfway up the thigh. Se

cure both ends of the tape. 

Summary 

One of the problems in practice is patient control. The pa
tient who has experienced pain, has had support on for some 
lime, and reaches the point in the treatment program where the 
support may be removed is vulnerable. If the patient is careful 
and continues the exercise program. there is no problem. It is 
necessary to explain to the patient, however, that he or she has 

Figure �J4 Common mechanism of popliteus muscle strain. 

\ 

Figure 6-35 Popliteus support. first tape. 

Figure 6-36 Popliteus support. second tape. 

Figure 6-37 Popliteus support. securing the tapc ends. 



now reached a level that is precarious. With care, some nonnal 

function may be resumed. and exercise is now more important 
than it was at the beginning of the treatment program. Patients 
should be warned that the joint structure is now highly suscep

tible to reinjury that will undo all the progress attained so far. 

Severe Strain 

Severe strain involves tearing of a major portion of a 
muscle, tendon, or periosteal attachment. 

Quadriceps Mechanism 

Tears may occur in the following locations: 

• within the muscle itself (muscle tears from direct trauma 

while the muscle is contracted may occur at the point of 

impact) 

• at the muscle-tendon junction (this is the mo t common 

location) 

• at the upper anachment of the tendon on the patella 

• at the lower anachment of the tendon on the patella 

• within the patella tendon itself 

• at the attachment of the tendon on the tibia tubercle 

Tears at the muscle-tendon junction occur in the athlete dur-

ing abrupl deceleration as the foot strikes with the knee ncxed 
and/or as a result of direct trauma. In the aged person who is 

not in good physical condition, tearing may occur with rela
tively minor incidents, such as stepping off the curb unexpect
edly. 

Ambulation is not possible. Pain is immediate and excruci
ating with forced nexion or anempted extension. Careful pal

pation reveals a depression in the muscle. 
Treatment involves immobilization by splint in full exten

sion with ice. The use of anti-intlammatory agents may be 

necessary, requiring medical consultation. If the tear is exten
sive enough to require surgery, the patient should be referred 
to a competent surgeon who will cooperate for the patiem's 
benefit and allow rehabilitation under chiropractic care. Sur

gery, if necessary, is not possible at the early stage and, if per
formed, will probably fail. 

If the injury is not extcnsive, conscrvative care may include 
adjusting all fixations that may relate to the lower extremity. 

As soon as the edema is reduced, mild stretching and moist 

heat should be applied to prevent excessive scar tissue fonna
tion and fixation of the muscles. If edema stays reduced, the 
use of alternaling icc and heat is useful. When full range of 
motion is possible, mild exercises may be started and in
creased to restore normal function of the QF. Reevaluation of 

the comparative strength and coordination of both lower ex
tremities is necessary to remove habit patterns formed as a re

sult of the disability. 
Tears of the tendon anachments to the patella, the tibial tu

bercle, or within the tendon itself occur more often in the eld-
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erly patient, especially those who may have some degree of 
degeneration of the tendon, the bone structure, or both. The 
elderly patient may stumble while walking down stairs or 
stepping off a curb unexpectedly. He or she will experience 

instant pain and will collapse, unable to bear weight on the 

limb. 

If the tear occurs at the superior patellar attachment, the pa

tella may palpate as a low patella. If so, an interruption may be 
palpated. Radiographs will reveal a fragment superior to the 
patella if it is an avulsion. 

If the tear occurs at the inferior border, the patella will ap
pear high with a contracted QF and a palpable interruption in 

the tendon. If it is avulsed, radiographs will reveal a fragment 
below the patella. 

Avulsion of the patellar tendon form the tibia tubercle oc

curs in the young (see discussion of Osgood-Schlaner disease) 

and in the elderly. Tendon lears and avulsions sufficient to re
quire surgery should be referred immediately to prevent com

plications that will make repair more difficult. 

Patellar Dislocatioll 

Normal function of the patellar-femoral articulat.ion is de

pendent on normal alignment of the knee (Q angle), the QF 

mechanism, and the shape of the bone structures'-7 (Figure 

6-38). 
During full extension, the patella rests on a fat pad superior 

to the trochlear groove and is maintained in position only by 

fasciae and the action of the muscles. As nexion begins, the 

facets of the patella articulate with the medial and lateral sides 
of the trochlear groove between the femur condyles. The lat

eral condyle of the femur projects farther anteriorly than medi

ally, providing a barrier to assist in retaining the patella in the 

groove through full nexion'·' (Figure 6-39). 
During flexion, the patella progressively articulates further 

inferiorly on the femur. Smooth movement during tlexion, 

with the patella retained in the neutral position. is maintained 
by action of the QF muscles. The VMO provides the strength 
to hold the patella medially against the pressures exerted 

through the Q angle (Figure 6-40). 
A comparison may be made of the two walls of the trochlear 

groove during examination (Figures 6-41 and 6-42). 
Patellar dislocation has the following possible etiologies: 

• congenital malfonnation 

• trauma 

• valgus knee 

• weak VMO 

• lack of anterior projection of the lateral femur condyle 

• shallow trochlear groove (may be the result of lack of 

anterior projection of the lateral femur condyle) 

• anomalous patella 

• elongated patellar ligament with patella alta (elevaled 
patella) 
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tract 

Patella 

Figure 6-38 Right knee. anterior view. 
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intermedialis 
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Rectus femoris 
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Figure 6-39 Right knee. tlexed showing the distal end of the femur. 

--

Figure 6-40 Valgus knee and medially rolaled femur (increased Q 
angle). 

--
-

Figure 6-41 Palpation of the laleral lrochlear wall. 



• anomalous lateral attachment of the patellar ligament on 
the tibia tubercle. 

Congenital. Anomalous patella, lateral condyle, and lateral 
insertion of the patellar ligament may make it necessary for 
surgical intervention in the infant. These are usually associ
ated with a valgus knee and extreme lateral rotation of the 
tibia. 

Examination of the infant should include careful palpation 
of the lower extremily for valgus knee, lateral rotation of the 
tibia, and position of the patella. Although dislocation may not 
occur, the malfunction should not be allowed to continue. Any 
malfunction may provide the ingredients for problems at the 
beginning of ambulation. 

A laterally displaced patella in the child produces weakness 
of knee function and abnormal foot, hip, pelvis, and back 
function. II may also cause a wearing away of the lateral 
condyle (if normal to start with), which may later lead to patel
lar dislocation. 

Traumatic. Dislocation due to trauma usually occurs with 
the knee extended with lateral torque applied, such as in  
swinging a bal.' With the leg extended, the patella is  superior 

to the trochlear groove and dependent on the muscles and fas
ciae to hold it in place. 

If dislocation occurs, replacement may be accomplished by 
extending the knee and nexing the hip, removing some of the 
tension fTom the rectus femoris muscle. 

Figure 6-42 Palpation of (he medial lrochlear wall. 
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Once dislocation has occurred, the possibility of its recur
ring is great unless the predisposing factors are corrected. 

Treatmetll. I n  the infant, manipulation of the knee and all 
fixations that may affect the knee is necessary. Correction of 
muscle malfunction andlor overdevelopment of muscles to 
offset anomalous bone structure takes on a whole new mean
ing in infants and children and requires patience and coopera
tive parents. 

In the infant with a medially rotated femur, froquent play by 
tickling (goading) the insertion of the piriformis and gluteus 
maximus muscles may stimulate function. Frequent goading 
may aher an infant's habit patterns in a short time. The same 
procedure may be used at the origin of the VMO and the 
popliteus muscle. 

With the child who is ambulatory, the same procedure may 
be applied. With some thought, games may be used to provoke 
exercise of the muscles involved. 

Once the child is old enough, correction of any rotational 
problem of the lower extremity is helped greatly by use of 
roller skates. The child may have to be pulled at first by the 
parents until he or she is old enough to skate on his or her own. 
Skating is excellent training to correct either a laternl or a me
dial rotation. 

When the child reaches an age where cooperation in an ex
ercise program is expected, muscle development is limited 
only by the diligence of the child and parents. 

In adults, treatment should be directed toward correction of 
any and all postural stresses and muscle weaknesses that pre
dispose to lateral movement of the patella. If  a bone anomaly 
is present or if the muscle fibers and fasciae have been torn or 
stretched, overdevelopment of the muscles is necessary to 
give sufficient stability to the knee. 

Case Study. The following case history is an example of this 
approach. A 30-year-old woman who was unable to perform a 
squat ever to her memory presented with a history of constant 
pain in both knees for 8 years and weakness and occasional 
pain before thaI. Radiographs revealed underdeveloped or 
worn away lateral femur condyles bilaterally (probably con
genital); the condition of the right one was more extreme. A 
photograph of the patient at 8 years of age seated on a bench 
showed both patellae deviated extremely lateral ly. " 

. 

Surgical intervention had been proposed by several ortho
pedic surgeons, which would require two to three surgeries on 
each knee and had only a low probability of success. 

Examination revealed the following: 

• patient apprehension with any lateral pressure on the pa-
tella 

• extremely weak QF on testing 

• QF response to manual assistance 

• minimal valgus knee (further evidence of congenital 
malfomlation) 

• no medial rotation of the femur 
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• weakness of the popliteus muscle upon testing 

• on palpation, practically nonexislenl laleral wall of lhe 
lrochlear groove (painful lo the louch) 

• eXlremely tight iliotibial tract and vastus lateralis 

• VMO wilh lillie bulk and only minimal muscle tone on 
palpation 

An attempt to squat with assistance from the author and an 
associaled failed with pain at approximately 20° of nexion. 

Treatment i nvolved taping of the knee for popliteus and 
VMO suppon and medial stress. An undercoating was used 
because of the expecled long duration of wear. The foot, knee. 
and pelvis were adjusted, as were fixations of the spine. Exer
cises for the VMO and popliteus muscles using tubing were 
devised that could be performed at home and in her office. 

With the tape applied, the palienl reponed that she felt more 
secure and that walking produced only 1 0% of the pain she 
had experienced before. An allempl lO squat with the lape on 
failed at 20° lO 25°. 

After 2 weeks of tape suppon and exercise, the patient was 
able to squat with the tape on, balancing herself with hand 
contacl lhat bore part of the weight. Return to standing was not 
possible. 

After 4 weeks of support, adjustment of the affected struc
tures, and diligent exercise, the patient was able to do a squat 
and to return to standing with the tape on. Removal of the tape 
revealed an i mproved QF, but squalling could not be per
formed with the tape off. 

Six weeks after the initiation of treatment, the patient pre
sented with greatly improved strength upon testing of the 
VMO and poplileus without manual or tape suppon. Squatting 
without the tape support was still  not possible, but some 
progress was secn. The tape was removed. 

Eight weeks found the patient able to squat with minimal 
assistance (mostly balancing). Four months after onset of 
treatment, the patient could perform a complete squat and 
return to erect posture without pain. restriction, or great diffi
culty. Upon final examination and release from treatment, the 
patient .exhibited a VMO the size of that of a male bodybuilder 
with overdevelopment sufficient to overcome the lateral 
condyle deficit. Even though the overdevelopment was unde
sirable cosmetically, it was far superior to the scars from sur
geries that had lillie chance for success. 

Summary. A treatment program can only be successful with 
a cooperative and delennincd patient. By providing a proper 
examination and informing the patient of what is to be ex
pecled, even the 1110st difficult patient has a good chance to 
succeed. 

TENDINITIS AND OVERUSE PROBLEMS 

Innammation and irritation of the tendons, their attach
ments, and the adjacent tissues may be caused by long-

distance running. repetitive activities, and postural deficien
cies such as pronated feet or increased Q angle. Careful 
palpation of the tissues around the knee is essential for estab
lishing a correct diagnosis. 

Iliotibial Band Friction 

The iliotibial band traverses across the lateral condyle of the 
femur during nexion (Figures 6-43 and 6-44). Innammation 
may occur over the most prominent part of the lateral condyle 
as a result of excessive friction. Abnonnal movement of the 
iliotibial band over the condyle during activity may be the 
cause of friction.6.7 

Symptoms of lateral knee pain sometimes extend to the 
front of the knee. Activities such as running or walking uphill 
andlor downhill  may produce anterior knee symptoms. The 
patient may complain of symptoms in rising from sitting or 
lowering to sitting. 

Although iliotibial band friction is common in long-dis
tance runners. running itself is not the cause. Abnormal me
chanics of the knee produces irritation. There are several 
causes of abnormal mechanics: 

• increased Q angle 

• weakened or stretched VMO 

• pronated foot 

• valgus knee 

• varus knee 

Each of the above may result in a hypertonic vast us lateral is 
muscle and possible tightness of the il iotibial band. Anatomic 
short leg is another possible cause of abnorn,al mechanics. 

Diagllosis 

Carefully palpate the lateral condyle while the patient nexes 
or extends the knee against resistance and varus stress. Pain on 
palpation may extend to the insertion on the anterior surface of 
the lateral tibial condyle. 

Ober's test for a tight i liotibial tract may or may not be posi
tive. I f Ober's test is used as a diagnostic sign, it is important 
to secure the pelvis during the test. A weak quadratus 
lumborum muscle may allow the pelvis to move inferiorly. 
clouding the results (a weak quadratus lumborum muscle may 
be the cause of compensatory gluteus medius, gluteus 
minimus. and/or tensor fascia lata hypertonicity). In the 
author's opinion. Oher's test is for a short iliotibial tract and/or 
a short gluteus medius muscle. A short gluteus medius muscle 
(which occurs more often in men than in women) should not 
be confused with a short iliotibial tract. 

Palpation of the iliotibial tract may reveal pain and exces
sive tightness. Some edema may be present at the site of fric
tion on the lateral femur condyle and may extend to the inser
tion. 



Vastus 
lateralis 

tract 

Biceps 

Fibula 

Figure 6-43 Right knee, lateral view showing muscle auachmcnts. 

Careful palpation is necessary to eliminate or include other 
problems in the diagnosis. With the knee nexed to 30°, palpate 
the anterior knee joint line. Have the patient gently attempt 
knee extension. The first structure palpated moving posteri
orly along the joint line is the iliotibial tracl, which can now be 
traced to its insertion. 

Treatment 

Treatment comprises rest (complete cessation of the activi
ties that produced the symptoms is necessary), ice to reduce 
edema and innammation, and correction of the cause of dys
function. 

Adjust all fixations that could be related to the structures 
involved. Evaluate for an anatomic short leg. Eliminate the 
cause (or causes) of a medially or laterally rotated femur. Fi
nally, evaluate for possible lateral tracking of the patella. 

A weak quadratus lumborum muscle on the side of com
plaint may be the ullimate cause of a tight tracl. Stretch the 
iliotibial tracl. 

Problems Involving the Biceps Femoris Tendon, 

Popliteus Tendon, and Lateral Collateral Ligament 

Careful palpation is necessary to differentiate lateral coli at
eral ligament, popliteus tendon, and biceps tendon problems. 

The biceps tendon splits around the lateral collateral liga
ment in its auachment to the fibula head and sends fibers to 

Conditions and Therapy 1 29 

the ligament itself, the femoral condyle, and the fascia 
(Figure 6-45). 

After locating the iliotibial tract as described above, with 
the knee in 30° of nexion, palpate from the anterior joint line, 
passing over the iliotibial tract (the first structure encoun
tered). Have the patient relax the knee, and apply mild varus 
stress; the lateral collateral l igament becomes prominenl. 

Have the patient gently, laterally rotate the foot, and apply 
slight nexion to the knee; the biceps tendon is located easily 
because of its angle of insertion in flexion. 

With the knee still in 30° of nexion, have the patient relax, 
gently medially rotate the foot, and then relax again several 
limes. The activity makes it easy to palpate the popliteus ori
gin (inferior and anterior to the femoral attachment of the lat
eral collateral ligament) and the tendon (posterior to the lateral 
collateral ligament as it crosses the joint line). 

To treat problems of these tissues, adjust all structures in
vol ved or any that may affect them. Prescribe rest and ice to 
reduce edema and inflammation. Tape or support the struc
tures involved to allow mobility. As with all knee problems, 
correct all postural stresses where possible. Reassess the 
patient'S activities, and alter habit patterns that may place 
stress on the structures. 

Osgood-Schlatter Disease 

Osgood-Schlatter disease is a condition that may start as a 
tendinitis of the patellar ligament at the tibial tubercle attach
ment, leading eventually to a separation of the epiphysis of the 
tubercle.""·'·'· It may also occur as an injury separating the 

Vastus lateralis 

Figure 6-44 Right knee. nexed. lateral view. 
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Biceps 
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Figure 6-45 Right knee. lateral view. 

Iliotibial 
tract 

epiphysis while running or jumping. It occurs most frequently 
in boys from 1 0 to 1 5  years of ageP·' 

Palpation of the tibia tubercle usually reveals tenderness 
and an enlargement. Extension of the knee i s  usually painful; 
kneeling also produces pain. 

X-ray examination will help differentiate among an avul
sion fracture (the avulsed particle of the tubercle will appear a 
distance away toward the patella), the avulsed appearance of 
the normal apophysis, and Osgood-Schlatter disease. The last 
will show edema over the tuberosity; the i nfrapatellar fat pad 
will be blurred, the patellar l igament may be thickened, and 
the tubercle may be fragmented l l  

Only i n  the extreme case, where complete tcaring has oc
curred, i s  surgery called for. With rest and proper therapy, the 
symptoms usually disappear with closing of the epiphysis by 
age 20. Symptoms may continue on i n  the adult, however, if 
the patient continues with the same activities. 

Ideally. patient compliance. rest, ice, refraining from activi
ties that produce the symptoms, and time are all that is neces
sary to resol ve the problem. Patient control is many times the 
biggest problem. Young boys may promise not to participate 
in activities, but one does not have to be in practice very long 
to realize thal compliance is the exception rather than the rule. 
Peer pressure and short attention span may both be blamed. 

The milder case, where pain is minimal without activity and 
patient compliance can be expected, requires less attention. 

The author has had good success by applying elastic tape from 
the tibia to the midfemur, restricting nexion beyond that 
needed to walk. Even the patient who intends to refrain from 
activity will many times participate as a result of peer pres
sure, Taping sometimes acts as a reminder, and i n  some cases 
a badge, that there is really something wrong. 

I n  cases where compliance is not expected, there are many 
supports and braces manufactured to prevent strain to the 
Iigamental attachment. 

Larsen-Johansson Disease 

Osteochondritis of the patella at its tendon attachments oc
curs most often at the attachment of the patellar ligament on 
the inferior pole. The etiology is similar to that of Osgood
Schlatter disease, and the treatment is the same. 

BURSITIS 

Bursae around the knee are numerous ( I  I to 1 8  or more; 
Figures 6-46 and 6-47). Three bursae communicate with the 
joint; swelling and pain should call for further investigation 
into possible internal joint problems: 

I .  suprapatellar bursa: under the quadriceps tendon 

2. popliteus bursa: between the popliteus tendon and the 
lateral condyle of the femur 

3. medial gastrocllemius bursa: between the tendon and 
the capsule 

Enlargement of the medial gastrocnemius bursa (Baker's cyst) 
is often associated with a torn meniscus. When present, full 
nexion of the knee is difficult and gives a feel ing of fullness in 
the popliteal space. Extension produces tension in the space. 

Bursitis may be caused by infections, but repeated falls and 
irritation are the most common causes. The patellar bursa lies 
in front of the lower half of the patella and the upper half of the 
patellar ligament. It may become i nnamed from prolonged 
kneeling (housemaid's knee). It is easily palpated, and testing 
of the quadriceps will produce pain i f  it is i nnamed. The pes 
anserinus bursa lies between the tibia and the tendons of the 
sartorius, gracilis, and semitendinosus muscles. It is easily 
palpated and produces pain upon testing of the muscles. The 
bursa under the medial collateral ligament may produce pain 
upon testing of the sanorius and gracilis but not necessarily 
upon testing of the semitendinosus. It may produce pain on 
valgus stressing of the slightly nexed knee. Careful palpation 
along the course of the medial ligament will reveal tenderness 
and edema. 

Bursitis not of infeetious origin will usually subside with 
rest, ice, and corrections of activities or stresses felt to be the 
cause. Ultrasound and other modalities to reduce pain and 
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Figure 6-46 Right knee. medial view showing bursae. 

edema are used in the treatment of bursitis. If, after reduction, 

the bursitis recurs, especially in bursae that communicate with 

the joint, investigation of the internal joint structure and the 

use of anti-inflammatory medications should be considered. 
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Figure 6-47 Right knee, posterior view showing bursae. 
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CHONDROMALACIA PATELLA 

Chondromalacia patella is defined as softening and degen

eration of the articular surfaces of the patella, but the term is 

used to encompass the trochlear groove of the femur as well. 

Symptoms include pain behind the patella, especially after 

sitting, and pain on climbing stairs or walking downstairs. 

Edema may be associated with the disease, and if present it is 

difficult to differentiate from a suprapatellar bursitis. There 

will be pain on testing of the QF and pain with pressure on the 

patella with the leg extended and the patient contracting 

the QF. 

Caill iet4 reports that studies done on normal knees havc re

vealed a large number of asymptomatic chondromalacia 

cartilages. He further reports that other studies have found ab

normal cartilages with increasing frequency as age increased, 

which indicates that changes begin usually at 20 years of age 

and are found in nearly everyone by age 35. 
If the pain is caused by innammation or degeneration on the 

patellar surface alone, with no other surfaces affected, pain 

would occur with pressure on the patella. Pain would occur i n  

all degrees o f  nexion or extension. Careful palpation will help 

differentiate whether it is the patella alone, the trochlear 

groove, or both. 

Plica 

Kuland' states that in the embryo a septum separates the 

suprapatellar pouch from the major part of the knee joint. The 

septum usually disappears. Twenty percent of the time, how

ever, it persists as a fibrous band (plica). It begins on the 

undersurface of the QF tendon just above the patella, extend

ing transversely to insert on the medial wall of the knee joint. 

Most are soft, pliable, and asymptomatic. When thickened, 

the plica is suspected as the cause of chondromalacia, is 

caused by the chondromalacia, or is associated with the dis

ease as a result of other causes. 

Etiology 

The cause of chondromalacia is considered idiopathic by 

many investigators. Some associate it with patella instability 

and dislocation in a small percentage of patients. Caill iet' re

ports that trauma is implicated, but the exact cause remains 

unknown. Still others report findings and treatment programs 

but ncver discuss the cause. 

Degenerative changes may result from the following: 

• trauma (symptoms may have subsided, but imbalances 

caused by the injury or misuse during recovery have not 

been corrected) 

• repetitive microlrauma with its associated inflammation 

(possibly from trauma) 

• any postural distortion that produces abnormal move

ment of the patella in the trochlear groove 
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With a careful history and a thorough examination of the 
knee and the body as a whole, a correct diagnosis and the 
probable cause may be found. 

Differentiation 

Flex the knee to 100° and test the QF. In the same position, 
apply pressure to the patella. By nexing the knee to 1 1 0°, pres
sure is exened on the undersurface of the patella and the infe
rior surface of the femoral condyle. 

Ifpain is elicited by both testing the QF and applying pres
sure at 1 1 0°, it is reasonable to assume that chondromalacia 
patella exists. This would require investigation of the articular 
surface of the femoral condyle. If pain docs not occur with 
pressure on the patella at 1 1 0° but docs occur with the QF test, 
the chances are that the problem is in the trochlear groove and 
not the patella. 

Bring the knee to 1 00° of nexion (this rele.ses some muscle 
tension), and carefully palpate the entire trochlear groove for 
edema and pain (Figures 6-48 and 6-49). 

Bring the knee to 40° and palpate the medial border of the 
patella, the medial rim of the trochlear groove, and the space 
between for an enlarged plic •. 

Whether findings indicate chondromalacia of the patella, 
chondromalacia of the trochlear groove, or inflammation of 
the plica, degeneration has taken place. Diagnosis is made on 
the basis of the symptoms associated with whatever degree of 
degeneration is present, not on the basis of degeneration alone. 
Besides the studies referred to earlier, Brashear and Raney' 
report that 50% of cadavers with supposedly normal knees 
show chondromalacia degeneration. 

Treatment 

The most severe cases may require surgery if conservative 
treatment fails, with removal of part or all of the cartilage. In 
some severe cases, the patel la is removed. 

Chiropractic approach to trealment should include the fol
lowing: 

• adjustment of all fixations that may affect function of the 
knee 

• rest (this is one of the best treatmenlS for any case with 
inflammation, yet sometimes it is the most difficult in 
terms of achieving patient compliance, especially in  
young patients) 

• in the acute stage, ice to reduce edema 

• support of the structures if necessary to assist in nonnal 
function 

• low-wattage ultrasound over the trochlear groove (this 
has been useful in speeding recovery) 

• at the earliest lime possible, corrective exercises to re
solve any postural faults that may be a causative factor 
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Figure 6-48 Palpation or the lateral trochlear wall. 

Figure 6-49 Palpation of the medial trochlear wall. 



OSTEOCHONDRITIS DISSECANS 

Osteochondritis dissecans is a separation of the cartilage 
with some subchondral bone from the articular surface of the 
femoral condyle. It occurs more often on the lateral side ofthe 
medial femoral condyle, and it affects children and young 
adults, mostly males. 

Etiology 

The disease may occur i n  children as an ossification 
anomaly Uuvenile osteochondritis). It may also result from 
trauma, most cases being associated with unusually prominent 
spines of the tibial condyle. Violent medial rotation of a tibia 
with a prominent spine is considered the primary cause. 

Symptoms 

If the fragment has not completely separated, there will be 
pain in the medial knee that will bc difficult to pinpoint. Light 
exercise may cause few or no symptoms. Heavy activity may 
stan the pain. Pain may subside within 2 to 4 hours with rest, 
but there is usually residual stiffness. 

If the fragment has completely separated and bccomes a 
loose body, it may locate itself between the anicular surfaces 
of the femur and tibia. If so, the knee will nex but will lock up 
as extension is attempted. This condition is usually accompa
nied by excessive fluid in the joint. 

Diagnosis 

Any locking of the knee must be investigated to determine 
whether a loose body exists within the joint. The fragment 
andlor its crater may be seen on plain films with the proper 
views. Further in vestigation may be done with use of 
arthrography, arthoscopic examination, and computed 
tomography. 

Treatment 

If the fragment is not loose and the anicular surface is in
tact, rest and time may allow it to heal. If the stresses that may 
affect the condition have been removed and symptoms persist 
after 4 to 6 months, surgery should be considered. 

If the knee locks and a loose body is suspected, manipula
tion may cause movement of the fragment from between the 
articular surfaces. With the patient seated and the knee relaxed 
at 90°, traction the knee toward the floor for a few moments, 
expanding the joint to the limit of its ligaments (Figure 6-50). 
Rotate the tibia laterally, and extend the knee (Figures 6-5 1 
and 6-52). If this fails, rotate the tibial medially and extend the 
knee. It may be necessary to repeat several times until the frag
ment moves oul of impingement. 
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LIGAMENT DAMAGE TO THE KNEE 

Ligament damage may be classified as follows: 

• Mild-A few fibers are tom, or there is tissue damage at 
the periosteal anachmen!, yet the integrity of the joint is 
intact. Careful palpation may reveal an area of pain andl 
or edema. Pain is produced upon stress of the ligament. 

• Moderate-A greater number of fibers have been lorn, 
allowing excessive movement of the joint. Damage is 
usually accompanied by edema. Movement or move
ment attempts may be inhibited by pain, edema, and the 
resulting contraction of the muscles. In the acute trauma 
case where pain and edema are present, it must be pre
sumed that some degree of instability exists. 

• Severe-There is complete tearing, or enough fibers are 
torn to allow great instability. 

In the initial examination of acute trauma cases other than 
complete tears, the diagnosis of sprains to the ligaments and 
the meniscus can often be made in error. 

Mild Sprains 

Treatment of mild sprains comprises rest, ice for local 
edema, adjustment of all fixations that may affect knee func
tion, and support (see taping procedures, Figures 6-28 

Figure 6-50 Treatment of loose body: apply traction toward the 
noor. 
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Figure 6-51 Treatment of loose body: rotate the tibia laterally. 

through 6-33 and Figures 6-35 through 6-37}. Treatment 
should also be directed to other tissue damage that aHowed the 
ligament damage to occur (ie, muscles, tendons, and fasciae). 
Rehabilitation exercises should be instituted to restore normal 
function and balance to the area. 

Moderate Sprains 

In the acute phase, moderate sprains must be assumed to be 
more severe than the examination reveals. Treatment involves 

rest, evaluation, and ice packs to reduce edema and pain. The 

edema should be reduced sufficiently to aHow reevaluation of 
the extent of ligament damage within 72 hours. 

Once it is ascertained that severe ligament damage is not 

present and that only minimal hypermobility i� present, evalu

ation for meniscus learing is also possible. When the edema is 
reduced, taping may be used for support, aHowing mild exer
cises to be introduced (see taping procedures, Figures 6-28 
through 6-33 and Figures 6-35 through 6-37). 

Once the patient is able to bear weight with taping support 
(and, if necessary, a brace), ambulation may be graduaHy in

troduced, starting with crutches until the patient is stable. Re
habilitation exercises should always continue until function 
and strength are equal to those of the opposite limb. As long as 
any excessive joint play exists, exercises should be continued. 

Figure 6-52 Treatment of loose body: extend the knee. 

Severe Sprains 

In the event that the anterior drawer sign is positive and 

hemarthrosis is present, the patient should be referred to an 

orthopedic surgeon for arthoscopic examination and, if neces

sary, surgery. 
When complete tearing occurs, surgery is necessary to sta

bilize the knee. Where severe damage has occurred yet suffi

cient fibers exist, conservative care would include immobili
zation, elevation and ice, a full brace preventing movement, 
introduction of isometric exercises at the earliest time pos
sible, exercises for the hip muscles and fOOL muscles to main

tain strength and to aid in  circulation, and exercises of the in
tact knee to take advantage of the cross-over effect. As the 
edema subsides and conditions allow, remove the brace three 

or four limes per day, and introduce passive range of motion 
with progress to gentle active movement by the patient. 

As progress aHows, ambulation may be introduced at first 
with the aid of crutches, taping, and a brace. The use of sup
port is necessary until sufficient stabilization has been 

achieved to return to normal activities. Even with the best re
suhs, a support during activities that would place undue stress 

on the knee is necessary. 

It has been the author's experience that in the moderately 
severe sprain the procedures listed above have proven suc
cessful with a compliant patient. Ahhough total strength of the 



ligament may not be achieved, overdevelopment of the mus
culature that secures the joint provides additional stability. 

The severe sprain patient may never achieve full stability 
without surgical i ntervention and should have the options ex
plained thoroughly. Patients may accept a change in their 
lifestyle and activities as well as the instability (with occa
sional "popping out") rather than undergo surgery. That is 
their privilege, and if, being fully informed of the possibilities, 
they wish to continue conservatively, they should be helped to 
the best of our ability. 

It has also been the author's experience that the 
noncompliant patient, who reaches the stage of recovery 
where pain is no longer a factor and sufficient strength has 
returned to allow moderate activity, will usually discontinue 
the exercise program. This of course leaves the patient with a 
degree of instability and susceptible to reinjury. One of the 
most difficult tasks of the practitioner is to control patient be
haviors until the maximum results are achieved. 

MENISCUS TEARS 

The medial meniscus is less mobile than the lateral menis
cus because of its attachment on the periphery and the location 
of the tibial attachments anteriorly and posteriorly (Figures 
6-53 and 6-54). The lateral meniscus is attached more cen
trally on the tibia without the peripheral attachments; thus it is 
more mobile. 

Most tcars occur when violent internal or external rotation 
of the femur occurs with the tibia fixed by weight bearing and 
the knee nexed. Both menisci move anteriorly during exten
sion and posteriorly in nexioo. In extreme flexion, lhe medial 
meniscus becomes compressed by the tibia and femur. During 
internal rotation of the femur with the tibia fixed, the posterior 
hom of the medial meniscus is displaced toward the center of 
the joint. If extension occurs suddenly, the posterior hom may 
become trapped, producing traction on the meniscus and pos
sibly causing a longitudinal tear. 

If external rotation and sudden extension occur, a transverse 
or oblique tear of the medial meniscus may be produced. If the 
tibia is fixed, the knee nexed, and valgus stress introduced, 
tearing of the peripheral attachment of the medial meniscus 
may occur. Also, possible tearing of fibers of the capsule and! 
or deep fibers of the medial collateral ligament may occur. 

During nexion, the lateral meniscus is pulled posteriorly by 
the popliteus origin fibers, which also pull the posterior cap
sule out from impingement. Tears may occur i n  both the lat
eral and lhe medial menisci at several locations with lhc knee 
in various degrees of nexioo when violent rotation takes place. 
Usually the greater the nexion at the time of injury, the more 
posterior the tear of the meniscus. 

A torn meniscus must be suspected in any ligament injury. 
If it is not possible to investigate in the acute phase, the area 
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Anterior cruciate 

-----�� 

cruciate 

Figure 6-53 Right tibia. superior view. 

should be i nvestigated thoroughly as soon as possible. 
The meniscus tissue is mostly avascular and will not heal. 

Only the vascular portion around the periphery will heal. The 
meniscus is lacking in sensory nerves. Therefore, pain associ
ated with tearing is from other i njured tissues and/or pressure 
from edema rather than from the meniscus itself. 

Symptoms 

Some tears are asymptomatic, as evidenced by the finding 
of old tears during surgery. Nevertheless, an injury sufficient 
to cause tearing must have had some symptoms at the time. 
Pain usually accompanies the i njury, with the patient reporting 
that "something tore in the knee." 

Swelling is caused by tearing of tissues other than the me
niscus, making it necessary to investigate further. "Giving 

Medial Anterior 

Posterior 
cruciate 

Figure 6--54 Structure of righl libia. superior view. showing menisci 
and ligament attachments. 
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way" during walking on an uneven surface or walking down
stairs may occur (this is usually associated with a posterior 
tear). Locking seldom results from the initial injury. Locking 
may occur later with subsequent injuries that extend the tear 
farther forward or that tear away the particle, which then 
moves into the anterior joint. 

Atrophy of the vast us medialis muscle is always mentioned 
as a sign soon after a meniscus injury. Of course, if the VMO 
was weak before the injury, it may have been partially respon
sible for the lack of stability. If not, it surely would become 
damaged during the injury, and this would become noticeable 
within a few days. 

Treatment 

Treatment includes rest, elevation and ice for effusion, and 
adjustment of all fixations that may affect knee function. If it 
is determined that a peripheral tear has occurred, the chance of 
full recovery is good because of the blood supply around the 
periphery. 

One theory is that an injury may only "buckle" or crumple 
up the meniscus. If so, proper palpation and manipulation of 
the bony segments will replace the meniscus to its nannal po
sition and allow healing to occur. 

After the effusion is reduced, careful palpation of the me
dial joint structure may reveal a small nodule (this will be ex
tremely sensitive). If so, capsular fiber or collateral ligament 
learing has allowed meniscus entrapment. The meniscus may 
be manipulated back into place to allow healing. With the pa
tient in the supine position, sit on a stool approximately the 
same height as the table, facing footward. With the outside 
hand, grasp the ankle from underneath (Figure 6-55). Place 
the knee firmly against the operator's ilium (this prevents any 
pressure on the joint). With the fingers around and behind the 
knee, contact the nodule with a pisifonn contact. The protru
sion may be anterior or posterior of the midline of the menis
cus. 

The thrust is toward the center of the knee joint (see below); 
therefore, rotate the leg until the thrust is toward both the cen
ter of the joint and the operator's ilium. Traction the ankle lat
erally only as far as necessary to open the medial join!. This 
can be determined during palpation in preparation for the con
tact. 

The thrust is gi ven toward the center of the knee by the op
erator placing the elbow at 90° to the ilium. With a correct 
contact and the knee placed against the ilium, the thrust itself 
can do no harm to the knee structurc. Therefore, the thrust may 
be sharp as the joint is opened up by traction on the ankle later
ally. 

As a follow-up, the author has found 3 minutes of ultra
sound at approximately half power effective in promoting 
healing when coupled with 2 to 3 days of restricted nexion of 
the knee past 20°. 

Although nOl as effective as the technique described above, 
the following alternative technique is useful in  mild cases. 
With the patient supine, nex the hip and knee. Rotate the tibia 
(using the foot) medially (Figure 6-56A). This exposes the 
medial meniscus for each palpation. Apply pressure toward 
the center of the knee with a thumb contact on the suspected 
tissue while rotating the tibia laterally and extending the knee 
(Figure 6-568). 

If the tear is suspected to be internal. involving tissue that is 
avascular. conservative care may return the knee 10 nonnal 
function. There is a good possibility. however. that subse
quent. relatively minor injuries will further tear the meniscus. 
making surgery necessary. Arthoscopic examination may pro
vide not only an exact diagnosis but also the opportunity for 
surgical repair of the joint structures. 

If the patient is informed of the options available and elects 
to avoid surgery. lrealment should be continued with exer
cises, especially for the VMO, as soon as the pain and effusion 
have subsided. All postural stresses should be eliminated. 

POSTSURGICAL PATIENTS 

If the history and subsequent examination reveal a previous 
knee surgery, careful analysis of the knee and its present abil
ity to function normally should be done. 

A common finding is a history of surgery for a medial me
niscus repair that was sufficiently successrul to allow all 
symptoms to subside and a return to normal movement. 
Months or years later, however, the symptoms may appear 
without apparent reason or with minimal strain. One must 
keep in mind that surgery only repairs the obvious damage. It 
docs nothing for the peripheral damage andlor the precipitat
ing factors that had to occur to allow the mcniscus tear in the 
first place. 

Il is not unusual for a patient to relate that he or she has had 
successful surgery. yet upon examination the knee is found to 
be in extreme hyperextension, and the VMO is half the bulk of 
the opposite leg (which may also be deficient). The surgeon 

Figure 6-55 Maneuver ror medial meniscus entrapment. 
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Figure 6-56 Allemarive maneuver for medial meniscus entrapment. (A) Contacts. (8) Maneuver. 

may not have prescribed the proper exercises for rehabilita

tion, or the patient failed to follow through as directed after the 

symptoms disappeared. 

The primary complaint has to be addressed whether it re

quires surgery or not. Once the primary problem is on its way 
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Exercise is important in prevention of problems. recovery 
from trauma, and rehabilitation to preinjury status and beyond. 

Trauma or symptoms make it necessary for patients to 
present themselves for treatment, with success being 

measured by the cessation of symptoms and the return to nor
mal. Normal, of course, may not be what is correct. 

If examination reveals abnormal posture or poor habit pat

terns, the practitioner should make sure that the patient is fully 
informed of the problem and provide a treatment program. 

Not only must the patient with a chronic postural fault be 
introduced to corrective exercises, but the practitioner must 
look further into the habit patterns of activities during work or 
recreation and advise the patient in altering the activity. Habit 
patterns are often difficult to overcome. As an example, pa
tients with a chronic laterally rotated femur develop a gait with 
the foot tumed out. If the cause is corrected and medial rotator 
exercises seem to be effective, then the habit pattern should be 
altered. One method used by the author is to have the patient 
walk down the hall in the orrice for 40 to 50 steps, following 
these instructions: 

I. Carefully place the heel on the noor (this requires the 
patient to look down at the feet during the entire exer
cise). 

2. Deliberately place the forefoot in front without allow
ing rotation to occur. 

3. Slowly and deliberately place the weight on the heel 
and then on the forefoot. 

4. Follow with the opposite foot. 
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Exercises and Stretches 

Each stride must be observed by the patient, otherwise he or 

she will revert to old habits. This alteration technique should 
be performed at least twice per day for 3 to 4 days until the 
habit pallern is broken. 

Patients who have experienced trauma should be given ex
ercises to restore muscle function as soon as practical. In the 
severe stage, when edema and pain are present, exercises may 
be harmful. As soon as the edema is reduced, however, exer

cises may be introduced with caution. 
If ligament damage has occurred that does not require sur

gery, taping to reinforce the joint structure is a necessity be
fore inlroducing an exercise. Always start with mild exercises, 
increasing as symptoms will allow, for the muscles that pro
duce the movement that reduces the strain on the injured liga
ment structure. As an example, for medial collateral ligament 
injury, once taping to reinforce the joint structure and the 
oblique fibers of the vastus medialis (VMO) has been placed 
and the edema is gone, exercises may begin. With ligament 
laxity being a possibility aner healing has taken place, many 
times overdevelopment of the musculature may be necessary 

to stabilize the knee. 
Two types of exercise may be used: isometric, in which 

there is no joint movement, only contraction of the muscula
ture; and isotonic, in which there is active movement against 
resistance. 

Isotonic exercise may be performed with weights or with 
resistant material such as stretchable tubing. 

Getting patients to perfonn exercises at home is, at best, dif
ficult. Gelling a patient to do the correct exercises at home is 
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even more difficult. It is easy and simple to hand out a set of 
standard exercises for a patient to perfonn, but such a practice 
is fraught with problems. For one, unless designed specifically 

for the problem the particular patient is experiencing, some of 
the exercises may be harmful. Also, without actually going 
through the exercises while supervised by the practitioner, the 
patient usually has difficulty in figuring out exactly how to 
perform them. Further, if the patient perfonns the exercise in
correctly or docs the wrong exercise, the condition may dete
riorate, with the palient getting discouraged and not returning. 

If and when the patient does return. it is still necessary to re
view the exercises. Therefore, it is morc efficient to rehearse 

the patient to start with. 
It has been the author's experience Lhal, to ensure that exer

cises are performed correctly, the following should be done: 

I. Give a careful description in lay terms of exactly what 
the problem is. 

2. Test the muscle, and demonstrate to the patient how 
weak it is and why exercise is necessary. 

3. Demonstrate the exercise. 

4. Have the patient perform the exercise, making sure that 

cheating (recruitment of other muscles) does not occur. 

S. Provide, where possible, a drawing of the exercise to be 
used as a reminder. 

6. Make exercise tubing available if it is to be used. Do 
not rely on the patient's purchasing this somewhere 

else. 

7. If a spouse is available, recruit him or her to assist in 
reminding the patient to do the exercises and to observe 
whether they are being done correctly. 

8. Explain exactly how many repetitions at each session 
and how many sessions per day are expected. 

9. On the following visit, review the results and have the 
patient repeat the exercise to ensure that it is being per
formed correctly. 

Where possible, performance of the exercise in the office 
with a return 10 the office in 2 to 3 days just to perform the 
exercise will ensure thaL exercises arc being perfonned and, 
more important, that they arc being performed correctly. 

Stretchable tubing has been used by the author for many 
years. There arc several brands of tubing currently on the mar
kel. Stretchable tubing allows a patient to perform exercises at 
home, at work, or while traveling. 

A length of about S ft will allow most exercises to be per
formed. Tie a knot in each end of the tubing, and the exercises 
may begin. If a bicycle inner tube is used, cut out the stem. 

Why usc tubing? Why not just send the patient to a gym or 

fitness center for exercises? First, some patients cannot afford 
to join. Second, some of the acute patients could not go. Third. 

most would not go more than once per day, and most would 

perfonn the exercises only three or four times per week. Fi

nally, with tubing and proper instructions provided, palients 
may do the exercises as many times per day as needed. 

Active participation of the patient in the treatment process 

is essential. Patient attitude all too often is one of placing all 
the responsibility on the practitioner. After the initial diagno
sis and treatment during the acute stage, patient participation 
is a must if complete rehabilitation is 10 be accomplished. 

All the exercises described and illustrated in this chapter 
have been used with success for many years by the author. 

LORDOTIC LUMBAR SYNDROME 

The lordotic lumbar syndrome (Figure 7-1) is one of the 

most common postural distortions with knee strain found in 
practice. Knee pain is only one of the many symptoms associ
ated with it. The anterior rotaLion of the pelvis and increased 

lordosis of the lumbar spine must be reduced before exercises 
for the lateral rolatOrs of the hip will be effective. As long as 
these exist, the Q angle will remain increased as a result of the 
medial rotation of the femur (Figure 7-2). 

Note: Below and elsewhere in this chapter, the exercises 

call for the use of weighl, a cenain number of repetitions per 
session, and a certain number of sessions per day. The practi

tioner must prescribe these individually, according to each 
patient's injury and each injury's severity. 

The patient with lordotic lumbar syndrome should be in
structed in the following exercise: 

1. Lie on the 1100r, a couch, or a bed. 

2. Place the prescribed amount of weight on the abdomen 
below the umbilicus. 

3. Bend one knee as shown in Figure 7-3, and using that 
leg only raise the bUllocks off the surface while rolaling 
the pelvis (move the pubic bone toward the chin). Hold 
for S to 6 seconds, then return to the lable slowly. 

4. Repeat six to eight times, then repeal on the opposite 
side. 

S. Compare one side with the other, and if one takes more 
effort repeat the exercise on that side six to eight more 

times. 

6. The above constitutes one session. You should pcrfonn 

at least the prescribed number of sessions per day. 

The weight on the abdomen is an important part of the exer
cise. When asked 10 do the exercise without weight, the patient 
usually will increase the lumbar curve. Patients who are obese 
or who cannot raise the buttocks off the table many times may 

be able to do so if the operator applies hand pressure of S to 10 
pounds on the abdomen. The weight seems to trigger a rellex 
to rotate the pelvis posteriorly. allowing raising to occur. 

Some general exercises for Ihe lower back include raising 
the buttocks using both legs. If done, this exercise increases 

the lordosis of the lumbar spine. 



Figure 7-1 Lordotic lumbar syndrome. 

Female patients who have had children must be screened 
for abdominal muscles that not only may be weak but may 
have ceased runctioning during the later stages of pregnancy. 
Abdominal muscle function and tone must be reestablished. 

To accomplish this, have the patient perform a bilateral 
straight leg raise (Figure 7-4). Observe the pelvis at the start 

of the effort. As the hip nexors contract, the abdominal 
muscles should contract, securing the pelvis to provide a ful

crum for the function. If the abdominals are weak, the pelvis 
will rotate anteriorly before the legs leave the table. To prove 
the necessity of doing the exercises, place your hand on the 
lower abdominal area and help function by stabilizing the pel
vis (Figure 7-5). The legs will raise more easily. 

In women who have had children, reestablishing the habit 

pattern of abdominal muscle function takes effort and patience 
on the operator's part. With the patient supine, place one hand 

underneath the patient on the sacrum. With the other hand 
contact the lower abdomen, and physically rotate the pelvis 
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Figure 7-2 Valgus knee and medially rotated femur (increased Q 
angle). 

posteriorly several times to show the patient what is expected. 
Then have the patient start helping in the movement, and then 
have her do it herself: SlOp, remove the hands, and ask the 

patient to perform the same function. Most of the time she can
not; everything except the pelvis may move. Assistance 
should be provided again and the process repeated. The patient 
may think that she is performing the movement when in fact 

- � .-

Figure 7-3 Lordosis exercise. 
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Figure 7-4 Bilateral slraighlieg raise with pelvic rotation. 

the pelvis does not move. Have the patient place her hand on 

the pubic area so she may feel the lack of movement during the 

attempt. 

Instruct the patient to allempt to rotate the pelvis at home 10 

Limes per session for three sessions per day and to return in 2 

days. Some patients may return and are able to rotate the pel

vis. Most require at least one more session in the office with 

assistance before the habit pallern in reestablished. 

Having the patient compare one side with the other for the 

amount of effort to perform is a simple way of achieving bal

ance of the muscles. 

Sit-ups are also useful for the patient with lordotic lumbar 

syndrome. Instruct the patient as follows: 

I. Lie on the noor with the legs on a chair. Make sure that 

the hip is nexed to 90°. 

2. With arms outstretched, try to rise up and touch an 

imaginary point to your extreme right (Figure 7-fJA); 

this is position I of the exercise. Hold, then slowly re

turn to the noor. Repeat progressively across to your 

extreme left (Figure 7-fJ8); this is position 6 of the ex

ercise. Rest, then repeat back from position 6 to posi

tion I. 

3. After all 12 sit-ups have been performed, compare po

sition I with position 6. If one takes more effort than 

the other, repeat that one an additional three to four 

times. Then compare position 2 with position 5, then 

position 3 with position 4, and repeat each one that 

takes more effort an additional three to four times. 

4. The above constitutes one session. Perform the pre-

A 

I 
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scribed number of sessions per day. B 
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Figure 7-5 Bilateral straight leg raise with support. 

Figure 7-(, Sit-ups. CA) Position I. (8) Position 6. The patient 
moves progressively across the body from position I to position 6 
and back. 

8y having the hips nexed at 90°, most of the function of the 

psoas muscle is removed from participation (usually the psoas 

is hypertonic ancllor shortened). Using 6 positions exercises 
all the abdominal muscles. The extreme outside positions ex

ercise the Lransverse abdominus muscles. 



GLUTEUS MAXIMUS MUSCLE 

Exercise 1 

Instruct the patient in the following exercise to strengthen 

the gluteus maximus: 

I. On all fours, bend one knee and push the foot toward 

the ceiling (Figure 7-7). Do not move the pelvis. The 

thigh docs not normally move more than 10° beyond 

neutral. If moved beyond 10°, the pelvis must rotate to 

allow it, which would defeat the purpose of the exer

cise. Start with 8 to 10 repetitions on each side, then 

compare. If one side takes more effort than the other, 

repeat on that side six to eight more times. 

2. The above constitutes one session. You should perform 

the prescribed number of sessions per day. 

As strellgth improves, ankle weights or a heavy boot may be 

added, and the number of repetitions may be increased. 

Exercise 2 

The next exercise uses tubing: 

I. Standing next to the corner of a desk or table, place the 

front of the upper thigh of the weight-bearing leg 

against the desk for support. Rex the hip and knee on 

the side to be exercised. 

2. Place the tubing around the foot, securing the ends on 

the desk with both hands (Figure 7-8). 

3. Against the resistance, push the foot back, moving the 

knee no farther than 6 to 8 in past the other knee. 

4. Repeat six to eight times, then change positions and re

peat on the opposite side. 

5. If one side requires greater effort to perform, repeat the 

exercise on that side four to five additional times. 

�-
--,
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Figure 7-7 Gluteus maximus exercise. 
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Figure 7-8 Standing gluteus maximus exercise. 

Exercise 3 

The following is a good exercise for patients with other in

juries or problems that make it preferable to do exercises in 

non-weight bearing positions: 

I. While lying on the noor, a couch, or a bed, either secure 

the tubing to an object or hold the ends. 

2. Place the tubing around the foot with the hip and knee 

nexed (Figure 7-9). 

3. Against the resistance, push the foot, bringing the knee 

toward the surface. Repeat six to eight times. 

4. Repeat on the opposite side, and then compare. If one 

side requires greater effort tban the other, repeat on that 

side an additional six to eight times. 

Figure 7-9 Supine gluteus maximus exercise. 
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LATERAL IDP ROTATOR MUSCLES 

These exercises include the piriformis and gluteal muscles. 

Exercise 1 

I. Secure the tubing to the leg of a couch or other heavy 
furniture on the side to be exercised. You should exer
cise the prescribed side(s) (right, left, or both). 

2. Sit slumped in a chair with the hip extended to approxi
mately 30°. Do not it up traight (Figure 7-10). 

3. Against resistance, move the fOOL toward the opposite 

side (this rotates the thigh laterally). 

4. Repeat 8 to 10 times. 

5. Change positions and repeat on the opposite side if pre
scribed. Compare the amount of effort required; if one 

side requires more effort, repeat on that side an addi
tional 6 to 8 times. 

The piriformis muscle becomes an abductor of the hip when 

the hip is nexed to 90°. Therefore, it is mandatory that the 
exercise be performed with the hip extended to at least 30°. 

Exercise 2 

I. Sit up straight. 

2. Secure the tubing around the lower thigh ancllor knee 

with the other end secured to the opposite knee (Fig
ure 7-11). 

Figure 7-10 First piriformiS exercise. 

Figure 7-11 Second piriformis exercise. 

3. Against resistance, move the knee to the side. 

4. Repeat six to eight times. 

QUADRICEPS FEMORIS AND OBLIQUE FlBERS OF 

THE V ASTUS MEDIALIS 

General exercises are excellent for the individual who does 
not have a deficiency. but if a demand is made for the quadri
ceps femoris (QF) to function and stretching or injury prevents 
the VMO from doing its part, the exercise will perpetuate the 

imbalance that exists. The functioning muscles will get 
slronger while the non functioning VMO may even get weaker 

or stretch further, leading to further imbalance and the inevi
table consequences. A careful analysis of the imbalance and 

guidance in the exercise program are necessary. 
The following exercises cover most of the condilions en

countered. 

Exercise 1 

I. If QF exercise is called for and the knee cannot be 

nexed (because of surgery or chondromalacia), place 

the intact limb across the ankle of the side to be exer
cised. Attempt to perform a straight leg raise, with the 
other limb providing the weight for resistance (Fig
ure 7-12). 

2. If the VMO is to be emphasized, rotate the leg laterally 
and attempt the straight leg raise. Once the VMO and 

other quadriceps muscles secure the knee, only attempt 
to elevate slightly. Further elevation only exercises the 
hip nexors. 

Exercise 2 

As the palient improves and some flexion is allowed, a pil
low may be placed under the lower thigh, allowing slight nex
ion (Figure 7-13). The exercise is the same as exercise I, ex-
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Figure 7-12 Isometric QF exercise. 

cept that the use of the pillow allows the last few degrees of 
extension to be performed. 

Exercise 3 

If the patient is unable to sit or stand to perform exercises. 
the QF exercise with an emphasis on the VMO may be per
formed as follows: 

I. Secure the tubing around the foot and cross it over the 
�& A 

2. With the hip and knee nexed and the knee allowed to 

move to the side. secure the ends of the tubing with 
your hand (Figure 7-14A). 

3. Against resistance. extend the leg and move the knee to 
the opposite side at the same time in one smooth move

ment (Figure 7-148). 

To emphasize the vastus lateral is. start with the knee toward 
the opposite side, and move il lO the side with extension. 

Exercise 4 

If the patient cannot exercise sitting or standing. all the QF 

muscles may be exercised on both limbs at once: 

I. Flex the hips and knees. 

2. Place the tubing under the feet. 

3. Secure the tubing ends by hand. 

4. Extend the knees. moving from a position with the 

knees to the left and in progressive positions to the right 
(Figure 7-15). This exercises all the QF muscles, not 
just the rectus femoris and vastus intermedialis. 

B 
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Figure 7-13 QF exercise with minimal nexion. Fij:ure 7-14 Supine VMO exercise. (A) Start. (8) Finish. 
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Figure 7-15 Supine QF exercise. (A) Stan. (D) Finish. 

Exercise 5 

The same exercise as exercise 3 may be pcrfonned if the 
patient is able to sit (Figure 7-16). 

Exercise 6 

Once the patient can bear weight, a simple exercise may be 

performed by standing on the limb to be exercised and holding 
onto a doorknob or other object to maintain balance. Obvi

ously, all the body weight is used when the knee is nexed. In 

�_""," __ '-'7 __ 0-
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Figure 7-16 Sitting VMO exercise. (A) Stan. (D) Finish. 



the beginning and with elderly patients, leave the other foot on 

the floor, bearing weight sufficient to prevent falling or strain

ing. As the patient improves, the supporting foot may be re

moved completely from the floor. 

I. Stand on the prescribed foot, turning it inward slightly, 

and rotate the pelvis laterally as far as comfortable (Fig

ure 7-17). 

2. Bend the knee only to tolerance (in the beginning, only 

10° to 15°). As strength is gained, increase the flexion, 

going farther and farther into a squat. (Most practition

ers believe that the YMO is only utilized in the last 10° 

to 15° of extension. As discussed in Chapter 3, how

ever, the use of the YMO throughout the entire range of 

motion has been proven clinically.) 

3. After 8 to 10 knee bends, rotate the pelvis medially and 

repeat. 

The VMO may be worked greater with the foot rotated lat

erally (Figure 7-18), but most injuries also include the 

popliteus muscle; therefore, the exercises should begin with 

medial rotation of the foot. Once the patient feels secure, exer

cise in both medial and lateral rotation. 

Figure 7-17 Knee bend exercise for the VMO with fool turned 
inward. 
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Figure 7-18 Knee bend exercise for the VMO with fool turned 
outward. 

Exercise 7 

One of the most common QF injuries occurs during skiing. 

A frequent factor that allows accidents to happen (other than 

recklessness) is fatigue and then overexertion of the muscles. 

Typically, a skier has a desk job all summer and fall and 

then, when the snow falls, decides immediately to go skiing 

with no conditioning of the muscles. The same individual may 

arrive on the slopes early in the morning and not quit until latc 
afternoon, doing activities that may overtax the muscles in the 

first hour. 

Experienced skiers do not normally just go straight down 

the slope. Most of the strength in skiing is from the QF with 

the knees bent. When movement to the side is required, stress 

is placed on the vast us lateralis of one limb and the vastus 

medialis (and especially the YMO) of the other. 

With the YMO weak to start with in some postural faults, 

fatigue selS in quickly and with further stress it gives out, al

lowing damage to the rest of the knee structure (Figure 7-19). 

Exercises for the QF with straight extension, whether an 

apparatus is used or not, exercise all the QF. As stated earlier 

in this chapter, this often increases the disparity of the 

muscles. 
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Figure 7-19 QF fmiguc in skiing. 

To prevent this from happening, the following exercise is 

useful in preparing the skier for the slopes; it is also useful for 
overall conditioning of any patient: 

I. Stand on the tubing (stronger persons may require two 

or more tubes), squat, and secure the ends by hand. 

2. Against the resistance, aLtempl 10 rise to standing at 
first with the knees to the left and progressively moving 

to the right (Figure 7-20). 

3. This conditions all the QF muscles. If the exercise is 

more difficult to perfonn in one of the positions, the 
exercise should be repeated in that position until equal. 

Exercise 8 

For the patient who works out in the gym, the QF apparatus 
may be used. Rotating the thigh medially (Figure 7-21 A) and 
then laterally (Figure 7-21 B) while pushing the lever in the 
same direction, however. will emphasize the VMO and vast us 
lateralis. respectively. 

Strelches 

In the elderly patient, where bending, squatting, and other 

activities involving extreme knee nexion are no longer per
formed, it is nO! unusual to find a shortened QF. Elderly pa
tients who have been treated with injections of cortisone for 

knee pain must be suspected of having this problem because it 
is a common reaction. 

If the patient is unable to stand, the stretch may be per

formed lying down on a bed, couch, or table with the limb to 
be stretched off the side. [nstruct the pmient to grasp the ankle 

and pull the heel to the bUllOCks, allowing the knee to drop 
below the surface (Figure 7-22). This stretches all the QF 
muscles, including the rectus femoris, which crosses the hip 
joint. 

A 

8 

Figure 7-20 Exercise to strengthen all QF muscles for Skiing. (A) 
Stan. (B) Finish. 

[f the patient can stand, the stretch may be performed con
veniently and thus more often, which will produce results 
more quickly (Figure 7-23). The patient may also use the op

posite hand to apply the pressure. 



A 

B 

Figure 7-2 t QF exercises on apparatus. (A) Thigh medially rotated 
to emphasize the VMO. (8) Thigh laterally rotated to emphasize the 
vastus latera lis. 
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Figure 7-22 Supine QF stretch. 

Another method. although not as effective. is to have the 
patient. with the leg extended. apply pressure distally on the 

patella using a thumb web contact. holding until a release is 

felt (Figure 7-24). 

POPLITEUS MUSCLE 

As indicated earlier in this text, a common error in testing 

the popliteus muscle is testing it with the knee at 90°. Patients 
with short medial hamstrings and patients with chronic 

popliteal weakness who have used the medial hamstrings to 
make up for this weakness may test normal at 90°. yet when 

the knee is moved farther into Oexion a weakened popliteus 
will be displayed. 

:-:-.'.-- ------
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Figure 7-23 Standing QF stretch. 
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Figure 7-24 Alternative QF stretch. 

Exercise 1 

'- By silling on a low slool, lhe knee is flexed beyond 90°, 
making lhe poplileus muscle perform wilhoUl great 
benefil from lhe medial hamstrings. 

2. Secure lhe lubing lalerally and around lhe fore fOOL in 
laleral rotation (Figure 7-25A). 

3. Againsl resislance and wilh lhe heel on lhe floor and lhe 
knee held still, rolate the foot medially. Do not invert 

the fOOL (Figure 7-25B). 

Exercise 2 

An isometric exercise may be performed by placing the op
posite fOOL forward. With lhe forefoot against the opposite 
heel, lhe palienl atlempls medial rOlalion, making sure thaI lhe 
heel stays on lhe floor and the knee stays still (Figure 7-26). 

For patients who work in an office, a variation of this exer

cise may be performed using the rung of a chair to anchor the 
heel with lhe opposite leg providing the resistance. If a secre

tary chair is used, the heel may be placed above the wheel 
mounting with the knee flexed sufficiently to perform the ex
ercise. 

HAMSTRING MUSCLES 

Exercises 

With the tubing secured in front, lhe patienl hooks the heel 
over the tubing and flexes against the resistance (Figure 7-27). 
By lalerally rotaling the lhigh (bringing lhe foot medial), lhe 
lateral hamstring is emphasized (Figure 7-28). To exercise lhe 
medial hamslrings, the palienl rolates the thigh medially. For 
the bedridden patient, or if preferred, the exercise may be per
formed in lhe prone position (Figure 7-29). 

Stretches 

I. Stand with the prescribed fOOL placed on a chair and a 
hand placed on the knee, securing it in extension. Lean 

A 

B 

Figure 7-25 Popliteus muscle exercise. (A) Slart. (8) Finish. 

forward. with an emphasis on movement of the hip 
joinl rather than the spine, unlil lhe hamslrings are light 
(Figure 7-30). Avoid placing pressure greal enough to 
cause pain. 

2. Hold the position without any movement until relax
ation is fell. Then move slightly farther into flexion, 



Figure 7-26 Isometric popliteus muscle exercise. 
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Figure 7-27 Hamstring muscle exercise. 
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Figure 7-28 Exercise for the lateral hamstring. 
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Figure 7-29 Prone hamstring exercise. 

applying more stretch to the muscles. Again, hold still 
until relaxation is fell. 

3. When stretched sufficiently, do not quit the position 
quickly. Gradually release the pressure. 

For patients with back problems and the elderly, who may 

have difficulty standing on one leg, the following is probably a 

more efficient method. Instruct the patient to sit on the Ooor 
backed up against a wall. The patient places the heel on a stool 

and applies pressure to the knee to stretch the hamstrings (Fig
ure 7-31). As hamstring length increases, a higher stool may 

be used. 

TRICEPS SURAE MUSCLES 

Seldom does the gaslrocnemius muscle need exercising. 

Usually the dorsiOexors of the foot are the weak ones, and the 
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Figure 7-30 Standing hamstring muscle stretch. 
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Figure 7-31 Sitting hamstring muscle stretch. 

gastrocnemius is shon or hypertonic. Occasionally it may test 

weak when the posterior tibialis muscle is weak or when pain 

exists from bursitis. To exercise the muscle, the patient simply 

stands and raises up on the tocs. 
One method used to stretch the gastrocnemius is to move 

the opposite foot forward into full stride. Using the weight of 

the body as it shifts back, the patient applies pressure and 

places the heel on the noor (Figure 7-32). This stretch has two 

components: pressure with the knee extended, and pressure 

with the knee nexed (to isolate the soleus muscle). 

Another stretch is performed in the sitting position with the 

leg extended and uses a belt or tubing. With hand pressure, the 

patient pulls the foot into dorsinexion to stretch the muscle 

(Figure 7-33). 

The most effective method the author has found is to use a 

small slant board (13 x 3 in, rising from the noor to 5'12 in; 

Figure 7-34). A patient with short gastrocnemius muscles 

cannot freestand on the board. The patient is forced into nex-

Figure 7-32 Standing gastrocnemius stretch. 

Figure 7-33 Silting gastrocnemius streich. 

ing the hips and back to maintain balance. When the board is 

placed in a convenient location, the patient may stand on it 

several times per day, for example while watching lelevision. 

In the beginning, I to 2 minutes is long enough. The length of 

time is gradually extended as the muscle lengthens. The proc

ess may take 3 to 4 weeks with some patients. 

SARTORIUS AND GRACILIS MUSCLES 

Instruct the patient as follows: 

1. Secure the tubing around the leg of a piece of heavy 

furniture, in front of and approximately 40° lateral to 

you. Hook the heel into the loop, and against the re-

Figure 7-34 Slant board stretch for gastrocnemius muscle. 



sistancc allempt to move the ankle over the opposite 

knee (Figure 7-35). 

2. Ankle weights may be used in the standing position. 

Stand with the knees wide apart with the body weight 

on the opposite fool. Bring the weighted ankle up and 

over the opposite knee (Figure 7-36). This exercise is 

not as effective as the preceding one. 
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Figure 7-35 Silting exercise for sartorius and gracilis. 
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Figure 7-36 Standing exercise for sartorius and gracilis. 



This chapter presents several case histories of patients with 
knee complaints and their progress. The author does not intend 
to give the impression that every patient treated responds to 
therapy. Some patients are beyond conserv3ti ve care. Some 
patients are noncompliant and end up needing surgery thal 
perhaps could have been prevented. 

With a thorough examination, the correct diagnosis, and a 
cooperative patient, conservative care will usually remedy the 
immediate problem. Conservative care may also prevent prob
lems in the future, some seemingly unrelated to the knee. 

CASE 1 

A 41-year-old man presented with the primary complaint of 
pain in the right knee on rising to stand and walking down
stairs; he reported that it felt as though the knee would give 
way because of pain while he was walking. Pain during the 
night required him to get up and move around. Sometimes the 
pain was relieved sufficiently with analgesics to allow return 
to sleep. 

History revealed that he had slipped on the left foot and 
fallen, catching all his body weight on the bent right leg. Upon 
examination by his family physician, the patient was radio
graphed and prescribed medication for pain. 

Examination 

All orthopedic tests were negative. The sartorius muscle 
tested weak with pain; it was not improved with manual sup
port. Edema was detected on palpation under the pes anserinus 
muscle attachments. A match head nodule was palpated ante
rior to the medial collateral ligament. 
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Chapter 8 

Case Histories 

Diagnosis 

A minor tear of the periphery of the medial meniscus and 
fibers of the capsule with entrapment of the meniscus was di
agnosed. Possible trauma to the pes anserinus or bursitis from 
4'h months of misuse of the knee wa suspected. 

Treatment 

Adjustments were made of the lower back, pelvis, ankle, 
and foot as well as of the protruded meniscus. Low-wattage 
ultrasound was applied for 3 minutes. Ice therapy was applied 
to the pes anserinus. The knee was taped, not so much for sup
port as to secure the knee to constrain movement past 200 of 
flexion. 

Progress 

Reevaluation on day 3 revealed greatly reduced pain both at 
the pes anserinus and in the joint itself. On day 14 afler the 
onset of treatment, the patient was released free of pain. There 
were no painful areas on palpation. and all muscles tested 
normal. 

. 

CASE 2 

A 52-year-old male attorney presented with the primary 
complaint of lower back pain for 25 years that never went 
away for more than 3 or 4 days no matter who treated him. He 
had received treatment from both medical doctors and chiro-
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practors over the years. A secondary complaint was mild pain 
in the right knee from an old football injury at 18 years of age. 

History revealed that he had been diagnosed with and 
treated for chondromalacia. 

Examination 

Pressure on the patella produced minimal pain in the 
extended knee. Tests of the quadriceps femoris (QF) elicited 
shakiness at most positions; pain was noted at 1200 of nexion. 
With manual support of the patell� medially the pain 
was reduced by 20% to 30%. The oblique fibers of the 
vastus medialis (VMO) were lacking in bulk visibly and on 
palpation. 

Diagnosis 

The diagnosis was chondromalacia, mild in the upper 
trochlear groove and severe along the medial border of the lat
eral femoral articular surface. Lateral tracking of the patella 
also was diagnosed, as was lower back pain (partly caused by 
or aggravated by the malfunctioning knee). 

Treatment 

All fixation relating to the condition were adjusted. Exer
cises were prescribed for a stretched quadratus lumborum 
muscle on the right (probably caused by the physiologic short 
right leg). Tape support and exercises for the VMO also were 
applied. 

Progress 

The tape was removed after 8 days; it was no longer neces
sary as long as the patient was careful and continued with the 
exercises. At 6 weeks the patient was discharged with all tests 
normal. He had experienced no pain in either the knee or the 
back since day 6 from the onset of treatment. 

The patient was seen 7 months later with an elbow injury 
and reported no symptoms in the knee or back since his rc
lease. 

CASE 3 

A 17-year-old girl presented with the primary complaint of 
pain in the knee with activity and on squatting. History re
vealed that, while performing as a cheerleader at age 14, she 
landed on the left knee with the knee in extreme nexion; she 
had been holding the heel of her left foot to her bUllocks with 
her hand at thc time. Arthroscopy had been performed to clean 
out the debris. 

Examination 

Pain was elicited on testing of the QF. With manual support 
of the VMO, pain was reduced by 50%, and performance im
proved. There was weakness of the popliteus muscle with 
slight pain on testing. Moderate pain was elicited with pres
sure on the patella with the knee extended. There was extreme 
pain with the knee nexed to 1000 and lateral pressure on the 
patella. Palpation elicited pain at the distal right femoral 
condyle. 

Diagnosis 

The diagnosis was chondromalacia. unresolved trauma to 
the right femoral condyle and fasciae due to chronic dysfunc
tion, and unresolved strain of the VMO and popliteus. 

Treatment 

The knee, lower back. and pelvis were adjusted, and tapc 
support for the VMO and popliteus was provided. Ultrasound 
was applied over the right femoral condyle, and exercises 
were prescribed for the VMO and popliteus. 

Progress 

The tape was removed on day 7. Pain had resolved, and 
muscles tested at approximately 80% of normal. The patient 
was released from treatment on day 21 free of symptoms and 
with all muscles functioning nonnally. 

CASE 4 

A 47-year-old woman presented with the primary com
plaint of pain in the left knee upon squalling and climbing 
stairs. Secondary complaint (related only on questioning dur
ing examination in the erect posture) were severe migrainelike 
headaches six to eight times per year and less severe head
aches more often. She reported random lower back, midback, 
and cervical pains that came and went no matter what type of 
treatment was undertaken. 

History revealed Lhat the patient had expcrienced a minor 
left knee injury 14 months earlier. She had been placed on an 
exercise program to include the VMO and popliteus muscles. 

Examination 

On examination, an anatomic short right tibia (1.27 cm) was 
found. There were no positive findings in the left knee. The 
left knee also tested stronger than the asymptomatic right 
knee. 



Diagnosis 

Dysfunction of the entire body was diagnosed due to the 
anatomic short leg. Stress to the left knee and compensatory 
alterations throughout the spine and pelvis were producing the 
patient's symptoms. 

Treatment 

After careful evaluation, the patient was filled with a 
0.63-cm heel lift for the right shoe. Exercises for the right 
quadratus lumborum muscle were also prescribed. 

Progress 

After 2 weeks, mild exercises for the left quadratus 
lumborum muscle were added. The knee pain disappeared on 
day 2 and did not return. Eighteen months after the initiation 
of treatment, the knee remained pain free. No migraine type 
headaches occurred, and there were no complaints of pain 
other than minor compensatory aches. which resolved 
quickly. There were no severe pains of the spine or pelvis. 
During those 18 months, the patient was treated 14 times. 

CASES 

A 54-year-old man presented with the primary complaint of 
pain on the lateral side of the knee on climbing stairs. He gave 
no other significant history. 

Examination 

All tests of the knee joint were normal. Testing of the 
muscles from the foot revealed a weak anterior tibialis muscle. 
Palpation revealed a hypertonic peroneus longus muscle. 
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Further testing showed bilateral weakness of the gluteus 
maximus. 

During the examination. the patient was asked whether he 
had ever had prostate or urethral problems (these would relate 
to the weak gluteus maximus and anterior tibialis muscles). He 
admined to a recent biopsy of the prostate (nonmalignant) and 
to urinating an average of 42 times per day. 

Diagnosis 

The lateral left knee pain was produced by a hypertonic 
peroneus muscle as a result of its reaction to an opposing ante
rior libialis muscle weakness. 

Treatment 

The peroneus longus muscle was stretched, and adjust
ments were made of all fixations of the foot. ankle, pelvis. and 
spine. Bennett's neurovascular dynamics renexes (see Appen
dix A) over the prostate were pcrfonned to reduce edema. At 
the end of the treatment, the anterior tibialis and gluteus maxi
mus muscles responded at nearly normal levels. The patient 
could step up as high as the table without pain in the lateral 
knee. He was instructed in how to apply external pressure to 
relieve prostatic congestion. 

Progress 

The patient was a visitor from anolher state and was in
structed to seek a chiropractor in his home state for further 
treatment. In correspondence 2 months after the one treatment, 
the patient reported that he had experienced no further knee 
pain. He was also continuing applicalion of external pressure, 
and urination was down to IOta 12 times per day. He had not, 
however, sought another chiropractor to continue treatment. 



Organic problems may produce many signs and symptoms, 
which may include interference with the normal function of 
specific muscles. Muscle weakness in the knee area should 
warn the examiner of at least the possibility of an organic 
problem. Questioning the patient about other signs and symp

toms either will make it mandatory to investigate further or 

will eliminate organic problems as a cause or as a contributor 
to the knee problem. 

Organ-muscle relationships are controversial. Therefore, 
before discussing the specific organ-muscle relationships of 
the knee, it is necessary to relate the author's opinion of the 

history and theory as well as of methods used to prove or dis
prove them clinically. 

The eartiest recorded signs of organ-muscle relationships 

appeared in drawings of Indian therapeutic yoga exercises. 
The positions used in therapeutic yoga applied pressure to or 

stretched specific muscles for each organic problem. The or

gan-muscle relationships introduced by George Goodheart in 

the 1960s show a striking similarity to those found in Yogic 

philosophy.'" 
With the introduction of muscle testing, goading of muscle 

origin and insertion, and organ-muscle relationships. the au

thor, using two other theories, set out to prove or disprove the 
organ-muscle theory clinically. To my knowledge, no studies 
have been done to prove or disprove the organ-muscle theory, 

the fixation-organ theory, or Benneu's neurovascular dynam

ics (NVD) theories. 
An explanation of the author's interpretation of each of the 

theories is necessary for the reader to follow the methods used. 

FIXA TION-ORGAN THEORY 

For many years, organic "places" have been taught as areas 

of fixation found by doctors of chiropractic to accompany or-

Appendix A 

Organic Problems and the Knee 
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ganic problems. Success in treatment of organic problems has 
been reported by various clinicians by adjusting the areas indi

cated. Palmer reported that by adjusting he had restored the 
hearing of a deaf person.' Thus the relationship of an organ to 

a place started from the beginning of chiropractic in 1895. 

Many technique proponents have related various areas of 
the spine as organic places. These include Biron et ai,' who 

referred to the centers and organic places in usc by many chi
ropractors of the time. The most prominent chiropractic sys

tem to propose organic places is the Meric system. 
The fixation level for an organ may vary from report to rc

port, but they are usually no morc than onc vertebra aparl. 

Variations of patient anatomy and methods of palpation may 
account for the differences. 

The following arc the levels of fixation and the organs re

lated to them as used by this author: 

• TI-2, heart 

• T3, lung 

• T4--5, gallbladder 

• T6-8, liver 

• 17-8, pancreas 

• T7-II, small intestine 

• T9, adrenals 

• T9-I I, kidney 

• T12-LI, iliocecal valve and appendix 

• L-5, uterus or prostate 

Even though there are areas of overlap in the list above, per
sistent fixation in the area should alert the practitioner to in
vestigate the possibility of organic problems associated with 

the area. Further investigation may be necessary to prove that 
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the fixation is from organic causes and not a structural fault 

missed during the examination. 

All methods of palpation are fraught with the variables of 
patient reaction and the examiner's experience and ability. 
The author prefers palpation of the thoracic and lumbar spine 

in the supine, non-wcight-bearing position for greater accu
racy. The distortions and stresses of the prone position for 

static palpation and the weight-bearing problems in Illotion 
palpation interfere with accuracy (see Appendix B for a com
parison). 

NEUROVASCULAR DYNAMICS 

Terrence Bennett, DC, established renex areas that he felt 
related to each organ of the body and claimed success in some 
organic problems by using the reflexes as Lrealmenl points.4 

On the front (Figure A-I) the renex points are either over 

the location of the organ or over what Bennell claimed was a 
renex from the organ (or valve). The renex points on the back 

(Figure A-2) are fell as a tight muscle and are usually sensi

tive to the patient when palpated. Some of the posterior points 

coincide with the fixation places. If nothing else had ever 
corne from Bennett's work, the location of the reflex points 

alone is helpful in diagnosing possible organic problems. 
Treatment consists of passive contacts of the two reflexes. 

With the patient supine, use the right hand and palpate the ab

dominal area corresponding to the organ that is associated 

with the area of persistent fixation. With the left hand, contact 
the area related to the organ along the transverse processes and 

simply hold. In the author's opinion, this technique helps 
greatly in decongesting the organ or relaxing the sphincter. 

The author has helped many patients with known organic 
problems with the use of NVD as an adjunct to adjustive pro

cedures. All renex techniques should be used only after an 
adjustment when possible. 

Along with the organic place, NVD should be taught as an 

integral part of diagnosis. 

ORGAN-MUSCLE RELATIONSHIPS 

Chapman, an osteopath, found that patients with organic 

problems usually had related sensitive areas, one next to the 

spine and one on the anterior part of the body (generally dif
ferent from the NVD areas)' Chapman claimed success in 

treating organic problems by stimulation of the renexes by 
goading. 

Goodheart introduced to the profession the importance of 
muscle balance and function as a part of diagnosis and treat

ment. He found that patients with known organic problems 
also had specific muscles that tested weak. He also found that 
stimulation of the renex areas located by Chapman for the 
same organ many limes resulted in an increase in muscle 
strength, hence the organ-muscle relationship. 
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Figure A-I Anlerior renexes. 1, internal rectal sphincter; 2, 
iliocceal valve: 3, appendix; 4, small intestine; 5, pyloric valve; 6, 
pancreas head; 7. gallbladder; 8. urethra: 9. bladder/prostate; 10. ova
ries; II. kidney; 12. uterus. 
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Figure A-2 Posterior contact areas. 1. internal rectal sphincter: 2. 
iliocecal valve; 3. appendix; 4, small inlcstine: 5, pyloric valve; 6. 
pancreas head; 7, gallbladdcr: 8. urethra; 9. bladder/prostate; 10. ova
ries; 11. kidney; 12. uterus. 



With further tesling, Goodheart found that in the presence 
of organic problems the reflexes would be present and the 
muscle would be inhibited from normal function. If the muscle 
was injured. however, organic function was not affected. He 
theorized that the common denominator is that the reflex, 

when stimulated, improves the lymphatic drainage in both Ihe 
organ and the muscle, hence the tenn Ileuroiymphatic reflexes 
used in applied kinesiology. 

NOTE: The above is the author's interpretation of the work 
of Ben nell, Chapman, and Goodheart and does not necessarily 
renect the theories as originally presented. In the aHempt to 

prove or disprove Ihe theory, Ihe neurolymphatic reflexes 
were not considered, only the muscle weakness, the fixation, 
and the NVD renexes. 

METHODOLOGY 

To prove or disprove the organ-muscle relationship. it was 
necessary also to prove or disprove the fixation and NVD 
theories. Several Ihings had to be considered: 

• If a patient with organic symptoms presents with a 
muscle weakness, will the fixation be prescnt? Will the 
NVD reflex be present? 

• If a fixation is persistent and other postural and func
tional faults have been corrected, will the muscle related 
to the organ that is related lO the fixation be weak? 

• If distortions in the posture can be related to one muscle 
or muscle group, will investigation find that the fixation 
is present? With further investigation, will the patient 
have clinical or subelinical symptoms of organic prob
lems? 

• If a muscle is inhibited from functioning because of an 
organ dysfunclion, will Ihe muscle respond if the NVD 

reflexes are used? 

• If a muscle is inhibited from functioning as a result of an 
organ dysfunction, will the muscle respond by adjusting 
the fixation? 

Several methods were used La find the answers. First, stu

dents in several postgraduale classes were instructed to dine 
on spicy Mexican or Italian food for lunch. Upon their return, 
all the muscles related to digestion were tested and retested 

during the 3 hours after the meal. 
This was not a scientific study; both the subjects and the 

examiner were aware of the test. Each time this method was 

used, however, the majority of the muscles thal presented 
weak corresponded with the organ required to function during 
digestion. As the 3 hours passed, the muscles associated with 
the stomach returned to nonnal, and those associated with the 
pancreas, small intestine, and so forth progressively weakened 
and then returned to normal. Therefore, it would seem reason
able Ihal, if the muscle is inhibited when the organ is over
worked, it should be affected during any dysfunction. 
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Second, all patients with known diagnosed organic symp
toms were checked for fixalion, NVD renexes, and muscle 
weakness. Fixations were found in the majority of the cases 
with proven (by ultrasound, radiograph, or com pUled 

tomography) organ problems. In several cases where fixations 
were not present, investigation proved the original diagnosis 

to be incorrect with the new diagnosis later confirmed by sur

gery. 
The NVD reflexes were present in most proven organic 

cases. One exception was the presence of stones in the gall
bladder. The renex was not always presenl without symptoms. 

A reasonable explanation is that. where stones are present and 
are not blocking the duct, the reflex would nOl be triggered. 
Gallstones are present in many individuals who have never 

experienced symptoms. 
The muscles were affected in almost all the proven organ 

problems. In the majority of the proven organic cases, the fixa

tion, the NVD renex, and the muscle inhibition were all 
present. 

Third, patients who presented with persistent fixations in an 

area related to an organ were investigated as thoroughly as 
possible for other structural faults and, if these were persistent, 
were investigated for organic problems. The number of clini
cal and subclinical problems found was great enough to justify 
the use of persistent fixation as a major sign of organic dis
ease. Some patients without obvious signs and symptoms lim
ited this investigation. The patients could not ethically be re
ferred for investigation without justification. Of course, some 
persislent fixalions could have been, and probably were, com
pensatory for problems not found in the examination. 

One procedure used on several occasions with bolh students 
and doctors of chiropractic in workshops is appropriate for 
this text because it involved the knee. Without explanation, 
the subjects were instructed to examine each other in the erect 

posture to identify those with nexion-hyperextension of the 
knees and then to examine each other in the supine posture 

'with the legs relaxed and suspended by the heels 10 identify 
those with flexion-hyperextension without weight bearing. 
Those with bilateral hyperextension were eliminated from the 
lest. Using only those with unilateral hyperextended knees (27 

subjects), the examiners were instructed to test the popliteus 
muscles bilaterally. Of the hyperextended knees, 96% tested 
weak compared with the opposite knee (the majorilY of weak 

muscles were on the left side). Careful palpation in the supine 
position found fixations at T4-5 in all cases. 

In two groups the aULhor adjusted each patient in the supine 
position, and in two groups the patients were adjusted by the 
examiners; both groups had similar results. Upon reexamina
lion, both the weakness and the hyperextension were elimi
nated in 77% of those adjusted. Of the remainder, six re
sponded when NVD was used. One failed to respond; he 
reported that he had recenlly had an injury to the knee. 

One can only conclude that, if the gallbladder is under 
stress, a fixation will be present at T4-5, the popliteus muscle 
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will test weak, the affected knee will be hyperextended, and 

the NVD renexes will be presenl. 

By adjusting the T4-5 fixation, a response may be expeeted 

by the weak popliteus muscle (there is no direct neurologic 

explanation) most of the time. Use of the NVD renex (pas

sive) after all else fails may produce improved function of the 

popliteus muscle (again, there is no neurologic explanation) 

and possibly will help gallbladder function. 

The value of the above testing is proven often. When an 

examination reveals a hypcrextcnded knee, a light, sensitive 

area is usually present under the right rib cage, and a persistent 

T4-5 fixation is presenl. Inquiry into symptoms of gallbladder 

dysfunction many times surprises patients because they usu

ally do not believe that a relationship exists between the gall

bladder symptoms and their structural problems. With the use 

of organ-muscle relationships and subsequent investigation 

into the organ problems, the treatment program will be im

proved. 

OPINION 

Nothing is absolute. Each renex, fixation, and muscle test 

requires judgment on the examiner's part to del.ennine the re

nex, the degree of fixation, and/or the loss of nom]al strength. 

Accuracy again depends on the experience and ability of the 

examiner. To cloud the issue further, patient reaction varies 
from individual to individual. 

Most signs and symptoms accepted by the medical commu

nity also require this kind of judgment on the part of the exam

iner. One study in Australia (where there is socialized medi

cine and one might expect fewer needless surgeries) showed 

that only 57% of the appendices removed from female patients 
were pathologic. Other studies in California showed even a 

lower percentage of accuracy.' The accepted signs and symp

toms of nausea, elevated temperature. rebound over 

McBurney's point, and elevated white cell count were the cri

teria used to determine the necessity for surgery. 

If the area of fixation (T-12 and L-19) had been checked. if 

the NVD points had been palpated and found sensitive. and if 

the quadratus lumborum muscle had been tested and found 
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lacking in its normal strength. could needless surgery have 

been prevented? Would the percentage of pathologic appendi

ces be higher? No one can answer those questions after the 

facl. If the examiner has the advantage of the additional signs 

and symptoms provided by the fixation. NVD. and organ

muscle relationships. however, the diagnosis must certainly be 

more accurate. 

There definitely is validity to the existence of an organic 

place. and it should be taught in palpation and examination 

and as a pari of diagnosis in addition to accepted diagnostic 

signs and symptoms. NVD renexes arc valuable in the diagno

sis and treatment of organic problems and should be taught as 
a pari of diagnosis as well as technique. The organ-muscle 

relationship is sufficiently correct 10 include it as onc of the 

signs and symptoms of organic disease and as pari of struc
tural analysis. 

Using the three theories as a cross-check, I concluded that 

some of the muscles proposed by applied kinesiologists 

proved clinically incorrect, although the majority proved cor

rect. Only those proven correct are used in this text (ie. 

popliteus/galibladderlT4-5 and quadriceps femoris/small in

testinelT7-II). Most of the NVD points coincided with the 

affected muscles and fixations. The fixations were found to be 

consistently correct in known. proven organic problems. 

None of the above is intended to endorse applied kinesiol

ogy or to discredit it. The neurolymphatic reflexes were nOI 
used as a part of the tests because my intention was to cross

check NVD. Therefore. the validity of treatment through the 

use of the neurolymphatic renexes was not a consideration. 

A knowledge of normal muscle function is necessary to en

able the examiner to detect malfunction and/or distortion. De

tennining the cause requires investigation and should include 

orthopedic testing. neurologic testing. palpation for fixations. 

muscle testing, and testing of all the renexes known to be 

helpful in arriving at a correct diagnosis. 
The use of organ-muscle relationships, fixation, and NVD 

reflexes helps in detennining that an organic problem exists, 

pinpointing the organ involved and adding 10 existing ac

cepted medical diagnostic signs and symptoms. Their use can 

only enhance the diagnostic ability of our profession. 
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Several studies have been conducted to detennine inlcr

examiner reliability in palpation. Both static palpation and 

motion palpation present variables that interfere with reliabil

ity. 

I used static palpation and, later, motion palpation as taught 

for many years. I found a more reliable method, however, that 

I call passive 1II0tioll palpatioll (for lack of a beller term). It is 

a quicker and far more accurate method of palpation. 

Although this text is primarily about the knee, the inclusion 
of organ problems makes it necessary to refer to palpation of 

the thoracic and lumbar spine. Before discussing passive mo

tion palpation, a review and critique of static and motion pal

pation are necessary. 

STATIC PALPATION 

Static palpation is usually performed in the prone position. 

This position is convenient because the back may be observed 

for lesions, muscle bulging, scoliosis, dryness of the skin, and 

temperature alterations. 

The negative aspect of the prone position is that the rib cage 

is depressed in the front, innuencing greatly the rib angle and 

the transverse process articulation in the thoracic area. The 

position with the anns suspended forward (toward the noor) 
stretches the rhomboid and middle trapezius muscles, allow

ing the scapulae to move laterally and anteriorly around the rib 
cage. With stretching of the major muscles that secure the 

scapulae toward the spine, the costovertebral articulation is 
placed under stress. The stress either causes a reaction of or 

stretches the levator costarum muscles that secure the rib cage 

to the transverse processes of the vertebrae. All the above in

terfere with the accuracy of palpation. The prone position also 
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Palpation 

produces an anterior rotation of the pelvis and an increase in 

the lordotic curve of the lumbar spine, which interfere with 

palpation accuracy of the sacroiliac, lumbosacral, lumbar, and 

lower thoracic articulations. 

MOTION PALPATION 

One of the great pioneers of our profession. Henri Gillet, 

DC, developed the type of motion palpation that is currently in 

use.' When performed, it renects the mobility or lack of mo

bility of the spinal segments in the sitting position and is an 

excellent screening technique. 
Motion palpation in the sitting position. however. is not 

without its variables (as shown in several studies), depending 
upon the body being palpated. In the silling position the length 

of the psoas muscles is reduced with nexion of the hip joint. 

Psoas innuence is altered greatly from the erect posture to sit

ting. If a bilaterally short, hypertonic, or elongated psoas ex

ists, the change would of course be even greater. If an imbal

ance of the psoas muscles exists, sitting may reveal a nonnal 

lumbar spine and no compensatory reaction of the muscles of 

the lower thoracic spine. On standing. however. the true prob

lem is revealed. 

In the presence of a stretched and/or weak quadratus 

lumborum muscle (invariably found on the side of an ana

tomic short leg of ,/, in or more), the paraspinal muscles are 

imbalanced. This would also include the iliocostalis lumbor

urn and compensation to allow the erect posture to be main

tained. 
In the seated position the pelvis is level. but an elongated 

quadratus muscle may exist on one side. The elongated 

quadratus lumborum muscle allows elevation of rib 12 on that 
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side and, through the intercostal structures, may allow the en

lire rib cage on that side (0 elevate. It also allows the transverse 
proccsses of L-I, L-2, L-3, and sometimes L-4 to elevate 
(some ilia arc at the level of the L-4 spinous process and there
fore would allow lateral narc of the ilia or shifting to the oppo
site side of L-4, producing a lumbar scoliosis). With a lumbar 
scoliosis and an elevated rib cage, many reactions must occur 
to compensate for the imbalance imposed on the spine. 

In the presence of facet syndrome in the lumbar spine with 

innammation and edema, weight bearing usually produces re
action and pain. This reaction produces an imbalance in the 

lumbar spine, again with compensatory reactions throughout 

the rest of the spine. 
Any time weight bearing is involved, any distortion, imbal

ance, or weakness becomes a major factor in palpation of the 

structures involved. Palpation by one examiner of structures 
that are reactive may alter onc segment and trigger reactions 

that of course would aher the findings of a second examiner. 

PASSrvE MOTION PALPATION 

Passive motion palpation is performed in the supine posi
tion. No method of palpation is without its naws, but palpating 
the patient in the supine position eliminates the compression 

orthe rib cage, the rotation of the pelvis, the restrictions on the 
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transverse process-rib articulation, and all thc weight-bearing 
problems of the sitting position. h also provides an opponu
nity to palpate the body in a posture that is as close as possible 
to the erect posture without weight bearing. 

Passive motion palpation is performed with the patient 
placed in the supine position with the arms across the chest. 

With the back of the examiner's metacarpals on the tablc, 
pressure may be applied to the tissues with finger pressure. 
This is accomplished by stiffening the fingers, hand, and wrist, 

using the metacarpophalangeal joints as a fulcrum. With the 
fingers under the spine, palpation is helped by lowering the 

examiner's weight and applying pressure through the amls on 

the spine. 
Staning with T-12, bilateral contact on the transverse proc

esses may be made, and amerior glide may be checked. By 
moving to T-II with onc contact while maintaining contact on 
the opposite T-12, motion between the two may be checked. 

The process is then reversed. Oblique mobility may be 
checked by springing the superior contact superiorly and the 

inferior contact inferiorly. As palpation progresses up the 
spine, each segment is palpated. The author uses this method 

of palpation from the lumbosacral articulation to as high as 
T-3. 

This is not intended to belittle static or motion palpation. 

Each has its place and time when it is preferred, but for accu
racy passive Illation palpation is the more reliable method. 
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gluteus maximus muscle, 143 
gracilis muscle. 152-153 
hamstring muscle. 150. 151 
lateral hip rotator muscle. 143-J 44 
lordotic lumbar syndrome, 140-142 
popliteus muscle. 149-150. 151 
quadriceps femoris. 144-148 
sartorius muscle. 152-153 
triceps surae musc!c, 151-152 
vastus medialis. 144-148 

Exostosis. 86-87 
Extension. 10-12 

Fabella, 66-67 
Femoral angle, 65 
Femoral condyle position, 65. 67 
Femoral triangle. 69 
Femorotibial dislocation. 73 
Femorotibial jOint space. 65 
Femur. 1-2 
Femur fracture. 72 
Fibrous cortical defect. 87-88 
Fibroxanthoma. 87-88 
Fibula fixation, 45-48 
Fibula fracture. 72 
Fibula·tibia articulation. 14 
Fibular collateral ligament. 5 
Fixation. 43-48 
Fixation artifact. 72 
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anterior ligament, 10 
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lateral meniscus. 10 
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muscle. 8-10 
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Funclional lesting. 19-21 
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Gallbladder, 114, 115 
Ganglion cyst. 83 
Garre's sclerosing osteomyelitis, 93 
Gastrocnemius muscle. muscle testing. 56-57, 58 
Giant celliumor. 89 
Gluteus maximus muscle. exercises. 111. 112. 143 
Gracilis muscle 

exercise, 152-153 
muscle testing, 52 
palpation. 29-30 

Grinding test. 42 
Growth arrest line. 67-68 

Hamstring muscle 
exercise. 150. 151 
stretch. 150-151. 152 
testing. 55-56. 57 
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Heterotopic ossification, 74-75 
Housemaid's knee. 81-82 
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lIiOlibial tract 

muscle testing. 54-55 
palpation. 31 

Imaging. 59-97 
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infection. 92-94 
metabolic disorder, 94-97 
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trauma. 70-77 
vascular disorder, 90-92 
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Inferior fibula head fixation. adjuslivc tcchniques. 106-107 
Isotopic bone scan. 62�3 

applications, 62-63 
technique, 62 

Knee 
active nexion. 37 
anatomic short. 112 
anatomy. 1-14 
functional anatomy, 8-14 
measurements. 63-66 

K 

muscle attachments. 7-8 
neurologic considerations. 41-42 
passive nexion. 37-38 
passive hyperextension. 112-113 
self-evaluation. 24 

Knee dislocation, 73 

L 

Lachman's tcst, medio1atcral joint. 35 
Larsen·Johansson disease. 130 
Lateral collateral ligament. 5, 129 

palpation. 31-32 
L.1Ieral hip rotator muscle. exercise. 143-144 
Lateral meniscus 

nexion,10 
palpation. 39 

Lateral meniscus entrapment. adjustive techniques. 108 
Lateral patellar displacement. 64 



Laleral palellofemoral angle. 63. 64 
LmcraJ patclJofemoral joint index. 63--64 
Lateral tibia fixation on femur. adjustivc techniques, 

103-104 
Lateral tibial subluxation. 64 
Laleral lrochlear groove. pal pal ion. 24 
Lalerally rotaled femur. 113-114 
Laterally rolated tibia fixation. 44 

palpation. 26. 44. 45 
Laterally rotated tibia on femur 

adjustive techniques. 99-103 
conlraindicalions. 100 
precautions. 100 
signs and symptoms. 99 
lests. 99-100 

Leg. anatomic short. 112 
Ligament. 3-6 

mild sprains. 133-134 
moderate sprains. 134 
severe sprains, 134-135 

Ligamentous injury, 73-74 
Lordosis exercise. 111. 112 
Lordotic lumbar syndrome. 109. 110 

exercise. 140-142 
Lower leg. rotntlon, 38 
Ludlofrs neck. 69 

Magnetic resonance imaging, 62 
applications. 62 
technique. 62 

Malallgnment. 71 

M 

Malignant endothelioma. 85-86 
Maric.Bambcrger syndrome. 82-83 
Medial collateral ligament. 5 

palpation. 28 
Medial meniscus 

nexion. 10 
palpation. 39. 40 

Medial meniscus entrapment, adjustive tcchniques. 107-108 
Medial rotation of tibia fixation. 36. 44 

Medial tibia fixation on femur. adjustive techniques. 104-105 
Medial trochlear groove. palpation. 25 
Medially rotated femur. 109-111 
Medially rotated tibia on femur. adjustive techniques, 103 
Mediolateral fixation. 45. 46 
Mediolateral joint 

anterior drawer test. 34-35 
L1chman's test. 35 
lateral joint stability test. 33 
Interal rotation instability. 35 
medial joint stability test. 33-34 
medial rotation instability. 35-36 
posterior drawer lest. 34 
stability. 33-41 

Mcniscal cyst. 83 
Meniscus. 2-3 
Meniscus lear. 75-76.135-136 

McMurray's lest. 39-41 
symptoms. 135-136 
treatment. 136 

Metabolic disorder. imaging. 94-97 
Metastatic carcinoma. 86 
Motion palpation. 163-164 
Muscle. nexion. 8-10 
Muscle balance. 57-58 
Muscle strenglh grading, 49-51 
Muscle testing. 49-58 

gastrocnemius muscle. 56-57. 58 
gracilis muscle. 52 
hamstring, 55-56. 57 
iliotibial tract. 54-55 
plantaris muscle. 56-57. 58 
popliteus muscle. 53-54 
quadriceps femoris, 51-52 
sanorius muscle. 52-53 

Myosilis ossificans. 71-72. 74-75 

Neoplasm. imaging. 83-90 
Neurovascular dynamics. 160 
Nonossifying fibroma. 87-88 

Observation. 16-19 
anlerior.18-19 
calcaneus pronation. 17 
knee fold height, 17 
posterior. 17-18 
standing. 16-17 
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o 

unilateral nexion·extension of the knee. 17-18 
valgus knee. 18 
varus knee. lS--I 9 

Organ.muscle relationships. 160-161 
Organic problem. 159-162 
Ol1hoties. 114 
Osgood-Schlaner disease. 76. 129-130 
Osteitis deformans. 94-97 
Osteoal1hrilis.78-79 
Osteochondritis dissecans. 77. 78. 133 

diagnosis. 133 
etiology. 133 
symploms. 133 
treatment. 133 

Osteochondroma. 86-87 
Osteochondromatosis. 81 
Osteoclasloma. 89 
Osteopenia. 94. 95 
Osteoporosis. 71. 94. 95 
Osteosarcoma. 83-84, 85 
Overuse problem. 128-130 

Paget's disease. 94-97 
Palpation. 44. 163-164 

adduClor lubercle. 26-27 
anterior joint. 25 
biceps femoris, 32 
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gracilis muscle. 29-30 

iliotibial tract, 31 
lateral collatcrnl ligament. 31-32 
lateral meniscus, 39 

Ialcral trochlcar groove. 24 
laterally rotated tibia fixalion. 26, 44. 45 

medial collatcral ligamcnt, 28 
medial meniscus. 39. 40 

medial lrochlcar groove. 25 
palCliar ligament. 22 

pes anscrinus. 28-30 
popliteus muscle insertion, 30 

popliteus tendon. 32 

quadriceps femoris. 21-22 

sanorius muscle, 28-29 

semimembranosus muscle. 30 

semitendinosus muscle. 30 
tibial lubcrcle. 22 
vastus medialis, oblique fibers. 27-28 

Park's line. 67-68 

Passive hyperextension lcst. 36-37 
Passive molion palpation. 164 

Patella. 1-2 
do"al defect. 66-67 

lateral displacement, 23-24 

medial displacement, 23 
position, 63-64 
segmented. 68 

vertical alignment, 63 

Patella apex. 63 
Patella apophysitis. 76-77 

Patella fracture. 72-73 

Patellar dislocation. 125-128 
Patellar ligament. 6 

palpation, 22 
Patcllofemoral dislocation. 73 
Patient history. 15-16 

Pes anserinus. palpation. 28-30 
Pigmented villonodular synovitis. 89-90 
Pirifonnis muscle. exercises. Il l .  112 

Plain film radiography. 59-62 
alternative palcllofemoral joint views. 61 
anteroposterior intercondylar (lunncl) view. 60 

anteroposterior view, 59-60 

lateral view. 60-61 

minimum study, 59 

patellofemoral view, 61 

stress view. 61-62 
technical considerations. 59 

Plantaris muscle. muscle testing. 56-57. 58 
Popliteus groove. 69 

Popliteus muscle 
exercise. 149-150. 151 
muscle testing. 53-54 
testing. 37 

Popliteus muscle insertion. palpation. 30 
Popliteus tcndon. 129 

palpation, 32 

Posterior crucialc ligament. 3 

Posterior drawer test. mcdiolateral joint. 34 
Posterior fibula head fixation. adjustivc tcchniqucs. lOS, 106 

Postcrior tibia fixation on femur. adjuslive techniques. 103-104 

Postsurgical problem. 136-137 

Postural strain. 109-114 

Pronated foot. 113. 114 

Pseudo·osteochondritis dissecans. 69. 70 

Pseudogout. 80-81 
Pseudomalignant myositis ossificans. 74-75 
Pseudopcriostitis. 70. 71 

Q angle. 109. 110 

Quadriceps femoris 
exercise. 144-148 
muscle testing. 51-52 

palpation. 21-22 

stretch. 148-149 
weakness testing. 41 

Rheumatoid anhritis, 79-80 
Rotation. 12-14 

Sagittal instability. 65-66. 67 

Sanorius muscle 
exercise, 152-153 
muscle testing. 52-53 
palpation. 28-29 

Segond's fracture. 72 
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Semimembranosus muscle. palpation. 30 
Semitendinosus muscle. palpation. 30 
Septic anhritis. 93-94 
Sinding.Larsen·Johansson disease, 76-77 
Skeletal sepsis. 92-93 
Spontaneous ostconecrosis of knee. 90-91 
Static palpation. 163 

Strain. 115-128 
classified, 115 
mild. 115-122 

examination. 115-116 

restoration to normal function. 118-122 
treatment modalities. 116 

treatment of specific conditions. 116-118 
moderate. 122-125 
severe. 125-128 

Stress fracture. 73 

Stretch. 139-153 
hamstring muscle. 150-151. 152 
quadriceps fcmoris. 148-149 
vastus medialis. 148-149 

Subluxation. See also Fixation 
definition, 43 

Sulcus angle. 63 
Superior fibula head fixation. adjustive tcchniques. 106 

Superior patella fixation. adjustive techniques. 106-107 



Supracondylar fracturc. 72 

Synovial sarcoma. 85 
Synoviochondromctaplasia, 81 

Tendinitis. 128-130 
Tibia. 1-2 

laterally rotated fixation. 26 

rotation. 38-39 
Tibia fraclure. 72 
Tibial angle. 65. 66 

Tibial collateral ligamenl. 5 

Tibial eminence fracture. 72 
Tibial plateau angle. 65. 66 

Tibial plateau fracture. 72 
Tibial lubercle. palpation. 22 
Tibial tuberosity. 69 

T 

Tibial lubcrosily avulsion. 72 

Tibiofibular dislocation. 73 
Transverse ligament. nexion. 10 
Trauma. 51 

imaging. 70-77 

Triceps surae muscle. exercise. 151-152 

v 

Vacuum phenomenon. 69 
Valgus knee. observation. 18 

Varus knee. observalion. 18-19 

Varus-valgus angulalion. 64 

Vascular disorder, imaging. 90-92 
Vastus medialis 

exercise. 144-148 
palpation. oblique fibers. 27-28 
stretch. 148-149 
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