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Once again I am pleasantly surprised by the 

several volume series Diagnosis and Treat

ment of the Spine, Diagnosis and Treat

ment of the Lower Extremities, and Di

agnosis and Treatment of the Upper 

Extremities by Dos Winkel. Practical infor

mation has been assembled for the health 

care professional in an ideal combination of 

extensive but conveniently organized subject 

matter and thorough but easy-to-read discus

sion of various topics. Basic data regarding 

functional anatomy and biomechanics, fol

lowed by thorough descriptions of the clinical 

examination and thorough discussions of pa

thology and treatment, make these volumes 

essential reference books that deserve a place 

in every medical library. Moreover, the most 

recent diagnostic techniques are illustrated 

in every volume. 
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Foreword 

During our many years of working to

gether, I have gotten to know and appreciate 

Dos Winkel as an extremely qualified clinician 

with an analytical mind, which is evident in 

his approach to clinical problems, during his 

frequent seminars, and from his many publi

cations and books. I also recognize a friend in 

Dos Winkel, for whom the writing of this pref

ace is an expression of thanks for our fascinat

ing, cooperative working relationship with 

the orthopedic patient. 

Marc Martens, MD, PhD 

Professor and Chief of Orthopedics 

O.L.V. Middelares Hospital 

Deurne, Belgium 

Consultant Orthopedist 

University Hospital 

Antwerp, Belgium 
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Orthopedic medicine is a medical specialty 

that has gone through enormous changes 

during past decades. Research is being con

ducted worldwide in the various fields of 

movement science. This research includes 

arthrokinematics and dynamic electromyo

graphy, often with the aid of motion pictures. 

Because of such research, the causes of many 

disorders have become increasingly appar

ent, thus facilitating a more causal approach 

in the treatment of patients. A direct conse

quence of this is the decrease in the use of 

injection therapy, arthroscopy, and other sur

gical procedures. The opposite impression is 

gained, however, when one is dealing with 

patients' histories. 

I am very grateful to Valerie Phelps, PT, 

Director of the American Academy of Ortho

pedic Medicine, for the translation of this se

ries of books. This was a monumental task, 

which she performed with excellence. I am 

grateful to her as well, and to Omer 

Matthijs, PT, for having updated this series 

of books from both the Dutch and German 

versions. Omer Matthijs has for years been 

one of my closest coworkers and collabora

tors, as well as a most excellent practitioner 

and teacher. 

ix 

Preface 

In recognition of the fact that improve

ments in the field are constantly being made, 

it is necessary to provide updated information 

as well as hands-on practice via a series of 

instructional courses designed around the 

techniques described in these books. There

fore, in addition to individual use, this series 

of books supports and provides source mate

rial for instructional courses organized by the 

American Academy of Orthopedic Medicine, 

Inc. For information about these courses, call 

1-800-AAOM-305 (1-800-226-6305). 

I hope that this series of books will improve 

the effectiveness of practitioners in diagnoses 

and providing the appropriate treatment 

techniques. To everyone who will use these 

books, I hope you enjoy great success in using 

this knowledge and these techniques to the 

benefit of your patients. We look forward to 

hearing all remarks and considerations that 

could lead to further improvement of the text. 

Dos Winkel 

Bonaire (Dutch Antilles) 
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Every day, physicians and physiotherapists 

see a number of patients disabled by a lesion 

in the sphere of orthopedic medicine. Sooner 

or later, in the course of our lives, all of us 

suffer from nonsurgical disorders of the mov

ing parts, be it, for example, a stiff shoulder or 

neck, lumbago, or a sprained knee. In these 

cases an exact diagnosis may be difficult to 

reach because referred pain and referred ten

derness divert attention from the actual site 

of the lesion. The absence of objective signs 

puts physicians off, and misleading radio

graphic appearances add to the confusion. 

What the clinician needs is a quick and 

simple way to examine patients whereby the 

tissue at fault can be identified with precision. 

This is exactly what this book offers. The 

method that it advocates is selective tension. 

Tension is applied in different ways to each 

separate structure from which the symptom 

could originate. Aiter such an examination is 

adequately performed and correlated with a 

full and accurate history, exact localization is 

seldom difficult. The pattern of movements 

elicited by this means is interpreted on the 

basis of functional anatomy, and the site of 

the lesion is singled out. 

Dos Winkle has pioneered this work in Hol

land. His summary of the theory of this ap-

xiii 

Introduction 

proach to pain and the discussions of possible 

findings in this book greatly facilitate one's 

arrival at a precise diagnosis. Treatment can 

now be formulated on factual grounds, often 

with rapid success, even in cases hitherto re

garded as intractable. This method of diagno

sis also identifies patients with emotional 

problems that have been projected to their 

moving parts. This detection avoids waste of 

their own and physiotherapists' time in treat

ing the wrong tissue. 

All Dos Winkel's colleagues will be grateful 

to him for publishing this concise account of 

the fundamental approach to diagnosis. I rec

ommend this book to all professionals facing 

problems in orthopedic medicine. He imparts, 

to physicians no less than to physiotherapists, 

new, essential knowledge-for which no sub

stitute exists-about the proper attitude to 

the many soft tissue lesions that they encoun

ter so often. 

James Cyriax 

Editor's Note: This originally appeared as the 
Foreword in Soft Tissue Affections of the Muscu
loskeletal System, Part 2, Diagnostic, in 1984. 
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Chapter 1 

Functional Anatomy of the Hip 

Like the shoulder, the hip is a good ex

ample of a ball-and-socket joint. Much recent 

consideration has been given to both the 

anatomy and biomechanics of the hip joint. 

This emphasis is due to the increasing popu

larity of surgical procedures in which parts of 

the joint are replaced. These considerations 

are also important for the nonsurgical clini

cian because, just as in the knee, the hip joint 

can present the clinician with many different 

symptoms caused by a variety of degenera

tive cartilage conditions. 

JOINT MORPHOLOGY 

Bony Structures 

The joint is formed by the acetabulum, as 

the socket, and the head of the femur, as the 

ball. Although at first glance the head of the 

femur appears to be a true spheroid in struc

ture, upon closer examination it is seen to be 

more ellipsoid. The head is completely cov

ered with hyaline cartilage, with the excep

tion of the recess, where the ligament of the 

head of the femur is found. 

The acetabulum is not entirely covered 

with cartilage. There is an incomplete carti

lage ring, the facies lunata, with a "pillow" of 

fat in the middle. The socket of the hip joint is 

extended by the acetabular labrum, which is 

similar to the glenoid cavity in the shoulder 

joint (Figure 1-1). 
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Capsuloligamentous Structures 

The hip joint is surrounded by a thick, fi

brous membrane. This fibrous capsule is rein

forced by a number of strong ligaments. The 

capsule is thicker at its proximal and anterior 

aspects than at the distal and posterior as

pects. 

At the hip joint, five ligaments can be dis

tinguished: four capsular and one intra

capsular (the ligament of the head of the fe

mur; Figures 1-2 and 1-3). The deepest lying 

ligament is called the orbicular zone and con-

Figure 1-1 Acetabulum of the right hip joint. 
1, Acetabular fossa; 2, facies lunata; 3, acetabu
lar labrum; 4, ligament of the head of the femur' 
5, transverse ligament of the acetabulum: 
6, iliofemoral ligament. 

' 



Figure 1-2 Anterior ligaments of the hip joint. 
1, Iliofemoral ligament; 2, pubofemoral ligament; 
3, acetabular labrum; 4, greater trochanter. 

Figure 1-3 Posterior ligaments of the hip joint. 
1, Ischiofemoral ligament; 2, orbicular zone; 
3, iliofemoral ligament, lateral part; 4, ischial tu
berosity; 5, acetabular labrum. 
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sists of circular running fibers that form a sort 

of collar around the neck of the femur. This 

ligament, lying on the synovial membrane, 

does not have a direct attachment to bone. It 

has a firm connection with the pubofemoral 

and ischiofemoral ligaments, however. 

The iliofemoral ligament is triangular in 

shape and actually consists of two parts, 

which together have the form of a Y. This liga

ment is considered the strongest ligament in 

the human body. The pubofemoral ligament, 

like the iliofemoral ligament, lies at the ante

rior aspect of the joint, but slightly more dis

tally. This ligament is also triangular in form. 

The ischiofemoral ligament is found at the 

posterior aspect of the joint and runs in a 

somewhat spiral course. 

The intracapsular ligament is the ligamen

tum capitis femoris, also called the ligament 

of the head of the femur. It runs from the cen

tral fossa, a recess in the middle of the femoral 

head, to the acetabulum, where it attaches in 

two slips. A blood vessel within this ligament, 

the acetabular ramus, runs from the posterior 

branch of the obturator artery. The ligament 

of the head of the femur is rather strong but is 

not thought to play any role in restricting hip 

motions. It becomes taut during combined 

movements of flexion and adduction. The dis

tribution of tension in the hip ligaments, con

sidering their course and attachments, is 

shown in Table 1-1. 

The synovial membrane is extensive and 

runs over part of the femoral neck. The syn

ovial cavity sometimes has a connection to 

the iliopectineal (psoas) bursa, which lies on 

the anterior side of the joint. 

Muscles 

The hip joint is a three-axis ball-and-socket 

joint; thus the movements can be interpreted 

as motions around three main axes. The ac

tive motions are guided by the muscles listed 

in Table 1-2; the major muscles are shown in 

Figure 1-4. 
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Table 1-1 Distribution of Tension in Hip Ligaments 

Movement Taut Relaxed 

Flexion All capsular ligaments 

Extension All capsular ligaments, especially the 
iliofemoral ligament, pars inferior 

Abduction Pubofemoral ligament, ischiofemoral Iliofemoral ligament 
ligament 

Adduction Iliofemoral ligament, pars superior Pubofemoral ligament, ischiofemoral 
ligament 

External rotation Iliofemoral ligament, pars superior; Ischiofemoral ligament 
pubofemoral ligament 

Internal rotation Ischiofemoral ligament 

Other Structures 

Bursae 

Around the hip joint, a number of clinically 

important bursae are found. First, there is the 

iliopectineal bursa (also called the psoas 

bursa) . The iliopsoas muscle runs from the 

vertebral column to the lesser trochanter 

and, in so doing, passes over the iliopubic 

eminence. At this eminence, the muscle 

makes an angle of approximately 30° as it 

courses in a dorsodistal direction. Movement 

in the hip joint creates friction at this site, 

which is neutralized through the iliopectineal 

bursa. From superior to inferior, the bursa 

can have a length of 6 to 7 cm; from medial to 

lateral, a width of 3 to 4 cm. It is not unusual 

for this bursa to have a surface area of 20 cmz. 

Sometimes the iliopectineal bursa has a con

nection to the joint cavity of the hip joint. 

The trochanteric bursa of the gluteus maxi

mus muscle lies on the greater trochanter, 

just underneath the gluteus maximus. This 

bursa is also rather large, with a surface area 

of 15 cmz. Its position varies with the position 

Pubofemoral ligament 

of the leg. With a gradual change in standing 

posture, when external rotation predomi

nates, the bursa, together with the tro

chanter, shifts posteriorly. 

The ischial bursa of the gluteus maximus 

muscle is found between the ischial tuberos

ity and the gluteus maximus. Another bursa is 

found between the insertions of the gluteus 

maximus and vastus lateralis of the quadri

ceps (at the level of the femoral attachment). 

Lateral Femoral Cutaneous 

Nerve 

The lateral femoral cutaneous nerve arises 

from the posterior branch of the ventral rami 

of the second and third lumbar nerves and 

runs distally along the edge of the iliopsoas 

muscle. It gives off branches to the parietal 

peritoneum and then runs underneath the 

inguinal ligament to the thigh. The nerve be

comes superficial approximately 10 cm distal 

to the inguinal ligament and provides sensory 

innervation to an oval section of skin at the 

lateral side of the thigh extending to the knee. 

At the site where the nerve runs through 

the inguinal canal, the nerve can be com-
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Table 1-2 Muscles Involved in Active Hip Movements 

Movement Muscles 

Flexion Psoas major, iliacus, rectus femoris, sartorius (assisted by adductor longus) 

Extension Gluteus maximus, hamstrings 

Abduction Gluteus medius and minimus, tensor fasciae latae, sartorius 

Adduction Adductor longus, adductor brevis, and adductor magnus; gracilis, pectineus 

External rotation Obturator internus and externus, gemelli, quadratus femoris, piriformis 

Internal rotation Tensor fasciae latae, gluteus medius and minimus (anterior fibers, assisted by 
adductor muscles) 

pressed as a result of various causes. Another 

clinically significant site where compression 

can occur is 1 to 2 cm medial to the anterior 

superior iliac spine. 

For other clinically important nerves, refer 

to Chapter 6. 

Biomechanics 

With regard to joint kinematics, it is impor

tant to keep in mind that the hip should be 

seen as part of a kinetic chain of which the 

pelvis and lumbar spine are also components. 

During movement in the hip joint, compensa

tory movements occur in the other parts of 

this chain as well. In addition, a number of 

muscles that influence the hip joint also run 

over the knee joint. 

In the hip, there is a large difference in 

range between passive and active motion. 

Active flexion of the hip with an extended 

knee amounts to approximately 90°. If the 

knee is flexed, active flexion is approximately 

120°. Passive flexion (eg, when the subject 

pulls the knee to the chest) amounts to about 

140°. Range of motion in extension is approxi

mately 15° to 20° when performed actively; 

passively, it is 30°. 

When abduction and adduction are de

scribed, use is made of a reference axis that 

divides the pelvis into equal left and right 

parts. Because of a tipping of the pelvis in the 

frontal plane, abduction almost always takes 

place in both hip joints simultaneously. The 

maximal amount of motion in this situation is 

approximately 45°. The maximal range of 

motion in the adduction direction is about 

30°, whereby adduction is combined with 

flexion or extension, and the pelvis and spine 

perform compensatory motions. 

The amount of motion of external and in

ternal rotation is described from the prone 

position with the hips straight and the knees 

in 90° flexion. From this position the available 

internal rotation is about 30°, and external 

rotation is approximately 60°. 

It should be clear that these values are av

erages coming from untrained subjects. In 

dancers, for instance, active abduction of 70° 

and passive abduction of 90° (splits) is not 

exceptional. In a split, a forward tilting of the 

pelvis also occurs, so that the movement is 

more of a flexion-abduction motion. 

The average range of motion during normal 

walking varies from approximately 40° flex

ion at the end of the swing phase to about 7° 

extension at the end of the stance phase.] The 

abduction is maximal just after toe-off and 

amounts to about 6°. The same degree of ad-
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Figure 1-4 Anterior hip (thigh) musculature. 
1, Anterior superior iliac spine; 2, pubic tubercle; 
3, inguinal ligament; 4, gluteus medius muscles; 
5, tensor fasciae latae muscle; 6, sartorius 
muscle; 7, rectus femoris muscle; 8, iliopsoas 
muscle; 9, pectineus muscle; 10, adductor lon
gus muscle; 1 1, gracilis muscle; 12, vastus 
lateralis muscle; 1 3, vastus medialis and vastus 
medialis obliquus muscles. 

duction occurs throughout the entire stance 

phase; it amounts to about 3°.2 

The weight of each leg amounts to ap

proximately one sixth of the body weight. 

Thus the load on both hip joints together is 

two thirds of the body weight.3 In standing 

on one leg, the load on the hip joint of the 

standing leg is relatively greater because all 

the various moments increase the reaction 

forces in the joint.4 With the help of a so

called free body diagram, the reaction force 

in the joint in standing on one leg is calcu

lated to be approximately three times the 

body weight. With the help of other meth

ods of calculation, similar values have been 

obtained.3 

It is interesting to note that walking gener

ates much greater reaction forces, and there 

are differences between men and women in 

their intensity.5 In men, a peak value of ap

proximately four times the body weight oc

curs in the hip joint just after heel strike, and 

an even greater peak, approximately seven 

times the body weight, occurs just before toe

off. During the stance phase, the reaction 

forces decrease to less than body weight. The 

given values are lower in women: approxi

mately two and a half times the body weight 

just after heel strike and four times the body 

weight just before toe-off. 

In research by Bullough et al,6 the rela

tionship between anatomy and the loading 

pattern of the hip joint was examined. Ac

cording to these investigators, the acetabu

lar fossa often has no contact with the femo

ral head. Only when the load increases to 

more than half the body weight do both joint 

partners come into direct contact with each 

other. This occurs particularly in walking, 

running, or kneeling. Research indicates 

that the total time an individual loads the 

hip joint to more than half the body weight 

averages between 1.2 and 3.2 hours per day; 

the latter value was derived from a study of 

mail carriers. 

According to Bullough et al,6 the center 

part of the acetabulum, which does not have 



any cartilage, functions as a synovial fluid res

ervoir. In a joint in which the ball is so firmly 

grasped by the socket, movement to at least 

900 would have to occur for the joint surfaces 

to be adequately bathed in synovial fluid. 

Such extremes of motion are rare in the hip 

joint. The incongruence of the joint surfaces 

and the presence of this so-called reservoir 

guarantee that the surfaces of the joint come 

into contact with sufficient synovial fluid. 

Radin? proposed that the joint surfaces be-
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come congruent in loaded situations; thus the 

prior incongruence has an apparent shock

absorbing effect as well. 

In the study by Bullough et al,6 hip joints in 

adults were often found to have an increased 

congruence. Based on the theories of these 

investigators, this would lead to decreased 

synovium dynamics, and based on Radin's 

theory? this would result in inadequate shock 

absorption. Both possibilities can be damag

ing for the joint. 



Chapter 2 

Surface Anatomy of the Hip 

PALPATION OF THE BONY AND 

LIGAMENTOUS STRUCTURES IN 

THE PELVIC AREA 

Anterior Superior Iliac Spine 

Follow the easily visible fold of the groin in 

a craniolateral direction. The anterior supe

rior iliac spine, a remarkable bone structure, 

is located at the end of the fold of the groin 

(Figures 2-1, 2-3, 2-5, 2-8, and 2-10). Mark 

the edges of this bony prominence on both 

sides of the pelvis, and check to see if both are 

at the same level. The iliac spines are located 

at the level of the first sacral vertebra. They 

are used as fixed points from which other 

structures can be located. During the measur

ing of the length of the legs, the most caudal 

part of the anterior superior iliac spine is used 

as a starting point. When the pelvis is in a 

normal position, the iliac spines are in the 

same frontal plane as the pubic tubercle. 

Both the sartorius and the tensor fasciae 

latae muscles originate from the anterior su

perior iliac spine. This can be easily seen 

when the hip is actively flexed and slightly 

abducted in a standing or supine position. An 

inverse V form is visible, with the tensor fas

ciae latae forming the lateral leg of the V and 

the sartorius muscle forming the medial part 

of the V. 

An avulsion fracture of the anterior supe

rior iliac spine is sometimes seen in adoles

cent boys, particularly in high-level athletes 

(eg, young sprinters), who place intensive 

demands on the sartorius. 

10 

Anterior Inferior Iliac Spine 

The anterior inferior iliac spine can be pal

pated in the space formed by the sartorius 

and tensor fasciae latae muscles (lateral 

femoral triangle) during passive flexion of the 

hip (Figures 2-1 and 2-3). Exact palpation of 

this bony structure is difficult, so that it is 

more an indirect palpation. Forceful palpa

tion can be sensitive because the lateral femo

ral cutaneous nerve runs through this V-form 

space. 

One of the two origins of the rectus femoris 

muscle attaches to the proximomedial part of 

the anterior inferior iliac spine. The main pur

pose of palpation is to determine whether the 

teno-osseous connection of this muscle is 

tender. An avulsion fracture (as mentioned in 

the discussion of the anterior superior iliac 

spine) can also occur in this bony structure. 

Pubic Tubercle 

The pubic tubercle is the first palpable 

bony structure that is felt when the palpation 

follows the fold of the groin in a caudomedial 

direction (Figures 2-2, 2-3, 2-5, and 2-10). 

Another way to reach this bony structure is by 

following the tendon of the adductor longus 

muscle to where the caudal aspect of this tu

bercle can be felt. 

The tuberculi are covered with pubic hair 

and lie in the same transverse plane as the 

center of the greater trochanter. Both 

tuberculi should be at the same level. A frac

ture of the superior pubic ramus (seen quite 

often) can disturb the symmetry. 



In men it is advisable not to palpate directly 

over the pubic tubercle but rather to ap

proach it from a cranial or caudal direction to 

prevent compression on the spermatic cord. 

Damage to branches of the genitofemoral and 

ilioinguinal nerves in men and women can be 

caused by sustained friction on the surface of 

the tubercle. 

The pubic tubercle functions as a reference 

point in the diagnosis of an inguinal or femoral 

hernia. An inguinal hernia can usually be pal

pated cranial and medial to the tubercle. The 

protrusion of a femoral hernia is almost al

ways lateral to the pubic tubercle. If an exten

sive femoral hernia protrudes through the 

saphenous hiatus into the subcutaneous tis

sue, however, part of it is sometimes palpable 

cranial to the inguinal ligament. 

Inguinal Ligament 

The fold of the groin is easily visible in al

most every person. On transverse palpation 

in the fold, a collagenous structure, the in

guinalligament, can be felt (Figure 2-5). This 

Figure 2-1 Palpation of the anterior inferior iliac 
spine in the lateral femoral triangle (1). 2, Ante
rior superior iliac spine; 3, sartorius muscle; 
4, tensor fasciae latae muscle. 
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Figure 2-2 Palpation of the pubic tubercle. 

structure runs from the anterior superior iliac 

spine to the pubic tubercle and is connected 

with several other structures by minute col

lagen bridges. The inguinal ligament should 

not be regarded as an independent structure, 

but rather as a thickening of the superficial 

fascia from the abdominal muscles and the 

fascia lata of the thigh. All the abdominal 

muscles have connections to or insertions at 

the inguinal ligament. 

Tubercle of the Iliac Crest 

To palpate the tubercles of the iliac crest, 

place the thumbs on the anterior superior 

iliac spines and the index fingers on the lat

eral tubercles located proximally 5 cm more 

cranial and lateral. These tubercles are gener

ally located at the level of the widest place of 
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the pelvis (Figure 2-3). These bony struc

tures are not mentioned in the official ana

tomic nomenclature, but they are important 

orientation spots for an understanding of sur

face anatomy. 

Iliac Crest 

Palpate and mark the entire iliac crest from 

the anterior superior iliac spine to the poste

rior superior iliac spine (Figure 2-3). Deter

mine where the distance between the crests 

is the widest (for anthropometric evalua

tion). Inexperienced clinicians quite often 

estimate the dorsal aspect of the crest too 

caudally. 

The iliac crest has a slightly vaulted S form, 

in which the highest part is convex to the in

side. In corpulent subjects, this highest part 

(in most people at the level of L4) is not easy 

to palpate. 

Cordlike structures can sometimes be felt 

on the iliac crest. These cords can be tender 

in patients with lumbar complaints and are 

likely to be branches of the lumbar dorsal 

rami, which can thicken because of cellular 

infiltration processes. 

The so-called lumbar trigone (Petit's tri

angle) is located between the dorsal end of 

the iliac crest, the lateral edge of the latissi

mus dorsi muscle, and the dorsal edge of the 

external oblique abdominal muscle. This is 

typically a triangle of variable dimensions that 

is filled with fatty tissue, and it is the only 

place where the internal oblique abdominal 

muscle is not covered with other muscles and 

can be directly palpated. The presence of only 

one muscle layer makes the lumbar trigone a 

weak spot for a hernia, although this occurs 

infrequently. 

Posterior Superior Iliac Spine 

The iliac crest thickens at the dorsocaudal 

aspect to become the posterior superior iliac 

spine (Figure 2-3). The posterior superior 

iliac spines are located underneath the pelvic 

dimples, which are easily visible in women 

and children. 

Palpation of the posterior superior iliac 

spine is fairly easy, but it is difficult to mark 

the exact location. It is important to get it 

right because its location is used to determine 

whether the pelvis is symmetric from the dor

sal aspect. This is important to determine a 

difference in leg length and for obstetric pur

poses. Quite often, when the patient com

plains about pain at the level of the pelvic 

dimples, it is referred pain. Several disorders 

in the lumbar and pelvic area can cause this. 

A line connecting the caudal aspects of 

both posterior superior iliac spines identifies 

the location of the spinous process of S2. This 

is a consistent reference point which is used 

to locate the L5 spinous process and other 

structures. 

As a result of the presence of soft tissue, 

palpating the posterior inferior iliac spines is 

hardly possible. 

The ischial spines are only palpable from a 

vaginal approach in women who have a nar

row pelvis. 

Sacrum 

Despite its superficial location, palpation of 

the sacrum is not easy (Figure 2-3). It is often 

mistakenly thought that the lateral border of 

the sacrum can be found along an imaginary 

line connecting the most cranial aspect of the 

anal cleft to the posterior superior iliac spine. 

The lateral border of the sacrum, however, 

can actually be palpated lateral to this con

necting line. 

In the midline, there are three to four rudi

mentary spinous processes that can be pal

pated as a low ridge, the median sacral crest. 

This ridge is flanked on both sides by the not 

always palpable lateral sacral crest. Directly 

caudal and on each side at the end of the 

median sacral crest, small prominences can 

be felt. These are the sacral cornua, and the 

space between them is the sacral hiatus, a lo

cation that is important for sacral epidural 

injections. 
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Figure 2-3 Palpable structures of the pelvis. 1, Anterior superior iliac spine; 2, anterior inferior iliac 
spine; 3, pubic tubercle; 4, tubercle of the iliac crest; 5, iliac crest; 6, posterior superior iliac spine; 7, 
sacrum; 8, coccyx; 9, ischial tuberosity. 

Coccyx 

The connection between the sacrum and 

coccyx can best be palpated by inserting the 

index finger in the rectum with the thumb on 

the external aspect of the sacrum (rectal ap

proach; Figure 2-3). This technique is un

pleasant for the patient; it should only be 

done when absolutely necessary and with ex

treme care. The best position for this proce

dure is with the patient kneeling and resting 

the head on the hands. Sterile gloves with a 

lubricant must be used, and the approach 

should be performed slowly. This examina

tion may elicit severe pain. Severe pain is es

pecially prevalent after a blow or other 

trauma to the coccyx. Pain at the level of the 

coccyx can also be referred pain coming from 

the lumbar spine. A variety of extreme pain 

complaints in this area may be categorized 

under the name coccygodynia or 

coccygalgia. 

During careful palpation, exostoses (be

nign growths at the surface of a bone) and 

subluxations of the sacrococcygeal joint can 

sometimes be felt. 

Sacroiliac Joint 

The sacroiliac joint itself is not palpable. 

Small motions are possible in this joint and 

can be seen as rotations around variable 

transverse axes. These motions are called 

nutation and counternutation. Attempts to 

determine sacroiliac motion by palpation are 

not reliable because of the many soft tissue 

structures covering these joints. Also, during 

testing of these joints involving stretching 

and relaxation, the soft tissues can simulate 

motions of these joints. 

Ischial Tuberosity 

The ischial tuberosity is a prominent bony 

structure coming from the ischial bone in a 

dorsocaudolateral direction (Figures 2-3 and 

2-11). It is palpable at the lower edge of the 

gluteus maximus muscle, just lateral to the 
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anal cleft. Palpation is easier during flexion of 

the hip, when the tuberosity is no longer cov

ered by muscle. 

The hamstrings insertion at the posterior 

and lateral aspects of the ischial tuberosity 

should be palpated for tenderness. Palpation 

can be performed at the caudal aspect of the 

tuberosity to test for the possibility of a bursi

tis. 

Sacrotuberal Ligament 

The sacrotuberal ligament is usually easy 

to palpate between the ischial tuberosity and 

the sacrum. Palpation should be performed 

with the fingers transverse to the ligament. 

The sacrospinal ligament is usually not pal

pable. 

Lesser Trochanter 

Palpation of the lesser trochanter is diffi

cult and is mostly indirect. It is possible to 

locate it from a dorsal aspect when the sub

ject is completely relaxed and the clinician 

positions the leg in extension and internal 

rotation. 

The lesser trochanter is located deeply lat

eral to the ischial tuberosity. It may be located 

from a ventral approach when the leg is posi

tioned in external rotation. The clinician pal

pates the pectineus muscle, gently bringing 

the fingers deeper. The subject should be in a 

supine position for both techniques. 

Greater Trochanter 

The greater trochanter is usually easy to 

palpate. Accurately marking its location and 

dimensions may take some practice. During 

anthropometric evaluation it is common to 

use the proximal border of the greater tro

chanter as a reference point (Figure 2-4). 

When the leg is abducted, an obvious depres

sion above the greater trochanter is visible. 

The greater trochanter should be in the same 

frontal plane as the pubic tubercle, the femo

ral head, and the coccyx. 

PALPATION OF MUSCLES AND 

OTHER SOFT TISSUE STRUCTURES 

OF THE PELVIS AND THE THIGH 

Note: There is no rigid sequence for palpa

tion of the pelvis and thigh. The method pre

sented here is based on experiences in the 

clinic and from teaching surface anatomy 

techniques. 

Sartorius Muscle 

The sartorius muscle is the longest muscle 

in the human body (Figures 2-1, 2-5, 2-6, 2-

7, and 2-10). Its origin is at the anterior supe

rior iliac spine. This muscle has its own fascial 

Figure 2-4 Palpation of the greater trochanter. 
The palpating fingers are moved from the iliac 
crest in a distal direction until the proximal border 
of the greater trochanter is felt. 



Figure 2-5 Thigh, anterior view. A, Lateral 
femoral triangle; B, medial femoral triangle; 1, 
anterior superior iliac spine; 2, pubic tubercle; 3, 
inguinal ligament; 4, adductor longus muscle; 5, 
gracilis muscle; 6, sartorius muscle; 7, iliopsoas 
muscle; 8, pectineus muscle; 9, tensor fasciae 
latae muscle; 10, rectus femoris muscle; 11, 
vastus medialis muscle; 12, vastus lateralis 
muscle; 13, patella; 14, patellar ligament; 15, 
tibial tuberosity; 16, pes anserinus; 17, great 
saphenous vein; 18, saphenous hiatus. 

sheath and courses in a spiral fashion down 

the thigh from proximolateral to distomedial, 

where it crosses the rectus femoris and ad

ductor longus muscles. The sartorius runs 
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behind the medial femoral condyle and then 

swings forward again. Together with the gra

cilis and semitendinosus muscles, the sarto

rius inserts into the pes anserinus at the tibial 

tuberosity. 

The proximal part the muscle is easily vis

ible when the hip is externally rotated, ab

ducted, and flexed with a flexed knee (cross

legged sitting position). Resistance against 

this position will make palpation of this 

muscle easier. For better training, however, it 

is best to concentrate on learning the palpa

tion when the muscle is relaxed. 

Palpation of the sartorius should be per

formed from proximal to distal using alternat

ing pressure from two fingers. The index and 

middle fingers are placed at either side of the 

muscle in a longitudinal direction. During 

movement in the distal direction, the fingers 

should apply varying amounts of pressure. 

To understand positioning of the sartorius 

muscle behind the femoral condyle, refer to 

Chapter 8. The pes anserinus is easily visible 

in thin people, but it is not possible to differ

entiate among the sartorius, gracilis, and 

semitendinosus muscles because they attach 

via the pes anserinus to the tibial tuberosity. 

Lateral Femoral Triangle 

Orientation in the area of the hip abductors 

should begin with location of the lateral femo

ral triangle (Figures 2-5, 2-6, 2-7, and 2-8). 

The medial border of this triangle is the sarto

rius muscle, and its lateral border is the ten

sor fasciae latae muscle; the apex is formed by 

the anterior superior iliac spine. The triangle 

has the form of an inverse V (a V with the tip 

cranial). It is made visible during active hip 

flexion and external rotation with slight ab

duction. 

Origin of the Rectus Femoris Muscle 

The tendon of the rectus femoris is most 

clearly palpable in the lateral femoral triangle, 

approximately 5 cm distal from the anterior 
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superior iliac spine, between the tensor fas

ciae latae and sartorius muscles (Figures 2-5 

and 2-6). The best way to perform this palpa

tion is transversely on the fibers. (In the 

search for the anterior inferior iliac spine, the 

palpation is longitudinal to the fibers.) 

In lesions of the rectus femoris tendon, 

pain is rarely provoked when the hip is flexed 

against resistance. The patient almost always 

experiences pain, however, during resisted 

knee extension while in a prone position. 

Tensor Fasciae Latae Muscle and 

Iliotibial Tract 

The tensor fasciae latae muscle is made vis

ible by bringing the straight leg into abduction 

with at least 45° of flexion (Figures 2-1, 2-5, 

2-6, 2-7, and 2-8). When resistance is ap

plied in this position, the muscle becomes 

more obvious, and palpation is easier. The 

muscle is most prominent just distal and lat

eral to the anterior superior iliac spine. Dorsal 

to this muscle, a depression is visible in the 

direction of the gluteus maximus muscle. 

The tensor fasciae latae muscle can be pal

pated from proximal to distal with the use of 

the alternating finger method, up to the point 

where it connects with the iliotibial tract. The 

iliotibial tract is a reinforcement of the fascia 

lata (the deep fascia of the region), which can 

be felt on the lateral side of the leg as a 

bandlike structure. Both sides should be com

pared, realizing that the iliotibial tract runs at 

the lateral aspect of the thigh and inserts at 

the tibia (not at the fibula). In the vicinity of 

the insertion, care should be taken in differ

entiating among the iliotibial tract, the biceps 

femoris tendon, and the lateral collateral liga

ment; the latter two structures are found 

Figure 2-6 Palpation of the rectus femoris tendon. 1, Sartorius muscle; 2, tensor fasciae latae muscle; 
3, rectus femoris muscle. 
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Figure 2-7 Lateral femoral triangle. 1, Sartorius muscle; 2, tensor fasciae latae muscle; 3, rectus 
femoris muscle. 

/ 

Figure 2-8 Alternating palpation with two fingers of the same hand following the edges of the tensor 
fasciae latae muscle. Left thigh, anterolateral view. 1, Anterior superior iliac spine; 2, greater tro
chanter; 3, sartorius muscle; 4, tensor fasciae latae muscle. 
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more posterior and have insertions at the 

fibula (see Chapter 8). The iliotibial tract can 

be most easily palpated distally with the help 

of alternating finger palpation. 

To evaluate a contracture of the tensor fas

ciae latae, the patient should lie on the unaf

fected side. In so doing, the leg being assessed 

lies on top, and the other leg is positioned in 

slight extension. The top leg can now be ad

ducted; if there is a contracture of the tensor 

fasciae latae, this motion is limited. 

Gluteus Medius Muscle 

Because of its association with the tensor 

fasciae latae muscle, it is useful to palpate the 

gluteus medius muscle, even though it does 

not belong to the area of the lateral femoral 

triangle. To palpate the gluteus medius 

muscle, the leg should be abducted with the 

knee straight. From this position, the anterior 

part of the gluteus medius can be palpated 

directly behind the already marked tensor 

fasciae latae. (Most of the gluteus medius is 

covered by the gluteus maximus.) 

The fibers of the anterior part of the glu

teus medius muscle run longitudinally and 

slightly backward; the fibers from the poste

rior part run longitudinally and slightly for

ward. These fiber orientations give the ante

rior part of this muscle an internal rotating 

effect on the hip. Because the tensor fasciae 

latae produces an external rotating effect on 

the hip, by asking the subject to make alter

nating internal and external rotation, the bor

ders between the two muscles can be easily 

palpated. 

In cases of a paretic gluteus medius, the 

pelvis cannot be flxated when the patient is 

standing on the affected leg. This produces a 

tilting of the pelvis toward the unaffected side 

(thus toward the leg that is in the swing 

phase). At the same time, the hip of the 

Figure 2-9 Palpation of the edge of the adductor longus muscle. 



Figure 2-10 Right leg, anterior view. 1, Anterior 
superior iliac spine; 2, pubic tubercle; 3, ili
opectineal bursa (psoas bursa), iliopsoas muscle 
removed; 4, inguinal ligament; 5, sartorius 
muscle; 6, pectineus muscle; 7, adductor longus 
muscle; 8, gracilis muscle; 9, adductor canal 
(femoral artery and vein, saphenous nerve); 
10, rectus femoris muscle; 11, vastus medialis 
muscle; 12, vastus lateralis muscle; 13, patella. 
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stance leg shifts outward. The patient ap

pears to "hang" in the lateral ligaments of the 

affected hip joint. This visible symptom is 

called the Trendelenburg sign. 

The gluteus minimus muscle is completely 

covered by other muscles and cannot be pal

pated. 

Adductor Longus Muscle 

During resisted adduction of the leg, a 

round cord is visible and palpable distal to the 

pubic tubercle. This cord is the border of the 

adductor longus, which is palpable from the 

pubic tubercle to the point where it crosses 

underneath the sartorius muscle (Figures 2-

9 and 2-10). The pubic tubercle, from which 

the adductor longus originates, can be 

reached by following the tendon in a proximal 

direction. The distal insertion of the adductor 

longus muscle is not easily palpable. 

The origin can be tender during applied 

pressure. This increased sensitivity is often 

seen in swimmers, long distance runners, soc

cer players, and other athletes in whom ex

cessive force is placed on the adductors. 

Without care or treatment, chronic tendinitis 

can develop. 

Gracilis Muscle 

The gracilis muscle is palpable medial and 

posterior to the adductor longus muscle (Fig

ures 2-5, 2-10, 2-11, and 2-12). The palpa

tion is most effective when the transverse pal

pation tecrmique is used. This muscle feels 

like a rolling band and can be followed from 

the groin to the pes anserinus, where it has a 

collective insertion with the sartorius and 

semitendinosus muscles. For a discussion of 

palpation techniques used behind the medial 

femoral condyle, refer to Chapter 8. 

Adductor Magnus Muscle 

This muscle is palpable for only a small por

tion of its large surface (Figures 2-11 and 2-

12). There is a small triangle, in which the 

muscle is easily palpable, located posterior to 
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the gracilis muscle and anterior to the (still to 

be discussed) semimembranosus muscle. 

The proximal part of the medial femoral 

condyle can be reached by pushing the pal

pating fingers deeply along the inner side of 

the thigh in a distal direction. By using a deep 

transverse palpation just posterior to the 

vastus medialis, the clinician can feel a tendi

nous structure. This is the most distal part of 

the adductor magnus, which inserts at a bony 

prominence on the condyle, the adductor tu

bercle. 

Medial Femoral Triangle (Scarpa's 

Triangle*) 

The most ideal position for evaluation of 

the medial femoral triangle is one that brings 

the hip in slight flexion, external rotation, and 

abduction (Figures 2-5 and 2-10). Because it 

is important that the subject is relaxed, this 

position can best be achieved passively with 

the subject supine. 

Cranial Border 

The cranial border of the medial femoral 

triangle is the inguinal ligament, seen as a re

inforced caudal border of the aponeurosis of 

the external oblique abdominal muscle. This 

collagenous thickening of the fascia between 

the pubic tubercle and the anterior superior 

iliac spine can be felt by placing a finger in the 

fold of the groin with palpation parallel and in 

a cranial direction. It is extremely important 

during this palpation to avoid compressing 

the lymph nodes. 

Medial and Lateral Borders 

The medial border of the triangle is formed 

by the adductor longus and gracilis muscles. 

The lateral border is formed by the sartorius 

muscle. The floor is formed by the iliopsoas 

and the pectineus muscles, which are difficult 

to palpate. 

* Antonio Scarpa, Italian anatomist and surgeon, 
1752-1832. 

The roof can be seen as the superficial fas

cia, which is continuous with the superficial 

abdominal fascia and the inguinal ligament. 

This fascia is separated into layers. Between 

these layers are lymph nodes and the great 

saphenous vein. A deeper fascial compart

ment lies dorsal to the entering vessels, which 

have their own fascial envelope. These ves

sels enter the triangle through the femoral 

sheath. The anterior part of this sheath con

sists of the continuation of the fascia from the 

transverse abdominal muscle (the innermost 

fascia from the abdominal wall). The poste

rior part of this sheath is a continuation of the 

fascia from the iliacus muscle. There is an 

opening between the superficial fascia and 

the femoral sheath, called the saphenous hia

tus, through which the more superficial great 

saphenous vein empties into the deeper lying 

femoral vein. 

Lacuna Vasorum 

A slip of fascia runs from the inguinal liga

ment to the iliopectineal eminence, separat

ing the space between the inguinal ligament 

and the innominate bone into two parts: the 

lateral lacuna musculorun1, containing the ili

opsoas muscle and femoral nerve, and the 

medial lacuna vasorum through which the 

femoral artery and vein run. As already men

tioned, the femoral artery and vein have their 

own fascial sheath, the femoral sheath. A 

separate lymph node (Rosenmilller'st node) 

and a certain amount of fatty tissue are lo

cated in the lacuna vasorum. The lacuna 

vasorum is spacious enough to let the femoral 

vein expand (expansion function). 

The lacuna vasorum is a potential site for a 

hernia (femoral hernia). Care must be taken 

not to confuse the femoral hernia with the 

inguinal hernia. The inguinal hernia is located 

cranial to the inguinal ligament. The protru-

tJohan Christian Rosenmiiller, German anato
mist, 1771-1820. 



sion of a femoral hernia is located caudo

lateral to the pubic tubercle. An extensive 

femoral hernia can protrude through the 

saphenous hiatus, however, in which case 

part of the contents can be found cranial to 

the inguinal ligament. Even so, it is not diffi

cult to differentiate between hernias because, 

in general, with inguinal hernias the contents 

protrude into the scrotum or the labia majora; 

this is not the case with femoral hernias. 

Femoral Artery, Vein, and Nerve 

The femoral artery exits the abdominal 

cavity through the lacuna vasorum and is pal

pable under the midinguinal point. This pal

pation is a valuable means of orientation. 

Sometimes slight compression is necessary 

on this palpation to feel the pulsation of the 

artery. In most cases only slight pressure is 

needed. 

The femoral vein enters the pelvis through 

the lacuna vasorum. The vein is located about 

1 .5 cm medial to the artery. Generally, it is not 

palpable. 

The femoral nerve leaves the pelvis 

through the lacuna musculorum, just lateral 

to the femoral artery. This nerve is best pal

pated directly under the inguinal ligament, 

where it can be felt as a rolling cord. This 

should be a transverse palpation and done 

carefully. 

Inguinal Lymph Nodes 

Numerous lymph nodes are present in the 

groin region. Many patients will be seen with 

lymph nodes swollen in this area. This condi

tion does not necessarily mean that serious 

pathology is present, but further evaluation is 

needed. Small inflammations of the leg are 

the most common cause of this condition. If 

swollen lymph nodes are present, extreme 

care must be taken during palpation in the 

area to avoid causing unnecessary pain. 
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There are both superficial and deep layers 

of lymph nodes. The superficial layer is ori

ented horizontally and longitudinally. The 

deep layer lies parallel to the great saphenous 

vein, draining tissue in the superficial area of 

the leg. The horizontal layer is directly distal 

to the inguinal ligament, draining the skin 

from the back, buttocks, and lower third of 

the abdomen as well as a part of the 

perineum, scrotum and penis, the distal part 

of the vagina, and the distal part of the anus. 

The superficial lymph nodes have a connec

tion with the deeper nodes, which lie medial 

to the femoral vein, via the saphenous hiatus. 

Palpable swellings may be felt in the medial 

femoral triangle. Swellings in this area can 

have different causes. Common causes in

clude inflanunations or malignant processes, 

hernia or varicose conditions, abscesses, a 

neuroma of the femoral nerve, or an aneu

rysm of the femoral artery. 

Great Saphenous Vein 

The great saphenous vein enters the upper 

leg mediodorsal to the medial femoral 

condyle (Figure 2-5). The topography is vari

able. In its proximal course, the vein runs 

more ventrally and slightly more medially. In 

the saphenous hiatus, the vein runs deep to 

empty into the femoral vein. The saphenous 

hiatus is an opening in the fascia lata, distal 

and medial to the mid inguinal point. In gen

eral, the hiatus is not easily palpable. In some 

people, the great saphenous vein is easy to 

see and palpate; in others, it may be difficult 

or impossible. 

Adductor Canal 

From the distal point of the medial femoral 

triangle, the femoral artery and vein run 

through the groove formed by the vastus me

dialis and adductor longus muscles (Figure 

2-10). For some distance they run together 

with the sensory branch of the femoral nerve, 
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the saphenous nerve. The roof of the adduc

tor canal (which can be located by indirect 

palpation) is the sartorius muscle. 

Iliopsoas and Pectineus Muscles 

Two to three parts of the iliopsoas muscle 

originate in the pelvis. These are the iliacus, 

psoas major, and (sometimes) the psoas mi

nor. The iliopsoas muscle runs in the lacuna 

musculorum under the inguinal ligament and 

inserts at the lesser trochanter (Figure 2-5. 

The pectineus muscle has its origin on the 

pubic bone, runs medial to the iliopsoas 

muscle, and inserts at the femur (Figure 2-5). 

Together, the iliopsoas and pectineus 

muscles form the floor of the medial femoral 

triangle. 

It is advisable, for the palpation of these 

muscles, to locate the femoral artery first. 

Lateral to the femoral artery, the iliopsoas 

muscle is palpable during resisted hip flexion. 

During resisted hip flexion with slight adduc

tion, the pectineus muscle is palpable medial 

to the femoral artery. 

The iliopectineal bursa, which is located 

between the hip joint and the iliacus muscle, 

can cause pain when inflamed (Figure 2-10). 

Gluteus Maximus Muscle 

The gluteus maximus muscle gives the but

tocks its typical round contour (Figures 2-11 

and 2-1 2). The muscle is clearly visible during 

forceful extension of the hip. The complete 

surface of the muscle can be palpated. It is 

difficult for inexperienced clinicians to deter

mine the upper edge of this muscle, and often 

it is estimated either too high or too low. An 

effective orienting procedure is to draw a line 

from the posterior superior iliac spine to the 

upper edge of the greater trochanter. This line 

roughly describes the upper border of this 

muscle. The lower edge is not the fold of the 

buttocks but rather crosses beyond. To locate 

it, place the palpating finger in the fold of the 

buttocks, and palpate from medial to lateral. 

The exact location of the lower edge is an 

important prerequisite for finding the sciatic 

nerve, which is sometimes palpable around 

this edge. The lateral part of this muscle is 

easiest to find when the muscle is contracted. 

Bursae 

Two bursae can be found under the gluteus 

maximus muscle (Figures 2-11 and 2-1 2). It 

is deceptively easy to diagnose complaints of 

pain in the buttocks area as sciatica when the 

true cause is a bursitis. Patients complaining 

of pain in this area often have a history of 

overtraining or excessive sitting. Deep pres

sure can be effectively used to localize the 

most painful spot. In most instances, this will 

be the location of a bursa. 

The ischial bursa of the gluteus maximus is 

found between that muscle and the most cra

nial part of the ischial tuberosity. The tro

chanteric bursa is located between the 

greater trochanter and the gluteus maximus 

muscle. 

Pain in the buttocks is often a sign of hip 

disorders. An occlusion of the caudal part of 

the aorta can cause the exact same com

plaints. It is easy to tell the difference because 

in the latter case the complaints will increase 

significantly during activities. 

Hamstrings 

The hamstrings, with the exception of the 

short head of the biceps femoris muscle, have 

a common origin on the ischial tuberosity 

(Figures 2-11 and 2-12). This origin is visible 

when the subject is in the prone position and 

resists knee flexion. Distal to the fold of the 

buttocks, a muscle elevation is clearly visible. 

Semitendinosus Muscle 

When the lower leg is flexed and internally 

rotated, the thin round tendon of the semi

tendinosus is clearly visible and palpable me

dially in the back of the knee. Place a finger on 

each side of the round tendon, and follow the 

tendon (and muscle belly) in a proximal di-
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Figure 2-11 Right leg, posterior view. 1, Trochanteric bursa of the gluteus maximus muscle; 2, glu
teus maximus muscle; 3, gluteus medius muscle; 4, piriformis muscle; 5, superior gemellus muscle; 
6, obturator internus muscle; 7, inferior gemellus muscle; 8, quadratus femoris muscle; 9, iliotibial 
tract; 10, gracilis muscle; 11, adductor magnus muscle; 12, semitendinosus muscle; 13, biceps femo
ris muscle (long head); 14, semimembranosus muscle; 15, sacrotuberal liga ment; 16, sciatic nerve; 
17, ischial bursa of the gluteus maximus muscle; 18, palpation site for sciatic nerve; 19, ischial tuberos
ity 

rection. Without too much pressure, let the 

fingers glide along the muscle to its origin. 

Semimembranosus Muscle 

At its distal end, the semimembranosus can 

be palpated at a deeper level both medial and 

lateral to the semitendinosus tendon. Its lat

eral edge can be followed proximally over a 

relatively small area with the use of a deep 

palpation starting in the middle of the back of 

the knee. The entire medial border of the 

muscle can be palpated. The proper tech

nique is to use the full length of a finger, pal-
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Figure 2-12 Right leg; posterior view. 1, Glu
teus maximus muscle; 2, gluteus medius 
muscle; 3, trochanteric bursa of the gluteus 
maximus muscle; 4, ischial bursa of the gluteus 
maximus muscle; 5, vastus lateralis muscle and 
iliotibial tract; 6, long head of the biceps femoris 
muscle; 7, short head of the biceps femoris 
muscle; 8, semitendinosus muscle; 9, semi
membranosus muscle; 10, adductor magnus 
muscle; 11, gracilis muscle; 12, sartorius 
muscle; 13, plantaris muscle; 14, gastrocnemius 
muscle. 

pating transversely in the groove between the 

semitendinosus and semimembranosus 

muscles. 

The semimembranosus does not insert at 

the pes anserinus but rather at a deeper 

group of structures located posteromedially 

in the knee joint. These structures are collec

tively termed the pes anserinus profundus. 

The main tendon of the semimembranosus is 

sometimes palpable at the anteromedial as

pect of the knee,just distal to the medial tibial 

condyle. 

Biceps Femoris Muscle 

Make the biceps femoris muscle visible by 

placing the lower leg in flexion and external 

rotation against resistance. The long head 

should be easily visible (Figures 2-11 and 

2-12). 

An effective technique in palpating this 

muscle is to use the same method as used 

with the semitendinosus: start at the back of 

the knee. The biceps femoris is palpable to 

the point of its insertion on the fibula head. A 

large part of the long head borders on the 

vastus lateralis muscle. Protected by the in

sertion tendon of the biceps femoris, the com

mon peroneal nerve runs medial to this struc

ture through the popliteal fossa, where it is 

palpable. The short head of the biceps femo

ris muscle is palpable, at some depth, be

tween the iliotibial tract insertion and the bi

ceps femoris long head, up to the level where 

the vastus lateralis and biceps femoris meet. 

The best place to palpate the sciatic nerve 

is located by following the lateral edge of the 

biceps femoris muscle in a proximal direction 

to just under the edge of the gluteus maxi

mus. On deep palpation, the sciatic nerve can 

be felt as a large, round cord slightly lateral to 

the biceps femoris muscle and just distal to 

the gluteus maximus muscle. 

Quadriceps Femoris Muscle 

In most people, the quadriceps femoris 

muscle with its different parts is clearly vis-



ible when the knee is forcefully extended 

against resistance. 

Rectus Femoris Muscle 

The rectus femoris muscle is best palpated 

from proximal to distal by placing a finger on 

both sides of the muscle and palpating with 

alternating fingers (Figures 2-5 and 2-10). 

About mid thigh, the muscle belly becomes 

wider; this width is quite often underesti

mated by the palpating clinician. The tendon 

takes an hourglass form distally, where it in

serts at the tibial tuberosity via the patella. 

Vastus Medialis Muscle (and 

Vastus Medialis Obliquus 

Muscle) 

The vastus medialis muscle is located be

tween the sartorius and rectus femoris 

muscles and is easily visible at the end phase 

of active extension (Figures 2-5 and 2-10). 

The muscle should be palpated from a distal 

direction. It should be noted that the muscle 

belly of the vastus medialis runs more distal 

than the muscle belly of the vastus lateralis. 

The muscle inserts at the upper edge of the 

patella, with fibers running almost horizon

tally. The lateral part of the muscle has a con

nection to the medial patellar retinaculum via 

the patella. The medial part of the muscle, the 

vastus medialis obliquus, along with the me

dial patellar retinaculum, is important for sta

bilization of the patella. 

In any kind of knee injury or degeneration, 

atrophy is visible in this muscle. The vastus 

lateralis muscle atrophies less quickly. Re

petitive measuring of the size of the upper leg 
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at the level of the vastus medialis muscle can 

be used to gauge improvements or deteriora

tion in the condition of the knee. 

Vastus Lateralis Muscle 

The vastus lateralis muscle is most easily 

palpated after the borders of the rectus femo

ris muscle have been determined (Figures 2-

5 and 2-10). The vastus lateralis is palpable 

directly lateral to the rectus femoris. The 

muscle is palpable for the most part, although 

it is partially covered by the iliotibial tract. Its 

posterior edge can best be palpated after the 

easily found biceps femoris muscle is marked; 

the vastus lateralis runs just next to and along 

the lateral edge of the biceps femoris. 

It is remarkable how many inexperienced 

clinicians "locate" the posterodistal border of 

the vastus lateralis muscle at the level of the 

posterior edge of the iliotibial tract. The 

posterodistal border of the vastus lateralis is 

difficult to palpate. The best technique is to 

feel the distal tendon of the iliotibial tract as 

well as the tendon of the biceps femoris pos

terior to it. When the palpating finger is 

placed in the groove between these two struc

tures, the short head of the biceps femoris 

muscle is felt; just proximal to the knee, 

where the groove narrows, the posterodistal 

edge of the vastus lateralis can be palpated. 

The tendon of the vastus lateralis muscle is 

at the level of the proximolateral part of the 

patella. It feels like a thick cord about 4 cm 

long. It is easily palpable, especially when the 

knee is actively extended. 

Anatomy and palpation sites for the nerves 

and blood vessels of the lower extremity are 

discussed in Appendix A. 



Chapter 3 

Examination of the Hip 

HIP JOINT (ARTICULATIO COXAE) 

• Zero position: The upper leg is in line 

with the trunk. A perpendicular line 

from the anterior superior iliac spine to 

the middle of the patella makes a right 

angle with a line connecting the under

side of both anterior superior iliac 

spines. 

• Maximal loose-packed position: Ap

proximately 30° flexion, 30° abduction, 

and slight external rotation. 

• Maximal close-packed position 

1. Ligamentous close-packed position: 

Maximal extension, internal rotation, 

and adduction. 

2. Bony close-packed position: Maximal 

extension, internal rotation, and ab

duction. 

• Capsular pattern: Internal rotation 

has the greatest amount of limitation. 

Extension, flexion, and abduction have 

limitations of motion that are about 

equal. External rotation and adduction 

are least limited (Figure 3-1). 

OVERVIEW OF THE FUNCTIONAL 

EXAMINATION 

Most lesions of the hip joint, but also lesions 

of many of the periarticular structures, cause 

pain in the groin. In addition, radiating pain 

often occurs, particularly in the L3 der

matome (anterior aspect of the thigh, the 

knee, and part of the lower leg). It should also 

be kept in mind that pain from hip disorders 
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can be felt in part of the L3 dermatome. For 

example, there is often only anterior knee 

pain when there is coxarthrosis. In such 

cases, the functional examination of the knee 

does not provoke the patient's symptoms, but 

functional examination of the hip will elicit 

pain. 

The groin region is a meeting point of sev

eral dermatomes, such as the Tl2, Ll, L2, L3, 

S3, and S4 dermatomes. Additionally, groin 

pain can be seen occasionally in L4 and L5 

nerve root syndromes. Making matters even 

more confusing is the fact that a large number 

of other disorders can also cause groin pain. 

Included are such disorders as the various 

hernias in the groin region (inguinal, femoral, 

and the rarer obturator), some affections of 

the urogenital tract, and swelling of the local 

lymph glands. Groin pain can also be caused 

by problems occurring in the sacroiliac joint 

or the pubic symphysis. 

Hip pathology can cause pain in the back 

and in the gluteal region as well. This is in part 

because the L3 dermatome is found in these 

regions and additionally because the load on 

the back can change because of the hip disor

ders. There are also problems caused in the 

gluteal region, where there is an overlapping 

of several dermatomes, including L4 (some

times), L5, S1, and S2. In most cases, how

ever, pain in the gluteal region is caused by a 

lumbar problem. 

Because of this, it is not always easy to dif

ferentiate lesions of the hip joint or periar

ticular structures from lesions of the lumbar 

spine, sacroiliac joint and pubic symphysis, or 

the urogenital tract. The examination with 
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Flexion 

Internal 
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External 
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Adduction --------->t'-------ti- Abduction 

Extension 

Figure 3-1 Capsular pattern of the hip. 

the patient standing and walking, the 

patient's history, and the functional examina

tion have to be performed carefully and thor

oughly. 

General Inspection 

As the patient enters the room, the exam

iner should observe the gait pattern, general 

posture, facial expression, and whether the 

patient uses assistive devices. Many distur

bances in gait are characteristic of specific 

disorders. 

History 

(Refer also to "History" in Diagnosis and 

Treatment oj the Sp'ine, pp. 153-154.) 

Age, Occupation, Hobby, Sport 

Many disorders of the hip are only seen at 

specific ages. Examples include transient 

synovitis of the hip (coxitis fugax) and 

Perthes' disease in young children, slipped 

capital femoral epiphysis in teenagers, osteo

chondrosis dissecans in adolescents, and 

coxarthrosis in adults. 

Workers in certain occupations put a great 

demand on the hip joint. Examples of these 

are people engaged in heavy labor and those 

who frequently have to carry heavy loads. 

Soccer, for example, is a sport where groin 

pain (pubalgia) is often seen. 

Chief Complaints 

• Pain? Where and when? 

• Swelling? With or without fever? 

• Paresthesia: Where and when? 

• Disturbed gait pattern? 

The location of the pain is important in rul

ing out lumbar disorders. If the pain occurs 

exclusively in the groin during weight bear

ing, it is likely that there is indeed a hip prob

lem. Pain that particularly occurs at the be

ginning of weight-bearing activities can be 

due to coxarthrosis (early stage) or a 

tendopathy in young adults. Pain that is espe

cially felt at night can indicate the presence of 

a tumor. 

Swelling in the groin is usually caused by 

the local lymph glands. It is rare that there is 

such a severe iliopectineal bursitis that swell

ing occurs. Swelling in conjunction with a fe-
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ver can indicate an abscess, which may, for 

example, be caused by tuberculosis. 

Paresthesia at the anterolateral side of the 

thigh is quite often caused by meralgia 

paresthetica, a compression neuropathy of 

the lateral femoral cutaneous nerve at the 

level of the anterior superior iliac spine. Par

esthesia in the groin area itself can be caused 

by compression of the smaller nerves in that 

area, such as the obturator or ilioinguinal 

nerves. Such paresthesia can occur during 

either sitting or walking, which, taken to

gether with the localization of symptoms, is 

not characteristic of a lesion of the lumbar 

spine. 

A disturbed gait pattern is rarely the only 

complaint. Sometimes in small children, how

ever, the parents notice that the child does 

not walk normally. This may be the result of a 

subluxation of the hip, for example. 

Onset 

Conditions surrounding the onset of symp

toms are important in determining the causal 

treatment. If the symptoms are the result of a 

specific incident, the examiner should try to 

determine as precisely as possible what ex

actly happened. If the symptoms arose spon

taneously, it is important to acquire as much 

information as possible about the loads 

placed on the patient during work or sports 

activities. 

Type of Pain 

• Aching? 

• Sharp? 

• Sharp stabbing, twinges? 

Aching pain is often experienced in later 

stages of coxarthrosis. Patients usually com

plain of sharp pain during activities when 

there is a tendinitis, particularly in the third 

clinical stage. Sharp, stabbing pain can result 

from tendinitis but is much more often due to 

loose bodies in the joint. 

Duration of the Symptoms 

Duration of the symptoms can provide gen

eral information as to the severity of the le

sion and prognosis. This holds true for joint 

disorders as well as for lesions of the periar

ticular structures. The shorter the duration of 

symptoms and the earlier treatment is initi

ated, the more successful and the quicker will 

be the results achieved by therapy. 

Involvement of Other Joints 

If the patient has problems injoints besides 

the hip, the possibility of a systemic disease 

should be considered. 

Previous Surgery 

Previous hip surgeries, such as an os

teotomy, quite often require a second surgery 

to relieve symptoms. Other surgeries may 

have been performed for malignant pathol

ogy. In this instance, the possibility of me

tastases needs to be ruled out. 

Medications 

If the patient is taking anticoagulants, most 

forms of mechanical therapy, such as trans

verse friction or manipulation, are contraindi

cated. If the patient is on nonsteroidal antiin

flammatory medication and is getting relief 

from the symptoms, one should suspect pa

thology in which inflammation is involved, 

such as coxarthritis. If the patient is on anti

hypertensive medication, any exercise pro

gram should be closely monitored (specifi

cally, the patient's blood pressure during the 

exercises). The patient should also be in

structed to breathe in a relaxed manner dur

ing the exercises and never to hold the 

breath. If the patient is on antidepressant 

medication, the symptoms being experienced 

may be complicated by psychologic factors. 

Previous Treatment and Results 

The question of previous treatment is im

portant with regard to planning the current 



treatment program. In general, a treatment 

that has already been applied and was not 

successful should not be repeated, unless 

there is doubt concerning whether the treat

ment was correctly performed. 

Specific Inspection in Standing 

(Refer also to Chapter 2.) 

The patient is inspected from the front, the 

back, and both sides. In so doing, the exam

iner should pay attention to the patient's 

complete posture: 

• position of the feet 

• position of the knees 

• position of the legs 

• position of the pelvis 

• leg length 

• presence of atrophy, swelling, or 

changes in color 

Before the functional examination, palpa

tion only for local swelling and skin tempera

ture is performed. When swelling is present, 

its consistency is determined. 

Functional Examination 

(Refer also to Diagnosis and Treatment of 

the Spine, pp. 153-157.) 

Before the functional examination, it 

should be noted whether the patient is expe

riencing symptoms at that specific moment. 

With each test the examiner should observe 

whether the symptoms change. Procedurally, 

the affected side should always be compared 

with the nonaffected side. The nonaffected 

side is tested first to have an idea of what is 

normal for the patient. Even though it may be 

clear from the first part of the clinical exami

nation (general inspection, patient history, 

palpation, and specific inspection) that there 

is hip pathology, the examiner should always 

begin the basic functional examination of the 

hip with quick tests for the lumbar spine in 

standing. If the patient's symptoms are pro-
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voked on these tests, the examiner should 

continue with the appropriate tests for the 

lumbar spine. 

In the following sections, the essential tests 

that comprise the basic functional examina

tion are printed in underlined bold italic 

type. The other tests are performed if war

ranted by the fmdings in the basic functional 

examination. 

In Standing 

Active motions 

3.1 Quick tests for the lumbar spine 

(extension. right and left side

bending, and flexion) 

3.2 Trendelenburg's test 

3.3 Active internal rotation of both hips 

3.4 Active external rotation of both hips 

In Supine 

Passive motions 

3.5 Passive internal rotation of both 

hips 

3.6 Passive external rotation of both 

hips 

3.7 Straight leg raise test 

3.8 Sacroiliac joint provocation 

test 

3.9 Passive hip flexion 

3.10 Circumduction test 

3.11 Passive internal rotation of 

the hip in 90° flexion 

3.12 Passive external rotation of 

the hip in 90° flexion 

3.13 Passive hip abduction with 

extended knee 

3.14 Passive hip adduction 

Resisted tests (and iliopsoas stretch 

test) 

3.15 Resisted hip flexion in 90° 

flexion 
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3.16 Resisted hiD abduction (bilat

eral) 

3.17 Resisted hip adduction in the 

neutral position (bilateral) 

Prone 

Passive tests 

Passive hip extension 

Passive hip extension fol

lowed by knee flexion (femo

ral nerve stretch test) 

3.20 Passive bilateral internal ro

tation, with the knees in 90° 

flexion 

Resisted tests 

3.21 Resisted internal rotation of 

the hip, with the knees in 90° 

flexion (bilateral) 

3.22 Resisted external rotation of 

the hip, with the knees in 90° 

flexion (bilateral) 

3.23 Resisted hip extension 

3.24 Resisted knee extension, with 

the knee in 90° flexion 

3.25 Resisted knee flexion, with 

the knee in 70° flexion 

After the functional examination, palpation 

is again performed for swelling and tempera

ture. Palpation should also include inspection 

of the suspected affected structure to localize 

as precisely as possible the site of the lesion. 

OccaSionally, special tests should be per

formed to confirm a diagnosis. These tests are 

discussed in the clinical findings sections for 

the various disorders in Chapter 4. 

Other examinations can also be performed 

to confirm a diagnosis or to gain further infor

mation when a diagnosis cannot be reached 

based on the functional examination. These 

include: 

• imaging techniques (conventional radio

graphs, computed tomography [CT], ar

thrography, CT arthrography, magnetic 

resonance imaging, and ultrasonogra

phy) 

• laboratory tests 

• arthroscopy 

• electromyography 

DESCRIPTION OF THE FUNCTIONAL 

EXAMINATION 

• Active motions: Active motions are ex

amined to assess the range of motion and 

the course of movement. The range of 

motion measured actively is compared 

with the range of passive motion. Provo

cation of the patient's symptoms during 

the test is also noted. Differentiation 

among a number of conditions, such as 

lesions of the hip, lumbar spine, sacro

iliac joints, pubic symphysis, and inter

nal organs, is important. 

• Passive motions: Just as with examina

tion of the active motions, when the pas

sive motions are tested particular atten

tion is paid to the range of motion. In 

instances of limited motions, it is neces

sary to determine whether the limita

tions are in a capsular or noncapsular 

pattern. It is also important to note the 

end-feel with each passive test and any 

provocation of the patient's symptoms. 

During the examination of the hip, 

movement of the lwnbar spine cannot be 

prevented. For instance, in the passive 

hip flexion test, the lumbar spine flexes 

as well; in passive internal rotation of the 

hip, an ipsilateral sidebend of the lumbar 

spine takes place; and in external rota

tion, the lumbar spine side bends contra

laterally. 

• Resisted tests: The resisted tests are 

performed to assess the contractile 

structures for strength and painfulness. 



Various bursae located around the hip 

joint, when affected, can become pain

fully compressed during isometric con

traction of specific muscles. 

In Standing 

3.1 Quick Tests for the Lumbar 

Spine (not illustrated) 

Quick tests for the lumbar spine consist of 

the following active motions: extension, left 

and right sidebending, and flexion. 

3.2 Trendelenburg's Test 

The patient stands on one leg and lifts the 

other leg up to approximately 900 hip flexion. 

The examiner kneels or sits behind the pa

tient and palpates underneath the posterior 

superior iliac spine bilaterally. 

This test is positive when the posterior su

perior iliac spine on the standing leg rises or 

the other side sinks, thus indicating weakness 

Test 3.2 
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of the gluteus medius on the standing leg side. 

Possible causes for weakness are pathology 

whereby the origin and insertion of the 

muscle are brought closer to each other (such 

as in a slipped capital femoral epiphysis) , con

genital subluxation or dislocation of the hip, 

fractures of the greater trochanter, severe 

forms of coxarthrosis, and various neurologic 

diseases. 

3.3 Active Internal Rotation of 

Both Hips 

The patient is instructed to keep the knees 

extended and to try to internally rotate the 

hips as far as possible. 

The examiner ensures that the line con

necting both anterior superior iliac spines re

mains in the frontal plane and observes any 

asymmetry in the range of motion. 

The range of motion is compared with that 

found in supine with the hips in 00 (Test 3.5) 

Test 3.3 
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and 90° flexion (Test 3.11) as well as in prone 

positions (Test 3.20). 

3.4 Active External Rotation of 

Both Hips 

The patient keeps the knees extended and 

attempts to externally rotate the hips as far as 

possible. 

The examiner ensures that the line con

necting both anterior superior iliac spines re

mains in the frontal plane and observes any 

asymmetry in the range of motion. 

The range of motion is compared with that 

found in supine with the hips in 0° (Test 3.6) 

and 90° flexion positions (Test 3.12). Slight 

asymmetry in the range of motion is almost 

always observed; in most people, the right hip 

joint exhibits slightly more external rotation 

than the left. 

Test 3.4 

In Supine 

3.5 Passive Internal Rotation of 

Both Hips (not illustrated) 

The examiner grasps the patient's lower 

legs at the malleoli and maximally internally 

rotates the patient's hips. The knees remain 

extended. 

Usually there is a pseudoasymmetry in the 

range of motion as a result of an asymmetric 

position of the acetabuli. 

3.6 Passive External Rotation of 

Both Hips (not illustrated) 

The examiner grasps the patient's lower 

legs at the malleoli and maximally externally 

rotates the patient's hips. The knees remain 

extended. 

As with the internal rotation test (Test 

3.5), minimal asymmetry in the amount of 

motion is almost always seen as a result of an 

almost always present pelvic asymmetry. 

3.7 Straight Leg Raise Test 

The straight leg raise is a test for pathology 

of the hamstring muscles and also for the 

mobility of the nerve roots L4 to S2. (Refer to 

Diagnosis and Treatment oj the Spine for 

interpretation of the straight leg raise test 

with regard to the lumbar spine.) 

The straight leg raise test can be painful 

and limited in cases of severe pathology of the 

hip joint. Refer to the section "Sign of the 

Buttock" in Chapter 4 for more detailed infor

mation about this phenomenon. 

3.8 Sacroiliac Joint Provocation 

Test 

The patient lies relaxed in a supine position 

with the legs extended. 

The examiner places the hands on the 

patient's anterior superior iliac spines in such 

a way that the extended arms are crossed and 

the shoulders are positioned over the hands. 

This test puts tension on some ligaments and 

compresses other ligaments of the sacroiliac 

joint. 
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Test 3.8 
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The test is positive if the patient experi

ences unilateral pain. This pain can be felt in 

the abdominal-groin area, the gluteal region, 

or the leg. If the test is positive, it is repeated 

with the patient's forearm placed in the small 

of the back to support the lumbar lordosis. If 

the test is still positive, sacroiliac pathology is 

suspected, and the examiner should go on 

with further testing of the sacroiliac joints. A 

detailed description of the functional exami

nation of the sacroiliac joints is provided in 

Diagnosis and Treatment oj the Spine. 

3.9 Passive Hip Flexion 

The examiner grasps the posterior aspect 

of the patient's thigh, just proximal to the 

knee, and flexes the patient's hip as far as 

possible. 

Attention is given to the amount of motion, 

end-feel (usually soft as a result of soft tissue 

approximation), and pain provocation. It 

should be kept in mind that the lumbar spine 

also flexes during this test. Pain provocation 

without a limitation of motion usually occurs 

Test 3.9 
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as the result of compression of an affected 

structure in the groin region. Linutations of 

motions can be in a capsular pattern, usually 

concerning a coxarthrosis, or a noncapsular 

pattern, which is often due to a loose body. 

3.10 Circumduction Test 

If the patient's complaints include pain in 

the groin, the circumduction test should be 

performed. In the same manner as described 

in Test 3.9, the exanUner maximally flexes the 

patient's hip (initial position). From this posi

tion, the hip is then slowly adducted (hip 

adduction). In this fashion, the following 

structures, from lateral to medial, can be 

compressed: 

• insertions of the tensor fasciae latae and 

sartorius muscles (initial position) 

• iliopsoas muscle, iliopectineal bursa, and 

the neurovascular bundle (nUd position) 

• insertion of the pectineus muscle 

• insertion of the adductor longus muscle 

(end position) 

Test 3.10A Initial position 

Test 3.108 Mid position 

...... . , 

Test 3.10C End position 

From the position of maximal flexion and 

adduction, the hip can then be internally ro

tated (position for internal rotation). If this 

test provokes the specific symptoms of the 

patient, a lesion of the acetabular labrum 

should be suspected (especially if the onset 

was traumatic). 



3.11 Passive Internal Rotation 

of the Hip in 900 Flexion 

The examiner grasps the medial aspect of 

the patient's lower leg with the patient's knee 

and hip flexed to 900. The other hand is 

placed against the anterolateral aspect of the 

thigh, just proximal to the patient's patella. 

The examiner then rotates the lower leg as 

far outward as possible, while keeping the 

knee in the same place (internal rotation of 

the hip). At the end of the range of motion, 

overpressure is exerted. 

Attention is paid to the amount of motion, 

end-feel, and provocation of pain. The end

feel is usually firm. Limitations of motion are 

almost always part of a capsular pattern and 

indicate arthritis or arthrosis of the hip joint. 

The examiner has to keep in mind that ipsilat

eral sidebending of the lumbar spine also 

takes place during this test. Thus in the pres

ence of lumbar pathology, this test could be 

painful. 

Test 3.11 
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3.12 Passive External Rotation 

of the Hip in 900 Flexion 

The examiner grasps the lateral aspect of 

the patient's lower leg with the patient's knee 

and hip flexed to 900. The other hand is 

placed against the anteromedial aspect of the 

thigh, just proximal to the patient's patella. 

The examiner then rotates the lower leg as 

far as possible inward, while keeping the knee 

in the same place (external rotation of the 

hip). At the end of the range of motion, over

pressure is exerted. 

Attention is paid to the amount of motion, 

end-feel, and provocation of pain. The end

feel is usually firm. Limitations of motion are 

usually part of a noncapsular pattern and in

dicate pathology such as a loose body. 

3.13 Passive Hip Abduction with 

Extended Knee 

If possible, the patient brings the leg not 

being tested into abduction to the point 

where the lower leg hangs over the edge of 

the table (this position helps fixate the pel

vis). 

Test 3.12 
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Test 3.13A 

In Test 3.l3A, the examiner grasps the leg 

being tested in such a way that the patient's 

lower leg rests on the volar aspect of the 

examiner's forearm and the examiner's hand 

is on the medial aspect of the patient's ex

tended knee. With the other hand, the exam

iner fixates the patient's pelvis at the lateral 

aspect, just above the greater trochanter. The 

examiner abducts the patient's hip on the side 

being tested, taking care not to bring the 

patient's hip into flexion. At the end of the 

range of motion, overpressure is exerted. 

Attention is paid to the amount of motion, 

end-feel, and provocation of pain. The end

feel is usually soft-springy because the mo

tion is normally restricted by increased ten

sion in the hip adductor muscles. Limitation 

of motion is usually part of a capsular pattern, 

indicating an arthritis or arthrosis of the hip. 

Pain without a limitation of motion is usually 

the result of a lesion of the hip adductors, 

which are stretched during this test. 

If the patient experiences pain during pas

sive hip abduction with extended knee, then, 

without bringing the hip into flexion, the knee 

is allowed to flex to 90° (Test 3.13B). In this 

manner, the hip is able to abduct further be

cause tension has been momentarily taken 

away from the gracilis muscle. At the end of 

the range of motion, overpressure is exerted. 

With this procedure, in cases of lesions of 

the gracilis muscle the following can be ob

served: Groin pain is provoked during passive 

abduction with extended knee, which disap

pears the moment the knee is bent but returns 

again at the end of the abduction motion. If 

groin pain is provoked during passive ab

duction with extended knee and does not dis

appear the moment the knee is bent, there is 

more likely to be a lesion of the adductor lon

gus, adductor brevis, or pectineus muscles. In 

both instances, there is no limitation of 

motion. In the case of a gracilis lesion, resisted 

hip adduction and resisted knee flexion must 

also be painful. In the case of an adductor lon

gus or adductor brevis lesion, resisted hip 

adduction must be painful. In the case of a 

pectineus lesion, resisted flexion and resisted 

adduction of the hip must be painful. 

This test can provoke pain in a number of 

other hip disorders, and therefore it is not 

specific. If pain is experienced in the greater 

Test 3.138 



trochanter region, however, trochanteric pa

thology is indicated (eg, a bursitis of one of 

the bursae found around the greater tro

chanter). 

3.14 Passive Hip Adduction 

Passive adduction of the hip is only possible 

if the other leg is flexed or extended in the 

hip. To achieve this position, the patient 

places the foot of the side not being tested on 

the lateral side of the other knee. 

The examiner stands opposite the side be

ing tested and grasps the leg being tested 

from the lateral aspect in such a way that the 

patient's lower leg rests on the examiner's 

forearm and the examiner's hand is placed at 

the lateral aspect of the patient's extended 

knee. The examiner then adducts the 

patient's hip as far as possible. Overpressure 

is exerted at the end of the range of motion. 

Attention is paid to limitation of motion, 

end-feel, and pain provocation. The end-feel 

is usually soft-springy because the motion is 

Test 3.14 
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normally restricted by a stretch of the muscu

lature of the pelvic and thigh muscles. Limita

tions of motion are rarely seen. Pain can be 

experienced as the result of a stretch of the 

pelvic and thigh muscles (tensor fasciae latae 

and iliotibial tract) or compression of the un

derlying subtrochanteric bursae. 

3.15 Resisted Hip Flexion in 90° 

Flexion 

The patient is asked to flex the hip to 90°. 

The examiner stands at the head of the 

table on the side being tested. The examiner 

places one hand against the anterior aspect of 

the distal thigh, while on the same side the 

other hand rests on the patient's shoulder. 

The patient is instructed to bring the knee 

in the direction of the ipsilateral shoulder. At 

the same time, the examiner's extended arm 

exerts isometric resistance. 

In Test 3.15A in particular, the iliopsoas 

muscle is assessed for strength and pain. 

Sometimes, even though a lesion of the iliop-
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Test 3.15A 

soas muscle is suspected, this test is not pain

ful. The muscle can be examined more spe

cifically by means of the tests described be

low. 

The examiner stands next to the side being 

tested and grasps the medial aspect of the 

patient's lower leg as distally as possible. The 

other hand is placed on the anterior aspect of 

the most distal part of the thigh. The patient 

flexes the hip to 450. 

The specific function of the iliopsoas, flex

ion and external rotation of the hip, is tested 

in Test 3.1 5B. 

The patient is now instructed to move the 

knee toward the ipsilateral shoulder and si

multaneously bring the heel toward the con-

Test 3.158 

tralateral knee. At the same time, the exam

iner exerts isometric resistance. 

The same test described in test 3.l5B can 

be performed with the muscle in a stretched 

position. The patient brings the hip to an ex

tended and internally rotated position and 

tries to move the hip into flexion and external 

rotation. Again, the examiner exerts simulta

neous isometric resistance. 

A lesion may cause the iliopsoas to be pain

ful to stretch. 

The patient lies in a supine position on the 

table so that the sacrum is positioned at the 

short end of the treatment table. The patient 

brings the side not being tested into maximal 

flexion by holding the knee to the chest. The 



leg being tested hangs in a relaxed manner 

over the edge of the table. The thigh should 

now lie in the horizontal plane or, if the 

muscle is "too short," at an angle above the 

horizontal. 

3.16 Resisted Hip Abduction 

(Bilateral) 

The examiner places both hands at the lat

eral aspect of both of the patient's knees in 

such a way that the thenar eminences rest 

just proximal to the joint line. 

The patient is asked to bring both legs as 

forcefully as possible away from each other. 

At the same time, the examiner exerts iso

metric resistance. 

In this test, the hip abductors are tested for 

strength and pain. 

3.17 Resisted Hip Adduction in 

the Neutral Position (Bilateral) 

The examiner places both hands at the 

medial aspect of both of the patient's knees in 

such a way that the thenar eminences rest 

just proximal to the joint line. 
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The patient is asked to bring both legs as 

forcefully as possible toward each other. At 

the same time, the examiner exerts isometric 

resistance. 

In this test, the hip adductors are tested for 

strength and pain. 

In lesions of the hip adductors, this test 

alone is not always sufficient to provoke the 

patient's pain. Because not all patients with a 

lesion of the hip adductors experience pain 

when adduction is resisted from this position, 

the test is repeated with the hips in 45° and 

90° flexion. It is not yet clear why some pa

tients with adductor lesions experience pain 

in 45° but not 0° positions, and vice versa. 

Empirically, however, if this test is positive a 

lesion of the gracilis muscle is probable. 

The test for resisted hip adduction in 45° 

hip flexion and 90° knee flexion (bilateral) 

(not illustrated) is performed in a way similar 

to that described for Test 3.17 A, but now the 

patient's hips are flexed to 45° with the knees 

in 90° flexion and the feet resting flat on the 

table. 

Empirically, this test is found to be painful 

in lesions of the adductor longus or adductor 

brevis muscles and particularly in pubic sym

physis pathology. 
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Test 3.17A 

For resisted hip adduction in 90° flexion, 

the patient lies in a supine position and flexes 

the side being tested to 90° (Test 3.17C). 

The examiner stands next to the patient at 

the side being tested and places one hand at 

the medial aspect of the patient's knee. The 

other hand is placed against the anterior as

pect of the opposite anterior superior iliac 

spine. 

The patient is now instructed to bring the 

hip in the direction of the other hip. At the 

same time, the examiner exerts isometric re

sistance. 

Empirically, this test is less painful in in

stances of pubic symphysis pathology. 

For resisted hip adduction in combination 

with flexion, with the hip in 70° flexion, the 

patient lies in a supine position and flexes the 

side being tested to 70° (Test 3.17D). 

The examiner stands next to the patient at 

the side being tested and places one hand at 

the medial aspect of the patient's knee. The 

other hand is placed against the anterior as

pect of the opposite anterior superior iliac 

spine. 

From this position of 70° hip flexion, the 

patient is asked to bring the knee of the side 

being tested toward the contralateral hip (ad

duction in combination with flexion). 

Test 3.17C 

Test 3.170 



This test is specific for assessing strength 

and painfulness of the pectineus muscle. In 

instances of a pectineus lesion, Tests 3.13A 

and 3.13B are usually also painful as a result 

of stretch, and Tests 3.1 OA through 3.1 OC can 

be painful as a result of compression of the in

jured muscle. 

In Prone 

3.18 Passive Hip Extension 

The examiner stands on the side to be 

tested and grasps the distal aspect of the 

thigh anteriorly just proximal to the extended 

knee. As a result, the patient's lower leg rests 

on the examiner's forearm. The thenar emi

nence of the examiner's other hand is placed 

against the posterior aspect of the patient's 

ischial tuberosity. 

The examiner brings the patient's leg as far 

as possible into extension while the proximal 

hand fixates the patient's pelvis against the 

Test 3.1 8 
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treatment table. At the end of the range of 

motion, the examiner exerts slight overpres

sure. 

Attention is given to the amount of motion, 

end-feel, and provocation of pain. The end

feel is usually firm. A limitation of motion is 

usually part of a capsular pattern, indicating 

an arthrosis or arthritis of the hip joint. Pain 

without a limitation in motion is usually the 

result of a stretch of the superficial anterior 

soft tissue structures (such as the iliopsoas 

muscle) or compression of the deeper lying 

soft tissue structures (such as the ilio

pectineal bursa). 

3.19 Passive Hip Extension 

Followed by Knee Flexion 

(Femoral Nerve Stretch Test) 

From the end-position described in Test 

3.18, the examiner slowly flexes the knee of 

the patient's passively extended hip. This is 

done by a shifting of the examiner's body in 

the direction of the patient's head. In so do-
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Test 3.19 

ing, the examiner's forearm bends the 

patient's knee. 

During this test, the rectus femoris muscle 

is stretched. Additionally, this is a stretch test 

for the femoral (L3, L4) nerve. In this in

stance, the patient experiences pain in the 

back and possibly in the anterior aspect of the 

thigh. 

3.20 Passive Bilateral Internal 

Rotation. with the Knees in 90° 

Flexion 

The patient lies in a prone position and 

flexes both knees to 90°. 

The examiner sits at the foot of the table 

and places both hands at the medial aspect of 

the patient's lower legs, just proximal to the 

ankles. The patient's knees contact each 

other. The examiner brings both of the 

patient's hips into internal rotation by bring

ing the patient's lower legs away from each 

other. At the end of the range of motion, the 

examiner exerts overpressure. 

Small differences in range of motion, and 

particularly end-feel, can be better assessed 

Test 3.20 

in this test than by internal rotation in the 

supine position with the hips flexed to 90°. 

Limitations of motion are almost always part 

of a capsular pattern and inclicate arthritis or 

arthrosis of the hip joint. 

3.21 Resisted Internal Rotation 

of the Hip. with the Knees in 90° 

Flexion (Bilateral) 

The patient lies in a prone position with the 

knees flexed to 90°, holding the legs together. 

The examiner sits at the foot of the table 

and grasps each of the patient's lower legs 

from the lateral direction, just proximal to the 

ankles. 

The patient is now asked to keep the knees 

together and push the ankles away from each 

other. At the same time, the examiner exerts 

isometric resistance. 

In this test, the internal rotators of the hip 

are assessed for strength and painfulness. 

This test is seldom positive. 
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3.22 Resisted External Rotation 

of the Hip. with the Knees in 90° 

Flexion (Bilateral) 

The patient flexes the knees to 90° and 

holds the legs together. 

The examiner sits at the foot of the table 

and grasps each lower leg from the medial 

sides (arms are crossed), just proximal to the 

ankles. 

The patient is asked to keep the knees to

gether and push the ankles toward each 

other. At the same time, the examiner exerts 

isometric resistance. 

In this test, the external rotators of the hip 

are assessed for strength and painfulness. 

The iliopsoas muscle is more often affected 

than the sartorius muscle. When there is a 

lesion of the iliopsoas muscle, Tests 3.15A to 

3.l5C will also be painful. 

3.23 Resisted Hip Extension 

The examiner stands opposite the side be

ing tested, at the level of the lower leg, and 

Test 3.22 

Test 3.23 
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places one hand on the posterior aspect of the 

patient's thigh just proximal to the knee. The 

other hand supports the patient's lower leg 
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from an anterior position, just proximal to the 

ankle. 

The patient is now asked to lift the thigh 

and simultaneously exert slight pressure with 

the lower leg in the direction of the treatment 

table. At the same time, the examiner pro

vides isometric resistance. 

This tests the hip extensors for strength 

and painfulness. Performing the test in this 

manner provides more reliable information 

about the gluteal muscles because it prevents 

the knee flexion function of the hamstrings by 

requiring simultaneous slight isometric con

traction of the quadriceps. 

Test 3.24 

Test 3.25 

3.24 Resisted Knee Extension. 

with the Knee in 90° Flexion 

The examiner stands next to the side being 

tested, at the level of the patient's upper 

body. The patient flexes the knee to 90°. 

With one hand, the examiner grasps the 

anterior aspect of the patient's lower leg just 

proximal to the ankle and places the other 

hand on the posterior side of the thigh just 

proximal to the popliteal fossa. 

The patient is now instructed to straighten 

the knee without lifting the thigh. At the same 

time, the examiner provides isometric resis

tance with the extended arm. 



This tests the quadriceps muscles for 

strength and painfulness. The rectus femoris 

muscle plays the most important role in hip 

pathology. 

3.25 Resisted Knee Flexion, with 

the Knee in 70° Flexion 

The examiner stands next to the side being 

tested, at the level of the patient's upper 

body. The patient flexes the knee to 70°. 

With one hand, the examiner grasps the 

posterior aspect of the patient's lower leg 
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just proximal to the ankle and places the 

other hand on the posterior side of the 

patient's thigh just proximal to the popliteal 

fossa. 

The patient is now asked to bend the knee 

without lifting the pelvis from the table. At 

the same time, the examiner exerts isometric 

resistance. 

This tests the hamstrings for strength and 

painfulness. In cases where there is a ham

string lesion, Tests 3.7 and 3.23 could also be 

painful. 



Chapter 4 

Pathology of the Hip 

4.1 JOINT PATHOLOGY 

PATHOLOGY WHERE MOTIONS 

ARE LIMITED IN A 

CAPSULAR PATTERN 

ARTHRITIS 

Traumatic Arthritis 

Traumatic arthritis of the hip is rare. When 

it occurs, it is seen primarily in athletes, par

ticularly soccer players. The disorder is sel

dom seen in people younger than 20 years. 

The trauma usually involves hyperextension, 

rotation, or combinations of these conditions. 

A patient with coxarthrosis can develop trau

matic arthritis of the hip as the result of over

use or from an accident. Such cases are cat

egorized as being an activated or traumatized 

arthrosis. 

Clinical Findings 

The patient complains of groin pain, which 

can radiate to the anterior aspect of the thigh. 

Functional Examination 

Passive internal rotation is painful and lim

ited. Sometimes, that is the only finding. Flex-
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ion, extension, and abduction can be slightly 

limited as well (capsular pattern). 

Treatment 

Treatment consists of manual traction of 

the hip, administered daily for at least 10 min

utes, possibly in conjunction with nonsteroi

dal antiinflammatory medication. The symp

toms usually subside within 2 to 3 weeks. 

Nontraumatic Arthritis 

The most frequently seen non traumatic 

arthritides of the hip are rheumatoid arthritis, 

gout, ankylosing spondylitis, and arthritis re

sulting from pigmented villonodular synovitis 

(Figure 4-1). Idiopathic arthritis is also seen 

in the hip joint (Figure 4-2). The progression 

of this disorder is analogous to that of idio

pathic arthritis of the shoulder. This form of 

arthritis is self-limited; the symptoms resolve 

within a period of 1 to 2 years. A unilateral or 

bilateral arthrokatadysis can occur at any age 

as the result of some hip joint arthritides. Ar

throkatadysis is a sinking in of the floor of the 

acetabulum, resulting in protrusion of the 

femoral head through it. When the femoral 

head protrudes "inward" through the ac

etabulum, the condition is diagnosed as sec-
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Figure 4-1 Anteroposterior (AP) conventional radiograph demonstrating severe (rheumatoid) arthritis 
of the hips, affecting the left hip more than the right. The joint space of the left hip joint has almost 
completely disappeared, and on the right side there is an obvious narrowing. 

R L 

Figure 4-2 AP conventional radiograph showing bilateral coxitis (arthritis of both hip joints) . In this 
case, the cause is not (yet) known. There is severe narrowing of the joint space bilaterally with sub
chondral geode (cavity) formation. 
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ondary arthrokatadysis. The seldom seen pri

mary arthrokatadysis occurs during adoles

cence; its cause is unknown (Figure 4-3). 

Clinical Findings 

Activity-related groin pain and limited 

range of motion are the patient's chief com

plaints. Patients with severe cases may also 

experience pain at rest. 

Functional Examination 

Limitations of motion in the capsular pat

tern are found. Further examination with a 

blood work-up and the use of imaging tech

niques is necessary to determine the cause of 

the non traumatic arthritis and to select an 

appropriate treatment. 

Treatment 

The idiopathic arthritis is self-limiting and 

can last for a period of 1 to 2 years. Therapy is 

restricted to carefully performed manual 

traction and the administration of nonsteroi-

R 

dal antiinflammatory medication. With the 

other arthritides, the treatment, usually con

sisting of medication, depends on the cause. 

In many cases, when the symptoms of pain 

subside, slight capsular pattern limitations 

remain. These can often be alleviated by 

means of joint-specific manual therapy. 

Coxarthrosis 

Coxarthrosis is a common hip joint disor

der that in most cases does not cause any 

pain. The diagnosis is often based exclusively 

on radiographic f indings (eg, when the hip 

joints are visible on colon f ilms). Patients usu

ally do not experience any symptoms from an 

arthrotic hip joint condition. 

The disorder can be classified as either pri

mary or secondary. A classification as pri

mary means that the disorder occurs in a nor

mally formed and positioned joint, as 

determined by radiography. A classification 

as secondary means that the disorder is a re-

L 

Figure 4-3 Bilateral secondary arthrokatadysis, conventional radiograph. The joint spaces have practi
cally disappeared; the femoral heads are visibl e  on the inner side of the pel vis. 
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Figure 4-4 AP conventional radiograph of the pelvis. There is a severe obliquity of the pelvis, declined 
to the right, with an adduction position of the right hip and compensatory lumbar scoliosis. The left hip 
shows evidence of severe arthrotic changes (arrowheads). 

sult of either a deviation in the anatomy of the 

hip joint (Figure 4-4) or previous disease in 

the hip joint (Figure 4-5). In  the first in

stance, congenital deviations are usually in

volved, such as hip dysplasia, subluxation or 

dislocation, coxa vara, coxa valga, or femoral 

antetorsion. The second instance usually con

cerns a slipped capital femoral epiphysis, 

Perthes' disease, or an arthritis of the hip. 

Primary coxarthrosis usually occurs in pa

tients older than 40 years; secondary 

coxarthrosis is most often seen in patients 

older than 25. The disorder can occur unilat

erally as well as bilaterally and is seen equally 

in men and women. The progression of 

coxarthrosis in women is usually much more 

severe, however. An overweight condition 

can be an unfavorable factor in this disorder. 

Clinical Findings 

Initially the patient complains only of pain 

in the groin or the anteromedial aspect of the 

thigh. Sometimes, however, pain is felt only at 

or just distal to the knee. In patients who have 

only knee pain but for whom the functional 

examination of the knee is negative, pathol

ogy of the hip joint should be suspected, lead

ing to a functional examination of the hip. 

In the early stages, pain is only experienced 

during weight-bearing activities; later, there 

can also be temporary periods of pain when 

the hip is at rest. At first, there are long inter

vals without pain; ultimately these become 

shorter and shorter. 

Many people with coxarthrosis actually ex

perience fewer symptoms over a period of 

time. Ten years after the onset of symptoms, 

most patients have less pain but greater limi

tations of motion. Obviously, only patients 

with progressive symptoms require intensive 

medical attention. This would be true for pa

tients who frequently have pain at rest or at 

night and who can no longer lie on the af

fected side. 
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Figure 4-5 AP conventional radiograph of the pelvis. The l eft hip shows evidence of sequelae of an 
earlier acetabulum fracture (arrow) . There are early arthrotic changes (secondary coxarthrosis). 

Functional Examination 

Depending on the severity of the disorder, 

a slight , moderate, or severe capsular pattern 

of limited motions can be found. 

Conventional radiographs generally con

firm the diagnosis. D ifferentiation is made 

between the expulsive form and the enclosing 

form. In the expulsive form, the lateral part of 

the femoral head appears to be displaced lat

erally (Figure 4-6). This form usually causes 

a significant amount of pain with a relatively 

small amount of motion limitation. In its en

closing form, the hip cavity "grasps" even 

more of the femoral head. Patients with this 

form generally have severe limitations of mo

tion and relatively little pain. 

It is important to obtain an anteroposterior 

(AP) view in the standing position because 

otherwise misleading information can be pre

sented. In a lying position, the joint space can 

appear to be normal, but with the radiograph 

taken in the standing position , body weight 

may reveal the space to have almost disap

peared (Figure 4-7). 

A number of complications can be caused 

by coxarthrosis, the most frequent being the 

loose body. The patient experiences unex

pected, brief ,  sharp pains in the groin, during 

which standing on the affected leg is impos

sible. In such cases, the functional examina

tion sometimes presents misleading informa

tion because the limitations of motion are not 

always in the capsular pattern. 

Another complication is irritation of the ili

opsoas muscle. Additionally, compression 

neuropathies can occur as a result of the in

creased tonus in the muscles as they attempt 

to adapt in a shortened position. This is true 

of muscles such as the iliopsoas, rectus femo

ris , adductors, and hamstrings. The most fre

quently compromised nerves are the lateral 

femoral cutaneous and obturator nerves. In 

these instances, the pain reference remains 

constrained to a rather small area of the thigh. 

This pain has a burning sensation that is 
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Figure 4-6 AP conventional radiograph of the right hip in a 52-year-old man. Here, the so-called expul
sive form of coxarthrosis can be seen. This patient reacted unsuccessfully to conservative therapy and 
u ltimately had the hip joint replaced with an endoprosthesis. 

clearly different from the usual pain in a 

coxarthrosis . 

Treatment 

Initially, therapy is conservative and de

pends on the findings on the functional ex

amination. In principle, manual traction is al

ways indicated. Other techniques of manual 

mobilization can be tried, but in many cases 

the rotation mobilizations seem to aggravate 

the symptoms, even when they are carefully 

performed. Muscle stretching should be con-

sidered for the shortened muscles. The thera

pist has to find a balance between joint mobi

lization and muscle stretching. 

In more severe cases, pressure can be 

taken off the hip during walking by use of a 

cane on the nonaffected side. In so doing, the 

load can be decreased by approximately 60%. 

If physical therapy does not bring improve

ment and surgical treatment is not (yet) indi

cated, an intraarticular injection with a corti

costeroid often provides pain relief for an 

extended period of time . 
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Figure 4-7 AP conventional radiograph of the pelvis in a 60-year-old woman with complaints about 
the right hip. (A) Lying position: The joint space of the right hip appears to have only a minimal amount 
of narrowing (arrowheads). (B) Standing position: Severe narrowing of the joint space and even bony 
contact (arrowheads) can now be seen. 



Symptoms caused by a loose body can of

ten be remedied by a rotation manipulation 

under traction. Compression neuropathies 

can be treated by means of perineural injec

tions. As a final alternative, surgical proce

dures may be needed to remedy severe pain 

and limitations of motions. 

Perthes' Disease CLegg-Calve-Perthes 

Disease) 

Perthes' disease concerns an aseptic bone 

necrosis that particularly affects children be

tween the ages of 3 and 1 0  but can still occur 

up to the age of 1 5. The necrosis of the femo

ral head is the result of imperfect vasculariza

tion. The etiology of this condition is as yet 

unknown. Early diagnosis is of utmost impor

tance because otherwi.se severe deformation 

of the femoral head can occur (Figure 4-8). 

R 
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The most severe deformation particularly oc

curs in children between 4 and 6 years of age. 

The disorder can occur bilaterally, but when 

that is the case one side is affected several 

months before the other. 

Clinical Findings 

Symptoms in the early stages are usually 

minimal. There is a slight deviation in the gait 

pattern; the child drags the leg, but only 

slightly. Severe pain develops later, and the 

child demonstrates a noticeable limp. The 

pain is felt in the groin and knee and some

times solely in the knee, a condition that is 

obviously misleading. 

Functional Examination 

During the inspection, a slight atrophy of 

the thigh musculature is sometimes noted. 

The Trendelenburg test is usually slightly 

L 

Figure 4-8 AP conventional radiograph of the pelvis. There is severe flattening and widening of the 
right femoral head and femoral neck. This radiograph is typical of Perthes' disease. 
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positive (the pelvis tilts slightly toward the 

nonaffected side when the patient is standing 

on the affected leg). Usually , motions are 

moderately limited in a capsular pattern. 

The radiograph is diagnostic. In addition to 

the standard AP view, a film should also be 

taken in the Lauenstein position (AP view 

with the hip in flexion-abduction-external 

rotation). In the early phase of the disease, 

bone scan or computed tomography (CT) is 

indicated. In the first stage, an increase in the 

joint space is observed in comparison with the 

nonaffected side. In the second stage, a half

moon-shaped subchondral fracture line is 

visible in the femoral head. This condition is 

usually visible on radiographs about 4 months 

after the onset of the symptoms. Progressive 

stages, revealed by radiography, are charac

terized by fragmentation and, later, collapse 

of the femoral head. 

Treatment 

Treatment is sought from a specialist. The 

greatest concern is the prevention of collapse 

and displacement of the femoral head. De

pending on the clinical findings and the stage 

revealed by radiography , treatment can be 

conservative or operative. 

Transient Synovitis (Coxitis Fugax) 

Transient synovitis is a disorder of un

known etiology that exclusively affects chil

dren younger than 1 0  years, particularly boys. 

The hip joint becomes irritated, possibly as a 

result of trauma or a viral infection. In a num

ber of cases, the expected spontaneous re

covery does not occur, and the disorder ap

pears to develop into a severe disease of the 

hip joint , such as Perthes' disease, juvenile 

rheumatoid arthritis, or bacterial arthritis. 

Therefore, it is important to observe such 

patients over an adequate period of time , 

even when the symptoms disappear for a 

short or extended period of time. This condi

tion is termed an observation hip, meaning 

that radiographs should be repeated after 2 

months. 

Clinical Findings 

The child usually has little pain but walks 

with some degree of limp. Medical care pro

viders should immediately refer a child with 

these symptoms to an orthopaedic specialist. 

Functional Examination 

The functional examination usually dem

onstrates a slight capsular pattern of limited 

motions. Plain films of the area usually appear 

normal. 

Treatment 

In a pure transient synovitis, the syn1ptoms 

usually do not last longer than 2 to 3 weeks. As 

much load as possible should be taken off the 

hip dming this period. Sometimes bed rest is 

necessary. If the symptoms do not subside 

within the expected time frame, further ex

amination is necessary. 

PATHOLOGY WHERE MOTIONS ARE LIMITED IN A 

NONCAPSULA R PATTERN 

OSTEOCHONDROSIS DISSECANS 

Osteochondrosis dissecans is a disorder of 

unknown etiology that is most commonly 

seen in the knee and elbow joints. Occurrence 

in the hip joint is extremely rare. When found 

in the hip, the lesion is usually located in the 

femoral head and, less often, the acetabulw11. 

The disorder is seen particularly in males 

between the ages of 1 5  and 25 years. In some 



cases, the disorder occurs bilaterally. Necro

sis of the subchondral bone occurs. A necrotic 

bony fragment can break loose from the joint 

surface and end up in the joint as a loose body. 

Such a fragment usually has a diameter of 1 to 

2 cm. 

Clinical Findings 

The symptomatology is usually vague. The 

nature of pain depends upon the load placed 

on the hip and, in the presence of a loose 

body, can be instantaneous and paralyzing. 

Functional Examination 

The findings on the fW1ctionai examination 

often vary. Usually, there is a limitation of one 

or more motions, particularly flexion, exter

nal rotation, or abduction. Radiographs are 

used to confirm the diagnosis. CT and mag

netic resonance (MR) scans are used to as

sess the exact size of the lesion. 

Treatment 

Treatment is tailored to the severity of the 

clinical findings and information provided by 

imaging studies. If the bone fragment has not 

yet broken loose, unloading the hip can elimi

nate the symptoms. It is recommended that 

the patient use crutches for at least 2 months. 

If there is no improvement visible on imaging 

studies after 3 months, surgical treatment is 

indicated. Surgery is always indicated in the 

case of loose bodies. 

ISCHEMIC NECROSIS OF THE 

FEMORAL HEAD 

Ischemic necrosis of the femoral head in 

children is usually the result of Perthes' dis

ease or a slipped capital femoral epiphysis. 

Ischemic (avascular, aseptic) femoral head 

necrosis in adults has an unclear clinical pic

ture but can be clearly defined radiographi

cally, particularly with MR imaging (Figure 

4-9). The cause of this disorder is still the 

subject of much discussion. 
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The disorder involves a subchondral stress 

fracture, which may result from a general 

skeletal disease or from an accident (post

trawnatic femoral head necrosis). In the lat

ter case, a neck or trochanter fracture is often 

involved. Necrosis of the femoral head some

times also occurs after an intertrochanteric 

osteotomy. In rare instances, this condition 

may be seen in dysplasias and in dislocations 

of the hip. 

The necrosis can occur early or late with 

respect to the trawna. So-called early necro

sis occurs within a few weeks or months after 

the accident. So-called late necrosis occurs 1 

year or more afterward. 

The disorder is also part of the description 

of decompression sickness (also termed cais

son sickness or "the bends"). Other diseases 

in which necrosis of the femoral head is seen 

are lupus erythematosus, scleroderma, gout, 

Cushing's syndrome, pancreatitis, and en

docarditis. 

Necrosis of the femoral head is seen most 

frequently in the 25- to 45-year age group. In 

approximately 60% of all cases, the disorder 

is bilateral, but it can be months to years be

fore both hips are affected (Figures 4-10 and 

4-11). 

The etiologic factors listed in Exhibit 4-1 

can lead to a decrease in the blood supply of 

the femoral headD Exhibit 4-2 lists pathologic 

conditions that can lead to necrosis of the 

femoral head.9 

Clinical Findings 

The clinical picture varies. Initially there 

are scarcely any symptoms of pain or limita

tions of motion. When the symptoms increase 

(pain in the groin), there is still not always a 

limitation of motion. Plain films are diagnos

tic. In early stages, the disorder can be seen 

on CT scan and particularly on MR images. 

As soon as the femoral head becomes de

formed, the limitations of motion occur in a 

noncapsular pattern. Eventually, severe pain 

and limitations of motion occur in the joint 
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Figure 4-9 AP conventional radiograph of the pel vis. Dysplasia of both hip Joints with secondary ar
throsis and necrosis at the level of the femoral head are seen. The osteonecrosis has led to severe 
mal formation of the femoral heads. 

Exhibit 4--1 Etiologic Factors in Decreased Blood Supply to the Femoral Head 

Extensive blood vessel ruptures 

• Fracture-dislocation of the femoral neck 

• Hip dislocation 

External vascular occlusion 

• Bone marrow hypertrophy 

• Bone marrow injection or transplanta

tion 

Increase in intraosseous pressure 

Thrombosis 

• Vascular pathology 

• Altered erythrocyte sedimentation rate 

Emboli 

• Blood clots 

• Fat globules 

• Sickle-shaped erythrocytes 

• Nitrogen bubbles 

Osteopenia with microfractures 

Mul tifactoral 

Idiopathic 
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Exhibit 4-2 Pathologic Conditions Leading to Femoral Head Necrosis 

Traumatic 

• Fracture of the femoral neck 

• Dislocation or fracture-dislocation 

• Trauma without fracture or dislocation 

• Hip surgeries, particularly osteotomy 

Nontraumatic 
• Systemic steroid administration 

• Alcohol (excessive use) 

• Smoking 

• Pregnancy 

• Kidney transplant 

• Collagen diseases (eg, lupus erythema

tosus) 

• Sickle cell diseases and sickle cell 

variants 

• Various hemoglobinopathies and 

coagulopathies 

• Caisson (or decompression) sickness 

• Exposure to extremely high altitudes 

• Chronic liver diseases 

• Pancreatitis 

• Ileitis and colitis 

• Burns 

• Various hyperlipidemias 

• Gaucher's disease (glucosylceramide 

lipidosis) 

• Fabry's disease (also known as diffuse 

angiokeratoma or ceramide 

trihexosidase deficiency) 

• Gout 

• Metabolic bone diseases 

• Radiation 

• Arteriosclerosis and other vessel-

narrowing diseases 

• Cushing's syndrome 

• Sarcoidosis 

• Chemotherapy and toxic chemical 

products 

• Tumors 

• Idiopathic factors 

Figure 4-10 MR image demonstrating bilateral necrosis of the femoral heads (arrowheads) in a 36-
year-old man who had an onset of hip (groin) pain several months after falling from a horse. The 
necrosis occurred first on the right and later on the left. 
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Figure 4-11 MR image demonstrating beginning necrosis of the femoral head on the right (arrow
heads) in a 42-year-old woman. This woman had been treated earlier for the same condition on the left 
side with bone drilling through the femoral head and neck. 

with obvious crepitation. The pain can radiate 

to the gluteal region, the anterior aspect of 

the thigh, and the knee. Early arthrosis of the 

joint is the ultimate result. 

Treatment 

Unloading the affected hip joint is neces

sary until radiographs confirm complete re

pair of the femoral head. This process can last 

many months. In severe cases with persistent 

pain and dysfunction, surgical treatments 

such as bone grafting, osteotomy, or total 

joint replacement may be effective. Good re

sults have recently been reported with the 

use of electric stimulation.1o In the final stages 

of the disorder, the joint can be treated with 

methods previously described as appropriate 

for coxarthrosis. 

SLIPPED CAPITAL FEMORAL 

EPIPHYSIS 

Slipped capital femoral epiphysis is a slid

ing off of the femoral head epiphysis from the 

femoral neck. The cause is most probably a 

disturbance in the development of the epi

physeal plate in prepuberty. In this phase of 

life, there is lability of the endocrine balance 

in regard to the growth and sex hormone 

metabolism. The smallest disturbance of this 

endocrine mechanism can lead to a weaken

ing of the epiphyseal plate. This results in a 

reduction in resistance to mechanical load. 

The disorder is seen in girls between the 

ages of 1 1  and 1 3  and in boys between the 

ages of 13 and 15. The ratio of boys to girls is 

approximately 6:4. About 70% of all patients 

are overweight and have a delayed develop

ment of the secondary sex characteristics. 

The other 30% are normal or thin children 

with normal secondary sex characteristics or 

children in a "growth spurt." 

In about 25% of all cases, it can be deter

mined that a trauma was responsible for the 

onset of symptoms. Often the other side is 

also affected but does not always lead to com

plaints; thus radiographic monitoring be

comes necessary. In a large number of cases, 



an aseptic necrosis of the femoral head occurs 

as an early complication. 

Clinical Findings 

Differentiation is made between gradual 

and acute slipped capital femoral epiphysis. 

Gradual slipped capital femoral 

epiphysis. The first clinical signs are so 

minimal that they normally do not lead to con

sultation with a physician. The patient has 

occasional mild pain in the groin or knee and 

a slight limping gait pattern. Usually the 

slipped epiphysis is not yet visible on plain 

films. Only a slight widening of the epiphyseal 

plate is generally seen. As soon as the slipping 

begins, muscle guarding occurs. This muscle 

guarding lasts until such time as the slipping 

stops. At every new stage of slipping, the 

muscle guarding begins again. 

With an increase in the slipping of the 

epiphysis, the mobility of the hip decreases. 

The internal rotation in particular is severely 

limited, and the external rotation appears to 

increase. The flexion motion is not limited but 

is accompanied by simultaneous external ro

tation and abduction, the so-called 

Drehmann sign. 

In the final stage, the leg length is short

ened by about 2 . 5  cm. The Trendelenburg 

test is positive. Often in the final stage, the 

pain decreases. 

Acute slipped capital femoral 

epiphysis. The patient with acute epiphy

seal slipping experiences a sudden onset of 

symptoms where previously there had been 

no complaints. The obvious clinical picture 

consists of a complete inability to put load on 

the hjp, and it will appear as if there is a femo

ral neck fracture. Radiographs are diagnostic 

(Figure 4- 1 2). In addition to the standard 

view, the so-called Lauenstein view (some

times called the frog-leg position) should also 

be taken (Figure 4-13). 

Treatment 

Conservative treatment consists of con

tinuous traction in moderate to maximal ab-
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duction of the mp, for a dmation of 24 hours 

per day with a pull of 8 to 10 kg, for the first 6 

weeks. After that, the pull is gradually de

creased to 4 to 6 kg. After 2 months, the pull 

is again decreased to 2 kg. 

This traction therapy can last 2 to 5 

months. The child is able to leave the bed with 

a Thomas splint to keep as much load as pos

sible off the hip joint. The splint should be 

worn until the epiphyseal plate is completely 

ossified. Operations in which the epiphyseal 

plate is fixated surgically are more frequently 

taking the place of conservative therapy. 

LOOSE BODY 

In various disorders of the hip, loose bodies 

can obscure the symptoms of the underlying 

clinical picture. Loose bodies can also occur 

without evidence of articular pathology or 

prior trauma. The following factors can be 

responsible for the presence of loose bodies: 

• trauma 

• coxarthrosis 

• osteochondrosis dissecans 

• ischemic necrosis of the femoral head 

• synovial (osteo)chondromatosis (rare) 

• idiopathic 

Clinical Findings 

The most commonly experienced symptom 

is a sharp, unexpected twinge of pain in the 

groin. It does not last long and can radiate to 

the anterior aspect of the thigh. Sometimes, it 

is felt only in the knee. In such a patient his

tory, plain films should always be taken to rule 

out serious pathology. If the films are normal, 

the loose body has no known cause. 

Functional Examination 

Usually the passive f1exjon is limited, often 

with a springy end-feel. Passive external rota

tion, with the mp in 90° flexion, adduction, 

and abduction are also often limited. If neces

sary, the diagnosis can be confirmed by 

means of arthrography, CT, or MR imaging. 



60 DIAGNOSIS AND TREATMENT OF' THE LOWER EXTREMITIES 

R l 

Figure 4-12 AP conventional radiograph of the pelvis. Severe acute slipped capital femoral epiphysis 
of the right femoral head is seen (arrowheads). 

R l 

Figure 4-13 AP conventional radiograph of the pelvis in the Lauenstein position. Severe acute slipped 
capital femoral epiphysis on the left side is seen (arrowheads). 

Treatment 

A rotation manipulation while pulling on 

the leg is usually effective when a limitation of 

motion is found during the functional exami

nation. This treatment is also recommended 

for patients who have a loose body based on a 

coxarthrosis. In most cases it can be assumed 

that a loose body will become encapsulated in 

the synovial membrane. If the loose body re

curs too often, surgical removal is indicated. 
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4.2 PATHOLOGY OF THE BURSAE 

ILIOPECTINEAL BURSITIS (PSOAS 

BURSITIS) 

Iliopectineal bursitis is a lesion that can 

exist for years without being identified as 

such. From our patient population, it took 

several years for some of the cases to be diag

nosed. 

The bursa is located between the anterior 

side of the joint capsule of the hip and the 

musculotendinous junction of the iliopsoas. 

The bursa has an average dimension of 6 x 3 

cm. In approximately 15% to 20% of all cases, 

there is a congenital communication with the 

hip joint. Theories regarding the etiology of 

this disorder are in dispute. The disorder is 

seen most often in nonathletic individuals. 

Differentiation is made between an acute 

bursitis and a chronic bursitis. In the first 

case, the cause is an acute trauma, such as a 

kick in the groin during soccer. In the second 

instance, the cause is also traumatic, but here 

micro trauma plays a role. Biomechanical fac

tors, such as a short leg or an altered position 

or change in the form of lower extremity parts 

can eventually lead to irritation of the bursa. 

A short muscle in the region of the hip joint 

could be responsible for the development of a 

bursitis as well. Changes within the hip joint 

can also cause an irritation of the bursa. As 

evidence of this, an iliopectineal bursa is often 

seen in coxarthrosis patients. 

Clinical Findings 

The patient complains of pain in the groin 

region, which sometimes radiates to the ante

rior aspect of the hip. The pain is usually ac

tivity related but can also be experienced at 

rest. 

Functional Examination 

Passive flexion of the hip is usually the 

most painful motion. If the hip is simulta-

neously adducted, the pain can initially in

crease and, after about 45°, again decrease 

(the so-called painful arc). Passive external 

rotation and passive extension of the hip are 

also usually painful. Except for severe cases, 

resisted flexion of the hip is usually not pain

ful. In some patients, there is palpable swell

ing in the groin. 

Treatment 

In an acute bursitis, and in the case of obvi

ous swelling, an attempt should be made to 

aspirate the bursa. In mild cases without pal

pable swelling, an attempt is made to de

crease the symptoms by correcting a possible 

leg length discrepancy or by changing the 

position of the leg (eg, by means of an orthotic 

or heel wedge). If these measures are unsatis

factory, the bursa can be injected with a local 

anesthetic. When symptoms reoccur, a corti

costeroid can be added. Injection of the bursa 

requires a special technique in order to avoid 

contact with the femoral artery and nerve 

(see Chapter 5 for detailed instructions on 

this injection). 

SUBTROCHANTERIC BURSITIS 

Subtrochanteric bursitis is a collective 

term that covers the various bursae around 

the greater trochanter. The lesion is often dif

ficult to differentiate from pain in the greater 

trochanter region that is due to an insertion 

tendopathy either with or without calcifica

tion of the gluteus maximus or medius 

muscles. Frequently, pain at the greater tro

chanter is caused by irritation of the L4 or L5 

nerve roots. The functional examination does 

not always provide the information needed 

for a definitive diagnosis. 

Generally, three deep bursae lie at the 

greater trochanter. The largest, the trochan

teric bursa of the gluteus maximus muscle, 



62 DIAGNOSIS AND TREATMENT OF' THE LOWER E XTREMITIES 

lies between the posterior aspect of the 

greater trochanter and the gluteus maxirnus 

muscle. A second bursa, the intermuscular 

gluteal bursae (there are often two), is found 

between the tendon of the gluteus maximus 

and the tendon of the vastus lateralis muscle. 

The third bursa lies between the ischial tuber-

0sity and the muscle belly of the gluteus 

maximus. This bursa of the gluteus maxirnus 

muscle is discussed later as the ischial bursa. 

The cause of the classic subtrochanteric 

bursitis is probably traumatic. Not only acute 

trauma but also micro trauma can lead to irri

tation and signs of inflammation. Interest

ingly enough, it is seen in long-distance run

ners, where it usually involves hypermobile 

athletes or women runners with a relatively 

wide pelvis. 

Differential Diagnosis 

• "Snapping hip" (coxa saltans) 

• Scar tissue after hip operations with a 

posterior incision 

• Pain as a result of a loosening of a total 

hip endoprosthesis 

Clinical Findings 

The pain is experienced at the greater tro

chanter and just proximal to it. In many cases, 

the pain radiates to the lateral side of the 

thigh and sometimes to the lower leg. 

Functional Examination 

The patient should be thoroughly exam

ined for variations in leg length and other 

asyrnm.etries of the legs. 

The findings from the functional examina

tion are usually vague. Passive flexion, exter

nal rotation, and adduction of the hip can be 

painful. In such cases, the pain is always felt 

on the lateral side of the thigh. Resisted ab

duction of the hip, as well as resisted exten

sion or external rotation, can also be painful 

as a result of compression of the bursa. Usu

ally there is local tenderness. Ultrasound can 

differentiate a bursitis from a tendopathy in 

many instances. Sometimes calcification of 

the bursa is visible on plain films. 

Treatment 

Treatment, if possible, is based on causal 

factors. If causal treatment provides unsatis

factory results, or if no clear cause for the dis

order can be found, an injection with a local 

anesthetic is the best alternative treatment. 

In instances of recurrence or unsatisfactory 

results, a few milliliters of corticosteroid can 

be added to the local anesthetic. In a number 

of cases, a caudal epidural anesthetic injec

tion is indicated to rule out lumbar problems. 

This is sometimes necessary because differ

entiation between a subtrochanteric bursitis 

and a lumbar nerve root syndrome is not al

ways easy. 

ISCHIAL BURSITIS 

An ischial bursitis concerns two different 

bursae. These are the ischial bursa, lying be

tween the ischial tuberosity and the caudal 

part of the muscle belly of the gluteus maxi

mus muscle, and the subtendinous bursa, lo

cated between the tendons of the biceps 

femoris and the semimembranosus muscles. 

Problems with these bursae are usually 

c<!used by chronic pressure. This is particu

larly seen in people who engage in activity 

that involves a significant amount of sitting 

(eg, rowing team members). 

Differential Diagnosis 

• Lumbar nerve root syndrome (S1, S2) 

• Insertion tendopathy of the hamstrings 

(pain during walking; extension of the 

hip against resistance is painful from a 

stretched position; a resisted flexion of 

the knee is painful) 

• Hamstrings syndrome (refer to "Lesions 

of the Sciatic Nerve" in Chapter 6) 

Clinical Findings 

The patient complains of local pain while 

sitting, which usually quickly disappears 

upon standing. 



Functional Examination 

The functional examination is usually nega

tive. Sometimes the straight leg raise test, 

passive hip flexion, or resisted hip extension 

provokes mild symptoms. There is local ten

derness to palpation. 

Treatment 

Pathology oj the Hip 63 

Treatment is primarily causal, for example 

padding the (usually too hard) seat in such a 

way that the pain is no longer felt. An injec

tion with a local anesthetic and eventually a 

corticosteroid usually provides quick relief. 

4.3 PATHOLOGY OF THE MUSCLE-TENDON UNIT 

PUBALGIA 

Pubalgia is a collective term for all disor

ders that cause pain in the region of the pubic 

tubercle and the structures attached to the 

pubic bone. Often, the pain extends to the 

pubic symphysis area and the lower abdo

men. Pubalgia is typically a sports injury. If 

the patient does not engage in sports and the 

functional examination does not produce 

symptoms, pathology of the hip joint, pubic 

symphysis, or internal organs should be con

sidered. 

The medical literature often lists the most 

significant cause of pubalgia to be the 

performance of so-called unipodal move

ments. Such movements are those where the 

weight-bearing leg is rotated as the other leg 

performs a motion. For example, this occurs 

during the kicking of a ball when abduction

extension of the hip is immediately followed 

by an adduction-flexion motion. The pelvis 

and trunk have to be fixated on the weight

bearing leg, and, depending on the force on 

the moving leg, the abdominal and leg 

muscles have to provide enormous synergis

tic activity as well. 

During this kind of motion, small shearing 

movements occur in the pubic symphysis, 

eventually with dehiscence, or the splitting 

away of both pubic bones. This set of circum

stances is considered one of the possible par

tial causes of adductor lesions. The symptoms 

occur particularly after activities that are 

more vigorous than usual or after inadequate 

preparation for the sports activity. 

A second possible cause of pub algi a is a sig

nificant dysbalance between the adductors 

and the abdominal musculature. This could 

lead, in an unusually severe way, to the devel

opment of a dehiscence of both pubic bones 

in the pubic symphysis. As a result, severe 

pain in the adductor muscle bellies or signifi

cant irritation of the insertions of the adduc

tors occurs. 

Sometimes, the adductor longus com

pletely avulses from the pubic tubercle. This 

applies particularly to soccer players and usu

ally happens as the result of a trauma, such as 

one caused by sliding to reach the ball. Such a 

result, however, is probably only possible in 

the presence of already existing but symp

tomless degenerative changes in the tendon. 

In many cases, an insertion tendopathy of the 

abdominal muscles occurs as well. The rectus 

abdominis is more often affected than the 

oblique abdominal muscles. 

Effective warm-up and progressive prepa

ration in training before strenuous sports ac

tivity can play an important preventive role. 

Often in the patient history, there will be a time 

when the sports participant was unexpectedly 

required to participate strenuously. This dis

order is particularly associated with the fol

lowing sports: soccer, track and field, distance 

running, speed skating, and swimming. 

Differential Diagnosis 

• Stress fractures of the pelvis 

• Stress fracture of the femur (usually the 

neck) 
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• Calcification in the musculature (post-

traumatic) 

• Lesion of the hip joint 

• Lesion of the pubic symphysis 

• Lesion of the lumbar spine or the sacro

iliac joint 

In many cases, it appears that the running, 

skating, or swimming motion is not perfectly 

performed. Particularly, soccer players tend 

to have a rather poor running and kicking 

technique. Thus the adductors are over

loaded, producing micro ruptures in the 

muscle belly of the adductor longus and inser

tion tendopathies of the adductor longus and, 

less often, of the gracilis, adductor brevis, and 

pectineus muscles. Lesions of the adductor 

magnus are also seen, but these are rare. 

The direct result of the overloading is fa

tigue of the adductors. When this happens, 

muscle tension increases, leading to muscle 

shortening and continuous traction on the 

tendons and their insertions. Because of this, 

the shearing force acting on the symphysis 

increases significantly, the cranioventral liga

ments of the pubic symphysis overstretch, 

and finally an instability of the symphysis oc

curs with irritation of the symphysis disc. 

These changes are usually partly visible on 

plain films. 

In approximately 70% of all pubalgia cases, 

a leg length difference of more than 5 mm is 

found. In contrast, only 5% of athletes with 

other lesions in the lower extremity have a leg 

length difference of more than 5 mm. 

Clinical Findings 

The most significant symptom is pain, 

which is initially localized to the groin area. 

With an insertion tendopathy of the abdomi

nal muscles, the pain is also experienced in 

the lower abdominal area. Localization of pain 

in the groin can change regularly and can 

therefore be misleading. For instance, it may 

appear that the insertion of the adductor lon

gus is affected, but then at the next examina

tion the pain may be more localized at the 

level of the insertion of the gracilis or 

pectineus. The pain occurs particularly dur

ing sprinting, kicking against a ball, and pivot

ing (particularly in soccer). After warming 

up, the symptoms decrease or even disap

pear. Particularly after exertion, the pain re

turns, often more intensely. 

If the abdominal muscles are affected, then 

in addition to sprinting, kicking, and pivoting 

motions sneezing and coughing can be pain

ful. Ruling out an inguinal or femoral hernia is 

important ; after exertion there is obvious lo

cal tenderness just cranial to the pubic sym

physis, to the left and right of the middle. If 

the oblique abdominal muscles are affected, 

the tender areas are farther lateral. 

Four clinical stages are differentiated : 

Stage 1 .· groin pain, short lasting, particu

larly after exertion 

Stage 2. groin pain, particularly at the be

ginning of exertion, that returns after 1 

day, often more intense, and disappear

ing with rest 

Stage 3: groin pain and pain in the lower 

abdominal region, unilateral, during the 

entire duration of the exertion and last

ing for several days afterward 

Stage 4: chronic pain, increasing with exer

tion, only slightly diminishing with rest 

Functional Examination 

The functional examination includes the 

lumbar spine, pelvic motions, and the hip. 

The examination of the lwnbar spine is usu

ally negative; sometimes extension is slightly 

painful as a result of the stretch of the af

fected abdominal muscles. Examination of 

the pelvic joints (sacroiliac joints and pubic 

symphysis) is usually negative, unless there is 

an instability of the symphysis. 

In the hip examination, passive flexion of 

the hip, particularly combined with passive 

adduction, is painful in most cases as a result 

of compression of the origin of the adductors. 

Passive abduction can be painful with both a 

straight and a flexed knee as a result of a 

stretch of the adductors. 



Differentiation can be made between le

sions of the gracilis and adductor longus, ad

ductor brevis, and pectineus (refer to Test 

3.13 in Chapter 3 for detailed information 

about this test). Adduction against resistance 

is usually painful as tested in different posi

tions, with the hip in 0°, 45° ,  and 90° flexion. 

In 0° hip flexion, the gracilis is usually respon

sible for complaints of pain. In 45° flexion, the 

adductor longus and adductor brevis usually 

provoke pain. The pectineus muscle causes 

pain particularly when isometric resistance is 

exerted against the combined motion of flex

ion and adduction from a position of 90° hip 

f1exion. If the abdominal muscles are af

fected, the relevant resisted tests are painful. 

Palpation makes further specific localiza

tion of the lesion possible. When affected, the 

adductor brevis becomes extremely tender to 

palpation ; palpation is performed deeply be

tween the �endons of the adductor longus and 

gracilis muscles. In acute cases, the adductor 

longus appears to be more often affected. In 

more chronic cases, the gracilis and adductor 

brevis tend to be affected, either individually 

or together. 

Radiographic examination is indicated for 

patients who have symptoms lasting longer 

than 2 months(Figure 4-14). The following 

classification is useful for interpreting radio

graphic findings: 

0: normal joint 

I: irregular borders of the symphysis 

II: the same as I plus abnormally wide 

joint space of the pubic symphysis 

III: the same as I and II plus reactive sclero

sis 

IV the same as I to III plus pubic symphy-

sis instability 

Radiographic changes, with or without mini

mal clinical symptoms, are of little signifi

cance. 

Treatment 

The first attempt at treatment is causal. If 

necessary, the running, kicking, skating, or 

swimming technique is improved. If neces-
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sary, differences in leg length are corrected. 

Such correction is dependent on the cause of 

the leg length difference. For instance, the 

remedy may consist of an orthotic in the shoe 

to correct a pes plano valgus or a lift under

neath the shoe of a clinically established short 

leg. A heel lift alone should not be used. I f  

necessary, the type of footwear may be 

changed. Track athletes and skaters should 

also be allowed to circle the track in the oppo

site direction (in other words, they should 

run in a clockwise direction and on the outer 

edge of the track). 

An alternative treatment is local. The treat

ment of choice is transverse friction. 

Semilocal treatment consists of  stretching 

the short and long adductor muscles. These 

exercises should be performed daily at home 

as well. 

As soon as the pain allows, isokinetic 

strengthening of the adductors should be ini

tiated. The abdominal muscles should be iso

metrically trained (no sit-ups!). The muscle

strengthening exercises should be performed 

at least two times per day for 10 minutes each 

time. In principle, every patient can continue 

sports activity during the first week of treat

ment (treatment is given daily). If there is no 

improvement after the first week, however, 

activities that provoke the pain have to be 

avoided or reduced. As long as there is im

provement, physical therapy should be con

tinued. 

In therapy-resistant cases, the site of the 

lesion can be injected with a corticosteroid. If 

this is of no avail and 3 months of rest do not 

bring about healing, surgical treatment is usu

ally indicated. 

TENDOPATHY OF THE RECTUS 

FEMORIS 

As is the case with pubalgia, lesions of the 

rectus femoris typically result from sport in

juries as the result of either chronic or acute 

overuse. Such trauma is usually from an activ

ity such as kicking the ground during soccer 

or kicking a ball at the same time that an op-
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Figure 4-14 AP conventional radiograph of the pubic symphysis in a long-distance runner with groin 
pain. This patient had a clinical stage IV and a radiographic stage III pubalgia. 

ponent blocks the kick. The lesion is also seen 

in skaters. Lesions of the rectus femoris are 

usually located either at the level of the origin 

(on the anterior inferior iliac spine) or just 

distal to the origin in the body of the tendon. 

In children and adolescents, an avulsion 

fracture of the anterior inferior iliac spine oc

casionally occurs (Figure 4-15). In adults, a 

traumatic, complete rupture of the tendon 

can occur at the level of its insertion (this is 

seen particularly in soccer players). 

Clinical Findings 

The patient complains of pain in the groin 

during sprinting and lifting the knee. A mis

leading phenomenon is the fact that in many 

cases the patient indicates that the pain is 

further proximally than the actual site of the 

lesion. 

Functional Examination 

Passive flexion of the hip can be painful as 

a result of compression of the affected site. 

Extension of the knee against resistance, with 

the knee in 900 flexion and the hip in 0°, is 

painful. Flexion of the hip against resistance, 

with the hip in 900 flexion, is only painful in 

extreme cases. Passive stretch is painful 

(femoral nerve stretch test). In most cases, 

the rectus femoris muscle is found to be too 

short. In the instance of an avulsion fracture 

or a rupture, the resisted tests are not only 

painful but also weak. 

Treatment 

Transverse friction and stretching are ef

fective. Treatment is usually necessary for a 

period of 2 to 4 weeks. The patient should 

perform daily stretching exercises. In the 

third and fourth clinical tendinitis stages, the 

sports activities should be reduced or, when 

results are unsatisfactory, completely 

stopped. When contraction against resistance 

is no longer painful, isokinetic muscle

strengthening exercises can be initiated. An 

avulsion fracture and a total rupture should at 
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Figure 4-15 AP conventional radiograph of the left hip of a young basketball player. An avulsion frac
ture of the anterior inferior iliac spine is seen (arrows) . 

first be treated conservatively. In cases where 

there is recurrence, surgical treatment may 

be indicated. 

LESIONS OF THE SARTORIUS 

MUSCLE 

Lesions of the sartorius muscle are rare in 

occurrence, and, as with the previously de

scribed lesions, they are seen exclusively in 

athletes, particularly soccer players. The fol

lowing lesions are most common: insertion 

tendopathy, tendinitis, and apophyseal avul

sion fracture from the anterior superior iliac 

spine. The first two lesions are seen mostly in 

adult athletes, and the avulsion fracture is 

seen in children and adolescents. 

Clinical Findings 

The patient usually complains of local pain. 

An avulsion fracture usually occurs during 

sprinting and causes severe pain in the groin. 

Walking and running are impossible in the 

acute phase, but after several hours the pa

tient can usually walk again. Strenuous run

ning remains impossible. 

Functional Examination 

Resisted flexion and external rotation of 

the hip are painful and, in avulsion fractures, 
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Figure 4-16 AP conventional radiograph of the pelvis of an adolescent soccer player. An avulsion 
fracture of the left lesser trochanter is seen (arrow). 

are also weak. The avulsion fracture is often 

mistaken for a muscle tear. The radiograph is 

diagnostic. 

Treatment 

In a sprain or muscle tear, transverse fric

tion and stretching exercises are usually ef

fective. The athlete should perform the 

stretching exercises daily at home as well. If 

treatment is administered daily, the patient is 

usually completely healed within 1 week. 

Generally, an avulsion fracture is not 

treated. The patient should not participate in 

sports for about 6 weeks. After this, training 

should only be reinitiated when the functional 

examination is completely negative and re

covery has been confirmed radiographically. 

LESIONS OF THE ILIOPSOAS 

MUSCLE 

Lesions of the iliopsoas muscle almost al

ways concern an overstretching of the muscle 

belly. It is found particularly in athletes but 

can also be seen as a complication in patients 

with coxarthrosis. In children and adoles

cents, sometimes an avulsion fracture of the 

lesser trochanter is involved (Figures 4- 1 6  

and 4-1 7) .  

I n  the differential diagnosis, a n  obturator 

hernia should be considered. In both disor

ders, resisted hip flexion is painful. In an 

obturator hernia, however, the pain usually 

disappears when the patient has lain approxi

mately 1 0  minutes in Trendelenburg's posi

tion (a supine position where the table is 

tilted downward at an angle of 30° and 

angulated beneath the knees). 

Clinical Findings 

The patient complains of pain in the groin, 

which can radiate to the anterior aspect of the 

thigh. 

Functional Examination 

Passive hip flexion can be painful as a result 

of compression of the affected structure. Re-



sis ted flexion and external rotation of the hip 

are painful. Passive extension of the hip with 

simultaneous internal rotation can also be 

painful as a result of a stretch on the affected 

muscle. Of course, in coxarthrosis patients, 

limitations of motion in a capsular pattern are 

also found. The site of the lesion is located by 

palpation. The affected site is almost always 

just distal to the inguinal ligament and just 

medial to the sartorius muscle. In an avulsion 

A 
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fracture of the lesser trochanter, resisted 

flexion and external rotation of the hip are 

painful and weak. 

Treatment 

Good results can be achieved with trans

verse friction and stretching. This is true for 

athletes and also for patients with coxar

throsis. The patient should also stretch sev

eral times per day at home. An avulsion frac-

B 

Figure 4-17 (A) AP conventional radiograph of the left hip of a 1 4-year-old short-track skater who 
experienced acute pain in the left groin and leg du ring skating and was no longer able to lift up the leg. 
An avulsion fracture of the left lesser trochanter is seen (arrowhead s) . (B) The same patient after 6 
weeks. The follow-up radiograph shows effective callus formation. When this was taken, the patient 
was completely free of symptoms. 
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ture of the lesser trochanter should be 

treated conservatively. 

SPRAIN OF THE ILIOTIBIAL TRACT 

AND TENSOR FASCIAE LATAE 

MUSCLE 

Lesions of the iliotibial tract and tensor fas

ciae latae muscle are almost always the result 

of an explosive abduction movement from a 

stretched position (hip adduction). These le

sions are seen in gymnasts, track and field 

athletes, and ballet dancers. 

Differential Diagnosis 

• Subtrochanteric bursitis 

• L4 and L5 nerve root syndromes 

• Insertion tendopathy (with or without 

calcification) of the gluteus maximus or 

gluteus medius muscles 

• "Snapping hip" 

• Scar tissue (eg, after a hip operation 

with a posterior incision) 

• Pain as the result of a loosened total hip 

replacement 

Clinical Findings 

The patient complains of pain on the lateral 

aspect of the thigh, usually just proximal to 

the greater trochanter. 

Functional Examination 

Side bending of the trunk away from the af

fected side can be painful as a result of a 

stretch on the muscle. The pain increases if 

the leg is simultaneously adducted. If the ten

sor fasciae latae muscle is affected, resisted 

hip abduction can also be painful. Sometimes, 

however, this is only the case when tested 

from a stretched position. 

Treatment 

Transverse friction is effective. In most 

cases only a few treatments are necessary, 

even when the symptoms are of long dura

tion. 

SNAPPING HIP (COXA SALTANS) 

A "snapping hip" can be either intra

articular or extraarticular. The cause of the 

usually nonpainful intraarticular form is un

known. The extraarticular snapping hip can 

result from an aberration of the i]jotibial tract 

or the iliopsoas muscle. The most often seen 

aberration of the iliotibial tract is a thickening 

of the most posterior superior part of the tract 

or of the most anterior part of the gluteus 

maximus. This lesion is seen particularly in 

track and field athletes and ballet dancers, 

but can also be found in nonathletes. 

In most cases, the patient does not have 

any pain but complains of a snapping sound 

and feeling at the lateral aspect of the thigh, in 

the region of the greater trochanter, experi

enced when walking. This is caused by the 

snapping of the iliotibial tract over the greater 

trochanter. The second location for a snap

ping hip is the pubic pecten. At this site, the 

iliopsoas can cause the same complaints, but 

now they are experienced in the groin. 

Differential Diagnosis in the 

Case of Pain 

• Subtrochanteric bursitis 

• L4 and L5 nerve root syndromes 

• Insertion tendopathy (with or without 

calcification) of the gluteus maximl ls or 

gluteus medius muscles 

• Sprain of the iliotibial tract and tensor 

fasciae latae muscle 

• Scar tissue (eg, after a hip operation 

with a posterior incision) 

• Pain as the result of a loosened total hip 

replacement 

Clinical Findings 

The patient is apprehensive about the 

snapping sound and feeling. 

Functional Examination 

The functional examination is negative, but 

during active hip ilexion from a position of 



extension the snapping at the lateral side of 

the thigh in the region of the greater tro

chanter is palpable or audible. In some cases, 

snapping is only evoked by rotating the hip in 

a position of adduction and flexion. If the 

snapping is caused by the iliopsoas muscle, a 

small snap is palpable deep in the groin during 

active flexion of the hip from a neutral posi

tion. 

Treatment 

A painless lesion usually does not require 

treatment; the patient just needs to be as

sured that there is nothing serious to worry 

about. If pain is provoked by the snapping hip, 

attempts can be made to decrease the symp

toms by stretching exercises. In unsuccessful 

cases, there may be a bursitis in this region, 

which can be expected to respond well to an 

injection. 

LESIONS OF THE MUSCLE BELLIES 

OF THE QUADRICEPS FEMORIS 

Sprains or partial tears of one of the muscle 

bellies of the quadriceps femoris are most 

commonly seen in track and field athletes, 

particularly sprinters and long jumpers, and 

less often in soccer players. The lesion almost 

always occurs acute ly and can usually be 

blamed on insufficient warm-up procedures. 

In almost every case, the lesion occurs at the 

precise moment when a quick extension mo

tion of the knee is accompanied by hip flexion 

from a position of knee flexion and hip exten

sion. It is important to note that the rectus 

femoris muscle is a predilection site for myo

sitis ossificans' 

Clinical Findings 

The patient can usually make a correct di

agnosis and is accurately able to identify the 

site of the rupture. A hematoma is often vis

ible, and in acute cases a gap can be felt (Fig

ure 4-1 8). II the pain is localized in the groin , 

the proximal part of the muscle belly of the 

rectus femoris is affected. 
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Functional Examination 

In the acute phase, resisted extension of 

the 900 flexed knee (tested with the hip in 

neutral), is painful. Extension of the hip com

bined with flexion of the knee is also painful 

as a result of a stretch of the injured muscle. 

The rupture can be seen on ultrasound (Fig

ure 4-1 9). 

Treatment 

In acute cases with obvious swelling , the 

hematoma can be aspirated. Immediately af

ter, it is recommended that a few milliliters of 

a local anesthetic be injected just above and 

below the rupture. Starting on the second day 

of treatment, transverse friction can be cau

tiously administered to prevent adhesions. 

This treatment should be performed daily and 

increased in duration up to 15 minutes ,  in 

accordance with the patient's level of toler

ance . After each session of transverse fric

tion, active muscle contraction should be per

formed with the muscle in an approximated 

position. For instance, in a rectus femoris le

sion, the hip is flexed and the knee extended, 

thereby taking the muscle off stretch and 

bringing its insertions closer to each other . If 

active contraction of the muscle is painful, the 

same effect can be achieved using electrical 

muscle stimulation. Gentle stretching exer

cises should also be performed. Treatment 

should be continued for approximately 2 

weeks after clinical recovery; otherwise the 

risk of recurrence is great (Figure 4-20). 

LESIONS OF THE HAMSTRINGS 

In lesions of the hamstrings, differentiation 

is made between insertion tendopathy at the 

ischial tuberosity and sprain and partial tear 

of the muscle bellies. In all cases, a sports in

jury is usually involved. The lesion is seen 

particularly in track and field athletes and 

soccer players. Occasionally, an avulsion frac

ture of the ischial tuberosity is seen in chil

dren and adolescents (Figure 4-2 1 ). 
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Figure 4-18 Clinical photograph of a typical deformation in the case of a large tear in the quadriceps. 
Proximal to the muscle tear, there is a l ump resulting from contraction of the muscle tissue. At the 
same time, the gap distal to the tear is evident. 

Figure 4-19 U ltrasound showing an obvious rupture (dark zone) in the rectu s  femoris muscle. 
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Figure 4-20 Preoperative view of an old rupture of the qu adriceps muscle. Fibrotic tissu e is evident, 
as is cystic degeneration, which leads to recurrent inj u ries and pain. 

In the differential diagnosis, consideration 

should be given to 8 1  and 82 nerve root syn

dromes, ischial bursitis, and the hamstring 

syndrome (refer to Chapter 6). 

Clinical Findings 

The patient is usually able to locate the 

exact site of the lesion. There is usually no 

radiation of pain. 

Functional Examination 

When the lesion concerns a partial tear of 

one of the hamstring muscle bellies or an 

avulsion fracture of the ischial tuberosity, the 

straight leg raise test is limited and painful. 

Resisted extension of the hip, in combination 

with flexion of the knee, is painful. In in

stances of an insertion tendopathy, the 

straight leg raise is often the only painful test. 

The resisted test is painful only in severe 

cases. 

Treatment 

In acute cases where there is obvious swell

ing, the hematoma can be aspirated. Immedi

ately after, injection of a few milliliters of a 
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Figure 4-21 Conventional radiograph showing a large avulsion fracture of the ischial tuberosity (ar
rowheads) . 

local anesthetic just above and below the rup

ture is reconunended. Starting on the second 

day of treatment, adhesions can be prevented 

by the cautious use of transverse friction. 

This treatment should be performed daily and 

increased in duration up to 15 minutes, taking 

into account the patient's tolerance level for 

pain. After each session oftransverse friction, 

active muscle contraction should be per

formed with the muscle in an approximated 

position. If active contraction of the muscle is 

painful, the same effect can be achieved using 

electrical muscle stimulation. Gentle stretch

ing exercises should also be performed. 

Treatment should be continued for approxi

mately 2 weeks after clinical recovery; other

wise the risk of recurrence is great. In cases of 

insertion tendopathy, transverse friction and 

stretching exercises are almost always effec

tive. The patient should also perform stretch

ing exercises several times each day at home. 

TENDINITIS OF THE GLUTEUS 

MAXIMUS OR GLUTEUS MEDIUS 

MUSCLE 

Lesions of the gluteus maximus or gluteus 

medius muscles are rare. The gluteus maxi

mus inserts on the iliotibial tract and on the 

gluteal tuberosity (distal to the greater tro

chanter at the posterior aspect of the femur). 

The gluteus medius inserts more proximally, 

at the posterior aspect of the greater tro

chanter. 

Differential Diagnosis 

• Subtrochanteric bursitis 

• Local trauma and, more  frequently, 

brain trauma, after which large calcifica

tions can occur in the gluteal region 

(Figure 4-22) 

• L4 and L5 nerve root syndromes 

• "Snapping hip" 
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Figure 4-22 Conventional radiograph showing a large calcification in the pelvic region, more on the 
left than on the right, that occurred after a severe brain trauma. 

• Scar tissue (eg, after a hip operation 

with a posterior incision) 

• Pain as the result of a loosened total hip 

replacement 

Clinical Findings 

The patient complains of local pain, par

ticularly during strenuous running. 

Functional Examination 

The functional examination is usually nega

tive, but in some cases resisted hip extension 

is painful. Sometimes, resisted external rota

tion or abduction is also painful. There is local 

tenderness to palpation. If the gluteus maxi

mus is affected, the tenderness is located at 

the posterior aspect of the greater tro-

chanter. With tendinitis of the gluteus me

dius, the site is more proximal. A plain film is 

the best means to detect calcification. The 

calcium is localized at the level of the gluteal 

tuberosity. An ultrasound examination is an 

effective way to differentiate between this le

sion and a bursitis. 

Treatment 

Treatment of a gluteus maximus or medius 

tendinitis is often difficult. Transverse fric

tion should be tried, but it is seldom effective. 

In cases where there is calcification, trans

verse friction is not indicated. Injection with a 

local anesthetic , with or without the addition 

of corticosteroid, often leads to a cure. In 

some cases, surgical treatment is indicated. 
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4.4 OTHER DISORDERS 

GROIN PAIN IN A NEGATIVE 

FUNCTIONAL EXAMINATION OF 

THE HIP 

If the functional examination of the hip is 

negative, the lumbar spine and sacroiliac joint 

should be examined as thoroughly as POS

sible. If these examinations are also negative, 

the patient should be sent to an internist, 

urologist or gynecologist. Many internal dis

orders, such as femoral and inguinal hernias, 

urethritis posterior, prostatitis, nephrolithi

asis, and various gynecologic problems can 

cause pain in the lower abdomen and groin 

region. 

In some cases, form and position aberra

tions of the hip, which are often congenital, 

can also cause pain in the groin region, even in 

the absence of positive findings in the func

tional examination. Radiographic examina

tion is then indicated. Such congenital 

aberrations include hip dysplasias, hip sub

luxations and dislocations, as well as coxa 

vara, coxa valga, and femoral ante torsion. 

STRESS FRACTURES 

The incidence of stress fractures in the hip 

region has increased with the popularity of 

jogging and many other sports, such as the 

very demanding triathlon. Stress fractures 

can occur in the iliac crest, femoral neck, 

lesser trochanter, and greater trochanter 

(rare). The overly enthusiastic athlete often 

has too little regard for the proper progres

sion in training and the use of appropriate 

footwear. 

The most frequent causes of stress frac

tures in the hip region are muscle fatigue, in

adequate footwear, and biomechanical left

right asymmetry. Such asymmetry may 

consist of an apparent or true short leg, a uni

lateral flat foot, or a w1.ilateral varus or valgus 

position of the knee or calcaneus. 

Clinical Findings 

Initially, the symptoms are activity related. 

After a period of time, the pain becomes more 

localized, and finally severe tenderness devel

ops. The local tenderness is sometimes ac

companied by slight local swelling at one 

point. The pain may also radiate slightly. Plain 

films are negative in the first 3 to 4 weeks of 

symptoms. 

Treatment 

Treatment consists of drastically reducing 

or stopping the sports activity while isolating 

and treating the specific causes. 

APOPHYSEAL AVULSION FRACTURE 

IN CHILDREN 

An apophyseal avulsion fracture in children 

occurs between the ages of 1 1  and 1 3  years, 

when muscular forces act upon the apophy

seal plate. In this age group, the ligaments and 

tendons in the region of the growth plates 

have stronger attachments than the growth 

plates themselves. In most cases, sports inju

ries are involved. Predisposition sites in the 

hip region are ischial tuberosity, anterior su

perior iliac spine, lesser trochanter, greater 

trochanter, and iliac crest. Most of these 

predilection sites have already been dis

cussed with the respective muscle lesions. 

For more detailed information about the clini

cal findings for avulsion fractures of the first 

four sites, refer back to the appropriate sec

tions. Thus, only the apophyseal avulsion 

fracture of the iliac crest is discussed below. 

Apophyseal Fracture of the Iliac Crest 

In instances of an apophyseal fracture of 

the iliac crest, differentiation should be made 

between a stress fracture and a compression 

neuropathy of the lateral cutaneous ramus of 

the iliohypogastric nerve. The latter lesion is 



seen particularly in adults, however. In ado

lescent athletes, there can be a radiographi

cally demonstrable pathology of the apophy

sis of the iliac crest, a condition that differs 

from an apophyseal avulsion fracture of the 

iliac crest. 

Clinical Findings 

The patient complains of pain and tender

ness at the level of the iliac crest, which oc

curs after a period of (relative) overuse. Usu

ally this involves sprinters or jumpers. The 

tenderness is most pronounced at the junc

tion between the anterior third and the poste

rior two thirds ofthe apophysis, which is con

firmed on plain films. Some patients also have 

local swelling. 

Functional Examination 

In the functional examination, only passive 

adduction of the hip is painful. 

Treatment 

The treatment of an avulsion fracture is al

most always conservative. 

COMPARTMENT SYNDROME 

(FASCIAL COMPRESSION 

NEUROPATHY AND 

COMPARTMENTAL SYNDROME ) 

Acute Compartment Syndrome 

A compartment syndrome can develop as 

the result of a decrease in the size of the com

partment. Such decreases may, for instance, 

be due Lo constriction by a cast, scars from 

surgery (closing fascial defects), arterial 

thrombosis or emboli, and reconstructive vas

cular and bypass operations. They can also 

develop as the result of a constriction of the 

compartment through edema, hemorrhage, 

or both. 

Clinical Findings 

The clinical findings may include pain, 

swelling, sensory disturbances, motor distur

bances, and absence of peripheral pulses ac

companied by paleness of the skin. 
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• Pain: The pain is more severe than ex

pected in a fracture or a contusion and is 

described as a deep, throbbing pressure. 

The pain does not disappear with immo

bilization and actually increases if immo

bilization is achieved by means of cast

ing. In some cases, however , the pain is 

absent because of a central or peripheral 

neurologic sensory deficit. In many 

cases, pain increases on stretching of the 

muscles of that compartment. 

• Swelling: Swelling occurs throughout 

the entire compartment. In addition, the 

skin is sometimes warm. Palpation is 

tender. 

• Sensory disturbances: Because of the 

increased pressure ,  ischemia of the 

nerve (s) within the compartment oc

curs. The first sign is paresthesia in the 

area of cutaneous innervation of the af

fected nerve; later, this evolves to hypes

thesia followed by anesthesia. 

• Motor disturbances: Muscle weakness, 

secondary to the nerve ischemia, can 

develop 30 minutes after the occurrence 

of the ischemia and becomes irreversible 

after 1 2  to 24 hours! 

• Peripheral pulsation: Absence of pe

ripheral pulses with paleness of the skin 

is a rather rare sign and is certainly not a 

reliable basis on which to make the diag

nosis. 

In addition to the clinical diagnostics, a 

Doppler examination, arteriography , elec

tromyography,  CT scan, MR imaging, and 

intracompartmental pressure measurements 

can help confirm the diagnosis. 

Treatment 

Treatment is surgical. 

Exertion-Related Compartment 

Syndrome 

The exertion-related compartment syn

drome is classified further into acute and 

chronic forms. In the acute variant, there is a 
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significant increase in the intracompart

mental pressure, which makes immediate de

compression necessary to prevent necrosis of 

the intracompartmental structures. The clinj

cal picture is similar to that of the acute com

partment syndrome, except that in this case 

there may be no known external trauma, and 

the situation arises after heavy exertion. Of 

these acute types, approximately 1 00 cases 

are described in the medical literature. 

The chronic compartment syndrome is 

seen more often, and it is most often seen in 

the anterior compartment of the lower leg. 

Compartment syndromes of the thigh are sel

c10m seen. The exact pathogenesis of an exer

tion-re lated compartment syndrome is un

known. 

Posterior Compartment Syndrome of 

the Thigh 

Posterior compartment syndrome of the 

thigh is typically a sports disorder that is seen 

particularly in long-distance runners. The left 

thigh is more often affected than the right 

Lhigh. The biceps femoris, semitendinosus, 

and semimembranosus muscles run in the 

posterior compartment, along with the sciatic 

nerve. The cause is thought to be excessively 

heavy exertion during training and competi

Lions. 

Clinical Findings 

In the chronic compartment syndrome, 

pain is experienced at the posterior aspect of 

the thigh, sometimes radiating slightly medi

ally during running. Severity of the pain cor

responds to the running speed. In sprinting, 

Lhe pain is experienced quickly. In normal 

running, the pain comes on gradually. Be

cause of the pain, the athlete is forced to run 

more slowly. 

Functional Examination 

The functional examination is negative. 

There is also no tenderness to palpation. 

Treatment 

In the first instance, treatment is conserva

tive. Activities are decreased; sudden accel

eration and sprinting should be avoided. In 

addition, warm-up and stretching exercises 

are emphasized during and after training and 

competitions. Sharp curves should also be 

avoided because these increase the pain. In 

therapy-resistanL cases, a fasciotomy is indi

cated. Results from this procedure are usu

ally good. 

Lateral Compartment Syndrome of the 

Thigh 

Lateral compartment syndrome of the 

thigh concerns chronic compression of the 

tensor fasciae latae muscle. The patient com

plains of pain and local swelling of this muscle 

at the level of the greater trochanter. 

The clinical diagnosis is deLermined by 

intracompartmental pressure measure

ments. CT scan can be valuable in assessing 

the extent of the swelling. In the differential 

diagnosis, a subtrochanLeric bursitis should 

be considered. 

Clinical Findings 

The pain can arise during activities as well 

as while sitting. Sitting causes a decrease in 

the intrafascial space; movemenLs cause an 

increase of the muscle volume. 

Functional Examination 

The functional examination is negative. 

Treatment 

In this instance, conservaLive treatment is 

ineffective. Surgical decompression is Lhe 

treatment of choice. 

"SIGN OF THE BUTTOCK" 

The "sign of the buLLock" concerns a syn

drome in which severe pain is experienced in 

the gluteal region and sometimes also in the 

groin. I I The syndrome can occur traumati-



cally or insidiously. Trawnatic onset usually 

involves a fracture of the sacrum or pelvis. 

Insidious onsets usually involve an abscess, 

severe inflammation, or a tumor in the pelvic 

region. 

Clinical Findings 

The patient complains of severe pain in the 

gluteal region, which can radiate to the poste

rior aspect of the thigh and sometimes all the 

way to the foot. Normal walking is almost im

possible. 

Functional Examination 

The functional examination demonstrates a 

characteristic triad: 

1. The straight leg raise test is painful and 

limited. 
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2. Passive hip flexion (with a flexed knee) 

is painful and limited, with an empty 

end-feel. 

3. The passive motion tests of the hip 

demonstrate a noncapsular pattern of 

limitations. 

Laboratory tests and radiologic imaging, 

along with a bone scan, should be performed 

to determine the cause of the symptoms. 

Treatment 

The treatment depends on the cause. 

* * * 

For an overview of the common patholo

gies of the hip, refer to Appendix D-Algo

rithms for the Diagnosis and Treatment of Hip 

Pathology. 



Chapter 5 

Treatment Techniques in Lesions 

of the Hip 

ARTHROSIS OR ARTHRITIS OF THE HIP JOINT 

Functional Examination 

Passive motions are limited in a capsular 

pattern; internal rotation is more limited than 

extension, flexion, and abduction (measured 

in degrees of limitation). 

INTRAARTICULAR INJECTION 

An intraarticular injection of the hip joint 

with a corticosteroid is indicated in patients 

with coxarthrosis when conservative treat

ment is ineffective and surgery is not yet indi

cated. This injection is also indicated in rheu

matoid diseases when oral medications offer 

minimal to no results. 

Position of the Patient 

The patient lies on the treatment table on 

the nonaffected side. 

Position of the Physician 

The physician stands next to the long side 

of the treatment table, behind the patient. 

Performance 

With one hand, the physician locates the 

greater trochanter. If this is made difficult by 

80 

thick subcutaneous tissue, the leg can be pas

sively abducted with one arm while the other 

hand palpates for the superior edge of the 

greater trochanter with the leg in the ab

ducted position. In this position, the iliotibial 

tract is relaxed. 

A 5-mL syringe is filled with 2 mL of corti

costeroid and 3 mL of local anesthptic. A 10-

cm needle is inserted in a mediodistal direc

tion at an angle of approximately 70° to the 

horizontal, just proximal to the superior edge 

of the greater trochanter. After passing 

through the thickened joint capsule, the 

needle hits the femoral neck close to the femo

ral head. The needle is then withdrawn slightly 

and the solution injected (Figure 5-1). 

Almost all patients have increased pain for 

several minutes after the injection, which can 

return several hours later. It can be expected 

to last a maximum of 24 hours. 

Follow-Up 

In the first 3 clays after the injection, the 

joint should be protected as much as possible 

and restricted to minimal or no weight bear

ing. Patients with a coxarthrosis may need a 

second injection when the pain returns, 

which may occur from 2 to 6 months later. In 
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Figure 5-1 Intraarticular injection of the hip joint. 

this manner, injections can be given in 3- to 6-

month intervals until such time as surgery 

becomes necessary. The number of injections 

given in rheumatoid disorders ranges from a 

few injections to one injection every 6 
months. 

LOOSE BODY IN THE HIP JOINT 

Functional Examination 

Passive motions are limited in a non

capsular pattern. The most common combi

nations of limited motions are external rota

tion and flexion, and adduction and flexion; 

every other combination is also possible. In a 

coxarthrosis patient with a loose body in the 

hip joint, there will be limitations of motions 

in a capsular pattern, but then external rota

tion is often also painful and limited. 

MANIPULATION 

A rotation manipulation under traction is 

indicated in the hip both in instances of a 

loose body without a known cause and in 

cases of coxarthrosis with "joint mice" Goose 

bodies) as a complication. The patient history 

is usually highly diagnostic. The patient com

plains of sharp shooting pains in the groin that 

are characterized as being irregularly occur

ring, short lasting, and momentarily paralyz-
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Figure 5-2A Initial position in an external rotation manipulation of the hip joint with a loose body. 

ing. This pain can radiate to the anteromedial 

aspect of the thigh. Lesions of the acetabular 

labrum can cause similar symptoms. Manipu

lations can be tried in these instances as well. 

Position of the Patient 

The patient lies supine on the treatment 

table. The patient shifts over so that the 

nonaffected side lies as closely as possible to 

the edge of the table. The distal half of the 

patient's lower legs should hang over the foot 

of the table. The treatment table is lowered as 

far as possible. 

Position of the Therapist 

The therapist stands at the end of the table 

with one bare foot up on the end of the table 

parallel to the end of the table with the toes 

pointed toward the closest long side of the 

table. (External rotation is described here as 

an example, but exactly the same principles 

are followed for internal rotation manipula

tions.) If the right hip is being treated, the 

therapist grasps the lower leg of the patient 

with both hands. The left hand is placed on 

the anterior aspect of the leg just proximal to 

both malleoli, and the right hand grasps from 

the medial aspect. The therapist holds both 

elbows in about 900 flexion. 

Position of the Assistant 

Because the therapist exerts traction on 

the patient's hip, the patient's pelvis has to be 

fixated. This fixation can be accomplished by 

means of two mobilization belts, but in view of 

the force required during this treatment, fixa

tion by an assistant is preferred. 

The assistant stands, with legs apart, next 

to the treatment table on the affected side of 
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the patient. (For the purposes of picture tak

ing, and visibility, the assistant in the pictures 

here stands on the patient's nonaffected 

side . )  A folded towel or piece of foam is 

placed across the anterior aspect of the 

patient's pelvis, and the assistant places both 

hands on the anterior superior iliac spines, 

pushing in a cranial and dorsal direction. 

Performance 

The therapist first exerts traction on the 

patient's hip and then, from maximal internal 

rotation, externally rotates the patient's 

straight, slightly abducted leg. At the same 
time, the therapist shifts the upper trunk 

away from the treatment table. The therapist 

does not slip off the treatment table because 
the foot remaining on the table is bare. 

The external rotation is performed in a 

manipulative manner, after which the hip is 

more slowly internally rotated. The external 

rotation manipulation is repeated two to four 

times while the therapist brings the body 

weight farther away from the table . At the 
same time , the patient's hip is slowly ex

tended. Just when the last external rotation is 

performed, the therapist places the other foot 

on the floor (Figure 5-2, A and B) . 

After the manipulation, the mobility of the 
hip is retested. If there is improvement, the 

same manipulation is repeated. If the func

tional examination has not changed, the ma
nipulation is performed in an internal rotation 

direction (Figures 5-3 and 5-4). 

Until now, we have had the most success 

with the internal rotation manipulation. The 

number of treatments varies significantly. 

Some patients are completely free of symp

toms after one treatment, whereas other pa
tients are treated one time per week over a 
period of several months. If the symptoms 

continually recur, arthroscopy is indicated. 

Arthroscopy can also confirm the possibility 

of a labrum lesion. 

Figure 5-2B End position in an external rotation manipulation of the hip joint with a loose body. 
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Figure 5-3 Initial position in an internal rotation manipulation of the hip joint with a loose body. 

Figure 5-4 Alternative hand position, in this instance, for an internal rotation manipulation. 
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LESIONS OF THE HIP ADDUCTORS I 

Functional Examination 

Passive hip flexion is sometimes painful as 

a result of compression of the affected struc

tures. Passive hip flexion in combination with 

adduction is often more painful as a result of 

even more compression of the affected struc

tures. Passive abduction of the hip is some

times painful as a result of a stretch of the af

fected structures. Resisted adduction of the 

hip (with the hip in neutral, 45° flexion, or 90° 

flexion) is painful. 

TRANSVERSE FRICTION 

Of the hip adductors, the adductor brevis 

and gracilis are most susceptible to lesions. 

The pectineus and adductor longus are less 

often affected. In Europe, the lesion is most 

often seen in soccer players, often in combi

nation with a lesion of the rectus abdominis 

muscle or of the oblique abdominal muscles. 

When the adductor brevis is affected, injec

tion is the single choice for local therapy be

cause the muscle lies so deeply and cannot be 

reached for transverse friction. Stretching 

exercises and causal treatment are attempted 

first. Injection is only indicated if the results 

are unsatisfactory. 

Lesions of the adductors can have various 

causes. In addition to the performance of 

transverse friction therapy, stretching exer

cises, and so forth, the primary cause of the 

lesion should be determined and dealt with. 

Refer to Chapter 4 for more detailed informa

tion. 

Transverse Friction of the Insertion of 

the Gracilis 

Position of the Patient 

The patient lies supine on the treatment 

table, with the hip in 60° or more of flexion 

and the knee flexed accordingly. 

Position of the Therapist 

The therapist stands next to the treatment 

table at the patient's affected side, just cranial 

to the pelvis. If the left hip is being treated, 

the therapist places the tip of the right index 

finger as proximal as possible on the most 

medial part of the tendon of the gracilis. The 

thumb gives counterpressure and is placed on 

the lower abdomen parallel to the index fin

ger in a proximal direction (how far cranially 

depends on the size of the hand). 

Performance 

The transverse friction is performed with 

the end phalanx of the index finger. The in

dex finger is reinforced by the middle finger, 

and the index finger presses the tendon 

against the inferior pubic ramus. The pres

sure is exerted in the direction of the thumb, 

almost directly cranial. The friction phase oc

curs through an extension of the wrist with 

slight adduction of the arm (Figure 5-5). 

Duration 

The transverse friction should be per

formed daily or at least three times per week, 

lasting about 15 minutes per session. Along 

with stretching exercises, which the patient 

should also perform several times per day at 

home, abdominal strengthening exercises 

should be initiated. 

In the acute stage, the conservative 

therapy described here usually provides 

quick results. If the lesion has been present 

no longer than 3 months, there is still a good 

chance that conservative treatment will help, 

but then the treatment should be combined 

with rest (the patient has to refrain from ac

tivities that put a great demand on the adduc

tors). In most lesions existing longer than 3 

months, the results with conservative 

therapy are disappointing and surgical treat

ment is necessary if the athlete wants to con

tinue participation in sports. 
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Figure 5-5 Transverse friction of the insertion of the gracilis on the inferior pubic ramus. 

Transverse Friction of the Pectineus 

and Insertion of the Adductor 

Longus 

If the pectineus is to be treated with trans
verse friction, the obvious, prominent tendon 
of the adductor longus must first be located. 

The pectineus lies directly lateral to this point 

and has a flat, muscular origin . Palpation is 

used to locate the most tender site. In this 

regard, it is important to note that often one 

or two small cords can be felt running over the 

muscle. These are lymph nodes and should 
not be subject to friction. During the trans

verse friction, bone contact should be main

tained. In other words, the treating finger 

should feel the bone of the pubic pectin 

through the muscle insertion as a way to en

sure that the friction is applied to the correct 

location. The thumb of the hand performing 

the transverse friction is placed at the 

patient's ipsilateral anterior superior iliac 

spine. During this technique, pressure is ex
erted by the index finger in the direction of 

the contralateral anterior superior iliac spine, 

and the transverse friction is performed from 

medial to lateral over the lesion (figure f>-6). 

In treatment of the adductor longus, most 

lesions occur at its origin on the pubic lu

bercle. Someti.rnes, however, the muscle belly 

or musculotendinous junction is affected . 
Treatment of the latter sites is describC'd in 

the following sections. 

As with transverse friction of Uw 

pectineus, in the treatment of the adductor 

longus origin bone contact should be main

tained. The thumb of the hand performing Lhe 

transverse friction is placed at the patient's 

ipsilateral anterior superior iliac spine. Dur

ing this technique, pressure is exerted toward 
the ipsilateral anterior superior iliac spine, 

and the transverse friction is performed from 

medial to lateral over the lesion (Figure 5-7) .  

The same patient and therapist positions as 

well as the duration of treatment described 

for transverse friction of the gracilis are ap

plied to transverse friction of the pectineus 

and adductor longus. 
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Figure 5-6 Transverse friction of the origin of the pectineus. 

Figure 5-7 Transverse friction of the origin of the adductor longus. 
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SPRAIN OF THE MUSCLE BELLY OR MUSCULOTENDI

NOUS JUNCTION OF THE ADDUCTOR LONGUS 

Functional Examination 

Passive hip abduction is usually painful .  

Resisted hip adduction is painful .  

TRANSVERSE FRICTION 

I n  lesions of the adductor longus, an at

tempt should be made to determine the pri

mary cause of the lesion and to apply the ap

propriate treatment. Therefore, transverse 

friction is only part of the treatment program, 

which also includes muscle stretching. 

Position of the Patient 

The patient lies in a supine position with 
the knee flexed approximately 450. 

Position of the Therapist 

The therapist stands next to the treatment 

table at the patient's affected side, at the level 

of the patient's thigh. If the right side is to be 

treated, the therapist grasps the muscle belly 

of the adductor longus between thumb and 

index finger of the right hand. The site of the 
lesion is located by palpating the length of the 
muscle belly and musculotendinous junction 

between the thumb and index finger. 

Performance 

The lesion is held between thumb and in

dex finger. The friction phase consists of a 

slight extension of the therapist's wrist; in so 

doing, the thumb and index finger move from 

lateral to medial over the site of the lesion 

(Figure 5-8) . During the relaxation phase, 

pressure is not exerted . 

Duration 

The transverse friction treatment should 

be given three times per week, in conjunction 

with stretching exercises. The prognosis in 

Figure 5-8 Transverse friction of the muscle belly of the adductor longus. 
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this lesion is usually good . Symptoms subside 
in a relatively short time, 3 to 4 weeks. During 

the treatment period, the patient should re
frain from activities that provoke pain. 

LESIONS OF THE HIP ADDUCTORS II 

STRETCHING OF THE HIP 

ADDUCTORS 

Static stretching of the adductors should 

be performed not only by the therapist but 

also by the patient. In treating hip adductor 
If'sions, stretching is only part of the treat

ment program, which should also include 

transverse friction and abdominal muscle 
strengthening. Both the long adductor (graci

lis) and the short (monarthric) adductors 

should be stretched , even in cases, for ex

ample, where only the adductor longus is af

fected. 

Stretching of the Gracilis Muscle 

Position of the Patient 

The patient lies supine on the treatment 

table, with the head of the table inclined 

about 30°. The affected leg lies in an extended 

position on the table. The nonaffected thigh is 

on the table with the lower leg hanging over 

the table; in this way, the pelvis is fixated. 

Position of the Therapist 

The therapist stands with feet apart next to 

the treatment table, at the patient's affected 

side. If the right gracilis muscle is to be 

stretched, the therapist grasps the patient's 

leg with the right forearm and hand in such a 

way that the patient's lower leg rests in the 

hollow of the elbow and the hand is placed at 

the medial aspect of the extended knee. The 

other hand is placed on top of the left anterior 

superior iliac spine. 

Performance 

Taking into consideration the patient's pain 

and muscle splinting, the leg is slowly ab

ducted (Figure 5-9) . The patient should also 

stretch several times per day at home. 

Stretching of the Monarthric Adductor 

Muscles 

To stretch the monarthric adductors, the 

biarticular adductor (the gracilis) is relaxed 

by bending the knee. The therapist now 

grasps the flexed knee from the medial side 
and performs the stretch from this position 

(Figure 5-1 0) .  

Self-Stretching Exercises 

Performance 

The patient can perform self-stretching ex

ercises in a number of different ways. The two 

types presented here are simple and easy to 

learn. Figure 5-1 1  shows stretching of the 

monarthric adductors. The patient sits on the 

floor. After placing the sales of the feet to

gether, the patient pulls the feet as closely as 
possible toward the hips. Both forearms are 

placed on the medial aspect of the thighs, just 

above the knees, and they are used to push 

the knees slowly and gently toward the floor. 
The lumbar spine must be as upright as pos

sible to get the most benefit from the exer

cise. 

Figure 5-1 2  demonstrates how the patient 

can focus stretch on the gracilis muscle. In 

standing, the trunk is side bent toward the af-
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Figure 5-9 Static stretch of the gracilis. 

Figure 5-10 Static stretching of the monarthric adductors. 



Treatment Techniques in Lesions oj the Hip 91 

Figure 5-11 Self-stretching for the monarthric adductors. 

fected side, with the patient's hand resting on 

the lateral aspect of the thigh just distal to the 

anterior superior iliac spine. With this hand, 
the patient pushes the thigh slowly and gently 

in a medial direction (the knee remains ex

tended) . By pushing the pelvis more forward, 

emphasis is shifted to a stretch of the more 

anterior lying adductors. Stretching should 

be performed on the nonaffected side as well. 

INJECTION FOR INSERTION 

TENDOPATHIES OF THE 

ADDUCTOR LONGUS AND 

ADDUCTOR BREVIS 

When conservative treatment has only 

minimal or no effect, injection is the next step 

before surgery is considered. 

Injection of the Adductor Longus 

Position of the Patient 

The patient lies in a sernireclined position 

with the head of the treatment table inclined 

about 30°. The thigh is slightly abducted and 

externally rotated.  

Position of the Physician 

The physician stands or sits next to the 
treatment table, at the patient's affected side. 
With the tip of the index finger, the origin of 

the adductor longus on the pubic tubercle is 

located. 

Performance 

A syringe is filled with 1 mL of corticoster

oid. A 3-cm needle is inserted almost horizon-
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Figure 5-12 Self-stretching for the gracilis muscle. 

tally at the site of the lesion. Directed by the 

location of the patient's pain, the teno-os
seous insertion of the adductor longus is in

jected in a dropwise fashion (Figure 5-1 3 ) .  

Follow-Up 

The patient should decrease weight bear

ing on the affected leg as much as possible for 
1 week. After 2 weeks, the patient's condition 

should be reassessed. Depending on the find

ings in the functional examination, a second 

injection may be given. After 2 more weeks, if 

necessary, a third injection may given. After 

each injection, the patient should limit weight 
bearing on the affected extremity for 1 week. 

Injection of the Adductor Brevis 

Position of the Patient 

If the adductor brevis is being injected, the 

patient lies supine on the treatment table. 

The hip is flexed to 90° and is slightly ab

ducted. 
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Figure 5-13 Injection of the adductor longus at the pubic tubercle. 

Position of the Physician 

The physician stands or sits next to the 

treatment table, at the patient's affected side. 

The tendon of the adductor longus is located 

with the Lip of the index finger. The adductor 

brevis lies in the depth just medial from here, 

between the tendons of the adductor longus 

and gracilis. 

Performance 

A syringe is filled with a corticosteroid. A 5-

cm needle, as small in diameter as possible, is 

inserted between the insertions of the adduc
tor longus and gracilis . As determined by pain 

location, the insertion of the adductor brevis 

is injected in a drop wise fashion. 

Follow-Up 

The patient should reduce weight bearing 
on the affected leg as much as possible for 1 

week. After 2 weeks, the patient's condition 

is reassessed. Depending on the findings in 

the functional examination, a second injec

tion may be given.  After 2 more weeks, if 

necessary, a third injection may be given. Af

ter each injection, the patient should limit 

weight bearing on the affected extremity for 
1 week. 
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INSERTION TENDOPATHY OF THE RECTUS FEMORIS 

MUSCLE 

Functional Examination 

Passive hip flexion is sometimes painful as 

a result of compression of the affected struc
ture. Resisted flexion of the hip is only painful 

in severe cases. Resisted knee flexion from 
the prone position is painful. 

TRANSVERSE FRICTION 

Lesions of the rectus femoris muscle are 

most often seen at the insertion on the ante

rior inferior iliac spine. Occasionally, the ten
don of this muscle is affected. Except for the 

location of the affected site, the transverse 

friction technique is the same for both le
sions. 

Position of the Patient 

The patient sits on the treatment table and 

leans against the head of the table, which is 
inclined approximately 70° . A roll is placed 

under the knee. In this position, the struc

tures lying on top of the lesion are relaxed, 

and the origin of the rectus femoris muscle 
can be more easily reached (Figure 5-1 4) .  

This lesion can also be treated with the pa

tient lying on the nonaffected side. The hips 

are flexed about 90°. 

Position of the Therapist 

The therapist sits next to the treatment 

table at the patient's affected side. If the right 
side is being Lreated, the therapist places the 

tip of the left thumb just medial to the lesion 

(which is just distal to the most prominent 
parL of the anterior inferior iliac spine; the 

anterior inferior iliac spine is best palpable 

when the hip is passively brought farther into 

flexion) . The fingers apply counterpressure 

against the posterior aspect of the thigh. 

Performance 

The active phase of the transverse friction 

consists of a radial deviation of the wrist with 

the tip of the thumb moving from a medial to 
a lateral direction over the lesion (Figure 5-
15 ,  A and B) .  

Duration 

Transverse friction should be performed 

for 15 minutes daily, or at least three Limes 

per week, in combination with stretching ex

ercises. The patient should stretch daily at 

home. Two to 4 weeks of treatment are gener

ally necessary to achieve complete relief of 
pain. 

STRETCHING 

Therapist-Assisted Stretching 

Exercises 

Stretching exercises for the rectus femo

ris muscle are indicated for inserLion Len
dopathies, both proximal (at the anterior in

ferior iliac spine) and distal (aL the patella), 

sprains, and partial tears . StreLching can be 

performed with the assistance of the Lhera

pist in conjunction with transverse friction 

treatments. The patient is also instructed 

how to perform daily stretching exercises at 

home. 

Position of the Patient 

The patient lies supine on the LreatmenL 

table. The sacrum lies just on Lhe Lable , Lhe 

nonaffected leg is maximally flexed at the hip 

and knee, and the patient maintains this posi

tion by pulling the knee Lo the chest with boLh 

hands . The other leg hangs over t.he table . 
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Figure 5-14 Initial position in transverse friction of the origin of the rectus femoris muscle. 

Figure 5-15A Initial position of the hand during 
transverse friction of the origin of the rectus 
femoris. 

Figure 5-158 End position. 
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Position of the Therapist 

The therapist stands with feet apart at the 

foot of the treatment table, in line with and 

facing the patient's nonaffected leg. If the left 

leg is being treated, the therapist places the 

left hand in the hollow of the patient's right 

knee while the other hand grasps the lower 

leg of the affected side as distally as possible. 

Performance 

Together with the patient, the therapist 

fixates the patient's nonaffected leg. The 

other hand, slowly and without causing pain 

or muscle splinting, brings the affected leg 

into hip extension and simultaneous knee 

flexion (Figures 5-1 6  and 5- 1 7) .  

Self-Stretching Exercises 

There are many possible ways of perform

ing self-stretching exercises for the rectus 

femoris muscle. The exercise described be

low is a simple one in which the low back is not 
burdened. 

Performance 

The patient stands on the nonaffected leg 

and places the hand of that side on a table 

wall, or the back of a chair for support. With 
the other hand, the foot of the affected leg is 

grasped from dorsal. First the pelvis is tilted 
maximally backward to fixate the pelvis dur

ing the stretch. From this position, the knee is 

brought slowly into flexion and if possible 

without losing the backward tilt �f the pelvis : 
the hip is brought into extension (Figure 5-

1 8, A and B) . To maintain this backward tilt of 

the pelvis, it is important to contract the ab

dominal muscles maximally during the 

stretching exercise .  The nonaffected side 

should also be stretched . 

Figure 5-16 Static stretch of the rectus femoris muscle. 
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Figure 5-17 Alternative technique: The patient's pelvis is fixated against the treatment table via the 
ischial tuberosity. The therapist's distal hand extends the patient's hip, and the distal forearm flexes 
the patient's knee. 

The patient should perform the stretching 

exercise two or three times daily, particularly 

first thing in the morning and before and after 

vigorous activities. Athletes should perform a 

more intensive stretching exercise program; 

stretching hourly is recommended during the 
first week of treatment and then every 2 

hours in the second week of treatment. In the 

third week, the athlete should stretch two or 

three times per day. 

This exercise is also p erformed in later 
stages of treatment for a partial tear of the 

muscle bellies of the quadriceps. The same is 

true in distal insertion tendopathies of the 

quadriceps in the para-, infra-, and suprapa

tellar regions. 
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Figure 5-18A Self-stretching of the rectus 
femoris, anterior view. 

Figure 5-188 Self-stretching of the rectus 
femoris, lateral view. 

STRAIN OR PARTIAL TEAR OF THE MUSCLE BELLY OF 

THE QUADRICEPS FEMORIS 

Functional Examination 

Passive flexion of the knee is painful and 

limited. Resisted knee extension, tested with 

the patient in a prone position, is painful. 

TRANSVERSE FRICTION 

This typical sports lesion can occur in dif
ferent areas in the quadriceps muscle. Swell

ing and tenderness, and in acute cases even 
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an interruption in the continuity of the 

muscle, indicate the site of the lesion. Super

ficial lesions are treated with the tips of the 

fingers by means of an extension of the wrist 

during the active phase of transverse friction. 

Deeper lying lesions, however, are treated in 

the manner described below. 

Position of the Patient 

The patient is in a semireclined position on 

the treatment table, with the head of the table 

inclined about 45°. 

Position of the Therapist 

The therapist stands next to the treatment 

table at the patient's affected side, at the level 

of the patient's thigh. The therapist grasps 
the lesion between both thumbs and all fin

gertips. In so doing, the fingers of both hands 
are placed at the medial aspect of the lesion, 

with both thumbs at the lateral aspect. 

Performance 

During the active phase of the transverse 

friction, both wrists perform an extension 

motion (starting from a flexed position) . At 
the same time, the muscle is compressed be-

tween the thumbs and fingers (Figure 5-19, A 

and B) . This technique is similar to the trans

verse kneading techniques used in classic 

massage. Cryotherapy can be administered 

before beginning the transverse friction. 

Note 

In principle, this treatment can be initiated 
as early as 2 days after the trauma. Depending 

on the severity of the lesion (sprain, small or 

large partial tear) , the friction treatment 

should be gentle and last only a few minutes.  

Each day, the time and intensity of transverse 

friction can be increased, until approximately 

15 minutes of daily transverse friction is per

formed. After each treatment of transverse 

friction, active contraction of the muscle 

should be performed in an approximated po
sition of the muscle to maintain transverse 

mobility. If active contraction is too painful, as 

is sometimes the case in acute stages, the 

contraction can be achieved by means of elec

trical stimulation. The utmost care must be 

taken during stretching to avoid provocation 

of pain or muscle splinting (see previous sec

tion, self-stretching exercise for the rectus 
femoris) . 

Figure 5-19A Initial position during transverse friction of a more deeply lying lesion in the vastus 
medialis. 
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Figure 5-198 End position. 

Usually, the functional examination is 

negative 10 to 14 days after injury. To prevent 
reoccurrence, the treatment should be con

tinued for another 2 weeks: daily stretching 

and three times a week of transverse friction. 

At the same time, the patient should begin a 

muscle-strengthening exercise program. 

This can be accomplished using isometric, 
isotonic, and isokinetic exercises. At the ear

liest, the athlete can return to sports 2 weeks 

after the functional examination is found to 

be negative. 

INSERTION TENDOPATHY OF THE HAMSTRINGS 

Functional Examination 

The straight leg raise test is usually painful 

at end-range. Resisted knee flexion combined 

with resisted hip extension is usually painful 

only after the pain-provoking activity has 

been performed. 

TRANSVERSE FRICTION 

It is not always easy to differentiate among 

an insertion tendopathy of the hamstrings, an 

ischial bursitis, and an 8 1 -82 nerve root irri

tation. In many instances, injecting a local 

anesthetic at the insertion of the hamstrings 
can help determine the diagnosis. 

Position of the Patient 

The patient lies supine on the treatment 

table with the hips and knees in approxi

mately 90° flexion and with the lower legs 

resting on a chair or bolster. The treatment 

can also be given with the patient lying on the 

nonaffected side with the hips and knees 

flexed to about 90°. 

Position of the Therapist 

The therapist sits next to the treatment 

table, at the patient's affected side and at the 

level of the patient's trunk. If the left side is 

being treated, the therapist places the tips of 

the left index and middle fingers (depending 
on the size of the lesion, the ring finger is also 
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Figure 5-20A Transverse friction of the origin of the hamstrings at the ischial tuberosity. 

often used) , just medial to the lesion at the 
level of the lateral aspect of the ischial tuber

osity. The thumb applies counterpressure at 

the lateral side of the thigh. 

Performance 

The active phase of the transverse friction 
occurs through an extension of the therapist's 

wrist with a simultaneous slight adduction of 

the arm (Figures 5-20, A and B, and 5-21). 

Duration 

Transverse friction should be performed 

for 15 to 20 minutes daily or three times per 

week. It may take 2 weeks, and sometimes up 

to 8 weeks, to achieve full recovery. 
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Figure 5-208 Hand position in transverse friction of the origin of the hamstrings at the ischial 
tuberosity. 

Figure 5-21 Alternative technique, with the patient lying on the side. 
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STRAIN OR PARTIAL TEAR OF THE HAMSTRINGS 

MUSCLE BELLY 

Functional Examination 

The straight leg raise test is painful and lim

ited. Resisted knee flexion combined with re

sisted hip extension is painful. 

TRANSVERSE FRICTION 

As with the sprain or partial tear of the 

quadriceps muscle belly, the sprain or partial 

tear of the hamstrings muscle belly is a typical 

sports injury that, in many instances , can be 

avoided by proper warm-up techniques. 

Position of the Patient 

The patient lies prone on the treatment 

table with the knee slightly flexed and with a 

roll placed underneath the distal part of the 

lower leg. 

Position of the Therapist 

The therapist stands or sits next to the 
treatment table at the patient's affected side, 

at the level of the patient's thigh. In instances 

of a superficial lesion (not pictured here) , the 

therapist places the fingertips of the second 

to fourth fingers just medial to the lesion. The 

thumb gives counterpressure at the lateral 

aspect of the thigh. The active phase of the 

transverse friction is performed through an 

extension of the wrist. 
The initial position pictured in Figure 22A 

is appropriate for the more often seen deep 

lesion. The lesion is grasped between the 

thumbs and index fingers. In so doing, the 

therapist places the thumbs as close as pos

sible to each other at the lateral aspect of 

the thigh and all the fingers at the medial as
pect of the thigh. 

Performance 

As with the transverse friction for deep le

sions of the quadriceps muscles, both wrists 
begin in slight flexion. The active phase con

sists of compressing the injured muscle fibers 

between the thumbs and fingers and simulta

neously performing extension of the wrists. 

This is similar to transverse kneading tech

niques used in classic massage. Here, the fric

tion is performed locally (Figure 5-22, A and 

B) . 

Duration 

As described in the treatment of a sprain or 

partial tear of the quadriceps femoris muscle 

group, transverse friction for a hamstrings 

muscle belly lesion can be initiated as early as 

the second day after the trauma. Depending 

on the severity of the lesion (sprain, small or 

large partial tear) , gentle friction should be 

applied for only a few minutes. The time and 
intensity of the transverse friction can be in

creased daily until treatment is established at 

1 5  minutes per session. After each treatment 

of transverse friction, the muscle should be 

actively contracted from an approximated 

position (knee in 90° flexion) to maintain 

transverse mobility. If active contraction is 

too painful (as is sometimes the case in acute 

stages) ,  the contraction can be achieved by 

means of electric stimulation. The utmost 

care must be taken during stretching, to avoid 

the provocation of pain or muscle splinting 
(see the following section) . 

Initially, treatment should be given daily 

and, after 3 weeks, three times per week. As 

soon as the functional examination is nega

tive, the patient can begin a muscle-strength

ening program, progressing from isometric to 

isokinetic exercises. 

r 
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Figure 5-22A Initial position in transverse friction of a deep lesion in the hamstrings muscle belly. 

Figure 5-228 End position. 

LESIONS OF THE HAMSTRINGS 

STRETCHING 

Therapist-Assisted Stretching 

Exercises 

Stretching is usually effective for insertion 

tendopathies, sprains, and partial tears of the 

hamstrings. The therapist treats these lesions 

with transverse friction in combination with 

stretching exercises. 

Position of the Patient 

The patient lies in a supine position on the 

treatment table. By means of a mobilization 

belt placed just proximal to the knee, the 

nonaffected leg is fixated to the table in the 

neutral position. 

Position of the Therapist 

The therapist stands next to the treatment 

table (not pictured) , or kneels on the treat-
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Figure 5-23A Static stretch of the hamstrings. 

ment table, at the patient's affected side. The 

patient's leg, with extended knee, rests on a 

small pillow or towel on the therapist's shoul

der. The therapist places both hands just su

perior to the patient's patella to keep the 

patient's knee extended. 

Performance 

Slowly, to avoid causing pain or muscle 
splinting, the patient's hip is brought into 

flexion, without losing the extension in the 

knee. The same procedure is also performed 

on the patient's nonaffected side (Figure 5-

23, A and B) .  

Self-Stretching Exercises 

There are many self-stretching exercises 
designed to stretch the hamstring muscles. 

Two simple exercises are pictured and de
scribed here. 

Performance 

The patient places both hands (with the 

fingers pointing toward each other) on the 

thighs, just proximal to the knees, to maintain 
knee extension. The pelvis is then tilted for
ward (hollow back) and the patient bends 

slowly forward (hip flexion; Figures 5-24 and 
5-25) . 

To emphasize one side, the patient places 

the leg being stretched about 12 inches in 

front of the other leg. Both hands are placed 

above the knee, fixating it in extension. As 

described above, the patient then bends for

ward (Figure 5-26) . 
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Figure 5-238 Alternative techniqu e :  The nonaffected leg is fixated against the treatment table. The 
patient holds the affected leg in hip flexion. Then the knee is slowly extended. 

Figure 5-24 Self-stretching exercise for the 
hamstrings. 

Figure 5-25 The lumbar spine should be kept 
" hollow" while stretching the hamstrings. 
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Figure 5-26 More intensive stretch of the hamstrings of one leg. 

STRAIN OR OVERUSE OF THE ILIOPSOAS MUSCLE 

Functional Examination 

Passive hip extension is sometimes painful. 

Resisted hip flexion is painful. Resisted exter
nal rotation of the hip is painful. 

TRANSVERSE FRICTION 

A lesion of the muscle belly of the iliopsoas 

can be seen particularly in instances of 

coxarthrosis. Overuse is a typical sports in

jury (soccer, track and field) . Beware of se

vere pathology in this region. Refer to "Le

sions of the Iliopsoas Muscle" in Chapter 4 for 

a description of the differential diagnosis for 
this lesion. 

Position of the Patient 

The patient sits on the treatment table 

with the head of the table inclined. A roll i� 
placed under the knees to bring the hips into 
slight flexion. 

Position of the Therapist 

The therapist sits next to the treatment 

table at the patient's affected side, at the level 

of the patient's thigh. If the right side is being 

treated, the therapist places the tip of the 

right index finger just medial to the lesion (lo
cated in the medial femoral triangle , just dis

tal to the inguinal ligament and medial to the 
sartorius muscle) . The therapist's thumb 
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gives counterpressure at the lateral aspect of 
the thigh. 

Performance 

The index finger is reinforced by the 

middle finger. The active phase of the trans

verse friction is performed through wrist ex

tension. In so doing, the index finger is moved 

from medial to lateral over the lesion (Figure 

5-27, A and B) . 

Duration 

In coxarthrosis patients who also have an 

irritated iliopsoas , significant pain relief is 

usually achieved after the flrst treatment of 

transverse friction. This treatment is com

bined with manual traction of the hip joint 

and muscle stretching (see the following sec

tion) . 

In an overuse syndrome, the iliopsoas usu

ally reacts very well to transverse friction and 

Figure 5-27 A Initial position of the therapist's hand in transverse friction of the iliopsoas muscle belly. 

Figure 5-278 End position (the therapist's wrist is extended). 
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muscle stretching (see the following section) . 
In the first week, transverse friction treat

ment should be given daily, lasting 10 to 1 5  

minutes . I n  the second week, treatments 

should be every other day (three times per 

week) . 

LESIONS OF THE ILIOPSOAS MUSCLE 

STRETCHING 

Therapist-Assisted Stretching 

Exercises 

Stretching of the iliopsoas is indicated 

where there is irritation of the muscle in pa

tients with coxarthrosis, where there is over
use of the muscle in athletes, and occasionally 

for patients with complaints of back pain. 

Position of the Patient 

The patient lies supine on the treatment 

table . The sacrum lies just on the table, the 

nonaffected leg is maximally flexed at the hip 

and knee, and the patient maintains this posi

tion by pulling the knee to the chest with both 

hands. The other leg hangs over the table. 

Position of the Therapist 

The therapist stands with feet apart next to 

the foot end of the treatment table, in line 

with the patient's nonaffected leg and facing 

the affected leg. If the left leg is being treated, 

the therapist places the left hand against the 

posterior aspect of the patient's right thigh. 

The foot of the patient's same leg rests against 

the therapist's trunk. The therapist's other 

hand is placed on the anterior aspect of the 

thigh of the affected side, just proximal to the 

knee . 

Performance 

Together with the patient, the therapist 

fixates the patient's nonaffected leg. The 

other hand brings the affected leg slowly into 

hip extension, without causing pain or muscle 

splinting. The iliopsoas muscle can be 

stretched even more by sidebending the 

trunk away from the affected side and adding 

internal rotation to the extended hip. An al

ternative technique for stretching is with the 

patient lying in a prone position, with the 

nonaffected leg off the side of the table and in 

as much hip flexion as possible with the foot 

resting on the floor. In this position, the thera
pist can more easily perform internal rotation 
of the patient's hip (Figure 5-28, A and B) . 

Self-Stretching Exercises 

The patient has many possible ways of in

dependently stretching the iliopsoas muscle. 

We have no special preferences. Keep in mind 

that , during the exercise ,  lordosing of the 

lumbar spine should be prevented. 
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Figure 5-28A Static stretching of the iliopsoas. 

Figure 5-288 Alternative technique with internal rotation of the hip. 



Treatment Techniques in Lesions oj the Hip I I I  

LESION OF THE ILIOTIBIAL TRACT 

Functional Examination 

Passive hip adduction , combined with 

sidebending of the trunk away from the af
fected side, is painful. 

TRANSVERSE FRICTION 

This rare, traumatic lesion is seen almost 

exclusively in ballet dancers and track and 

field athletes. Differentiating among a lesion 

of the iliotibial tract, a subtrochanteric bursi

tis, or an L4 or L5 nerve root irritation is not 
always easy. Sometimes a local anesthetic in

jected into the iliotibial tract at the most pain

ful site can confirm the diagnosis. 

Position. of the Patient 

The patient lies on the nonaffected side on 

the treatment table. The bottom leg is slightly 

flexed in the hip and approximately 90° 

flexed in the knee. The top leg is almost com

pletely extended and slightly adducted. 

Position of the Therapist 

The therapist stands next to the treatment 

table, behind the patient. If the left side is af

fected, the therapist places the tips of the in

dex and middle fingers of the right hand just 

anterior to the lesion (which lies just proximal 

to the greater trochanter) . 

Performance 

The active phase of the transverse friction 

is performed through an extension of the 
wrist. In so doing, the fingers are moved over 

the lesion from anterior to posterior (Figure 
5-29) . 

Duration 

Usually, three to six treatments are suffi

c ient to achieve complete recovery. The 

transverse friction should last about 15 min
utes per session. 

Note 

As of the time of this writing, we have never 

seen a lesion of the tensor fasciae latae 

muscle. 

Figure 5-29 Transverse friction of the iliotibial 
tract. just proximal to the greater trochanter. 



1 12 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

ILIOPECTINEAL BURSITIS 

Functional Examination 

Passive hip flexion is painful as a result of 

compression of the affected structure. Pas

sive hip extension is sometimes painful as a 

result of compression of the bursa through a 

stretch of the iliopsoas muscle. Passive inter

nal rotation of the hip can be painful as a re

sult of compression of the bursa through a 

stretch of the iliopsoas muscle. Resisted hip 
flexion and resisted external rotation are 

sometimes painful as a result of compression 

of the bursa during the contraction of the ili

opsoas muscle. 

INJECTION 

Because a large number of internal disor

ders can cause pain in the groin, with or with

out radiating pain into the thigh, ruling out 

such disorders is of utmost importance. 

Position of the Patient 

The patient sits against the inclined head of 

the treatment table .  In this position, the 
structures lying in the groin are relaxed. 

Position of the Physician 

The physician stands next to the treatment 

table at the patient's affected side. 

Performance 

First, the physician locates the midinguinal 

point: at this site the pulsation of the femoral 

artery is palpable. From this point, an imagi-

nary 5 cm long perpendicular line is drawn 

distally in relation to the inguinal ligament. 

The insertion point of the needle lies 2 cm lat
eral to the distal end of this perpendicular 

line . In this manner, the neurovascular 

bundle in the groin is avoided during the in

jection. 
A 5-mL syringe is filled with a local anes

thetic (for example, 1% lidocaine) .  An 8-cm 
needle is inserted in the direction of an imagi

nary point 5 cm deep underneath the 

midinguinal point. This means that the needle 

is at a 45° angle in relation to the horizontal 

and pointed in a craniomediodorsal direction 

(Figure 5-30) . 

As soon as the patient experiences pain, 
the needle is pushed slightly farther, and 
then, while the needle is withdrawn, the local 

anesthetic is inj ected . Then the needle is 

withdrawn to the subcutaneous layer and re

inserted in a slightly different direction. 

Again, when the patient experiences pain, af
ter first being pushed slightly farther in, the 

needle is withdrawn while local anesthetic is 

injected. In this way, the entire lesion is in

jected in a fan-shaped manner. 

If the functional examination is negative 

after the injection, the diagnosis is confirmed. 

The patient should be seen 1 week later for 

follow-up. If the symptoms have decreased, 

the injection is repeated .  If the symptoms 

have not changed, however, 3 mL of local an

esthetic with 2 mL of corticosteroid are in
jected. Usually, two or three injections, given 

at 1- to 2-week intervals, are necessary to 

achieve complete recovery. 
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Figure 5-30 Injection of the iliopectineal bursa. 

SUBTROCHANTERIC BURSITIS 

Functional Examination 

Passive hip flexion is sometimes painful .  

Passive external rotation of the hip can be 

painful. Passive adduction of the hip is some
times painful. Resisted hip abduction is some

times painful. Ultrasound is usually diagnos

tic. 

INJECTION 

Differentiating among a subtrochanteric 

bursitis, a lesion of the iliotibial tract, an L4 or 

L5 nerve root irritation, and other local 

causes is usually difficult. Refer to Chapter 4 

for further details on the differential diagno

sis. 

Position of the Patient 

The patient lies in a supine position on the 

treatment table. 

Position of the Physician 

The physician sits next to the treatment 

table, next to the patient's affected side. 

Performance 

The physician locates the most tender site 

between the patient's greater trochanter and 

the iliac crest. A l O-mL syringe filled with 10-
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Figure 5-31 I nj ection of the s ubtrochanteric 
bursa. 

cal anesthetic and an 8-cm needle is used for 

this injection. The needle is inserted horizon

tally into the bursa, and the bursa is injected 

ISCHIAL BURSITIS 

Functional Examination 

The functional examination is usually nega

tive. The patient complains of pain during sit

ting. Rarely is there pain during walking. 

INJECTION 

Differentiating an ischial bursitis from an 
S l  or S2 nerve root irritation or an insertion 

tendopathy of the hamstrings is usually diffi

cult. Refer to Chapter 4 for further details on 

the differential diagnosis .  

Position of the Patient 

The patient lies in a prone position on the 

treatment table. This bursa can also be in-

in a fan-shaped manner in the area of pain 
(Figure 5-3 1 ) : In other words, as soon as the 

patient experiences pain, the needle is 

pushed slightly farther, and then, while the 

needle is withdrawn, the local anesthetic is 

injected. Then the needle is withdrawn to the 

subcutaneous layer and reinserted in a 

slightly different direction. Again, when the 

patient experiences pain, after first being 

pushed slightly farther in, the needle is with
drawn while local anesthetic is injected. In 
this manner, the entire lesion is injected. Of

ten, both the physician and the patient feel 

the needle go through the wall of the bursa "as 

if a balloon was punctured." 

If the functional examination is negative 

after the injection, the diagnosis is confirmed. 
The patient should be seen 1 week later for 

follow-up. If the symptoms have decreased, 
the injection is repeated. If the symptoms 

have not changed, however, 3 rnL of local an

esthetic with 2 mL of corticosteroid are in

jected. Usually, two or three injections, given 

at 1 - to 2-week intervals, are necessary to 

achieve complete recovery. 

jected with the patient lying supine on the 

treatment table with the hips and knees in 

approximately 90° flexion while the lower 

legs rest on a chair or bolster. An alternative 

position is with the patient lying on the 

nonaffected side with the hips and knees 

flexed to about 90°. 

Position of the Physician 

The physician stands next to the treatment 

table, on either side of the patient. 

Performance 

The injection is given with 2 mL of local 

anesthetic and a 5-cm needle. The needle is 

inserted at the site of most tenderness in the 

region of the ischial tuberosity (Figure 5-32) . 
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Figure 5-32 Injection of the ischial bursa. 

As soon as Lhe patient experiences pain, the 

needle is pushed slightly farther, and then, 

while Lhe needle is withdrawn, the local anes

thetic is injected. Then the needle is with

drawn to the subcutaneous layer and rein
serted in a slightly different direction. Again, 

when the patient experiences pain, after first 

being pushed slightly farther in, the needle is 

withdrawn while local anesthetic is injected . 

In this manner, the entire lesion is injected. 

If  the functional examination is negative 

after the injection, the diagnosis is confirmed. 
The patient should be seen 1 week later for 

follow-up. If the symptoms have decreased, 

the injection is repeated. If  the symptoms 

have not changed, however, 3 mL of local an

esthetic with 2 mL of corticosteroid are in

jected. Usually, two or three injections, given 

at 1 - to 2-week intervals, are necessary to 

achieve complete recovery. 

MERALGIA PARESTHETICA (COMPRESSION 

NEUROPATHY OF THE LATERAL FEMORAL 

CUTANEOUS NERVE ) 

Functional Examination 

Passive extension of the hip is sometimes 

painful. The femoral nerve (L3) stretch test is 

often painful. 

INJECTION 

If the cause of the compression neuropathy 

of the lateral femoral cutaneous nerve is me
chanical, attempts should first be made to al-
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leviate the mechanical cause (eg, a short leg 

or obesity) . The perineural injection with a 

local anesthetic has both diagnostic and 

therapeutic value in that it might help the 

sometimes difficult differentiation between 

neuropathy and an L3 nerve root irritation. 

Position of the Patient 

The patient lies in a supine position on the 

treatment table. The head of the table is in

clined approximately 30° to take tension off 

the structures lying at the level of the inguinal 
ligament. 

Position of the Physician 

The physician sits or stands next to the 

treatment table, at the affected side of the 

patient. 

Performance 

A 2-mL syringe is filled with a local anes
thetic (eg, 1 %  lidocaine) . Depending on the 

amount of subcutaneous tissue, a 5- to 7 -cm 
needle is inserted vertically at a site 1 cm 

medial to the anterior superior iliac spine and 
just cranial to the inguinal ligament (Figure 

5-33) . As soon as the patient experiences an 

increase in pain, the needle is slightly with

drawn, and the local anesthetic is slowly in

jected. 

Follow-Up 

No specific restrictions are placed on the 

patient. The patient should be seen for reas

sessment in 1 week. If necessary, the injec

tion can be repeated several times at weekly 

intervals. 

Note 

In instances of recurrence, 1 mL of corti

costeroid can be injected. Surgical treatment 

is rarely indicated. 

Figure 5-33 Perineural injection of the lateral femoral cutaneous nerve in meralgia paresthetica . 1, 
Anterior superior iliac spine; 2, sartorius muscle; 3, inguinal ligament; 4, lateral femoral cutaneous 
nerve. 



Chapter 6 

Peripheral Compression 
Neuropathies in the Pelvis and Hip 

Region 

LESIONS OF THE SCIATIC NERVE 

Lesions of the sciatic nerve (L4 to S3) are 

rarely seen. They can have a wide variety of 

causes, such as a gunshot wound, pelvic frac

ture, posterior dislocation of the hip, or sur

gery in the hip and pelvic region. Sometimes, 

damage can occur as the result of a wrongly 

placed intragluteal injection, the so-called in

jection paralysis. Intragluteal injections 

should be given in the upper outer quadrant 

of the gluteal region, with the needle inserted 

exactly vertical to the skin. 

Various schools of manual therapy discuss 

the piriformis syndrome, which is described 

as a condition of dysfunction of the sacroiliac 

joint leading to compression of the sciatic 

nerve through hypertonia of the piriformis 

muscle. This diagnosis should really be ques

tioned. Compression of the sciatic nerve as a 

result of the many anatomic variations in the 

exiting site of this nerve (such as between the 

piriformis and superior gemellus muscles or 

directly through the piriformis) is also un

likely. 

Clinical Findings 

The sciatic nerve motorically innervates 

the hamstrings and several muscles of the 

lower leg and foot. In the functional examina

tion, a deficit condition of the hamstrings is 

manifested by severe weakness of resisted 

knee flexion. Only the sartorius and gracilis 
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muscles remain to resist the knee flexion. 

Walking is still possible to some extent, how

ever, if the gluteal muscles, being extensors 

and abductors of the hip, still function. In a 

complete deficit of the sciatic nerve, the foot 

and toes are entirely paralyzed. 

The sciatic nerve provides sensory innerva

tion to a large part of the skin on the lateral 

and posterior aspects of the lower leg. This 

nerve also completely supplies the cutaneous 

innervation of the foot, with the exception of 

the medial malleolus region and a small strip 

along the medial edge of the foot, which are 

innervated by the saphenus nerve. 

Treatment 

Treatment depends on the cause but will 

almost always be surgical. In cases of trau

matic lesions, good results are usually 

achieved from prin1ary suturing of the sciatic 

nerve. 

PIRIFORMIS SYNDROME 

The piriformis syndrome can occur as the 

result of a direct trauma to the gluteal region. 

Clinical Findings 

The patient complains of severe localized 

pain in the gluteal region radiating to the 

sacrum, in the direction of the greater tro-
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chanter, and sometimes also distally along 

the posterior aspect of the thigh. Bending and 

lifting heavy objects cause the pain to in

crease. 

Functional Examination 

In the functional examination, passive flex

ion of the hip and passive internal rotation of 

the hip are painful. There is severe tender

ness to palpation in the region of the greater 

sciatic foramen. 

Treatment 

Treatment consists of surgical exploration 

with resection of adhesions from the pirifor

mis muscle, together with a partial or total 

transection of the piriformis muscle 4 to 5 cm 

proximal to its insertion on the greater tro

chanter. 

HAMSTRING SYNDROME 

The hamstring syndrome involves a com

pression neuropathy of the sciatic nerve, usu

ally in the region of the ischial tuberosity, and 

is seen particularly in athletes such as sprint

ers, hurdlers,jurnpers, and long-distance run

ners. It affects men three times more often 

than women. Usually, the symptoms arise 

without a direct trauma. In approximately 

half of all cases, however, the patient has had 

one or more previous incidences of minor 

tears in the hamstrings. 

The symptoms in the hamstring syndrome 

are caused by a fibrotic cord or fibrosing of all 

or part of the tendons of the long head of the 

biceps femoris and semitendinosus, which 

insert on the ischial tuberosity. These condi

tions cause an irritation of the sciatic nerve. In 

some cases, adhesions form between the sci

atic nerve and these fibrous cords. 

In the differential diagnosis, Sl and S2 

nerve root syndromes, ischial bursitis, and a 

compartment syndrome of the posterior 

thigh muscles have to be considered. In the 

Sl and S2 nerve root syndromes, movements 

of the lumbar spine will be painful. A patient 

with an ischial bursitis often has pain at rest 

and is unable to find a comfortable position at 

night. An individual with a compartment syn

drome does not have any pain during sitting. 

These findings are generally not consistent 

with findings in a hamstring syndrome. 

Clinical Findings 

The pain is experienced in the lower gluteal 

region. From there, it radiates to the posterior 

aspect of the thigh and to the back of the 

knee. Typically, the pain is experienced dur

ing sitting. Because of the pain, the patient is 

often forced to stand. Forcefully bringing the 

affected leg forward, such as during sprinting, 

jumping, or jumping hurdles as well as when 

kicking a ball, provokes the most pain. Gener

ally, in long-distance runners the pain is felt at 

the beginning of a sprint. 

Functional Examination 

In the functional examination, the straight 

leg raise test is painful. There is tenderness to 

palpation just lateral to the ischial tuberosity. 

Restricted knee flexion is painful as well. 

Treatment 

Conservative therapy is unsuccessful in 

most cases. Surgical neurolysis is the pre

ferred treatment. 

LESION OF THE FEMORAL NERVE 

The femoral nerve (L2 to L4) motorically 

innervates the iliopsoas muscle and the 

muscles that extend the knee. It is respon

sible for the cutaneous innervation of the an

terior aspect of the thigh and the medial side 

of the lower leg. 

The nerve runs between the iliopsoas and 

iliacus muscles, covered by the psoas fascia. 

Proximal to the inguinal ligament, several 

branches are given off. These are the muscu-
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lar ramus for the iliopsoas and a muscular ra

mus for the pectineus. The femoral nerve 

then runs together with the iliopsoas through 

the lacuna musculorum, underneath the in

guinal ligament. Distal to the inguinal liga

ment, the nerve innervates the sartorius, 

pectineus, and sometimes the adductor lon

gus muscles. However, the most important 

muscle group innervated by the femoral 

nerve is the quadriceps femoris. 

Intraabdominally, the femoral nerve can be 

damaged during surgery (such as an appen

dectomy) or by tumors. 

Clinical Findings 

If the femoral nerve is damaged proximally 

in its intrapelvic course, a partial paresis of 

the iliopsoas occurs. The iliopsoas will not 

demonstrate a complete deficit because it is 

also innervated directly through plexus 

branches from L2 and L3. The patient has dif

ficulty walking, particularly when ascending 

stairs and inclined surfaces. In the functional 

examination, weakness is demonstrated dur

ing resisted hip flexion. 

Lesions of the femoral nerve at the level of 

the inguinal ligament are seen more fre

quently. In this instance, paresis of the quad

riceps femoris, sartorius, and pectineus 

muscles occurs. The functional examination 

indicates weakness during resisted knee ex

tension. Walking is almost impossible. Deficit 

of the sartorius and pectineus muscles is 

hardly noticeable, because the other flexors 

and external rotators, as well as the adduc

tors of the hip, are able almost completely to 

take over those functions. 

Treatment 

Treatment is generally surgical. 

MERALGIA PARESTHETICA 

The term mer'algia paresthetica denotes 

symptoms that result from damage to the lat-

eral femoral cutaneous nerve (L2, L3). The 

nerve is usually affected just mediodistal to 

the anterior superior iliac spine, where it runs 

either through or under the inguinal ligament 

(Figure 6-1). 

The cause is usually traumatic. Acute as 

well as chronic trauma and micro trauma can 

result in damage to this nerve. An example of 

damage to the lateral femoral cutaneous 

nerve is a kick in the groin during soccer or 

karate. In obese people, chronic pressure 

from the weight of the fatty tissue can com

press the nerve. Meralgia paresthetica can 

also occur during pregnancy. Sometimes it 

can be caused by misapplied traction belts 

during lumbar traction. A leg length differ

ence results in adduction of the longer leg; in 

this instance, compression of the nerve can 

occur on that side with each step during walk

ing. 

Differential Diagnosis 

• L3 nerve root syndrome 

• Diabetic neuropathy 

Clinical Findings 

The patient complains of burning pain and 

paresthesia at the anterolateral aspect of the 

thigh. At a later stage, the center of this area 

can have decreased sensation or become 

completely numb. The symptoms often occur 

during prolonged standing. Movement of the 

leg or flexion of the hip can cause the symp

toms to disappear. 

Functional Examination 

Maximal passive hip flexion sometimes 

provokes the symptoms. The L3 stretch test 

often provokes the symptoms. Usually there 

is tenderness to palpation just medial and 

slightly distal to the anterior superior iliac 

spine. 
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Figure 6-1 Lateral femoral cutaneous nerve 
(right). 1, Anterior superior iliac spine; 2, sartorius 
muscle; 3, tensor fasciae latae muscle; 4, ili
opsoas muscle; 5, inguinal ligament; 6, lateral 
femoral cutaneous nerve. 

Treatment 

Treatment depends on the cause of the 

symptoms. In many cases there is spontane

ous recovery, which can last months to years. 

Local anesthetic injected at the site of the 

compression provides good results in most 

instances. This perineural injection can be 

repeated 1 to 2 weeks later. If the symptoms 

still persist after three injections, a cortico

steroid can be injected along with the local 

anesthetic. 

LESIONS OF THE ILIOINGUINAL AND 

ILIOHYPOGASTRIC NERVES 

Lesions of the ilioinguinal (T12, L1) and il

iohypogastric (L1) nerves are rare. Damage 

to one of the nerves can occur traumatically 

as the result of a direct blow or from urogeni

tal surgery. Another possible cause is an ex

tremely weakened abdominal wall in conjunc

tion with a severe coxarthrosis. 

The ilioinguinal nerve courses ventrally at 

the lateral aspect of the psoas major and 

crosses over the quadratus lumborum 

muscle. From there, it runs through the in-

guinal canal to its area of cutaneous innerva

tion, the proximomedial thigh and the skin of 

the scrotum in males or the skin over the 

mons pubis and the adjacent part of the labia 

majora in females (Figure 6-2). The nerve 

innervates the following muscles: internal ab

dominal oblique and transverse abdominal. 

Figure 6-2 The four most clinically important 
cutaneous nerves in the groin region. 1, Lateral 
femoral cutaneous nerve and its area of cutane
ous innervation; 2, genitofemoral nerve and its 
area of cutaneous innervation; 3, ilioinguinal 
nerve and its area of cutaneous innervation; 4, 
obturator nerve and its area of cutaneous inner
vation. 
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The iliohypogastric nerve runs together 

with the ilioinguinal nerve for a while, then 

perforates the iliopsoas muscle and runs far

ther in a ventrolateral and caudal direction to 

the iliac crest. The nerve innervates the same 

abdominal muscles as the ilioinguinal nerve. 

A cutaneous branch from the iliohypogastric 

nerve, the lateral cutaneous ramus, inner

vates the skin at the anterolateral aspect of 

the proxitnal thigh (Figure 6-2). Another cu

taneous branch, the anterior cutaneous ra

mus, arises after the innervation of the ab

dominal muscles and supplies the skin in the 

pubic symphysis region. 

Clinical Findings 

The patient complains of neuropathic pain 

in the cutaneous area of the affected nerve. 

Rarely is there a deficit in the sensation of 

that area. Because the abdominal muscles are 

innervated by both nerves as well as the last 

two thoracic nerve roots, motor deficits are 

also rare. 

Functional Examination 

Usually there are no specific findings in the 

functional examination; sometimes, passive 

hip flexion reproduces the patient's symp

toms. In rare cases, there is a loss of strength 

of the oblique abdominal muscles. 

Treatment 

A local perineural injection at the site of the 

compression (which is usually tender to pal

pation) usually offers temporary relief. Ulti

mately, however, surgical neurolysis is the 

only treatment method that will provide per

manent relief from the symptoms. 

LESION OF THE OBTURATOR NERVE 

The obturator nerve (L2 to L4) runs on the 

medial side of the psoas major to the obtura

tor foramen, where it divides into two 

branches: the anterior and posterior rami 

(Figure 6-2). The anterior ramus innervates 

the pectineus, adductor longus, adductor 

brevis, and gracilis muscles. It ends in a sen

sory cutaneous ramus. This cutaneous 

branch runs along the anterior edge of the 

gracilis through the fascia and innervates the 

skin at the distal half of the medial aspect of 

the thigh. The posterior ramus runs between 

the adductor brevis and adductor magnus, 

innervating this latter muscle. The obturator 

nerve lies deep in the abdominal cavity but is 

quite visible, so that lesions as a result of sur

gery are rarely seen. 

Paresis of the obturator nerve generally 

results from pelvic fractures, a hernia 

obturatoria, or metastases in the region of the 

obturator foramen. Occasionally, during de

livery, lesions can occur. Once in a while, an 

ostitis pubis is seen as a complication after a 

urologic operation. The swelling that accom

panies this disorder can irritate the obturator 

nerve, with resulting sensory disturbances in 

its area of cutaneous innervation. A compres

sion neuropathy of the obturator nerve can 

also develop in instances of severe 

coxarthrosis. 

Clinical Findings 

In a paresis of the obturator nerve, weak

ness of the hip adductors is seen. Sometimes 

passive hip flexion provokes pain. There are 

sensory deficits at the medial aspect of the 

thigh, just above the knee. There is tender

ness to palpation at the level of the origin of 

the pectineus, between the pectineus and 

adductor longus, or at the exiting site of the 

cutaneous branch of the anterior ramus. 

Treatment 

If a compression neuropathy of the obtura

tor nerve is seen as a complication of 

coxarthrosis, injection therapy is often effec

tive. Initially, the preferred treatment is a lo

cal perineural injection with a local anesthetic 
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at the site of greatest tenderness. In a later 

stage, the injection can be repeated with a 

corticosteroid. In other cases, surgical neu

rolysis is usually the only treatment that will 

offer permanent relief from the symptoms. 

LESION OF THE GENITOFEMORAL 

NERVE 

The genitofemoral nerve comprises nerve 

fibers from the Ll and L2 roots. The nerve 

divides into a genital ramus and femoral ra

mus. These branches run caudally, ventral to 

the psoas muscle and within its fascia. The 

femoral ramus innervates the skin in the groin 

and the area just distal to it that corresponds 

to the medial femoral triangle. The genital 

ramus innervates the skin of the scrotum and 

a small zone at the proximomedial aspect of 

the thigh. It supplies motor fibers to the cre

master muscle. Damage to this nerve can oc

cur during a herniotomy. 

Clinical Findings 

The patient complains of sensory deficit 

and sometimes pain, the so-called 

spermaticus neuralgia. 

Functional Examination 

In some cases, passive hip flexion is painful. 

In addition to the sensory disturbances, the 

cremaster reflex can be absent. 

Treatment 

Treatment is always surgical. 
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PART I-HIP REVIEW QUESTIONS 

l. List three commonly seen non

traumatic arthritides of the hip. 

2. Describe the capsular pattern of the 

hip. 

3. List three complications that can occur 

with coxarthrosis (osteoarthrosis of 

the hip). 

4. What is Perthes' disease, and in which 

age group is it generally seen? 

5. What is ischemic femoral head necrosis 

in adults? 

6. Between what two types of slipped 

capital femoral epiphysis can one dis

tinguish? At what age is this pathology 

usually seen in girls? At what age is this 

pathology usually seen in boys? 

7. List five causes for a loose body in the 

hip joint. 

S. Describe the clinical findings one could 

expect in a patient with an iliopectineal 

(psoas) bursitis. 

9. It is not always easy to diagnose an is

chial bursitis; between which other le

sions must one differentiate? 

10. Describe the four clinical stages of 

pubalgia. 

11. Describe the clinical findings one could 

expect in a patient with a rectus femo

ris tendopathy. 

12. Iliopsoas muscle lesions are more often 

seen in which kind of person? As a re

sult of which other pathology? 

13. Besides a strain of the tensor fascia 

latae muscle or the iliotibial band, what 

other structures can give symptoms in 

the same area? (What would you con

sider a differential diagnosis?) 

14. What are two extraarticular causes of a 

"snapping hip"? 

15. Define the hamstring syndrome. 

16. Define meralgia paresthetica. 

17. List three predilection sites for a stress 

fracture in the hip area. 

IS. List four predilection sites for an 

apophyseal avulsion fracture in the hip 

area. 

19. List and briefly describe the types of 

compartment syndromes in the thigh. 

20. Which ligament, in particular, restrains 

the adduction motion in the hip? 

2l. Which muscles internally rotate the 

hip? 

22. What is the maximal close-packed posi

tion of the hip? 

23. What is the maximal loose-packed po

sition of the hip? 

24. Describe a positive Trendelenburg 

test. 

25. List four lesions whereby a patient has 

a positive Trendelenburg test. 

26. Define the "sign of the buttock." 

27. Briefly describe the cause of a subtro

chanteric bursitis. 

2S. Give three examples of a possible 

causal treatment for publagia. 

29. How can a lesion occur in the iliotibial 

band or in the tensor fascia latae 

muscle? 

30. What complication can occur after a 

partial tear or a total rupture of the rec

tus femoris muscle belly? 
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PART I-HIP REVIEW ANSWERS 

1. Rheumatoid arthritis, gout, and 

ankylosing spondylitis. 

2. Internal rotation has the greatest limi

tation of motion; extension, flexion, 

and abduction are the second most lim

ited motions (these motions are about 

equally limited); and external rotation 

and adduction are the least limited 

motions. 

3. Loose body, iliopsoas muscle irritation, 

and obturator nerve compression neu

ropathy. 

4. It concerns an aseptic bone necrosis of 

the femoral head as a result of a dis

turbance in the vascularization of un

known etiology. It is usually seen in 

children between the ages of 3 and 10 

years. 

5. It concerns an ischemic aseptic femoral 

head necrosis in adults. It can be 

clearly distinguished on plain films but 

is clinically difficult to define. 

6. The gradual and the acute slipped capi

tal femoral epiphysis. It is seen in girls 

between the ages of 11 and 12 years 

and in boys between the ages of 13 and 

15 years. 

7. Idiopathic, traumatic, coxarthrosis 

(osteoarthritis of the hip), osteochon

drosis dissecans, and ischemic femoral 

head necrosis. 

8. The patient complains of pain in the 

groin and anterior aspect of the thigh. 

Passive hip flexion is painful; the pain 

incr.eases when the hip is brought pas

sively from full flexion toward adduc

tion and then decreases after about 45° 

of adduction in flexion. Passive exter

nal rotation and extension are also usu

ally painful. 

9. Sl or S2 nerve root syndrome and ham

string insertion tendopathy. 

10. Stage 1, groin pain of short duration 

after exertion. Stage 2, groin pain at 

the beginning of exertion that returns 

in intensity the following day and dis

appears with rest. Stage 3, groin pain 

and lower abdominal pain during exer

tion and lasting a few days afterward. 

Stage 4, chronic pain that increases 

with exertion and barely diminishes 

with rest. 

11. Pain in the groin during running and 

lifting the knee. Passive hip flexion is 

sometimes painful. Resisted knee ex

tension with the knee in 90° flexion and 

the hip in 0° flexion is painful. Passive 

stretch is painful. The muscle is usualJy 

shortened. 

12. In athletes and in patients with 

coxarthrosis (osteoarthrosis of the 

hip). 

13. Subtrochanteric bursitis, L4 or L5 

nerve root syndrome. 

14. Deflection of the iliotibial band or of the 

ilipsoas muscle, which "snap" over the 

greater trochanter or the pubic pecten, 

respectively. 

15. A compression neuropathy of the sci

atic nerve at the level of the ischial tu

berosity, which is most often seen in 

athletes. The compression is caused by 

a fibrotic band or a fibrosis of part of the 

tendon from the long head of the biceps 

femoris and the semitendinosus 

muscles. 

16. Burning pain and paresthesia on the 

anterolateral aspect of the thigh as a 

result of a compression of the lateral 

femoral cutaneous nerve. 

17. Iliac crest, femoral neck, and lesser tro

chanter. 

18. Ischial tuberosity, anterior superior 

iliac spine, and greater trochanter and 

lesser trochanter. 
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19. An acute compartment syndrome. It 

occurs as a result of a decrease in the 

size of the compartment, for example 

from a cast, a scar, or a thrombosis. In 

an exertion-dependent compartment 

syndrome, one differentiates between 

an acute and a chronic type. The acute 

type is treated with immediate surgery. 

The chronic compartment syndrome is 

seen more frequently and usually con-

cerns the anterior compartment. 

20. Iliofemoral ligament, pars superior. 

2 l. Tensor fascia latae muscle, gluteus 

medius and minimus muscles (the an-

terior fibers), and partly the adductor 

muscles. 

22. Maximal extension, internal rotation, 

and abduction. 

23. Approximately 300 flexion, 300 abduc-

tion, and slight external rotation. 

24. When the patient is standing on the af-

fected leg with the other leg in 900 of 

hip and knee flexion, the posterior su-

perior iliac spine on the side of the 
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Chapter 7 

Functional Anatomy of the Knee 

The knee joint is the largest joint in the 

human body. In the lower extremity it takes 

the central position not only anatomically but 

also functionally. In describing the morphol

ogy and function of the knee joint, two impor

tant points should be kept in mind: On one 

hand, the joint has to have a large amount of 

stability to accommodate a great amount of 

load. On the other hand, the joint has to have 

a lot of mobility to facilitate movements such 

as walking, squatting, and kneeling. Morphol

ogy and function of the joint are such that for 

these seemingly contradictory requirements, 

a "solution has been found." 

JOINT MORPHOLOGY 

Bony Structures 

The knee joint comprises the following 

bones: femur, tibia, and patella. Within the 

cavity of the knee joint, two functionally dif

ferent anatomic connections Uoints) can be 

identified: the connection between tibia and 

femur, and the connection between femur 

and patella. For the sake of analysis, the con

nection between tibia and femur can be seen 

as two condylar joints. These two joints are 

again divided by the menisci into a medial and 

lateral meniscofemoral connection, and a 

medial and lateral meniscotibial connection. 

The connection between femur and patella 

can be seen as a saddle joint. 

The condyles of the femur appear to be dif

ferent in form compared to each other when 

viewed from the front. The medial condyle 

extends less far distally than the lateral 

condyle. When the knee is flexed to 90° and 
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the femur is viewed from distal to proximal in 

an axial direction, the condyles appear as an 

upside-down V, forming an angle of 50° to 60° 

in relation to each other (Figure 7-1) . The 

space between the condyles, the intercondy

lar fossa, is the site where the cruciate liga

ments attach. 

Viewed from the side, the condyles are spi

ral in form; they are not purely cylindrical 

because the posterior curves are sharper. The 

amount of curve varies interindividually. At 

the same time, there is an intraindividual dif

ference between the condyles: The lateral 

condyle is longer in an anteroposterior direc

tion. The joint surfaces on the medial and lat

eral side of the femur are convex in both the 

sagittal and the frontal planes. On the ante

rior aspect, the cartilage surfaces of the 

femural condyles are continuous with the pa

tellar groove. In full extension, the patella lies 

completely against the patellar groove. In 

flexion, the patella also has contact with the 

cartilage surfaces of the condyles (Figure 7-

2). 

In this context, it can be pointed out that 

the form of the patella has a significant 

interindividual variance. The five most fre

quently seen forms have been described by 

Wiberg' (see "Subluxation of the Patella," in 

Chapter 10). 

Joint Capsule and Ligaments 

The joint capsule is composed of a fibrous 

membrane and a synovial membrane. The 

synovial membrane of the knee joint has a 

complicated course. From the patella, it runs 

upward and forms a large synovial space that 
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50'-60' 

Figure 7-1 Distal view of the femur in a 90° flexed knee. As with the condyles, the attachments of the 
cruciate ligaments also make an angle of 50° to 60° in relation to each other. 1, anterior cruciate 
ligament; 2, posterior cruciate ligament. 

Figure 7-2 Distal view of the femur in a 90° 
flexed knee showing the position of the patella in 
relation to the joint surface of the femur. (A) In 
extension, the patella articulates exclusively with 
the patellofemoral part of the joint surface. (8) In 
maximal flexion, the patella articulates with a 
part of the femorotibial joint surface as well. 

is continuous with the joint cavity. Based on 

the embryologic development, this space is 

called the suprapatellar bursa. Clinically, 

however, it is more often termed the suprapa

tellar recess (Figure 7-3). During flexion, this 

space decreases slightly in size (Figure 7-4). 

The synovial membrane covers the cruci

ate ligaments on the anterior aspect and sides 

but not on the posterior aspect. It is as if the 

cruciate ligaments push the synovial mem

brane forward. Thus the position of the cruci

ate ligaments is described as extrasynovial. 

Furthermore, through this construction, the 

most middle part (pars intercondylaris) of 

the anterior aspect of the posterior capsule is 

not covered with synovial membrane. 

The fibrous part of the capsule (fibrous 

membrane) is formed as a united bundle 

around the femoral and tibial parts of the 

knee joint. The patella is enveloped by the 

capsule at the anterior aspect of the knee and 

in this way forms a functional unit. 

The ligaments of the joint cannot be seen as 

solitary structures. They are thick reinforce

ments of the fibrous membrane and therefore 

have an accessory function. The lateral collat

eral ( or fibular) ligament is an exception to 

this rule. The ligament is separated from the 

fibrous membrane by a small bursa. It runs as 



Functional Anatomy oj the Knee 137 

Figure 7-3 Arthrography of the knee joint. The suprapatellar recess is clearly visible. 

a cord-shaped band from the lateral femoral 

epicondyle to the head of the fibula. In addi

tion, there are no connections of the lateral 

collateral ligament to the lateral meniscus. 

The other ligaments are part of the collagen of 

the joint capsule (Figures 7-5, 7-6, and 7-7). 

The medial and lateral patellar retinacula, 

as parts of the patellar ligament, run at the 

anterior side of the joint capsule. These reti

nacula, together with the central part of the 

patellar ligament (the patellar tendon), can 

be seen as the ventral part of the joint cap

sule. The retinacula are separated from the 

synovial membrane by the infrapatellar fat 

pad. They are designated as the medial and 

lateral patellotibial ligaments (or retinacula) 

and the medial and lateral patellofemoral liga

ments (or retinacula). 

At the medial side, the medial collateral 

(or tibial) ligament reinforces the fibrous 

membrane, running from the medial femoral 

epicondyle to the medial condyle of the 

tibia. The anterior part of this ligament is 

separated from the joint capsule by several 

small bursae. The posterior part (called the 

posterior medial collateral or posterior ob-
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Figure 7-4 The joint capsule during extension (A) and flexion (8) of the knee. 1, Suprapatellar recess; 
2, subpopliteal recess. 

lique ligament) is closely connected to the 

capsule. 

Both medially and laterally within the joint 

capsule, the so-called deep collateral liga

ments are found. Composed of a separate 

layer of collagen, these deep collateral liga

ments are located closer to the joint cavity 

and have fibers that run in a different direc

tion than those of the more superficial medial 

and lateral collateral ligaments. Medially in 

several places, the collagen fibers of the deep 

collateral ligament are continuous with the 

superficial collateral ligament (specifically, 

the posterior medial collateral ligament) . Lat

erally, the deep and superficial collagenous 

layers are separated by the already men

tioned bursa. These deep ligaments can be 

further designated according to their relation 

to the menisci into a meniscofemoral and 

meniscotibial part. The latter is also called the 

coronary ligament. 

The posterior aspect of the joint capsule is 

reinforced by a number of more or less ob

liquely running ligaments. The inserting ten

don of the semimembranosus fans out into 

the posteromedial side of the joint capsule, 

which is closely connected to the medial me-

niscus. In so doing, the oblique popliteal liga

ment is formed as a reinforcement of the pos

terior capsule (see Figure 7-5). 

Within the joint, a number of menisco

femoral ligaments are found that run from the 

lateral meniscus to the medial femoral 

condyle. Generally, there is an anterior 

meniscofemoral ligament (running in front of 

the posterior cruciate ligament) or a posterior 

meniscofemoral ligament (running behind 

the posterior cruciate). Most of the time, the 

posterior meniscofemoral ligament, also 

called Wrisberg's ligament, is present (Figure 

7-8). Rarely are both ligaments found in the 

same knee. These ligaments play an important 

role in the dynamics of the lateral meniscus. 

MUSCLES 

The knee is not a particularly stable joint, 

considering the form and arrangement of its 

bony structures. Thus to a great degree the 

stability has to be derived from coordinated 

contraction of the surrounding musculature 

('fable 7-1) .  Numerous muscles have a con

nection with the joint capsule, providing a di

rect, stabilizing influence. 



Figure 7-5 Posterior view of the right knee. 
1, Origin of the gastrocnemius muscle, medial 
head; 2, origin of the gastrocnemius muscle, lat
eral head; 3, origin of the plantaris muscle; 4, ten
don of the popliteus muscle; 5, popliteus 
muscle; 6, popliteus muscle, fibers to the poste
rior horn of the lateral meniscus; 7, lateral collat
eral ligament; 8, arcuate popliteal ligament; 
9, tendon of the semimembranosus muscle: 
a, to the medial side of the medial tibial condyle; 
b, to the posterior side of the medial tibial 
condyle; C, oblique popliteal ligament; d, to the 
posterior capsule, posterior oblique ligament, 
and medial meniscus; e, to the fascia of the 
popliteus muscle, posterior tibia, and medial 
tibia. 

Quadriceps Femoris 

The four heads of the quadriceps femoris 

join together in the patellar ligament. The 

tendon tissue has an attachment to the upper 

edge of the patella, and a thin superficial layer 

runs over the patella. From here, the earlier 

mentioned retinaculum is formed, from 

which the patellotibial ligaments, in their 

turn, have a connection with the menisci. The 
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Figure 7-6 Medial view of the right knee. 1, 
posterior collateral (or posterior oblique) liga
ment; 2, medial collateral ligament (1 and 2 are 
illustrated separately to show the deep collateral 
structures; in reality, they are firmly connected); 
3, medial capsuloligamentous structure, consist
ing of the medial meniscotibial ligament and the 
medial meniscofemoral ligament; 4, semimem
branosus muscle; 5, sartorius muscle; 6, gracilis 
muscle; 7, semitendinosus muscle; 8, gastroc
nemius muscle, medial head; 9, popliteus 
muscle; 10, patella; 11, patellar ligament; 
12, medial meniscus; 13, vastus medialis 
muscle; 14, vastus medialis obliquus muscle; 
15, tendon of the adductor magnus. 

connective tissue (the quadriceps tendon or 

patellar ligament) that runs from the patella 

to the tibial tuberosity is again much thicker. 

In this way, the quadriceps muscle actually 

forms a part of the joint capsule. 

Biceps Femoris 

At the lateral side of the joint space, the 

biceps femoris muscle has contact with the 

lateral collateral ligament. This ligament ap

pears to divide the distally running fibers of 

the biceps femoris into a superficial and a 

deep part. 
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Figure 7-7 Lateral view of the right knee. 1, 
Popliteus muscle; 2, lateral collateral ligament. 

Some fibers from the biceps femoris 

muscle attach to the lateral collateral liga

ment, and some attach at the posterolateral 

aspect of the lateral meniscus; these inser

tions are inconsistent, however (Figure 7-9). 

Most of the biceps fibers attach to the tibia, 

between Gerdy's tubercle and the head of the 

fibula. These latter fibers are rarely affected. 

Clinically, the most often affected part of the 

biceps insertion is at the head of the fibula. 

Popliteus 

Part of the popliteus muscle fans out into 

the arcuate popliteal ligament (see Figure 7-

5). Another part of the popliteus tendon has 

an attachment to the posterior horn of the 

lateral meniscus. Thus contraction of the 

popliteus muscle is partly responsible for the 

mobility of the lateral meniscus. 

7 

Figure 7-8 Posterior view of the right knee. 1. 
popliteus muscle; 2, insertion of the popliteus 
muscle on the lateral meniscus; 3, posterior 
meniscofemoral ligament (Wrisberg's ligament); 
4, posterior cruciate ligament; 5, semimembra
nosus (tendon to the tibia); 6, medial capsulo
ligamentous structures: a, medial meniscotibial 
ligament; b, medial meniscofemorall;gament; 7, 
medial collateral ligament. 

Semimembranosus 

The semimembranosus muscle splits into a 

number of tendons at the level of the knee 

joint. One of the tendons forms the oblique 

popliteal ligament. 

OTHER STRUCTURES 

Cruciate Ligaments 

The anterior cruciate ligament runs ob

liquely from anterior on the tibial intercondy

lar eminence in a posterior and proximal di

rection to insert at the lateral condyle of the 

femur in the intercondylar fossa. The poste

rior cruciate ligament runs obliquely from the 



Table 7-1 Active Movements of the Knee Joint 

Movement 

Extension 

Flexion 

Muscles 

Quadriceps femoris 

Tensor fasciae latae (last 
_30°) 

Semimembranosus 

Semitendinosus 

Sartorius 

Gracilis 

Popliteus 

Biceps femoris 

Tensor fasciae latae (after 
-30°) 

Gastrocnemius 

External rotation Biceps femoris 

Tensor fasciae latae 

Internal rotation Semimembranosus 

Semitendinosus 

Sartorius 

Gracilis 

Popliteus 

posterior side of the tibial intercondylar emi

nence in an anterior direction and inserts at 

the medial condyle of the femur in the inter

condylar fossa. Each of these ligaments can 

be divided into two, or sometimes three, 

bundles. In their course in the intercondylar 

fossa, the cruciate ligaments are more 

cordlike in form; at their distal insertions, 

they flatten out. 

Menisci 

In a transverse cross-section, the medial 

meniscus has the form of a C; the lateral me

niscus is smaller and forms almost a complete 

circle (Figure 7-10). The menisci are found 

on the tibial plateau, to which they are also 

connected. Differentiation is made among an 

anterior horn, a posterior horn, and an arch 

located between them. The anterior horn and 

posterior horn are attached to the inter-
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Figure 7-9 Lateral view of the right knee, par
ticularly of the biceps femoris muscle (A). 1, 
Fibular insertion; 2, tibial insertion; 3, insertion at 
the lateral meniscus; 4, lateral collateral liga
ment; 5, lateral meniscus. 

condylar eminence of the tibia. Through the 

transverse ligament, the menisci are con

nected to each other at their anterior aspects. 

Both menisci are also connected to the joint 

capsule. The medial meniscus has a firm con

nection to the tibia via the meniscotibial 

(coronary) ligament; the arch has a much 

stronger attachment to the femur through the 

meniscofemoral ligament.2 During rotation of 

the knee, the arch moves with the femur and 

the horns with the tibia. As a whole, the lat

eral meniscus is more loosely attached to the 

capsule and thus can accommodate more 

movement. 

Branches of the medial genicular artery run 

to the outer edges of the menisci, allowing a 

large part of the menisci to be directly vascu

larized. 

Plicae 

Plicae of the knee are synovial "shelves" 

that are residual (to a greater or lesser de

gree) of the embryologically present parti

tions in the knee joint. Differentiation is made 
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Medial 

Figure 7-10 Menisci of the right knee joint 

among suprapatellar, infrapatellar, and 

mediopatellar plicae (Figure 7-11). 

Of these structures, the mediopatellar plica 

is the most clinically important because it is 

the most often affected. It runs from the distal 

end of the quadriceps muscle (where the 

muscle inserts into the base of the patella) , 

over the cartilage of the medial femoral 

condyle, to the infrapatellar fat pad. In a syno

vitis of the knee joint, this plica can thicken, 

thereby causing a disturbance in the joint 

kinematics. In addition, degeneration of the 

condylar cartilage can occur as a result of fric

tion from the thickened plica.3 The suprapa

tellar plica is a structure that remains from 

the septum that formed the division between 

the suprapatellar bursa and the joint cavity. 

The infrapatellar plica runs more or less in the 

same direction as the anterior cruciate liga

ment but, as a whole, lies more anteriorly. 

This plica is left over from the septum that 

divided the joint cavity into left and right 

compartments. 

BIOMECHANICS 

Characteristics of Movement 

There are many models formulated to de

scribe the movements of the knee joint. The 

Lateral 

most often cited models are the purely me

chanical models of Huson,4 Menschik,5,6 and 

Kapandji7 These models are based on a sys

tem of four rods (Figure 7-12). 

Cruciate Ligaments 

Central to these models stand the cruciate 

ligaments and their attachments to the femur 

and tibia. When flexion and extension move

ments are performed, the intersection of both 

lines (representing the cruciate ligaments) 

shifts in such a way that an imaginary curve 

can be projected on the femoral condyles. 

This curve forms the so-called evolute. 

Figure 7-12 represents the four rod sys

tem. In flexion, theA-D line stands more ver

tical, and the B-C line lies more horizontal; 

the posterior cruciate ligament becomes taut, 

and the anterior cruciate ligament becomes 

relatively more relaxed. In extension, the ex

act opposite happens. 

A limitation of such a model is that, in real

ity, the cruciate ligaments are not lines, and 

the attachments do not form points. Actually, 

the fanning out of the cruciate ligaments into 

the bone is nearly flat. Thus in flexion the 

anterior part of the posterior cruciate liga

ment becomes taut, while the posterior part is 

closer to the tibial plateau and thus relaxes. In 

contrast, during extension the anterior part 
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Figure 7-11 (A) Anterior aspect of the right knee. (B) Sagittal section of the right knee in extension. 
1, Mediopatellar plica; 2, suprapatellar plica; 3, infrapatellar plica; 4, anterior cruciate ligament. 

Posterior 

Figure 7-12 Movement of a four-rod system. 
A-B, femur; C-O, tibia; B-C, anterior cruciate 
ligament; A-O, posterior cruciate ligament. 

of the posterior cruciate relaxes, and the pos

terior part becomes taut. The same is implied 

for the anterior cruciate ligament: During 

flexion and extension movements, a part of 

each of the ligaments is always under tension. 

In internal rotation, both cruciate ligaments 

twist around each other and, in so doing, 

come under even more tension. In external 

rotation, the tension in both ligaments de

creases slightly. 

In the clinical setting, the position of the 

tibia in relation to the femur should always be 

adjusted in such a way as to test the cruciate 

ligaments when they are under as little ten

sion as possible. For instance, in 90° flexion, 

the anterior drawer test for the anterior cruci

ate ligament can be hindered by tension in the 

nonruptured part of the ligament. Thus the 

optimal position for such a test is 10° knee 

flexion. 

Collateral Ligaments 

The medial and lateral collateral ligaments 

are never completely relaxed. Flexion and 
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extension movements of the knee continually 

bring about tension in different parts of these 

ligaments: in flexion the anterior part, and in 

extension the posterior part. In external rota

tion the tension in the collateral ligaments 

increases, and in internal rotation it de

creases. During flexion, the medial collateral 

ligament shifts slightly posterior and folds 

slightly over the posterior medial collateral 

ligament. 

Joint Surfaces 

If there were no cruciate ligaments in the 

knee, during flexion a pure rolling movement 

of the femoral condyle would occur; after a 

certain point, the femoral condyle would roll 

off the tibia. The ligaments act as reins on this 

system. Thus as the femoral condyle rolls 

backward on the tibia during flexion, the liga

ments hold the joint partners together, result

ing in a compensatory simultaneous forward 

gliding of the femur on the tibia. The ligaments 

ensure proper alignment of the femur and 

tibia, and for every knee motion a certain 

amount of rolling and gliding of the joint part

ners in relation to each other takes place. 

Because of the difference in size between 

the condyles, in an anteroposterior direction 

the medial condyle begins to glide after roll

ing about 15°, the lateral after about 25°. Thus 

in flexion this difference in behavior between 

the condyles results in a relative external ro

tation of the femur in relation to the tibia. In 

extension, the opposite mechanism occurs. 

During the last phase of extension, the so

called locking rotation takes place: external 

rotation of the tibia in relation to the femur. 

The normal ratio of rolling and gliding is the 

same for both femoral condyles. Throughout 

the various phases of the flexion motion, the 

ratio of rolling to gliding is about 1 :2, and at 

the end of the motion it is about 1 :4. 

Menisci 

The movement of the menisci can be easily 

described. In general, the menisci move back

ward on the tibial plateau during knee flexion; 

during extension they move forward on the 

tibial plateau. The lateral meniscus moves 

more than the medial meniscus. At the end of 

the flexion motion, the lateral meniscus even 

tips over the edge of the tibial plateau and is 

folded, so to speak, over the posterior edge of 

the tibia. 

Movement of the menisci is partly caused 

by the femoral condyles, which push the me

nisci posteriorly. The already mentioned 

meniscotibial ligaments and the activity of the 

quadriceps, popliteus, biceps femoris, and 

semimembranosus also play a part in move

ment of the menisci. Thus in active flexion, as 

a result of the connection of the medial me

niscus with the semimembranosus and the 

lateral meniscus with the popliteus and bi

ceps femoris muscles, the posterior move

ment is promoted further. In active exten

sion, the menisci are actively moved forward 

because of the connection with the extensor 

mechanism. 

During rotations in the joint, the menisci 

shift over the tibial plateau. The torsion en

countered during internal and external rota

tion of the knee causes the menisci mainly to 

follow the femoral condyles. 

Loading of the Knee Joint 

Measuring the load on the knee joint in liv

ing subjects is difficult. Researchers must in

stead depend on analysis of the loads based 

on models. 

There is a difference between static and 

dynamic loading of the joint. In calculating 

the static loading, it is easiest to make use of 

a free body diagram, whereby a part of the 

extremity is isolated. For instance, in regard 

to the knee, the lower leg and foot are iso

lated. Then a simplified calculation is made of 

the forces and moments acting on that body 

part. 

Frankel and colleaguesB have determined 

that, when climbing stairs, a statistical load

ing of the tibial plateau of the weight-bearing 

leg is approximately four times the body 



weight. Morrison9 used electromyography 

(EMG) to study the dynamic loading in sub

jects' knees during walking. The EMG was 

performed to determine which muscles were 

most active during peak loading. Morrison 

calculated that, during the first part of the 

stance phase, the reaction force on the tibial 

plateau is two to three times body weight, 
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during which the hamstrings are most active. 

At midstance, with most activity centered in 

the quadriceps femoris muscle, the reaction 

force on the tibial plateau is about two times 

the body weight. At the end of the stance 

phase, involving significant activity of the gas

trocnemius, the reaction force is between two 

and four times the body weight. 



Chapter 8 

Surface Anatomy of the Knee 

Considering the significant amount of 

medical attention devoted to the knee be

cause of the enormous forces it must endure, 

it is fortunate that many of its bones are easily 

accessible for palpation. This is because they 

are superficially located. The extensive vari

ety of traumas sustained by the knee makes 

good palpation techniques especially impor

tant to arrive at a correct diagnosis. The se

quence of palpation presented here was cho

sen for its systematic approach; it starts with 

the easily recognizable structures and 

progresses on to the more difficult. 

ANTERIOR ASPECT OF THE KNEE 

Initial Position 

The subject should sit on the treatment 

table with the thighs resting on the table and 

the lower legs hanging over the edge. The cli

nician should sit on a chair in front of the sub

ject, within reach of both knees. Different ini

tial positions are required for some 

palpations; when that is the case, they are so 

indicated. 

Patella 

The patella should be inspected with the 

subject in the initial position described above. 

The clinician should look for differences in 

skin color and notice whether the patella is 

abnormally shifted or tilted (Figures 8-1 to 8-

4). From the patellar apex, palpate both 

edges in a proximal direction. To make this 

palpation easier, bring the leg to a position of 
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passive extension; the pateila can be moved 

freely, and its edges can be felt. 

Note. The knee should be kept in extension 

for the following palpations. 

Pain complaints can develop on both sides 

of the patella because of overuse of the exten

sor mechanism or with relative overuse be

cause of a change in the form of the patella 

(patellar malalignmen t). 

The parapatellar structures consist of the 

insertions of the vastus medialis and vastus 

lateralis muscles together with the various 

layers of capsule. Again, these are reinforced 

with ligaments that run between the femur 

and tibia, medial and lateral to the patella. 

These ligaments are the medial and lateral 

patellofemoral and the medial and lateral 

pateilotibial ligaments. 

Palpation is performed with the patella 

moved to the palpating side with pressure 

from the thumb. With the middle finger, while 

the whole hand is in supination, the medial or 

the lateral edge of the patella can be palpated 

from proximal to distal. During palpation of 

the medial side of the patella, the clinician 

should stand at the lateral side of the knee. 

During palpation of the lateral side, the clini

cian should switch sides and stand next to the 

medial side of the knee. 

Suprapatellar palpation of the insertion of 

the rectus femoris muscle is only possible 

when the patella is tipped slightly forward. 

This can be accomplished by pushing the 

apex of the patella in a posterior direction 

with the other hand, which brings the base of 

the patella to a more anterior position. The 

middle finger is used to palpate the upper 



edge of the patella in a horizontal plane from 

medial to lateral. 

It is significant when the patient com

plaints of pain distal to the patella during ex

tension of the knee against resistance. This 

indicates the probable presence of an inser

tion tendopathy of the quadriceps tendon 

(patellar ligament) at the patellar apex. Pal

pation is possible by pressing the base of the 

patella in a posterior direction, which tilts the 

apex up. Again, the best palpation can be per

formed with the middle finger from medial to 

lateral in a horizontal plane. Generally, the 

most tenderness will be experienced at the 

apex. 

Patellar Ligament 

Palpation of the patellar ligament should 

start at the distal part of the patella (Figures 

8-1 to 8-4). There are two indentations on 

both sides of the ligament; these may be cov

ered when there is joint effusion. The palpa

tion technique is to follow the ligament dis

tally to the bony elevation on the tibia where 

the ligament inserts; this is the tibial tuberos

ity. 

Tibial Tuberosity 

Palpation and inspection of the tibial tuber

osity is not difficult (Figure 8-1). In Osgood

Schlatter disease, * the tibial tuberosity is af

fected, and, together with the patellar 

ligament, it is sensitive to pressure. This com

plaint is most often seen in 10- to 15-year-old 

boys and increases during activity. 

Intense pain of the entire extensor tendon 

and patella, leaving the patient unable to 

straighten the leg, can be the sign of a (par

tial) rupture. Such ruptures can be seen at 

the level of the proximal edge of the patella, 

*Robert Bailey Osgood, orthopaedic surgeon 
from Boston, Massachusetts, 1873-1956. Karl 

Schlatter, surgeon from Zurich, Switzerland, 
1864-1934. 
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the tibial tuberosity, or the muscle belly of the 

rectus femoris muscle. 

Infrapatellar Bursa 

An infrapatellar fat pad (Hoffa's fat pad t) is 

located between the patellar ligament (ante

riorly) and the tibia and anterior joint capsule 

(posteriorly). Located between the distal 

part of the patellar ligament and this 

infrapatellar fat pad is the deep infra patellar 

bursa. The superficial infrapatellar bursa is 

located between the ligament and the skin. 

These bursae can get irritated and become 

increasingly sensitive to palpation. 

Tendon of the Quadriceps Muscle 

Overuse can also irritate this teno-osseous 

junction of the quadriceps muscle. On palpa

tion from the upper outer edge of the patella 

in a proximolateral direction, a thick cord can 

be felt. This is the tendon of the vastus 

lateralis muscle (Figure 8-2). 

In muscular people, the horizontal fibers of 

the vastus medialis muscle can be palpated at 

the level of the upper inner edge of the pa

tella. The examining clinician should feel for 

possible hardening in this muscle. This 

muscle is a predilection site for myositis 

ossificans (calcification) after trauma. As a 

result of knee surgery, the vastus medialis 

muscle will start to atrophy almost immedi

ately. In all knee disorders, atrophy of this 

muscle is a valid indicator of the status of the 

knee joint. 

Lateral and Medial Patellar Retinacula 

In some individuals, the continuation of the 

tendon of the vastus lateralis muscle, the lat

eral patellar retinaculum, can be palpated at 

the lateral side of the patella (Figures 8-1 and 

8-4). The medial patellar retinaculum is 

much more difficult to palpate because of the 

tAlbert Hoffa, German surgeon, 1857-1919. 
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Figure 8-1 Anterior view of the (right) knee joint; the superficial aspect of the capsule is removed. 
1, Rectus femoris muscle; 2, vastus lateralis muscle; 3, vastus medialis muscle; 4, vastus intermedius 
muscle; 5, adductor magnus muscle; 6, semimembranosus muscle; 7, sartorius muscle; 8, gracilis 
muscle; 9, semitendinosus muscle; 10, medial patellar retinaculum (patellofemoral part); 11, lateral 
patellar retinaculum (patellofemoral part); 12, patellar ligament; 13, tibial tuberosity; 14, medial collat
eral ligament; 15, lateral collateral ligament; 16, medial coronary ligament (medial meniscotibial liga
ment); 17, lateral coronary ligament (lateral meniscotibial ligament). 
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Figure 8-2 Palpation of the insertion of the quadriceps, right knee. 1, Tendon of the vastus lateralis 
muscle, proximolateral to the patella; 2, rectus femoris muscle; 3, vastus medialis (its insertion is 
farther distal than that of the vastus lateralis); 4, vastus medialis obliquus muscle. 

more distal insertion of the vastus medialis 

muscle. 

Patellar Groove of the Femur 

The larger parts of the femoral condyles 

can be felt by palpating at the edges of the 

patella in proximal direction (Figure 8-3). 

The lateral condyle can be palpated farther 

proximally than the medial condyle. The clini

cian should inspect the patellar groove that is 

formed by the condyles. 

MEDIAL ASPECT OF THE KNEE 

Initial Position 

The starting position is with the subject sit

ting on the examination table with the knee in 

90° flexion and the lower leg relaxed over the 

edge of the table. 

Medial Joint Space 

The proper palpation technique is to slide 

the palpating finger in the medial joint space, 

starting at the indentation medial to the pa

tellar ligament (Figures 8-3 and 8-5). When 

this indentation is not visible or not palpable, 

the patellar apex should be used as a point of 

reference for the level of the joint space. Inex

perienced clinicians commonly make mis

takes while palpating the knee. Palpation is 

made easier when the knee is internally and 

externally rotated while in the flexed posi

tion; this helps the clinician discern between 

the stationary femur and the moving tibia. 
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Figure 8-3 Palpation of the patellar rgroove, right knee. 

Medial Meniscus 

Normally, the anterior part of the medial 

meniscus is easily palpable in the medial joint 

space, between the patellar ligament and the 

anterior edge of the medial collateral liga

ment, when the knee is passively extended 

(Figure 8-5). During active and passive flex

ion of the knee, the medial meniscus moves 

slightly in a posterior direction. Under normal 

conditions, the meniscus is not palpable when 

the knee is flexed beyond 300. 

Increased tenderness to palpation of the 

joint space often occurs in tears of the menis

cus. Medial meniscus tears occur more often 

than lateral meniscus tears, especially in men. 

One of the reasons for this is that men have a 

higher incidence of genu vara than genu 

valga, exerting more compression force on 

the medial meniscus. 

The medial meniscus is connected to the 

tibia by a ligament called the medial menis

cotibial or coronary ligament. This ligament is 

palpable anteriorly, proximal to the tibia. (In 

lesions of the medial meniscotibial ligament, 

passive external rotation of the knee provokes 

the patient's pain; sometimes this test is mis

interpreted as a meniscus lesion.) Palpation of 

the medial meniscotibial ligament should be 

performed with the knee positioned in 900 

flexion and maximal external rotation. 

Medial Femoral Condyle 

The medial femoral condyle can be pal

pated by following it along the edge of the 

patella in a proximal direction and then as far 
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Figure 8-4 Patella and surrounding structures, right knee. 1, Patella; 2, lateral indentation; 3, medial 
indentation; 4, Hoffa's fat pad (infrapatellar fat pad); 5, lateral patellar retinaculum; 6, medial patellar 
retinaculum; 7, deep infrapatellar bursa; 8, tibial tuberosity; 9, insertion tendon of the vastus lateralis. 

as possible in a posterior direction (Figure 8-

3). On palpation of the entire medial side of 

the condyle, a bony prominence, the medial 

epicondyle, can be felt. The most proximal 

point of the medial epicondyle is formed by 

the adductor tubercle. At the adductor tu

bercle, the adductor magnus inserts, and the 

medial collateral llgament originates. 

At the level of the joint space, the clinician 

should palpate the edges of the medial femo-

ral condyle for inconsistencies, such as the 

formation of osteophytes, indicating gon

arthrosis. 

Medial Tibial Plateau 

The edge of the medial tibial plateau can be 

palpated from the sartorius muscle to the pa

tellar ligament (Figure 8-3). During this tech

nique, the palpating finger should remain in 

the joint space. Mark the upper edge of the 
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Figure 8-5 Medial view of the (right) knee. 1, Vastus medialis muscle; 2, vastus medialis obliquus 
muscle; 3, adductor magnus muscle; 4, semimembranosus muscle with inserting slips (also termed 
the pes anserinus profundus); 5, sartorius muscle; 6, gracilis muscle; 7, semitendinosus muscle; 
8, patellar ligament; 9, patella; 10, medial collateral ligament; 11, medial meniscus; 12, part of the 
posterior capsule; 13, pes anserinus superficialis; 14, bursa between the sartorius and gracilis 
muscles; 15, bursa between the semitendinosus muscle and the medial collateral ligament; 16, adduc
tor tubercle. 

tibial plateau. Palpating distally, the clinician 

will feel the plateau going over into the body 

of the tibia. The exact border between the 

tibial plateau and the body of the tibia is not 

discernible. 

Medial Collateral Ligament 

Sliding a finger deep in the medial joint 

space from anterior to posterior, the clinician 

will feel an abrupt elevation. This is a collagen 

thickening of the capsule called the medial 

collateral ligament (Figures 8-1 and 8-5). If 

the palpation is performed roughly, the sub

ject may experience pain because the liga

ment has an extensive sensory innervation. 

Proximal to the ligament, a small protuber

ance on the medial femoral condyle can be 

felt, where the ligament has its origin on the 

medial epicondyle. 

Medial Muscles 

Many muscles insert at the medial side of 

the knee joint. To make an exact diagnosis, 

one must be able to differentiate among the 



muscles. The best way to begin the evaluation 

of the muscles is by locating the tendon of the 

semitendinosus muscle at the back of the 

knee (refer to the section, Posterior Aspect of 

the Knee). 

More deeply, and on both sides of this ten

don, the fibers of the semimembranosus 

muscle can be palpated. The medial edge of 

the semitendinosus muscle may feel sharp, 

which helps differentiate it from the round 

tendon of the gracilis muscle. The tendon of 

the gracilis muscle can be felt slightly medial 

and anterior to the medial part of the semi

membranosus muscle. More medially and an

teriorly, palpation will lead to the sartorius 

muscle. Both muscles have their insertion in 

the pes anserinus (superficialis). Sometimes 

it is difficult to differentiate between these 

muscles. The gracilis feels like a round ten

don, however, whereas the sartorius feels like 

a flat muscle. Alternating abduction and ad

duction of the thigh can assist in differentia

tion: The gracilis contracts during adduction, 

and the sartorius contracts during abduction. 

Palpation in a more anterior direction will 

lead to the adductor tubercle and the inser

tion of the adductor magnus muscle. By plac

ing the fmgers more lateral from here, the cli

nician can palpate the vastus medialis 

muscle. Practice is necessary to be able to 

identify with certainty the lateral aspect of 

the semimembranosus, the semitendinosus, 

the medial aspect of the semimembranosus, 

the gracilis, the sartorius, the adductor 

magnus, and the vastus medialis. 

Pes Anserinus Profundus and 

Superficialis 

The semimembranosus muscle has three 

collagenous insertions at the level of the knee 

joint (Figure 8-5). These three collagenous 

slips are called the pes anserinus profundus 

(refer to "Posterior Aspect of the Knee," be

low). This is not the same as the pes anserinus 

superficialis. The pes anserinus superficialis 
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is the common insertion of the semitendino

sus, gracilis, and sartorius muscles on the 

proximal anteromedial surface of the tibia, 

just medial to the tibial tuberosity. Some

times this fanning out of the pes anserinus 

superficialis to the tuberosity is visible. 

Located between the tendons of the sarto

rius and gracilis muscles is the sub tendinous 

bursa of the sartorius muscle, also known as 

the internal superior genual bursa. When this 

bursa is inflamed, palpation of the anterior 

and proximal part of the gracilis muscle inser

tion is painful. 

Another bursa is located distal of the tibial 

condyle, between the medial collateral liga

ment and the pes anserinus superficialis. Pain 

at this location indicates irritation of the 

bursa. Most of the time this is caused by over

use of the tendons of the pes anserinus 

superficialis (seen in long-distance runners). 

LATERAL ASPECT OF THE KNEE 

Initial Position 

The subject sits on the examination table 

with the knee in 90° flexion and the lower leg 

hanging relaxed over the end of the table. 

Lateral Joint Space 

The lateral joint space of the knee is pal

pated by moving the finger laterally, starting 

from the indentation lateral to the patellar 

ligament (Figures 8-6 and 8-7). To make sure 

that the palpation remains accurate, an alter

nating internal and external rotation of the 

lower leg is performed. The object is to feel 

the movement of the lateral tibial plateau 

compared with the stationary lateral femoral 

condyle. 

Lateral Femoral Condyle 

Palpation is started in the indentation lat

eral to the patellar ligament and continues 

along the entire lateral condyle in the same 

way as described for the medial side (Figures 
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Figure 8-6 Lateral view of the (right) knee. 1, Fibular head; 2, insertion of the biceps femoris muscle; 
3, lateral collateral ligament; 4, vastus lateralis muscle; 5, iliotibial tract; 6, Gerdy's tubercle. 

8-6 and 8-7). The sides of the condyle should 

be checked to detect thickenings of the cap

sule. The lateral condyle can also be followed 

to a point proximal to the patella. 

Lateral Meniscus 

The anterior part of the lateral meniscus is 

best palpated with the knee in an extended 

position. Compared with the medial menis

cus, the lateral meniscus is injured less often. 

This is probably because the lateral meniscus 

is more mobile than the medial meniscus. 

Tendon of the Biceps Femoris Muscle 

The tendon of the biceps femoris muscle is 

easily visible and will be felt as a round cord 

lateral to the knee joint (Figure 8-6). This 

tendon will be used as a reference point for 

orientation of this area. 

Fibular Head 

The fibular head can be found by following 

the tendon of the biceps femoris muscle dis

tally (Figures 8-6 and 8-7). The fibular head 

is located more distally and posteriorly than 

most people expect. Thus it is helpful to mark 

the fibular head, the lateral femoral condyle, 

and the lateral tibial plateau to get a general 

impression of local bone relationships. 

Lateral Collateral Ligament 

The lateral collateral ligament runs from 

the lateral femoral condyle to the fibular head 

and can be felt as a thick, round cord (Figures 

8-6 and 8-7). It can best be palpated when 

the hip is maximally externally rotated and 

the knee is flexed to about 90° Palpation will 

be made easier if the subject, who is in a sit

ting position, brings the distal part of the 

lower leg over and on top of the distal thigh of 
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Figure 8-7 Palpation of the lateral joint space, right knee. The palpating finger moves from the 
indentation lateral to the patellar apex into the joint space. 

the other leg. This position is called the "fig

ure-4" position for the right leg and the "re

versed 4" for the left leg (Figure 8-8). The 

correct position will place the ligament 80° 

relative Lo the tendon of the biceps femoris 

muscle. Palpation of the lateral collateral liga

ment is easier than palpation of the medial 

collateral ligament. 

Lateral Tibial Plateau 

The edge of the lateral tibial plateau can be 

palpated from the lateral collateral ligament 

to the patellar ligament (Figure 8-7). During 

this technique, the palpating finger should 

remain in the joint space. Mark the upper 

edge of the tibial plateau. Palpating distally, 

the plateau can be felt going over into the 

body of the tibia. The exact border between 

tibial plateau and the body of the tibia is not 

discernible. 

Iliotibial Tract 

The iliotibial tract inserts just distal to the 

lateral tibial plateau (Figure 8-6). If the lat

eral collateral ligament is palpated as de

scribed above, confusion with this structure 

is unlikely. The iliotibial tract inserts on 

Gerdy's tubercle, which is generally the larg

est bony prominence medial to the apex of 

the fibular head. 

The best place to begin palpating the ili

otibial tract is just proximal to the joint space. 
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Figure 8-8 The "figure-4" sign, a position used in palpation of the lateral collateral ligament. 

From here, the tract is followed proximally, 

and then the examination continues across 

the joint space to the distal insertion. This 

palpation can be facilitated by bringing the 

knee into a position of active extension. The 

insertion of the iliotibial tract can be felt as a 

firm cord anterior to the lateral collateralliga

ment, in the area of the lateral patellar reti

naculum. The iliotibial tract also has a con

nection with the lateral patellar retinaculum 

and with other parts of the knee joint capsule. 

Note that the space between the prominent 

iliotibial tract and the lateral edge of the pa

tella edge is filled with radiating fibers coming 

from the tract. This can have clinical signifi

cance in incidences of patellar malalignment 

syndromes. 

Common Peroneal Nerve 

The tendon of the biceps femoris muscle is 

used as the starting point for the palpation of 

the common peroneal nerve (Figure 8-6). 

Medial to the tendon of the biceps femoris 

muscle is a thin, round cord palpable in the 

popliteal fossa. Bringing the lower leg into 45° 

flexion and internal rotation facilitates the 

palpation. This nerve should not be confused 

with the tibial nerve, which runs through the 

middle of the popliteal fossa. Posterior and 

lateral to the fibular neck, the common pero

neal nerve is superficial and easy to palpate. 

Because of its superficial position, this 

nerve can be easily injured. Persons with pro

fessions requiring squatting positions, which 

put stress on the knees, are particularly prone 

to pinching this nerve. The result may be a 

diminution of the nerve function with a typi

cal finding of drop foot. 

POSTERIOR ASPECT OF THE KNEE 

Initial Position 

The starting position is with the subject 

prone. 

Popliteal Fossa 

Theoretically, the shape of the popliteal 

fossa is a diamond (Figure 8-9). In fact, how

ever, it is a narrow space that can be seen as 



Figure 8-9 Posterior view of the (left) leg show
ing the popliteal fossa. 1, Gluteus maximus 
muscle; 2, biceps femoris muscle; 3, semimem
branosus muscle; 4, semitendinosus muscle; 5, 
adductor magnus muscle; 6, gracilis muscle; 7, 
sartorius muscle; 8, lateral head of the gastroc
nemius muscle; 9, medial head of the gastrocne
mius muscle; 10, common peroneal nerve; 11, 
sural nerve; 12, popliteal vein; 13, popliteal ar
tery; 14, tibial nerve. 

the distal continuation of the adductor canal. 

Only during dissections and operations does 

it have a real diamond shape. 

Palpation of structures in this space is diffi

cult, but by precisely locating its borders the 

clinician can more easily find blood vessels 
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and nerves. The proximomedial border of the 

diamond is formed by the semimembranosus 

and semitendinosus muscles. With the knee 

in a slightly flexed position, the thin, round 

tendon of the semitendinosus muscle is easy 

to palpate. Medial and lateral to this tendon 

are the deeper parts of the semimembranosus 

muscle. At the proximolateral part of the dia

mond, the biceps tendon is found. This ten

don is palpable together with the common 

peroneal nerve (lying medial to the tendon). 

Under the tendons of the semimembrano

sus and the semitendinosus muscles is a 

bursa that can become irritated. In these in

stances, the patient experiences pain during 

contraction of these muscles; the tendons are 

pulled taut, compressing the painful bursa. A 

hernia of this bursa can be felt as a thick, 

round swelling in the fossa. This is also called 

a Baker cyst. * 

The distal border of the popliteal fossa is 

more difficult to find on palpation because the 

origins of the gastrocnemius and the plantaris 

muscles lie deeper. Palpation can be simpli

fied, however, by positioning the knee in 

slight flexion to relax the firm knee fasciae. 

Systematic Palpation of the Popliteal 

Fossa 

With the subject prone, the palpated knee 

is flexed slightly. The thin, round tendon of 

the semitendinosus muscle can be palpated in 

a medial direction in the back of the knee 

(Figure 8-10). This should be done by placing 

the index and middle fingers on either side of 

the tendon; alternating pressure is exerted as 

the tendon, musculotendinous junction, and 

proximal muscle belly are followed proxi

mally (Figure 8-1 1). If this presents prob

lems, the subject should be asked to keep the 

knee actively flexed. A gently performed pal

pation will allow the clinician to feel the 

muscle. 

*Willem Morant Baker, British surgeon, 1839-
1896. 
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Medial 

Figure 8-10 Palpation of the tendon of the semitendinosus muscle, left leg. 

Directly medial to and deeper than the roll

ing tendon of the semitendinosus muscle, a 

flat, bandlike tendon can be felt. This is the 

wide tendon of the semimembranosus muscle 

(Figure 8-12). The tendon should be pal-

pated distally as far as possible. The semi

membranosus can also be palpated in a proxi

mal direction by placing the middle finger in 
the groove between this muscle and the graci

lis muscle. Using the same technique as de-



Medial 

Lateral 
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Figure 8-1 1 Palpation of the tendon of the semitendinosus muscle to proximal. left leg. 

scribed for the semitendinosus muscle, a 

large part of the semimembranosus, medial to 

the semitendinosus muscle, can be easily pal

pated. 

A small part of the semimembranosus 

muscle (roughly 2 cm) that lies lateral to the 

tendon of the semitendinosus muscle can be 

palpated deeply with the tips of the fingers 
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Medial 

Lateral 

Figure 8-12 Palpation of the semimembranosus muscle, left leg. 

pointed in a medial direction (Figure 8-13). 

This is a difficult palpation. It is sometimes 

easier when there is a rupture of the fascia, 

which allows this part of the semimembrano

sus muscle to be more superficial. This can be 

seen as a normal anatomic variation in women 

and is easy to confuse with a Baker cyst. 

After these muscles are marked, the thick 

tendon of the biceps femoris muscle can be 

followed from a point lateral to the fossa (Fig-



Medial 
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Lateral 

Figure 8-13 Palpation of the semimembranosus muscle lateral to the tendon of the semitendinosus 
muscle, left leg. 

ure 8-14). By placing the index and middle 

fingers on either side of the tendon and exert

ing alternating pressure, the clinician can fol-

low the tendon, musculotendinous junction, 

and proximal muscle belly proximally. The 

palpation can be continued until the ischial 
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Lateral 

Figure 8-14 Palpation of the biceps femoris muscle, left leg. 

tubercle is reached. Using this method, the 

palpating fingers "walk" through the muscle 

grooves formed by the biceps and vastus 

lateralis muscles on one side and the semiten

dinosus and biceps muscles on the other side. 

Gastrocnemius Muscle 

The distal borders of the popliteal fossa are 

palpated by positioning the subject's knee in 

slight flexion together with active plantar 



Medial 

Lateral 
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Figure 8- 15 Palpation of the medial head of the gastrocnemius muscle, left leg. 

flexion of the foot. The palpating finger is 

placed deeply and medial in the fossa to feel 

the medial head of the gastrocnemius muscle 

(Figures 8-9 and 8-15) . This palpation can 

also be done transversely. Note that the pal-

pation starts deeply and lateral to the tendon 

of the semitendinosus muscle, on the thigh 

proximal to the fold of the knee. 

The same method is used to palpate the lat

eral head of the gastrocnemius muscle, but 
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deep and medial to the tendon of the biceps 

muscle. The palpation should start more 

proximally than for the medial head. 

In some people, medial to the lateral head 

of the gastrocnemius muscle, a muscle belly is 

visible and palpable. This is the plantaris 

muscle (Figure 8-16) . 

The common peroneal nerve is easy to lo

cate, just medial to the tendon of the biceps 

muscle. For this palpation, the leg should be 

placed in a slightly flexed and internally ro

tated position in the hip and knee; the nerve is 

felt as a cordlike structure that rolls under the 

palpating finger (Figure 8-17). 

Tibial Nerve 

Central in the fossa, a thick, cordlike struc

ture is palpable. This is the tibial nerve (Fig

ure 8-9). The nerve is most easily palpable 

when the subject is supine, with the hip and 

knee in a 900 flexed position and the foot in 

maximal dorsal flexion. 

Popliteal Artery and Vein 

The popliteal vein is deep, directly medial, 

and not palpable-it covers the popliteal ar

tery (Figure 8-9). During extension of the 

knee, the fascia is tight, and pulsations can

not be felt. With 900 knee flexion and the 

lower leg relaxed over the examination 

table, however, pulsations from the artery 

can be felt. If the artery still cannot be lo

cated, the subject should be put in a prone 

position with a flexed knee. The clinician 

supports the lower leg. When the subject is 

completely relaxed, the pulsations in the 

popliteal fossa can best be felt. Some sub

jects have to perform 10 deep knee bends 

before this technique is successful. A com

plete absence of pulsations from the dorsal 

Figure 8-16 Palpation of the plantaris muscle, left leg. 
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Figure 8- 17 Palpation of the common peroneal nerve, left leg. 

pedal artery, the posterior tibial artery, and 

the popliteal artery can be seen in subjects 

with intermittent claudication. This is a dis

order seen primarily in men; it occurs when 

the arteries of the lower legs do not provide 

sufficient blood circulation to the muscles. 

Muscle function is impaired, sometimes 

causing a limp. The limp difficulty abates 

with rest, becoming intermittent, hence the 

term intermittent claudication. 

Lesser Saphenous Vein 

The lesser saphenous vein enters the back 

of the knee from distal, where, together with 

the medial cutaneous nerve, it runs between 

the heads of the gastrocnemius muscle. In 

addition to these vessels and nerves, the fossa 

is filled with fatty tissue and lymph nodes, 

which can swell in the presence of foot infec

tions. 



Chapter 9 

Examination of the Knee 

KNEE JOINT (ARTICULATIO GENUS) 

• Zero position: The lower leg is in line 

with the thigh. 

• Maximal loose-packed position 

1. Bony: Approximately 25° flexion of 

the knee. 

2. Ligamentous: Approximately 80° 

flexion of the knee. 

• Maximal close-packed position: 

Maximal extension of the knee. 

• Capsular pattern: Flexion is much 

more limited than extension. For in

stance, there is a 5° to 10° extension 

limitation compared with a 60° flexion 

limitation. The rotations are only limited 

in severe capsular limitations of motion 

(Figure 9-1). 

PROXIMAL TIBIOFIBULAR JOINT 

(ARTICULATIO TIBIOFIBULARIS 

PROXIMALIS) 

• Maximal loose-packed position: Ap

proximately 10° flexion of the talocrural 

joint. 

• Maximal close-packed position: 

Maximal extension of the talocrural 

joint. 

OVERVIEW OF THE FUNCTIONAL 

EXAMINATION 

Most articular and periarticular disorders 

of the knee cause local pain. In some cases, 

there is slight radiating pain either proximally 

or distally. Some lesions of the lumbar spine 
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and of the hip can cause pain at the knee in

stead of pain at the level of the lesion. This 

misleading symptom is particularly seen in 

coxarthrosis cases. Pain at the anterior side of 

the knee can be referred from the hip or from 

the L2 or L3 nerve roots. Pain at the lateral 

side of the knee can be referred from the L4 or 

L5 nerve roots, and at the posterior aspect 

from the Sl or S2 nerve roots. 

General Inspection 

Useful information can be gathered as the 

patient enters the room. The examiner 

should take note of the general posture, facial 

expression, and any obvious limitation of mo

tion. Particular attention should be focused 

on the patient's gait. The use of a cane, 

crutches, cast, or brace should also be noted. 

Flexion 

I nternal rotation External rotation 

Extension 

Figure 9-1 Capsular pattern of the knee. 



History 

Age 

The age ofthe patient is particularly impor

tant when trauma is concerned. For example, 

a young adolescent is more likely to experi

ence an apophyseal fracture as the result of 

forces on the knee than an adult. In an adult, 

trauma is more likely to lead to capsulo

ligamentous tears or ruptures. In adolescents 

there is a greater chance that these struc

tures will remain intact. 

Occupation, Hobby, Sport 

General information about a patient's occu

pation, hobbies, and participation in sports is 

always useful in assessing the patient's over

all state of health and risk factors that could 
cause problems. Specific information is nec

essary in the case of trauma caused by partici

pation in any of these activities. Specific 

causes typically include accidents, overuse, 

and improper equipment or techniques, to 

name only a few. By determining the exact 

cause, the therapist can prescribe causal 

treatment, which is necessary regardless of 

other treatment, to prevent recurrence. 

Chief Complaints 

Depending on the type of pathology, com

plaints can consist of one or more of the fol

lowing: 

• pain 

• sw�lling 

• giving way of the knee 

• locking of the joint 

• loss of range of motion 

• crepitation or popping sounds in the 

knee 

Pain is experienced with almost every le

sion of the knee and thus is nonspecific when 

one is trying to make a diagnosis. If pain oc

curs immediately after severe trauma and 

then disappears rather quickly afterward, 

however, this is usually an indication that a 
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structure has been completely ruptured. Pain 

will return later as a result of the hemarthro

sis. The location of the pain generally corre

sponds to the site of the lesion. 

Diffuse swelling that occurs directly after 

trauma usually indicates the presence of a 

hemarthrosis. If swelling occurs several hours 

or days after the trauma, this usually indi

cates the presence of joint synovial effusion. 

Local swelling is usually caused by a bursitis 

or ganglion. 

Giving way of the knee occurs with various 

disorders: instability, some meniscus lesions, 

loose bodies, and patellofemoral problems. 

The direction in which the knee gives way 

depends on the form of instability. In some 

patellofemoral problems, and in a 

mediopatellar plica syndrome, the patient 

sometimes has the feeling that the knee gives 

way, although in reality it does not. 

Locking of the knee can occur as the result 

of the impingement of a meniscus or where 

loose bodies are involved. If only extension is 

limited, this usually indicates a meniscus le

sion. Loose bodies can cause either an exten

sion or a flexion limitation. Pseudolocking 

sometimes occurs as part of a mediopatellar 

plica syndrome. 

Limitations of motion can have various 

causes. By means of the functional examina

tion, the type of limitation can be determined. 

Almost every knee crepitates or pops 

somewhat. As long as this is not painful, it is 

not clinically significant. Painful crepitation, 

popping, or clicking can occur in gonarthrosis 

and in some instances of meniscus lesions 

(clicking in particular). 

Onset 

Several key points regarding onset can aid 

in establishing the diagnosis. What was the 

patient doing when the symptoms started? 

Was there a trauma? Did the symptoms occur 

gradually or suddenly? It is of great diagnostic 

importance to determine as precisely as pos

sible under what conditions the symptoms 

began. 
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If the symptoms occurred traumatically, 

what was the position of the knee, and what 

forces were acting on the joint? It is important 

to know the direction of either direct or indi

rect forces acting on the knee (at the time of 

the trauma) to determine the location and 

severity of the lesion. 

After the trauma, could the patient use the 

knee normally? If the patient can use the knee 

normally after trauma, the lesion is usually 

not severe. The anatomic position of the knee 

plays an important role as well: After a valgus 

trauma, a patient with genu varum can often 

walk without difficulty. If the patient has genu 

valgum, however, the same lesion can cause 

significant problems in knee function. 

Did the patient feel or hear a popping or 

tearing during the trauma? A loud pop often 

occurs in a meniscus tear and particularly in a 

total rupture of the anterior cruciate liga

ment. A tearing sound is usually caused by 

tears or ruptures of part of the capsulo

ligamentous complex. 

Progression of Symptoms 

Two important questions to ask the patient 

concern the symptoms: Has the location of 

pain changed or spread? Did the symptoms 

disappear only to come back again? If so, how 

often and under what circumstances does the 

pain recur? When the symptoms spread, 

some form of inflammation is usually present. 

In these instances, the presence of a tumor 

should always be ruled out. Recurrence is of

ten seen in tendinitides, patellofemoral prob

lems, and all disorders in which the causal 

treatment was ineffective, permitting the un

derlying causes to continue to exist. 

Do the symptoms change on ascending or 

descending stairs or inclined surfaces? Le

sions of the extensor mechanism usually 

cause more symptoms on ascending inclined 

surfaces or stairs. Lesions of the joint and an 

iliotibial tract friction syndrome usually cause 

the most pain on descending an incline or 

stairs. 

Involvement of Other Joints 

If the patient has complaints about other 

joints, systemic diseases such as rheumatoid 

arthritis, psoriasis, ankylosing spondylitis, 

and gout should be considered. 

Medications 

Administering mechanical therapy such as 

mobilization, manipulation, or transverse 

friction is contraindicated if the patient is tak

ing anticoagulants. When the patient is on 

antihypertensive medication, exercise pro

grams should be closely monitored (to ensure 

that the patient maintains proper breathing). 

If the patient is on nonsteroidal antiinflamma

tory medication and is getting relief from the 

symptoms, one should suspect pathology in 

which inflammation is involved. If the patient 

is on antidepressant medication, the symp

toms being experienced may be complicated 

by psychologic factors. 

Previous Treatment and Results 

The question of previous treatment is im

portant in planning a current treatment pro

gram. In general, a treatment that has already 

been applied and was not successful should 

not be repeated, unless there is doubt con
cerning whether the treatment was correctly 

performed. 

Specific Inspection 

Gait 

As in the general inspection, the knee func

tion is observed, and the examiner looks for 

differences between the affected and normal 

knees. 

In Standing 

The examiner gives special attention to the 

presence of a varus or valgus positioning of 

the knees, genu recurvatum, flexed position 

of the knee, patella alta, or internal or exter-



nal rotation of the tibia. The position of the 

feet is examined. The position of the pelvis is 

assessed. The quadriceps angle (Q angle) is 

measured. 

In Supine 

Each side is compared for color and condi

tion of the skin. The presence of swelling or 

scars is noted, both at the knee and in the 

lower leg or foot (refer also to Chapter 8). 

Palpation 

Before starting the functional tests, the 

examiner palpates the area for warmth. If 

there is visible swelling, consistency is as

sessed. 

Functional Examination 

Before the functional examination, the ex

aminer determines whether the patient is ex

periencing symptoms at that specific mo

ment. The examiner notes whether the 

symptoms change during or as a result of the 

test. The affected side is always compared 

with the nonaffected side. This means that 

both sides are tested, first the nonaffected 

side (to have an idea of what is normal) and 

then the affected side. 

In the following description of the func

tional examination, the essential tests are 

printed in underlined bold italics; these 

make up the basic functional examination. 

The other tests are conducted as required, 

depending on the findings in the basic func

tional examination. 

In Standing 

9.1 Palpation of the patellofemoral joint 

during flexion of the knee 

In Supine 

9.2 Patellar ballottement (maximal effu

sion) 

9.3 Test for moderate effusion 

flJJ. Test for minimal effusion 
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Passive Motions. 

9.5 Passive knee hyperextension 

9.6 Passive knee extension. end-feel 

test 

9.7 Passive knee flexion 

9.8 Passive knee external rotation 

9.9 Passive knee internal rotation 

9.10 Passive varus test in slight knee 

flexion 

9.11 Passive varus test in knee exten

sion 

9.12 Passive valgus test in slight knee 

flexion 

9.13 Passive valgus test in knee exten

sion 

9.14 Gravity sign 

9.15 Anterior drawer test in 80° flex

ion. without rotation 

9.16 Anterior drawer test in 80° flexion and 

maximal external rotation 

9.17 Anterior drawer test in 80° flexion and 

50% internal rotation 

9.18 Anterior drawer test in 80° flexion and 

maximal internal rotation 

9.19 Posterior drawer test in 80° flex

ion 

9.20 Posterior drawer test in 80° flexion and 

maximal external rotation 

9.21 Posterior drawer test in 80° flexion and 

maximal internal rotation 

9.22 Anterolateral drawer test in 90° 

flexion 

9.23 Lateral shear test in 90° flexion 

9.24 Medial shear test in 90° flexion 

9.25 Lachman's test (anterior drawer 

test in slight flexion) 

9.26 Pivot shift test 

9.27 Modified McMurray's test 

9.28 Steinmann's test 

9.29 Medial shift of the patella 

9.30 Lateral shift of the patella 
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9.31 Distal shift of the patella 

9.32 Medial shift of the patella in about 30° 

knee flexion (Mital-Hayden test) 

9.33 Pulling up the passively distally shifted 

patella 

In Prone 

Resisted tests. 

9.34 Resisted knee extension 

9.35 Resisted knee flexion 

9.36 Resisted knee flexion with external ro

tation 

9.37 Resisted knee flexion with internal ro

tation 

Palpation 

After the functional examination, the re

gion is palpated again for warmth, swelling, 

and synovial thickening. If the palpation is 

negative for swelling or warmth before the 

functional examination but positive after

ward, an articular problem is indicated. Based 

on the findings from the functional examina

tion, the suspected structure is located and 

palpated for tenderness. 

Accessory Examination in Limitations 

of Motion 

If a limitation of motion in a noncapsular 

pattern has been found, the appropriate joint

specific translatory tests should be given to 

determine whether the limitation is indeed 

caused by the capsule. 

If the patient's symptoms could not be elic

ited during the clinical examination, the next 

diagnostic phase is provocation of the symp

toms. For instance, if a long-distance runner 

only experiences symptoms after 15 minutes 

of running, the functional examination will 

probably be negative. Thus the patient is in

structed to run until the symptoms have 

arisen, and then the functional examination is 

repeated. Usually, the patient's pain can now 

be elicited. If a diagnosis still cannot be com

pleted, further examination is necessary. 

Other Examinations 

If necessary, other examinations can also 

be performed either to confirm a diagnosis or 

to gain further information when a diagnosis 

cannot be reached based on the functional 

examination: 

• imaging techniques (eg, conventional 

radiographs, computed tomography 

[CT], CT arthrography, magnetic reso

nance imaging, and ultrasonography) 

• laboratory tests 

• arthroscopy 

• electromyography 

DESCRIPTION OF THE FUNCTIONAL 

EXAMINATION 

Note: In the clinic, a simpler procedure is 

used for the functional examination of the 

capsuloligamentous complex of the knee than 

would be used for a biomechanical examina

tion. This more simplified procedure, how

ever, is useful in a clinical setting, especially 

when it concerns the function of the 

cruciates, where the differences between the 

clinical and biomechanical procedures are 

extensive. 

In Standing 

9.1 Palpation of the 

Patellofemoral Joint during 

Flexion of the Knee 

The patient stands on the affected leg, and 

the examiner sits or squats next to the pa

tient. Using the entire surface ofthe palm, the 

examiner exerts slight pressure in a posterior 

direction against the patient's patella (initial 

position). 

The patient is now asked to bend the knee 

slowly, if possible, to about 90°, with the foot 

on the floor and bearing the body weight (end 

position).  Meanwhile, the examiner palpates 

for crepitation and locking of the patella. 

Crepitation or locking indicates patello

femoral chondropathy or patellofemoral ar

throsis. 



Test 9.1 Initial position. 

Test 9.1 End position. 
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While standing on one foot, the patient is 

then asked to bend the knee again to approxi

mately 900, during which the examiner as

sesses the course of movement of the patella. 

In patellar malalignment or pathologies of 

the corresponding femoral joint surface, 

movement of the patella can be disturbed. 

Lateralization of the patella can occur during 

flexion, particularly when the Q angle is too 

large. You will remember that the Q angle is 

the acute angle formed by the intersection of 

two imaginary lines: one that connects the 

anterior superior iliac spine with the middle 

of the patella, and one that connects the 

middle of the patella with the middle of the 

upper aspect of the tibial tuberosity. 

In Supine 

9.2 Patellar Ballottement 

(Maximal Effusion) 

The patient is in a supine position on the 

examination table. 

Using the contralateral hand, the examiner 

grasps the patient's thigh at the anterior as

pect about 10 cm above the patella. The fin

gers are medial and the thumb lateral. The 

patient's knee is extended. With the ipsilat

eral hand, the examiner grasps the patient's 

lower leg about 5 cm distal to the patella. The 

fingers are medial and the thumb lateral (ini

tial position). 

The proximal hand exerts compression 

against the anterior, lateral, and medial as

pects of the thigh and, without losing this 

pressure, slides distally. The distal hand ex

erts compression in a similar way and slides 

proximally. Using the index finger of the dis

tal hand, the examiner now taps the patella 

against the femur (end position). 

This test is positive when the patella can be 

tapped against the femur. This is possible 

when there is a significant synovial effusion or 

hemarthrosis in the knee joint. 

Sometimes, this test can produce false

positive results. Generally when this is the 
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Test 9.2A Initial position. 

Test 9.3A Initial position. 

case, the nonaffected side will test positive as 

well. 

9.3 Test for Moderate Effusion 

The patient is supine on the examination 

table. 

Using the contralateral hand, the examiner 

grasps the patient's thigh at the anterior as

pect about 10 cm above the patella. The fin-

Test 9.28 End position. 

Test 9.38 End position. 

gers are medial and the thumb lateral. The 

patient's knee is extended. The examiner 

places the index and middle fingers of the ip

silateral hand at the level of the medial joint 

space and the thumb at the lateral joint space 

(initial position). Fingers and thumb exert 

slight pressure. 

The proximal hand now slides distally, ex

erting moderate pressure, until the superior 



edge of the patella is reached ( end position). 

This test is positive when the thumb and 

fingers are pushed away from each other by 

the moderate amount of fluid in the joint. 

9.4 Test for Minimal Effusion 

The patient is supine on the examination 

table. Using the dorsal aspect of the fingers of 

the ipsilateral hand and applying moderate 
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pressure, the examiner strokes from just dis

tal to the medial joint space (initial position, 

medial side of the knee), over the medial side 

of the knee, to the midline at the anterior as

pect of the thigh, about 10 cm proximal to the 

patella (end position, medial side of the 

knee). In so doing, the medial side of the pa

tella is followed from its mediodistal edge to 

its medioproximal edge. This movement is 

Test 9.4A Initial position, medial side of the 
knee. 

Test 9.4B End position, medial side of the knee. 
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Test 9.4C Initial position, lateral side of the 
knee. 

Test 9.4D End position, lateral side of the knee. 

repeated two or three times. Directly after

ward, the same movement is performed 

against the lateral aspect of the knee (initial 

and end positions, lateral side of the knee). 

The test is positive when, at the end of the 

movement of the examiner's hand at the lat

eral side of the knee, the small indentation at 

the medial side of the knee temporarily fills 

with fluid. Trus indicates a slight synovial ef

fusion in the knee. 

Passive Motions 

By means of passive movements, the 

amount of motion and the end-feel are deter

mined. In diagnosing motion limitations, clif

ferentiation is made between capsular and 

noncapsular patterns. Limitations of motion 

in a capsular pattern indicate arthritis or ar

throsis (osteoarthrosis). Motions that pro

voke symptoms are carefully noted. 



9.5 Passive Knee Hyperextension 

The patient is supine on the examination 

table. The examiner fixates the patient's 

thigh against the examination table by using 

the contralateral hand, placed just proximal 

to the patella. The other hand grasps the me

dial aspect of the lower leg, just proximal to 

the malleolus, and gently performs a hyperex

tension of the patient's knee. 

Knee extension can be limited as a result of 

an articular disorder. Usually an arthritis or 

arthrosis C capsular pattern), a lesion of one of 

the menisci, or a loose body is involved. 

9.6 Passive Knee Extension. End

Feel Test 

The patient is supine on the examination 

table. To test the end-feel in passive knee 

extension, the examiner uses the contralat

eral hand to grasp the patient's knee from the 

lateral side. The other hand grasps the distal 

part of the lower leg from the medial side. The 

knee is now slightly flexed and then, with an 

Test 9.5 

Test 9.6 
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abrupt movement, extended. This abrupt 

movement can be performed either by allow

ing the knee to fall into maximal extension or 

by simultaneously exerting slight posterior 

pressure with the thumb, which is positioned 

just proximal to the knee. 

Under normal conditions, the end-feel is 

usually hard. 

If, on the affected side, there is increased 

range of motion in extension and the end-feel 

in passive extension is softer compared with 

the nonaffected side, these conditions are 

usually the result of an overstretching or par

tial rupture of the posterior joint capsule or 

anterior cruciate ligament. In severe cases, 

the posterior cruciate ligament can also be 

affected. 

9.7 Passive Knee Flexion 

The patient is supine on the examination 

table. Using the ipsilateral hand, the exam

iner grasps the anterior aspect of the patient's 

lower leg, just proximal to the malleoli. The 

contralateral hand grasps the anterior aspect 
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Test 9.7 Test 9.8 

of the patient's thigh, just above the patella. 

The patient's hip is flexed to about 90°. The 

distal hand flexes the knee while the proximal 

hand fixates the thigh. At the end of the range 

of motion, the examiner exerts slight over

pressure. 

The end-feel under normal conditions is 

usually soft. 

A flexion limitation is usually the result of 

an articular lesion. Usually an arthritis or ar

throsis (capsular pattern), a lesion of one of 

the menisci, or a loose body is involved. 

9.8 Passive Knee External 

Rotation 

The patient is supine on the examination 

table. Using the ipsilateral hand, the exam

iner grasps the dorsomedial aspect of the 

patient's foot and brings the ankle into maxi

mal extension. The contralateral hand grasps 

the anterior aspect of the patient's thigh, just 

proximal to the patella, in such a way that the 

index and middle fingers can palpate the me

dialjoint space. The patient's knee is flexed to 

90° and the hip to about 45° 

The distal hand performs an external rota

tion. During this movement, it is important to 

maintain maximal extension in the ankle. At 

the end of the range of motion, the examiner 

exerts slight overpressure. 

Under normal conditions, the end-feel is 

firm. 

The examiner notes whether pain is pro

voked or whether there is a hypermobility or 

hypomobility. Pain can be the result of a le

sion of the medial meniscotibial ligament, 

medial meniscus, medial collateral ligament, 

or posteromedial capsuloligamentous com

plex. Hypermobility can be the result of a le

sion of the posteromedial capsuloliga

mentous complex, often in combination with 

lesions of the medial collateral ligament and 

the anterior cruciate ligament. Hypomobility 

is seen only in severe articular disorders with 

significant capsular limitations of motion. 



9.9 Passive Knee Internal 

Rotation 

The patient is supine on the examination 

table. Using the ipsilateral hand, the exam

iner grasps the dorsomedial aspect of the 

patient's foot and brings the ankle into maxi

mal extension. The contralateral hand grasps 

the anterior aspect of the patient's thigh, just 
proximal to the patella, in such a way that the 

index and middle fingers can palpate the me

dialjoint space. The patient's knee is flexed to 

90° and the hip to about 45°. 

The distal hand performs an internal rota

tion. During this movement, it is important to 

maintain maximal extension in the ankle. At 

the end of the range of motion, the examiner 

exerts slight overpressure. 
Under normal conditions, the end-feel is 

firm. 

The examiner notes whether pain is pro

voked or whether there is hypermobility or 

hypomobility. Pain can be the result of a le

sion of the lateral meniscotibial ligament, lat

eral meniscus, or posterolateral capsuloliga-

Test 9.9 
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mentous complex. Hypermobility can be the 

result of a lesion of the posterolateral cap

suloligamentous complex. Hypomobility is 

seen only in severe articular disorders with 

significant capsular limitations of motion. 

The following accessory test can be per

formed when osteochondritis dissecans of 

the knee is suspected: The initial position of 

this test is the same as described above, ex

cept here the examiner flexes the patient's 

hip and knee to 90°. Axial compression is ex

erted in the knee by pushing proximally, in 

line with the tibia, with the distal hand. This 

time, the lower leg is held in internal rotation 

while the knee is slowly extended and axial 

compression is maintained. In many cases of 

osteochondritis dissecans, the patient experi

ences pain because the pressure on the me

dial cartilaginous surfaces increases signifi

cantly. This is brought about as a result of the 

cruciate ligaments, which intertwine with 

each other during the internal rotation. If the 

knee is then externally rotated, the pain dis

appears. 

9.10 Passive Varus Test in Slight 

Knee Flexion 

The patient is supine on the examination 

table. In acute cases of instability, the 

patient's thigh should rest on the examination 

table (initial position with acute instability). 

In more chronic lesions, the examiner, sitting 

on the examination table, can lift the patient's 

leg (initial position with chronic instability). 

The knee is held in slight flexion. 

Using the contralateral hand, the examiner 

grasps the lateral side of the patient's lower 

leg, just proximal to the malleolus. The ipsi

lateral hand grasps the medial aspect of the 

patient's knee such that the thenar eminence 

is located proximal and the hypothenar emi

nence distal to the joint space. 

During the varus test, the proximal and dis

tal hands work simultaneously and with equal 

force. The distal hand moves the lower leg 

medially while the proximal hand moves the 

knee in a lateral direction. There is almost al-
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Test 9.10A Initial position with acute instability. 

Test 9.108 Initial position with chronic 
instability. 

ways some movement possible in varus. To be 

able to assess the amount of varus movement, 

the examiner has to repeat the motion several 

times. Then, at the end of the range of motion, 

the examiner exerts slight overpressure. 

Under normal conditions, the end-feel is 

firm. 

If this provokes pain, there is likely to be a 
sprain of the lateral collateral structures or 

the connections of these with the lateral me

niscus. If hypermobility is a factor, the 

amount of increased motion determines the 

extent of the lesion (refer to the two sections 

on lateral instability in Chapter 10). 

9.11 Passive Varus Test in Knee 

Extension 

The varus test in extension of the knee is 

performed in the same manner as described 

for Test 9.10, except that now the knee is po

sitioned in maximal normal extension. The 

position of normal extension is determined by 

the nonaffected side. 

Under normal conditions, the end-feel is 

firm. 

Although the lateral collateral structures 

are most taut in maximal knee extension, the 

posterolateral capsule is actually the primary 

varus stabilizer of the extended knee. Even if 

the lateral collateral structures were to be 

completely ruptured, no abnormal varus mo

tion would occur in extension when the POS

terolateral capsule is intact. 

If the normal extension position of the af

fected knee (compared with the nonaffected 

Test 9.11 



side) demonstrates abnormal varus motion 

during this test, there is likely to be a lesion of 

the structures of the posterolateral capsule. 

9.12 Passive Valgus Test in Slight 

Knee Flexion 

The initial position of the patient and exam

iner is the same as for the varus test in slight 

t1exion (Test 9.10), with the exception that 

the examiner's distal hand grasps the medial 

side of the patient's lower leg and the proxi

mal hand grasps the lateral side of the 

patient's knee. 

Normally, there is little or no valgus move

ment in the knee. In any case, it should be less 

than the amount of varus motion. 

Under normal conditions, the end-feel is 

firm. 

Pain without hypermobility is caused by an 

overstretch of the medial collateral struc

tures or the connection of these structures 

with the medial meniscus. If hypermobility is 

a factor, the amount of excess motion deter

mines the extent of the lesion (refer to the 

two sections on medial instability in Chapter 

10). 

Test 9.1 2 
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9.13 Passive Valgus Test in Knee 

Extension 

This test is performed in same manner as 

described in Test 9.12, but with the knee po

sitioned in maximal normal extension. The 

position of normal extension is determined by 

the nonaffected side. 

Under normal conditions, the end-feel is 
firm. 

Valgus stability in extension is primarily 

influenced by the structures in the postero

medial corner of the capsule. 

9.14 Gravity Sign 

The patient is supine on the examination 
table. The examiner bends the hips and knees 

of the patient to 90° Using the distal hand, 

the examiner supports the heels while the 

proximal hand stabilizes the thighs just proxi

mal to the patella. The examiner assesses the 

contour of the tibial tuberosities. 

If there is a (partial) rupture of the poste

rior cruciate ligament, the tibial tuberosity on 

the affected side will be less visible than on 

the non affected side. This is caused by an 

Test 9.1 3 
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Test 9.14 

abnormal posterior translation motion result

ing from a rupture of the posterior cruciate 

ligament. In cases of doubt, the patient can be 

asked to contract the hamstrings slightly by 

pushing the heels into the examiner's hands. 

This will usually result in an increase in the 

posterior translation of the tibia. 

This maneuver is often performed as a 

quick test for integrity of the posterior cruci

ate ligament. If this test is negative, however, 

there still may be a lesion of the posterior cru

ciate ligament. The anterolateral drawer test 

in 900 flexion is the most reliable test for diag

nosis of a posterior cruciate ligament (see 

Test 9.22). 

9.15 Anterior Drawer Test in 800 

Flexion without Rotation 

The patient is supine on the examination 

table. The examiner grasps the lower leg of 

the patient just distal to the joint space of the 

knee. The patient's knee is flexed 800, and the 

lower leg is not rotated. The examiner fixates 

the patient's leg by sitting on the foot. The 

examiner can place the thumbs either in the 

joint space or just distal to it to assess abnor-

mal mobility. The examiner tests the tension 
in the musculature. It is important that all 

muscles around the knee be relaxed; other

wise the translatory movement during the 

drawer test can be masked. With both hands, 

the examiner now pulls the lower leg forward 

in a slightly manipulative way. 

This test is positive when an abnormal an

terior movement of the tibia occurs compared 

with the other side. In this case, there is likely 

to be a lesion of the anterior cruciate liga

ment. This finding assumes that the gravity 

sign and anterolateral drawer test are nega

tive. 

9.16 Anterior Drawer Test in 800 

Flexion and Maximal External 

Rotation 

The initial positions of the patient and ex
aminer are the same as in Test 9.15, with the 

exception that the lower leg is maximally ex

ternally rotated. For the performance, refer 

to Test 9.15. 

The anterior cruciate ligament and the 

medial and posteromedial capsuloliga

mentous structures are tested in this posi

tion. If this test is positive, there is likely to be 

an anteromedial rotatory instability. Which 

specific medial and posteromedial structures 

are affected can be further differentiated by 

the valgus tests (Tests 9.l2 and 9.l3). 

9.17 Anterior Drawer Test in 800 

Flexion and 50% Internal 

Rotation 

The initial positions of the patient and ex

aminer are the same as in Test 9.15, with the 

exception that the lower leg is placed in 50% 

internal rotation. For the performance, refer 

to Test 9.15. 

The anterior cruciate ligament and the 

(postero )lateral capsuloligamentous struc

tures are tested in this position. If this test is 

positive, there is likely to be an anterolateral 

rotatory instability. The varus tests (Tests 

9.10 and 9.11) allow for further determina

tion as to which of the lateral and posterolat

eral structures are affected. 



Test 9.15 

Test 9.1 6 

9.18 Anterior Drawer Test in 80° 

Flexion and Maximal Internal 

Rotation 

The initial positions of the patient and ex

aminer are the same as in Test 9.15, with the 

exception that the lower leg is now at the 
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maximal internally rotated position. Perfor

mance of this test is the same as described for 

Test 9.15. 

When in maximal internal rotation, the pos

terior cruciate ligament can completely re

strict anterior translation of the tibia. Thus for 

this test to demonstrate excessive anterior 
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Test 9.17 

translation, the posterior cruciate ligament, 

the anterior cruciate ligament, and the lateral 

or posterolateral capsuloligamentous struc

tures have to be affected. 

9.19 Posterior Drawer Test in 80° 

Flexion 

The initial positions of the patient and ex

aminer are the same as in Test 9.15, with the 

exception that the examiner holds the elbows 

in more flexion. When performing the test, 

the examiner now pushes the lower leg, with 

a slight manipulative movement, backward. 

Through this movement, the posterior cru

ciate ligament, in particular, is tested. In many 

cases, the gravity sign (Test 9.14) is also posi

tive. To confirm a lesion of the posterior cru

ciate ligament, however, the anterolateral 

drawer test (Test 9.22), must be positive. 

9.20 Posterior Drawer Test in 80° 

Flexion and Maximal External 

Rotation 

The initial positions of the patient and ex

aminer are the same as in Test 9.19, with the 

exception that the lower leg is now at the 

maximall, externally rotated position. Perfor-

Test 9.18 

mance of this test is the same as described in 

Test 9.19. 

This procedure tests the posterior cruciate 

ligament along with the posterolateral 

capsuloligamentous structures. If this test is 

positive, there is likely to be a posterolateral 

rotatory instability. The varus tests (Tests 

9.10 and 9.11) are used to differentiate fur

ther which lateral and posterolateral struc

tures are affected. 

9.21 Posterior Drawer Test in 80° 

Flexion and Maximal Internal 

Rotation 

The initial positions of the patient and ex

aminer are the same as in Test 9.19, with the 

exception that the lower leg is now in a maxi

mally internally rotated position. Perfor

mance of this test is the same as described for 
Test 9.19. 

This procedure tests the posterior cruciate 

ligament along with the posteromedial 

capsuloligamentous structures. If this test is 

positive, there is likely to be a posteromedial 

rotatory instability. The valgus tests (Tests 

9.12 and 9.13) are used to differentiate fur

ther which of the medial and posteromedial 

structures are affected. 



Test 9.19 

Test 9.20 

9.22 Anterolateral Drawer Test in 

90° Flexion 

The patient is supine on the examination 

table. The patient's knee is flexed 90°, and the 

lower leg is not rotated. 
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Using the ipsilateral hand, the examiner 

grasps the posteromedial aspect of the lower 

leg of the patient just distal to the joint space. 

The other hand exerts counterpressure at the 

femur, against the anterolateral aspect, just 

proximal to the joint space (avoid pushing on 
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Test 9.21 

Test 9.22 

the iliotibial band). The ipsilateral hand 

moves the tibia in an anterolateral direction in 

relation to the femur. 

This test is positive when, in comparison 

with the nonaffected side, there is hyper

mobility. A positive test indicates the exist-



ence of a lesion of the posterior cruciate liga

ment. This test is pathognomonic for a lesion 

of the posterior cruciate ligament. 

9.23 Lateral Shear Test in 90° 

Flexion 

The patient is supine with the knee flexed 

to 90°, and the lower leg is not rotated. 

Using the thenar and hypothenar emi

nences of the ipsilateral hand, the examiner 

grasps the medial aspect of the tibiajust distal 

to the joint space. The thenar and hypothenar 

eminences of the contralateral hand are 

placed at the lateral aspect of the femur just 

proximal to the joint space. The examiner 

pushes the tibia in a lateral direction in rela

tion to the femur. 

This test is positive when the patient expe

riences pain. In most cases, a meniscus lesion 

(either medial or lateral) or a loose body is 

involved. 

9.24 Medial Shear Test in 90° 

Flexion 

The patient is supine with the knee flexed 

to 90°, and the lower leg is not rotated. 

Test 9.23 
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Using the thenar and hypothenar emi

nences of the contralateral hand, the exam

iner grasps the lateral aspect of the tibia just 

distal to the joint space. The thenar and hy

pothenar eminences of the ipsilateral hand 

are placed at the medial aspect of the femur 

just proximal to the joint space. The examiner 

pushes the tibia in a medial direction in rela

tion to the femur. 

This test is positive when the patient expe

riences pain. In most cases, a meniscus lesion 

(either medial or lateral) or a loose body is 

involved. 

9.25 Lachman's Test (Anterior 

Drawer Test in Slight Flexion) 

The patient is supine on the examination 

table. Using the ipsilateral hand, the exam

iner grasps the medial side of the patient's 

lower leg as proximally as possible. The other 

hand grasps the lateral side of the thigh just 

proximal to the patella. The examiner flexes 

the patient's knee to about 10° and, with the 

distal hand, moves the tibia anteriorly in rela

tion to the fixated thigh (Lachman's test, 



186 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

Test 9.24 

Test 9.25A Lachman's test, standard method. 

standard method) . Only a small amount of 

force is necessary to perform this test well. 

The test is positive when the anterior 

translatory movement is greater than on the 

nonaffected side. In this instance, there is a 

lesion of the anterior cruciate ligament. This 

test has two advantages over the anterior 

drawer test in 90° knee flexion. First, all parts 

of the anterior cruciate ligament are more or 

less equally taut. Second, in acute lesions it is 

often impossible to position the knee in 90° 

flexion because of a hemarthrosis. If positive, 
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Test 9.258 Lachman's test. first alternative 
method. 

Test 9.25C Lachman's test. second alternative 
method. 

this test is pathognomonic for a lesion of the 

anterior cruciate ligament. 

An alternative performance of the 

Lachman test is particularly appropriate 

when the examiner's hands are too small to be 

able to grasp the patient's thigh adequately. 

The patient's thigh is fixated with the 

therapist's contralateral hand. The other 

hand now moves the tibia anteriorly in rela

tion to the femur (Lachman's test, first alter

native method). 

In a second alternative performance of the 

Lachman test, the examiner grasps the 

patient's lower leg with both hands as proxi

mally as possible. The tips of the thumbs are 

placed just proximal to the joint space on the 
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femur, at either side of the patellar apex. With 

both forearms, the examiner fixates the 

patient's heel to the examination table. By 

pushing the thumbs and fingers toward each 

other and simultaneously ulnarly deviating 

the wrists, the examiner brings the tibia for

ward in relation to the femur (Lachman's test, 

second alternative method). 

9.26 Pivot Shift Test 

The patient is supine on the examination 

table with the legs straight. 

Using the ipsilateral hand, the examiner 

grasps the patient's heel from the plantar as

pect; the other hand is placed against the lat

eral side of the patient's lower leg just distal to 

the joint space. The examiner lifts the 

patient's straightened leg (initial position) 

and exerts axial compression (from the heel 

toward the hip). Then, while slightly flexing 

the knee and simultaneously internally rotat

ing the lower leg, the examiner pushes the 

tibial plateau in an anteromedial direction 

with the contralateral hand (at about 30° and 

45 ° flexion). In acute cases of instability in 

which there is severe pain, the test can be 

performed with the affected leg lying on the 

table (position with acute instability). This 

Test 9.26A Initial position. 

test can also be performed in the opposite 

sequence. 

The test is positive when, between 30° and 

45° of knee flexion, the lateral tibial plateau 

subluxates anteromedially and then sponta

neously repositions with increasing flexion. 

In instances of positive test results, there is 

likely to be a lesion of the anterior cruciate 

ligament, often in combination with a lesion of 

part of the lateral or posterolateral capsulo

ligamentous complex. The varus tests (Tests 

9. 1 0  and 9 . 1 1 )  are used for further differen

tiation of affected structures at the lateral and 

anterolateral aspects of the knee. 

9.27 Modified McMurray's Test 

The McMurray test was originally devel

oped to diagnose posterior horn lesions of the 

medial meniscus. By modifying this test, it is 

possible to diagnose other meniscus lesions 

as well. 

The patient is supine on the examination 

table. 

Using the ipsilateral hand, the examiner 

grasps the dorsum of the patient's foot in such 

a way that the thumb is lateral, the index and 

middle fingers are medial, and the ring and 

little fingers hold the medial edge of the foot. 



Test 9.26B At about 30° flexion. 

Test 9.26C At about 45° flexion. 
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Test 9.260 Position with acute instability. 
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Test 9.27A Initial position. 

Test 9.278 Middle position. 

Test 9.27C End position. 



Test 9.27 0 Valgus-external rotation. 

Test 9.27F Varus-internal rotation. 

The contralateral hand is placed against the 

lateral aspect of the patient's knee (initial 

position). By rotating the patient's lower leg 

several times, the examiner can assess 

whether the patient is fully relaxed. 

The ipsilateral hand now moves the 

patient's foot in a varus direction while the 
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Test 9.27E Varus-external rotation. 

lower leg is slightly externally rotated. The 

knee is flexed as far as possible (depending 

on the amount of pain) , after which the foot is 

brought into a valgus direction with simulta

neous internal rotation of the lower leg 

(middle position). The examiner then rather 

quickly extends the knee to about 120°, and 

at the same time exerts valgus pressure on 

the knee with the proximal hand (end posi

tion). 

This test is positive when a palpable or au

dible click is elicited that is also painful. The 

location of the pain determines the site of the 

lesion. It has long been known that, when this 

test is positive, it is not always the posterior 

horn of the medial meniscus that is affected. 

Not only can the lesion be elsewhere in the 
medial meniscus, but a lesion of the lateral 

meniscus can also provoke pain during this 

test. If this test is negative, there still may be 

a meniscus lesion. 

One after the other, a similar maneuver can 

be repeated with valgus pressure and exter

nal rotation (valgus-external rotation), then 

with varus pressure and external rotation 

(varus-external rotation), and finally with 

varus pressure and internal rotation (varus

internal rotation). 
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9.28 Steinmann 's Test 

Steinmann 10 formulated several different 

tests to diagnose meniscus lesions. The test 

described here is the most useful. 

The patient is supine on the examination 

table. 

Using the ipsilateral hand, the examiner 

grasps the patient's lower leg just proximal to 

the malleolus. The other hand grasps the lat

eral side of the patient's lower leg as proxi

mally as possible and in such a way that the 

thumb can palpate the medial joint space. 

The knee is extended, and the part of the me-

Test 9.28A Initial position. 

Test 9.288 End position. 

dial meniscus between the patellar tendon 

and the medial collateral ligament is palpated 

(initial position). The consistency of the edge 

of the meniscus is assessed. Sometimes local 

swelling from a meniscal cyst or ganglion can 

be palpated. After the most painful site on the 

meniscus is located with the thumb, pressure 

against this spot is maintained while the knee 

is simultaneously flexed (end position). After 

several degrees the pain disappears, and the 
painful site can sometimes again be palpated 

more posteriorly in the joint space. 

If the most painful site is found in the joint 

space at the level of the medial collateral liga-



ment, the test is less reliable. This is true be

cause both the medial meniscus and the liga

ment move posteriorly during flexion. 

9.29 Medial Shift of the Patella 

The patient is supine with the knee ex

tended. 

The examiner places both thumbs together 

at the lateral aspect of the patella and pushes 

the patella medially. 

In this test, the amount of motion and the 

end-feel are assessed. Often the patella is 

found to have less range of motion medially 

than laterally. Whether this condition is 

pathologic is best determined by comparing 

to the nonaffected side. This patellar move

ment is often limited after surgery and after 

immobilization. 

9.30 Lateral Shift of the Patella 

The patiel lt is supine with the knee ex

tended. 

The examiner places the fingertips of both 

hands against the medial aspect of the patella 

and pushes the patella laterally. 

The amount of motion and the end-feel are 

assessed. Usually the patella has more range 

of motion laterally than medially. Where 

there are instabilities of the patella, the lateral 

mobility is usually abnormally great. This pa-

Test 9.29 
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tellar movement is also often limited after 

surgery and after immobilization. 

9.31 Distal Shift of the Patella 

The patient is supine with the knee ex

tended. 

With the thenar and hypothenar emi

nences placed against the base of the 

patient's patella, the examiner pushes the 

patella in a distal direction. As with Tests 9.29 

and 9.30, the amount of motion and end-feel 

are assessed. The motion is usually limited in 

instances of patella alta (a high position of the 

patella), after surgery, and after immobiliza

tion. 

9.32 Medial Shift of the Patella in 

About 30° Knee Flexion (Mital

Hayden Test) 

The patient is supine on the examination 

table. 

The examiner positions the patient's knee 

in about 30° flexion, supporting the patient's 

knee on either a towel roll or the examiner's 

own thigh, which rests on the table. The ex

aminer places both thumbs together at the 

lateral aspect of the patella and pushes the 
patella medially. 

If a painful click is elicited during this test, 

there is likely to be a symptomatic mediopa-
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Test 9.30 

Test 9.31 

tellar synovial plica. When this is the case, the 

passive external rotation test is also likely to 

be painful. 

9.33 Pulling up the Passively 

Distally Shifted Patella 

The patient is supine on the examination 

table. 

The examiner positions the patient's knee 

in about 30° flexion and places the patient's 

Test 9.32 

leg on either a towel roll or the examiner's 

own thigh, which rests on the table. The ex

aminer pushes the patient's patella in a distal 

direction. While continuing to exert pressure 

in a distal direction, the examiner instructs 

the patient to contract the quadriceps 

muscle. 

If this test is painful, there is likely to be a 

symptomatic patellar chondromalacia. If this 

is the case, the patient will generally also have 



Test 9.33 

a Q angle greater than 15°, and the patella will 

demonstrate abnormal lateral movement dur

ing the first 30° of flexion. 

When the same test is performed with an 

extended knee, pain is almost always pro

voked, even when there are no patellofemoral 

problems. Therefore, this test variation is not 

clinically significant. 

Resisted Tests 

Contractile structures are evaluated 

through the use of isometric resisted tests. It 

is important to note weakness and the provo

cation of pain. At the knee joint, positive tests 

are usually indicative of an insertion 

tendopathy. It should be kept in mind, how

ever, that the menisci are connected to these 

contractile structures and therefore could 

also be a source of pain during resisted tests. 

9.34 Resisted Knee Extension 

The patient is prone on the examination 

table. 

Test 9.34 
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Using the ipsilateral hand, the examiner 

grasps the medial aspect of the patient's 

lower leg just proximal to the malleolus. The 

other hand, which is placed at the back of the 

knee, fixes the thigh to the examination table. 

The examiner flexes the patient's knee to 

about 80° and instructs the patient to 

straighten the knee. At the same time, the 

examiner exerts isometric resistance. In so 

doing, the extensor mechanism is tested. 

When this test provokes pain, there is likely 

to be an insertion tendopathy of the extensor 

mechanism. Through the connection of the 

extensor mechanism to the menisci, however, 

a painful test can also indicate a meniscus le

sion. 

9.35 Resisted Knee Flexion 

The patient is prone on the examination 

table. 

Using the ipsilateral hand, the examiner 

grasps the posterior aspect of the patient's 

lower leg just proximal to the malleolus. The 

other hand, which is placed at the back of the 

knee, fixes the thigh to the examination table. 

The examiner flexes the patient's knee to 

about 70° and instructs the patient to bend 

the knee. At the same time, the examiner ex-
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Test 9.35 

erts isometric resistance. In so doing, the 

knee flexors are tested. 

When this test provokes pain, further dif

ferentiation should be made by performing 

Tests 9.36 and 9.37. To differentiate between 

the internal rotating and external rotating 

flexors, resisted flexion of the knee can be 

combined with resisted internal rotation or 

resisted external rotation. 

9.36 Resisted Knee Flexion with 

External Rotation 

The patient is in a prone position. 

The examiner flexes the patient's knee to 

about 80°. With the ipsilateral hand, the ex

aminer grasps the lateral side of the patient's 

foot. The other hand is placed against the 

posterior aspect of the patient's heel. The 

patient is instructed to turn the foot outward 

and simultaneously bend the knee while the 

examiner exerts isometric resistance. In so 

doing, the biceps femoris muscle is tested. 

A painful test can indicate a lesion of the 

biceps femoris muscle, where there are vari

ous predilection sites. A lesion of the lateral 

meniscus may also be indicated because of 

the connection of the tendon fibers of the bi

ceps femoris with the lateral aspect of the lat

eral meniscus. Further differentiation can be 

Test 9.36 

made through palpation and functional ex

amination. 

9.37 Resisted Knee Flexion with 

Internal Rotation 

The patient is in a prone position. 

The examiner flexes the patient's knee to 

about 80°. Using the ipsilateral hand, the ex-

Test 9.37 



aminer grasps the medial side of the patient's 

foot. The other hand is placed against the 

posterior aspect of the patient's heel. The 

patient is instructed to turn the foot inward 

and simultaneously bend the knee. At the 

same time, the examiner exerts isometric re

sistance. 

Pain provoked at the medial side of the 

knee can indicate a lesion of the internal rota

tors and flexors of the knee, particularly the 

pes anserinus superficialis. It may also indi-
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cate a lesion of the medial meniscus because 

of the connection of the tendon fibers of the 

semimembranosus with the posterior horn of 

the medial meniscus. Further differentiation 

can be made through palpation and func

tional examination. If the patient experiences 

lateral knee pain during this test, there is 

likely to be a lesion either of the popliteus 

muscle or of the posterior horn of the lateral 

meniscus at the site where it is connected to 

the popliteus. 



Chapter 10 

Pathology of the Knee 

10.1 JOINT PATHOLOGY 

PATHOLOGY WITH LIMITED MOTIONS IN A CAPSULAR 

PATTERN 

ARTHRITIS 

Traumatic Arthritis 

Traumatic arthritis ofthe knee, in its purest 
form-that is, without complications such as 
meniscus or ligamentous lesions-is rare. 
Trauma to the knee in which no forced move
ment ofthe knee occurs can lead to a synovial 
reaction (Figure 1 0- 1 ) .  Examples of such 
trauma include a fall, blow, or kick to the 
knee. Patients with gonarthrosis can incur a 
traumatic arthritis as the result of trauma or 
overuse. This condition is termed activated 
arthrosis. 

Clinical Findings 

Synovial effusion (swelling of the knee) 
usually occurs within 12 to 24 hours after the 
trauma. In gonarthrosis, a severe joint effu
sion can occur. Swelling that occurs more 
quickly indicates bleeding in the joint. 
Termed hemarthrosis, this is a sign of a severe 
lesion. 

Functional Examination 

The knee is warm to palpation. Under nor
mal conditions, the temperature ofthe knee is 
slightly lower than that of the thigh and lower 
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leg. As a result of the swelling, a capsular pat
tern of limited motions is found; the f1exion 
limitation is much greater than the extension 
limitation. 

After performing the functional examina
tion, if the examiner is still unsure whether 
there is an associated lesion, further assess
ment using techniques such as radiologic ex
amination or arthroscopy is indicated. 

Treatment 

The treatment depends on the severity of 
the swelling. In mild to moderate swelling, it is 
usually sufficient for the patient to wear an 
elastic sleeve and to decrease activities for a 
period of several days to 1 week. A severe 
joint effusion should be aspirated and then 
bandaged, using, for example, an Ace wrap. 
Activities should be limited for 1 week. After 
1 week, the knee should be reexamined. Re
curring effusion usually indicates that there is 
an associated lesion, requiring further exami
nation. 

A hemarthrosis should always be aspirated 
because blood in a joint can quickly lead to 
severe adhesions. After the aspiration, an 
arthroscopic evaluation should be made 
(Martens M. Personal communicaLion. 199 1 )  
(Figure 1 0-2) .  
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Figure 1 0-1 C l i n ical picture of traumatic arthritis of the left knee. This d iffuse joint swel l i ng  is charac
teristica l ly seen in cases of synovia l  effusion and hemarthrosis. 

An intraarticular injection with a cortico
steroid is effective for treating a painful per
sistent joint effusion in an activated arthrosis 
of the knee. 

Nontraumatic Arthritis 

There are many causes of a nontraumatic 
arthritis of the knee. Because of this , the 
patient's age, general health, and family his
tory are of particular significance .  For ex
ample, at a younger age, juvenile rheumatoid 
arthritis and ankylosing spondylitis are seen. 
In young adults, ankylosing spondylitis, 
Reiter's disease,  and psoriatic arthritis are 
seen. In middle-age people, gout and rheuma
toid arthritis are more commonly seen, and 
pseudogout is found in the elderly. 

In non traumatic arthritis, early recognition 
is important for the prognosis of the joint. 
After the inflmlli11ation stage, a destruction 
stage follows, in which, systematically, first 

the cartilage and then the bone become irre
versibly damaged. After a period of time, a 
local osteoporosis occurs. 

Clinical Findings 

The knee is swollen, and, depending on the 
cause, the clinical stage, and the severity of 
the disorder, the effusion can vary from mini
mal to severe. The examiner should differen
tiate between a serous, serofibrinous, puru
lent, or hematic/bloody effusion. Serous 
effusion usually develops after trauma, in 
rheumatoid arthritides, and in arthritides that 
result from metabolic disturbances. Serofi
brinous effusion is typically seen in chronic 
polyarthritis. It is a septic effusion resulting 
from a bacterial infection of the joint, in which 
the bacteria reached the joint either directly 
or indirectly (through the blood) . A hematic 
effusion, or hemarthrosis, occurs traumati
cally. Usually the joint is also warm to palpa
tion, but, as is true for the extent of swelling, 



200 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

Figure 1 0-2 Aspiration of a hemarthrosis .  Arthroscopic exami nation is recommended when the f lu id 
aspirated from the knee i s  found to be hematic.  

the temperature depends on the cause, stage, 
and severity of the disorder. 

The patient complains of pain at rest that 
increases during movement. With systemic 
disorders in particular, the patient can also 
experience general malaise and fever. Atro
phy of the musculature, particularly of the 
quadriceps muscle, quickly occurs as a result 
of inactivity. 

The functional examination discloses lim
ited motions in a capsular pattern. In most 
cases, blood and urine tests are necessary to 
determine the cause of the arthritis. 

Treatment 

Treatment depends on the cause but in 
most cases consists of systemic antiinflamma
tory medication. In some instances, an in
traarticular injection with a corticosteroid is 
effective. 

Even after the local arthritis has resolved, 
there is often a residual lirnitation of motion. 

Treatment for this condition should be joint
specific mobilization. Strengthening exer
cises should be given for the (often severe) 
muscle atrophy. 

ARTHROSIS (GONARTHROSIS) 

Arthrosis of the knee can be primary or sec
ondary. Primary arthrosis occurs without a 
prior incidence of abnormal loading of the 
joint. It is caused, for example, by a functional 
disturbance or an abnormal position of the 
knee or other joints of the lower extremity. 

A secondary arthrosis occurs when there is 
disproportion between the load and loadabil
ity of the joint, resulting in mechanical dam
age of the joint. The most frequent causes of 
this disproportion include congenital or ac
quired aberrations in alignment, previous 
joint injuries, previous surgery, and long peri
ods of immobilization. Therefore , after a total 
meniscectomy early degenerative changes al-



most always occur. After a lateral meniscec
tomy the clinical and radiologic changes are 
more severe than after a medial meniscec
tomy. Therefore, whenever possible, partial 
meniscectomies or meniscal repairs should 
be performed (refer also to "Meniscus Le
sions," below). 

In gonarthrosis patients, symptoms can 
sometimes suddenly increase. If pain is the 
only symptom, the cause could be a stress 
fracture of the tibia. If  there is sudden, shoot
ing pain followed by a paralyzed feeling in the 
leg, the cause is likely to be a loose body. In 
some cases, a varus deformity of the knee 
gradually develops (Figure 1 0-3). 
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Clinical Findings 

The symptoms depend on the stage of the 
arthrosis and possible complications, such as 
loose bodies. The most significant complaints 
are crepitation during movement, stiffness at 
the beginning of activity, and pain at the be
ginning of activity. These symptoms decrease 
during activities in the course of the day. 
Later in the day, they appear again in the form 
of a feeling of fatigue. 

Functional Examination 

Findings in the functional examination in
clude warmth and swelling of the joint, limita-

Figure 1 0-3 Conventiona l radiograph of a right knee with severe arthrosis.  The jo int space has a l most 
disappeared, and the tibia is  subl uxated sl ightly latera l ly. 
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tion of motion in a capsular pattern with a 
hard end-feel, and, over the course of time, 
visible joint deformation. 

A 

B 

Sometimes, a loose body can cloud the 
clinical picture of an arthrosis (Figure 10-4) .  
The patient complains o f  suddenly occurring, 

Figure 1 0-4 (A) Lateral conventional radiograph of an a rthrotic r ight knee. Severe arthrotic changes 
and loose bodies a re v is ib le (arrows). (B) Anteroposter ior  conventional radiograph of both knees of the 
patient in A. 



instantaneous, sharp, shooting pain, whereby 
normal weight bearing of the joint is impos
sible for a few seconds to minutes. The diag
nosis of a loose body is often missed, however, 
and the patient is told that the knee has "de
generated. " 

Plain films show the various stages of the 
arthrosis. 

Treatment 

In the first instance, all the factors that fur
ther or aggravate the arthrotic process have 
to be considered. Treatment techniques vary 
from case to case and can range from a func
tional orthotic for the foot to an osteotomy of 
the femur or tibia. 

In the early stage of arthrosis, movement 
therapy is indicated, particularly involving 
joint-specific mobilization and muscle 
stretching. Many patients react well to oral 
doses of nonsteroidal antiinflammatory medi
cation, particularly in the early stages. Much 
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experimentation has been done, and will con
tinue to be done, with substances that have an 
influence on cartilage metabolism. These ex
periments have not been successful, and at 
this point there is not much hope for the im
mediate future. In severe cases, intraarticular 
injections with a corticosteroid can signifi
cantly help relieve the symptoms for exten
sive periods of time . This is often a helpful 
treatment for patients for whom surgery is 
not yet indicated. In the end stages , surgery is 
performed, consisting of a partial or total joint 
replacement (Figure 10-5) . 

Most of the time, for patients with a loose 
body, a simple manipulation under traction is 
successful. 

HEMARTHROSIS 

Hemarthrosis in the knee is seen particu
larly in hemophiliac patients, in whom it is the 
most cormnonly affected joint. After an insig
nificant trauma, a large amount of intraarticu-

Figure 1 0-5 Operative view of a severely arthrotic joint.  The femora l joint carti lage has a lmost com
pletely disappeared, and la rge osteophytes a re visible. In this case, a total joint replacement wi l l  be 
performed. 
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lar bleeding occurs. The chance for recurrent 
bleeding is great. 

In the differential diagnosis, the examiner 
has to consider an acute infection in the joint. 
In the case of an infection, the swelling occurs 
more slowly than when bleeding is the cause. 

Clinical Findings 

Immediately after a mild trauma, a warm, 
tingling feeling is experienced in the joint; di
rectly afterward there is a quick increase in 
pain. There is severe swelling in the joint. The 
knee is warm to palpation. 

Functional Examination 

The functional examination indicates lim
ited motions in the capsular pattern. 

Treatment 

The knee should be aspirated and ban
daged with an elastic wrap. In addition, the 
joint should be immobilized for several days . 
After 3 to 4 days, the knee should be carefully 
mobilized using both active and passive mobi
lization techniques. 

PATHOLOGY WITH LIMITED MOTIONS IN A 

NONCAPSULAR PATTERN 

OSTEOCHONDRITIS DISSECANS 

Differentiation is made between juvenile 
osteochondritis dissecans (JOCD) and osteo
chondritis dissecans in adults (OCD). In 
young individuals, the disorder occurs before 
the closing of the distal femoral epiphysis 
(Figure 1 0-6) and in adults it occurs after
ward. It involves a lesion of the subchondral 
bone. Later, it also includes a lesion of the 
joint surface cartilage, located at the lateral 
aspect of the medial femoral condyle.  This 
disorder is seen four times more often in boys 
than in girls. The age group is between 1 5  and 
25 years. Sometimes the patient is younger, 
but rarely younger than 1 0  years. 

There is still some discussion regarding the 
etiology. It is assumed that trauma, both in
ternal and external, plays an important role. 
In recent medical literature, ischemia and in
flammation have been discarded as possible 
causes. The current popular theory relates to 
a multifactoral cause, in which trauma is the 
most important factor .  It is conjectured that 
in the originally normal subchondral bone a 
fatigue fracture occurs . Bone scans in pa
tients with JOCD demonstrate a typical heal-

ing process that has a course similar to that of 
skeletal fractures elsewhere. 

As soon as the diagnosis of JOCD has been 
confirmed, the "race" begins between the 
healing process of the disorder and the clos
ing of the femoral epiphysis. If the JOCD has 
not healed before the epiphyseal plate closes, 
it becomes an OCD; the race has been lost, 
and the prognosis is less favorable. The most 
important part of the treatment of JOCD is 
preventing gonarthrosis. 

JOCD and OCD can occur not only in the 
knee joint but also in other joints at the same 
time. In many patients there is no genetic pre
disposition. There is an important subgroup 
of patients with a history of familial multiple 
JOCD and OCD, however. These disorders 
are associated with short people. 

Four stages can be differentiated with the 
use of plain films and bone scan. In the first 
stage, the bone scan does not demonstrate 
any aberrations, but the defect is easily visible 
on the conventional radiograph as a slight 
concavity at the lateral aspect of the medial 
femoral condyle. In the second stage, the 
bone scan demonstrates activity around the 
lesion. In the third stage, the bone scan indi-
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Figure 1 0-6 Anteroposter ior  conventional radiograph of a right knee demonstrating JOCD at the level 
of the medial femoral condyle. The sequestered seg ment is stil l in place (arrows). 

cates an extension of the lesion to the entire 
medial femoral condyle. In the fourth stage, 
there is also spreading to the medial tibial pla
teau. 

The use of a bone scan is important in de
termining the best therapy. The size of the 
lesion and the age of the patient are also im
portant in this decision. Surgery is indicated 
for children older than 12 in whom there is a 
lesion larger than 1 cm and a dislodged frag
ment (loose body). 

OeD of the knee is seen in the patella, but 
less frequen tly. The lesion can be found in any 
of the facets of the patella because there are 
no predisposition sites. 

Clinical Findings 

Symptoms vary widely, depending on the 
clinical stage of the disorder. Sometimes the 
patient experiences pain throughout the 
whole knee and sometimes only at the medial 
aspect. Some patients feel pain only during 
activities ,  and others can also have pain at 
rest. In many cases there is a chronic mild 
synovitis with intermittent slight joint effu
sion. 

Functional Examination 

Usually in the functional examination,  a 
mild capsular pattern of limited motions is 
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found. Often, pain can be provoked by bring
ing the knee from 90° flexion toward exten
sion while maintaining internal rotation. If the 
leg is then externally rotated at the point 
where the patient's pain is provoked, the pain 
disappears. This relief of pain occurs because, 
on externally rotating the tibia, the cruciate 
ligaments are under less tension, and there is 
less pressure exerted against the affected site 
at the femoral condyle. 

Sometimes there is patellofemoral crepita
tion when pressure is exerted against the pa
tella and it is passively moved over the femur. 
In some cases, an acute hemarthrosis can oc
cur after activity. In the presence of a loose 
body, an acute locking of the joint can occur; 
sometimes the flexion is limited, at other 
times the extension . The diagnosis is best 
confirmed by means of radiologic examina
tion, particularly bone scan. 

Patients with OCD of the patella complain 
of vague patellar pain that is of gradual onset. 
The pain increases with activity, particularly 
during loaded flexion movements, such as 
ascending and descending stairs. Sometimes 
there is intermittent swelling and a vague 
feeling of knee instability. Locking of the knee 
is caused by the presence of a loose body in 
the joint. 

Treatment 

JOCD. 

The treatment of JOCD is primarily conser
vative. Activities should be significantly re
duced. Bracing and the use of crutches are 
necessary to control the activities and reduce 
the symptoms. This period of immobilization 
should not last longer than 1 2  weeks. Early 
mobilization is important because otherwise 
the treatment will bring worse results than 
the disorder! If the symptoms have not re
solved within 1 0  to 12 weeks and the bone 
scan does not demonstrate improvement, 
surgery is indicated. 

If there is a loose body in the joint, surgery 
is always indicated. The same is true if epi-

physeal closure is expected within 6 to 12  
months after the diagnosis has been made. 
Surgery is also indicated when, after ad
equate conservative treatment, there are still 
residual symptoms or the bone scan demon
strates unsatisfactory healing. 

OCD. 

After closure of the femoral epiphysis, sur
gery is almost always indicated. Treatment of 
OCD of the patella is surgical in cases of per
sistent pain, loose bodies, and subchondral 
sclerosis (Figure 10-7) .  

LOOSE BODIES 

Loose bodies in the knee joint can be idio
pathic or have various known causes. The fol
lowing are some of the known causes: 

• OCD 

• synovial (osteo)chondromatosis 

• gonarthrosis 

• meniscus lesion 

• retropatellar chondropathy 

• trauma 

Figure 1 0-7 S u rg i ca l  p h otog raph showing  a 
loosened osteochondral fragment i n  OeD. 



Idiopathic 

Occasionally a patient without underlying 
knee pathology is seen who complains of sud
den, sharp, instantaneous pain in the knee, 
usually localized to the medial side. The pain 
has a paralyzing character, and the patient 
complains of the knee "giving way" without 
really falling. Because of this, the patient has 
an unstable feeling in the knee; certain activi
ties (eg, ascending stairs) can become prob
lematic. 

Clinical Findings 

The patient usually has a slightly swollen 
and warm knee. 

Functional Examination 

The functional examination can vary from 
case to case. Usually the functional examina
tion demonstrates a limitation of motion that 
is not in a capsular pattern. For instance,  
there is a slight extension limitation with a 
pathologic end-feel, but the flexion is normal. 
The flexion can be limited and the extension 
normal . 

In some patients, the passive varus test is 
painful. This is seen particularly in patients 
who have pain at the medial aspect of the 
knee. In such cases, the medial collateral liga
ment can be tender to palpation, without 
there being any suspicion of a ligamentous 
lesion. The ligament is irritated by the loose 
body. After the manipulative treatment, the 
local ligamentous pain usually resolves within 
a few days, and normal movement is restored. 
This phenomenon confirms that the cause of 
the tenderness at the medial collateral liga
ment was indeed the loose body. 

Treatment 

Treatment is primarily conservative. In 
most instances, a simple rotation manipula
tion under traction leads to complete recov
ery (refer to Chapter 1 1  for a detailed de
scription of this manipulation). The loose 
body moves to the periphery of the joint, 
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where it usually becomes encapsulated in the 
joint capsule. In cases where there is a recur
rence after a manipulation, the treatment 
should be repeated several times. I f the symp
toms continue to return, however, arthro
scopy is indicated.  

Traumatic 

Loose bodies can afflict patients with 
gonarthrosis, as well as patients with a normal 
knee joint, as the result of trauma. Such trau
mas usually produce a single cartilage frag
ment or a number of fragments . 

Clinical Findings 

The clinical symptoms are the same as de
scribed for an idiopathic loose body. In pa
tients with gonarthrosis, the loose body is 
sometimes large. Irritation of the common 
peroneal nerve at the back of the knee some
times occurs, causing characteristic sensory 
disturbances, particularly those affecting the 
first and second toes. 

Treatment 

As is the case with the idiopathic loose 
body, manipulative treatment is performed 
first .  In recurrent problems, the diagnosis 
should be confirmed through either radio
graphs or arthroscopy and arthroscopically 
removed. 

SYNOVIAL 

(OSTEO)CHONDROMATOSIS 

Synovial osteochondromatosis is a disorder 
that is seldom seen (Figure 1 0-8). It involves 
a chondroid metaplasia of the synovial mem
brane that leads to the formation of multiple 
small bodies. These small bodies range from 
the size of a rice kernel to 1 cm. After a period 
of time, these synovial bodies calcify, a condi
tion termed osteochondromatosis. Other pre
dilection sites for this disorder are the joints 
in the elbow, hip, and, rarely, the shoulder. 
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Figure 1 0-8 Lateral conventional radiograph of a left knee demonstrat ing sig nificant i ntraarticular 
calc if ied osteochondra l  e lements, typical of a synovial osteochondromatosis. 

Clinical Findings 

Often, the symptoms initially are activity 
related. Most patients have periods of inter
mittent painful effusion, during which the 
knee can be warm to palpation. 

Functional Examination 

Initially, there may be a minimal limitation 
of motion. If the bodies become loose from 
the synovial membrane ,  they "fall into the 
joint," causing it to lock. As long as the bodies 
have not calcified, the radiologic examination 
is normally negative (Figure 1 0-9). Double
contrast arthrography reveals the abnormal 

contour of the capsule .  Arthroscopy, com
puted tomography (CT), and particularly 
magnetic resonance (MR) imaging will clearly 
disclose the aberration. 

Treatment 

The treatment should be surgery with an 
extensive synovectomy to prevent recur
rence. 

MENISCUS LESIONS 

Meniscus lesions are frequently seen, with 
occurrences in the medial meniscus being 
more common than those in the lateral menis
cus. 
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Figure 1 0-9 Resected synovial membrane in a patient with synovia l  chondromatosis showing the 
stemmed chondral elements. In this case, the radiograph was negative for loose bodies beca use 
calcification had not occurred. 

DiJferentiation is made between longitudi
nal tears, which run parallel to the long axis of 
the meniscus, and transverse tears, which run 
perpendicular to the long axis of the meniscus 
(Figure 1 0-10) .  In addition, tears are classi
fied according to the plane in which they are 
located.  The cross-section of the meniscus 
has the form of a wedge with a small base. If 
the plane in which the tear is located runs 
parallel to this base, it is termed a vertical 
tear. If the plane is perpendicular to the base, 
it is termed a horizontal tear (Figure 10- 1 1 ) .  
If a large part or the entire length of the me
niscus is torn, the central part can luxate 
toward the intercondylar fossa. This is the so
called bucket-handle tear (Figure 10-12) .  

If the attachment of  the meniscus to the 
capsule is overstretched or torn (usually the 
meniscotibial or coronary ligament is in
volved) , part of, or sometimes the entire, me
niscus can become loose in the joint. Actually, 
this is more of a capsule lesion than a menis
cus lesion. Combinations of the various tears 
are regularly seen (Figures 1 0- 1 3  to 1 0-18) .  

Figure 1 0-10 Longitudina l  and t ransverse tears 
of the meniscus. 1 ,  Long itudina l  tear in  the ante
r ior  horn of the media l  meniscus; 2, longitudina l  
tear i n  the posterior horn  of the media l  menis
cus; 3, transverse tear in the posterior horn of 
the lateral men iscus. 

Besides the above mentioned types of 
tears, there are also unusual lesions of the 
meniscus that are generally classified as 
meniscal sprains or meniscal fraying. Menis
coligamentous lesions are frequently seen, 
particularly in athletes. 
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I(r----
Vertical tear Horizontal tear 

Figure 1 0-1 1 Vertica l and horizonta l meniscus tears. 

A 8 

C D 

Figure 1 0-12 Examples of bucket-ha ndle tears of the medial meniscus.  (A) Bucket-handle tear in the 
posterior hor n .  (8) Complete bucket-handle tear .  (C) Complete bucket-handle tear but torn from the 
anterior horn. (D) Per i phera l  bucket-handle tear (torn from the capsu lar  col latera l l igaments). 



Figure 1 0-1 3 Posterior horn tear of the media l  
men iscus (arrows). 

Figure 1 0-1 5 Large b ucket-ha ndle tear of the 
media l  men iscus. 
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Figure 1 0-1 4 Art h rogra m showi ng a vert ica l  
tear  of the posterior horn  of the med ia l  men iscus 
(arrowheads) . 

Figure 1 0-1 6 Large bucket-hand le  tear of the 
media l  meniscus i n  which the torn p iece ( left) 
luxated medial ly, causing locking of the knee. 
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Figure 1 0-17  M u lt ip le tears of the posterior horn of the medial men iscus. This patient had a wel l
establ ished poster ior horn tear and experienced recurr ing lock ing of the knee caused by repeated 
l uxations of the torn part of the men iscus. 

Figure 1 0-1 8 Degeneratively changed posterior horn of the medial men iscus with a longitudina l  tea r 
at the end of the resected piece. 

Other disorders of the meniscus are the 
ganglion of the meniscus (Figure 1 0-19) and 
the discoid meniscus (Figures 1 0-20 to 10-
22) . The ganglion of the meniscus is a swelling 
consisting of a number of synovium-filled 
cavities. These cavities are separated by con
nective tissue septa. In general, these ganglia 
lie in the synovial membrane and are merged 
with the base of, usually, the lateral meniscus. 
The ganglion lies within the fibrous capsule. 

Sometimes,  however,  a ganglion can push 
through the fibrous capsule and spread out 
underneath the superficial fascia. The ganglia 
of the lateral meniscus are usually connected 
to the middle segment of the meniscus and 
only occasionally to the anterior horn. This 
ganglion can become large and then usually 
pushes through the fibrous capsule. Often, in 
conjunction with a meniscal ganglion, there is 
also a tear of the meniscus. In the lateral me-



Figure 1 0-19 Gangl ion of the lateral meniscus. 

Figure 1 0-20 Resected discoid lateral meniscus. 
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Figure 1 0-21 Discoid latera l meniscus with fixation of the anterior and poster ior  horns to the t ib ia  
(asterisks) . Tears usual ly  occur just a nterior (shaded a rea) to the popliteus tendon (b lack a rea) . 



"' 
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Figure 1 0-22 Two i l lustrations of a Wrisberg type d iscoid lateral meniscus. (A) Dur ing flexion of the 
knee, the meniscus is on ly f ixated to the tibial p lateau at the level of the anterior horn (aster isk) .  
(B) Dur ing extension o f  the knee, t h e  meniscus luxates (snapping knee) toward the i ntercondylar fossa 
because of the too-short Wrisberg l igament (arrow) . 

niscus, this is usually a transverse tear; in the 
medial meniscus, it is more often a longitudi
nal tear. 

In the medical literature, there are several 
theories regarding the origin of ganglia. Some 
authors describe a degenerative etiology; oth
ers consider the ganglion a swelling. Large 
ganglia are particularly seen in younger pa
tients, making the degenerative theory less 
likely. 

In older knee patients, often during the 
clinical examination a "filled" medial or lateral 
joint space can be palpated, in which an ir
regular, somewhat crepitating surface can be 
felt. Cases such as these mostly involve de
generative changes in the outer edge of the 
meniscus. 

The discoid meniscus is a congenital 
anomaly in which the entire meniscus or part 
of the meniscus is wider than normal, some
what resembling a disk (Figure 1 0-20) . This 
is seen much more often at the lateral side of 
the knee than at the medial side. Patients 
with a lateral discoid meniscus quite often 
have the so-called snapping knee syndrome. 
This syndrome occurs in discoid menisci hav
ing only one attachment at the posterior horn 
by way of the posterior meniscofemoral liga
ment, known as Wrisberg's ligament. The liga-

ment is too short to allow normal extension of 
the knee. Hypermobility of the posterior horn 
of the lateral discoid meniscus results in sec
ondary hypertrophy (thickening) of the me
niscus . This disorder is seen particularly in 
children between the ages of 6 and 18 years . 
An audible click is produced as the knee is 
bent and then straightened. On returning the 
leg to almost full extension, a palpable snap 
occurs. Pain is experienced at the lateral side 
of the joint. Usually a vertical tear occurs in 
the hypermobile posterior horn of the discoid 
meniscus (Figures 1 0-2 1 and 1 0-22) .  A lat
eral discoid meniscus that is well fixed to the 
tibia at the level of the posterior horn rarely 
causes complaints. In most cases, a lateral 
discoid meniscus is an incidental discovery 
made, for example, during arthroscopy. If a 
tear does occur in the lateral discoid menis
cus, it usually occurs just anterior to the ten
don of the popliteus muscle. 

One of the problems in making a correct 
diagnosis after trauma is that it is difficult, 
without the functional examination, to deter
mine whether there might also be a meniscus 
lesion. When analyzing the traumatic forces 
that occurred during trauma, it is rather easy 
to predict which capsuloligamentous struc
tures are injured . In many instances, how-



ever, a meniscus lesion remains unpredict
able. It is entirely possible for the menisci to 
remain intact even after trawna resulting in a 
severe ligamentous lesion. On the other hand, 
it is also possible for a severe meniscus lesion 
to occur as the result of insignificant trauma 
even though the capsuloligamentous com
plex remains entirely intact. 

Often, patients with an anterior knee insta
bility have a lesion, first, of the posterior horn 
of the medial meniscus and, later, of the pos
terior horn of the lateral meniscus.  Fre
quently, in anterolateral rotatory instability, a 
lesion first occurs in the posterior horn of the 
lateral meniscus. These injuries occur when 
the anterior cruciate can no longer guide the 
roll-glide mechanism of the knee during ac
tivities. This leads to an abnormal amount of 
rolling of the femur in a posterior direction, 
and the posterior horn of the meniscus be
comes crushed. 

Clinical Findings 

There are many so-called specific tests de
scribed for the menisci. Most of these tests, 
however, are not completely reliable. Rather 
than attempting specific tests, it is more im
portant to be able to interpret correctly the 
findings from the standard functional exami
nation of the knee. Knowledge of the anatomy 
and arthrokinematics involved is a prerequi
site to proper interpretation. 

The anterior horn of the medial meniscus is 
conllected to the extensor mechanism, and 
the posterior horn is connected to the tendon 
fibers of the semimembranosus muscle. The 
anterior horn of the lateral meniscus is also 
connected to the extensor mechanism. The 
posterior horn of the lateral meniscus is also 
an important insertion site of the popliteus 
muscle. 

Functional Examination 

Often, in the acute stage of a meniscus tear, 
there is minimal to moderate synovial effu
sion or hemarthrGsis, depending on whether 
the tear is in the avascular or vascular part of 
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the meniscus. In  the clinic, the examiner will 
find any number of tests to be painful for the 
patient. Positive findings vary from patient to 
patient and can include the following: 

• locking of the knee in extension or flex
ion as a result of a bucket-handle tear 

• painful passive extension due to im
pingement of the meniscus, a ganglion, 
or sometimes a cystic change in the ante
rior horn 

• springy end-feel in passive extension, 
often as a result of a bucket-handle tear 
in the medial meniscus 

• painful passive flexion due to impinge
ment of a torn or completely loose poste
rior horn 

• click during active flexion and extension 
in a discoid meniscus 

• painful snap in the last degrees of exten
sion in a discoid lateral meniscus 

• painful passive external rotation in le
sions of the medial meniscus or medial 
meniscotibial ligament 

• painful passive internal rotation in le
sions of the lateral meniscus or lateral 
meniscotibial ligament 

• painful passive varus test in lesions of 
the medial or lateral meniscus (differen
tiation is determined by the location of 
the pain) 

• painful passive valgus test in lesions of 
the medial or lateral meniscus (differen
tiation is determined by the location of 
the pain) 

• painful lateral or medial shear test (dif
ferentiation is determined by the loca
tion of the pain) 

• painful resisted extension, when there is 
an anterior horn lesion of the medial or 
lateral meniscus 

• painful resisted flexion with external ro
tation, when there is a posterior horn le
sion of the lateral meniscus 

• painful resisted flexion with internal ro

tation (lateral pain, posterior horn of the 
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lateral meniscus via the insertion of the 
popliteus muscle; medial pain, posterior 
horn of the medial meniscus via the 
semimembranosus muscle insertion) 

In many cases, confirmation of the diagno
sis is possible through arthroscopy. Some le
sions ,  however, are better diagnosed by 
means of the functional examination than by 
arthroscopy. This is particularly true for small 
meniscoligamentous lesions and small lesions 
on the outer surface of the menisci, which will 
cause pain during the resisted tests. 

Treatment 

The treatment is entirely dependent on the 
type of lesion and the severity of the patient's 
symptoms. Another significant factor to con
sider is whether the meniscus lesion is the 
only problem or is associated with another 
lesion, such as ligamentous instability. 

Most solitary, small lesions in the vascular
ized part of the meniscus can be conserva
tively treated. This is particularly true for 
meniscoligamentous lesions. A sprain of the 
meniscotibial ligament (usually medial) re
sponds well to transverse friction. 

Surgery is indicated when the patient ex
periences locking of the joint, large tears in 
the avascular part of the meniscus, a large 
ganglion, or a symptomatic discoid meniscus. 
Tears that run from the vascularized part of 
the meniscus into the avascular part can be 
repaired with sutures. The same is true for 
tears that are only in the vascularized part of 
the meniscus. Arthrotomy or arthroscopy is 
the surgical procedure most used. Arthros
copy is preferred because there appears to be 
less chance for early arthrosis . 

As previously stated ,  meniscus lesions of
ten occur particularly in anterior instability of 
the knee. Sometimes, conservative treatment 
for an instability can ultimately lead to further 
damage to the rest of that meniscus or to the 
meniscus on the other side. These are usually 
lesions of the posterior horn. Therefore, re
constructive surgery for the anterior cruciate 

ligament is recommended to prevent further 
injury of the menisci and joint cartilage. 

In cases of acute locking of the joint, typi
cally accompanied by a severe limitation of 
extension resulting from a bucket-handle le
sion of the medial meniscus, a repositioning 
manipulation is almost always successful. Im
mediately afterward, the patient can fully ex
tend the knee again. Further treatment de
pends on recurrence of the symptoms . 

In the typical vertical tear in the posterior 
horn of a lateral discoid meniscus, a total 
meniscectomy is the preferred treatment. In 
a tear of thG discoid meniscus just anterior to 
the popliteus tendon, part of the disc is 
resected, and the peripheral part of the me
niscus is left intact. 

PLICA SYNDROME 

In the early stages of embryologic develop
ment, the knee consists of three separate syn
ovial covered chambers. Gradually, the sepa
rating walls disappear, and by the fourth 
month the actual knee cavity is formed. In a 
certain percentage of individuals (varying in 
the medical literature from 20% t.o 60%),  re
sidual "shelves" remain from one or more of 
these separating walls. Such a structure, now 
visible as a fold in the synovial membrane, is 
termed a plica. The infrapatellar plica is t.he 
plica most often present, followed by the su
prapatellar plica, and the least present 
mediopatellar plica. 

The infrapatellar plica, also called the mu
cous ligament, runs like a piece of tape from 
the medial surface of the lateral femoral 
condyle to the infrapatellar fat pad. Its form 
can vary considerably. Although this plica is 
most often present, it causes the fewest prob
lems . Because of its course, the infrapatellar 
plica looks like the anterior cruciate ligament 
and has in the past been mistaken for this liga
ment. 

If the suprapatellar plica is present in its 
entirety, it separates the suprapatellar bursa 
(or recess) from the joint cavity. Here, too, 



there are many anatomic variations. This 
structure rarely causes problems. 

The mediopatellar plica, also termed Lino's 
shelf, can be classified into two types: com
plete and incomplete. The complete type is 
half-moon shaped with the convexity medial. 
It runs from the medial side of the suprapatel
lar plica, if present, or from the neighboring 
joint capsule to the infrapatellar fat pad. This 
plica can lie partly in the patellofemoral joint. 
In the incomplete type, the origin lies more 
distally. As mentioned earlier, the medio
patellar plica is the least often present but 
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definitely causes the most problems (Figure 
1 0-23) .  

Normally, a plica is thin, elastic, and asymp
tomatic. As a result of pathologic changes of 
the knee,  such as chondromalacia, OeD ,  
overuse (microtrauma), o r  trauma, a plica 
can become irritated causing an inflamma
tory reaction with thickening and fibrosing of 
the plica. A large or pathologically thickened 
mediopatellar plica can become pinched be
tween the medial femoral condyle and the 
patella, causing pain at the medial side of the 
knee. Over time, a pathologically thickened 

Figure 1 0-23 Arth roscopy showing a large mediopate l lar  plica (r ight) lying next to the medial femoral 
condyle ( left). 
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plica can damage the cartilage of the patella 
or medial femoral condyle. 

Clinical Findings 

Patients, ranging in age from adolescent to 
adult, usually complain about pain at the me
dial side of the knee, particularly during ac
tivities such as ascending or descending stairs 
or biking. A classic symptom is pain at night 
that disappears when the patient straightens 
the knee. Many patients complain of an occa
sional feeling that the knee gives way. This is 
a complaint that is shared by patients with 
knee instability, retropatellar chondromala
cia, and loose body conditions. Sitting for long 
periods increases the patient's pain, a com
plaint shared by patients with retropatellar 
chondromalacia. Sometimes, there is an au
dible snap during flexion and extension of the 
knee, a symptom shared by patients with 
meniscus lesions. Often, there is slight syn
ovial effusion. 

Functional Examination 

In spite of the fact that these patients are 
usually active in sports, there is almost always 
slight atrophy of the quadriceps muscle. In 
the functional examination, there is some
times a slight flexion or extension limitation 
of motion. During the movement of flexion to 
extension, pain can occur in the trajectory 
between 30° and 90°. This so-called painful 
arc occurs because the mediopatellar plica 
becomes pinched in the patellofemoral joint. 
Passive external rotation of the lower leg is 
usually painful, again as a result of impinge
ment in the patellofemoral joint. Usually, the 
medial side of the patella and the medial 
femoral condyle are tender to palpation. 

The Mital-Hayden test, in which the patella 
is pushed medially with the knee in 30° flex
ion, can be painful. Sometimes a click is also 
felt. The modified McMurray test can be posi
tive because of the external rotation of the 
lower leg and the movement from extension 
into and out of flexion. 

The hardened free edge of the medio
patellar plica can sometimes be palpated as a 

thin cord just distal to the patella, parallel to 
the patellar ligament. Care should be taken 
not to confuse this plica with the medial 
patellotibial retinaculum, which runs from 
the medial aspect of the patellar apex diago
nally in a mediodistal direction to the tibia and 
is also easily palpable. When the examiner 
pushes the plica in a proximolateral direction 
with the thumb and simultaneously flexes 
and extends the patient's knee, the patient 
experiences specific pain, sometimes accom
panied by a click. 

The diagnosis is best confirmed through 
arthroscopy. 

Treatment 

Initial treatment is conservative, involving 
a decrease in appropriate activities, physical 
therapy modalities such as ultrasound or ion
tophoresis, and, if necessary, injection of the 
symptomatic plica with a corticosteroid. 

Bicycle racers often develop the medio
patellar plica. This has been attributed to the 
foot being fixed in toe clips that do not allow 
for physiologic rotations when flexing and 
extending the knee. External rotation is hin
dered during extension and internal rotation 
during flexing. In these cases, part of the 
treatment consists of exchanging the toe clips 
for rotating foot plates. 

When results with conservative therapy are 
unsuccessful or when problei fls are recur
rent, surgery is indicated. The surgery can 
consist of arthroscopy or arthrotomy. The 
plica is either cut in three or four places from 
the free edge to its base to decrease the ten
sion in the plica, or it is completely resected. 
If the possibility of recurrence is an issue, the 
latter procedure is preferred.  

INTRAARTICULAR ADHESIONS 

Intraarticular adhesions usually develop as 
the result of a trauma-induced hemarthrosis 
after which the knee was not aspirated, after 
an arthrotomy, and, much less often, after 
arthroscopy. A progressive but painless loss 
of motion in flexion is seen, even if the patient 



has received what might be considered ad
equate physical therapy. In the differential 
diagnosis, PeUegrini-Stieda syndrome should 
be considered. 

Clinical Findings 

The patient has little or no pain at rest. 
Active flexion and extension can be painful, 
however. 

Functional Examination 

The functional examination demonstrates 
a significant flexion limitation of motion, and 
the extension is (usually) normal. The rest of 
the functional examination is negative. 

Treatment 

At one time, treatment consisted of forced 
manipulation under anesthesia. Recently, 
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this disorder has been treated through 
arthroscopy, during which the adhesions are 
cut and, if necessary, the frayed portions of 
the synovium are resected .  Recurrence is 
rarely seen. 

PELLEGRINI-STIEDA SYNDROME 

Pellegrini-Stieda syndrome is a disorder in 

which there is a radiologically visible calcifi
cation at the level of the origin of the medial 
collateral ligament at the adductor tubercle. 
The cause is almost always traumatic, such as 
a valgus trauma of the knee or trauma with a 
valgus component. This syndrome can be 
classified into two types: calcification in the 
ligament itself (Figure 1 0-24) and calcifica
tion of the attachment of the ligament at the 
adductor tubercle (Figure 1 0-25) . With the 

Figure 1 0-24 Conventional  radiograph showing posttrau matic bone formation in the medial  collateral 
l igament at the level of the adductor tubercle (arrow). This is characteristic of Pel legrin i-Stieda syn
drome type I. 
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Figure 1 0-25 Convent iona l radiograph showing posttraumatic bone formation in the attachment of 
the media l  col lateral l igament at the adductor tubercle.  This is characteristic of Pel legrin i-Stieda syn
drome type I I .  

first type, a calcium shadow is visible medial 
to the adductor tubercle; in the second type, 
the calcification is firmly attached to the ad
ductor tubercle. 

Clinical Findings 

The patient complains of pain and tender
ness at the level of the medial femoral 
condyle, particularly during knee flexion. 

There is an increasing limitation of flexion. 
Sometimes, there is local warmth and red
ness. 

Functional Examination 

Usually, the functional examination reveals 
a severe limitation of motion in flexion and 
normal extension. Passive valgus in slight 
flexion is often painful. 



Treatment 

Generally, there is unassisted recovery in 6 

to 1 2  months. Local physical therapy modali
ties are ineffective in the treatment of this 
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disorder. The same is true for injections with 
local anesthetic or corticosteroids. Surgery 
wi.ll not help the recovery process either. Just 
trust in Providence and keep an eye on the 
calendar! 

10.2 PATHOLOGY OF THE CAPSULOLIGAMENTOUS 

COMPLEX 

Pathology of the capsuloligamentous com
plex of the knee can be divided into lesions 
with and lesions without resultant instability. 
Lesions without instability involve a contu
sion or sprain, wruch almost always responds 
well to conservative treatment. One excep
tion is Pellegrini-Stieda syndrome, which can 
occur after valgus trauma or after trauma 
with a valgus component. Lesions with insta
bility involve either a partial or a complete 
rupture and often require reconstructive 
surgery followed by functional rehabilitation. 
Both with and without instability, these le
sions can be further classified as acute 
(newly acquired) and chronic (lingering) le
sions. 

In most cases, the patient's history pro
vides a good indication of the specific lesion 
to be suspected. It is particularly important in 
planning the therapy to be able to recon
struct, as closely as possible, the onset and 
course of the trauma. Detailed knowledge of 
the anatomy, particularly of the dynamic and 
static stabilizers of the knee, is necessary for 
proper diagnosis and treatment, whether 
conservative or operative. 

The stabilizers of the knee joint are classi
fied into four functional units: the medial 
complex, the lateral complex, the posterior 
structures, and the anterior structures. Fur
ther differentiation is made between static 
and dynamic stabilizers (Figure 1 0-26) . 

The Medial Complex 

• Static stabilizers 

1 .  Medial (tibial) collateral ligament 

2. Medial capsular ligament structures 
(meniscofemoral and meniscotibial 
ligaments) 

3. Posterior oblique ligament 

4. Posteromedial capsule (including the 
popliteal oblique ligament) 

5. Medial meniscus 

6. Contour of the medial femoral 
condyle and the tibial plateau 

7. Anterior and posterior cruciate liga
ments 

• Dynamic stabilizers 

1 .  Semimembranosus muscle 

2. Sartorius muscle 

3. Gracilis muscle 

4. Semitendinosus muscle 

5. Vastus medialis muscle 

6. Medial head of the gastrocnemius 
muscle 

The Lateral Complex 

• Static stabilizers 

1 .  Iliotibial tract 

2. Lateral (fibular) collateral ligament 
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Figure 1 0-26 View of the r ight knee from above . 1, Medial  men iscus; 2, lateral men iscus; 3, trans
verse l igament of the knee; 4, pate l lar  l igament; 5, anterior cruciate l igament; 6, posterior cruciate 
l igament; 7 ,  posterior men iscofemoral l igament (Wrisberg's l iga ment); 8, medial collatera l l igament; 9, 
latera l collateral l igament; 1 0, media l  capsulol igament; 1 1 ,  latera l capsulol igament; 1 2, posteromedial 
col lateral l igament (posterior oblique l igament) ; 1 3, popl itea l obl ique l igament; 1 4, popliteal arcuate 
l igament;  1 5, semimembranosus muscle; 1 6, popliteus muscle; 1 7, i l iotibial tract; 18, infrapate l lar  fat 
pad.  

3 .  Lateral capsular ligament (menisco
femoral and meniscotibial ligaments) 

4. Posterolateral capsule (including the 
popliteal arcuate ligament) 

5. Lateral meniscus 

6. Anterior and posterior cruciate liga
ments 

• Dynamic stabilizers 

1 .  Biceps femoris muscle 

2. Popliteus muscle 

3 .  Vastus lateralis muscle 

4.  Lateral head of the gastrocnemius 
muscle 

5.  Iliotibial tract 

The Posterior Structures 

• Differentiation is not made between 
static and dynamic stabilizers 

1 .  Posterior capsule 

2. Popliteal arcuate ligament 

3. Popliteal oblique ligament 

4. Posterior oblique ligament 

5. Popliteus muscle 

6. Gastrocnemius muscle (lateral and 
medial heads) 

7. Semimembranosus muscle 

8. Biceps femoris muscle 

The Anterior Structures 

• Differentiation is not made between 
static and dynamic stabilizers; extensor 
mechanism: 

1 .  Medial: vastus medialis muscle, 
vastus medialis obliquus muscle, me
dial retinaculum 



2. Anterior: rectus femoris muscle, 

vastus intermedius muscle, suprapa

tellar quadriceps tendon, patella, pa

tellar ligament, infrapatellar fat pad 
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3. Lateral: vastus lateralis muscle, lat

eral retinaculum 

CLASSIFICATION OF KNEE INSTABILITIES 

UNIPLANAR INSTABILITY 

Uniplanar instability is a condition where 

there is stability in one direction without the 

occurrence of a rotation. According to 

Hughston ami colleagues, 1 1  in a uniplanar in

stability, the posterior cruciate ligament is 

always deficient. In orthopaedic literature, 

there are widely differing opinions about this. 

Differentiation is made between the follow

ing: medial instability, lateral instability, ante

rior instability, and posterior instability. 

ROTATORY INSTABILITY 

In rotatory instability, there is a shift of the 

tibia in relation to the femur around an axis of 

rotation. Hughston et al i i  describe the intact 

posterior cruciate ligament as the axis of rota

tion. This theory is not accepted by many au

thors, however. In the context of this book, 

the posterior cruciate ligament classification 

according to Hughston et al is not applied. 

Classically, differentiation has been made 

among the following: ante rome dial rotatory 

instability, anterolateral rotatory instability, 

posteromedial rotatory instability, and poste

rolateral instability. 

COMBINED ROTATORY INSTABILITY 

Combined rotatory instabilities involve 

combinations of two or more forms of the ro

tatory instabilities. The most frequently seen 

combination is the anterolateral with antero

medial rotatory instability. The severest form 

of this is a dislocation of the knee. Further 

differentiation is commonly made according 

to the amount of instability (Figures 1 0-27 

and 1 0-28) . The following grading scale is 

used internationally: 

• 1 + (+) : a displacement (translation or 

"gapping") of less than 5 mm 

• 2+ (++) :  a displacement between 5 and 

1 0 mm 

• 3+ (+++):  a displacement of more than 

1 0 mm 

3 + (> 1 em) 

2 + (05-1 em) 

1 + « 0 .5  em) 

o 

Anterior cruciate l igament 

Figure 1 0-27 Schematic i l l ustration of a nterior 
i nstab i l ity . 
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Norma l 

2+ 

(0.5-1 em) 

1+ 

« 0 .5 em) 

3+ 

( >0.5 em) 

Figure 1 0-28 Schematic i l l ustration of media l  i nstabi l i ty .  
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CAPSULOLIGAMENTOUS PATHOLOGY WITHOUT 

INSTABILITY 

SPRAIN OF THE MEDIAL 

COLLATERAL LIGAMENT AND 

POSTERIOR OBLIQUE (OR 

POSTERIOR MEDIAL 

COLLATERAL) LIGAMENT 

A sprain of the medial collateral ligament 

usually occurs as the result of a valgus-flex

ion-external rotation trauma, the so-called 

VFE trauma. It is less often the result of a pure 

valgus trauma. In principle, the ligament can 

be injured anywhere along its course.  The 

most frequently affected sites are the origin, 

the adductor tubercle of the medial femoral 

condyle, and the level of the joint space. A 

lesion can also occur in the distal part of the 

ligament, underneath the pes anserinus 

superficialis. In this case, it is not always easy 

to differentiate among a ligament sprain, ten

dinitis of the pes anserinus, and a pes 

anserinus bursitis. A complication of a medial 

ligament sprain at the level of the origin is 

PeUegrini-Stieda syndrome. 

Clinical Findings 

The patient complains of pain at the medial 

side of the knee. If the posteromedial collat

eral ligament is affected at the level of the 

joint space, there is usually slight effusion in 

the knee. If only the extraarticular (superfi

cial) medial collateral ligament is affected, 

there should not be any joint effusion. If there 

is only a sprain of the ligament, the knee does 

not usually feel warm to the touch. 

Functional Examination 

There can be a slight flexion limitation 

caused by a minimal amount of joint effusion. 

Passive external rotation can be painful. The 

passive valgus test in slight flexion is the most 

painful test. The passive valgus test in exten

sion is negative. Palpation for the exact loca

tion of the lesion is important; the ligament is 

8 to 12 cm long. 

A chronic stage can occur, resulting from 

adhesion of the medial collateral ligament 

with the medial femoral condyle. If  this is the 

case,  the functional examination generally 

discloses a slight limitation in flexion or ex

tension. 

Treatment 

Treatment in the acute stage is focused on 

decreasing pain and edema through the use of 

an elastic wrap or sleeve and physical therapy 

modalities. In the subacute stage, transverse 

friction can be performed to help prevent ad

hesions, maintain mobility, and decrease 

pain. Transverse friction is applied in both 

maximal flexion and maximal extension of 

the knee. After friction treatments, the knee 

should be carefully moved passively within 

the limits of pain. When improvement is such 

that this can be performed without pain, it 

should be done actively as well. Strengthen

ing of the quadriceps muscle, particularly the 

vastus medialis obliquus and the vastus me

dialis, is important because with this lesion 

atrophy of these muscles occurs quickly. 

In the chronic stage, the adhesions can be 

ruptured by means of a manipulation (refer to 

Chapter 1 1 ) .  This manipulation is only indi

cated in cases where there are very small limi

tations of motion. This manipulation is always 

preceded by transverse friction in maximal 

flexion and maximal extension of the knee. In 

stubborn cases, and only when the origin is 

affected, a dropwise injection of the lesion is 

indicated. 

SPRAIN OF THE MEDIAL 

MENISCOTIBIAL (CORONARY) 

LIGAMENT 

The medial meniscotibial ligament is part 

of the medial joint capsule and can be 

sprained in traumas that particularly involve 
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external rotation of the lower leg. Differentia

tion should always be made between an un

complicated sprain and a complicated sprain, 

in which there is also a lesion of the medial 

meniscus. Pain experienced even after a par

tial medial meniscectomy is often the result of 

an overstretch of the medial meniscotibial 

ligament. 

Clinical Findings 

The patient complains of pain at the medial 

side of the knee, at the level of the joint space. 

Sometimes there is slight joint effusion. 

Functional Examination 

Passive external rotation of the lower leg is 

the most painful test. Passive valgus can also 

be painful. The exact site of the lesion is lo

cated by means of palpation, performed in 90° 

knee flexion and maximal external rotation of 

the lower leg. 

Treatment 

The uncomplicated lesion of the medial 

meniscotibial ligament responds well to 

transverse friction. This is probably because 

of the good vascularization of this structure. 

In therapy-resistant cases, a local injection 

with corticosteroid is occasionally indicated. 

SPRAIN OF THE LATERAL 

COLLATERAL LIGAMENT 

The lateral collateral ligament is much less 

often affected than the medial collateral liga

ment. The ligament is extraarticular, and 

when it is sprained there is no resultant joint 

effusion. Sprains of this ligament occur as the 

result of varus trauma or of trauma with a 

varus component. 

Clinical Findings 

The patient complains of pain at the lateral 

side of the knee. 

Functional Examination 

The varus test in slight flexion is painful, 

and the varus test in extension is negative. 

Palpation for the exact site of the lesion is 

best performed with the patient in the figure-

4 position (refer to Chapter 8) .  

Treatment 

Sprains of the lateral collateral ligament 

respond well to transverse friction. The t'ric

tion is best performed with the patient in the 

figure-4 position. 

SPRAIN OF THE LATERAL 

MENISCOTIBIAL (CORONARY) 

LIGAMENT 

Solitary lesions of the lateral meniscotibial 

ligament, which is part of the lateral joint cap

sule, are rarely seen. Lesions of the lateral 

meniscus, iliotibial tract, and tendon of the 

popliteus should be considered part of the 

differential diagnosis. Lesions ofthis ligament 

are almost always in conjunction with a lesion 

of another part of the lateral capsuloJiga

mentous complex and are the result of an in

ternal rotation trauma or trauma with an in

ternal rotation cOI:1ponent. 

Clinical Findings 

Because a lesion of the lateral meniscotibial 

ligament almost always occurs in combina

tion with a lesion of the lateral capsulo

ligamentous complex, a nwnber of different 

tests can be painful. 

Functional Examination 

Passive internal rotation is specifically 

painful for the ligament. In some cases, the 

passive varus test in slight knee flexion can be 

mildly painful. Palpation with the lower leg in 

maximal internal rotation and the knee at 90° 

flexion will disclose the exact site of the le

sion. 

Treatment 

As is the case with sprain of the medial 

meniscotibial ligament, transverse friction is 

the preferred treatment for a sprain of the 

lateral meniscotibial ligament. 



Pathology oj the Knee 227 

CAPSULOLIGAMENTOUS PATHOLOGY WITH 

INSTABILITY 

In all forms of acute instability, the knee is 

almost always swollen as a result of hemar

throsis or synovial effusion, which can be 

differentiated by knowing how quickly the 

swelling occurred. The knee can also be 

warm. In such cases, there are always limita

tions of motions in the capsular pattern, 

with flexion being much more limited than 

extension. 

Note: A general consideration during con

servative and postoperative treatment of 

capsuloligamentous structures is that, in ev

ery lesion of the capsuloligamentous com

plex, there is a disturbance in the propriocep

tion of the joint. Therefore , it is important to 

pay special attention to proprioceptive train

ing. This type of training can easily be incor

porated into the muscle-strengthening pro

gram. 

In all forms of anterior instability, the ham

strings should be exercised twice as inten

sively as the quadriceps . The opposite is true 

for all forms of posterior instability (for more 

details, refer to Chapter 1 1) .  

The appropriate laxity tests for the forms of 

knee instability described in this section are 

listed under "Clinical Findings" for each form. 

MEDIAL INSTABILITY IN SLIGHT 

KNEE FLEXION 

Medial instability in slight knee flexion in

volves an instability of the knee in the frontal 

plane in a valgus direction. Medial instability 

is caused by valgus trauma or trauma with a 

valgus component, usually a valgus-flexion

external rotation trauma. 

Stability is tested in slight knee flexion. The 

following structures can be affected : 

• 1 + Instability 

1 .  Medial meniscotibial ligament 

2 .  Medial collateral ligament (sprain or 

partial tear) 

3. Possibly the lateral meniscus 

• 2+ Instability 

1 .  Medial meniscotibial ligament 

2. Medial collateral ligament 

3. Posterior oblique ligament 

4. Possibly the lateral meniscus 

• 3+ I nstability 

1 .  Medial meniscotibial ligament 

2. Medial collateral ligament 

3. Posterior oblique ligament 

4. Possibly the lateral meniscus 

5. Anterior or posterior cruciate liga

ment 

The "unhappy triad" described by 

O'Donoghue12 consists of lesions of the me

dial collateral ligament, anterior cruciate liga

ment, and medial meniscus. A medial menis

cus lesion in this instance is, in fact, a capsular 

lesion. If there is a meniscus lesion in this in

j ury, it is usually in the lateral meniscus. 

Clinical Findings 

• 1 + Instability 

1 .  Painful passive external rotation of 

the lower leg 

2 .  Painful passive valgus test in slight 

knee flexion 

3. Sometimes a positive McMurray or 

Steinmann test 

• 2+ Instability 

l .  The same p ositive tests as for 1 + 

instability 

2. Pain on the passive valgus test with 

the knee in extension 

• 3+ Instability 

l .  The same positive tests as for 2 +  

instability 
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2. Positive anterior drawer test or poste

rior drawer test in 80° knee flexion 

3. Positive anterior drawer test in 80° 

knee flexion and maximal external ro

tation 

4. Positive Lachman's test 

5. If the posterior cruciate is affected:  

-Positive anterolateral drawer test 

in 90° flexion 

-Positive posterior drawer test in 

80° flexion and maximal internal 

rotation 

Treatment 

Initially, treatment of a 1 + to 2+ instability 

is conservative and may include transverse 

friction, muscle strengthening, and proprio

ceptive exercises. In certain circumstances, 

for athletes as an example,  surgery is indi

cated for a 2+ instability. In 3+ instability, the 

preferred treatment is surgical reconstruc

tion. Afterward, the patient should undergo 

functional rehabilitation. 

MEDIAL INSTABILITY IN KNEE 

EXTENSION 

Medial instability in knee extension in

volves an instability of the knee in the frontal 

plane in a valgus direction. As is the case with 

medial instability in slight knee flexion, this 

instability is the result of valgus trauma or of 

trauma with a valgus component. 

Stability is tested in knee extension. The 

following structures can be affected: 

• 1 + Instability 

1 .  Posterior oblique ligament (postero

medial corner of the capsule) 

2. Possibly the medial meniscus 

3. Medial collateral ligament (sprain or 

partial tear) 

• 2+ Instability 

1 .  The same as for 1 + instability 

2. Medial meniscotibial ligament 

3. Anterior (and sometimes also poste

rior) cruciate ligament 

• 3+ Instability 

1 .  The same as for 2+ instability 

2. Posterior cruciate ligament 

Clinical Findings 

• 1 + Instability 

1 .  Painful passive valgus test in knee ex

tension 

2. Sometimes a positive McMurray or 

Steinmann test 

• 2+ Instability 

1 .  The same positive tests as for 1 +  in

stability 

2. Painful passive external rotation of 

the lower leg 

3. Positive passive valgus test in slight 

knee flexion 

4. Positive Lachman's test 

5. Positive anterior drawer test in 80° 

flexion 

6. Positive anterior drawer test in 80° 

flexion and maximal external rotation 

7. If the posterior cruciate ligament is 

affected , the anterolateral drawer 

test will also be positive 

• 3+ Instability 

1 .  The same positive tests as for 2+ 

instability 

2. Positive tests for the posterior cruci

ate ligament 

Treatment 

Initially, treatment of a 1 + to 2+ instability 

is conservative and may include transverse 

friction, muscle strengthening, and proprio

ceptive exercises. In certain circumstances, 

for athletes as an example, surgery is indi

cated for a 2+ instability. In 3+ instability, the 

preferred treatment is surgical reconstruc

tion. Afterward, the patient should undergo 

functional rehabilitation. 



LATERAL INSTABILITY IN SLIGHT 

KNEE FLEXION 

Lateral instability in slight knee flexion in

volves an instability of the knee in the frontal 

plane in a varus direction. A lateral instability 

of the knee is the result of varus trauma or 

trauma with a varus component, the most 

common being a varus-flexion-internal rota

tion trauma. 

Stability is tested in slight flexion of the 

knee (some varus mobility in slight flexion of 

the knee is physiological) . The following 

strucLures can be affected: 

• I + Instability 

1 .  Lateral meniscotibial ligament 

2. Lateral collateral ligament (sprain or 

partial tear) 

3. Possibly the lateral meniscus 

• 2+ Inst2.biliLy 

1. The same as for 1 + instability 

2. Iliotibial tracL 

3. Possibly the anterior or posterior cru

ciate bgament 

• 3+ Instability 

] .  The same as for 2+ instability 

2. Lateral collateral ligament (complete 

tear) 

3. Popliteal arcuate ligament and the 

tendon of the popliteus muscle 

4. Anterior or posterior cruciate liga

ment 

Clinical Findings 

• 1 + Instability 

1 .  Painful passive internal rotation of 

the lower leg 

2. Painful passive varus test in slight 

knee flexion 

3. Sometimes a positive McMurray or 

Steinmann test 

• 2+ InstabiliLy 

1 .  The same pos itive tests as for 1 +  

instability 
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2 .  Positive tests for the anterior or pos

terior cruciate ligament 

• 3+ Instability 

1 .  The same positive tests as for 2 +  

instability 

2. Positive tests for the anterior and pos

terior cruciate ligaments 

Treatment 

Initially, the treatment of a 1 + instability is 

conservative and may include transverse fric

tion, muscle strengthening, and propriocep

tive exercises. In 2+ and 3+ instabilities, the 

preferred treatment is surgical reconstruc

tion. Afterward, the patient should undergo 

functional rehabilitation. 

LATERAL INSTABILITY IN KNEE 

EXTENSION 

Lateral instability in knee extension in

volves an instability of the knee in the frontal 

plane in a varus direction. This instability is 

also the result of varus trauma or of trauma 

with a varus component. 

Stability is tested in knee extension. The 

following structures can be affected: 

• 1 + Instability 

1 .  Popliteal arcuate ligament 

2. Lateral meniscotibial ligament 

3. Possibly the lateral meniscus 

4 .  Lateral collateral ligament (sprain or 

partial tear) 

• 2+ Instability 

1 .  The same as for 1 + instability 

2. Lateral collateral ligament and the 

tendon of the popliteus muscle (com

plete rupture) 

3. Anterior or posterior cruciate liga

ment (frequent) 

• 3+ Instability 

1 .  The same as for 2+ instability 

2. Anterior and posterior cruciate liga

ments and iliotibial tract (complete 

tear) 



230 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

Clinical Findings 

• 1 + Instability 

1 .  Painful passive varus test with the 

knee in extension 

2. Painful passive internal rotation of 

the lower leg 

3. Sometimes ,  positive McMurray or 

Steinmann test 

• 2+ Instability 

1 .  The same positive test as for 1 + insta

bility 

2. Positive tests for the anterior or pos

terior cruciate ligament 

• 3+ Instability 

1 .  The same positive tests as for 2+ in

stability 

2. Positive tests for the anterior and pos

terior cruciate ligaments 

Treatment 

As is the case with lateral instability in  

slight flexion of  the knee, the treatment of  a 

1 + instability is conservative and may include 

transverse friction, muscle strengthening, 

and proprioceptive exercises. In 2+ and 3+ 

instabilities, the preferred treatment is surgi

cal reconstruction .  Afterward, the patient 

should undergo functional rehabilitation. 

ANTERIOR INSTABILITY 

Anterior instability involves a forward in

stability of the knee in the sagittal plane. An 

anterior instability can be the result of a hy

perextension-internal rotation trauma or of 

trauma whereby a force acts against the pos

terior aspect of the lower leg. Usually, it in

volves a rotation trauma with a valgus or varus 

component. Immediately after the trauma, 

severe swelling of the knee often occurs, re

sulting from bleeding of the synovial mem

brane. If the anterior cruciate is completely 

torn, the patient often hears a pop. 

The anterior stability of the knee is tested 

with the knee in 800 flexion as well as in slight 

flexion (Lachman's test) .  The lower leg is not 

rotated during these tests. When the anterior 

cruciate ligament is torn, an anterolateral ro

tatory instability often occurs because of the 

incongruence of the lateral joint surfaces of 

the tibia and femur. For this reason, the Mar

tens test, which is a combination of the 

Lachman and pivot shift tests, should also be 

performed to differentiate a pure anterior in

stability from an anterolateral instability. 

The following structures can be affected: 

• 1 + Instability 

1 .  Anterior cruciate ligament 

2. Often the medial meniscus 

• 2+ Instability 

1 .  The same as for 1 + instability 

2. Medial or lateral meniscotibial liga

ment (an associated lesion) 

3. Possibly the medial or lateral collat

eral ligament (associated lesion) 

• 3+ Instability 

1 .  The same as for 2+ instability 

2. Posterior cruciate ligament 

3. Iliotibial tract (in the case of an asso

ciated lateral instabili ty) 

Clinical Findings 

• 1 + Instability 

1 .  Positive passive hyperextension test 

2. Positive Lachman's test (pathogno

monic) 

3. Possibly a positive anterior <irawer 

test in 800 knee flexion 

4. Possibly a positive McMurray or 

Steinmann test 

5. Possibly a positive Martens test 

• 2+ Instability 

1 .  The same positive tests as for 1 + 

instability 

2. Painful internal or external rotation 

of the lower leg 



3. Possibly a positive passive valgus or 

varus test in slight knee flexion 

• 3+ Instability 

1 .  The same positive test as for 2+ insta

bility 

2. Positive tests for the posterior cruci

ate ligament 

Treatment 

Initial treatment of a 1 + to 2+ instability is 

conservative and may include transverse fric

tion, muscle strengthening, and propriocep

tive exercises. In 3+ instability, the preferred 

treatment is surgical reconstruction. After

ward, the patient should undergo functional 

rehabilitation. 

POSTERIOR INSTABILITY 

Posterior instability involves a backward 

instability of the knee in the sagittal plane 

(Figure 1 0-29) . Solitary posterior instability 

can occur as the result of "dashboard 

trauma." (The dashboard trauma is typically 

the result of a motor vehicle accident in which 

an individual is thrown forward, hitting the 

dashboard with the proximal end of the tibia. 

This causes an enormous posterior 

translatory force on the knee with resultant 

rupture ofthe posterior cruciate ligament.) In 

most cases, however, the posterior instability 

is the result of rotation trauma with a valgus 

or varus component. 

When there is a complete tear of the poste

rior cruciate ligament, a hematoma in the calf 

often occurs. This happens because the pos

terior capsule also tears, allowing blood to 

leak out of the joint. 

Posterior instability is tested with the knee 

in 90° flexion . If this is not possible because of 

swelling, it can also be tested in about 60° 

flexion. The following structures can be af

fected: 

• 1 + Instability 

1 .  Posterior cruciate ligament 
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• 2+ Instability 

1 .  Posterior cruciate ligament 

2. Posteromedial or posterolateral 

capsuloligamentous structures 

• 3+ Instability 

1 .  The same as for 2+ instability 

2. Generally complete ruptures are in

volved 

Clinical Findings 

• 1 + Instability 

1 .  Positive anterolateral drawer test 

(pathognomonic) 

2. Positive posterior drawer test in 80° 

flexion 

3. In the presence of the gravity sign 

(Figure 1 0-30) there will also be a 

false-positive anterior drawer test in 

80° knee flexion 

• 2+ Instability 

1 .  The same p ositive tests as for 1 + 

instability 

2. Positive passive valgus or varus test in 

knee extension 

3. Positive posterior drawer test in 80° 

flexion and maximal internal or exter

nal rotation 

• 3+ Instability 

1 .  The same as for 2+ instability 

2. Even more movement is noted 

Treatment 

Initially, treatment of a 1 + to 2+ instability 

is conservative and may include transverse 

friction, muscle strengthening, and proprio

ceptive exercises. In certain circumstances, 

for athletes as an example, surgery is indi

cated for a 2+ instability. In 3+ instability, the 

preferred treatment is surgical reconstruc

tion. Afterward,  the patient should undergo 

functional rehabilitation. 
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Figure 1 0-29 Conventional  radiograph of a you ng patient with an  avulsion fracture of the t ib ia l  plateau 
at the level of the t ib ia l  i nsertion of the posterior cruciate l igament (arrow) . 

ANTEROMEDIAL ROTATORY 

INSTABILITY 

Anteromedial rotatory instability involves 

an instability of the knee in the sagittal plane 

(anterior subluxation of the medial tibial pla

teau) and in the transverse plane (external 

rotation of the tibia in relation to the femur) . 

This form of instability is almost always 

caused by valgus trauma or valgus trauma 

with an external rotation component. Usu

ally, an anterolateral rotatory instability oc

curs as well. 

The following structures can be affected: 

• 1+ Instability 

1 .  Medial meniscotibial ligament 

2. Possibly the posterior oblique liga

ment 

3. Possibly the medial meniscus 

4. Usually the anterior cruciate ligament 

• 2+ Instability 

1 .  Same as for 1 + instability 

2 .  Posterior oblique ligament 



Figure 1 0-30 C l in ical picture showing a poste
rior subluxation of the r ight t ibia, the so-cal led 
gravity sign, resu lt ing from a rupture of the pos
terior cruciate l igament. 

• 3+ Instability 

1 .  Same as for 2+ instability 

2. Medial collateral ligament 

3. Anterior cruciate ligament 

Clinical Findings 

• 1 + Instability 

1 .  Painful passive external rotation of 
the lower leg 

2. Positive anterior drawer test in 80° 

flexion and maximal external rotation 

3. Possibly a positive passive valgus test 
in extension 

4. Possibly a positive Lachman's test 

• 2+ Instability 

1 .  The same positive tests as for 1 + in
stability 

2. Positive passive valgus test in exten
sion 

3. Possibly a positive Lachman's test 
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• 3+ Instability 

1 .  The same positive tests as for 2+  
instability 

2. Positive valgus test in slight knee flex
ion 

3. Positive Lachman's test 

Treatment 

A 1 + instability is almost always treated 
conservatively. A 2+ or 3+ instability is almost 
always treated surgically followed by fW1C
tional rehabilitative treatment. 

ANTEROLATERAL ROTATORY 

INSTABILITY 

Anterolateral rotatory instability is a fre
quently encountered instability in the sagittal 
plane (anterior subluxation of the lateral 
tibial plateau) and in the transverse plane (in
ternal rotation of the tibia in relation to the 
femur) . This form of instability is caused by 
varus trauma, varus trauma with an internal 
rotation component, or any trauma in which 
the anterior cruciate ligament is ruptured. 

It is difficult to determine a classification 
according to the sequence of affected struc
tures in 1 + , 2+ ,  and 3+ instabilities. The ante
rior cruciate ligament is always completely 
torn. In addition, the lateral structures can be 
torn, usually involving the lateral or posterior 
part of the lateral meniscotibial ligament and 
the iliotibial tract. Sometimes, the anterior 
part of the meniscotibial ligament is also torn; 
in this instance ,  the patient's knee is tender to 
palpation just distal to the joint space at the 
level of the lateral aspect of the tibia. 

Clinical Findings 

The Lachman's test is positive. The passive 
varus test in extension can be positive, but in 
slight flexion it is almost always positive. The 
Martens test is positive and pathognomonic. 
The pivot shift test is sometimes positive (it is 
always positive when the patient is under 
general anesthesia) . The anterior drawer test 
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in 50% internal rotation is slightly positive. In 

maximal internal rotation it  is  negative as a 

result of the intact posterior cruciate liga

ment. On plain films, an avulsion fracture is 

sometimes visible at the level of the attach

ment of the capsule at the lateral aspect of the 

tibia. 

Treatment 

A 1 + instability is almost always treated 

conservatively. A 2+ instability is sometimes 

treated conservatively, and in other cases it is 

treated surgically. A 3+ instability is almost 

always treated surgically. Surgical proce

dures are always followed up with functional 

rehabilitative treatment. 

POSTEROMEDIAL ROTATORY 

INSTABILITY 

Posteromedial rotatory instability occurs 

in the sagittal plane (posterior subluxation of 

the medial tibial plateau) and in the trans

verse plane (internal rotation of the tibia in 

relation to the femur ) .  Posteromedial rota

tory instability is the result of an internal or 

external rotation trauma, in which the poste

rior cruciate ligament is also ruptured. A rare 

variation of this instability is when it is in com

bination with an anteromedial rotatory insta

bility. 

The posterior cruciate ligament and the 

posteromedial capsuloligamentous struc

tures are always torn. It  is difficult to deter

mine a classification according to the se

quence of affected structures in 1 + ,  2+, and 

3+ instabilities. 

Clinical Findings 

Usually, the passive valgus test in exten

sion, as well as in slight flexion, is positive. 

The anterolateral drawer test is positive. 

Sometimes, a posterior drawer test in 800 

knee flexion and maximal internal rotation is 

positive. 

Treatment 

A 1 + or 2+ instability can almost always be 

successfully treated conservatively. In prin

ciple, a 3+ instability is treated surgically. 

Surgical procedures are always followed up 

with functional rehabilitative treatment. 

POSTEROLATERAL ROTATORY 

INSTABILITY 

Posterolateral rotatory instability is an in

stability in the sagittal plane (posterior sub

luxation of the lateral tibial plateau) and in 

the transverse plane (external rotation of the 

tibia in relation to the femur) . This form of 

instability is seen more often than the just de

scribed posteromedial rotatory instability 

The affected structures include the poste

rolateral capsuloligamentous structures (the 

arcuate complex) , the posterior cruciate liga

ment, and, in severe cases, the lateral collat

eral structures (superficial and deep ) .  It is 

difficult to determine a classification accord

ing to the sequence of affected structures in 

1 + , 2+ ,  and 3+ instabilities. 

Clinical Findings 

Usually, the passive varus test in extension, 

as well as in slight flexion, is positive. The 

anterolateral drawer test in 900 flexion is 

positive . The posterior drawer test in 800 

knee flexion and maximal external rotation is 

positive, showing a significant increase in lax

ity in ruptures of the posterior cruciate liga

ment. 

Treatment 

A 1 + or 2+ instability can usually be suc

cessfully treated conservatively. In principle, 

a 3+ instability is treaLed surgically, followed 

by functional rehabilitative treaLment. 
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10.3 PATHOLOGY OF THE PATELLOFEMORAL JOINT 

SUBLUXATION OF THE PATELLA 

Subluxation of the patella can occur trau
matically, but this does not happen often. In 
most cases, there is a chronic lateral sublux
ation resulting from an incongruence be
tween the form and position of the patella on 
one side and the patellar groove of the femur 
on the other side (patellar malalignment) . In 
particular, patella alta (high position) , a shal
low patellofemoral groove, and dysplasia of 
the lateral femoral condyle can lead to dislo
cation or subluxation of the patella. 

In 1 94 1  and 1 964, Wibergl3 and BaumgartJ I 4  
described the various types of patellas (Fig
ure 1 0-3 1 ) .  The first two types are the most 
stable, with well-formed medial and lateral 
patellar facet&. The other types are less stable 
and undergo uneven forces during activities, 
often resulting in lateral subluxation or dislo
cation. 

When the knee is extended from a flexed 
position, the patella moves from its lateral 
and internally rotated position in a medial di
rection. Particularly in the last part of its tra
jectory (20° to 0°) , the patella again moves 
laterally. It is usually just in this phase that the 
symptoms occur. 

In patients with malalignment, an in
creased quadriceps angle (Q angle) is usually 
seen (Figure 1 0-32; the Q angle is the acute 
angle formed by two imaginary intersecting 
lines: one that connects the anterior superior 
iliac spine with the middle of the patella, and 
one that connects the middle of the patella 
with the middle of the upper aspect of the 
tibial tuberosity) . In the medical literature, 
there is much disagreement as to the signifi
cance of the Q angle .  Clinically, it has become 
less important in the last several years. The Q 
angle is neutralized when the knee is flexed 
farther than 30°. Thus the risk that the patella 
will subluxate or dislocate decreases when 
the knee is beyond 30° flexion.  

Recent MR studies of patellar movement 
in healthy subj ects and in patellar 
subluxations demonstrate that the greatest 
deviation in movement can occur between 
1 0° and 0° knee flexion. In  general, lateral 
movement of the patella is greater in women 
than in men. This is particularly obvious 
when the knee is moving into extension from 
a position of 20° flexion. This could explain 
why the subluxating patella is a disorder that 
is seen most often in women in the later 
stages of adolescence. Often, the sublux
ation occurs bilaterally. In  many cases, the 
disorder is familial. 

Subluxation of the patella is seen more of
ten in cases of general hypermobility. If there 
is a patella alta (high position of the patella) , 
the chance of subluxation increases with the 
height of the patella. This relationship exists 
because the high patella enters the groove too 
late during flexion of the knee or leaves the 
groove too early during extension. 

E lectromyographic studies have demon
strated that clear aberrations of the quadri
ceps muscle occur in conj unction with 
chronically subluxating patellas. Floyd et al 15 
propose that there is a primary muscular de
fect in many cases that is the cause of this 
chronic subluxation. 

When there is decreased strength of the 
quadriceps, full extension of the knee will not 
be achieved when running, resulting in a 
shortening of the hamstrings and leading to 
an increase in the extension of the ankle joint. 
A compensatory hyperpronation of the foot 
takes place, leaving the subject vulnerable to 
all the possible consequences (see the sec
tion on achillodynia in Chapter 1 7) .  

Isometric contraction o f  the quadriceps in 
an extended knee restricts the lateral tilting 
of the patella and moves the patella either me
dially or laterally; this varies among individu
als. After a period of time, changes in pres
sure against the various patellar facets can 
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Figure 1 0-31 Form variations of the pate l la  as descri bed by Wiberg and  Baumgart l .  The media l  facet 
becomes more and more vert ica l .  Type 5 is termed the " h unter's cap "  form.  

damage the cartilage, causing patellar chon
dromalacia. Another common consequence 
of a chronic subluxating patella is an insertion 
tendopathy of part of the patellar insertions 
of the extensor mechanism. This can be S1l1-

pra- as well as infrapatellar and medio- or 
lateropatellar. 

Acute dislocation of the patella is easy to 
differentiate from chronic subluxation. In 
acute dislocation, the patella does not reposi
tion. The patient has severe pain and is un
able to bend the knee (refer to the section, 
Dislocation of the Patella) . In cases of chronic 
subluxation, the patella generally subluxates 
and immediately "goes back into place" (Fig
ure 1 0-33 ) .  Habitual subluxation can result 
from an acute dislocation. 

Differential Diagnosis 

• Patellar chondromalacia (patients com
plain particularly of pain in more than 
30° knee flexion) 

• OeD of the patella (plain films confirm 
the diagnosis) 

• Sinding-Larsen-Johansson disease (this 
is an aseptic bone necrosis of the apex of 
the patella) 

• Prepatellar bursitis (there is local ten
derness, and there may be swelling that 
fluctuates under the palpating fingers) 

• Infrapatellar bursitis, superficial or deep 
(there is local tenderness, and there may 
be swelling that fluctuates under the pal
pating fingers) 
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Figure 1 0-32 Q angle.  

• Osgood-Schlatter disease (this is an 
aseptic bone necrosis of the tibial tuber
osity; the patient complains of pain distal 
to the patella; plain films confirm the di
agnosis) 

• Patella (bi) partita (the patient com
plains of pain lateral or proximolateral to 
the patella; plain films are diagnostic) 

• Fracture or pseudoarthrosis of the pa
tella 
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• Various patellar insertion tendopathies 
(in particular, pain is provoked during 
resisted extension of the knee; palpation 
confirms the diagnosis) 

• Inflammation of the infrapatellar fat pad , 
also termed Hoffitis (there is local ten
derness) 

• Patella alta (This is a condition of an un
stable patella, in that the patella no 
longer lies in the corresponding femoral 
groove.  On inspection, the so-called 
camel-back knee is noted. When looking 
at the knee from lateral, one normally 
sees only one convexity at the level of 
the patella. In patella alta, two convexi
ties are visible: The first one is the pa
tella, and the more distal one is the 
infrapatellar fat pad.)  

• Meniscus lesion (keep in mind the at
tachment of the extensor mechanism to 
the menisci, which can result in provoca
tion of pain during resisted testing) 

Clinical Findings 

The patient complains of pain at the medial 
or lateral side ofthe patella. If there is a supra
or infrapatellar insertion tendopathy, the pa
tient will also complain of pain at the level of 
the base or apex of the patella. The pain oc
curs particularly in the last 20° of extension or 
in the first 20° of flexion. After 20° flexion, the 
pain decreases because the patella can no 

Figure 1 0-33 Axia l  conventional radiograph of the patella i n  a patient showing obvious hypoplasia of 
the lateral facets (arrows) with shal low femoral grooves. 
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longer subluxate. If there is also chondroma
lacia of the patella, pain can occur in positions 
of more than 30° flexion. 

On inspection, usually the Q angle is larger 
than 1 50. Occasionally it is less than 1 5°. Of
ten, the patella appears to be "looking" in a 
medial direction; this is the so-called squint
ing patella. A severe form is called kissing 
patellae. 

The position of the hip, knee, and foot can 
alter the Q angle ,  leading to an abnormal 
movement pattern of the patella. The most 
frequent cause is femoral anteversion. This 
can be assessed by a simple test: The thera
pist grasps the ankles of the supine patient 
and rotates the patient's hips from a neutral 
position (with extended knees) internally 
and externally. In the case of femoral antever
sion

' 
the internal rotation is greater than the 

external rotation. 
Another often seen cause of an altered Q 

angle is hyperpronation of the foot. This can 
also be easily determined by the presence of a 
greater amount of movement of the first 
metatarsal in relation to the second metatar
sal in a plantar to dorsal direction. The normal 
movement excursion during this passive test 
is not more than 5 mm dorsally and 5 mm 

plantarly. If the amount of motion is greater, 
hyperpronation is indicated. 

The active and passive movements of the 
patella are carefully assessed with the patient 
standing and lying down. Often, the patella 
has an abnormal range of motion in a lateral 
direction (Figure 1 0-34; for more details, re
fer to the "Clinical Findings" section under 
"Chondromalacia of the Patella," below) . 

Treatment 

The treatment is primarily conservative. By 
the use of a special brace or taping, the abnor
mal lateral movement of the patella can be 
influenced but not actually corrected. Often, 
the connecting fibers between the patella and 
the iliotibial tract are too short, but they can 
be manually stretched (refer to Chapter 1 1 ) .  
An insertion tendopathy can b e  treated with 
transverse friction. A shortened rectus femo-

ris muscle can be stretched. Shortened ham
strings are treated with stretching exercises. 
The patient should perform all stretching ex
ercises several times daily at home. 

Muscle-strengthening exercises are also an 
important part of the treatment program. 
Emphasis should be placed on the vastus 
medialis obliquus, vastus medialis, and quad
riceps muscles. These exercises can only be 
initiated when resisted knee extension is 
painless, however. 

If the symptoms cannot be resolved by con
servati�e therapy, surgery may be indicated. 
The results of many surgical procedures are 
not favorable .  Thorough evaluation of patellar 
movement by means of CT or MR imaging 
should be done before the decision for sur
gery is made .  This will help determine the 
exact structures at fault so that unnecessary 
or inappropriate procedures can be avoided. 

DISLOCATION OF THE PATELLA 

Dislocation of the patella is one of the more 
commonly seen disorders of the knee. Ap
proximately one fourth of all patients with 
this problem visit the physician with the pa
tella still in its dislocated position. The knee is 
held in flexion, and the patella is visible and 
palpable next to the lateral femoral condyle. 
Medial dislocations of the patella are rare. 
This disorder is seen more often in men than 
in women. 

Usually the patients describe an incident 
when tlie patella slipped in and out of place. 
Although many patients can attribute the dis
location to an accident, it appears that most of 
the time there was an abrupt, unguarded flex
ion of the knee , in which the quadriceps were 
suddenly forced to contract eccentrically. In 
rare instances, the patella dislocates as the 
result of a laterally directed force against the 
medial aspect of the patella. 

In a dysplastic patella, once the patella has 
dislocated it becomes more susceptible to re
current dislocations with certain movements . 
This is termed a recurring patellar disloca
tion. The patella dislocates during normal 
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Figure 1 0-34 Patient with recu rren t  patel lar  subluxation (AI who has severe laxity of the pate l la  i n  a 
lateral direction (BI 

movement and spontaneously relocates. Of
ten the patient has a congenital hyper
mobility of all the joints in combination with 
patellar dysplasia. 

Predisposing factors for a dislocating pa
tella include the following: 

• patellofemoral dysplasia (refer to the 
section, Subluxation of the Patella, for 
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the types of patella identified by 
Wibergl3 and Baumgartll4 

• patella alta (refer to the differential diag
nosis section under Subluxation of the 
Patella) 

• mal alignment of the hip (femur) , knee 
(tibia) , or foot (pes plano valgus) 

• hypermobility syndrome 

Clinical Findings 

The patient has severe pain during the dis
location and while the patella is still in the dis
located position. In most cases, an acute he
marthrosis occurs. There is tenderness to 
palpation at the level of the medial retinacu
lum, which is ruptured during the dislocation. 
The medial patellar facet can also be tender to 
palpation as the result of a subchondral le
sion. The lateral femoral condyle is often ten
der to palpation as a result of osteochondral 
damage, which usually occurs during the 
spontaneous or improperly performed 
manual reduction. 

The apprehension test, performed only 
when the patella is no longer dislocated, is 
positive. With the knee in 1 0° flexion, the ex
arniner moves the patella laterally with both 
thumbs. In so doing, the patient experiences 
pain and does not allow further movement. In 
spite of a negative test, if a dislocation is still 
suspected, the patient is asked to flex the 
knee while the patella is pushed laterally. As a 
result of pain, the patient will abort the at
tempt to actively flex the knee. If this test is 
positive, the diagnosis of patellar dislocation 
is confirmed. 

Radiologic examination, particularly a tan
gential patellar view, is important to detect 
the presence of osteochondral fractures. 
Arthroscopy is indicated when the diagnosis 
is not clear or when damage to the cartilage is 
suspected. 

Treatment 

In the case of an actual dislocation, the pa
tella must be repositioned. This has to be 

done carefully because otherwise the chance 
for an osteochondral lesion of the femoral 
condyle is great. The flexed knee is supported 
by an assistant, and the patella is laterally fix
ated and lifted slightly. Then the knee is 
slowly extended. When the knee is almost 
extended, the patella glides automatically 
into place. 

If there are complications, or when loose 
fragments are removed during arthroscopy, 
the knee should be treated as described un
der the section, Subluxation of the Patella. In 
this case , more attention is given to the 
patient's pain and swelling during the reha
bilitation process. 

CHONDROMALACIA OF THE 

PATELLA 

Chondromalacia literally means soften
ing of the cartilage; chondropathy is a term 
for pathology of the cartilage. The term chon

dropathy is best used for the clinical syn
drome of anterior patellar knee pain until, by 
means of arthroscopy, arthrotomy, or micro
scopic examination, a diagnosi� of chondro
malacia of the patella can be confirmed (Fig
ure 1 0-35) .  

Classification 

The main classification of the various 
stages of chondromalacia is based on the first 
classifications of Aleman, 16 described in 1 928. 

His classifications were further modified by 
such authors as Insall 1 7  and, finally, Bently 18 

Stage 1 :  Localized softening of the carti
lage , swelling and fibrillation or fissure 
formation in an area smaller than 0.5 cm 

Stage 2: Fibrillation or fissure formation in 
an area of 0.5 to 1 cm 

Stage 3. Fibrillation or fissure formation in 
an area of 1 to 2 cm 

Stage'4. Fibrillation or fissure formation in 
an area larger than 2 cm or without vis
ible subchondral bone 



Figure 1 0-35 Surg ical photograph showing se
vere s igns of chondromalacia of the pate l la  with 
frag mentation of the joint carti lage i n  a young 
basketba l l  player. 

Etiology 

Most cases of chondromalacia of the patella 
are seen in adolescents. Almost all authors 
describe a traumatic etiology. Both acute and 
chronic trawnas are considered. The follow-
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ing conditions are al l  considered p rimary 
causes of chronic micro trauma: 

• incongruence in geometry between the 
patella and the corresponding femoral 
joint surface 

• form variations of the patella C with sub
luxation of the patella as a result; Figure 
1 0-36) . 

• osteochondral ridges 

• hypo- and hyperpressure in the 
patellofemoral joint 

In a prospective study, Insalll7 found an ab
normal Q angle in 50% , and patella alta in 
30% , of all patients who had undergone sur
gery for chondromalacia. 

A consistent point of discussion is whether 
chondromalacia is the result of too much lat
eral hyperpressure or too little medial 
hypopressure. Some researchers conclude 
that in most of the cases the lateral side is af
fected, while the others indicate that it is the 
medial facet that is more often affected. 

Using pressure-sensitive film, Huberti and 
Hayesl9  researched the contact pressure of 
the various patellar facets with the femur. 

Figure 1 0-36 " Sunr ise" view of the patel la showing a combination of chondromalacia with a latera l ly 
subl uxating patel la .  
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This was done in 20°, 30°, 60°, 90°, and 1 20° 
knee flexion. If there is no abnormal Q angle, 
the pressure on the medial and lateral facets 
of the patella should be almost equal . The 
most pressure occurs in 90° knee flexion and 
is approximately 6 .5  times the body weight 
(Figure 1 0-37) . A 1 0° larger Q angle results in 
increased pressure of all the facets, and in 20° 
flexion there is 45% more pressure. A 1 0° 
smaller Q angle in some knees results in de
creased pressure on part of the lateral facet; 
this decreased pressure was always coupled 
with an increase in pressure in another facet 
(50% more in 20° flexion) . This means that 
the site of increased pressure in abnormal Q 
angles causes an unpredictable pattern of in
creased or decreased cartilage pressure else
where in the patella. These findings are sig
nificant when surgery that would alter the Q 
angle is being considered. 

Pain in Chondromalacia of the 

Patella 

Cartilage is not innervated. Thus there are 
many theories described in the medical litera
ture about the occurrence of pain in chondro
malacia of the patella. Some authors believe 
the joint capsule to be responsible for the 
pain, but biopsies have rarely found a synovi
tis 1 7  Some authors state that the increased 
pressure of the innervated subchondral bone 
causes the pain. This, too, remains an open 
question as long as the discussion of hypo
and hyperpressure is unresolved. 

It has been postulated that a painful and 
too-tight retinaculum is the cause of pain in 
chondromalacia. With age, the retinaculum 
also becomes more stiff and less elastic ,  
which means that with increasing age more 
symptoms will arise. Just the opposite is the 
case, however. 

Figure 1 0-37 Schematic d iagram of compression force ( K K) in the knee. The com pression force 
decreases when the knee is moved from fleXion to extension.  



Relationship with Arthrosis 

There is also much disagreement in the 
medical literature regarding the relationship 
between patellar chondromalacia and arthro
sis. Some believe that chondromalacia is a 
forewarning of arthrosis of the patellofemoral 
joint. We think that this is unlikely, however, 
because arthrosis of the patellofemoral joint 
is rarely seen in elderly people, whereas 
chondromalacia is seen often, particularly in 
young people. Patients with arthrosis of the 
patellofemoral joint seldom indicate that they 
had knee problems in their adolescence. 1 7, 1 8  

Relationship with Instability/ 

Hypermobility 

Tn many instances, chondromalacia occurs 
as the result of a long-standing posterior in
stability of the knee. Because in this condition 
the tibia "hangs" slightly posteriorly, more 
pressure is exerted on the patellar cartilage . 

There is a strange phenomenon experi
enced by some young children who complain 
of pain, particularly at night, that is found to 
be the result of transient chondromalacia. In 
these cases ,  the functional examination is 
usually negative, but often such patients are 
fow1d to have a hypermobility of the patella in 
a lateral direction. Generally, these children 
react well to children's aspirin, and after sev
eral months or more the symptoms disappear. 
This condition should be differentiated from 
(extremely rare) bone twnors, some of which 
also cause pain particularly at night. 

Anterior knee pain is frequently seen in 
girls during puberty; this is the so-called 
young girl's knee syndrome. The cause is un
known, and the symptoms eventually disap
pear without treatment. This can sometimes 
take years , however. For this group of pa
tients, surgery has devastating results. It is 
important to convince the parents of these 
patients that the problem will eventually dis
appear and that operative treatment usually 
only leads to further surgery. 
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Consequences of Chondromalacia 

of the Patella 

The most frequent consequence of chon
dromalacia of the patella is an insertion 
tendopathy at one of the insertion sites of the 
extensor mechanism at the patella. This can 
be supra-, infra-, medio-, or lateropatellar. 

Differential Diagnosis 

Refer to the differential diagnosis section, 
Subluxation of the Patella. 

Clinical Findings 

The patient complains of pain at the level of 
the patella. Sometimes the pain is experi
enced behind the patella or around the pa
tella, particularly superomedial and medial. 
In a number of cases, pain is also felt laterally. 
Prolonged sitting with the knee in 90° flexion 
is painful in many instances (termed 
"moviegoer's sign") . The same is true for lying 
with flexed knees. The pain disappears when 
the knee is straightened. Descending and as
cending stairs can be painful. 

If the pain is experienced mostly 
infrapatellar, there is likely to be an apexitis of 
the patella, also termed "jillUper's knee." An 

apexitis of the patella can be a consequence 
of chondromalacia. This pain is often activity 
related but can also occur at rest. 

Some patients complain of a "giving way" of 
the knee, which can occur with or without 
accompanying pain. Another frequently de
scribed symptom is the feeling as if the knee 
locks; this is not a true locking, however, and 
is thus termed pseudolocking. 

Functional Examination 

Slight synovial effusion of the knee can oc
cur, especially after activities. If there is se
vere swelling that disappears after 1 day, 
there is likely to be cartilage damage not on 
the patella but in the femoral groove. In these 
cases, when the patient stands and the exam
iner exerts pressure against the patella, there 
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is an obvious painful arc during active flexion. 
These patients respond well to arthroscopy 
(often better than with patellar cartilage 
damage) .  

Inspection while the patient i s  first stand
ing, then walking, and finally in a supine posi
tion can bring many significant factors to 
light. Positioning of the hips, lower legs, and 
feet can reveal, for example, torsion of the 
femur, torsion of the lower leg, or a tendency 
to flat feet. These are but a few of the condi
tions that can influence the Q angle and, with 
it, the movement pattern of the patella. Fre
quently there is atrophy, particularly of the 
vastus medialis obliquus and vastus medialis 
muscles (it can often be determined,  through 
the use of electromyography, that the 
strength of the quadriceps is diminished) . 

While standing on the affected leg, the pa
tient is asked to flex the knee to 90° and to 
indicate whether pain is experienced. In most 
instances , pain is felt at about 30° flexion. 
Then the movement is repeated while the 
examiner palpates the knee. Painful crepita
tion is a particularly significant finding. In  
some cases, there is a painful arc. This is  a 
result of a small local lesion either at the back 
of the patella or on the femoral condyle. An 
abrupt angular change in patellar trajectory 
usually indicates aberrations in the form of 
the patella or of the femoral gliding surface. 

With the patient lying down, the course of 
patellar movement is assessed and compared 
with that observed in standing. Motion of the 
patella is then specifically tested: The patella 
is moved in distal, proximal, medial, and lat
eral directions. In patella alta (high position of 
the patella, which can be radiographically 
confirmed) ,  the distal movement can be lim
ited. In an abnormally large lateral joint facet 
of the patella, the medial motion of the patella 
can be limited, and the lateral movement is in
creased. 

In about 30° flexion, the patella is pushed 
distally (Test 9 .33 in the functional examina
tion) , and the patient is asked to contract the 
quadriceps. Normally, the patient is able to 

move the patella proximally against resis
tance from the examiner without pain . In 
many instances ,  however, this test is per
formed with the knee in full extension; in this 
case pain is almost always provoked, even in 
nonaffected knees! From different positions 
of flexion, resistance against extension is per
formed. In many cases, this test is painful. 
When muscle length is assessed, there may be 
a shortening of the rectus femoris muscle. 

Treatment 

Almost all authors are in agreement that 
treatment should initially be conservative. 
Based on the findings in the clinical examina
tion, attempts should be made to correct 
static posture . For example, this can be 
achieved by means of a correcting orthotic for 
a flat foot, by which the patella no longer 
"squints" (Figure 1 0-38) . If  there are also 
problems with subluxation of the patella, the 
therapeutic measures discussed under "Sub
luxation of the Patella" (above) should be fol
lowed. 

If  resisted knee extension is painful, the 
most tender site is located by specific palpa
tion. Transverse friction massag� offers quick 
pain relief. The friction treatment in these 
cases should last for 1 0  to 1 5  minutes. Most 
patients with pain during resisted extension 
of the knee have a shortening of the rectus 
femoris muscle. This condition can be treated 
by the use of stretching exercises. The pa
tient should perform these exercises several 
times a day at home. 

After 6 months of conservative therapy if 
there is no improvement, arthroscopy is indi
cated. In the presence of a loose body in the 
joint, arthroscopy should be performed first, 
and followed by conservative rehabilitation. 

PATELLA (BI)PARTITA 

Patella (bi)partita is usually a coincidental 
finding on plain films (Figures 1 0-39 and 
1 0-40) . The lateral upper pole of the patella 
appears to be separate from the rest of the pa-
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Figure 1 0-38 Cl in ical picture of a right-sided f lat foot with " sq ui nt ing " patel la .  

tella, but it  is  connected with fibrous tissue. In 
the same way, a patella tripartita can be 
found, in which the lateral upper pole of the 
patella consists of two parts connected by fi-

brous tissue. Even a patella multipartita is 
possible; in this instance, the medial upper 
pole usually also has a fibrous connection 
with the rest of the patella. Occasionally, 
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Figure 1 0-39 Various forms of pate l la  bipartita and tripart ita.  

Figure 1 0-40 Axia l conventional radiograph of the pate l lae .  Patel la  bipartita is visible on the right (left 
on the f i lm) 

these anatomic variations can cause symp
toms in athletes .  In the case of patella 
(bi)partita, there is too much play between 
the different parts of the patella. 

Stress fractures should be considered in 
the differential diagnosis. There can also be a 
pseudoarthrosis, which is usually lateral, be
cause the lateral aspect of the patella is 
hypovascular or avascular. 

Clinical Findings 

Usually, the patient complains of pain at 
the proximolateral aspect of the patella. The 
functional examination is usually negative 
unless other disorders of the patella are 
present, such as chondromalacia, chronic 
subluxation, or an insertion tendopathy. 
There is significant local tenderness. After 
trauma, a fracture of the patella should be 
ruled out through radiologic examination. 

Treatment 

Treatment consists of an injection of local 
anesthetic .  In stubborn cases ,  an injection 
with a corticosteroid can be given . In this in
stance, the patient should refrain from sig
nificant activity, particularly sports, for 2 

weeks. 

IRRITATION OF THE 

INFRAP ATELLAR FAT PAD 

(HOFFITIS) 

Hoffitis involves a painful swelling as the 
result of edema, hypertrophy, or fibrosis of 
the infrapatellar fat pad . This rare disorder 
usually occurs as a complication of other knee 
pathology, usually chondromalacia, or it can 
occur from direct trauma. In some cases, 



there appears to be no other underlying knee 
pathology, and there was no prior trauma; 
this is seen in women and is called the pre
menstrual fat pad syndrome. Too often, the 
infrapatellar fat pad is mistakenly held re
sponsible for knee symptoms. 

Clinical Findings 

The patient complains of pain when as
cending and descending stairs, when squat
ting, during twisting activities with the lower 
leg, and when hyperextending the knee . 

Functional Examination 

Initially, the functional examination is 
negative, and there is only tenderness on pal
pation of the swollen fat pad medial and lat-
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eral to the patellar ligament. Palpation is per
formed with the patient's knee in extension, 
and results are compared with palpation on 
the nonaffected side. In later stages, passive 
hyperextension is also painful. 

Treatment 

I f  the lesion occurred as the result of 
trauma, decreasing sports activities for sev
eral weeks is sufficient. The fat pad heals 
quickly because it is well vascularized. If  the 
lesion is the result of another knee problem, 
the primary disorder should be treated first; 
usually, the Hoffitis disappears on its own. In 
severe cases of the premenstrual fat pad syn
drome, the infrapatellar fat pad is surgically 
removed. 

lOA PATHOLOGY OF THE BURSAE 

SUPERFICIAL AND DEEP 

INFRAP ATELLAR BURSITIS 

The superficial infrapatellar bursa lies be
tween the patellar ligament and the skin; the 
deep infrapatellar bursa lies between the pa
tellar ligament and the tibia. lnflanunation of 
one of these bursae can occur as the result of 
chronic mechanical irritation (Figure 1 0-4 1 )  

during such activities as kneeling; this disor
der is sometimes called "nun's knee."  It may 
also be caused by direct trauma. In the latter 
instance, there is usually some sligh� bleeding 
in the bursa. 

Differential Diagnosis 

• Infrapatellar insertion tendopathy 

• Osgood-Schlatter disease 

• Chondromalacia of the patella 

• Sinding-Larsen-Johansson disease Uu
venile osteochondrosis of the patellar 
apex) 

Clinical Findings 

The patient complains of pain at the ante
rior aspect of the knee, usually just distal to 
the patella. This pain occurs particularly dur
ing compression. In some cases, moderate to 
severe swelling is visible. 

Functional Examination 

The functional examination is usually nega
tive; sometimes maximal passive flexion of 
the knee is painful. Resisted knee extension 
can also be painful if there is swelling of the 
deep infrapatellar bursa. If  this is the case, 
resisted knee extension with the knee posi
tioned in end-range flexion is much more 
painful than when performed with the knee in 
20° to 30° flexion. 

There is tenderness to palpation just distal 
to the patella. Palpation can be used to differ
entiate between a superficial infrapatellar 
and a deep infrapatellar bursitis. In a deep 
infrapatellar bursitis, palpation distal to the 
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Figure 1 0-41 Xerography of the knees. There is a superficial infrapatel lar bu rsitis on the right; the loca l 
swel l i ng  is v is ib le (arr9w) . 

patella (particularly over the patellar liga
ment) will be much more painful with the 
knee in extension than with the knee in maxi
mal flexion. 

Treatment 

If there is obvious swelling, it should be as
pirated. Injection with 2 mL of local anes
thetic is the most effective therapy. This can 
be given immediately after the aspiration. In 
this instance, the knee should be wrapped to 
keep the swelling from recurring. If the re
sults are unsatisfactory or there is recur-

rence, injection with a solution of local anes
thetic and corticosteroid is indicated. If the 
bursitis continues to recur, surgical resection 
is indicated. 

PREPATELLAR BURSITIS 

The prepatellar bursa lies between the skin 
and the anterior aspect of the patella. Inflam
mation of this bursa can occur as a result of 
either acute or chronic trauma. Chronic irri
tation of the bursa can especially be caused by 
activities in which the individual is habitually 
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Figure 1 0-42 Cl in ical view of prepatel lar bursitis of the left knee. 

on hands and knees. This form of bursitis is 
often called "carpet-layer's knee ."  

Clinical Findings 

The patient complains of pain at the ante
rior aspect of the knee, particularly during 
compression. Sometimes, there is a visible 
swelling on the patella (Figure 1 0-42) ;  in this 
instance, the consistency of the swelling is 
fluctuating. 

Functional Examination 

The functional examination is usually nega
tive, but in cases of swelling passive knee flex
ion can be painful. 

Treatment 

If there is obvious swelling, it should be as
pirated. Injection with local anesthetic is the 
most effective therapy. This can be given im
mediately after the aspiration. In this in
stance, the knee should be wrapped to keep 
the swelling from recurring. If the results are 

unsatisfactory or there is recurrence, injec
tion with a solution of local anesthetic and 
corticosteroid is indicated. If the bursitis con
tinues to recur, surgical resection is indi
cated. 

SUPERFICIAL PES ANSERINUS 

BURSITIS 

At the level of the superficial pes anserinus, 
various bursae can become inflamed from 
chronic irritation. This can involve a bursa 
between the medial collateral ligament and 
superficial pes anserinus or, in principle, any 
of the bursae lying between the various ten
dons of the superficial pes anserinus. This 
form of bursitis is most often seen in swim
mers and in long-distance runners who have 
recently taken up the sport. 

Clinical Findings 

The patient complains of pain at the 
anteromedial aspect of the knee just distal to 
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the joint space. Sometimes, there is obvious 
swelling along with warmth and redness. In 
most cases, the swelling is only minimal with 
a mildly fluctuating consistency. 

Functional Examination 

The functional examination is almost al
ways negative. Because of this, it is easy to 
differentiate between a tendinitis (where re
sisted tests provoke pain) and a bursitis of the 
superficial pes anserinus. In cases of doubt, a 
trial of transverse friction can be performed 
to the most painful site of the superficial pes 
anserinus. If the patient's pain increases,  
there is probably a bursitis in this region. 

Treatment 

If there is obvious swelling, it should be as
pirated .  Injection with local anesthetic is the 
most effective therapy. This can be given im
mediately after the aspiration. In this in
stance, the knee should be wrapped to keep 
the swelling from recurring. If  the results are 
unsatisfactory or there is recurrence, injec
tion with a solution of local anesthetic and 
corticosteroid is indicated. If the bursitis con
tinues to recur, surgical resection is indi
cated. 

MEDIAL COLLATERAL LIGAMENT 

BURSITIS 

A medial collateral ligament bursa is a small 
bursa that lies under the medial collateral 
ligament. There are five possible locations for 
this bursa: 

l .  between the ligament and the j oint 
capsule proximal to the medial menis
cus, to which it is not connected, and 
reaching as far as the medial femoral 
epicondyle 

2. between the ligament and the proximal 
part of the medial meniscus 

3. between the ligament and the menis
cus 

4.  just clistal of the meniscus 

5. between the ligament and the tibia 

This lesion is often mistaken for a meniscus 
lesion or a lesion of the medial meniscotibial 
ligament. In a medial collateral bursitis, how
ever, there is no trauma in the patient history, 
and usually the patient is older than 35 years. 

Clinical Findings 

The patient complains of pain at the medial 
aspect of the knee at the level of the joint 
space. 

Functional Examination 

The functional examination is negative; 
thus lesions of the meclial meniscotibial and 
medial collateral ligaments are ruled out. 
There is tenderness to palpation at the level 
of the medial joint space or just proximal or 
distal to it. 

Treatment 

Injection with local anesthetic is the most 
effective therapy. If the results are unsatis
factory or there is recurrence, injection with a 
solution of local anesthetic and corticosteroid 
is indicated. In most patients, the symptoms 
disappear within 4 weeks. If the bursitis con
tinues to recur, arthroscopy is indicated. 

ILIOTIBIAL TRACT FRICTION 

SYNDROME 

An iliotibial tract friction syndrome is a 
typical sports lesion, seen particularly in long
distance runners and bicycle racers. The 
cause is friction of the iliotibial tract over the 
prominent lateral femoral epicondyle. Fric
tion occurring in this region can lead to either 
an irritation of the bursa between the iliotibial 
tract and the lateral femoral condyle or to a 
local tendinitis. 

In long-distance runners, the disorder par
ticularly occurs when training takes place in 
hilly or mountainous terrain. Especially dur
ing running downhill, the knee is held in 
slightly more flexion, during which the ili
otibial tract has more intense contact with the 
lateral femoral epicondyle. Because of a varus 



position of the knee or the calcaneus, the ili
otibial tract is placed on stretch, creating a 
predisposing condition to this syndrome. The 
same can occur by constantly running on one 
side of the road (which is usually slightly 
curved) ; on the left side of the road varus 
stress occurs at the left knee, on the right side 
of the road at the right knee . 

In bicycle racers, the cause of the symp
toms can usually be traced to incorrect ad
justment for leg length in relation to the frame 
of the bike or the use of pedal devices that fix 
the shoe on the pedal, thereby inhibiting the 
normal rotation motion in the knee during 
flexion and extension. 

Dif.ferential Diagnosis 

• Sprain of the lateral collateral ligament 

• Sprain of the lateral meniscotibial liga
ment 

• Insertion tendopathy of the biceps femo
ris muscle 

• Insertion tendopathy of the popliteus 
muscle 

Clinical Findings 

The patient complains of pain at the lateral 
side of the knee. Usually, the pain cannot be 
precisely located; in many cases there is radi
ating pain to just distal of the joint space. In 
severe cases, the pain is so sharp that the pa
tient cannot walk normally. Running aggra
vates the pain; the longer the patient runs, the 
more the pain increases. At some point, fur
ther running is impossible. The pain increases 
when running downhill .  Pain also increases 
when the length of the stride increases (dur
ing downhill running, the stride lengthens) . 
In some patients, a local, sometimes 
crepitating, swelling is palpable. 

Functional Examination 

The basic functional examination is nega
tive. Active or passive extension of the knee 
from 90° flexion, while the examiner exerts 
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pressure against the lateral femoral epi
condyle, is painful between about 40° and 30° 
flexion. This test can also be performed in 
standing (Figure 1 0-43) . The patient affirms 
that this is the exact same pain as experi
enced during running or biking. 

Treatment 

In the acute stage it is impossible to per
form sports activities, and rest is indicated 
until the patient is again able to run or bike 
without pain. Activities that place an abnor
mal load on the knee and training in hilly ter
rain should be avoided. In runners, some
times it is helpful to shorten the length of 
stride. When running on the road, regularly 
changing from the left to the right side of the 
road is important. 

If, in static posture, deviations of the knee 
or foot are discovered, an attempt can be 
made to influence this through orthotics .  
Usually a lateral wedge can be temporarily 
placed in the shoe to correct the varus posi
tion of the calcaneus or knee. When there is 
hyperpronation of one or both feet, special 
running shoes or functional orthotics are rec
ommended. If  a metal foot plate is used, bi
cycle racers are advised to remove it or to 
enlarge the groove so that during pedaling the 
knee can rotate. Toe clips are usually less of a 
problem, but these should also be adjusted or 
removed if they cause undue interference 
with normal motion in the knee . 

In stubborn cases, an injection of cortico
steroid can be given, if necessary mixed with 
local anesthetic. This injection also helps con
firm the diagnosis because, in many in
stances, it is the only possible way to differen
tiate between a bursitis and a tendinitis. If the 
pain symptoms are caused by a bursitis, the 
physician will not feel resistance from the 
needle at the moment the patient experi
ences pain during the injection. When the 
tendon is the painful structure, the physician 
will feel a firm resistance as the needle con
tacts this structure. Sometimes, surgery is in
dicated. 
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Figure 1 0-43 Positive tests in an i l iotib ia l  tract friction syndrome. (A) With the patient supine, the 
examiner places the knee in  about 90° f lexion. (8) The exami ner s lowly extends the patient's knee 
whi le exert ing pressu re agai nst the latera l femoral epicondyle; the typical pain is provoked between 
40° and 30° f lexion.  (C) At less than 30° f lexion, the pa in  d isappears agai n .  Thus there is a painful  arc 
dur ing f lexion . (0 and E) This test also can be given with the patient sta nding.  
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BAKER CYST 

Up to six different bursae are found at the 
posteromedial aspect of the knee. The two 
most clinically important are the bursa be
tween the capsule and the medial head of the 
gastrocnemius, and the bursa between the 
medial head of the gastrocnemius and the 
tendon of the semimembranosus. 

These and other bursae can not only be 
connected to each other, but also have con
tact with the knee joint. The latter case is 
termed a Baker cyst (Figure 1 0-44) .  Usually a 
Baker cyst is asymptomatic and is a coinci
dental finding during a rarely performed knee 
arthrogram (Figure 1 0-45) . 

In a synovial effusion of the knee, this cyst 
can fill up and eventually become painful. 
Sometimes the cyst becomes so large that it 
protrudes through the muscle fascia, partly 
ending up between the muscles of the calf. In 
rheumatoid arthritis , a Baker cyst can be-
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Figure 1 0-44 Baker cyst. 
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Figure 1 0-45 Arthrogram demonstrating an obvious con nection between the posterior part of the 
joint cavity and the semi membranosus bursa. As a resu lt, th is cavity f i l ls  with a i r  and radiopaque 
medium after an  i ntraart icu lar  i njection .  

come very large and lead to venous obstruc
tion or a compression neuropathy of the tibial 
nerve. A Baker cyst can rupture in children as 
well as in adults. In children, this usually in
volves a pathologically altered Baker cyst 
caused by juvenile rheumatoid arthritis .  

Differential Diagnosis 

Particularly in men, and especially during 
resisted flexion of the knee, a swelling just 
proximal to the popliteal fossa can often be 

seen. This swelling is located just lateral to 
the tendon of the semitendinosus. By means 
of palpation, the examiner will find it to be the 
muscle belly of the semimembranosus. This 
swelling is not clinically significant, does not 
cause symptoms, and probably results from a 
local laxity of the fascia. 

Clinical Findings 

The patient complains of a painful and tight 
feeling at the back of the knee. In some cases, 



there is a visible , round swelling in the 
popliteal fossa. This swelling has an elastic 
feeling. Sometimes the swelling is the size of a 
tennis ball. 

Functional Examination 

The functional examination reveals a pain
ful active flexion of the knee . Passive flexion 
is also painful and is slightly limited. Maximal 
extension of the knee can be painful as well. 
Clinical findings of an acute rupture of the 
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Baker cyst are similar to those in a tear of the 
gastrocnemius muscle. 

Treatment 

Most cases of Baker cyst only lead to symp
toms caused by effusion of the knee joint re
sulting from an articular disorder. In these 
cases, treatment should be primarily focused 
on the articular disorder. A primary symp
tomatic Baker cyst should be aspirated. If it 
continues to recur, surgical resection is indi
cated. 

10.5 PATHOLOGY OF THE MUSCLE-TENDON UNIT 

PARAPATELLAR INSERTION 

TENDOPATHY 

A parapatellar insertion tendopathy is seen 
almost exclusively in athletes and is the result 
of primary or secondary overuse. Primary 
overuse is diagnosed as the cause of an inser
tion tendopathy when no other pathology of 
the knee can be found, such as a chromc lat
eral subluxation of the patelia or chondroma
lacia of the patella. Secondary overuse is 
when the insertion tendopathy is the direct 
result of other knee pathologies. Tills disor
der concerns an insertion tendopathy of part 
ofthe structures that attach to the medial and 
lateral aspect of the patella, the so-called 
quadriceps expansion. This quadriceps ex
pansion includes various parts of the exten
sor mechanism and the joint capsule. 

Clinical Findings 

Patients most often complain of pain at the 
level of the medial upper pole of the patella 
even though, in principle, all other parts of 
the quadriceps expansion may be affected . 
Differentiation can be made among the clas
sic clirUcal stages of tendirUtis. Resisted ex
tension of the knee is painful in stages 3 and 4 ;  
in  stages 1 and 2, resisted extension is only 

painful when tested immediately after the 
patient performs the pain-provoking activity. 
Often, there is a shortening of the rectus 
femoris muscle. Palpation can determine the 
exact site of the lesion. 

Treatment 

Transverse friction and stretching exer
cises are usually effective in relieving the 
patient's symptoms. The patient should also 
do stretcrung exercises several times per day 
at home. When there is an underlying pathol
ogy, such as chromc lateral subluxation of the 
patella or chondromalacia of the patella, 
these disorders should also be treated. 

SUPRAPATELLAR INSERTION 

TENDOPATHY 

A suprapatellar insertion tendopathy is a 
typical sports lesion that is the result of over
use.  It is seen much less often than the 
infrapatellar or parapateliar insertion tendo
pathies, however. Usually, tills lesion is seen 
in athletes older than 40 years. 

Differential Diagnosis 

Particularly in boys between the ages of 9 
and 12  years, radiographs should be taken. In 
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this age group, the potential for a juvenile 
aseptic necrosis of the bone is of concern. 
Prepatellar bursitis should also be considered 
in the differential. 

Clinical Findings 

The patient complains of pain at the ante
rior aspect of the knee just proximal to the 
patella. As is the case with the other insertion 
tendopathies of the patella, differentiation 
among the four clinical stages can be made. 

Functional Examination 

Passive flexion of the knee can be painful. 
Resisted extension of the knee is painful in 
stages 3 and 4; in stages 1 and 2, resisted ex
tension is only painful when tested immedi
ately after the patient performs the pain-pro
voking activity. Often, there is a shortening of 
the rectus femoris muscle. The exact site of 
the lesion can be determined using palpation. 

Treatment 

Transverse friction and stretching exer
cises are usually effective in relieving the 
patient's symptoms. The patient should also 
do stretching exercises several times per day 
at home. 

RUPTURE OF THE QUADRICEPS 

TENDON 

The quadriceps tendon is the attachment 
of the rectus femoris muscle to the base of the 
patella. A rupture of the quadriceps tendon is 
rather rare, and when it does occur it is gener
ally trawnatic. It is seen more often in men 
than in women, with a ratio of 6: 1 .  Ruptures of 
the quadriceps tendon occur mostly in indi
viduals older than 40 years. This is in contrast 
to ruptures of the patellar ligament, which are 
mostly seen in individuals younger than 40. 
The severe bleeding and accompanying swell
ing frequently inhibit a correct diagnosis. If a 
rupture occurs without trauma or after insig
nificant trauma, the underlying cause is usu-

ally a gonarthritis resulting from gout, psoria
sis, rheumatoid arthritis, or long-standing 
diabetes mellitus. The earlier the diagnosis is 
made, the better the prognosis. 

Clinical Findings 

At the moment of the trauma, acute pain is 
experienced, often in combination with a 
tearing sound. There is almost always a dif
fuse swelling at the anterior side of the knee 
as a result of the severe bleeding. The patella 
is usually displaced distally. 

The patient cannot actively straighten the 
knee, and the passively straightened knee 
cannot be held in extension against gravity. If 
active extension is completely impossible, 
there is likely to be a rupture of the quadri
ceps tendon and the medial and lateral reti
nacula. In the acute stage, there is a palpable 
gap in the suprapatellar region. In a later 
stage, this gap can no longer be felt because of 
the bleeding and the formation of scar tissue. 
Radiologic examination should be used to 
determine whether there is a fracture of the 
patella. 

Treatment 

Treatment is always surgical. 

INFRAPATELLAR INSERTION 

TENDOPATHY (" JUMPER'S KNEE," 

PATELLAR APEXITIS) 

As is true with both the above described 
lesions, an infrapatellar insertion tendopathy 
is a typical sports injury that is seen particLI
larly in runners and jumpers. Candidates for 
this malady, who range in age between 1 8  and 
25 years, include not only high jumpers and 
long jumpers but also basketball and volley
ball players. This disorder involves the inser
tion of the patellar ligament at the apex of the 
patella. 

The lesion can be the result of both primary 
and secondary overuse (see "Parapatellar In
sertion Tendopathy," above) .  In many cases, 



the patient has an underlying anterior knee 
instability, such as a hypermobile patella or 
hyperextension of the knee. Sometimes de
viations in the static posture of the hip, knee, 
or foot can also be responsible for the symp
toms. Various problems of the patellar liga
ment can arise after arthroscopy of the knee 
when the arthroscope is inserted through the 
ligament. In many instances, conservative 
treatment of these problems is ineffective, 
and surgery is the only alternative. 

Differential Diagnosis 

• Superficial infrapatellar bursitis 

• Deep infrapatellar bursitis 

• Sinding-Larsen-Johansson disease 
(aseptic bone necrosis of the patellar 
apex) 

• Osgood-Schlatter disease (aseptic bone 
necrosis of the tibial tuberosity) 

Clinical Findings 

The patient complains of pain at the ante
rior side of the knee just distal to the patella. 
Sometimes a mild swelling is visible . This 
swelling can be differentiated from a superfi
cial infrapatellar bursitis by palpation; on pal
pation, the swelling from the bursitis usually 
has a fluctuating consistency. Sometimes a 
hard nodule or cord can be felt in the middle 
of the tendon just distal to the patella. In such 
cases, conservative treatment is usually 
worthless. If there is no improvement after 
three trial treatments, surgery to remove the 
nodule is indicated (Figure 1 0-46) . 

Functional Examination 

Passive knee flexion is sometimes painful. 
Resisted extension of the knee is painful in 
stages 3 and 4; in stages 1 and 2, resisted ex
tension is only painful when tested immedi
ately after the patient performs the pain-pro
voking activity. Often , there is a shortening of 
the rectus femoris muscle. By means of palpa
tion, the exact site of the lesion can be deter-
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Figure 1 0-46 S urgical  photog raph of a patient 
with a therapy-resistant " j u mper's knee . "  The 
patellar tendon is surgical ly spl it. and a nodular 
lesion at the level of the tendon insertion at the 
pate l lar  apex can be see n .  

mined. Ultrasound can give a good image of  
the lesion; scar tissue, inflamed tissue, and in 
many cases a nodule can be easily seen. 

Treatment 

If this lesion is the result of secondary over
use, the first priority is to treat the underlying 
pathology. If there are deviations ii1 the static 
position of the hip , knee, or foot (eg, flat foot 
or difference in leg length) , orthotics can be 
used to try to correct or influence the aberra
tions. 

As is the case for the previously discussed 
insertion tendopathies, this lesion reacts well 
to transverse fric tion and stretching exer
cises. The patient should also do stretching 
exercises several times per day at home. Con
servative treatment, however, is not always 
successful in treating long-standing problems 
(longer than 6 months) . Surgery is then indi
cated. Postoperative immobilization is neces
sary for a period of at least 5 weeks. The pa
tient can usually return to sports 4 months 
after surgery. Corticosteroid injections are 
contraindicated because of the risk of rup
tures. 
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RUPTURE OF THE PATELLAR 

LIGAMENT 

As is the case in rupture of the quadriceps 
tendon, rupture of the patellar ligament is 
seen more often in men than in women, with 
a ratio of 6: 1 .  The patients are usually 
younger than 40 years. The rupture occurs 
traumatically. An avulsion fracture of the 
tibial tuberosity can occur in children with a 
severe form of Osgood-Schlatter disease. 

Clinical Findings 

The patient complains of severe pain at the 
moment of rupture. The patella is displaced 
proximally. As a result of severe bleeding, a 
diffuse swelling occurs. 

Functional Examination 

In the acute stage, there is a palpable gap 
distal to the patella. The patient cannot ac
tively extend the knee. 

Treatment 

Treatment is always surgical. 

LESIONS OF THE MUSCLE BELLIES 

OF THE QUADRICEPS FEMORIS 

AND HAMSTRINGS 

Lesions of the muscle bellies of the quadri
ceps femoris and hamstrings are discussed in 
Chapter 4 .  

INSERTION TENDOPATHY OF THE 

SUPERFICIAL PES ANSERINUS 

The superficial pes anserinus is the com
mon insertion of the semitendinosus, gracilis, 
and sartorius . I nsertion tendopathy of the 
superficial pes anserinus is seen particularly 
in long-distance runners and swimmers but is 
also seen as a complication in patients with 
gonarthrosis.  

Differential Diagnosis 

• Superficial pes anserinus bursitis 

• Lesion of the medial collateral ligament 

Clinical Findings 

There is local pain and sometimes slight 
swelling. There is usually more swelling in 
patients with gonarthrosis. In some cases, 
there is a snapping of the tendon of the pes 
anserinus during movement of the knee. 

Functional Examination 

Resisted flexion of the knee is painful. 
There is an increase in the pain when simulta
neously resisted internal rotation is intro
duced. In some cases, the resisted tests have 
to be repeated several times before pain is 
provoked. The passive valgus test is negative. 
Palpation is used to locate the exact site of the 
lesion and to differentiate between a tendi.ni
tis and a bursitis. 

Treatment 

Treatment consists of transverse friction, 
stretching of the hamstrings and adductors, 
and temporary cessation of pain-provoking 
activities. The patient should do stretching 
exercises several times per day at home. In 
cases where there is a painful snapping, sur
gery is indicated . In cases of gonarthrosis, 
quick results can be achieved using a local 
corticosteroid injection. 

INSERTION TENDOPATHY OF THE 

SEMIMEMBRANOSUS MUSCLE 

The various insertions of the semimembra
nosus muscle are collectively termed the pes 
anserinus profundus. An insertion tendopa
thy of the semimembranosus muscle is a typi
cal sports injury that is particularly seen in 
sprinters and triathletes. It can occur as the 
result of primary overuse (ie, without an un
derlying pathology) . It can also result from 
secondary overuse C a situation in which there 
is an underlying pathology) , usually concern
ing a problem of the posterior horn of the 
medial meniscus or chondromalacia of the 
patella. 



Differential Diagnosis 

• Lesion of Lhe posterior horn of the me
dial meniscus 

• Tendinitis of a tendon of the superficial 
pes anserinus 

Clinical Findings 

The paLient complains of pain in the pos
teromedial aspect of the knee, particularly 
during activities. 

Functional Examination 

Resisted knee f1exion is painful; the pain 
increases with simultaneously performed re
sisted internal rotation. The site of the lesion 
can be precisely located by means of palpa
tion. Usually the site of the lesion is the pos
teromedial corner of the knee just distal to 
the joint space. 

Treatment 

Transverse fricLion and stretching exer
cises can usually achieve a cure within a few 
weeks. The paLient should do stretching exer
cises several Limes per day at home. If neces
sary, athleLes should refrain from performing 
sports activities that provoke the pain. 

INSERTION TENDOPATHY OF THE 

BICEPS FEMORIS MUSCLE 

An insertion tendopathy of the biceps 
femoris muscle is also a typical sports lesion. 
This disorder is seen in bicycle racers, long
distance runners (especially when training on 
uneven terrain, such as a soft beach) , and 
cross-country skiers. The insertion on the 
fibular head is the most often affected site. 
The insertion on the tibia is almost never af
fected. The attachment to the lateral menis
cus, if one exists, is only occasionally af
fected. In some cases, there is a complete tear 
or an avulsion fracture of the fibular head. 

Differential Diagnosis 

• LaLeral meniscus lesion 

• Lesion of the popliteus 
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• Lesion of the iliotibial tract 

• Lesion of the lateral collateral ligament 

Clinical Findings 

The patient complains of pain at the lateral 
side of the knee, particularly after activity. 

Functional Examination 

Resisted flexion of the knee is painful and 
increases with simultaneous resisted exter
nal rotation. The exact site of the lesion can 
be located by means of palpation. When there 
is a complete tear or an avulsion fracture of 
the fibular head, the resisted tests are ex
tremely painful, and response to the resis
tance is slightly weak. 

Treatment 

Treatment consists of transverse friction 
and stretching exercises. The patient should 
do the stretching exercises several times per 
day at home. If the insertion at the lateral me
niscus is affected , an inj ection with a few 
drops of corticosteroid can be given.  A com
plete rupture or avulsion fracture is surgically 
treated. 

LESIONS OF THE POPLITEUS 

MUSCLE 

In lesions of the popliteus muscle, differen
tiation is made among tenosynovitis, inser
tion tendopathy, sprain of the muscle belly 
(in the popliteal fossa) , and rupture. 

Tenosynovitis and insertion tendopathy of 
the popliteus muscle are frequent causes of 
lateral knee pain. In many instances, the le
sion is missed. These lesions are typical 
sports injuries and are particularly seen in 
patients who participate in martial arts, such 
as karate. A rupture occurs traumatically, 
usually through varus trauma, which contrib
utes to lateral knee instability. 

Differential Diagnosis 

• Lesion of the lateral meniscus, specifi
cally the attachment of the posterior 
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horn of the lateral meniscus with the 
popliteus muscle 

• Lesion of the iliotibial tract 

• Lesion of the biceps femoris 

• Lesion of the lateral capsuloligamentous 
structures 

Clinical Findings 

The patient complains of pain at the lateral 
aspect of the knee, particularly during activi
ties where the knee is in 1 5° to 30° flexion. 
Walking uphill, walking up stairs, and some
times just normal walking are painful. The 
knee pain can last 24 to 48 hours after the 
painful activity. Some patients have pain 
when sitting with the legs crossed. 

Functional Examination 

By using the stability tests, the examiner 
can determine whether there is a tear of the 

10.6 OTHER PATHOLOGIES 

OSGOOD-SCHLATTER DISEASE 

(ADOLESCENT TIBIAL 

APOPHYSITIS) 

Osgood-Schlatter disease is considered a 
traction apophysitis that results from an ab
normal position of the patella. This condition 
causes a deficiency in the vascularization of 
the tibial tuberosity. 

Schoen and Marti20 found that, if one were 
to imagine a line running through the under
side of the patellar apex and the most distal 
part of the patellar articular joint surface and 
another line running over the articular joint 
surface of the patella, the angle formed by the 
juncture of these two lines is usually smaller 
in the affected knee than in the nonaffected 
knee (Figure 1 0-47 ) .  In patients with 
Osgood-Schlatter disease, the angle averages 
33°; in the normal knee the angle is an average 

tendon and can assess the severity of the in
stability. Resisted flexion of the knee is pain
ful at the lateral side of the knee when com
bined with resisted internal rotation. In some 
cases, passive hyperextension of the knee is 
painful. Passive external rotation of the knee 
can also be painful. Palpation in the figure-4 
position leads to further differentiation. In an 
insertion tendopathy, the most tender site is 
just anterior to the lateral collateral ligament, 
close to the insertion at the lateral femoral 
epicondyle. In a tenosynovitis, the most pain
ful site lies just posterior to the lateral collat
eral ligament. If the muscle belly is affected, 
the most tender site is the popliteal fossa. 

Treatment 

Transverse friction and stretching exer
cises lead to complete relief of pain within a 
few weeks. If necessary, the pain-provoking 
activities should be reduced or, in severe 
cases, temporarily stopped. 

of 46° .  The result is that the quadriceps 
muscle in the affected leg has to make a stron
ger contraction to achieve the same function 
as the muscle in the nonaffected leg. This in
crease in pulling force can be an etiologic fac
tor in this traction apophysitis. 

Furthermore, in Osgood-Schlatter disease 
the patella is often found to be positioned too 
low (patella baja) . Sometimes part of the 
tibial tuberosity loosens (Figure 10-48) ; oc
casionally, an avulsion fracture occurs. This 
disorder is seen mostly in boys between 1 0  
and 1 5  years of age and causes pain only dur
ing sports activities or after trauma. 

Differential Diagnosis 

• Superficial infrapatellar bursitis 

• Deep infrapatellar bursitis 

• Apexitis of the patella 
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Figure 1 0-47 Schematic diagram o f  Osgood-Schlatter d isease. The ang le formed b y  a l ine runn ing 
through the u nderside of the patel lar  apex and the most d ista l part of the patel lar  a rt icu lar  jo int surface 
and another l ine running over the a rt icular joint surface of the patel la averages 33° i n  Osgood-Schlatter 
disease and 46° in normal knees. 

Clinical Findings 

The patient complains of local pain, and 
there is visible swelling at the tibial tuberosity 
(Figure 1 0-49) . 

Functional Examination 

In some cases, passive knee flexion is pain
ful .  Usually after sports activities, resisted 
knee extension is painful. Many patients have 
significantly shortened hamstrings. On palpa
tion, the lesion can be precisely located and 
differentiated from the following disorders: 

• patellar chondromalacia (the patient's 
main complaint is pain, particularly with 
the knee in greater than 30° flexion) 

• osteochondritis dissecans of the patella 
(plain films confirm the diagnosis) 

• Sinding-Larsen-Johansson disease 
(aseptic bone necrosis of the apex of 
the patella) 

• prepatellar bursitis (there is local ten
derness ,  and swelling may be present 
that is fluctuating in consistency on pal
pation) 

• superficial or deep infrapatellar bursitis 
(there is local tenderness, and swelling 
may be present that is fluctuating in con
sistency when palpated distal to the pa
tella) 

• patella (bi)partita (the patient com
plains of pain lateral or proxirnolateral to 
the patella; plain films are diagnostic) 

• fracture or pseudoarthrosis of the pa
tella (plain films are diagnostic) 

• various patellar insertion tendopathies 
(the patient complains of pain particu
larly on resisted extension of the knee; 
palpation confirms the diagnosis) 

• inflammation of the infrapatellar fat pad 
(Hoffitis; there is local tenderness) 
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Figure 1 0-48 Conventional lateral radiograph of the r ight knee showi ng fragmentation of the t ib ia l  
tuberosity, characteristic of Osgood-Schlatter disease. 

• patella alta (In this instance, the patella 
is unstable in that it no longer lies in the 
corresponding femoral groove . On in
spection, the so-called camelback knee 

is noted. When looking at the knee from 
lateral, one normally sees only one con
vexity at the level of the patella. In pa
tella alta, two convexities are visible: 



Figure 1 0-49 C l i n ical picture showing an obvi
ous swel l ing at the level of the t ib ia l  tuberosity, 
characteristic of Osgood-Schlatter disease. 

The first one is the patella, and the more 
distal one is the infrapatellar fat pad.)  

• meniscus lesion (keep in  mind the at
tachment of the extensor mechanism to 
the menisci; this can lead to provocation 
of pain during resisted knee extension) 

Treatment 
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The patient should reduce the pain-pro
voking sports activities. The patient should be 
instructed in hamstring stretching exercises. 
The quadriceps should not be stretched. A 
reduction in pain-provoking activities com
bined with rehabilitative exercise should 
bring about complete recovery within about 2 
years. In cases of severe avulsions of the tibial 
tuberosity or parts of the tibial tuberosity, 
surgery is indicated. 

DISLOCATION OF THE PROXIMAL 

TIBIOFIBULAR JOINT 

Dislocation of the proximal tibiofibular 
joint is an injury that is seldom seen. The dis
location can be superior, posterior, or ante
rior, with anterior being the most common. 
This lesion usually results from hyperflexion 
trauma, in which the foot is in extension and 
supination .  This condition pulls the head of 
the fibula in a lateral and forward direction. 
Dislocations of the proximal tibiofibular joint 
are most often seen in skydivers. They are 
also seen in patients who participate in ath
letic events such as pole vaulting and as a re
sult of motor vehicle accidents. 

The symptomatology is similar to that ex
perienced in a lateral meniscus dislocation. 
Early diagnosis in the acute stage is in1portant 
for proper treatment, usually manual reduc
tion. 

Clinical Findings 

The patient complains of acute lateral knee 
pain as the result of hyperflexion trauma. 
Weight bearing on the affected leg is impos
sible. A dislocation in a posterior direction is 
also possible as the result of an abruptly per
formed, forceful flexion of the knee from an 
extended position. Some patients complain of 
locking of the knee. 

Functional Examination 

There may be a slight limitation of knee 
extension.  The dislocation can be seen on 
plain films. 
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Treatment 

During the acute stage, manual reduction 
can be easily performed. After the reduction, 
the joint should be appropriately taped, and 
the patient should not put weight, or should 
put only partial weight, on the affected knee 
for several weeks. Flexion activities in par
ticular should be avoided. If the disorder is 
not promptly diagnosed, manual reduction of 
the fibular head is impossible. In these in
stances, operative resection of the fibular 
head is the only solution. 

POPLITEAL ARTERY COMPRESSION 

SYNDROME 

Compression of the popliteal artery is seen 
particularly in young athletes. Compression 
of blood vessels usually occurs in anatomi
cally narrow spaces in the body, such as in the 
thoracic outlet region. The primary cause of a 
compression of the popliteal artery is muscle 
hypertrophy due to sports activities ,  ana
tomic variations in the immediate area of the 
artery, or variations in the course of the artery 
itself. 

Classification 

• Type 1 ·  The popliteal artery deviates 
medially in the popliteal fossa, then runs 
under the tendon of the medial head of 
the gastrocnemius, and afterward runs 
distally between the femur and gastroc
nemius tendon. 

• Type 1 a: The tendon of the medial head 
of the gastrocnemius attaches more 
proximally than normal at the femoral 
metaphysis. The further course of the 
popliteal artery is the same as described 
in type 1 ,  but with less deviation medi
ally. 

• Type 2: The attachment of the medial 
head of the gastrocnemius lies more 
proximally and laterally. The popliteal 
artery, without changing its course, runs 

through the gastrocnemius tendon, 
causing it to be compressed when the 
muscle is contracted. 

• Type 2a: The popliteal artery can be
come compressed by the more medial 
attachment of the plantaris muscle, un
der which it runs. 

When the popliteal artery has an atypical 
course, muscle activity, particularly plantar 
flexion of the foot when the knee is extended, 
can lead to irritation and eventually spasm of 
the vessel wall. This can lead to damage of the 
intima with thrombosis as an end result. In 
the worst case, when there is a complete clo
sure of the popliteal artery in the presence of 
insufficient collateral circulation, an acute is
chemia of the lower leg can occur. 

Clinical Findings 

Intermittent claudication in young male 
athletes with otherwise healthy blood vessels 
is the most significant symptom. The pain in 
the lower leg occurs gradually and intermit
tently, or suddenly and acutely, during or af
ter prolonged sports activities. 

Functional Examination 

The two following tests typically provoke 
the patient's symptoms: passive dorsiflexion 
of the ankle when the knee is extended, and 
resisted plantar flexion of the ankle with si
multaneous resisted knee flexion. During 
these tests, the peripheral pulses ofthe dorsal 
pedal artery and posterior tibial artery are no 
longer palpable. Sometimes a stenosis can be 
heard in the popliteal artery. 

Doppler sonography and angiography are 
necessary to rule out other blood vessel disor
ders . The angiography should be done with 
the knee in two positions: the neutral position 
and the provocation position. It should also be 
done bilaterally because congenital anoma
lies often occur on both sides. All three of the 
following criteria have to be positive to diag
nose a popliteal artery compression syn
drome: 



1 .  medial deviation of the popliteal artery 

2. closing of the middle segment of the 
popliteal artery 

3. poststenotic dilation 

Treatment 

Treatment is always surgical . The deviation 
is bilateral in 25% of all cases, requiring sur
gery on both sides. The surgical procedure 
depends on the anatomic variation that is 
found and the amount of damage to the 
popliteal artery. 

SOLEUS SYNDROME 

The soleus syndrome is a separate form of 
popliteal artery compression. Hypertrophy of 
the soleus muscle, perhaps as the result of 
sports activities, causes the tendinous arch of 
the soleus muscle to compress not only the 
popliteal artery but also the vein and the tibial 
nerve. 
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Clinical Findings 

The clinical findings are the same as in  
popliteal artery compression syndrome. The 
difference is that , in this syndrome ,  the 
popliteal vein and tibial nerve can also be 
compressed, causing symptoms of venous 
pooling and possibly paresthesia in the calf, 
heel ,  and sole of the foot. These symptoms 
are in addition to the intermittent claudica
tion. The diagnosis is confirmed through an
giography, phlebography, and electromyo
graphy. 

Treatment 

Treatment consists of surgery to resect the 
tissue responsible for compressing the neu
rovascular structures. 

* * * * 

For a quick overview of the common pa
thologies of the knee, refer to Appendix E ,  
Algorithms for the Diagnosis and Treatment 
of the Lower Extremities .  



Chapter 11 

Treatment Techniques in Lesions 

of the Knee 

Hemarthrosis and Effusion in the Knee Joint, 
or (Rheumatoid) Arthritis of 
the Knee Joint 

Functional Examination 

Capsular pattern: Flexion is more limited 

than extension. 

ASPIRATION AND INTRAARTICULAR 

INJECTION 

A hemarthrosis in the knee should always 

be aspirated. Effusion should be aspirated in 

severe cases or to do further laboratory analy

sis of the fluid. An intraarticular injection with 

a corticosteroid is sometimes indicated in 

cases of severe arthritis in rheumatic disor

ders when other medication therapies are un

successful or in cases of severe arthrosis of 

the knee joint. 

Position of the Patient 

The patient is supine on the treatment 

table. The knee rests in as much extension as 

possible. There is almost always a capsular 

pattern of limited motions and thus an exten

sion limitation. If necessary, a pillow or roll is 

placed underneath the knee. 

Position of the Physician 

The physician sits next to the treatment 

table, at the patient's affected side. With the 
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Figure 1 1-1 Intraarticular injection of the knee 
joint. 1, Proximal edge of the patella; 2, Lateral 
edge of the patella; 3, Anterior edge of the ili
otibial tract. 
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fingers, the physician pushes the patella lat

erally as far as possible. 

Performance 

The aspiration and injection are performed 

at the middle of a vertical line (1 in Figure 

11-1) between the horizontally running lat

eral edge of the patella (2) and iliotibial tract 

(3). The 3- to 5-cm long needle is inserted 

horizontally. 

Note 

If knee extension is limited more than 10°, 

the needle is inserted at the anterior aspect of 

the knee, in the indentation just lateral to the 

patellar ligament. The disadvantage to this 

technique is that the well-vascularized 

infrapatellar fat pad is punctured, increasing 

the chance for additional bleeding. 

LOOSE BODY IN THE KNEE JOINT 

Functional Examination 

Either flexion or extension of the knee is 

both actively and passively limited. 

MANIPULATION 

Loose bodies in the knee joint can have 

various causes. For example, a meniscus frag

ment or loose pieces of bone or cartilage may 

be caused by arthrosis, patellofemoral arthro

sis, or synovial chondromatosis. 

Position of the Patient 

The patient lies prone on the treatment 

table. The knee being treated is flexed to 80° 

and lies about 10 cm from the edge of the 

table. 

Position of the Therapist 

The position of the therapist depends on 

the direction of the manipulation. The follow

ing description concerns the external rota

tion manipulation. 

The treatment table is adjusted to the level 

of the therapist's patella. If, for example, the 

patient's right knee is being treated, the 

therapist's left foot is placed on the treatment 

table, between the patient's knee and the 

edge of the table (Figure 11-2A). The 

patient's foot rests on the therapist's thigh. 

The therapist's other foot is placed against 

the foot support of the table, which is either 

an accessory piece or standard on some treat

ment tables. 

With the right hand, the therapist grasps 

the patient's lower leg just above the malleoli; 

the other hand grasps the heel in such a way 

that the foot is held in maximal extension. 

This is simply done by placing the ulnar side 

of the forearm against the sole of the patient's 

foot. 

Position of the Assistant 

The assistant stands next to the treatment 

table at the side of the leg being treated. With

out exerting pressure, the assistant places 

both hands against the distal part of the pos

terior aspect of the patient's thigh. 

Performance 

The therapist lifts the patient's knee 

slightly from the table, and the assistant ex

erts as much pressure as necessary against 

the patient's thigh to fix it to the table, still 

allowing for the patient to relax completely. 

In so doing, traction is applied to the knee 

joint. Then, the therapist lifts his or her left 

leg and shifts it slightly posteriorly without 

allowing it to touch the floor; the therapist is 
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Figure 11-2A Initial position in manipulation for 
a limitation of motion in the knee joint based on a 
loose body. 

now standing only on the right leg (Figure 11-

2B). 

The patient's lower leg is now externally 
rotated under traction in a manipulative way 
(Figure 11-2C) The knee is then slowly ro
tated internally and brought slightly farther 
into extension (Figure 11-2D). 

In this new position, the patient's lower leg 
is again externally rotated. At the same time, 
the therapist moves his or her left leg side
ways, without placing the foot on the floor 
(Figure 11-2E). Using these techniques, the 
external rotation is repeated one to two more 
times. Just after the last external rotation 
(because the knee is nearly straight, the 
amount of rotation is minimal), the 
therapist's foot is placed back on the floor. 

After the manipulation, the knee is reas
sessed. If the range of motion has increased, 

Figure 11-28 Lifting the patient's knee. 

the pain is decreased, or the end-feel is 
changed for the better, the entire maneuver is 
repeated. If there is no immecliate improve
ment after the manipulation, an internal rota
tion manipulation is performed, in which the 
knee is brought from an externally rotated 
position toward neutral. Manipulation into 
absolute internal rotation is not advised be
cause the cruciate ligaments intertwine with 
each other, resulting in increased tension of 
these ligaments along with a decrease of 
space in the joint cavity. 

The patient should be reexamined 1 week 
later. Additional manipulation may be 
needed. The appropriate manipulation can be 
repeated three to six times per treatment ses
sion, as long as there is improvement and the 
patient can relax. Sometimes, the patient ob
tains complete relief from symptoms after a 
single manipulation. 
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Figure 1 1-2C External rotation of the lower leg. 

Figure 11-20 I nternal rotation and slight extension of the knee. 
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Figure 11-2E External rotation of the lower leg in the new position. 

MENISCAL IMPINGEMENT WITH EXTENSION 

LIMITATION OF THE KNEE 

Function Examination 

Refer to Functional Examination in Menis
cus Lesions section, Chapter 10. 

REPOSITION MANIPULATION 

If a patient has a sudden painful extension 
limitation of the knee with or without trauma 
and an abnormal end-feel during passive ex
tension, there is a great possibility that the 
(usually medial) meniscus is torn. Sometimes 
this condition is in combination with other 
capsuloligamentous pathology. Often in these 
cases a bucket-handle lesion is involved; usu
ally there is little swelling, and it is still pos
sible to perform an assessment of the 

capsuloligamentous structures. Although a 
bucket-handle lesion is usually treated surgi
cally, especially in acute cases, a manipulative 
treatment can temporarily reposition the me
niscus. 

Position of the Patient 

The patient is supine on the treatment 
table. Generally, because of the mal
positioned meniscus, the patient automati
cally holds the knee in flexion. 

Position of the Therapist 

The therapist stands next to the treatment 
table at the patient's affected side. If, for ex
ample, the patient's right knee is being 
treated, the therapist grasps the patient's foot 
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Figure 11-3 I ni t ial position in a meniscus reposi
tion manipulation. 

with the right hand in such a way that exten
sion (dorsiflexion) can be maintained. This 
can be achieved by one of the following posi
tions: 

l. The index and middle fingers are 
placed at the medial side of the foot, 
just distal to the medial malleolus. The 
ring and little fingers rest against the 
sole of the patient's foot, and the thumb 
lies against the dorsolateral aspect of 
the foot (Figure 11-3). To bring about 
an alternating external and internal ro
tation of the lower leg using this hand 
grip, the therapist does an alternating 
extension and flexion of the wrist. 

2. The fingers are placed against the me
dial aspect of the patient's foot, and the 
thumb is at the lateral aspect (Figure 
11-4). With this hand position, the al
ternating internal and external rota
tion of the lower leg occurs through an 

alternating pronation and supination of 
the therapist's forearm. 

3. The therapist grasps the patient's heel 
with the thumb at the medial aspect 
and the fingers against the posterior 
aspect. The sole of the patient's foot 
rests against the volar aspect of the 
therapist's forearm (Figure 11-5). By 
internally and externally rotating the 
shoulder, the therapist induces an in
ternal and external rotation of the 
patient's lower leg. 

Performance 

The following description is based on repo
sitioning procedures for the right knee. The 
patient's knee is brought into the maximum 
possible flexion, and the therapist places the 
fingers of the left hand in the medial joint 
space. The patient's foot is grasped with the 
other hand, and alternating internal and ex
ternal rotation motions are performed (Fig
ures 11-3 to 11-6). At the same time, the 
knee is slightly extended. This maneuver is 
done in preparation for the manipulation, but 
sometimes it is sufficient to accomplish the 
reduction. 

If the reduction does not occur, the thera
pist places the left hand against the lateral 
side of the patient's knee. Now, from a posi
tion of maximum flexion, the knee is brought 
into extension while undergoing alternating 
internal and external rotation (Figure 11-7). 
While doing this maneuver, the therapist 
must remain aware of the extension limita
tion and take care never to extend the knee 
farther than it can be actively straightened. 

During this movement toward extension, 
the following procedures are executed: 

l. Valgus pressure is applied; the hand at 
the knee pushes the knee medially, 
while the other hand pulls the foot in a 
distal and lateral direction (Figure 11-
8). 
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Figure 1 1-4 Rotations of the lower leg through pronation and supination of the therapist's forearm. 

Figure 11-5 Rotations of the lower leg through internal and external rotation of the 
therapist's shoulder. 
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Figure 1 1-6 Preparation for the manipulation. The lower leg is alternately internally and externally 
rotated, while the fingers apply pressure against the medial joint space. 

Figure 1 1-7 I nternal rotation of the lower leg. Figure 11-8 More exten sion, more valgus 
pressure, and external rotation of the lower leg. 
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Figure 1 1-9 Shifting the body weight from the left leg to the right leg. 

2. The forearm of the hand applying me
dial pressure at the knee remains per
pendicular to the leg; to achieve this, 
the therapist shifts body weight from 
the left leg to the right leg while moving 
from flexion toward extension (Figure 
11-9). 

3. At the end of the movement, the thera
pist exerts maximal pressure, provid
ing sufficient room in the medial joint 
cavity to prevent the knee from "shoot
ing" into extension, an event that can 
be painful to the patient (Figure 11-
10). 

When this treatment is performed in a well
coordinated manner, the patient will not ex
perience pain, and in acute cases reduction is 
almost always achieved. 

After the manipulation, the knee is care
fully retested. Manipulative reduction can 

occur during the first manipulation, but 
sometimes it takes two or more attempts. 
Usually, the therapist should stop the proce
dure if, after as many as six manipulations, 
successful reduction has still not been 
achieved. 

In most cases, after successful treatment, 
passive external rotation remains painful. 
This is the result of a sprain of the medial 
meniscotibial ligament. These symptoms 
usually quickly disappear with a few treat
ments of transverse friction. In many cases, 
however, there is recurrence, particularly in 

athletes. Manipulation can be repeated, but 
surgery is usually indicated. Surgery is not 
indicated, however, for treatment of patients 
who experience a rare recurrence of a me
niscus lesion caused by a minor rotation 
trauma if the individual is not active in sports 
and the manipulative reduction was easily 
achieved. 
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Figure 11-10 End of the maneuver. The valgus pressure is maxi mal. The knee is never completely 
extended! 

SPRAIN OF THE MEDIAL OR LATERAL MENISCOTIBIAL 

(CORONARY) LIGAMENTS 

Functional Examination 

If only the meniscotibial ligaments are af
fected and there is no other capsulo
ligamentous pathology or meniscus lesion: 

• medial meniscotibial ligament: passive 
exterhal rotation of the lower leg is pain
ful 

• lateral meniscotibial ligament: passive 
internal rotation of the lower leg is pain
ful 

TRANSVERSE FRICTION OF THE 

MEDIAL MENISCOTIBIAL 

LIGAMENT 

Posttraumatic overstretching, particularly 
of the medial meniscotibial ligament, is fre
quently seen with or without a meniscus le-

sion, after a meniscus luxation, or after a (par
tial) meniscectomy. 

Position of the Patient 

The patient is supine on the treatment 
table. The knee being treated is flexed 90°, 
and the lower leg is maximally (as far as the 
pain will allow) externally rotated. 

Position of the Therapist 

The therapist stands next to the treatment 
table at the patient's affected side, at the level 
of the lower leg. With either a sandbag or the 
knee (as pictured), the therapist fixes the 
patient's lower leg in maximum possible ex
ternal rotation (Figure 11-11). 

If, for example, the right knee is being 
treated, the therapist places the index finger 
of the right hand, reinforced by the middle 
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Figure 11-11 View from medial of the initial posit ion in transverse friction of the medial meniscotibial 
ligament, pars anterior. 

finger, just medial to the site of the lesion (to 
learn the location of this ligament, refer to 
Chapter 8). The thumb is placed against the 
lateral aspect of the lower leg, perpendicular 
and distal to the index finger (Figure 11-12). 

This initial position is used for a lesion of the 
medial meniscotibial ligament at a site ante
rior to the medial collateral ligament. 

If the medial meniscotibial ligament poste
rior to the medial collateral ligament is being 
treated, the therapist places the tip of the in
dex finger on the tibial plateau (in general, 
this site is difficult to locate) at an angle of 45° 

in relation to the horizontal (Figure 11-13). 

In this instance, the thumb is placed more 
proximally against the lateral side of the 
lower leg (Figure 11-14). 

Performance 

Regardless of the location of the lesion, the 
friction is performed in the same manner. 
During the friction phase, the therapist ex
tends the wrist and slightly adducts the arm. 
The index and middle fingers remain slightly 

curved during the friction phase. In so doing, 
the fingers are moved over the lesion from 
medial to lateral or, when the posterior part of 
the ligament is affected, from posteromedial 
to anterolateral. 

Duration 

The transverse friction treatment should 
last about 15 minutes and be administered 
daily or at least three times per week. A total 
of 3 to 10 treatments is usually necessary to 
eliminate the symptoms completely. 

Note 

If the lateral meniscotibial ligament is af
fected, the same principles described above 
are applied, with the exception that the lower 
leg is now positioned in internal rotation. In 
this way, the anterior part of the lateral tibial 
plateau can function as a base for friction of 
the ligament. Isolated lesions are rare; usually 
other (postero )lateral structures are af
fected, and an anterolateral rotatory instabil
ity is involved. 
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Figure 11-12 View from lateral of the position of the thumb in transverse friction of the medial 
meniscotibial ligament, pars anterior. 

Figure 11-13 View from medial of the initial position in transverse friction of the medial meniscotibial 
ligament, pars posterior. 
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Figure 1 1- 14 View from lateral of the position of the thumb in transverse friction of the medial 
meniscotibial ligament, pars posterior. 

SPRAIN OF THE MEDIAL (TIBIAL) COLLATERAL 

LIGAMENT 

Damage to the medial collateral ligament is 
usually caused by a valgus-flexion-external 
rotation trauma, such as might be sustained 
while playing soccer or skiing. Less fre
quently, it results from a pure valgus trauma. 
In most instances, damage to this ligament is 
not solitary. The trauma that caused the in
jury may have also caused other damage to 
the knee ,  such as lesions of the medial 
meniscotibial or meniscofemoral ligaments or 
the posteromedial capsule (in particular, the 
posterior oblique ligament). In severe cases, 

there may also be lesions of the lateral menis
cus (more often than medial meniscus), ante
rior cruciate ligament, and sometimes even 
the posterior cruciate ligament (3+ instabil
ity). Treatment depends on the severity of 
the lesion. 

Functional Examination 

The valgus test in slight flexion is painful, 
but there is not an abnormal amount of valgus 
movement. In extension, the valgus test is 
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negative (indicating stability through the pos
teromedial capsule). 

In the acute stage, there is usually slight 
effusion with an accompanying (slight) cap
sular pattern of limited passive motions (ie, 
flexion is slightly limited and painful, and ex
tension is not limited but painful). 

TREATMENT 

In the first 2 to 4 days, the acute stage, 
treatment consists of rest, analgesic mea
sures (to include medication or physical 
therapy modalities), and, if necessary, mo
dalities to decrease swelling. 

In the subacute stage, treatment is focused 
on the prevention of adhesions by administra
tion of limited and carefully performed trans
verse friction at the site of the sprain. The 
transverse friction treatments should last 
only a few minutes. After each daily treat
ment, the knee is gently moved within the 
limits of pain. As soon as normal movement 
without too much pain is possible, the patient 
can start an active rehabilitative exercise pro
gram. The gait pattern should be specifically 
observed, and if necessary gait training 
should be administered to ensure a quick re
turn to the normal gait pattern. 

Occasionally, in spite of the treatment de
scribed above, when the proximal part of the 
ligament is affected an increasing flexion limi
tation occurs while the extension range of 
motion remains normal. In this instance, the 
cause is likely to be a calcification at the level 
of the adductor tubercle, the so-called 
Pellegrini-Stieda disease. Radiologic exami
nation confirms this diagnosis. In such cases, 
physical therapy should be discontinued. The 
symptoms and the calcification usually disap
pear gradually within several months to 2 

years. In extreme cases, where there is severe 
pain, surgery is recommended. 

The chronic stage occurs only in patients 
who did not receive treatment during the 
acute or subacute stage. A typical finding in 

this stage is local pain, particularly during or 
after activity. Usually, there is slight swelling 
in the knee. The pain and swelling are caused 
by adhesions between the ligament and its 
surroundings. Therapy consists of manipula
tive treatment of the (usually minimal) flex
ion or extension limitation of the knee. This 
type of manipulation is only performed for 
small linutations (a few degrees). If the limita
tion is greater than 3° to 5°, the knee is first 
mobilized with joint-specific techniques until 
the limitation is so small that a manipulation is 
indicated. The manipulation must only be 
performed when there is no effusion in the 
joint, however. The manipulation is preceded 
by 10 minutes of transverse friction with the 
knee in maximum possible extension and 
then 10 minutes in maximum possible flexion. 

Transverse Friction 

Position of the Patient 

The patient is supine on the treatment 
table. The knee is extended as far as possible 
and supported by a small pillow or roll. 

Position of the Therapist 

The therapist sits or stands next to the 
treatment table at the patient's affected side, 
at the level of the knee. The therapist finds 
the most painful site by palpating the liga
ment from the adductor tubercle to just distal 
to the pes anserinus superficialis. If, for ex
ample, the right Irnee is affected, the tip of the 
right index finger is placed just medial to the 
lesion, with the thumb at the lateral aspect of 
the knee. The other hand fixes the thigh di
rectly proximal to the patella (Figure 11-

15A). 

Performance 

The index finger is reinforced by the 
middle finger, and by wrist extension the tip 
of the index finger is moved over the lesion 
from posteromedial to anterolateral (Figure 
11-15B). After about 10 minutes of trans-
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Figure 11-15A Initial position of the hand during transverse friction of the medial (tibial) collateral 
ligament in an extended knee. 

verse friction with the knee extended, the 
knee is flexed as much as possible, and an
other 10 minutes of transverse friction is per
formed (Figure 1 1- 16). 

Extension Manipulation 

Position of the Patient 

The patient is supine on the treatment 
table with the affected knee as extended as 
possible. If necessary, a small roll is placed 
behind the knee. 

Position of the Therapist 

If, for example, the right knee is being 
treated, the therapist fixes the patient's thigh 

to the table by applying posterior pressure to 
the thigh just proximal to the patella. The 
thigh is brought into slight internal rotation. 
With the right hand, the therapist grasps the 
lower leg just proximal to the malleoli (Figure 
11- 17A). 

Performance 

The therapist now straightens both arms 
and, while extending the patient's knee, 
makes a quick but minimal right rotation of 
the trunk (Figure 1 1-17B). This exerts an 
external rotation force on the extended knee. 
This technique should only be performed one 
time per treatment session and, at the most, a 
total of three times. The patient should ac-



Treatment Techniques in Lesions oj the Knee 281 

Figure 11-158 End position of the hand during transverse friction of the medial (tibial) collateral 
ligament. Note that the therapist's wrist is now extended. 

Figure 11-16 Transverse friction of the medial (tibial) collateral ligament with the knee in flexion. 
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Figure 1 1-17A Extension manipulation of the 
knee: Initial position. 

tively maintain the newly achieved range of 
motion by doing exercises several times daily. 

Flexion Manipulation 

Performance 

With the right hand, in maximum possible 
flexion of the patient's knee, the therapist 
grasps the patient's lower leg just proximal to 
the malleoli. The other hand stabilizes the 
patient's thigh just proximal to the patella. 
The distal hand then initiates an instanta
neous knee flexion while the already inter
nally rotated lower leg is brought slightly far
ther into internal rotation (Figure 11-18). 
Usually a sound like tearing cloth is heard. In 
some cases, the patient experiences slight 
joint effusion, which disappears after a few 
days. As with the extension manipulation, 

Figure 1 1- 17B Extension manlpulation of the 
knee: End position. 

this technique should only be performed one 
time per treatment session, and, at the most, 
a total of three times. The patient should ac
tively maintain the newly achieved range of 
motion by doing exercises several times daily. 

Duration 

In most chronic cases, only one to three 
treatments are necessary to achieve com
plete relief; afterward the patient can gradu
ally increase the weight load on the knee. 
Sports activities can usually be started about 
2 weeks after recovery. 

Instability. 

If the functional examination of the knee 
reveals a medial instability, the treatment de
pends on a number of factors. In partial tears 
of the medial collateral ligament, the treat
ment plan that was just described can be fol-
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Figure 1 1-18 Flexion manipulation of the knee. 

lowed. Strengthening exercises should be ini
tiated as soon as possible after the pain and 
swelling have subsided. Especially in 

uniplanar instabilities, the results from func
tional rehabilitation are often better than 
those from surgical treatment. 

SPRAIN OF THE LATERAL (FIBULAR) COLLATERAL 

LIGAMENT 

Functional Examination 

The varus test in slight knee flexion is pain
ful (in slight flexion, normally more move
ment is possible in a varus direction than in a 
valgus direction). In knee extension no move
ment is possible, and no pain will be experi-

enced as long as the posterolateral capsule is 
intact. 

TRANSVERSE FRICTION 

Compared with the medial collateral liga
ment, the lateral collateral ligament is much 
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less often affected. A sprain or partial rupture 
of this ligament is usually caused by trauma 
with a varus component. As is the case with 
the medial collateral ligament, the treatment 
of a lateral collateral ligament depends on the 
severity of the lesion. In general, the same 
principles described in the treatment plan for 
the medial collateral ligament can be applied 
here. 

Position of the Patient 

The patient is supine on the treatment 
table with the affected knee in about 80° flex
ion. The lower leg rests on top of the other 
thigh just proximal to the patella (in the fig
ure-4 position; refer to Chapter 8). In this 
position, the lateral collateral ligament is eas
ily palpable from its origin at the lateral femo
ral epicondyle to its insertion at the fibular 
head (Figure 11-19). 

Position of the Therapist 

The therapist stands at thigh level next to 
the treatment table, on the patient's nonaf-

fected side. The therapist locates the most 
tender site on the lateral collateral ligament. 
If, for example the left knee is affected, the tip 
of the right index finger is placed just postero
lateral to this spot. A thickening of the liga
ment can usually be felt just proximal to the 
fibular head; this is a part of the biceps femo
ris muscle, which at this point runs lateral to 
the ligament. The thumb exerts counterpres
sure at the medial side of the knee, and the 
other hand fixes the lower leg. 

Performance 

The index finger is reinforced by the 
middle finger. By extension of the wrist dur
ing the active phase of the transverse friction, 
the tip of the index finger is moved from pos
terolateral to anterolateral over the affected 
part of the ligament (Figure 11-20). The hand 
relaxes during wrist flexion. In contrast to the 
treatment of the medial collateral ligament, 
the extraarticular lateral collateral ligament is 
only treated in one position. 

Figure 1 1-19 Localizat ion of the lateral (fibular) collateral ligament. 
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Figure 11-20 In itial position during transverse friction of the lateral (fibular) collateral ligament. 

Duration 

The transverse friction should be per
formed for 15 minutes daily for athletes and at 
least three times per week for others. Six to 

INSTABILITY OF THE KNEE 

General 

Considerations in planning the appropriate 
treatment program for patients with a knee 
instability include: 

• is the instability acute or chronic? 
• severity of the instability (1 +, 2+, 3+) 
• patient's occupation 
• patient's hobbies or sports 
• motivation of the patient regarding the 

intensive rehabilitation programs (pre
and post-surgery) and conservative 
treatment) 

• professional experience of the ortho
paedic surgeon with the various conser
vative and surgical methods 

12 treatments are usually necessary to 
achieve complete relief. In cases of instability, 
the same considerations mentioned in the 
treatment of the medial collateral ligament 
hold true. 

BASIC (MUSCLE) REHABILITATION 

PROGRAM FOR KNEE INSTABILITY 

Acute Stage in New Instability 

The goals of the rehabilitation program are 
pain relief and resolution of swelling (eg, the 
use of ice, transcutaneous electrical nerve 
stimulation, high-voltage galvanic stimula
tion, or interferential current) and preven
tion of muscle atrophy (use of exercises fea
turing isometric contraction). 

Isometric Exercises 

During all isometric contractions, the pa
tient should not hold his or her breath. In-
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stead, the patient should concentrate on 
breathing in a relaxed manner. 

• Quadriceps: The patient sits with the 
knee extended and pushes the back of 
the knee as forcefully as possible into the 
supporting surface. This position is held 
for 6 seconds, followed by 2 seconds of 
relaxation. The exercise is done in sets 
of 20 repetitions, 3 to 4 times per day. 

• Hamstrings: Exercise for the ham
strings is more important than for the 
quadriceps whenever one is treating any 
type of instability in which the tibia can 
anteriorly translate or rotate or in injuries 
where the anterior cruciate ligament is 
ruptured. In the sitting position, the pa
tient places the foot of the nonaffected 
extremity behind the ankle of the af
fected side in such a way that the affected 
knee is flexed 70°. The patient then con
tracts the hamstrings of the affected side 
while the nonaffected side exerts so 
much counterpressure that no move
ment occurs. This exercise is performed 
for 6 seconds, followed by 2 seconds of 
rest. In total, the exercise should be re
peated 20 times, 3 to 4 times per day. 

During the first week, this program should 
be performed with daily reassessment by the 
physical therapist. The circumference of the 
leg is measured at various levels: at the joint 
line and 10 cm and 20 cm proximal to the joint 
line. If there is an increase in joint effusion, 
the program is reduced accordingly. As the 
swelling decreases, the program can be ad
vanced. The acute phase usually lasts from 1 
to 3 weeks. In the second and third weeks, 
reassessment by the physical therapist is nec
essary three times per week. 

This exercise program can also be fol
lowed after surgery. Because of pain, how
ever, it is not possible for many patients to 
develop the required 60% of maximal 
muscle force necessary to prevent muscle 
atrophy. This muscle atrophy occurs quickly 

but can be somewhat slowed by the use of 
electric stimulation. 

If the initiation of the isometric exercise 
program goes well, isotonic exercises can be 
started, often while the lesion is still in the 
acute stage. 

Isotonic Exercises 

• Quadriceps (knee extension): Isotonic 
exercises can be performed with elastic 
bands, but they are best done on a knee 
extension table, where the weight can be 
increased as the patient gains strength. 
While sitting, the patient slowly extends 
the knee from a starting position of 90° 
flexion to an ending position of 45° flex
ion. This maneuver restricts the forces 
working to pull the tibia forward. In 
other words, they are significantly less 
than if the knee were extended farther. 
This exercise is repeated 15 times, 3 to 4 

times per day. 
• Hamstrings (knee flexion): still in the 

sitting position, but now starting from 
extension, the knee is maximally flexed. 
Here, too, the resistance is increased as 
the patient is able to exert more force 
without provoking pain or causing swell
ing. This exercise is also repeated 15 
times, 3 to 4 times per day. 

The above program can be performed be
fore surgery as well, with the following goals: 

• The patient can learn to perform cor
rectly the exercises that will be part of 
the postsurgical rehabilitation program. 

• The muscles can be developed to opti
mal condition so that, after the opera
tion, atrophy of the thigh muscles will 
occur more slowly and to a lesser extent. 

Often there is no time to prepare the patient 
for surgery or for the postoperative program 
because in many cases a new instability is op
erated on in the acute stage. 

After surgery, the isotonic program de
scribed above is followed with the under-
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standing that there is a limitation of motion. 
Exercises are performed within the limits of 
pain and within the available range of motion. 
These exercises can best be performed within 
the established limitations of motion by use of 
a brace (eg, a Lenox-Hill brace). 

Subacute Stage in New Instability and 

Old Instability 

The goals of the rehabilitation program are 
to obtain equal or greater strength, endur
ance, and proprioceptive awareness of the 
affected knee in comparison to the 
nonaffected side. At the same time, full pas
sive range of motion is achieved along with 
complete resolution of swelling and pain. 

Isokinetic Exercises 

Isokinetic exercises are performed after a 
specified amount of time or after certain goals 
have been meL and constitute an important 
part of both conservative and postoperative 
rehabilitation programs It is important to 
keep the postoperative immobilization period 
as short as possible. Movement helps prevent 
damage to the joint cartilage. In addition, liga
ments heal better and faster under the influ
ence of (restricted) movement. These move
ments should not exert an excess of force on 
the repaired structures, and it is recom
mended that movements be restricted to be
tween 20° and 60° flexion (here, too, with the 
help of a Lenox-Hill brace). The isokinetic 
exercises are best done on a Cybex II or simi
lar isokinetic machine. They can also be done 
without this type of machine, but the move
ments will not be as precise. 

• Hamstrings: Only those patients who 
have not undergone surgery should start 
the program exercising flexion of the 
knee at a velocity of 120° per second for 
20 repetitions. Depending on the 
patient's progress, the resistance and 
range of motion can be increased each 
day, and eventually the number of rep-

etitions is increased. Three to five sets of 
these repetitions should be performed at 
each therapy session. 

• Quadriceps: As described for the ham
strings, the quadriceps can also be exer
cised isokinetically, again only by the 
patients who have not undergone sur
gery. In these exercises, knee extension 
is performed starting at a velocity of 90° 
per second. Quadriceps exercises are 
particularly important when the poste
rior cruciate ligament is ruptured or 
when excessive translation or rotation of 
the tibia occurs posteriorly. To restrict 
the tendency for the tibia to translate 
forward during the isokinetic quadriceps 
exercises, the resistance should not be 
applied at the level of the malleoli but 
rather more proximal on the lower leg.20 

• Quadriceps and hamstrings: Exer
cises for both muscle groups consist of 
10 repetitions at velocities of 180°, 240°, 
and 300° per second. Progression can 
follow the recommendations described 
for the hamstrings. 

In addition, the muscles and muscle groups 
that can actively decrease the knee instability 
should be strengthened. For example, in an 
anteromedial rotatory instability, specific ex
ercises for the flexors and internal rotators of 
the knee should be used along with exercises 
to strengthen the hamstrings and quadriceps. 
In the case of an anterolateral rotatory insta
bility, more specific exercises for the flexors 
and external rotators of the knee should be 
used. 

Isokinetic exercises should always be pre
ceded by a thorough period of warming-up, 
using, for example, hot packs, massage, or 
isotonic exercises. After the exercises, ice 
can be applied for 10 to 15 minutes. Here, too, 
the exercise program must always be ad
justed to fit the needs of the individual by ac
commodating such circumstances as pain or 
the presence of joint effusion. In addition, 
consideration has to be given to the mobility 
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of the knee. If necessary, the therapist can 
apply careful joint-specific mobilization. 

Isokinetic exercises can also be performed 
eccentrically; it has been shown that this 
leads to faster muscle strengthening (not to 
more muscle strengthening). Nonsurgical pa
tients with more than 50% loss of strength 
need an average of eight sessions to restore 
strength; patients with less than a 50% loss 
need an average of six sessions.21 

Patients with a solitary or associated lesion 
of the anterior cruciate ligament can partici
pate in a considerably higher level of sports 
(and activities in general) when the strength 
of the hamstrings is greater than that of the 
quadriceps. The opposite is needed for pa
tients with a posterior cruciate ligament le
sion. Patients with lesions of the medial col
lateral ligament, for example, even in 
long-term follow-up, also react extremely 
well to muscle-strengthening exercise 
therapy.22 

As soon as the mobility of the knee is nor
mal, the muscle strength is optimal, and the 
muscle circumference is properly increased, 
loaded movements from activities of daily liv
ing can be initiated. Participation in activities 
must still be tempered by pain, swelling, and 
the feeling of instability (giving way of the 
knee). The types of movement that should be 
undertaken gradually include ascending and 
descending stairs, squats, jumping, biking, 

and generally motions that especially stress 
the knee joint. Later, full loading in specific 
training conditions is begun, and later still 
competition is initiated. The affected extrem
ity eventually has to become stronger than 
the nonaffected extremity. 

Studies23 have indicated that, where 
speed is involved, the least harmful sports 
are those that have the fewest sudden starts, 
stops, or jumps. Unfavorable sports include 
soccer, volleyball, basketball, and racquet 
sports, with the exception of tennis. The 
reason why tennis is generally good exercise 
is unknown. 

It is extremely important to discuss the 
rehabilitation program with the patient be
forehand. If the patient is not sufficiently mo
tivated, therapy will probably have disap
pointing results. The entire rehabilitation 
program lasts at least 6 months to a year. 
Even afterward, it is important to maintain 
strength and condition of the musculature, 
preferably through sports activities. Swim
ming, bicycling, and long distance running are 
some of the most suitable sports. Many other 
sports, particularly those involving body con
tact, increase the chances that degenerative 
changes will occur in the knee joint and that 
the instability will increase as a result of 
trauma.24 In many cases, patients who engage 
in high -risk sports may benefit from the use of 
a derotation brace.25 

PARAPATELLAR, SUPRAPATELLAR, AND 

INFRAPATELLAR INSERTION TENDOPATHIES 

Functional Examination 

Resisted knee extension is painful (usually 
only when tested immediately after the pa
tient performs the pain-provoking activity). 
Sometimes stretch of the rectus femoris (ex
tension of the hip combined with flexion of 
the knee) is painful. Differentiation between 

a parapatellar, suprapatellar, and infrapa
tellar tendopathy is made by palpation. For 
further clinical findings, refer to the section 
on the Pathology of the Patellofemoral Joint, 
Chapter 10. 

A parapatellar, suprapatellar, or infra
patellar insertion tendopathy is often misdi
agnosed as chondromalacia of the patella. 
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TRANSVERSE FRICTION FOR A 

PARAPATELLAR INSERTION 

TENDOPATHY 

Position of the Patient 

The patient is supine on the treatment 
table. The affected knee is extended. 

Position of the Therapist 

The therapist stands at knee level next to 
the treatment table. When the lesion is lo
cated at the medial side of the patella, the 
therapist stands at the patient's affected side. 
When the lesion is located at the lateral side of 
the patella, the therapist stands at the 
patient's nonaffected side. 

If, for example, the medial aspect of the 
right knee is affected, the therapist uses the 
left thumb to push the patella medially and 
places the tip of the right middle finger just 
proximal to the lesion against the posterome
dial edge of the patella. The nail of the middle 

finger "faces" posteriorly. The middle finger is 
reinforced by the index finger. The right 
thumb is placed on the left thumb and applies 
counterpressure (Figure 11-21A). 

Performance 

The active phase of the transverse friction 
is performed through an extension of the 
wrist. In so doing, the middle finger moves 
from proximomedial to dis tome dial over the 
site of the lesion (Figure 11-2IB). 

This treatment is performed in combina
tion with stretching of the quadriceps. If nec
essary, strengthening of the vastus medialis 
and medialis obliquus, stretching of the ili
otibial tract, and control of the patella 
through taping or bracing can also be added 
to the treatment program. 

Duration 

Depending on the severity of the symp
toms, from 4 to 15 treatments are required to 

Figure 11-21A Initial position in transverse friction of medial parapatellar insertion tendopathy. 
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Figure 1 1-21 B End position of transverse fr iction of medial parapatellar i nsertion tendopathy. The 
wrist is  now extended. 

obtain complete relief. The transverse fric
tion is performed for 10 to 15 minutes. Many 
athletes should continue to wear the patellar 
tape or brace during their sports activities. 

TRANSVERSE FRICTION FOR AN 

INFRAPATELLAR INSERTION 

TENDOPATHY (APEXITIS 

PATELLAE, "JUMPER'S KNEE") 

Position of the Patient 

The patient is supine on the treatment 
table with the affected knee extended. 

Position of the Therapist 

The therapist sits or stands at knee level 
next to the treatment table, at the patient's 
affected side. If, for example, the right knee is 
affected, the therapist places the web space 
of the left hand against the base of the patella 
in such a way that the thumb is lateral and the 
fingers medial. When pressure is exerted in a 

posterior direction, the apex of the patella 
tips upward, away from the tibia. The tip of 
the right middle finger is now placed just 
medial to the lesion; the nail of the middle fin
ger is positioned vertically. The right thumb is 
placed behind the left thumb and applies 
counterpressure (Figure 11-22A). 

Performance 

The right middle finger, reinforced by the 
index finger, exerts pressure against the pa
tella in a proximo posterior direction. During 
the active phase of the transverse friction, the 
wrist extends. In so doing, the middle finger is 
moved from medial to lateral over the lesion 
(Figure 11-22B). 

As with parapatellar insertion tendopathy, 
transverse friction therapy is combined with 
other therapeutic measures, such as stretch
ing of the rectus femoris muscle. Pain-pro
voking activities should be limited, depending 
on the severity of the lesion. For more de
tailed information, refer to the sections on the 
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Figure 11-22A I nitial position in transverse friction of infrapatellar insertion tendopathy. 

Figure 1 1-22B End position in transverse friction of infrapatellar insertion tendopathy. The wrist is 
extended. 
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"Pathology of the Patellofemoral Joint" and 
"Infrapatellar Insertion Tendopathy" in Chap
ter 10. 

Note 

Sometimes the most painful site is found 
not on the inferior aspect of the apex of the 
patella but on the anterior aspect. The hand 
position changes so that patella fixation with 
the left hand prevents the patella from mov
ing medially or laterally: The thumb rests 
against the lateral side of the patella and the 
index finger at the medial side. Transverse 

friction is performed with the tip of the right 
index finger, during which the pressure is 
now exerted in a posterior direction (Figure 
11-22C). 

Duration 

The number of treatments to achieve 
complete relief of symptoms varies from 6 
to 15. Transverse friction should be per
formed for 10 to 15 minutes each session. If 
there is little to no improvement after 6 
treatments, an injection with a corticoster
oid is indicated. 

Figure 1 1-22C Transverse friction at the anterior aspect of the apex of the patella. 
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TRANSVERSE FRICTION FOR A 

SUPRAPATELLAR INSERTION 

TENDOPATHY 

Functional Examination 

Resisted knee extension is painful (usually 
only when tested immediately after the pa
tient performs the pain-provoking activity). 

Suprapatellar insertion tendopathy is a 
typical sports injury and is seen less often 
than infrapatellar insertion tendopathy. 

Position of the Patient 

The patient is supine on the treatment 
table. The affected knee is in slight flexion 
and supported by a small pillow or roll. 

Position of the Therapist 

The therapist sits or stands at lower leg 
level next to the treatment table, at the 
patient's affected side. If, for example, the 
right knee is being treated, the therapist 
places the web space of the right hand on the 
apex of the patella and pushes posteriorly so 
that the base of the patella is tipped forward. 
The tip of the left middle finger palpates the 
base of the patella from medial to lateral to 
locate the most tender spot. The nail of the 
middle finger should be held as vertically as 
possible. The thumb of this hand is placed 
against the dorsal side of the right thumb. 

Performance 

The middle finger is reinforced by the in
dex finger, or these fingers can be trans
posed. Transverse friction is performed from 
medial to lateral over the site of the lesion. 
During the active phase the wrist is extended, 
and pressure is exerted in a distal direction 
(Figure 1 1 -23). 

As with parapatellar and infrapatellar in
sertion tendopathy, the friction treatment 
should be combined with stretching of the 
rectus femoris. In some cases, patellar taping 
or bracing can also be helpful. 

Duration 

Usually, depending on the severity of the 
symptoms, 6 to 1 0  treatments with transverse 
friction lasting 1 0  to 1 5  minutes each are suf
ficient to provide complete relief. 

BRACING OR TAPING 

The taping and bracing methods described 
below are appropriate in conjunction with the 
transverse friction treatment and stretching 
exercises and should be applied before sports 
activities. 

Position of the Patient 

The patient is supine on the treatment 
table with the affected knee in an extended 
position. 

Position of the Therapist 

The therapist sits or stands next to the 
patient's affected side. 

Figure 11-23 Transverse friction of suprapatel
lar insertion tendopathy. 
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Performance 

A 6-cm wide elastic tape is first applied in a 
circular manner just distal to the apex of the 
patella. Then a strip of nonelastic tape, 2 cm 
wide, is placed over the patellar ligament in 
the same circular way (Figure 11-24). 

Figure 11-25 shows an example of a 
brace that can be used to control the pa-

A 

B 

Figure 11-24 Taping method. 

tella. In patients with an increased quadri
ceps angle, the tendency of the patella to be 
pulled too far laterally is somewhat re
stricted by the bracing. Usually, minimal 
medially directed pressure is sufficient to 
achieve this restriction. Like the taping, this 
brace is most appropriate for use during 
sports activities. 

2 

3 

4 

Figure 11-25 Brace for control of the.patella. 1, 

Adjustable strap with Velcro closure for extra 
compression; 2, horseshoe-shaped felt pad in
side the brace at the medial aspect of the patella 
opening, which guarantees proper guiding of the 
patella; 3, opening to avoid compression of the 
patella; 4, interwoven flexible spiral springs . 
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SUBCUTANEOUS PREPATELLAR BURSITIS 

Functional Examination 

The functional examination is usually nega
tive. Sometimes, passive knee flexion is 
mildly painful. 

INJECTION 

The subcutaneous prepatellar bursitis is 
usually caused by chromc compression. Such 
compression is typically found in occupations 
such as carpet or tile laying, or it can be the 
result of a systemic (rheumatic) disease. 

Position of the Patient 

The patient is supine on the treatment 
table with the affected knee extended. 

Figure 11-26 I njection of the subcutaneous pre
patellar bursa. 

Position of the Physician 

The physician sits or stands next to the 
treatment table, at the patient's affected side. 

Performance 

From a lateral direction, a 5-cm needle is 
inserted horizontally between the patella and 
the skin. An obviously swollen bursa should 
first be aspirated and then injected. When the 
swelling is minimal, aspiration should still be 
attempted but is generally not successful. 
Local anesthetic is used, and it is injected in a 
fan-shaped manner as directed by the 
patient's pain and depending on the amount 
of resistance. When the needle passes 
through the wall of the bursa, the patient typi
cally experiences pain. At this point, the 
needle is inserted farther until the pain is no 
longer felt. Some of the solution is then in
jected as the needle is withdrawn from this 
area. This method of inserting and injecting 
as the needle is withdrawn is repeated in all 
directions until the entire painful area of the 
bursa has been injected. If the needle enters a 
nonpainful area, no solution is injected (Fig
ure 11-26). 

The presence of a bursitis is usually con
firmed when, during the process of insertion, 
the patient clearly feels pain and the physi
cian feels minimal to no resistance. The 
amount of local anesthetic injected, 2 to 5 mL, 
depends on the size of the bursa. 

Follow-Up 

After 1 week, the results of the injection are 
evaluated. If the symptoms have decreased, 
the injection is repeated. If there has been no 
significant change, 1 to 2 mL of corticosteroid 
is injected. The number of injections neces
sary to achieve complete relief varies be
tween one and six. If there is no improvement 
after three injections, surgical removal of the 
bursa should be considered. 
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SUPERFICIAL OR DEEP INFRAPATELLAR BURSITIS 

Functional Examination 

The functional examination is usually nega
tive. In some cases, passive knee flexion is 
painful (usually in superficial infrapatellar 
bursitis), and sometimes resisted knee exten
sion is also painful (usually in deep 
infrapatellar bursitis). 

INJECTION 

Causes of a superficial or deep infrapatellar 
bursitis can be chronic compression, Osgood
Schlatter's disease, muscular overuse, or 
rheumatic disease. 

Position of the Patient 

The patient is supine on the treatment 
table with the affected knee in approximately 
30° flexion. The knee is supported by a pillow 
or small bolster. 

Position of the Physician 

The physician stands or sits next to the 
treatment table at the patient's affected side. 

Performance 

Superficial Infrapateliar Bursitis. 

From a lateral direction, a 3-cm long needle is 
inserted between the patellar ligament and 
the skin (Figure 11-27). An obviously swollen 
bursa should first be aspirated and then in
jected. When the swelling is minimal, aspira
tion should still be attempted but is generally 
not successful. Local anesthetic is used, and it 
is injected in a fan-shaped manner as directed 
by the patient's pain and depending on the 
amount of resistance. When the needle 
passes through the wall of the bursa, the pa
tient typically experiences pain. At this point, 
the needle is inserted farther until the pain is 
no longer felt. Some of the solution is then in
jected as the needle is withdrawn from this 
area. This method of inserting and injecting 

Figure 11-27 Injection of the superficial 
infrapatellar bursa . 

as the needle is withdrawn is repeated in all 
directions until the entire painful area of the 
bursa has been injected. If the needle enters a 
nonpainful area, no solution is injected. 

The presence of a bursitis is usually con
firmed when, during the process of insertion, 
the patient clearly feels pain and the physi
cian feels minimal to no resistance. The 
amount of local anesthetic injected, 2 to 5 mL, 
depends on the size of the bursa. 

Deep Infrapatellar Bursitis. From a 
lateral direction, a 3-cm needle is inserted be
tween the tibia and patellar ligament (Figure 
11-28). An obviously swollen bursa should 
first be aspirated and then injected. When the 
swelling is minimal, aspiration should still be 
attempted but is generally not successful. 
Local anesthetic is used, and it is injec:ted in a 
fan-shaped manner as directed by the 
patient's pain and depending on the amount 
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of resistance. When the needle passes 
through the wall of the bursa, the patient typi
cally experiences pain. At this point, the 
needle is inserted farther until the pain is no 
longer felt. Some of the solution is then in
jected as the needle is withdrawn from this 
area. This method of inserting and injecting 
as the needle is withdrawn is repeated in all 
directions until the entire painful area of the 
bursa has been injected. If the needle enters a 
nonpainful area, no solution is injected. 

The presence of a bursitis is usually con
firmed when, during the process of insertion, 
the patient clearly feels pain and the physi-

cian feels minimal to no resistance. The 
amount of local anesthetic injected is usually 
1 mL. 

Follow - Up 

After 1 week, the results of the injection are 
evaluated. If the symptoms have decreased, 
the injection is repeated. If there has been no 
significant change, 1 to 2 mL of corticosteroid 
are injected. The number of injections neces
sary to achieve complete relief of symptoms 
varies between one and three. If there is no 
improvement after three injections, surgical 
removal of the bursa should be considered. 

Figure 1 1-28 Injection of the deep infrapatellar bursa. 

PES ANSERINUS SUPERFICIALIS BURSITIS 

Functional Examination 

The functional examination is usually nega
tive. 

INJECTION 

Differentiation between a bursitis and an 
insertion tendopathy of the superficial pes 
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Figure 1 1-29 I njection of a bursitis at the level of the pes anserinus superficialis, for instance 
between the medial collateral ligament and the pes anserinus superficialis. 

anserinus is often difficult. In the presence of 
a bursitis, there is usually only tenderness to 
palpation and sometimes local swelling that is 
fluctuating in consistency when palpated. 

Position of the Patient 

The patient is supine on the treatment 
table with the affected side as close as pos
sible to the edge of the table and the knee in 
90° flexion. 

Position of the Physician 

The physician stands next to the treatment 
table at the patient's affected side. 

Performance 

After careful localization of the bursitis, a 5-

cm long needle is inserted almost vertically, 
parallel to the structures between which the 
bursa is located (Figure 11-29). An obviously 
swollen bursa should first be aspirated and 
then injected. When the swelling is minimal, 
aspiration should still be attempted but is 
generally not successful. Local anesthetic is 
used, and it is injected in a fan-shaped man
ner as directed by the patient's pain and de
pending on the amount of resistance. When 
the needle passes through the wall of the 
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bursa, the patient typically experiences pain. 
At this point, the needle is inserted farther 
until the pain is no longer felt. Some of the 
solution is then injected as the needle is with
drawn from this area. This method of insert
ing and injecting as the needle is withdrawn is 
repeated in all directions until the entire pain
ful area of the bursa has been injected. If the 
needle enters a nonpainful area, no solution is 
injected. 

The presence of a bursitis is usually con
firmed when, during the process of insertion, 
the patient clearly feels pain and the physi
cian feels minimal to no resistance. The 

amount of local anesthetic injected is usually 
1 to 2 mL. 

Follow- Up 

After 1 week, the results of the injection are 
evaluated. If the symptoms have decreased, 
the injection is repeated. If there has been no 
significant change, 1 to 2 mL of corticosteroid 
are injected. The number of injections neces
sary to achieve complete relief of symptoms 
varies between one and three. If there is no 
improvement after three injections, a thor
ough evaluation and subsequent correction of 
lower extremity alignment should be initiated. 

INSERTION TENDOPATHY OF THE PES ANSERINUS 

SUPERFICIALIS 

Functional Examination 

Resisted knee flexion combined with re
sisted internal rotation of the lower leg is 
painful (particularly when performed repeat
edly). 

TRANSVERSE FRICTION 

Unless the bursa is obviously swollen, it is 
not always easy to differentiate between a 
tendinitis of the pes anserinus superficialis 
and a bursitis. If the pain increases during the 
transverse friction treatment, there is likely 
to be a bursitis. 

Position of the Patient 

The patient is supine on the treatment 
table with the affected knee extended. 

Position of the Therapist 

The therapist stands or sits next to the 
treatment table, at the patient's affected side. 

If ,  for example, the right knee is being 
treated, the therapist places the left hand on 
the patient's thigh while, after careful palpa
tion, the tip of the right index finger is placed 
just posterior to the site of the lesion. 

Performance 

During the active phase of the transverse 
friction, the wrist is extended, creating the 
motion by which the index finger, reinforced 
by the middle finger, is moved transversely 
over the lesion from posteromedial to antero
lateral and slightly proximal (Figure 11-30). 

Duration 

Patients who are athletes should be seen 
daily and others at least three times per week 
for 2 to 4 weeks. Patients with gonarthrosis 
(osteoarthrosis of the knee) should receive 
transverse friction treatments two to three 
times per week in combination withjoint-spe
cific mobilization of the knee. 
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Figure 11-30 Transverse friction of the pes anserinus superficialis. 

ILIOTIBIAL BAND FRICTION SYNDROME 

Functional Examination 

The basic functional examination is usually 
negative. Pressure against the lateral femoral 
epicondyle provokes pain when the knee is 
actively or passively flexed or extended be
tween 30° and 40°. 

INJECTION 

The iliotibial band friction syndrome is a 
typical sports injury, seen particularly in long
distance runners and bicyclists. In most in
stances, it is not the tendon but rather the 
bursa between the tendon and the lateral 
femoral epicondyle that is affected. 

Position of the Patient 

The patient is supine on the treatment 
table with the knee positioned in 30° to 40° 

flexion. The knee is supported by a pillow or 
small bolster. 

Position of the Physician 

The physician stands or sits next to the 
treatment table at the patient's affected side. 

Performance 

The lateral femoral epicondyle is located; 
the simplest method is to put the leg in the 
figure-4 position and to follow the lateral col
lateral ligament to its proximal insertion. A 4-
cm needle is inserted vertically between the 
iliotibial tract and the lateral femoral epi
condyle (Figure 11-31). For the first injec
tion, 1 mL of local anesthetic is injected. If, 
after 1 week, the symptoms have not signifi
cantly improved, 1 mL of corticosteroid is in
jected. 
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Figure 1 1-31 Injection of the bursa between the iliotibial band and the lateral femoral epicondyle. 

Usually one to three injections are neces
sary to achieve complete relief of pain. In ad
dition, the iliotibial tract is stretched. If nec
essary, the static position of the lower 
extremities is corrected by means of orthotics 
in the shoes. Athletes should temporarily re
duce or stop activities that provoke their pain. 
For example, running on uneven terrain 
should be avoided, and the distance normally 
covered during running or biking should be 
reduced. 

STRETCHING 

Position of the Patient 

The patient is supine on the treatment 
table with the affected leg in maximal adduc
tion and the knee supported in slight flexion. 
The other leg is flexed at the hip and knee to 

the extent necessary to achieve maximal ad
duction of the affected leg. The trunk is maxi
mally sidebent toward the nonaffected side. 

Position of the Therapist 

The therapist stands next to the treatment 
table at the patient's affected side. If, for ex
ample, the right iliotibial tract is being 
stretched, the therapist grasps the patient's 
lower leg with the right hand just above the 
ankle, bringing the entire leg as far as possible 
into adduction. The other hand grasps the pa
tella with the thenar and hypothenar emi
nences lateral and the thumb and fingers 
medial. 

Performance 

The therapist slowly pushes the patella 
medially, making sure not to cause pain or 
muscle splinting (Figure 11-32). With this 
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Figure 1 1-32 Stretching of the iliotibial tract, particularly the fibers to the patella. 

technique, in particular the fibers of the ili
otibial tract that insert at the patella are 
stretched. It is difficult to stretch these fibers 

of the iliotibial tract without the assistance of 
a therapist. Therefore, self-stretching exer
cises are not discussed. 

INSERTION TENDOPATHY OF THE BICEPS FEMORIS 

MUSCLE 

Functional Examination 

Resisted flexion of the knee, especially 
when combined with resisted external rota
tion of the lower leg, is painful. 

TRANSVERSE FRICTION 

In almost all cases of this typical sports in
jury, the insertion of the biceps femoris at the 
head of the fibula is affected. 

Position of the Patient 

The patient is supine on the treatment 
table with the knee slightly flexed, supported 
by a small pillow or roll. 

Position of the Therapist 

The therapist sits or stands next to the 
treatment table at the patient's nonaffected 
side. If, for example, the left knee is affected, 
the therapist (after carefully palpating to lo
cate the most tender spot) places the tip of 
the right index finger at the proximolateral 
aspect of the fibular head. The right thumb is 
positioned at the medial side of the lower leg, 
more distally than the index finger. 

Performance 

With the tip of the index finger reinforced 
by the middle finger, transverse friction is 
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Figure 11-33 Transverse frict ion of the biceps femoris insertion at the head of the fibula. 

applied over the lesion from posterolateral to 
anteromedial and slightly distal. The active 
phase of the transverse friction is performed 
by extending the wrist (Figure 11-33). 

Duration 

Depending on the stage of the insertion 
tendopathy, transverse friction treatment 
should be performed two to three times per 
week, lasting about 20 minutes each session. 
In the first or second stage of tendopathy, 
when pain is experienced after (or at the be
ginning of as well as after) the activity, 6 to 10 
treatments are usually required to achieve 
complete relief. The patient should also per
form self-stretching exercises regularly 
throughout the day (see the stretching exer-

cises in "Lesions of the Hamstrings" in Chap
ter 5). 

In the third stage of a tendinitis, pain is con
stant but performance is not affected. In the 
fourth stage, pain is constant and perfor
mance is affected as well. The treatment of 
either of these stages includes temporary ces
sation of the symptom-provoking activities in 
addition to transverse friction. Usually 10 to 
15 transverse friction treatments are re
quired to achieve complete relief. 

INJECTION 

If there is minimal to no improvement after 
six sessions of transverse friction, an injection 
of the insertion of the biceps femoris is indi
cated. 
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Figure 11-34 I njection of the insertion of the biceps femoris at the head of the fibula. 

Position of the Patient 

The patient is supine on the treatment 
table with the knee slightly flexed, supported 
by a small pillow or roll. 

Position of the Physician 

The physician stands at knee level or sits 
next to the treatment table at the patient's 
affected side. 

Performance 

The physician carefully locates the site of 
the lesion. A syringe is filled with 1 mL of cor
ticosteroid. For this injection, a 3-cm needle 
is inserted almost horizontally in a medial and 

slightly distal direction (Figure 11-34). Di
rected by the patient's pain, the injection is 
made at the fibular head in a drop-wise fash
ion. 

Follow-Up 

The patient is advised to restrict activities 
with the affected knee for 3 to 4 days. In many 
cases, the patient experiences increased pain 
after the injection, which can last several 
days. After 1 week, the knee is reassessed. If 
the functional examination still provokes 
pain, a second injection is given. Usually two 
to four injections are required to achieve 
complete relief. 
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Note 
Sometimes, during the palpation, tender

ness cannot be elicited either at the fibular 
head or at the tibial insertion. When this is the 
situation, the fibers of the biceps femoris that 
insert at the lateral meniscus are involved, or 

there is a lesion of the lateral meniscus itself. 
In such cases, the diagnosis can be confirmed 
with an injection of a local anesthetic. 

The knee is flexed 900, and the injection is 
given in the joint space just posterior to the 
lateral collateral ligament (Figure 1 1 -35). 

Figure 1 1-35 I njection of the biceps femoris f ibers that insert at the posterior horn of the lateral 
meniscus. 
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INSERTION TENDOPATHY OF THE POPLITEUS MUSCLE 

Functional Examination 

Resisted flexion of the knee, particularly 
when combined with resisted internal rota
tion of the lower leg, is painful at the lateral 
side of the knee (usually only painful directly 
after the pain-provoking activity has been 
performed) . 

INJECTION 

An insertion tendopathy of the popliteus 
muscle is a rarely seen lesion at the lateral 
aspect of the knee. Differentiation between 
an insertion tendopathy of the popliteus and a 
lesion of the posterior horn of the lateral me
niscus is often difficult and, in many cases, is 
only possible by means of an injection with a 
local anesthetic. 

Position of the Patient 

The patient is supine on the treatment 
table with the knee slightly flexed, supported 
by a small pillow or roll. 

Position of the Physician 

The physician stands or sits next to the 
treatment table at the patient's affected side. 

Performance 

First, the physician locates the lateral col
lateral ligament by putting the patient's leg in 
the figure-4 position. Next, the lateral femoral 
epicondyle is located. In this position, the in
sertion of the popliteus muscle is found just 
distal to the lateral femoral epicondyle and 
anterior to the lateral collateral ligament. 

A syringe is filled with 1 mL of local anes
thetic, and a 2- to 3-cm needle is inserted per
pendicular to the skin (Figure 1 1-36). The 
insertion is then injected in a drop-wise fash
ion, corresponding to where the patient expe
riences pain. 

If, after the injection, the functional exami
nation is negative, the diagnosis is confirmed. 
In some cases, this treatment will already 
have a therapeutic effect. If not, transverse 
friction can be tried, or the injection can be 
repeated with 0.5 mL of corticosteroid. 

After injection with a corticosteroid, the 
patient is advised to limit knee-stressful ac
tivities for several days. The patient is seen 
again for follow-up after 1 week. If pain is still 
provoked during the follow-up functional ex
amination, the injection can be repeated. No 
more than four injections at I-week intervals 
should be administered. 

Figure 1 1-36 I njection of the i nsertion of the 
popliteus muscle. 
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COMPRESSION NEUROPATHY OF THE SAPHENOUS 

NERVE 

Functional Examination 

The functional examination of the knee is 
negative except when compression occurs 
through subluxation of the medial meniscus 
or is the resUlt of trauma in which medial knee 
structures have been injured. For further 
clinical findings, refer to Chapters 10 and 12. 

INJECTION 

There are two possible sites of compres
sion: at the medial side of the knee, location of 
the compression is determined by the site of 
most tenderness to palpation, and at the site 
where the saphenous nerve exits the 
subsartorial canal. 

Position of the Patient 

The patient is supine on the treatment 
table with the affected knee extended. The 
lower part of the other leg, with the knee 
flexed, hangs over the edge of the table. 

Position of the Physician 

The physician sits or stands next to the 
treatment table at the patient's nonaffected 
side. 

Performance 

A 2-mL syringe is filled with a local anes
thetic (eg, 1 % lidocaine). A 5-cm needle is 
inserted horizontally 5 to 7 cm proximal to the 
adductor tubercle at the site of most tender
ness between the vastus medialis and sarto
rius muscles. The needle is pushed in until the 
patient feels a tingling sensation (an increase 
in symptoms) from the saphenous nerve. 
Then the needle is withdrawn slightly, and 2 
mL of solution are slowly injected (Figure 11-
37). 

Follow-Up 

There are no specific measures that the 
patient has to follow after this injection. After 
1 week, the patient's condition should be re
assessed. In instances of improvement, 1 mL 
of corticosteroid is injected to achieve more 
permanent results (when this disorder is 
treated, the problem almost always recurs 
when only a local anesthetic is used in the in
jections) . Surgery is seldom indicated. 
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Proximal Distal 

Figure 1 1-37 Perineural injection of the saphenous nerve where the nerve exits the subsartorial 
canal. 1, Patella; 2, adductor tubercle; 3, vastus medialis muscle; 4, adductor magnus muscle; 
5, sartorius muscle. 

COMPRESSION NEUROPATHY OF THE COMMON 

PERONEAL NERVE 

Functional Examination 

In severe cases, there is loss of strength of 
the extensors and evertors of the foot. For 
further clinical findings, refer to Chapters 10 
and 12. 

INJECTION 

Differentiating compression of the com
mon peroneal nerve from an L4 or L5 nerve 
root irritation, compression of the superficial 
peroneal nerve, or compression of the deep 

peroneal nerve is not always easy. Therefore, 
injection with a local anesthetic is always 
done before the diagnosis can be complete. 

Position of the Patient 

The patient is supine on the treatment 
table with the knee slightly flexed and the hip 
internally rotated. 

Position of the Physician 

The physician sits next to the treatment 
table at the patient's affected side. 
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Figure 11-38 Perineural injection of the common peroneal nerve at the level of the neck of the fibula. 
1, Head of the fibula; 2, biceps femoris muscle; 3, common peroneal nerve. 

Performance 

A 2-mL syringe is filled with a local anes
thetic (eg, 1 % lidocaine). With the patient in 
the above described position, the nerve is eas
ily palpated just medial to the tendon of the 
biceps femoris and can be followed from this 
point distally until symptoms are provoked by 
the manual pressure exerted on the nerve. At 
this site, 2 mL of local anesthetic are injected 
around the lesion with a 4-cm needle (Figure 
11-38). 

Follow-Up 

There are no specific measures that the 
patient has to follow after this injection. Af
ter 1 week, the patient should be seen for re
assessment. If the symptoms have improved, 
the injection is repeated. If there is no 
change in the symptoms but directly after 
the first injection they had decreased or dis
appeared, 1 mL of corticosteroid is injected. 
In some therapy-resistant cases, surgery is 
indicated. 



Chapter 12 

Peripheral Compression 
Neuropathies in the Knee Region 

COMPRESSION NEUROPATHY OF 

THE SAPHENOUS NERVE 

The saphenous nerve springs from the 

femoral nerve (L2 to L4). It is a cutaneous 

nerve and gives off branches at the medial 

aspect of the knee (Figure 12-1). Compres

sion of the saphenous nerve usually occurs 

either at the site where the nerve leaves the 

subsartorial canal or on the medial side of the 

knee (Figure 12-2). There is a wide variety of 

causes of compression. These can include di

rect trauma, genu valgum (often in conjunc

tion with obesity), medial meniscus sublux

ation, and complications resulting from a 

medial incision used in knee surgery. Indirect 

trauma, such as one that induces a knee insta

bility (typically a valgus-flexion-external ro

tation trauma), can also damage the nerve. 

Clinical Findings 

The patient experiences pain at the medial 

aspect of the knee and lower leg, extending to 

the medial edge of the foot. Pain is chiefly 

provoked during activities in which the knee 

is flexed more than 60°, such as when climb

ing stairs. 

Functional Examination 

The examiner is usually unable to provoke 

the patient's symptoms during the functional 

examination, unless the underlying pathology 

is known. Palpation at the site of compression 

causes not only local but also radiating pain. 

Palpation for the saphenous nerve at the 

opening in the subsartorial canal is done at a 

site that is approximately the width of four 
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fingers above the medial femoral condyle, be

tween the vastus medialis and sartorius 

muscles. 

Treatment 

A perineural injection at the site of the 

compression with a solution of corticosteroid 

and local anesthetic is almost always effec

tive. Surgery is rarely necessary. 

COMPRESSION NEUROPATHY OF 

THE TIBIAL NERVE 

The tibial nerve (L4 to S3) lies well pro

tected in the popliteal fossa and is rarely 

pathologically compressed. The tibial nerve 

can be damaged from a dislocation of the 

knee. In this instance, however, the common 

peroneal nerve is much more often affected. 

Lesions of the tibial nerve are occasionally 

seen in tibia fractures. A compression of the 

tibial nerve can occur in young athletes as the 

result of a soleus syndrome. 

Clinical Findings 

The first symptom to appear in a compres

sion neuropathy of the tibial nerve is a sen

sory disturbance at the sole of the foot. In 

later stages, sensory disturbances are experi

enced from midcalf to the heel. In severe le

sions, motor deficit is experienced in all the 

foot and toe flexors, including the short 

muscles except for the extensor digitorum 

and extensor hallucis brevis. Even with total 

paralysis of the nerve, the patient is still able, 

albeit weakly, to actively plantar flex the foot 

by contracting the peroneus longus muscle. 
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Figure 12-1 Saphenous nerve (anteromedial as
pect of the right knee). 1, Femoral artery; 2, ad
ductor magnus muscle; 3, gracilis muscle; 4, sar
torius muscle; 5, saphenous nerve. 

Treatment 

The type of treatment varies according to 

the type and severity of the lesion. For in

stance, if the nerve has been damaged as the 

result of a fracture or dislocation of the knee, 

and if neurologic signs and symptoms of a 

tibial nerve lesion are still present after the 

fracture or dislocation has been surgically re

paired, surgery is again indicated, but this 

time to release the entrapped nerve. In in

stances of a soleus syndrome, treatment con

sists of surgery to resect the tissue respon

sible for compressing the neurovascular 

structures. 

Figure 12-2 Common peroneal nerve (lateral 
side of the right knee). 1, Plantaris muscle; 
2, gastrocnemius, lateral head; 3, tendon of the 
biceps femoris muscle; 4, lateral collateral liga
ment; 5, peroneus longus muscle; 6, soleus 
muscle; 7, peroneus brevis muscle; 8, tibialis an
terior muscle; 9, common peroneal nerve. 

COMPRESSION NEUROPATHY OF 

THE COMMON PERONEAL NERVE 

Compression of the common peroneal 

nerve (L4 to 82) occurs most often at the level 

of the fibular neck (see Figure 12-2). The 

cause is generally traumatic. In an acute case, 

the cause is often direct or indirect trauma, 

such as an inversion trauma of the foot. In a 

chronic case, the disorder is often the result 

of repeated crawling with the foot in inver

sion, a common practice of gardeners. A loose 

body from the knee joint occasionally causes 

compression of this nerve. 
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Dif.ferential Diagnosis 

• Compression neuropathy of the deep or 

superficial peroneal nerves, in which 

proximally radiating pain can also occur. 

• Anterior tibial compartment syndrome. 

Clinical Findings 

Pain is experienced at the anterolateral as

pect of the lower leg, the dorsum of the foot, 

and the first four toes. Sensory disturbances 

can be experienced in the form of hyperes

thesia, hypoesthesia, or anesthesia. Loss of 

strength of the evertors and extensors 

(dorsiflexors) of the foot can occur. 

Treatment 

Treatment consists of decreasing the ten

sion of the fasciae of the lower leg and pero

neal muscles by means of orthotics with a lat

eral wedge. If necessary, an injection with a 

solution of corticosteroid and local anesthetic 

can be administered at the site of the com

pression. In recurrent cases, when conserva

tive treatment is unsuccessful, surgical neu

rolysis is indicated. 
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PART II-KNEE REVIEW QUESTIONS 

I. Name the localization and the various 17. What four types of uniplanar instabili-

connections of the contractile struc- ties can be differentiated in the knee? 

tures surrounding the menisci. 18. Which test is always positive with a 

2. Name the clinically most important sprain of the medial meniscotibial 

flexors of the knee. (coronary) ligament? 

3. Give the definition of a plica. 19. Which structures can be affected in a 

4. What is the clinically most important 
1 + medial instability with the knee in 

plica in the knee, and where does it 
slight flexion? 

run? 20. Which structures can be affected in a 

5. In which knee position are both cruci-
1 + medial instability with the knee in 

extension? 
ate ligaments fully relaxed? 

21. Which structures can be affected in a 
6. In which knee position are both collat- 1 + anterior instability of the knee? 

eral ligaments fully relaxed? 22. Which structures can be affected by a 
7. In which direction do the menisci move 2+ posterior instability of the knee? 

during flexion and extension? 23. Which type of rotatory instability of the 

8. Name the maximal loose-packed and knee is seen most often? In a 1+ insta-

the maximal close-packed positions of bility, which structures are affected? 

the knee. 24. In which age group is chondromalacia 

9. Which arthritides of the knee are seen of the patella most common, and what 

mostly in children? is the etiology? 

10. In which disease does hemarthrosis of 25. Clinically, what is the greatest differ-

the knee frequently occur? ence between subluxation of the pa-

ll. What is osteochondritis dissecans of 
tella and chondromalacia of the pa-

the knee, and which types can be dif-
tella? 

ferentiated? 
26. In which way can one best diagnose an 

12. What is the most important goal in 
iliotibial band syndrome? 

27. Which tendon lesions of the knee joint 
treatment of juvenile osteochondritis 

are most frequently seen? 
dissecans? 

13. 
28. How can one best diagnose a compres-

Name three causes of a loose body spe-
sion neuropathy of the saphenous 

cific to the knee. 
nerve? 

14. Name five different lesions of the me- 29. Define Osgood-Schlatter disease. 
nisci. 

30. In which direction does the proximal 
15. Define the "snapping knee" syndrome. tibiofibular joint most frequently dislo-

16. Define Pellegrini-Stieda disease. cate? 
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PART II-KNEE REVIEW ANSWERS 

1. Anterior: both medially as well as later

ally through the medial and lateral 

patellotibial ligaments (part of the ex

tensor mechanism). Posterior: medi

ally through a tendon from the semi

membranosus muscle and laterally 

through the popliteus tendon. Lateral: 

through the biceps femoris tendon 

2. Popliteus, biceps femoris, semimem

branosus, semitendinosus, gracilis, and 

sartorius. 

3. Synovial folds in the joint capsule that 

are residual from septa present in the 

embryologic stage of the joint. 

4. Mediopatellar plica: It runs from the 

underside of the quadriceps insertion 

just proximal to the patella and over 

the cartilage of the medial femoral 

condyle to the infrapatellar fat pad. 

5. The cruciates are never fully relaxed. 

6. The collateral ligaments are never fully 

relaxed. 

7. In general, during flexion they move 

backward and during extension they 

move forward. 

8. Maximal loose-packed position: ap

proximately 25° knee flexion. Maximal 

close-packed position: maximal exten

sion of the knee. 

9. Juvenile rheumatoid arthritis and 

ankylosing spondylitis. 

10. Hemophilia. 

11. A lesion of the subchondral bone and 

later also of the joint cartilage, localized 

in the lateral aspect of the medial femo

ral condyle. The cause has many fac

tors; trauma is the most important fac

tor. One differentiates between 

juvenile osteochondritis dissecans (in 

children) and osteochondritis disse-

cans in adults. In the first case, the le

sion occurs before the closing of the 

distal femoral epiphysis, and in ad ults it 

occurs afterward. 

12. Prevention of osteoarthrosis in the 

knee. 

13. Gonarthrosis (osteoarthrosis), menis

cus fragment, retropatellar chondropa

thy. 

14. Longitudinal tear, transverse tear, me

niscus fraying, ganglion, discoid menis

cus. 

15. The syndrome occurs when a lateral 

discoid meniscus is poorly attached to 

the posterior horn by the posterior 

meniscofemoral ligament (Wristberg's 

ligament). This ligament can be too 

short to allow normal extension of the 

knee. Therefore, hypermobility of the 

posterior horn of the flat meniscus oc

curs with resulting hypertrophy. Dur

ing flexion and extension of the knee, 

an audible click occurs. 

16. After trauma with a valgus component 

or a pure valgus trauma, a progressive 

flexion limitation occurs. On radio

graphs, one can see a calcification at 

the site of the origin of the medial col

lateral ligament (usually above, at, or 

just below the adductor tubercle). 

17. Medial instability, lateral instability, 

anterior instability, posterior instabil

ity:-

18. Passive external rotation of the tibia. 

19. The media meniscotibial (coronary) 

ligament and possibly the medial me

niscus. 

20. The posterior oblique ligament (pos

teromedial corner of the .capsule), the 

medial co!lateral ligament (sprain or 
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partial rupture), possibly the medial 

meniscus. 

2 1. The anterior cruciate ligament, possi

bly the medial meniscus. 

22. Posterior cruciate ligament, postero

medial and/or posterolateral capsulo

ligamentous structures. 

23. Anterolateral rotatory instability. The 

anterior cruciate ligament, possibly the 

lateral meniscotibial ( coronary) liga

ment (the lateral or the posterior part, 

sometim s the anterior part). 

24. In adolescents; the etiology is trau

matic. 

25. With a subluxation of the patella, the 

problems usually occur in the first 30° 

of flexion; in patellar chondromalacia, 

the problems usually occur around 90° 

flexion. 

26. With the patient in either standing or 

supine, the examiner exerts pressure 

on the lateral femoral epicondyle while 
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Chapter 13 

Functional Anatomy of the Ankle 

Although the term ankle is often used 

merely to describe the junction between the 

lower leg and the foot, the ankle in fact en

compasses an intricate joint complex. This 

complex includes the following joints: 

• the talocrural joint (which is the actual 

"ankle joint") 

• the subtalar joint 

• the joints between the calcaneus and 

cuboid, (lateral), and between the talus 

and navicular joints (medial), also called 

the midtarsal joints 

JOINT MORPHOLOGY 

Bony and Capsuloligamentous 

Structures 

Talocrural Joint (Articulatio 

Talocruralis) 

The talocrural joint is formed by the distal 

end of the tibia (the medial malleolus) and 

the distal end of the fibula (the lateral malleo

lus) as well as the anterior inferior tibiofibular 

ligament on one side and the talus on the 

other side. 

The part of the talus that articulates with 

the "fork" of the ankle, termed the talar troch

lea, is convex in an anteroposterior direction 

and is concave in the frontal plane. The ante

rior part of the talus is wider than the poste

rior part. The talar joint surfaces with both 

malleoli are continuous with the hyaline carti

lage from the trochlea. 

The talocrural joint capsule is relatively 

thin both anteriorly and posteriorly but is re

inforced by collateral ligaments at the sides. 

At the medial side, the collateral ligaments 

are difficult to differentiate from each other; 

they can be seen as a homogenous thickening 

of the capsule, which is termed, as a whole, 

the deltoid ligament (Figure 13-1). This liga-

. ment can be divided into a superficial and a 

deep layer. The deep layer is the anterior 

tibiotalar ligament. The superficial layer con

sists of three parts: the tibionavicular liga

ment (anterior), tibiocalcaneal ligament 

(middle), and posterior tibiotalar ligament 

(posterior) . 
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At the lateral side, there are three separate 

capsular ligaments (Figure 13-2). The ante

rior talofibular ligament runs from the ante

rior edge of the lateral malleolus to the lateral 

side of the talar neck. The posterior 

talofibular ligament runs almost horizontally 

from the posterior side of the lateral malleo

lus to the lateral aspect of the posterior talar 

process (a slip from this ligament runs to the 

medial malleolus). The calcaneofibular liga

ment, which is the middle ligament, runs as a 

cord from the underside of the lateral malleo

lus in a plantar and posterior direction to its 

attachment to the calcaneal tuberosity. Of all 

the ankle and foot ligaments, the lateral col

lateral ligaments are the most frequently in

jured as a result of the often seen inversion 

trauma. 

The anterior and posterior parts of the cap

sule are loosely constructed. This condition is 
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8 

Figure 13-1 (A) Ligaments at the medial side of the left ankle and midtarsal joints. (8) Anterior view of 
the left deltoid ligament. 1, Tibia; 2, talus; 3, calcaneus; 4, sustentaculum tali; 5, navicular tuberosity; 
6, anterior tibiotalar and tibionavicular ligaments; 7, tibiocalcaneal ligament; 8, posterior tibiotalar 
ligament; 9, anterior tibiotalar ligament (deep part); 10, plantar calcaneonavicular ligament. 
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Figure 13-2 (A) Ligaments at the lateral side of the left ankle and midtarsal joints. (8), Posterior view 
of the left ankle. 1, Tibia; 2, fibula; 3, posterior talar process; 4, calcaneus; 5, cuboid; 6, navicular; 
7, anteroinferior tibiofibular ligament; 8, posterior inferior tibiofibular ligament; 9, anterior talofibular 
ligament; 10, calcaneofibular ligament; 11, posterior talofibular ligament; 12, bifurcate ligament 
(a, calcaneonavicular ligament; b, calcaneocuboid ligament); 13, talonavicular ligament; 14, slip of the 
posterior talofibular ligament to the medial malleolus. 
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necessary to allow for the required amount of 

flexion (plantar flexion) and extension (dor

siflexion) in the ankle joint. During maximal 

flexion and extension, there is sufficient 

space between the talus and the tibia that the 

soft tissue-the capsule and fat pad at the 

posterior and anterior aspects of the joint

does not become compressed. As the result of 

a traumatic flexion or extension movement, 

this space can decrease, leading to painful 

compression. When plantar flexion is the 

cause of compression of the soft tissue, the 

condition is designated as posterior tibiotalar 

compression syndrome. When the condition 

is caused by an extension movement, it is 

called an anterior tibiotalar compression syn

drome. 

Talocalcaneal Joint (Articulatio 

Talocalcanea) 

The talocalcaneal joint, also called the 

subtalar joint, consists of the anterior and 

posterior connections between the talus and 

calcaneus. Although both connections form a 

functional unity, the anterior part is morpho

logically considered as belonging to the talo

calcaneonavicular joint. 

The posterior talocalcaneal connection is 

formed by the plantarly located concave joint 

surface of the posterior part of the talus and 

the dorsally located convex joint surface of 

the posterior part of the calcaneus. The thin 

capsule is reinforced by a number of strong 

ligaments. Extra augmentation comes from 

the short, strong interosseous ligament. This 

ligament restricts valgus motion in the joint, 

so that movement in this direction is almost 

impossible. 

Talocalcaneonavicular Joint 

(Articulatio 

Talocalcaneonavicularis) 

The convex head of the talus has contact 

with the concave joint surface of the navicu

lar. The lower aspect of the talar head also has 

contact with the middle and anterior facets of 

the calcaneus. The rather thin joint capsule is 

augmented by ligaments in several places. In 

addition, extra reinforcement is supplied by 

the talonavicular ligament, the plantar 

calcaneonavicular ("spring") ligament, and 

the calcaneonavicular part of the bifurcate 

ligament. 

Calcaneocuboid and 

Talonavicular Joints 

(Articulationes 

Calcaneocuboideal 

Talonavicularis) 

The calcaneocuboid and talonavicular 

joints form the so-called midtarsal joint. The 

line formed by their joint spaces is known as 

Chopart's exarticulation line. Here, too, the 

thin capsule is reinforced in various places by 

strong ligaments. The capsule is strength

ened dorsally by the calcaneocuboid part of 

the bifurcate ligament and plantarly by the 

long plantar and plantar calcaneocuboid liga

ments. 

From the clinician's point of view, the mid

tarsal joints play an important role in regard 

to foot pathology. The other intertarsal joints 

are less clinically significant and thus are only 

identified: 

• the cuneonavicular joint (between the 

three cuneiform bones and the navicu

lar) 

• the cuboideonavicular joint (between 

the cuboid and navicular) 

• the small joints between each of the cu

neiform bones and between the cuboid 

and lateral cuneiform (Figure 13-3) 

Muscles, Tendons, and Ligaments 

Considering the talocrural joint function

ally and anatomically during movement, one 

can identify an infinite number of continually 

shifting axes. In clinical situations, however, 

motions in only one axis, flexion-extension, 

are usually significant. The muscles involved 

in these motions are listed in Table 13-1. 

Movements and relationships in the 



Figure 13-3 Transverse section through the 
right foot. from above. 1, First metatarsal; 
2, medial cuneiform; 3, navicular; 4, tibialis ante
rior tendon; 5, talar head; 6, talus; 7, medial mal
leolus; 8, tibialis posterior tendon; 9, flexor 
digitorum longus tendon; 10, flexor hallucis lon
gus tendon; 11, Achilles tendon; 12, calcaneus; 
13, interosseous talocalcaneal ligament; 
14, cuboid; 15, peroneus longus tendon; 16, 
peroneus brevis tendon. 
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subtalar and midtarsal joints are much more 

intricate. The movements in these joints are 

strongly coupled with each other. The com

bined movements that occur in these joints 

are inversion and eversion. Inversion is a com

bination of the following movements: flexion, 

adduction, and supination in the midtarsal 

joints with varus movement in the subtalar 

joint. Eversion is the opposite movement: ex

tension, abduction, and pronation in the mid

tarsal joints and valgus movement in the 

subtalar joint. 

The clinically important muscles that per

form inversion are the posterior tibialis and 

triceps surae. The extensor digitorum muscle 

performs eversion. The clinically important 

peroneal muscles and the tibialis anterior 

muscle have the following combined func

tion: The tibialis anterior muscle performs 

extension, adduction, and supination; and the 

peroneal muscles perform flexion, abduction, 

and pronation. 

The common peroneal nerve runs between 

the two origins of the peroneus longus 

muscle, at the head of the fibula and the neck 

of the fibula, where it can become com

pressed. The peroneus brevis muscle origi

nates at the distal two thirds of the fibula. The 

tendons from both muscles run together in 

one tendon sheath, posterior to the lateral 

malleolus, and are held in place by the pero

neal retinaculum. The tendon of the peroneus 

longus runs plantar to the calcaneal peroneal 

trochlea and then farther diagonally over the 

plantar aspect of the foot to the base of the 

Table 13-1 Muscles Involved in Flexion and Extension of the Talocrural Joint 

Flexion 

Gastrocnemius and soleus muscles, with contri

bution from: 

Plantaris muscle 

Tibialis posterior muscle 

Flexor digitorum longus muscle 

Peroneus longus and brevis muscles 

Extension 

Tibialis anterior muscle, with contribution from: 

Extensor digitorum longus muscle 

Extensor hallucis longus muscle 

Peroneus tertius muscle 
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first metatarsal and the medial cuneiform. 

The peroneus brevis runs dorsal to the pero

neal trochlea and attaches to the tuberosity of 

the base of the fifth metatarsal (Figure 13-3). 

The tibialis posterior tendon runs distally 

through the tarsal tunnel, over the posterior 

aspect of the medial malleolus to the plantar 

aspect of the navicular tuberosity. From 

there, tendon fibers fan out to all other tarsals 

and metatarsals, with most fibers going to the 

first metatarsal and medial cuneiform. 

The crural fascia is continuous with the fas

cia lata of the thigh. It firmly envelops the 

muscles of the lower leg and is firmer at the 

front than at the back. A large part of the 

proximal attachment of the tibialis anterior 

muscle is to the crural fascia. The tibialis an

terior, together with the extensor digitorum 

longus and extensor hallucis longus muscles 

and the anterior tibial artery, lies in a com

partment (Figure 13-4). This compartmen t is 

formed medially by the tibia, laterally by the 

anterior crural intermuscular septum and 

fibula, anteriorly by the crural fascia, and pos

teriorly by the interosseous membrane. Be

cause of the rigid borders of the compart

ment, swelling of the muscle belly of the 

tibialis anterior can rather quickly lead to a 

disturbance in the circulation as a result of 

compression of the anterior tibial artery. 

The tendon of the tibialis anterior muscle 

inserts at the medioplantar aspect of the first 

metatarsal and medial cuneiform. 

The Achilles tendon is not a solitary struc

ture; rather, it forms the attachment of the 

gastrocnemius and soleus muscles to the cal

caneus. It is the thickest and strongest tendon 

in the human body. The fibers of the soleus 

Figure 13-4 Anterior tibial compartment. 1, Tibialis anterior muscle; 2, tibia; 3, fibula; 4, extensor 
digitorum longus muscle; 5, extensor hallucis longus muscle; 6, anterior tibial artery; 7, interosseous 
membrane; 8, anterior crural intermuscular septum. 



muscle run primarily in the medial part of the 

tendon, the site where the Achilles tendon is 

most often affected. The tendon inserts at the 

distal part of the calcaneal tuberosity. The fi

bers fan out medially and laterally. In addi

tion, the tendon runs over the plantar aspect 

of the foot, finally becoming continuous with 

the plantar fascia. Because of this far distal 

attachment, the effectiveness of the triceps 

surae muscle is significantly increased. The 

tendon is separated from the bone by the 

subtendineal AchjJJes bursa at the level of the 

proximal part of the calcaneal tuberosity. 

Other Structures 

Superficial Peroneal Nerve 

The superficial peroneal nerve is a continu

ation of the common peroneal nerve, which in 

turn is a branch of the sciatic nerve. The nerve 

runs between the peroneal muscles and the 

extensor digitorum longus. It innervates both 

peroneal muscles. 

This nerve, aL Lhe level of the distal third of 

the lower leg, perforates the crural fascia and 

becomes more superficial in its course. Then 

it divides into medial, intermediate, and lat

eral branches. The medial branch runs over 

the front of the ankle and the dorsum of the 

foot to the first and second toes, where it in

nervates the skin. The intermediate branch 

(ramus intermedius) is superficial and visible 

in many people during inversion of the foot. 

This branch innervates the skin of the second 

through fifth toes and also supplies sensation 

(proprioception) to the lateral side of the 

ankle and midtarsal joints. In traumatic inver

sion, the nerve can be overstretched, which 

will affect proprioception in this area. The lat

eral branch is also known as the sural nerve, 

the nerve that runs at the lateral side of the 

Achilles tendon. It can easily become dam

aged during operations in this region. 

Tibial Nerve 

When one considers the tibial nerve, its 
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anatomic relation in the tarsal tunnel is of 

particular significance. In the popliteal fossa, 

the nerve gives off branches to the knee joint 

and to the gastrocnemius, plantaris, soleus, 

and popliteus muscles. From there it runs dis

tally between the soleus and deep flexor 

muscles. 

When this nerve reaches the level of the 

medial malleolus, it runs in the tarsal tunnel, 

which is the space between the calcaneus and 

medial malleolus, covered by the flexor reti

naculum (also termed the lacinate ligament). 

In the tarsal tunnel, the following structures 

run from anteromedial to posterolateral: 

• tendon of the tibialis posterior muscle 

• tendon of the flexor digitorum longus 

muscle 

• posterior tibial vein and artery and tibial 

nerve 

• tendon of the flexor hallucis longus 

muscle 

At the level of the flexor retinaculum, a 

branch of the tibial nerve is given off to the skin 

over the medial aspect of the calcaneus. Just 

after emerging from the tarsal tunnel, the 

tibial nerve divides into the medial and lateral 

plantar nerves. These two branches run 

through two fibrous tunnels in the abductor 

hallucis muscle to the plantar aspect of the 

foot. As the height of the medial arch of the 

foot decreases (pes plano valgus), a (chronic) 

stretch of these branches can occur, causing 

paresthesia at the sole of the foot. 

Posterior Process of the Talus 

The posterior process of the talus, the most 

posterior part of the talus, has two tubercles: 

the pointed tip of the lateral tubercle and the 

more rounded medial tubercle. The tendon of 

the flexor hallucis longus muscle runs be

tween these two tubercles. In many individu

als, the lateral tubercle is abnormally large or 

is even separated from the posterior process 

of the talus. The latter instance is termed an 

os trigonum; this accessory bone is only con-



340 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

nected to the talus by means of ligaments. 

Pathologic changes are often seen in this 

region, particularly in people who have either 

an abnormally large lateral tubercle or an os 

trigonum. Symptoms can occur after plantar 

flexion trauma of the ankle, whereby the cap

sule becomes pinched between the lateral 

tubercle or os trigonum and the tibia; this le

sion is called the posterior tibiotalar compres

sion syndrome. 

BIOMECHANICS 

The following discussion, which classifies 

the various joint functions as though they 

were separate and distinct, should be consid

ered theoretical. Later, in Chapter 14, it be-

comes clear that all joints of the foot are func

tionally and inseparably connected with each 

other. 

Talocrural Joint 

The movements of the ankle joint can be 

rather simply described as occurring almost 

exclusively around a transverse axis. The ta

lus can also move to some degree around lon

gitudinal and sagittal axes, but these move

ments are only clinically relevant in instances 

of instability. 

The transverse axis is not purely transverse 

but rather runs from the lowest point of the 

medial malleolus to the lowest point of the 

lateral malleolus (Figure 13-5). The lowest 

8 

Figure 13-5 (A) Transverse axis through the talocrural joint, from above. (8) Transverse axis through 
the talocrural joint. from the front. 



point of the lateral malleolus is located more 

distally and posteriorly than the lowest point 

of the medial malleolus. 

The motions around this axis are plantar 

flexion and extension (also called dorsiflex

ion). The amount of motion varies among in

dividuals and ranges from 10° to 20° in exten

sion and 25° to 35° in plantar flexion. 

Talocalcaneal Joint 

The subtalar joint has long been considered 

a single-axis joint. In reality, however, during 

movement it is an extremely complex joint 

with a large number of constantly changing 

axes. I 

Minimal roll-glide movements resulting in 

varus and valgus motions take place in this 

joint during foot motions. 

Talonavicular and Calcaneocuboid 

Joints 

Very complicated movements also occur in 

the midtarsal joints, around a large number of 

axes. Although morphologically the joint 

comes nowhere near qualifying as ball and 

socket, functionally it can be seen as one, an 

accommodation that greatly simplifies the 

clinical examination. The movements are 

mainly initiated from the subtalar joint. The 
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movements are flexion and extension, abduc

tion and adduction, and pronation and supi

nation. The combination movements are 

called inversion (flexion, adduction, and supi

nation) and eversion (extension, abduction, 

and pronation). The amount of motion varies 

significantly among individuals. Thus in the 

clinical examination, a comparison with the 

nonaffected side must always be made. 

The subtalar joint also has an influence on 

where the axes lie and thereby on the amount 

of stability. During eversion, the axes of the 

calcaneocuboid joint and the talonavicular 

joint lie parallel to each other, causing the 

amount of motion to increase. During inver

sion, the axes of both joints make an angle of 

about 30° in relation to each other, causing a 

"locking" to occur and the foot to become 

more stable.2 

Distal Tibiofibular Joint 

For years, it was accepted that the fibula 

translated proximally during extension and 

distally during flexion. This finding, however, 

was determined in cadaver studies. In vivo 

studies have demonstrated that the fibula 

moves distally during the entire weight-bear

ing phase. Thus during walking, the "fork" of 

the ankle deepens, resulting in increased sta

bility. 



Chapter 14 

Functional Anatomy of the Foot 

For the purposes of discussion, the foot is 

addressed as being separate from the rest of 

the anatomy of the lower extremity. This clas

sification is artificial and based entirely on 

anatomic distinctions. Functionally, no joint 

in the ankle or foot can move independently. 

In this discussion, the termJoot refers to the 

bony and soft tissue structures found distal to 

the midtarsal joints. 

JOINT MORPHOLOGY 

Bony and Capsuloligamentous 
Structures 

Tarsometatarsal Joints 

(Articulationes 

Tarsometatarseae) 

The tarsometatarsal joints connect the five 

metatarsal bones with the cuneiform bones 

and the cuboid. The first joint is found be

tween the first metatarsal and medial cunei

form bones. This joint has its own synovial 

cavity. The second metatarsal articulates 

with the intermediate cuneiform, and the 

third metatarsal articulates with the lateral 

cuneiform. The second and third joints share 

a corrunon cavity. The fourth metatarsal ar

ticulates with both the lateral cuneiform and 

the cuboid, and the fifth metatarsal only ar

ticulates with the cuboid. The fourth and fifth 

joints also share a common cavity. 

The capsules of the tarsometatarsal joints 

are reinforced by ligaments at their dorsal 
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and plantar aspects. Additional reinforce

ment is provided by interosseous cuneiform 

and interosseous cuneometatarsal ligaments. 

These ligaments are strong and allow only 

limited translatory movements, which are ul

timately initiated from the subtalar and the 

midtarsal joints and from the toes. 

Intermetatarsal Joints 

(Articulationes 

Intermetatarseae) 

The first and second metatarsals are not 

connected to each other by ligaments; some

times a bursa is found here. Between the 

other metatarsals, there are ligamentous con

nections (the interosseous metatarsal liga

ments). In addition, there are transverse liga

mentous connections (the deep transverse 

metatarsal ligaments) just proximal to the 

metatarsophalangeal joints. 

Normally, movement in these connections 

is rather minimal. Particularly in athletes who 

have hyperpronated, however, an abnormally 

large amount of motion is found between the 

first and second metatarsals. 

Metatarsophalangeal Joints 

(Articulationes 

Metatarsophalangeae) 

The joints between the metatarsals and the 

phalanges are ellipsoid joints. The flexion, 

extension, and in particular abduction and 

adduction motions are restricted by rather 

strong, cordlike collateral ligaments. 



Proximal and Distal 

Interphalangeal Joints 

(Articulationes 

Interphalangeae Proximalesl 

Distales Pedis) 

The proximal and distal interphalangeal 

joints are hinge joints, formed by the head of 

the proximal phalanx and the socket of the 

adjacent distal phalanx. These joints also 

have collateral ligaments. 

Muscles, Tendons, and Ligaments 

The intrinsic muscles are arranged in four 

layers. Isolated activity of the foot muscles 

does not occur in most people except for the 

muscles of the great and little toes. In this 

sense, the muscles can be functionally di

vided into medial, lateral, and middle groups: 

the medial for the great toe and the lateral for 

the little toe, and the nuddle group formed by 

the interosseous and lumbrical muscles (the 

so-called short flexors). 

The intrinsic muscles of the foot help main

tain the transverse arch and have minimal to 

no effect on maintaining the longitudinal 

arches. These longitudinal arches, the lateral 

and medial, are supported mainly by liga

ments, particularly by the long plantar liga

ment and the plantar aponeurosis.3 In the 

non-weight-bearing foot, the position of the 

transverse arch is mostly maintained by the 

transverse head of the adductor hallucis 

muscle. Mortoni and Collis and Jayson5 pro

pose that in the weight-bearing foot the heads 

of all the metatarsals contact the ground and 

are loaded. 

The four layers of the intrinsic muscles, 

from superficial to deep, are as follows: 

• first layer: flexor digitorum brevis, ab

ductor digiti minimi, and abductor 

hallucis (with the tendon sheath of the 

long flexors) 

• second layer: lumbricals 

• third layer: flexor hallucis brevis, adduc

tor hallucis, and flexor digiti minimi 

brevis 
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• fourth layer: dorsal and plantar in-

terosseous muscles 

At the dorsal aspect of the foot, the only in

trinsic muscle is the extensor digitorum 

brevis. The part of the muscle belly with the 

tendon running to the great toe is sometimes 

separately named the extensor hallucis brevis 

muscle. 

Table 14- 1 lists the muscles involved in 

motions of the metatarsophalangeal joints. 

Other Structures 

Plantar Aponeurosis 

The plantar aponeurosis is a strong collag

enous structure lying superficially and con

sisting of fibers that run from the calcaneus to 

the phalanges. The central part is the thickest 

and superficially is connected to the skin. The 

deep layer is connected with the intrinsic 

muscles of the foot and the deep transverse 

metatarsal ligaments. 

Through its connection with the phalanges, 

the plantar aponeurosis becomes taut during 

extension of the toes. In so doing, the medial 

longitudinal arch of the foot also becomes 

taut. This is a particularly important feature 

for running. 

Interdigital Nerves 

The two terminal branches of the tibial 

nerve are the lateral and medial plantar 

nerves. At the sole of the foot, these branches 

divide again into the interdigital nerves. Each 

interdigital nerve innervates skin between 

two adjacent toes. Seen from plantar, these 

branches run at a superficial level (compared 

with the deep transverse ligaments) between 

the metatarsal heads. When the toes are ex

tended, these nerves are pulled taut over 

these ligaments, which function as pulleys. 

BIOMECHANICS 

Metatarsophalangeal Joints 

The most important movements in the 

metatarsophalangeal joints are flexion and 
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Table 14-1 Muscles Involved in Motions of the Metatarsophalangeal Joints 

Flexion 

Flexor digitorum brevis 

Lumbricals 

Interosseous muscles 

Assisted by flexor 

digitorum longus 

Of the great toe 

exclusively: flexor 

hallucis longus and 

brevis 

Extension 

Extensor digitorum 

longus 

Extensor digitorum 

brevis 

Extensor hallucis 

longus 

(Extensor hallucis 

brevis, one head of 

extensor digitorum 

brevis) 

"The axis of reference runs through the second toe. 

extension. The axis around which these mo

tions take place is not uniform (Figure 14-1). 

For the first two metatarsophalangeal joints, 

it is an axis that can be considered almost 

transverse. For the other three joints, the axis 

runs diagonally. This difference facilitates 

motions important for walking. Refer to the 

section on gait pattern for further informa

tion. 

In the metatarsophalangeal joints, abduc

tion and adduction also take place. The refer

ence axis for these motions runs longitudi

nally through the second metatarsal (Figure 

14- 1). Active abduction is only possible in 

combination with extension, and adduction is 

only possible in combination with flexion. 

Interphalangeal Joints 

Actively, only flexion and extension mo

tions are possible in the interphalangeal 

joints. Passively, they can also be moved 

around their longitudinal axis, and some 

translation is possible in all directions. 

Arches of the Foot 

The longitudinal arches of the foot include 

a medial and a lateral arch. The medial arch is 

formed by the calcaneus, talus, navicular, and 

Abduction * 

Interosseous muscle 

belonging to the 

corresponding 

metatarsal 

Of the great toe: 

abductor hallucis 

Of the little toe: 

abductor digiti minimi 

Adduction 

Plantar interosseous 

muscles 

Of the great toe: 

adductor hallucis 

the three medial metatarsals. The lateral arch 

consists of the calcaneus, cuboid, and the two 

lateral metatarsals. The primary function of 

the medial arch is dynamic, and that of the 

lateral one is load carrying. 

The medial arch owes its stability to the 

construction of the bony structures and cor

responding joints and to the plantar apo

neurosis and the long plantar ligament. The 

plantar aponeurosis contributes to the stabil

ity mainly in a dynamic way. During extension 

of the toes, the metatarsal heads are used as a 

"windlass," around which the plantar apo

neurosis is pulled taut. In this way, the medial 

arch is increased. Bojsen Moller:3 describes 

why this "windlass" mechanism works more 

effectively on the medial side than on the lat

eral side (Figure 14-2). There appears to be a 

significant difference in the radius of the 

metatarsal heads. The radius of the first 

metatarsal head (windlass) averages 15 nun, 

and that of the third metatarsal head is about 

8 mm. One of the factors that determines the 

effectiveness of a windlass is the radius of the 

pulley: the greater the radius, the greater the 

effectiveness. 

An indirect influence on the medial arch 

takes place as a result of motion in the lower 

leg. It appears that internal rotation of the 

tibia results in a heightening of the medial 
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Figure 14-1 Flexion-extension axis through the metatarsophalangeal joints. A, Transverse axis; 
B, diagonal axis; C, axis of reference for abduction and adduction. 

arch. The heightening and stabilizing of the 

longitudinal arches is of great importance in 

the distribution of weight during walking and 

running. 

Gait Pattern 

It is not easy to describe the phases of the 

gait pattern because, as mentioned earlier, 

different activities often take place simulta

neously and motions in one joint are often ini

tiated by motions in another joint. 

As a starting point for the analysis of the 

gait pattern we will use the data from Mann.6 

Figure 14-3 depicts not only the behavior of 

the joints but also the activity of the various 

muscle groups. 

Except for minor variations, most authors 

describe the parts of each step in percent

ages. There is a further general division in two 

phases, known as the stance phase and the 

swing phase. Each of these phases is again 

divided. The gait cycle is defined as what hap

pens between the first foot contact and the 

moment that the same foot again contacts the 

ground. During normal walking, the stance 

phase is about 62% of the cycle, and the swing 

phase is about 38%. During the first 12% of 
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Figure 14-2 "Windlass" function of the metatarsal heads. 
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the stance phase, there is double foot contact 

with the ground. During the second part of 

the stance phase (38%), there is contact with 

one foot, and during the last 12%, there is 

again double foot contact. 

In the walking cycle, motions in the ankle 

joints are particularly important (Figure 14-

4). Motions in the other bony connections are 

initiated from these joints. There are two 

plantar flexion peaks: at initial heel contact 

and at lift-off. Extension (or dorsiflexion) 

takes place during the phase when the foot is 

flat on the ground. In the subtalar joint, the 

range of motion is small. Mann7 registered an 

amount of maximally 4° valgus in the 

midstance phase and approximately 4° dur

ing toe-off. In instances of flat foot, some

times up to 11 ° of valgus motion occurs dur

ing heel contact. Also, to compensate for 

limitations of motion in the talocrural joint, 

hypermobility can occur in the subtalar joint. 

During the stance phase, the varus motion in 

the subtalar joint gradually increases; in so 
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doing, the midtarsal joints are stabilized. Dur

ing the initial floor contact, there is a valgus 

position in the subtalar joint, whereby the 

midtarsal joints are much more flexible. This 

is important for absorbing the forces exerted 

on the foot during this phase. In the metatar

sophalangeal joints, there is no flexion motion 

during normal walking. The interphalangeal 

joints are continuously held in almost maxi

mal flexion, however. 

During walking, the vertical force during 

heel contact is greater than the body weight. 

The same peak load is also present before toe

off. During the first peak force, the extensors 

are primarily active; during the second peak 

force, the intrinsic muscles of the foot and the 

flexors are primarily active (see Figure 14-3). 

During walking, the vertical force shifts from 

the heel, in a slightly convex line, to the lateral 

edge of the foot. Research by Bojsen Moller3 

indicates that this line shifts more medially 

during running. Pronation of the foot in

creases with an increase in velocity, whereby 
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90 100 

PERCENTAGE OF WALKING CYCLE 

Figure 14-4 Range of motion of the ankle joint during normal walking. Source: Reprinted with permis
sion from RA. Mann. Atlas of Orthotics, copyright© 1985, Mosby-YearBook. 
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the stance phase takes place more at the me

dial part of the foot. 

Closing Consideration 

Many questions concerning the biome

chanics of the foot remain unanswered. The 

goal of this chapter is not to present ex

haustive information but rather to provide 

an idea of how complicated the functions of 

the foot and ankle are. For further study, re

fer to the suggested reading at the end of 

Part III. 



Chapter 15 

Surface Anatomy of the Lower 
Leg, Ankle, and Foot 

15.1 SURFACE ANATOMY OF THE LOWER LEG 

Initial Position 

The starting position is for the patient to sit 

for examination of the front part of the leg and 

to assume a prone or standing position for 

examination of the back part of the leg. 

TIBIA 

The sharp anterior edge of the tibia can be 

inspected and palpated from the tibial tuber

osity to the level of the medial malleolus (Fig

ure 15- 1 ) .  Medial from this edge is the easily 

palpable medial surface of the tibia. It is advis

able to mark the medial malleolus in this 

phase of the surface anatomy evaluation. Cli

nicians who have difficulty differentiating be

tween the borders of the medial malleolus 

and the medial aspect of the talus should 

practice this first (see "Surface Anatomy of 

the Ankle and Foot"). 

The tibia should be thoroughly examined 

and felt for possible tender spots and areas of 

thickening. Subperiostal bleeding, such as 

that caused by a kick in the shins, results in 

extreme pain. Tumors of the bone are mainly 

seen in young people, and stress fractures are 

usually caused by sports. 

FIBULA 

Just distal to the fibular head, a small part 

of the fibula is still palpable. Farther down, 
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the fibula is covered with muscles and is only 

indirectly palpable. Ten centimeters to 20 cm 

proximal to the lateral malleolus, the fibula is 

again easily palpable. During this study of sur

face anatomy, it is advisable to mark the lat

eral malleolus. 

ANTERIOR TIBIAL COMPARTMENT 

The anterior tibial compartment is located 

between the tibia and the fibula (Figure 1 5-

1 ) .  Along with the extensor muscles, the an

terior tibial artery and the deep peroneal 

nerve are also located in this compartment. 

These latter two structures are not palpable 

at this location but may be palpated at the 

foot. The best way to evaluate these muscles 

is from their insertions on the dorsum of the 

foot. 

Tibialis Anterior Muscle 

The insertion of the tibialis anterior muscle 

is easily visible at the level of the medial cu

neiform bone and the base of the first meta

tarsal. The muscle is most easy to see when 

the foot is brought into supination and exten

sion (dorsiflexion) without extension of the 

toes. This motion can also be used to evaluate 

the function of the muscle. 

The palpation starts from distal using the 

alternating finger method. The edge of the 

tibialis anterior muscle that lies along the 
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medial border of the tibia is easy to locate. It 

takes some practice, however, to locate the 

lateral edge next to the extensor digitorum 

longus muscle. To aid in identification and 

location, the patient should be asked to ex

tend and flex the toes. The extensor digitorum 
longus contracts during toe extension. 

Extensor Hallucis Longus Muscle 

The insertion of the extensor hallucis lon

gus muscle at the big toe is clearly visible 

(Figure 1 5- 1 ) .  The muscle is even more vis

ible when the big toe is extended. 

Palpation should start from distal using the 

alternating finger method. Proximal to the 

extensor retinaculum, the muscle disappears 

in the fork between the tibialis anterior 

muscle and the extensor digitorum longus 

muscle. 

Extensor Digitorum Longus Muscle 

The insertion of the extensor digitorum 

longus muscle from the second to the fifth 

toes is easily visible (Figures 1 5- 1  and 1 5-2) . 

This muscle is more pronounced when the 

toes are extended and the foot is pronated. 

Quite often, the muscle has an extra lateral 

insertion at the lateral edge ofthe foot and not 

at the toes. This tendon is then called the 

peroneal tertius muscle and is an often seen 

anatomic variation. 

Palpation of the extensor digitorum longus 

muscle is performed with the alternating fin

ger method from distal. The common tendon 

of the extensor digitorum longus muscle runs 

under the extensor retinaculum and lateral to 

the extensor hallucis longus muscle, which in 

turn runs lateral to the tibialis anterior 

muscle. Farther proximally, the border be

tween the extensor digitorum and tibialis an

terior muscles is difficult to discern (refer to 

the section on the tibialis anterior) . In locat

ing the border with the peroneal muscles, the 

patient can be asked to alternately flex and 

extend the foot. During plantar flexion, the 

peroneal muscles contract. During extension, 

the extensor digitorum longus muscle con

tracts. If the clinician encounters difficulty, 

the peroneus longus muscle can be located 

and marked first (refer to the section on the 

peroneus longus muscle,  below) . 

PERONEAL COMPARTMENT 

The superficial peroneal nerve, which runs 

through the peroneal compartment, is nor

mally palpable on the dorsum of the foot (see 

"Systematic Palpation of the Dorsum of the 

Foot") . The sural nerve can sometimes be pal

pated behind the lateral malleolus. The pero

neal muscles can best be palpated from proxi

mal (Figure 15-2) . Differentiation at the level 

of the malleolus can be difficult. Distal to the 

malleolus, both tendons are clearly visible 

when the foot is actively brought into prona

tion. 

Peroneus Longus Muscle 

The peroneus longus muscle is palpated 

starting from the head of the fibula. A finger is 

placed at both sides of the fibular head. Using 

the alternating finger technique, palpation is 

performed to distal. This muscle is more eas

ily palpated when the foot is pronated and 

plantar flexed, although in this position spe

cific differentiation between the peroneus 

longus and peroneus brevis muscles is not 

possible. The tendon of the peroneus longus 

muscle runs superficially, for the most part, 

behind the lateral malleolus. 

The peroneus longus and brevis muscles 

can slip over the lateral malleolus in people 

who do not have a peroneal retinaculum. This 

can also occur in children with a pes 

calcaneovalgus. 

During pronation of the foot, the peroneus 

longus tendon can be seen to dive under other 

soft tissue at the lateral side of the foot. This 

muscle inserts on the plantar aspect of the 

medial edge of the foot, at the medial cunei

form bone and the first metatarsal bone. The 

peroneus longus muscle and the tibialis ante

rior muscle "grasp" the foot like a stirrup. 
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Figure 1 5-1 Front side of the right leg. 1, Tibia 
(medial side); 2, fibula; 3, tibialis anterior 
muscle; 4, extensor hallucis longus muscle; 
5, extensor digitorum longus muscle; 6, pero
neus tertius muscle; 7, peroneus brevis muscle; 
8, peroneus longus muscle; 9, pes anserinus 
superficialis; 1 0, gastrocnemius muscle; 1 1 ,  so
leus muscle; 1 2, medial malleolus; 13, lateral 
malleolus. 

Peroneus Brevis Muscle 

The peroneus brevis muscle originates 

more distal to the peroneus longus muscle 

Figure 15-2 Lateral view of the right lower leg. 
1, Tibialis anterior muscle; 2, extensor digitorum 
longus muscle; 3, peroneus tertius muscle; 
4, peroneus longus muscle; 5, peroneus brevis 
muscle; 6, soleus muscle; 7 ,  gastrocnemius 
muscle; 8, Achilles tendon. 

and lies deeper. Palpation of this muscle is 

difficult because of the tight crural fascia. 

Behind the lateral malleolus, the tendon nor

mally is partially covered by the tendon of the 

peroneus longus muscle. Occasionally the 

tendon of the peroneus brevis muscle runs 
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superficially, however. This can be deter

mined by following the tendon of the pero

neus brevis muscle from distal to proximal. 

On the lateral edge of the foot, the tendon 

runs superficially to its insertion at the tuber

osity of the fifth metatarsal bone. This inser

tion is easily visible and palpable. 

SUPERFICIAL FLEXORS 

Palpation of the origin of both heads of the 

gastrocnemius muscle is described in Chap

ter 8. The superficial plantar flexor muscles 

are responsible for plantar flexion and inver

sion of the foot. 

Gastrocnemius Muscle 

In an extended position of the knee, two 

vertically running grooves are visible in the 

popliteal fossa, proximal to the transverse 

fold of the knee. After palpating the origins of 

the gastrocnemius muscle, the palpating fin

gers of both hands are placed in these 

grooves .  By palpating deeply in a distal direc

tion, the clinician can identify and locate the 

medial and lateral borders of the heads of the 

gastrocnemius muscle (Figures 15-2 and 

15-3 ) .  The muscle edges can be followed to 

their junction with the Achilles tendon. If dif

ficulties are encountered during this palpa

tion, the exact border of the muscle can be 

found by bringing the foot actively into plan

tar flexion and inversion; the palpating finger 

is placed along the expected border of the 

muscle, and the finger is then pushed longitu

dinally along the edge of the muscle. At the 

same time, a sideways palpation (against the 

edge of the muscle) with the finger is also 

possible. 

To find the exact site of the musculotendi

nous junction, the deeply palpating finger can 

be placed on the tendon and moved proxi

mally. During this difficult palpation, the cli

nician will find that the medial head of the 

gastrocnemius extends farther distally than 

the lateral head. 

Deep palpation of the muscle in the pres

ence of a deep vein inflammation can produce 

sharp pain. Forceful extension of the foot 

with an extended knee increases the pain 

even more. 

Soleus Muscle 

The soleus muscle is palpable on both sides 

of the gastrocnemius muscle. This muscle is 

easily visible in muscular people when they 

stand on their toes. By placing the fingers on 

each side of the muscle, and sliding distally 

with alternating pressure, the clinician can 

follow the proximal parts of the soleus 

muscle. The muscle belly of the soleus is lo

cated distal to the gastrocnemius muscle. 

With one finger placed longitudinally along

side the border of the soleus muscle, and by 

gently pushing the finger distally, the clini

cian can feel both sides ofthe distal part ofthe 

soleus. Asking the patient to alternately plan

tar flex and extend the foot makes the palpa

tion easier. 

Achilles Tendon 

The Achilles tendon comprises the tendons 

of the soleus muscle and the gastrocnemius 

muscle's medial and lateral heads (Figure 1 5-

3 ) .  The thin and unpalpable tendon of the 

plantaris muscle runs medial to, and is not 

part of, the Achilles tendon. Even when the 

Achilles tendon has been totally ruptured, 

this tendon is almost always completely in

tact. The Achilles tendon is normally quite 

visible and easily palpable over its entire 

length (5 to 7 cm) . 

In Achilles tendon injuries, the tendon 

should be palpated on both sides, anteriorly, 

posteriorly, and at its insertion. Palpation 

should be done thoroughly because the af

fected site of this tendon is usually localized 

to a very small area. When palpating for the 

most painful site in Achilles tendon problems, 

palpating transverse to the fibers is most ef-
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Figure 15-3 Dorsal view of the right lower leg. 
1 ,  Gastrocnemius muscle (medial head); 2, gas
trocnemius muscle (lateral head); 3, soleus 
muscle; 4, Achilles tendon; 5, lesser saphenous 
vein; 6, medial sural cutaneous nerve. 

fective. Often, palpation along the length of 

the tendon does not provoke pain. 

Palpation of the medial and lateral edges of 

the tendon can be performed with a trans

verse movement between the thumb and in

dex finger. The entire tendon, from j ust 

proximal to the calcaneus to the musculoten

dinous junction, can be evaluated with this 

technique;  the foot is kept in extension, 

which keeps the tendon stretched (Figure 

15-4) . 

Palpation of the anteromedial or anterolat

eral aspects ofthe tendon C quite often forgot

ten, but quite often injured) should be per

formed with the tip of the middle finger and a 

supination motion of the forearm. To make 

the anterior aspect of the tendon more acces

sible,  the thumb of the other hand gently 

pushes the Achilles tendon medially or later

ally, toward the side being palpated.  The 

ankle is positioned in plantar flexion, which 

relaxes the tendon (Figure 15-5). 

If the site of the lesion is the anterodistal 

aspect of the tendon, at the level of the proxi

mal calcaneus, the palpation cannot be per-

Figure 15-4 Palpation of the medial and lateral 
sides of the right Achilles tendon. 
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Figure 15-5 Palpation of the anterolateral 
aspect of the right Achilles tendon. 

formed as mentioned above; the lesion can 

only be reached indirectly. In this case, the 

foot is kept in plantar flexion, and the relaxed 

tendon is pressed against the calcaneus with 

both index fingers while a transverse motion 

is made (Figure 1 5-6) . It should be noted that 

also during this technique the sub tendinous 

Achilles bursa becomes compressed. Injec

tion with a local anesthetic into the bursa can 

help determine whether it is the bursa or the 

anterodistal aspect of the tendon that is caus

ing the pain. 

The posterior aspect of the tendon is rarely 

affected. With the ankle positioned in exten

sion, this site can be palpated with the tip of 

the thumb or index finger. 

The tenoosseous insertion of the Achilles 

tendon is located at the distal half of the cal

caneal tuberosity. At its insertion, the tendon 

fans out in medial and lateral directions. Dur

ing this palpation, the ankle is again brought 

into extension, and, with the tip of the thumb, 

the entire insertion can be palpated trans

verse to the running of the fibers. Here, too, a 

bursa (the subcutaneous calcaneal bursa) 

can be inflamed. 

Disorders of the Achilles tendon are most 

often the result of small, biomechanical 

changes, such as aberrations in the position of 

the foot, knee, or hip. Treatment should con-

Figure 15-6 Indirect palpation of the antero
distal aspect of the right Achilles tendon at the 
level of the proximal calcaneus. 

centrate not only on alleviation of the symp

toms but also on alleviation of the primary 

cause of the symptoms. 

DEEP FLEXORS 

Normally, the deep flexors of the lower leg 

are not palpable. During their examination, 

the clinician should keep two points in mind. 

First, their topography at the level of their 

origins is different from that of their inser

tions: The flexor digitorwnlongus muscle has 

the most medial origin (and the most lateral 

insertion) ,  the tibialis posterior muscle has its 

origin in the middle (and has the most medial 

insertion) , and the flexor hallucis longus 

muscle has the most lateral origin (and its in

sertion is in the middle) . Second, distally in 

the lower leg topographic differences occur 

on two levels: Proximal to the medial malleo

lus, the flexor digitorum and the tibialis pos

terior muscles cross each other (posterior to 

the medial malleolus, the tibialis posterior is 

the most medial tendon) ; distal to the medial 

malleolus, the tendons ofthe flexor digitorum 

longus and the flexor hallucis longus muscles 

cross each other, after which the digitorum 

disappears underneath other soft tissue 

structures. 
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Tibialis Posterior Muscle 

The tendon of the tibialis posterior muscle 

is visible and palpable at the level of the me

dial malleolus. Of all the longitudinally run

ning structures in this area, the tendon of the 

tibialis posterior is the most medial and is eas

ily visible when the foot is in a plantar flexed 

and supinated position. 

Flexor Hallucis Longus Muscle 

Distal and medial Lo the tendon of the tibi

alis posterior muscle ,  the crossing of the 

flexor digitorum longus and flexor hallucis 

longus tendons can be felt on deep palpation. 

At the level of the crossing, differentiation 

between these tendons cannot be made. Dis

Lal to this site , a small part of the flexor 

hallucis longus tendon is still palpable. 

Posterior Tibial Artery 

Behind the medial malleolus, pulsations of 

Lhe posterior tibial artery can be felt. Too 

much or Loo liLtie pressure will prevent this 

palpation. If there is poor circulation in the 

leg, the posLerior tibial artery will not be pal-

pable. Sometimes, however, the pulsations 

cannot be felt even in healthy, young people. 

Not much time should be spent on the poste

rior tibial artery when there are other signs of 

poor circulation. 

Tibial Nerve 

The tibial nerve, lying deep behind the me

dial malleolus, usually cannot be palpated. In 

instances when palpation is possible , the 

nerve will be felt as a rolling cord underneath 

the finger. 

Greater and Lesser Saphenous Veins 

In some people, the lesser saphenous vein 

is visible in the middle of the gastrocnemius 

muscle. During a gentle transverse palpa

tion, the vein can be felt rolling underneath 

the palpating finger. The vein enters the 

lower leg behind the lateral malleolus and 

ends in the popliteal vein (see Figure 1 5-3) . 

Normally, the greater saphenous vein enters 

the lower leg in front of the medial malleolus 

and runs proximally to the knee area. The 

patient should be examined for a varicose 

condition. 

15.2 SURFACE ANATOMY OF THE ANKLE AND FOOT 

Palpation of specific structures of the ankle 

and foot is not easy. Foot disorders are seen 

frequently, so that it is important for the clini

cian to feel comfortable with the examination 

of the foot. When pracLicing surface anatomy, 

the clinician should use a skin marker to out

line important structures. Quite often it is dif

ficult to localize precisely a particular struc

ture,  especially in regard to the ligaments. 

Therefore, it is recommended that the clini

cian first locate specific, reliable structures as 

orientation points before beginning system

atic palpation of a certain area. To find the 

joint lines, passive motions can sometimes be 

used; passive motions that "gap" the two joint 

partners are often most helpful . 

IMPORTANT PALPABLE 

STRUCTURES IN THE ANKLE AND 

FOOT 

The following orientation points and pal

pable structures are discussed in detail in the 

remainder of this chapter. 

• Medial orientation points 

1 .  Medial malleolus 
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2. Sustentaculum tali 

3. Navicular tuberosity 

4. First tarsometatarsal joint 

• Systematic palpation of the medial 

aspect of the foot 

1 .  Hallux (great toe) 

2 .  First metatarsal 

3. Medial cuneiform 

4. Navicular 

5. Talus 

6. Calcaneus 

7.  Plantar calcaneonavicular ligament 

8. Deltoid ligament 

9. Medial retinaculum 

• Lateral orientation points 

1 .  Lateral malleolus 

2. Peroneal trochlea 

3. Lateral part of the talar head 

4. Tuberosity of the fifth metatarsal 

• Systematic palpation of the lateral 

aspect of the foot 

1 .  Little toe 

2. Fifth metatarsal 

3. Tarsal sinus 

4. Cuboid 

5. Talus 

6. Calcaneus 

7. Abductor digiti minimi muscle 

8. Peroneal muscles 

9. Lateral ankle ligaments 

1 0. Lateral retinaculum 

• Orientation points at the dorsum of 

the foot 

1 .  Lisfranc's line 

2. Chopart's line 

• Systematic palpation of the dorsum 

of the foot 

1 .  Metatarsals 

2. Cuneiform bones 

3. Navicular 

4. Talus 

5. Cuboid 

6.  E xtensor digitorum brevis muscle 

7. Extensor hallucis brevis muscle 

8. Dorsal retinaculum 

9. Inferior extensor retinaculum 

10. Dorsal pedal artery 

1 1 .  Superficial peroneal nerve 

12. Deep peroneal nerve 

1 3. Saphenous nerve 

14.  Greater saphenous vein 

• Plantar aspect of the ankle and foot 

1 .  Calcaneal tuberosity 

2. Heads of the metatarsals 

3. Sesamoid bones of the flexor 

hallucis longus muscle 

4.  Plantar aponeurosis 

MEDIAL ORIENTATION POINTS 

Initial Position 

The starting position is with the patient sit

ting on the examination table and the clini

cian sitting on a stool at a lower level. 

Medial Malleolus 

The medial border of the medial malleolus 

should be palpated and marked (Figure 1 5-

7) . Distal to the malleolus, a small piece of the 

talus is palpable. During alternating passive 

extension and plantar flexion, movements 

between both bones can be felt. 

Sustentaculum Tali 

Distal to the small part of talus described 

above is the sustentaculum tali (Figure 15-7) . 

This bony prominence is a plateau formed by 

the calcaneus and bears the medial part of the 

talus. The name sustentaculum tali means 

"carrier of the talus." The sustentaculum can 

be felt as a knob roughly 1 cm distal to the 

rounded tip of the medial malleolus. Usually, 
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one can easily palpate the prominence of this 

bony structure both in a plantar to dorsal di

rection and in a posterior to distal direction. 

At the dorsal edge of the sustentaculum tali, 

the joint line with the talus is located. This 

joint line can be felt during alternating prona

tion and supination movements of the foot; 

this moves the calcaneus in relation to the 

talus. 

H there is difficulty locating the susten

taculum tali, the clinician should first find the 

tendon of the tibialis posterior muscle. The 

sustentaculum is normally located just distal 

to this tendon, perpendicular to the rounded 

tip of the malleolus. The sustentaculum tali is 

the only medially prominent part of the calca

neus. 

Navicular Tuberosity 

When the palpating finger moves distally 

(toward the toes) from the sustentaculum 

tali, the tuberosity of the navicular is usually 

the first bony prominence that is met after the 

sustentaculum (Figure 1 5-7) . When an indi

vidual has flat feet, however, the talar head 

can sometimes be the most prominent struc

ture, which can cause confusion. Use of the 

tendon of the tibialis posterior muscle pro

vides another way to locate the tuberosity. 

Activity of the tibialis posterior muscle is gen

erated by resisting plantar flexion, adduction, 

and supination of the foot. The tendon can be 

followed to its insertion on the plantar aspect 

of the navicular tuberosity. H one is still not 

sure of the location, with the foot in the neu

tral position the index finger is placed be

tween the anterior aspect of the medial mal

leolus and the tendon of the tibialis anterior. 

Upon moving the index finger in a plantar di

rection, it comes against a bony prominence: 

the navicular tuberosity. 

The talonavicular joint space lies directly 

proximal to the navicular tuberosity. To pal

pate the joint space and to find in which direc

tion it runs, place the index finger between 

the medial malleolus and the navicular tuber-

osity with the fingertip pointing toward the 

heel. By performing passive adduction of the 

forefoot, the navicular can be felt to "slide 

over" the index finger while the head of the 

talus moves more laterally. 

First Tarsometatarsal Joint 

To locate the first tarsometatarsal or me

dial cuneiform-first metatarsal joint, the fin

ger is placed against the middle of the medial 

side of the first metatarsal and slides lightly 

over the skin in a distal to proximal direction. 

A slight prominence (the base of the metatar

sal) will be felt; the finger will then "fall" into 

a small V, which is the joint space. Sometimes 

this prominence and subsequent V can be felt 

better by palpating more along the 

dorsomedial aspect or the plantar-medial as

pect of the bone. The location of the joint line 

can be confirmed by inducing activity of the 

tibialis anterior with the foot in the neutral 

position. The joint space lies directly in line 

with the running of the tendon (Figures 1 5-7 

to 1 5-9) . The joint line should be marked as a 

point of reference. 

SYSTEMATIC PALPATION OF THE 

MEDIAL ASPECT OF THE FOOT 

Hallux (Great Toe) 

The joint line of the first metatarsopha

langeal joint is palpable approximately 1 cm 

proximal and medial to the web space be

tween the first and second toes (Figure 1 5-

9) .  Another way of locating the joint line of 

the first metatarsophalangeal joint is by giv

ing a gentle pull on the great toe. This opens 

up the joint space, making it more easy to see 

and palpate. The clinician should try to pal

pate the joint line as far as possible plantarly. 

In cases where the first phalanx of the great 

toe is in an abnormal position, the first meta

tarsophalangeal joint is badly deformed. The 

push-off phase of the gait pattern puts tre-
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A 

Figure 15-7 (A and B) Medial orientation points of the right foot. 1, Medial malleolus; 2, sustentacu
lum tali; 3, tuberosity of the navicular bone; 4, first tarsometatarsal joint; 5, tibialis posterior muscle; 
6, tibialis anterior muscle; 7, extensor hallucis longus muscle; 8, line between the medial malleolus 
(anterior aspect) and the tibialis anterior tendon (this is an imaginary line to help locate the joint be
tween the talus and navicular). 
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Figure 15-8 Palpation of the joint line between the medial cuneiform and the first metatarsal of the 
left foot. 1, Tendon of the tibialis anterior muscle; 2, joint line between the medial cuneiform and the 
first metatarsal; 3, navicular tuberosity; 4, sustentaculum tali; 5, medial malleolus. 

mendous loads on this joint. Abnormal load

ing can lead to pain and, in later stages, often 

causes bone deformations. The great toe can 

be inspected to determine whether its posi

tion is abnormal. The clinician should also be 

alert to possible growth disorders of the nail 

or other conditions that can interfere with the 

normal gait, such as extra callus formation on 

the skin. 

First Metatarsal 

The proximal and distal borders of the first 

metatarsal are discussed above (see the sec

tions on the first tarsometatarsal joint and 

hallux) . In cases of hallux valgus, the head of 

the first metatarsal stands out in the medial 

direction and is sensitive to pressure and 

loading. As a form of protection for this 

prominent area, a bursa can develop . With 

time, however, as a result of irritation from 

rubbing against the shoe, this bursa can be

come symptomatic (red and swollen) . The 

abductor hallucis muscle can be felt directly 

medioplantar to the first metatarsal (Figure 

1 5-9) . 

To comprehend better the form of the me

dial arch of the foot, a line can be drawn con

necting the lower medial part of the first 

metatarsal, the medial cuneiform, the navicu

lar, and the calcaneus. 

Medial Cuneiform 

The distal border of the medial cuneiform is 

discussed above (see the section on the first 

tarsometatarsal joint) . The proximal bor

der-the joint between the navicular and the 

medial cuneiform-is located just proximal to 

the midpoint of an imaginary line connecting 

the navicular tuberosity to the first tar

sometatarsal joint (Figure 1 5-9) . By palpa

tion in this area, the V-shaped indentation of 

the navicular-medial cuneiform joint space 

can usually be felt. Movement in this joint is 

minimal during inversion and eversion and 

thus is not helpful in confirming the joint line. 

If the clinician is not sure but would still like to 

mark the joint, a dotted line can be used; this 

will indicate that it is a projection instead of a 

confirmed location. 

Navicular 

As already mentioned, there are three ways 

to locate the navicular tuberosity (Figure 

1 5-9): 

1 .  It is generally the most prominent bony 

structure on the medial side of the foot, 
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Figure 15-9 Medial view of the right foot. 1, First metatarsophalangeal joint; 2, navicular tuberosity; 
3, abductor hallucis muscle; 4, sustentaculum tali; 5, tibialis posterior muscle; 6, flexor retinaculum; 
7, flexor digitorum longus muscle; 8, flexor hallucis longus muscle; 9, posterior tibial vein; 1 0, posterior 
tibial artery; 1 1 ,  tibial nerve. 

Figure 15-10 Palpation of the talonavicular joint of the left foot. 
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although when an individual has flat 

feet the talar head can sometimes be 

the most prominent structure. 

2. Generate activity of the tibialis poste

rior muscle by resisted plantar flexion, 

adduction, and supination. Follow the 

tendon to its insertion on the plantar 

aspect of the navicular tuberosity. 

3. With the foot in the neutral position, 

place the index finger directly between 

the anterior aspect of the medial mal

leolus and the tendon of the tibialis an

terior. Upon moving the index finger in 

a plantar direction, it comes against 

bone: the navicular tuberosity. 

The talonavicular joint space lies directly 

proximal to the navicular tuberosity. The best 

way to find this joint is to place the foot in the 

midclle position between extension and plan

tar flexion and place the palpating finger be

tween the tendon of the tibialis anterior 

muscle and medial malleolus. By moving the 

palpating finger distally while alternating in

version and eversion are performed, the tal

onavicular joint space can be felt (Figure 1 5-

10) .  This joint should be marked at the medial 

side ofthe foot. Continued palpation in a plan

tar direction will lead to the plantar calcaneo

navicular ligament. 

Talus 

By palpating between the sustentaculum 

tali and the navicular tuberosity just proximal 

to the talonavicular joint line, another bony 

convexity can be felt, particularly with the 

forefoot held in eversion. This is the medial 

part of the talar head (Figure 1 5-1 1 ) .  Palpat

ing farther plantarly, the inferior calcaneo

navicular ligament is reached; the head of the 

talus rests on this ligament. 

By palpating just posterior and superior to 

the sustentaculum tali, the medial tubercle of 

the posterior process of the talus can be lo

cated. It becomes prominent in eversion of 

the foot and almost disappears in inversion. 

The borders of this tubercle can be marked to 

the place where the talus disappears under 

the malleolus. 

Calcaneus 

Because all the bony orientation points on 

the medial side of the foot and ankle have 

been outlined with a skin marker, the medial 

aspect of the calcaneus can now be easily pal

pated (Figure 1 5- 1 1 ) .  The lower and upper 

edges should be marked. The lower edge can 

be palpated easily at the calcaneal tuberosity 

but only with difficulty distally because of the 

presence of the "spring" ligament, the inferior 

calcaneonavicular ligament. The upper edge 

of the calcaneus is located behind the medial 

tubercle of the talus. 

Plantar Calcaneonavicular Ligament 

The calcaneus and the navicular are con

nected to each other not by a joint but rather 

by several ligaments: the plantar calcaneo

navicular ligament (the "spring" ligament) 

and the calcaneonavicular part of the bifur

cate ligament (discussed later) . 

The spring ligament is palpable between 

the front edge of the sustentaculum tali and 

the navicular tuberosity. Sometimes the liga

ment is felt as a round cord and sometimes as 

a more diffuse layer of collagen tissue. In the 

latter case, the border between the talus and 

the calcaneus is difficult to locate. The plan

tar calcaneonavicular ligament forms a side

ways V with the tendon of the tibialis poste

rior, where the tendon runs from the medial 

malleolus and the navicular. The tendon 

forms the upper leg of the sideways V and the 

ligament the lower leg of the V; the apex of the 

V is at the navicular tuberosity. 

Deltoid Ligament 

The deltoid ligament is not palpable be

cause it is covered by tendons and a retinacu

lum (Figure 1 5-1 1 ) .  Because several bony 

orientation points have been located , how

ever, the course of the ligaments can be easily 
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determined. The anterior tibiotalar ligament 

(running from the anterior edge of the medial 

malleolus to the talus) is covered by the 

tibionavicular ligament (which runs from the 

anterior edge of the medial malleolus to the 

navicular) . The tibiocalcaneal ligament runs 

from the distal tip of the medial malleolus to 

the sustentaculum tali .  Although not pal

pable, the posterior tibiotalar ligament runs 

between the medial tubercle of the talar pos

terior process and the medial malleolus. 

Medial Retinaculum 

The medial (or flexor) retinaculum fans 

out from the medial malleolus to the heel 

( Figure 1 5- 1 0) .  The presence of the reti

naculum can be confirmed by palpation. Pal

pation should be performed distal to the me

dial malleolus, where the retinaculum will feel 

slightly elastic. The posterior aspect of the 

retinaculum is generally easier to palpate us

ing the following technique: Bring the finger 

forward and downward between the Achilles 

tendon and the malleolus while the foot is 

placed in eversion. 

Between the flexor retinaculum (lying su

perficially) and the posterior tibiotalar liga

ment, several structures run. This entire re

gion is termed the tarsal tunnel. In sequence, 

from anterior to posterior, the following 

structures are located under the medial (or 

flexor) retinaculum: 

• tibialis posterior muscle 

• flexor digitorum longus muscle 

• tibialis posterior artery and vein 

• tibial nerve 

• flexor hallucis longus muscle 

For palpation of these structures, see "Sur

face Anatomy of the Lower Leg." 

LATERAL ORIENTATION POINTS 

Initial Position 

The starting position is for the patient to sit 

on the examination table with the clinician 

sitting on a stool at a lower level. 

Lateral Malleolus 

The borders of the lateral malleolus should 

be marked (Figure 1 5-12) .  This malleolus is 

more pointed and extends farther distally 

than the medial malleolus. In traumatic inver

sions, the lateral ligaments are damaged, and 

swelling around and under the lateral malleo

lus is clearly visible. 

Peroneal Trochlea 

Approximately 1 cm plantar and 1 cm distal 

to the tip of the malleolus one can palpate a 

bony prominence (of variable size) on the 

calcaneus; this is called the peroneal trochlea. 

This structure separates the peroneus brevis 

and the peroneus longus tendons as they di

verge to reach their respective insertions 

(Figure 1 5- 1 2). This bony point should be 

marked. 

Lateral Part of the Talar Head 

Above the peroneal trochlea and anterior 

to the lateral malleolus, the finger can be 

placed in a deep space; this is the tarsal sinus. 

When pressure is exerted with the palpating 

finger in a medial direction, a bony promi

nence can be felt. This palpation is only pos

sible when the foot position is alternated be

tween inversion and eversion. During every 

inversion, the process comes against the pal

pating finger. This is the lateral part of the 

head of the talus (Figure 1 5- 1 2).  Once identi

fied, the process should be marked. 

Tuberosity of the Fifth Metatarsal 

The tuberosity of the fifth metatarsal is 

found by following the peroneus brevis 

muscle to its insertion (Figures 1 5- 1 2  and 

1 5-13). Another method is to follow the lat

eral side of the foot, sliding the palpating fin

ger distally from the calcaneus. At the level of 

the cuboid, the finger slides over an obvious 

bony prominence: the proximal edge of the 

fifth metatarsal tuberosity. As the finger trav-
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Figure 15-11 Medial ligaments of the right foot, which together make up the deltoid ligament. 
1, Anterior tibiotalar ligament; 2, tibionavicular ligament; 3, tibiocalcaneal ligament; 4, posterior 
tibiotalar ligament. 

Figure 15-12 Lateral orientation points of the right foot. 1, Lateral malleolus; 2, peroneal trochlea; 
3, lateral part of the talar head; 4, fifth metatarsal tuberosity; 5, peroneus longus muscle; 6, peroneus 
brevis muscle. 
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Figure 15-1 3 Palpation of the fifth metatarsal tuberosity of the left foot. 

els more distally, the entire tuberosity can be 

felt. A third possibility of locating the tuberos

ity is by placing the palpating finger on the 

middle of what is obviously the fifth metatar

sal and moving it proximally until it comes to 

a thickening; this is the base of the fifth meta

tarsal. The knob on top of this thickening is 

the tuberosity. 

SYSTEMATIC PALPATION OF THE 

LATERAL ASPECT OF THE FOOT 

Little Toe 

The little toe can be deformed as a result of 

wearing tight shoes. The clinician should look 

for abnormal color, nail conditions, and callus 

formation. 

The fifth metatarsophalangeal joint can 

easily be found with the little toe in flexion. By 

following the fifth metatarsal proximally, the 

finger reaches this joint line (Figure 15- 1 4) .  

On the lateral side o f  this joint is a bursa that 

can become irritated from pressure . In a 

chronic inflammation, periostal calcification 

can occur. 

Fifth Metatarsal 

Palpation of the fifth metatarsal is gener

ally not difficult . Medioplantar to the fifth 

metatarsal, the abductor digit minimi muscle 

can be felt (Figure 1 5-14) .  To gain an idea of 

the position of the lateral arch of the foot, an 

imaginary line can be drawn describing the 

inferolateral part of the fifth metatarsal, the 

cuboid, and the calcaneus. 

Tarsal Sinus 

By superficial inspection, the tarsal sinus is 

visible as a concave space lying between the 

lateral tendon of the extensor digitorum lon-
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Figure 15-14 Lateral side of the right foot. 1, Achilles tendon; 2, abductor digiti minimi muscle; 
3, bursa; 4, fifth metatarsal bone; 5, insertion of the peroneus brevis muscle; 6, peroneus longus 
muscle; 7, peroneus tertius muscle. 

gus muscle and the anterior aspect of the lat

eral malleolus. The origin of the short exten

sor digitorum muscle is at the level of the tar

sal sinus. 

Cuboid 

When outlining the borders of the cuboid 

bone, first mark the easily palpable planto

lateral edge of the cuboid and the calcaneus . 

The plan to lateral edge of the cuboid is felt as 

a notch just proximal and mainly dorsal to the 

tuberosity of the fifth metatarsal. 

To find the distal border of the cuboid, a 

slightly distally concave line should be drawn 

connecting the tuberosity of the fifth meta

tarsal with the mark indicating the first tar

sometatarsal joint line on the medial aspect of 

the foot (see "Systematic Palpation of the 

Medial Aspect of the Foot") . By palpating 

along this line while performing dorsoplantar 

translatory movements with the fifth and 

fourth metatarsals (fix the cuboid) , the loca

tion of the exact joint space can be deter

mined. In older people, the joint may be diffi

cult to palpate. In those cases, a dotted line 

should be used for marking to indicate that it 

is a tentative location (Figure 1 5- 1 2 ) .  

Palpation of the proximal border o f  the 

cuboid, the calcaneocuboid joint line, is diffi

cult but important for orientation to the lat

eral side of the foot. Begin by applying pres

sure with the palpating finger plantarly 

against the bone in the area of the tarsal sinus. 

This is the dorsolateral aspect of the calca

neus. From here, palpate distally along the 

dorsolateral aspect of the calcaneus. At one 

point, a sharp edge can be felt. This is the up

per edge of the trumpet-formed distal end of 

the calcaneus. With the foot in the neutral 

position, a line can be drawn from the tip of 

this "trumpet" perpendicular to the sole of 

the foot (Figure 1 5-15) . By positioning the 

foot in inversion, an obvious bony step is felt 
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when palpation is performed in a distal to 

proximal direction transversely over the line. 

This is the end of the "trumpet," or the calca

neocuboid joint line. 

A helpful hint in orientation for the exam

iner locating the calcaneocuboid joint line at 

the lateral side of the foot is that it is located 

at approximately mid-muscle belly of the ex

tensor digitorum brevis .  (The extensor 

digitorum brevis has a small , somewhat 

rounded, and often prominent muscle belly 

that is usually slightly purple in color. It is of

ten mistaken by both patients and clinicians 

as a swelling on the side of the foot.) 

The clinician should attempt to draw the 

entire lateral joint line. In those cases where 

the palpation cannot be done with 1 00% ac

curacy, a dotted line should be drawn. 

Talus 

The lateral parts of the talus are not always 

easy to palpate (see "Orientation Points at the 

Dorsum of the Foot,"  below) . The lateral part 

of the talar head, however, is easily palpable 

in virtually everyone. Beginning the palpation 

in the tarsal sinus, the palpating finger exerts 

pressure medially. Upon contacting bone, the 

finger has reached the neck of the talus. From 

here, while alternating passive inversion and 

eversion of the foot is performed, the finger is 

now moved in a distal direction. During inver

sion, an obvious bony prominence can be felt 

that almost disappears in eversion. This is the 

lateral part of the talar head. 

Calcaneus 

The lateral part of the calcaneal tuberosity 

and the plantolateral edge of the calcaneus 

are generally easy to palpate .  In people in 

whom a small piece of the talus is palpable 

under the malleolus, the border with the cal

caneus should be felt. On exerting pressure 

plantarly with the finger in the tarsal sinus, 

the dorsal aspect of the calcaneus can be felt. 

This is the upper edge of the trumpet-shaped 

distal prominence of the calcaneus. From this 

site, on palpating farther distally, the calca

neocuboid joint is found (Figure 1 5-15) .  

Abductor Digiti Minimi Muscle 

The abductor digiti minimi muscle is pal

pable not only at the level of the fifth metatar

sal but also between the lower edge of the 

calcaneal tuberosity and the tuberosity of the 

fifth metatarsal (Figure 1 5-14) . 

Peroneal Muscles 

By asking the patient to resist against plan

tar flexion, abduction, and pronation, one can 

follow the peroneal tendons as they travel in 

one tendon sheath behind the lateral malleo

lus and then separate at the peroneal trochlea 

on the lateral aspect of the calcaneus. The 

peroneus brevis can be followed to its inser

tion on the tuberosity of the fifth metatarsal, 

and the longus can be palpated at the pero

neal trochlea just before it runs plantarly to its 

insertion at the first cuneiform and first meta

tarsal bones. 

Lateral Ankle Ligaments 

For the most part, the lateral ankle liga

ments are difficult to palpate as solitary struc

tures (Figure 1 5-16) .  Because several bony 

orientation points have been located, how

ever, the course ofthe ligaments can be easily 

determined. The anterior talofibular ligament 

can be found deep in the tarsal sinus. To gain 

a general outline of the ligament, the foot is 

held in the neutral position. The index finger, 

positioned parallel to the sole of the foot, can 

slide over the lateral side of the foot in a plan

tar to dorsal direction until it contacts the dis

tal tip of the lateral malleolus. A line should be 

drawn directly above the index finger; this 

indicates the lower border of the ligament. By 

palpating approximately 1 cm upward from 

this border against the most anterior aspect of 

the lateral malleolus, one can feel where the 
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Figure 1 5-15 Palpation of the calcaneocuboid joint line of the left foot. 1, Calcaneocuboid joint line; 
2, trumpet form of the distal end of the calcaneus; 3, peroneal trochlea; 4, lateral malleolus . 

ligament inserts on the fibula. To find the in

sertion on the talar neck, the fingers should 

remain in the area of the most anterior aspect 

of the malleolus while the other hand per

forms passive inversion of the foot. It can be 

noticed that a bony edge comes out against the 

palpating finger. This bony edge is the junc

tion between the lateral facet of the talus (the 

talar part of the talofibular joint surface) and 

the proximal part of the talar neck. On palpat

ing slightly more distally just over this edge, a 

concavity is encountered that is the neck of 

the talus (with palpation even farther distally, 

one comes up against another bony promi

nence: the head of the talus) . The anterior 

talofibular ligament inserts at the beginning of 

the talar neck directly distal to the bony edge 

just palpated . It should be noted that the liga

ment is quite short, only 0.5 to 1 .0 cm long. 

The calcaneofibular ligament is palpable 

only at its insertion on the tip of the lateral 

malleolus. This is because it is covered by the 

peroneal tendons, which in turn are covered 

by the lateral retinaculum. The foot should be 

positioned in plantar flexion to bring the 

peroneal tendons away from the tip of the 

malleolus. Palpation then takes place directly 

in front of the tendons at the tip of the lateral 

malleolus. Sometimes one can feel the liga

ment becoming taut at this point by bringing 

the calcaneus into varus . 

The posterior talofibular ligament is usu

ally not palpable; it runs from the lateral mal

leolus to the lateral tubercle of the posterior 

talar process. Where possible , it can be 

reached by placing a finger in the space be

tween the Achilles tendon and the lateral 

malleolus. 
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Figure 15-16 Lateral ligaments of the right foot. 1, Anterior talofibular liga ment; 2, calcaneofibular 
ligament ; 3, posterior ta lofibular ligament ; 4, anterior inferior tibiofibular ligament . 

Lateral Retinaculum 

The tendons of the peroneal muscles are 

kept in place by a lateral retinaculum behind 

and under the lateral malleolus (Figure 15-

1 4 ) .  The best way to test this retinaculum is to 

evaluate whether the tendons of the peroneal 

muscles stay in place during dorsiflexion. 

ORIENTATION POINTS AT THE 

DORSUM OF THE FOOT 

Initial Position 

The starting position is with the patient sit

ting on the examination table and the clini

cian sitting on a stool at a lower level. 

Lisfranc's Line 

Lisfranc's line* should be drawn between 

the tuberosity of the fifth metatarsal and the 

first tarsometatarsal joint (Figure 1 5- 1 7) .  A 

dotted line is recommended. 

* Jacques Lisfranc ,  French surgeon, 1 790- 1 847. 

Chopart's Line 

Using a dotted line, Chopart's linet should 

be drawn from the top of the medial part of 

the talonavicular joint to the top of the calca

neocuboid joint (Figure 1 5- 1 7) .  

SYSTEMATIC PALPATION OF THE 

DORSUM OF THE FOOT 

Metatarsals 

First, the form and position of the toes 

should be inspected. Attention should be 

given t;Q the skin and the nails, and the toes 

should be palpated. Next, all the metatarsals 

are palpated; pain caused by pressure can 

have different causes. A local swelling in the 

region of the metatarsals may indicate a frac

ture caused by overloading. 

The joints between the metatarsals and the 

tarsal bones are quite often difficult to pal-

tFranc;:ois Chopart, French surgeon (Paris ) ,  
1 743- 1 795. 
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Figure 15-17 Dorsal orientation lines of the 
right foot. 1, Lisf ranc 's  line; 2, Chopart 's  line; 
3, first metatarsal bone; 4, medial cuneiform 
bone; 5, intermediate cuneiform bone; 6, lateral 
cuneiform bone; 7 ,  navicular  bone; 8, cuboid 
bone; 9, calcaneus and ta rsal sinus ;  10, talus ;  
11, tibia ;  12, fibula. 

pate, as are the intermetatarsal joints . The 

first and the fifth tarsometatarsal joints have 

already been identified and located; further 

orientation is done with Lisfranc's line. Quite 

often there is still some locational ambiguity, 

even when the forefoot is passively moved in 

alternating supination and pronation. The cli

nician should realize that it is always better 

not to draw any line (except the dotted orien

tation line) if the identification or location is 

less than certain. 

Cuneiform Bones 

The joints between the individual cunei

form bones are difficult to palpate with 1 00% 

accuracy because they are too thickly cov

ered with collagen structures. Quite often, it 

is possible to locate the joint between the 

cuboid and the lateral cuneiform by palpating 

during alternating passive inversion and ever

sion ofthe forefoot. In general, the cuboid-lat

eral cuneiform joint lies under the distal 

two-thirds of a line connecting the most disto

lateral point of the lateral part of the talar 

head to the proximal point of the intertarsal 

joint between the third and fourth metatar

sals. 

From the previously located navicular-me

dial cuneiform joint (see "Systematic Palpa

tion of the Medial Aspect ofthe Foot," above) , 

the distal border of the navicular can be pal

pated to its lateral end. If  the palpation is per

formed accurately, the border can be indi

cated with a skin marker. 

Navicular 

Quite often, the proximal border ofthe nav

icular bone can only be partially palpated be

cause of the covering tendons. The technique 

is to start from the already located joint line of 

the talonavicular joint (see "Systematic Pal

pation of the Medial Aspect of the Foot," 

above) and palpate in the direction of the tar

sal sinus. Alternating passive inversion and 

eversion of the foot helps the examiner differ

entiate between the distal border of the talar 

head and the proximal border of the navicu

lar; the talar head moves opposite the motion, 

and the navicular moves in the same direction 

as the motion. The lateral border, where the 

navicular meets the cuboid, is not accessible 

to palpation because it lies underneath the 

extensor digitorum brevis muscle. To gain a 

general idea of where the navicular meets the 

cuboid, the previously drawn line represent

ing the cuboid lateral cuneiform joint (de

scribed in the "Cuneiform Bones" section) 
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should be divided into three equal parts. Then 

a line is drawn to connect the point between 

the proximal and middle thirds of this line to 

the already drawn navicular-medial cunei

form joint line (on the medial aspect of the 

foot) . It should be noted that the navicular is 

more narrow laterally. 

Talus 

Palpation of the various parts of the talus 

has already been described because the talus 

can be felt from every aspect of the foot. The 

proximal border of the talus, where the talar 

trochlea meets the tibia, can best be palpated 

with the ankle and toes in passive extension; 

this relaxes the tendons running in this area. 

It is best to begin the palpation at the anterior 

edge of the medial malleolus. From there, the 

distal edge of the tibia can be palpated farther 

anteriorly to where it meets the fibula. 

Directly distal from the anterodistal edge of 

the tibia, one finds a bony structure that can 

easily be held from medial and lateral be

tween thumb and index finger. This is the 

neck of the talus. The neck of the talus can be 

followed distally while the clinician makes 

slight passive movements of the foot alter

nately into inversion and eversion. It will be 

noticed that on eversion a bony prominence is 

felt medially and on inversion a bony promi

nence is felt laterally. This is the head of the 

talus ; on the lateral side it extends slightly 

more distally than on the medial side. 

Cuboid 

The palpable borders of the cuboid are al

ready located (refer to "Systematic Palpation 

of the Lateral Aspect of the Foot,"  above) . 

Extensor Digitorum Brevis Muscle 

The extensor digitorum brevis muscle 

originates at the level of the tarsal sinus and 

runs over the calcaneocuboid joint (Figure 

1 5-18) .  The origin is covered with the ten

dons of the extensor digitorum longus 

muscle , but the muscle belly of the brevis 

muscle is easily visible and palpable. Actively 

alternately extending and flexing the toes will 

make palpation simpler. The muscle belly 

should not be confused with thickenings of 

the joint capsule. 

Extensor Hallucis Brevis Muscle 

The extensor hallucis brevis is the most 

medial part of the muscle mass that is pal

pated during the evaluation of the extensor 

digitorum brevis (Figure 1 5-18) .  The tendon 

is normally palpable on the dorsum of the 

foot. 

Dorsal Retinaculum 

The superior extensor retinaculum is lo

cated distal on the front side of the lower leg; 

it is not discussed further (Figure 1 5-18) .  

Inferior Extensor Retinaculum 

The Y -shaped ini'erior exte11'3or retinacu

lum is palpable during active extension of the 

foot (Figure 1 5- 1 9) .  The palpation should 

start in the tarsal sinus, where the retinacu

lum can be felt as a wide collagen band. The 

superior part of the retinaculum is especially 

easy to palpate between the tendons of the 

extensor digitorum longus muscle and the 

tibialis anterior muscle. 

Dorsal Pedal Artery 

The pulsations of the dorsal pedal artery 

can be felt when the finger is placed between 

the first and second metatarsal bones and is 

moved in a proximal direction until the pulsa

tions are felt. The location of the artery is vari

able and requires some searching (Figure 1 5-

1 9) .  Too much or too little pressure will 

defeat efforts to feel Lhe pulse. 
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Figure 1 5-18 Muscles o f  the dorsum o f  t he right foot . 1 ,  Extensor digitorum longus muscle; 2, exten
sor digitorum brevis muscle; 3, extensor hallucis longus muscle; 4, extensor hallucis brevis muscle; 
5, peroneus tertius muscle; 6, inferior extensor retinaculum; 7, tibialis anterior muscle. 

Superficial Peroneal Nerve 

The superficial peroneal nerve exits the 

peroneal compartment distal in the lower leg 

and is palpable as a rolling cord anterior to the 

lateral malleolus.  The dorsal intermediate 

cutaneous branch runs lateral and closer to 

the malleolus. When two cords are felt, the 

most medial is the superficial peroneal nerve. 

Most of the palpable nerve branches on the 

dorsum of the foot belong to the superficial 

peroneal nerve. 

Deep Peroneal Nerve 

The deep peroneal nerve reaches the dor

sum of the foot roughly at the level of the first 

tarsometatarsaljoint and lateral to the base of 

the first metatarsal (Figure 1 5-20) . The 

nerve is palpable at this spot. 

Saphenous Nerve 

The saphenous nerve runs parallel with the 

greater saphenous vein on the medial edge of 

the foot (Figure 1 5-2 1 ) .  Care must be exer

cised during injections of the deltoid ligament 

so that this nerve is not penetrated. 

Greater Saphenous Vein 

The greater saphenous vein starts on the 

back of the foot at the level of the first meta-
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Figure 1 5-19 Palpation points of the dorsum of the right foot. 1, Tendon of the extensor digitorum 
longus muscle; 2, tendon of the tibialis anterior muscle; 3, tendon of the extensor hallucis longus 
muscle; 4, greater saphenous ve in; 5, dorsal pedal artery; 6, two diverging parts of the inferior exten
sor retinaculum to medial. 

tarsal and runs proximally (Figures 1 5- 1 9  

and 1 5-2 1 ) .  Even though the exact location is 

variable, it will be consistently in the vicinity 

of the medial malleolus. The best way to see 

the vein is to bring the foot into extension and 

pronation. 
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Figure 1 5-20 Nerves of the dorsum of the right foot. 1, Superficial peroneal nerve; 2, deep peroneal 
nerve. 

PLANTAR ASPECT OF THE ANKLE 

AND FOOT 

Initial Position 

The starting position is with the patient 

prone or standing with the lower leg in a 

flexed position. 

Calcaneal Tuberosity 

The plantar part of the calcaneal tuberosity 

is palpable through the plantar aponeurosis. 

Heads of the Metatarsals 

The heads of the metatarsals are palpable 

plantarly from the phalanges of the toes.  
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Figure 1 5-21 Structures on the medial side of the r ight foot. 1, Projection of the greater saphenous 
vein just anterior to the medial malleolus; 2, tendon of the extensor hallucis longus muscle; 3, tendon 
of the tibialis anterior muscle ; 4, saphenous nerve. 

Pressure-induced pain at the level of the 

heads of the metatarsals is seen in a number 

of disorders with the common name metatar

salgia (refer to Chapter 1 7 ) .  

Sesamoid Bones of the Flexor Hallucis 

Longus Muscle 

Quite often, there are two sesamoid bones 

at the level of the head of the first metatarsal. 

These can be felt in the tendon of the flexor 

hallucis longus muscle . During inflamma

tions, they are sensitive to pressure. 

Plantar Aponeurosis 

The biggest part of the palpable plantar as

pect of the foot is covered by the plantar apo

neurosis, a wide,  firmly elastic structure . 

Weakening of this aponeurosis can cause the 

arch of the foot to f1atten. 



Chapter 16 

Examination of the Ankle and Foot 

TALOCRURAL JOINT (ARTICULATIO 

TALOCRURALIS) 

• Zero position. The lateral side of the 

foot makes an angle of 90° with the longi

tudinal axis of the lower leg. A perpen

dicular line from the anterior superior 

iliac spine runs through the middle of the 

pateUa to the second toe. 

• M aximal loose-packed position: About 

1 0° plantar flexion in the talocrural joint 

and the midposition between inversion 

and eversion of the foot. 

• Maximal close-packed position: Maxi

mal extension (or dorsiflexion). 

• Capsular pattern: Plantar flexion is 

more limited than extension (dorsiflex

ion) (Figure 16-1). 

SUBTALAR JOINT (ARTICULATIO 

TALOCALCANEONAVICULARIS) 

• Zero position: SeeTalocrural Joint. 

• Maximal loose-packed position: See 

Talocrural Joint. 

• Maximal close-packed position: Maxi

mal inversion. 

375 

Extension 

Flexion 

Figure 16-1 Capsular patt'ern of the talocrural 
joint. 

Varus Valgus 

III 
Figure 16-2 Capsular pattern of the subtalar 
joint. 
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• Capsular pattern: Varus is more limited Extension 

than valgus (Figure 1 6-2). 

MIDTARSAL JOINTS 

(ARTICULATIONES 

CALCANEOCUBOIDEAI 

TALONAVICULARIS), 

INTERTARSAL AND 

TARSOMETATARSAL JOINTS 

(ARTICULATIONES 

INTERTARSEAEI 

TARSOMETATARSEAE),AND 

INTERTARSAL JOINTS 

(ARTICULATIONES 

INTERMETATARSEAE) 

• Zero position: See Talocrural Joint. 

• Maximal loose-packed position: See 

Talocrural Joint. 

• Maximal close-packed position: Maxi

mal inversion. 

• Capsular pattern: For the midtarsal 

joints, inversion (flexion-adduction-su

pination) is more limited than extension 

(Figure 1 6-3). 

FIRST METATARSOPHALANGEAL 

JOINT (ARTICULATIO 

METATARSOPHALANGEA 

HALLUCIS) 

• Zero position: The longitudinal axis 

through the first metatarsal and the 

proximal phalanx are in line with each 

other. 

• Maximal loose-packed position. Ap

proximately 1 0° extension. 

• Maximal close-packed position: Maxi

mal extension. 

• Capsular pattern: Extension is more 

limited than flexion (Figure 1 6-4). 

Supination Pronation 

Abduction Adduction 

Flexion 

Figure 16-3 Capsular pattern of the midtarsal 
joints 

SECOND THROUGH FIFTH 

METATARSOPHALANGEAL JOINTS 

(ARTICULATIONES 

METATARSOPHALANGEAE II-V) 

AND INTERPHALANGEAL JOINTS 

(ARTICULATIONES 

INTERPHALANGEAE PROXIMALESI 

DISTALES) 

• Zero position: The longitudinal axis 

through the metatarsal and the corre

sponding articulating proximal phalanx 

are in line with each other. 

• Maximal loose-packed position: Slight 

flexion. 

• Maximal close-packed position: Maxi

mal extension. 

• Capsular pattern: Extension is either 

equally limited as or slightly more lim

ited than flexion. 

OVERVIEW OF THE FUNCTIONAL 

EXAMINATION 

Most disorders of the lower leg, ankle, and 

foot cause local pain. Radiation of pain is usu

ally minimal, except when pain is caused by 



Flexion 

= Hallux rigidus 

Extension 

Figure 16-4 Capsular pattern of the first meta
tarsophalangeal joint. 

compression neuropathies, which can cause 

pain or paresthesia to radiate not only distally 

but also proximally. Furthermore, it should 

be kept in mind that pain from the lumbar 

spine, sacroiliac joint, and hip can radiate into 

the leg. Disorders from the hip can radiate 

pain in the L3 dermatome. Symptoms of prob

lems originating in the lumbar spine and sac

roiliacjoint can be manifested in the following 

regions: 

• L3 dermatome, to the anterior aspect of 

the lower leg 

• L4 and L5 dermatomes, to the lateral as

pect of the lower leg 

• S1 and S2 dermatomes, to the posterior 

aspect of the lower leg 

General Inspection 

The clinician can begin to gather useful 

data as soon as the patient enters the exami

nation area. The patient's general posture, 

facial expression, and any obvious limitation 

of motion should be noted. Particular atten

tion should be given to the patient's gait and 

to whether the patient moves with the as-
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sistance of a cane or crutches or wears a cast 

or brace. 

History 

Age 

Age is an important diagnostic factor be

cause some disorders are seen exclusively in 

certain age groups. For example, heel pain in 

children and in adults can be immediately dif

ferentiated. Heel pain in children is almost 

always the result of a calcaneal apophysitis or 

of a posterior calcaneal subcutaneous bursi

tis. In adults, heel pain is usually the result of 

an Achilles tendon lesion, a local bursitis, or a 

compression neuropathy. Achilles tendon le

sions in children are almost never seen. 

Occupation, Hobby, and Sport 

To set a course for effective causal treat

ment, the clinician requires detailed informa

tion about the patient's occupation and hob

bies. For example, an athlete can get an 

overuse problem as the result of inadequate 

footwear, soccer players often have different 

lesions than long-distance runners, and so on. 

Chief Complaints 

Depending on the type of pathology, com

plaints can consist of one or more of the fol

lowing: 

• Pain. Pain usually has a local cause. The 

possibility of referred pain should always 

be considered. In such cases, move

ments of the foot will not affect the 

patient's pain. 

• Paresthesia. Paresthesia is usually 

caused by irritation of a nerve structure. 

In the foot, the cause can be local. Pa

thology in the lumbar spine, however, 

can also result in a feeling of paresthesia 

in the foot (or feet) . 

• Feeling of warmth or coldness in the 

foot. An abnormally warm foot can indi

cate local inflammation but can also 
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originate from a tumor in the pelvis or 

lumbar region. An abnormally cold foot 

usually indicates a vascular problem. 

• Swelling, either local or in the entire 

lower leg and foot. Local swelling can be 

caused by trauma and then usually indi

cates a hematoma or hemarthrosis. 

Nontraumatic local swelling can be 

caused by a ganglion or can be the result 

of an arthritis. If there is swelling of the 

entire foot or lower leg (edema), the 

cause is usually vascular. 

• Locking of the joint. Locking is often an 

indication of a loose body. The most 

usual causes of a loose body in the ankle 

are trauma or osteochondritis dissecans. 

• Loss of range of motion. Limitations of 

motion can have various causes. The 

type of limitation can be determined by 

means of the functional examination. 

Onset and Duration 

If there is a nontraumatic onset, the symp

toms usually arise gradually, as is the case in 

most tendinitides and arthritides. An acute 

onset is likely to occur in instances of an 

Achilles tendon rupture. 

If the onset is traumatic, there are several 

key points concerning the trauma that can aid 

in establishing the diagnosis: 

• Details of the trauma. The type of 

trauma provides significant information 

about the type of lesion. For instance, in 

an inversion trauma the lateral cap

suloligamentous structures are affected, 

and in an eversion trauma the medial 

capsuloligamentous structures are af

fected. 

• The location of the pain immediately 

after the trauma. The location of the 

pain directly after the trauma also helps 

indicate the site of the lesion. 

• Swelling immediately after the 

trauma or later. Immediate swelling af

ter the trauma is almost always caused 

by bleeding. A gradual occurrence of 

swelling is usually the result of synovial 

effusion. 

• Loss of function immediately ajter the 

trauma or later. An inunediate loss of 

function usually involves a more severe 

lesion than when the loss of function oc

curs later. 

• Giving way oj the ankle, with or with

out pain. Painful giving way of the ankle 

is usually the result of either a loose body 

or an instability. A painless giving way of 

the ankle is most often the result of 

chronic instability. 

Involvement of Other Joints 

If the patient has complaints about other 

joints, systemic diseases such as rheumatoid 

arthritis, psoriasis, ankylosing spondylitis, or 

gout should be considered. 

Medications 

Administering mechanical therapy such as 

mobilization, manipulation, or transverse 

friction is contraindicated if the patient is tak

ing anticoagulants. When the patient is on an

tihypertensive medication, exercise pro

grams should be closely monitored (to ensure 

that the patient maintains proper breathing). 

If the patient is on nonsteroidal antiinflamma

tory medication and is getting relief from the 

symptoms, one should suspect pathology in 

which inflammation is involved. If the patient 

is on antidepressant medication, the symp

toms being experienced may be complicated 

by psychologic factors. 

Previous Treatment and Results 

The history of previous treatment is impor

tant to plan the current treatment program 

properly. In general, a treatment that has al

ready been applied and was not successful 

should not be repeated, unless there is doubt 

concerning whether the treatment was per

formed correctly. 

Previous Surgery 

The question of prior surgery can be of im

portance when the operation was for a malig-



nant pathology. In that instance, the possibil

ity of metastases should be thoroughly as

sessed. 

Specific Inspection 

Refer also to Chapter 15. 

In Standing 

With the patient standing, the examiner 

notes the position of the feet (eg, whether 

there is a flat fooL or high arch). Varus or val

gus positioning of the calcaneus is observed. 

Attention is given to the position of the 

micifoot, forefoot, and toes. The Achilles ten

dons are compared for symmetry. Inspection 

of the position of the knees, legs, hips, and 

pelvis is also important. 

Each side is compared for color, condition 

of the skin, and (local) swelling. The presence 

of atrophy or scars is also noted. Changes in 

the skin, such as glisLening, shining, flaking, 

callus formation, pigmentation, spots, or ab

normal hair growth, are observed. The area 

on and around the nails should be examined 

for aberrations. Various systemic disorders, 

such as psoriasis and Reiter's disease, can be 

recognized by changes in the nails. 

In Supine 

With the patient in a supine position, the 

examiner notes whether the abnormalities 

seen in standing are still present in lying. 

Again, the region is inspected for diffuse or 

local swelling, atrophy, and changes in color. 

Inspection of the Shoes 

The shoes are inspected for wear and tear, 

flexibility, profile of the sole, and quality of 

the heel counter. 

Palpation before the Functional 

Examination 

Before starting the functional tests, the ex

aminer palpates the area for warmth. If there 
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is visible swelling, its consistency is assessed; 

differentiation is made between hard, firm, 

and soft or fluctuating swelling. If necessary, 

palpation can be used to assess pulses in the 

posterior tibial artery (which can be palpated 

one finger width distal and posterior to the 

medial malleolus) and the dorsal pedal artery 

(which can be palpated between the first and 

second metatarsals; this artery is absent in 

10% to 15% of individuals). Pulses on the af

fected side are always compared with those 

on the nonaffected side. 

Functional Examination 

Before the functional examination, the ex

aminer determines whether the patient is ex

periencing symptoms at that specific mo

ment. Through testing, the examiner notes 

whether the symptoms change. Again, the af

fected side is always compared with the 

nonaffected side. This means that both sides 

are identically tested, first the nonaffected 

side (to have an idea of what is normal) and 

then the affected side. 

In the following description of the func

tional examination, the essential tests are 

printed in bold italics and underlined; 

these represent the basic functional ex

amination. The other tests are performed 

additionally, depending on the findings from 

the basic functional examination. 

In Standing 

16.1 Unilateral toe raise 

16.2 Maximal extension of the ankles 

with flexed knees 

In Supine 

Active Motions. 

16.3 Active ankle extension with extended 

knees 

16.4 Active ankle extension with slightly 

flexed knees 

16.5 Active plantar flexion of the ankles 

16.6 Active inversion of the feet 
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Passive Motions. 

16. 7 Passive extension of the ankle 

with extended knees 

16.8 Passive extension of the ankle 

with slightly flexed knees 

16.9 Passive extension ofthe ankle, ac

tively reinforced, with slightly 

flexed knees 

16.10Passive plantar flexion of the 

ankle 

16.11 Passive varus test of the subtalar 

joint 

16.12 Passive valgus test of the subtalar 

joint 

16.13Passive extension of the midtar

sal joints 

16.14Passive flexion of the midtarsal 

joints 

16.15Passive abduction of the midtar

sal joints 

16.16Passive adduction of the midtar

sal joints 

16.17 Passive pronation of the midtar

sal joints 

16.18Passive supination of the midtar

sal joints 

16.19Passive inversion of the foot 

16.20Passive adduction and supina

tion of the foot from 10° plantar 

flexion 

16.21Passive adduction and supina

tion of the foot from maximal ex

tension 

16.22 Passive abduction and pronation 

from maximal plantar flexion 

16.23Passive abduction and pronation 

of the foot from 10° plantar flexion 

16.24Passive eversion of the foot 

16.25 Anterior drawer test 

16.26 Anterior drawer test 

16.27 Anterior drawer test for the medial 

structures 

16.28 Varus click test 

16.29 Passive mediolateral talus test 

16.30 Passive plantar-dorsal test of the first 

metatarsal 

16.3 1 Passive extension of the great toe 

16.32 Passive flexion of the great toe 

Resisted Tests. 

16.33Resisted inversion of the foot 

16.34Resisted extension-adduction

supination of the foot 

16.35Resisted eversion of the foot 

16.36Resisted flexion-abduction-pro

nation of the foot 

Palpation after the Functional 

Examination 

After the functional examination, the re

gion is palpated again for warmth, swelling, 

and synovial thickening. Based on the find

ings from the functional examination, the sus

pected affected structure is located and pal

pated for tenderness. 

Accessory Examination in Limitations 

of Motion 

If a limitation of motion in a non capsular 

pattern has been found, the appropriate joint

specific translatory tests should be per

formed to determine whether the limitation is 

indeed caused by the capsule. 

If the patient's symptoms could not be elic

ited during the clinical examination, the next 

diagnostic phase is provocation of the symp

toms. For instance, if a long-distance runner 

only experiences symptoms after 15 minutes 

of running, the functional examination will 

probably be negative. Thus the patient is in

structed to run until the symptoms occur, and 

then the functional examination is repeated. 

Usually, the patient's pain can now be elic

ited. If a diagnosis still cannot be determined, 

further examination is necessary (see below). 

Other Examinations 

If necessary, other examinations can also 

be performed either to confirm a diagnosis or 

to gain further information when a diagnosis 

cannot be reached based on the functional 

examination. These include imaging tech

niques (such as conventional radiographs, 

computed tomography [CT], CT arthrogra-



phy, magnetic resonance imaging, and ultra

sonography), laboratory tests, arthroscopy, 

and electromyography. 

DESCRIPTION OF THE FUNCTIONAL 

EXAMINATION 

• Active motions: Active motions are as

sessed Lo determine the amount of mo

tion and course of movement. Provoca

tion of pain is, of course, also important 

to note. In instances of limited move

ment, it should be determined whether 

the limitation is in a capsular or non

capsular pattern. This, however, can 

only be assessed based on limitations 

experienced during the passive move

ments. 

• Passive motions: The quality of motion 
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demonstrated during the passive evalua- A 
tion is compared with active motion. In 

limitations of motion, distinction is made 

between capsular and noncapsular pat

terns. Limitations of motion in a capsular 

pattern indicate arthritis or arthrosis 

C osteoarLhrosis). It is also important to 

determine and correctly interpret the 

end-feel and pain provocation. 

• Resisted tests: By performance of iso

metric resisted Lests, contractile struc

tures can be evaluated. It is important to 

note weakness and pain provocation. 

Lesions of the contractile structures 

arowld the ankle and foot usually involve 

insertion tendopathies. Disorders of the 

various tendon sheaths are diagnosed by 

means of the passive tests, whereby 

these structures are brought into a 

stretch to test for pain. 

In Standing 

16.1 Unilateral Toe Raise 

The patient stands on the toes of one foot; 

the examiner helps the patient maintain bal

ance by lightly holding the patient's hands. 

B The tendons of the peroneal muscles are 
quite visible. 

Test 16.1 
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The patient is instructed to repeat this ma

neuver 10 times on each side. 

This test is particularly performed to assess 

the plantar flexors of the ankle, but the 

amount of active plantar flexion in the ankle 

can also be noted. The most important plan

tar flexors are the triceps surae muscle, pero

neal muscles, and tibialis posterior muscle. 

In an Achilles tendon disorder, this test is 

often initialiy negative. In this instance, the 

pain-provoking activity has to be performed 

first. After provocation; this test is usually 

positive. 

16.2 Maximal Extension of the 

Ankles with Flexed Knees 

From a standing position, the patient 

slowly bends the knees and tries to keep con

tact with the heels on the floor as long as pos

sible. 

This test assesses the maximal amount of 

motion in ankle extension. The range of mo-

Test 16.2 

tion in standing is compared with the range of 

motion in supine (Tests 16.7 to 16.9). 

Often, the amount of talocrural extension 

noted in standing is less than that noted in su

pine. This can be seen in instances of cartilage 

damage and anterior instability. In an instabil

ity, the ligaments can no longer hold the joint 

in its normal position during weight bearing. 

Because the joint surface of the tibia is de

clined in a posterolateral direction, this load 

on the talocrural joint, combined with the in

efficiency of the ligaments, results in an ex

cessive gliding of the tibia (and fibula) on the 

talus in a posteroinferior direction. Thus the 

two joint partners (tibia/fibula and talus), be

ing malaligned, reach their end position much 

earlier during the extension motion. Without 

the load on the talocrural joint in the supine 

position, malalignment of the joint partners is 

minimal to nonexistent, and the range of mo

tion during extension appears to be normal. 

In Supine 

16.3 Active Ankle Extension with 

Extended Knees 

The patient lies supine and pulls the feet up 

as far as possible, keeping the knees straight. 

Directly afterward, the same test is repeated 

with slightly flexed knees. 

16.4 Active Ankle Extension with 

Slightly Flexed Knees 

The patient lies supine and pulis the feet up 

as far as possible, keeping the knees straight. 

Test 16.3 



Test 16.4 

Directly afterward, the same test is repeated 

with slightly f1exed knees. 

With the knees in f1exion, there is a larger 

range of motion of the talocrural joint in ex

tension than with the knees straight because 

the Achilles tendon restricts maximal exten

sion. If there is no difference in the amount of 

motion with extended versus f1exed knees, 

the cause usually can be found in the talo

crural joint. 

In a capsular pattern of limited motions in 

the talocruraljoint, the f1exion is usually more 

limited than the extension. 

16.5 Active Plantar Flexion of the 

Ankles 

The patient is supine and f1exes both ankles 

in the plantar direction as far as possible. 

A slight limitation can usually be seen as a 

small concavity at the level of the talus in-

Test 16.6 
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Test 16.5 

stead of the normally seen convexity. In addi

tion to the talocrural joint, the other tarsal 

and midtarsal joints are also tested at this 

time. 

16.6 Active Inversion of the Feet 

The examiner fixes the thighs of the supine 

patient just proximal to the knees, so that the 

legs are not rotated. The heels lie about 30 cm 

apart. The patient is now asked to bring the 

great toes toward each other. 

This inversion motion tests the mobility of 

the talocrural, subtalar, midtarsal, and other 

tarsal joints. In addition, the anterolateral 

part of the capsuloligamentous complex is 

tightened. 

After an inversion trauma, this test can be 

painful. In addition, the invertors of the foot 

(the triceps surae and tibialis posterior) are 

tested. The other invertors are rarely affected. 
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Test 16.7 

Test 16.8 

Test 16.9 



16.7 Passive Extension of the 

Ankle with Extended Knees 

For the description, see Test 16.9. 

16.8 Passive Extension of the 

Ankle with Slightly Flexed 

Knees 

For the description, see Test 16.9. 

16.9 Passive Extension of the 

Ankle. Actively Reinforced. with 

Slightly Flexed Knees 

The patient is supine on the treatment 

table. The examiner grasps the patient's heel 

with the ipsilateral hand. The other hand 

grasps Lhe plantar aspect of the patient's foot 

from the lateral side. The patient's knee is 

extended. 

The examiner brings the patient's ankle 

passively into the most maximal extension 

possible (Test 16.7). This motion is restricted 

by the Achilles tendon. Then, the examiner 

shifts the ipsilateral hand to the popliteal 

fossa of the patient's knee and, in so doing, 

slightly flexes the knee without losing the 

extension in the ankle (Test 16.8). Normally, 

the examiner will notice that extension in the 

talocrural joint increases by several degrees. 

In this position, Lhe end-feel is still difficult to 

determine. The patient is now asked to ac

tively pull the foot up; the extension range of 

motion usually increases even further, and 

the examiner exerts overpressure to test the 

end-feel (Test 16.9). The end-feel is normally 

hard. 

Limitation in the extension motion can be 

caused by either a capsular lesion, or an ante

rior tibiotalar compression syndrome. 

16.10 Passive Plantar Flexion of 

the Ankle 

The patient is supine on the examination 

table. With the ipsilateral hand, the examiner 

grasps the medial aspect of the patient's heel. 

The other hand is placed on the dorsum of the 
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midfoot. Both hands bring the patient's foot 

into maximal plantar flexion; the hand at the 

midfoot moves in a distal direction, and the 

ipsilateral hand moves the heel in a proximal 

direction. 

This passive motion is first performed 

slowly to determine the amount of motion. To 

determine the end-feel, the examiner brings 

the foot a few degrees away from end-range 

plantar flexion and makes an abrupt manipu

lative movement with the foot into the full 

end range of plantar flexion. The end-feel is 

normally hard. 

This motion is limited and painful when 

there is a capsular lesion of the talocrural 

joint. Plantar flexion is slightly limited and 

extremely painful in the presence of a poste

rior tibiotalar compression syndrome. 

16.11 Passive Varus Test of the 

Subtalar Joint 

The patient is supine on the examination 

table. The examiner places the patient's foot 

against the sternum. The patient's knee is 

flexed, and the talocrural joint is in maximal 

extension. With the ipsilateral hand, the ex

aminer grasps the medial aspect of the 

patient's lower leg. The other hand grasps the 

lateral aspect of the heel. In instances when 

the therapist has difficulty controlling the 

patient's leg, an alternative is to grasp the 

patient's distal thigh with the ipsilateral hand. 

Slight axial compression of the knee is estab

lished with this hand, so that the knee can be 

better stabilized. 

The contralateral hand now makes a varus 

motion of the calcaneus (the distal part of the 

heel is brought angularly in a medial direc

tion). At the end of the motion, the examiner 

exerts overpressure to determine the end

feel. 

This tests the varus mobility of the subtalar 

joint. Limitations of the varus motion in the 

subtalar joint are classified as a capsular pat

tern. 
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Test 16.10 

Test 16. 1 1  Initial position. 

16.12 Passive Valgus Test of the 

Subtalar Joint 

The patient is supine on the examination 

table. The calcaneus is moved in a valgus di

rection in the same way as described for 

Test 16. 1 1, except that for this test the 

examiner's ipsilateral hand grasps the me

dial aspect of the patient's heel, and the 

other hand grasps the lateral aspect of the 

lower leg or knee (if the alternative hand 

position is used). 
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Test 16. 11 Alternative hand position. 

Test 16.12 
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Because the talocrural joint is in a maxi

mally close-packed position during this test 

and Test 16.11, varus and valgus motions are 

hardly possible. The assessment of these 

tests requires considerable experience. As

sessing the end-feel is critical to a diagnosis of 

limited motion. 

16.13 Passive Extension of the 

Midtarsal Joints 

The patient is supine with the knees ex

tended. The examiner grasps the patient's 

heel with the ipsilateral hand. The other hand 

grasps the forefoot. By means of traction on 

the heel, both the talocrural and the subtalar 

joints are stabilized. The hand grasping the 

forefoot is the testing hand. The first test 

(Test 16.1 3) is extension of the midtarsal 

joints. The range of motion varies among indi

viduals. The end-feel is normally hard. 

The motions being examined at the midtar

sal joints are performed with very little force. 

Although there is accompanying minimal 

movement of the intertarsal and tarsometa

tarsal joints, most of the movement takes 

place in the midtarsal joints. By evaluating 

the motion with the testing hand placed at the 

distal part of the forefoot, minimal differ

ences can be easily determined. With the test-

Test 16.13 

ing hand placed just distal to the midtarsal 

joints, assessing the range of motion and end

feel is almost impossible. 

Without changing hand placement, the ex

aminer can induce plantar flexion of the mid

tarsal joints (Test 16.14). Here, too, the range 

of motion varies significantly among individu

als. The end-feel is normally hard. 

Now, by shifting the testing hand to grasp 

the forefoot from its plantar aspect (thumb 

medial and fingers lateral), abduction and 

adduction of the midtarsal joints can be 

tested (Tests 16.15 and 16.16). The end-feel 

is normally hard. 

By shifting the testing hand to grasp the 

midfoot from its dorsal aspect (Lhumb medial 

and fingers lateral), the midtarsal joints can 

be placed in pronation and supination (Tests 

16.17 and 16.18). Because there is a signifi

cant amount of movement of the inLertarsal 

and tarsometatarsal joints during pronation 

and supination of the foot, movement here 

can mask a limitation of motion in the midtar

sal joints. Thus, unlike the previous tests for 

the midtarsal joints, when examining prona

tion and supination of the midtarsal joints the 

testing hand must be placed just distal to the 

corresponding joint lines. The end-feel is nor

mally firm. 



Lesions of the midtarsal joints are fre

quently seen. These lesions particularly in

volve limitations of motion after a period of 

immobilization, for instance after inversion 

trauma or cast immobilization after a frac

ture. Limitations of motion in a capsular pat

tern are characterized by the greatest degree 

of limitation in inversion (flexion, adduction, 

and supination) and a lesser degree of limita

tion in extension. Abduction and pronation 

are the least lirn.ited motions. 

During the supination and adduction mo

tions of the midtarsal joints, the calca

neocuboid ligament is stretched. After inver

sion trauma, this ligament is often affected, 

causing these tests to provoke pain. 

16.14 Passive Flexion of the 

Midtarsal Joints 

Refer to the description under Test 16.13. 

16.15 Passive Abduction of the 

Midtarsal Joints 

Refer to the description under Test 16.13. 

16.16 Passive Adduction of the 

Midtarsal Joints 

Refer to the description under Test 16.13. 

Test 16.14 
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Test 16.15 

Test 16.16 

16.17 Passive Pronation of the 

Midtarsal Joints 

Refer to the description under Test 16.13. 

16.18 Passive Supination of the 

Midtarsal Joints 

Refer to the description under Test 16.13. 
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Test 16.17 

aspect. The other hand, coming from lateral, 

grasps the dorsum of the patient's foot. Both 

hands now bring the foot successively into 

plantar flexion, adduction, and supination. At 

the same time, the calcaneus is brought into 

varus. 

In this test, the anterior talofibular liga

ment is stretched. After inversion trauma, 

this ligament is the most frequently affected, 

and in this case the test will be painful. Also, 

the calcaneocuboid ligament and the tendon 

sheath, in particular, of the extensor 

digitorum longus muscle are tested. 

16.20 Passive Adduction and 

Supination of the Foot from 10° 

Plantar Flexion 

The patient is supine with the knees ex

tended. With the ipsilateral hand, the exam

iner grasps the patient's heel from the medial 

aspect. The other hand, coming from lateral, 

grasps the dorsum of the patient's foot. From 

a position of 10° plantar flexion, both hands 

now bring the foot into adduction and supina

tion. At the same time, the calcaneus is 

brought into varus. 

The structure best assessed by this test is 

the calcaneocuboid ligament. 

16.21 Passive Adduction and 

Supination of the Foot from 
/' Maximal Extension 

Test 16.18 

16.19 Passive Inversion of the 

Foot 

/ 

The patient is supine with the knees ex

tended. With the ipsilateral hand, the exam

iner grasps the patient's heel from the medial 

The patient is supine with the knees ex

tended. With the ipsilateral hand, the exam

iner grasps the patient's heel from the medial 

aspect. The other hand, coming from lateral, 

grasps the dorswn of the patient's foot. From 

a position of maximal extension, both hands 

now bring the foot into adduction and supina

tion. At the same time, the calcaneus is 

brought into varus. 

The primary effect of this test is to stretch 

the posterior talofibular ligament and par

ticularly to stretch the tendon sheath of the 

peroneal muscles. 



Test 16.19 

Test 16.20 

16.22 Passive Abduction and 

Pronation from Maximal 

Plantar Flexion 

The patient is supine with the knees ex

tended. With the ipsilateral hand, the exam

iner grasps the patient's heel from the lateral 

aspect. The other hand, coming from medial, 
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grasps the dorsum of the patient's foot. Both 

hands now bring the foot successively into 

plantar flexion, abduction, and pronation. At 

the same time, the calcaneus is brought into 

valgus. 

In this way, the anterior part of the medial 

capsuloligamentous complex (the deltoid 

ligament) is tested. The ligaments primarily 
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Test 16.21 

affected are the anterior tibiotalar ligament 

and the tibionavicular ligament. The tibialis 

anterior muscle is also stretched. 

16.23 Passive Abduction and 

Pronation of the Foot from 100 

Plantar Flexion 

The patient is supine with the knees ex

tended. With the ipsilateral hand, the exam

iner grasps the patient's heel from the lateral 

aspect. The other hand, coming from medial, 

grasps the dorsum of the patient's foot. From 

a position of 100 plantar flexion, both hands 

now bring the foot into abduction and prona

tion. At the same time, the calcaneus is 

brought into valgus. 

In this way, the tibiocalcaneal ligament 

(the middle part of the deltoid ligament) is 

tested. 

16.24 Passive Eversion of the 

Foot 

The patient is supine with the knees ex

tended. With the ipsilateral hand, the exam

iner grasps the patient's heel from the lateral 

aspect. The other hand, coming from medial, 

grasps the dorsum of the patient's foot. From 

a position of maximal extension, both hands 

now bring the foot into abduction and prona

tion. At the same time, the calcaneus is 

brought into valgus. 

In this way, the posterior tibiotalar liga

ment (the posterior part of the deltoid liga

ment) is tested. The tibialis posterior muscle 

is also stretched. 

16.25 Anterior Drawer Test 

The patient is supine with the tested knee 

flexed to about 600. With the ipsilateral hand, 

the examiner grasps the patient's lower leg 

just proximal to the malleoli in such a way that 

the fingers are on the lateral aspect. The 

other hand grasps the foot at the level of the 

talus in such a way that the thumb is at the 

medial side, the index and middle fingers are 

just distal to the lateral malleolus, and the ring 

and little fingers grasp the lateral edge of the 

foot. 

The ankle is positioned in about 100 plantar 

flexion. The proximal hand is the testing 

hand; the distal hand fixes the talus and calca

neus against the examination table. The 

proximal hand moves the tibia dorsally, in line 

with the examiner's forearm, which makes a 

900 angle to the patient's lower leg (Test 

16.25). Although the tibia is moved dorsally 



Test 16.22 

Test 16.24 

here, the drawer test is in an anterior direc

tion. The "drawer" is always termed accord

ing to the direction of the translatory move

ment of the distal bone. 

In this test, the anterior ligaments, specifi

cally the anterior talofibular, anterior 
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Test 16.23 

Test 16.25 Anterior drawer test in approxi
mately 10° plantar flexion 

tibiotalar, and tibionavicular ligaments, are 

tested. 

In the same manner but in more extension 

(Test 16.26A) and then in more plantar flex

ion (Test 16.26B), the anterior drawer test is 

repeated. In more ankle extension, the ante-
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rior drawer test will demonstrate increased 

motion because the ligaments are less taut. In 

contrast, in more plantar flexion the anterior 

drawer test will demonstrate decreased mo

tion because the ligaments are more taut. If 

the drawer test still demonstrates increased 

mobility in this latter position, there is likely 

to be a total rupture of the ligaments being 

assessed. 

There are two ways in which the capsulo

ligamentous lesions at the medial and lateral 

side of the ankle can be differentiated from 

each other. The lateral side can be more spe

cifically tested, while pushing the lower leg 

dorsally, by adding a simultaneous passive 

external rotation of the tibia to the dorsal 

movement. This brings the anterior talo

fibular ligament under even more tension 

while the anterior tibiotalar and tibio

navicular ligaments relax slightly. In a rup

ture of this ligament, the translation noted 

during the drawer test will increase even 

more. 

Another way to make the differentiation is 

to change the position of both hands, so that 

the fingers are now placed at the medial side 

of the patient's lower leg and foot. By per

forming the drawer test and simultaneously 

passively internally rotating the lower leg, the 

medial structures are more specifically tested 

(test 16.27). 

16.26 Anterior Drawer Test 

For the description of the anterior drawer 

test in more extension and more plantar flex

ion of the ankle, see Test 16.25. 

16.27 Anterior Drawer Test for 

the Medial Structures 

For the description, see Test 16.25. 

Test 16.26A Anterior drawer test in more extension of the ankle. 
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Test 16.268 Anterior drawer test in more plantar flexion of the ankle. 

Test 16.27 Anterior drawer test for the medial structures. 

16.28 Varus Click Test 

The patient is supine on the examination 

table. With the ipsilateral hand, the examiner 

grasps the medial aspect of the patient's 

lower leg just proximal to the malleolus. The 

other hand grasps the lateral aspect of the 

patient's heel. The foot is positioned in its 
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Test 16.28A Initial position. 

Test 16.28B End position in maximal varus position. 

resting position (maximal loose-packed posi

tion), and the knee is extended. In a manipu

lative way, the examiner moves the calcaneus 

in a varus direction and back again. The ex-

aminer brings about this movement by 

quickly adducting and then again abducting 

the arm. If the examiner feels a click in the 

patient's joint (usually during the return 



movement), the maneuver is repeated, but 

now with the ankle positioned in extension. 

The test is positive when a click can still be 

elicited with the ankle positioned in exten

sion. This indicates a rupture of the calca

neofibular ligament. Because hypermobility 

is often noted during this test, comparison 

with the nonaffected side is (as always) im

portant. Occasionally, this test is positive as 

the result of a rupture of the anterior inferior 

tibiofibular ligament of the syndesmosis. Dif

ferentiation can be made by performing Test 

16.29. 

16.29 Passive Mediolateral Talus 

Test 

The patient is supine on the examination 

table. The examiner sits on the examination 

table, at the foot. The patient's knee is flexed, 

the lower leg rests on the examiner's lap, and 

the foot is positioned in its resting position 

(maximal loose-packed position). Without 

Test 16.29 
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exerting force, the examiner grasps the 

patient's lower leg with the ipsilateral hand, 

just proximal to the malleoli, in such a way 

that the fingers are lateral and the thumb is 

medial. The other hand grasps the dorsal as

pect of the talus. 

With the distal hand, the talus is now gently 

moved within the "fork" of the ankle in alter

nating translatory medial and lateral direc

tions. When moving the talus laterally, the fin

gers of the proximal hand keep the fibula from 

moving laterally. When moving medially, the 

thumb keeps the tibia from moving medially. 

If the examiner feels a click in the patient's 

joint, the maneuver is repeated, but now with 

the ankle positioned in extension. 

The test is positive when a click can still be 

elicited with the ankle positioned in exten

sion. This is the result of a partial or total rup

ture of the anterior inferior tibiofibular liga

ment and indicates an instability of the 

syndesmosis. 
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1 6.30 Passive Plantar-Dorsal 

Test of the First Metatarsal 

The patient is supine on the examination 

table. With the fingers of the ipsilateral hand, 

the examiner grasps the first metatarsal from 

the medial side. The fingers of the other hand 

grasp the second metatarsal from the lateral 

side. The first metatarsal is now moved in a 

plantar and dorsal direction in relation to the 

fixed second metatarsal. 

The range of motion should not be greater 

than 1 cm. A larger amount of motion indi

cates hypermobility as the result of 

hyperpronation during walking or running. 

1 6.31 Passive Extension of the 

Great Toe 

The patient is supine on the examination 

table. With the fingers of the ipsilateral hand, 

the examiner grasps the first metatarsal from 

the medial side. The thumb of the other hand 

is placed against the plantar aspect of the 

Test 16.30 

Test 16.3 1 

proximal phalanx of the great toe, and the 

index finger is placed at the dorsum of this 

toe. The great toe is passively extended maxi

mally. 

The motion can be limited or painful as the 

result of a capsular lesion, usually hallux 

rigidus. Occasionally, there is an arthritis of 

this j oint as the result of gout or other causes. 

The capsular pattern of limited motions in the 

first metatarsophalangeal joint results in a 

greater limitation of extension than flexion. 

16.32 Passive Flexion of the Great 

Toe 

The patient is supine on the examination 

table. With the fingers of the ipsilateral hand, 

the examiner grasps the first metatarsal from 

the medial side. The other hand grasps the 

proximal phalanx, also from the medial side, 

in such a way that the fingers are dorsal and 

the thumb is plantar. The great toe is pas

sively maximally flexed. 

The motion can be limited or painful as the 

result of a capsular lesion, usually hallux 

rigidus. Occasionally, there is an arthritis of 

this joint as the result of gout or other causes. 

The capsular pattern of limited motions in the 
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first metatarsophalangeal joint results in a 

greater limitation of extension than flexion. 

16.33 Resisted Inversion of the 

Foot 

The patient is supine on the examination 

table. With the ipsilateral hand, the examiner 

grasps the medioplantar aspect of the 

patient's forefoot. The other hand grasps the 

patient's heel at the lateral side; the arm is 

positioned parallel and in line with the ipsilat

eral forearm. In this position, both forearms 

form a diagonal that makes an angle of about 

45° to the lower leg, running from proximo

lateral to distomeclial. 

The patient is now instructed to move the 

foot in the direction of the examiner's ipsilat

eral elbow. At the same time, the examiner 

exerts isometric resistance. 

In this way, the foot invertors are tested. If 

this test is painful, there is usually a lesion of 

the tibialis posterior. If only the tendon 

sheath is affected, this test will probably be 

negative, but passive eversion will be positive 

as a result of the stretch on the sheath (see 

Test 16.24). 
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16.34 Resisted Extension

Adduction-Supination of the 

Foot 

The patient is supine on the examination 

table. With the ipsilateral hand, the examiner 
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Test 16.34 

grasps the medioplantar aspect of the 

patient's forefoot. The other hand grasps the 

patient's heel at the lateral side with the arm 

positioned parallel and in line with the ipsilat

eral forearm. In this position, both forearms 

form a diagonal that makes an angle of about 

45° to the lower leg, running from proximo

medial to distolateral. 

The patient is now instructed to move the 

foot in the direction of the examiner's ipsilat

eral elbow. At the same time, the examiner 

exerts isometric resistance. 

In this way, the muscles that simulta

neously extend, adduct, and supinate the foot 

are tested. If this test is painful, there is usu

ally a lesion of the tibialis anterior muscle. If 

only the tendon sheath is affected, this test 

will probably be negative, but passive plantar 

flexion, abduction, and pronation will be posi

tive as a result of the stretch on the sheath 

(see Test 16.22). 

By exerting resistance more distally 

against the great toe, the examiner can test 

the extensor hallucis longus more specifi

cally. If the tendon sheath of this muscle is 

affected, this test will probably be negative. In 

the case of a tenosynovitis, performing Test 

16.22 with simultaneous passive flexion of the 

great toe will provoke the most pain. 

16.35 Resisted Eversion of the 

Foot 

The patient is supine on the examination 

table. With the ipsilateral hand, the examiner 

grasps the medial aspect of the patient's heel. 

The other hand grasps the dorsum of the 

patient's forefoot at the lateral side; the arm is 

positioned parallel and in line with the ipsilat

eral forearm. In this position, both forearms 

form a diagonal running from proximolateral 

to distomedial, making an angle of about 45° 

to the lower leg. 

The patient is now instructed to move the 

foot in the direction of the examiner's con

tralateral elbow. At the same time, the exam

iner exerts isometric resistance. 

In this way, the foot evertors are tested. The 

foot evertors are seldom affected, but if this 

test is painful there is likely to be a lesion of the 

extensor digitorum longus. If only the tendon 

sheath is affected, this test will probably be 

negative, but passive inversion will be painful 

as a result of the stretch on the sheath (see 

Test 16. 19). The extensor digitorum longus 

Test 16.35 



can be even more specifically tested by shift

ing the hand and exerting resistance farther 

distally over the dorsum of the toes. In addi

tion, the tendon sheath of the extensor 

digitorum can be brought under an even 

greater stretch by performing Test 1 6.19 with 

simultaneous flexion of the second to fifth 

toes. 

16.36 Resisted Flexion-Abduction

Pronation of the Foot 

The patient is supine on the examination 

table. With the ipsilateral hand, the examiner 

grasps the medial aspect of the patient's heel. 

The other hand grasps the dorsum of the 

patient's forefoot at the lateral side; the arm is 

positioned parallel and in line with the ipsilat

eral forearm. In this position, both forearms 

form a diagonal running from proximomedial 

to distolateral, making an angle of about 45° 

to the lower leg. 

The patient is now instructed to move the 

foot in the direction of the examiner's con

tralateral elbow. At the same time, the exam

iner exerts isometric resistance. 
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In this way, the peroneal muscles in par

ticular are tested. If only the tendon sheath is 

affected, this test will probably be negative, 

but the passive stretch of maximal extension, 

adduction, and supination will be painful (see 

Test 16.21). 



Chapter 17 

Pathology of the Ankle and Foot 

17.1 TALOCRURAL JOINT PATHOLOGY 

PATHOLOGY WITH LIMITED MOTIONS IN A CAPSULAR 

PATTERN 

ARTHRITIS 

Traumatic Arthritis 

An inversion trauma of the foot is the most 

frequent cause of traumatic arthritis of the 

talocrural joint. Along with a primary lesion of 

the capsuloligamentous complex, there is a 

synovial reaction in the talocrural joint as a 

result of the trauma. This leads to pain, swell

ing, and limited motions. A solitary traumatic 

arthritis, without accompanying injury to 

bony or capsuloligamentous structures, is 

rarely seen. 

Traumatic arthritis of the talocrural or 

subtalar joints should be strongly suspected 

in most cases if, months after the inversion 

trauma, the patient still experiences symp

toms of pain and swelling after activities. Af

ter surgery on the talocrural joint (arthrot

omy or arthroscopy), symptoms can also be 

experienced for a long time. This is especially 

true after activities and is the result of chronic 

irritation of the joint capsule. 

Another form of traumatic arthritis is the 

activated arthrosis, an affliction of patients 

with arthrosis of the talocrural joint, who ex

perience symptoms during and after activi-
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ties. In most of these cases, there is also swell

ing of the ankle. 

Clinical Findings 

Usually, the most significant symptom is 

pain, characteristically occurring during 

weight-bearing activities. In some cases, how

ever, swelling is the main comp�aint. 

Functional Examination 

There is a capsular pattern of painfully lim

ited motions in which plantar flexion is usu

ally slightly more limited than extension. In 

an activated arthrosis, the end-feel in both 

flexion and extension is hard. 

Because a traumatic arthritis usually oc

curs in combination with another lesion, the 

entire functional examination should be per

formed. Various other tests can also be posi

tive, depending on the accompanying lesions. 

Treatment 

Treatment is primarily directed toward 

maintaining or improving the mobility. By 

means of joint-specific mobilization tech

niques, a limitation of motion can be allevi-



ated or prevented. Of course, other problems 

occurring with the traumatic arthritis should 

also be appropriately treated. 

A traumatic arthritis after surgery of the 

talocrural joint should be treated with rela

tively prolonged rest. In other words, the pa

tient can perform normal weight-bearing ac

tivities but should not participate in sports. 

Immobilization with a cast is always contrain

dicated. 

Nontraumatic Arthritis 

Because the talocrural joint is a synovial 

joint, in principle every collagenous disease 

or other systemic disease in which arthritides 

occur can also cause an arthritis in the 

talocrural joint. Even so, non traumatic ar

thritides of the talocrural joint are rarely en

cowltered. For instance, rheumatoid arthritis 

of the talocrural joint is rare, even though the 

other foot joints are quite frequently affected 

in rheumatoid arthritis. In rheumatoid arthri

tis, the foot is more often affected than the 

hand. 

Clinical Findings 

The patient complains of pain, swelling, 

and limitations of motion. Increased tempera

ture of the skin around the talocrural joint, 

along with diffuse swelling, is usually found 

during palpation. 

Functional Examination 

A capsular pattern of painfully limited mo

tions is found in the functional examination; 

plantar flexion is slightly more limited than 

extension. The end-feel of these passive mo

tions is somewhat harder than normal. 

Treatment 

Treatment depends on the cause of the ar

thritis. When specific medication does not 

provide satisfactory results, in noninfectious 

arthritides good results can be expected from 

an intraarticular corticosteroid injection. 
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ARTHROSIS (OSTEOARTHRITIS) 

Arthrosis of the talocrural joint is almost 

always a secondary condition. In other words, 

it is the result of a previously experienced dis

order (eg, arthritis) or trauma (eg, a fracture 

of the talus, tibia, or fibula). Loose bodies and 

an activated arthrosis (traumatic arthritis) 

are the most frequent subsequent conditions 

resulting from an arthrosis in the talocrural 

joint. 

Clinical Findings 

Initially, the patient complains only of stiff

ness, followed by pain. Usually, there is crepi

tation in the joint during movement; in some 

cases, a slight to moderate effusion is present. 

Functional Examination 

There is a capsular pattern of lin1ited mo

tions and a harder end -feel in both flexion and 

extension. 

Treatment 

As a first step, an attempt should be made 

to improve joint mobility through joint-spe

cific mobilization. The patient should main

tain any newly gained mobility with a home 

exercise program. 

In the early stage of arthrosis of the 

talocrural joint, a bilateral heel lift can offer 

immediate pain relief because the end-range 

extension is not reached. If the mobilization 

brings about an improvement in the exten

sion function, the heel lifts should be re

moved. A shock-absorbing inlay of viscoelas

tic material is recommended and can provide 

further pain relief. These can be worn in con

junction with the heel lifts and should cover 

the entire bottom of the inside of the shoe. In 

the second stage of arthrosis, it is often neces

sary to prescribe medication to treat the 

symptoms. In cases of severe pain and limita

tions of motion, arthrodesic or endopros

the tic surgery may be indicated. 
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PATHOLOGY WITH LIMITED MOTIONS IN A 

NONCAPSULAR PATTERN 

LOOSE BODY 

Loose bodies can occur as the result of 

trauma, osteochondritis dissecans of the ta

lus, or arthrosis; in some cases, the condition 

is idiopathic. Because arthroscopic evalua

tion and treatment of the talocrural joint 

have become more common, loose bodies 

have been found to be much more prevalent 

than previously thought. 

Clinical Findings 

The complaint pattern is classic. The pa

tient complains of suddenly occurring, sharp 

pain during weight-bearing activity. Usually 

the patient is momentarily unable to place 

any weight on that leg, resulting in the inabil

ity to take the next step. Because this sharp, 

shooting, momentarily paralyzing pain oc

curs at the most unexpected moments, the 

patient can become anxious. Descending 

stairs and crossing busy streets can become 

frightening experiences. 

During palpation, sometimes a slight effu

sion can be felt. Occasionally there is a slight 

increase in temperature of the skin around 

the joint. 

Functional Examination 

A painful limitation of flexion or extension 

is usually found. In many instances, however, 

the functional examination is completely 

negative. If the loose body is a complication 

of an arthrosis, both flexion and extension 

can be limited. The typically hard end-feel 

expected in an arthrosis, however, is more 

springy in one of the two motions. 

Treatment 

The treatment depends on the cause. Os

teochondritis dissecans of the talus should 

be treated surgically. A loose body with a 

traumatic etiology in many cases can be 

treated manipulatively. If, for instance, the 

loose body is the result of a broken-off osteo

phyte or fragment of cartilage in an arthrotic 

joint, manipulation should be tried before 

arthroscopy is considered. 

By means of quick movements under trac

tion, the loose body can be shifted to a posi

tion where it does not lie directly between the 

two joint surfaces. Usually, when a loose body 

lies in such a favorable position, it ultimately 

becomes encapsulated. 

If the symptoms continue to recur after re

peated manipulations, arthroscopic treat

ment is indicated. 

OSTEOCHONDRITIS DISSECANS OF 
THE TALUS 

Osteochondritis dissecans is an aseptic 

bone necrosis that usually occurs in the me

dial aspect of the talar trochlea (Figure 17-1). 

The disorder is seen particularly in adoles

cents and occurs equally in boys and girls. 

Because of the location of the necrosis, some 

authors propose that an inversion trauma 

may be responsible for this disorder. There is 

often no clear traumatic event in the patient 

history, however. Because osteochondritis 

dissecans is often seen on both sides, the 

nonsymptomatic foot should always be evalu

ated radiologically as well. 

Clinical Findings 

In some cases, the disorder has a symptom

less course and is a coincidental finding on a 

radiograph taken for some other reason. The 

patient complains of local pain that is initially 

intermittent and later gradually progresses to 

the point that it is almost constant. The symp

toms occur particularly during and after vig

orous weight-bearing activities. Some pa-
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Figure 17-1 Computed tomogram demonstrating an obvious bone lesion of the talus (arrow), charac
teristic of osteochondritis dissecans. 

tients are no longer able to walk normally. In 

some cases, swelling of the joint occurs, 

which can spontaneously disappear and regu

larly recur. 

Functional Examination 

In the functional examination, sometimes 

there is a limitation of motion. This will be the 

case when the necrotic area loosens from its 

site and becomes a dissecate in the joint. 

When this happens, there is usually a 

noncapsular limitation of motion in extension. 

In the early stages of this disorder (before the 

necrotic tissue loosens), a mild capsular pat

tern of limited motions can be found; it is usu

ally accompanied by mild joint effusion and 

will be seen especially after the patient partici-

pates in vigorous activities. This is one of the 

first signs that there is pathology in the joint. 

On palpation, there is tenderness at the 

anterior aspect of the joint. Sometimes there 

is a painful point at the medial side of the talus 

when the foot is positioned in plantar flexion. 

The diagnosis is confirmed radiographically. 

Treatment 

The younger the patient, the greater the 

chance of a good recovery with conservative 

treatment, without the danger of early 

arthrotic changes in the joint. When conser

vative treatment is unsuccessful (as deter

mined radiographically), surgery is indicated. 

As long as the epiphyseal plates have not yet 

closed, however, surgery is contraindicated. 
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OSTEOCHONDRAL FRACTURE OF 
THE TALUS 

Osteochondral fractures of the talus are lo

cated medially more often than laterally. Me

dial fractures are often larger and more se

vere than lateral ones. Usually, the talar 

trochlea or talar neck is involved (Figures 1 7-

2 and 1 7-3) .  The cause of an osteochondral 

fracture is often traumatic, usually a severe 

inversion trauma. The fractured fragment can 

dislocate and cause severe symptoms of im

pingement (refer to "Loose Body," above). 

Osteonecrosis is a dangerous complication of 

such fractures; the result is almost always 

A 

deformation of the joint with severe arthrotic 

changes. 

Clinical Findings 

Pain and severe limitation of motion, par

ticularly extension, are the primary com

plaints. In the acute stage, weight bearing is 

absolutely impossible. Radiologic examina

tion via conventional radiography, conven

tional tomography, or computed tomography 

confirms the diagnosis. 

Treatment 

In most instances, surgery is indicated. 

8 

Figure 17-2 Osteochondral fracture of the talus. (A) Conventional radiograph demonstrating an 
osteochondral lesion at the medial side of the talus (arrows). (8) Schematic diagram. 
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Figure 17-3 Conventional tomography demonstrating an osteochondral lesion of the talus at the level 
of the talonavicular joint (arrowheads in E) in an active high jumper. 
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ANTERIOR TIBIOTALAR 
COMPRESSION SYNDROME 

Anterior tibiotalar compression syndrome 

is seen particularly in soccer players and bal

let dancers. This is usually the result of an 

eversion trauma of the talocrural joint or of 

repeated forced extension of the talocrural 

joint, causing the compression to occur be

tween the anterior lower edge of the tibia and 

the anterior side of the talar neck. Initially, 

there is pain as a result of capsular impinge

ment and pinching at the site of the fat pad 

lying in that area. In cases of chronic forced 

extension, local exostoses can develop on the 

tibia and talar neck (Figure 1 7-4) .  In some 

cases, tibiotalar contact occurs between the 

anterior edge of the medial malleolus and the 

medial side of the talus. Exostoses can form 

here as well. This disorder is seen in all age 

groups and tends to occur in feet with high 

arches and limited subtalar mobility. 

Clinical Findings 

Initially, the patient complains of diffuse, 

later sharp, pain localized to the anterior side 

of the ankle. Ballet dancers complain in par

ticular of pain during movements when the 

knees are bent or slightly bent with the back 

held straight (plie) and when landing after a 

jump. 

The patient complains of limited extension 

of the talocrural joint and in many cases is 

performing stretching exercises to improve 

the range of motion. This results in an in

crease in the symptoms. Because of the 

stretching exercises, the pain can spread to 

the posterior side of the joint as a result of too 

much stretch on the posterior capsule. Thus 

the patient tends to exercise even more in

tensively, thinking that stretching is also 

needed for the Achilles tendon. When these 

exercises are performed with a flexed knee 

(taking the tension off the gastrocnemius and 

thereby allowing for increased extension in 

the talocrural joint), the symptoms are pro

voked even more. 

Functional Examination 

The most positive finding is painful and lim

ited talocrural joint extension. The pain is 

typically localized at the anterior aspect of 

the joint, but sometimes it is also at the medial 

or posterior aspect. Passive flexion is mildly 

painful, but there is minimal or no limitation 

of movement. There is local tenderness. 

Sometimes large exostoses are palpable at 

the anteroinferior edge of the tibia and at the 

neck of the talus. Plain films confirm the diag

nosis. Bony contact between the tibia and the 

talus is visible when the talocrural joint is po

sitioned in maximal extension. 

Treatment 

The treatment of a one-time extension 

trauma is much simpler than the treatment of 

problems caused by chronic forced exten

sion. In the first instance, bilateral heel lifts 

are worn temporarily to prevent maximal ex

tension. The painful soft tissue can be in

jected with a mixture of local anesthetic and 

corticosteroid. In the second instance, heel 

lifts, extension-restricting taping, and an in

jection can be beneficial when exostoses are 

not yet visible on plain films. If there are vis

ible exostoses, however, surgery is indicated. 

POSTERIOR TIBIOTALAR 
COMPRESSION SYNDROME 

Posterior tibiotalar compression syndrome 

is a problem for people with an abnormally 

large lateral tubercle of the posterior process 

of the talus or for people who have an os trigo

num (Figure 1 7-5) .  In some cases, the cause 

is an osteophyte on the upper aspect of the 

calcaneus. Compression can occur between 

the posteroinferior edge of the tibia and the 

lateral tubercle of the talus (or an os trigo

num) as the result of flexion trauma or of 

chronic forced flexion of the talocrural joint 
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Figure 17-4 Lateral conventional radiographs in plantar flexion (A) and dorsal extension (B) revealing 
osteophytes at the level of the talar neck and anteroinferior edge of the tibia (arrows), characteristic of 
anterior tibiotalar compression syndrome. 



4 1 0  DIAGNOSIS AN D  TREATMENT OF THE LOWER EXTREMITIES 
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Figure 17-5 Various causes of posterior tibiotalar compression syndrome. (A) Normal anatomy. 
(8) Prominent calcaneus. (C) Os trigonum. (D) Enlarged lateral tubercle of the posterior process of 
the talus. 



Pathology oj the Ankle and Foot 4 1 1  

Figure 17-6 Lateral conventional radiograph demonstrating os trigonum. Because it became the 
cause of symptoms in this patient and was resistant to conservative treatment, It was surgically 
removed. The resected piece of bone, placed on the X-ray plate, IS shown at actual size. 

(Figure 1 7-6). Pain is caused by a pinching of 

the capsule and the local fat pad between the 

two bony structures .  The most frequently 

seen flexion trauma is an inversion trauma of 

the foot ,  in which plantar flexion of the 

talocrural joint is a significant component. 

Ballet dancers, in particular those who do not 

have enough plantar flexion in the talocrural 

joint to dance on-point (on the tips of their 

toes) , repeatedly try to force the foot into 

plantar flexion (Figure 1 7-7) . This practice 

creates a chronic posterior tibiotalar com

pression syndrome. 

Differential Diagnosis 

• Tenosynovitis of the flexor hallucis lon

gus 

• Lesion of the subtalar joint 

Clinical Findings 

The patient complains of pain at the poste

rior aspect of the ankle, but the Achilles ten

don is not tender to palpation. 

Functional Examination 

Passive flexion of the ankle is extremely 

painful. Maximal passive extension can also 

be mildly painful as a result of a stretch on the 

irritated posterior capsule and fat pad. The 

site of the lesion lies too deep to elicit tender

ness clearly on palpation. Plain films reveal 

the compression when taken with the 

talocrural in a position of maximal plantar 

flexion. In cases of doubt, a bone scan can 

offer further information (Figure 1 7-8) . 

Treatment 

When the lesion is caused by a one-time 

hyperflexion trauma, temporarily restricting 

the flexion by means of taping or bracing and 

administering a local injection with a solution 

of anesthetic and corticosteroid usually com

pletely relieve the symptoms (Figure 1 7-9) .  

I n  cases o f  chronic compression, typically ex

perienced by athletes such as soccer players 

and ballet dancers, surgery is usually the only 

possible way to relieve the symptoms. 
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Figure 17-7 Lateral conventional radiograph of the foot of a ballet dancer with posterior tibiotalar 
compression syndrome (arrow). The radiograph was made with the ballet shoes on and with the 
patient in on-point position (ie, on the tips of her toes). 
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Figure 17-8 Bone scan demonstrating hyperactivity at the level of the posterior side of the ankle 
(arrow) in a patient with symptomatic os trigonum. 
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Figure 17-9 Lateral conventional radiograph showing a large os trigonum in a tennis player. After an 
inversion trauma, symptoms arose. Pain resolved with conservative treatment. 
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17.2 SUBTALAR JOINT PATHOLOGY 

PATHOLOGY WITH LIMITED MOTIONS IN A CAPSULAR 

PATTERN 

ARTHRITIS 

Traumatic Arthritis 

Traumatic arthritis of the subtalar joint is 

frequently seen as the result of inversion

varus trauma of the foot. The subtalar joint 

consists of the talocalcaneal and talo

calcalleonavicular joints and is best called the 

subtalar complex. This complex provides 

both extra flexibility and stability in a 

mediolateral direction. Traumatic arthritis of 

the subtalar complex causes a painful limita

tion in varus motion. After inversion trauma, 

the symptoms from the injured capsulo

ligamentous structures usually demand the 

most attention. Because of this, traumatic ar

thritis of the subtalar complex is often 

missed, and in many instances there is ac

companying traumatic arthritis of the midtar

sal joints. 

Clinical Findings 

The patient complains of difficulty with 

"push-off' during ambulation, with pain in the 

medial, and sometimes also lateral, heel re

gion. Often there is an increase in local pain 

and warmth after weight-bearing activities. 

Functional Examination 

The functional examination indicates a 

painful and limited passive varus test. Often, 

the passive valgus test is also painful. 

Treatment 

Manual traction, joint-specific mobiliza

tion, and shock-absorbing inlays in the shoes 

usually lead to complete recovery. In cases of 

swelling of the subtalar complex, and when 

the above therapy is unsuccessful in relieving 

symptoms, an intraarticular injection with 

corticosteroid is indicated . (For the exact 

procedure for the injection, refer to "Trau

matic Arthritis of the Subtalar Joint" in Chap

ter 18.) 

Nontraumatic Arthritis 

As is the case with the midtarsal joints, the 

subtalar complex is often affected in patients 

with rheumatoid arthritis. Although in prin

ciple every systemic disease in which arthri

tides can occur can affect the subtalar com

plex, this is rarely seen. A monarthritis from 

the subtalar complex can be caused by an in

fection. Rheumatoid arthritis often leads to a 

progressive valgus deformity of the hindfoot, 

consisting of a flattening of the medial longi

tudinal arch,  particularly in patients with 

hypermobile feet. 

Clinical Findings 

The patient complains of medial heel pain, 

or of pain at the anterolateral side of the lat

eral malleolus, at the level of the tarsal sinus. 

The pain is worse during movement than at 

rest. The calcaneus is positioned in valgus ,  

and the medial longitudinal arch is usually 

absent. 

Functional Examination 

Frequently, varus motion is severely lim

ited and painful. Passive valgus is also painful. 

Treatment 

Treatment depends on the cause of the dis

order. Medication is usually the treatment in 

cases of arthritides that are the result of a 

systemic disease. If medication does not pro-
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vide sufficient relief of symptoms, an intra

articular injection of the subtalar joint is indi

cated. The results are usually dramatic but, in 

most cases, only temporary. 

In cases of valgus deformation and loss of 

the medial longitudinal arch ,  the use of 

orthotics is indicated. Special orthopaedic 

shoes should be worn when deformation is 

severe. 

ARTHROSIS (OSTEOARTHROSIS) 

Arthrosis of the subtalar complex is almost 

always secondary. In other words,  it is the 

result of previous trauma, usually involving a 

fracture of the talus or calcaneus. Arthrosis of 

the subtalar complex can also occur as the 

result of previously experienced arthritis or 

as an adj unct to a congenital abnormality, 

such as clubfoot. 

Clinical Findings 

The patient complains of activity-related 

pain, usually localized at the medial heel re

gion or at the level of the tarsal sinus. 

Functional Examination 

Varus motion is significantly limited and 

has a harder than normal end-feel. The pas

sive valgus test is painful and also has a harder 

than normal end-feel. 

Treatment 

Manual traction and joint-specific mobiliza

tion can be successful, particularly in the 

early stages. Shock-absorbing inlays in the 

shoes are recommended. In severe cases, sur

gical arthrodesis is indicated. 

SPASTIC (PERONEAL) FLAT FOOT 
SYNDROME 

In many cases, spastic flat foot syndrome is 

idiopathic. Sometimes ,  it is the result of a 

synovitis of the subtalar complex secondary 

to various underlying causes. The most often 

seen underlying causes include the following: 

• fibrous or osseous coalition of the talus 

with the calcaneus, usually concerning a 

medial facet and only rarely the anterior 

or posterior facet 

• fibrous or osseous coalition of the calca

neus with the navicular (Figure 17-10) 

• fibrous or osseous coalition of the talus 

with the navicular 

• arthrosis, sometimes as the result of a 

severe flat foot or clubfoot 

• after fractmes and dislocations (calca

neus and talus) 

• rheumatoid arthritis and other collag-

enous and systemic diseases 

• reflex sympathetic dystrophy 

• tumors or infections (rare) 

The disorder is seen particularly in middle

age ,  overweight women. The underlying 

cause is usually a beginning arthrosis of the 

subtalar joint. In adolescents, the cause is al

most always a fibrous or osseous coalition of 

two or more tarsal bony structures. This con

dition is seen particularly in boys between 12 

and 16 years of age. Besides the subtalar com

plex, the midtarsal joints are also affected. In 

this disorder, spasms of the peroneal muscles 

and extensor digitorum longus occur second

arily. After about 2 years , a painless fixation of 

the foot in a valgus-pronation-abduction posi

tion occurs. This is then termed a con

tractmed flat foot. 

Differential Diagnosis 

• Neurologic spastic flat foot (this condi

tion is seen particularly in patients with a 

cerebral paralysis; these patients do not 

have pain, however, and the spasm oc

curs gradually during a slowly induced 

passive inversion of the foot) 

Clinical Findings 

In the beginning (stage 1), the patient has 

slight pain during activities. The pain is often 

felt at the level of the tarsal sinus and is some

times also experienced at the posteromedial 

aspect of the foot, just posterior and inferior 

to the medial malleolus. Often, the patient 
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Figure 17-10 Oblique conventional radiograph showing a synostosis between the navicular and 
calcaneus in the right foot (arrows). 

limps slightly. Patients in the middle-age 

group who have the disorder as a result of 

being overweight usually have pain, particu

larly in the midfoot, during activities. 

Functional Examination 

In the early stage, passive motion in inver

sion of the foot and varus of the subtalar com

plex can be performed, but muscle spasm is 

noted when the end-feel is tested . Later 

(stage 2) ,  the foot is fixed in a valgus-prona

tion-abduction position. Spasm of the pero

neal and extensor cligitorum longus muscles 

prevents the examiner from performing a 

passive inversion-varus motion. Muscle func

tion can be temporarily inhibited by means of 

a peroneal nerve block (with local anes

thetic) , and motions can be performed to a 

limited degree .  In the end stage of this disor

der, movement of the subtalar complex and 

midtarsal joints is impossible even when the 

muscle function is inhibited by a peroneal 

nerve block. 

During the functional examination, middIe

age patients who have the disorder as a result 

of being overweight will demonstrate a capsu-
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lar pattern of painful limited motions of the 

midtarsal joints (inversion is more limited 

than extension) . 

Treatment 

In the first stage, joint-specific mobilization 

ofthe subtalar complex and midtarsaljoints is 

sometimes successful. The patient should re

duce weight-bearing activities as much as 

possible. A wedge-shaped inlay, 3 to 5 mm 

thick, should be placed under the medial half 

of the heel. This holds the calcaneus in a more 

varus position, bringing the midtarsal joints 

into a slight supination-adduction position. 

In the second stage, during a temporary 

block of the common peroneal nerve ,  the 

lower leg should be casted after the calcaneus 

is brought into a varus position. After 6 

weeks, the cast is removed; subsequent treat

ment consists of those recommendations de

scribed for stage 1 .  This disorder is one of the 

few instances where the use of a cast may be 

indicated. 

If there is not an osseous coalition, in stage 

3 mobilization under anesthesia is recom

mended. If mobility is regained, initially the 

joints should be passively and actively mobi

lized on a daily basis. Subsequent treatment 

consists of those recommendations described 

for stage l. If improvement cannot be ob

tained with this therapy, arthrodesis is indi

cated. 

PATHOLOGY WITH LIMITED MOTIONS IN A 

NONCAPSULAR PATTERN 

LIMITATION OF MOTION AFTER 
IMMOBILIZATION 

After immobilization in a cast, limitations of 

motion exist primarily in the subtalar com

plex. Immobilization with a cast should be 

avoided as much as possible; if indicated, use 

of a cast should be kept to a minimum. 

Clinical Findings 

The painful limitation of motion of the 

subtalar complex results in an abnormal pat

tern of motion, leading to compensatory 

symptoms from other joints (often the knee) . 

The limitation of motion depends on the posi

tion in which the calcaneus was immobilized. 

Treatment 

Treatment consists of passive and active 

mobilization of the subtalar complex. 

LOOSE BODY 

Loose bodies in the subtalar joint usually 

result from trauma. Sometimes they are seen 

in patients with an arthrosis of the joint. In 

many cases, however, the cause is unknown. 

The loose body is usually a cartilage fragment. 

Clinical Findings 

The patient complains of suddenly occur

ring, short-lasting, sharp, shooting pain in the 

heel region during weight-bearing activities. 

After the onset of the pain, further weight 

bearing is impossible for a short time. The 

pain often goes away after the patient wiggles 

the foot a few times, after which the patient 

can bear weight on that foot again. Sometimes 

a temporary, painful fixation of the calcaneus 

in a valgus position occurs. 

Functional Examination 

Either varus or valgus motion can be lim

ited (noncapsular pattern) .  In instances 

when the calcaneus is fixed in a valgus posi

tion, varus motion is limited, and muscle 

spasm is noted when the end-feel is tested. 

Treatment 

Manipulation under traction is successful 

in many cases. Arthroscopic treatment is in

dicated when conservative treatment is un

satisfactory or with continued recurrence. 
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17.3 MIDTARSAL JOINT PATHOLOGY 

ARTHRITIS 

Traumatic Arthritis 

As is the case in traumatic arthritis of the 

subtalar complex, arthritis of the midtarsal 

joint is usually the result of an inversion 

trauma of the foot. Because the symptoms 

from the injured capsuloligamentous com

plex mask the symptoms from the traumatic 

arthritis of the midtarsal joint, the disorder is 

often missed. Thus the signs and symptoms 

from this disorder are often seen residually 

after inversion trauma. 

Clinical Findings 

The pain is experienced at the level of the 

muscle belly of the extensor digitorum brevis 

and sometimes radiates medially. In some 

cases, the pain can also begin medially as a 

result of the compression that occurred dur

ing the forced inversion of the foot. Slight lo

cal swelling is visible in some patients. 

Functional Examination 

Passive motions are painfully limited in a 

capsular pattern; inversion (ie, plantar flex

ion, adduction, and supination) is more lim

ited and painful than extension. Passive ab

duction and pronation are usually not linLited, 

with mitLimal to no pain. 

Treatment 

The limitation of motion can almost always 

be alleviated through joit1t-specific mobiliza

tion. It is seldom necessary for the patient to 

perform specific active exercises at home be

cause, through normal walking, this newly 

gained motion is easily maintained. Patients 

with primarily sedentary occupations are en

couraged to take a daily walk. 

Nontraumatic Arthritis 

The most often seen non traumatic arthritis 

of the nLidtarsal joints is rheumatoid arthritis. 

As is the case with the subtalar complex, the 

nLidtarsal joints are often affected m patients 

with rheumatoid arthritis. This disorder leads 

to severe valgus deformity in the subtalar 

complex and flattelUng of the medial longitu

dinal arch. The more mobile the patient's foot 

previously was, the more severe the deforma

tion. In some cases, the disorder leads to total 

tarsal ankylosis. In many cases, one or more of 

the following disorders accompany the 

non traumatic arthritis: 

• tenosynovitis of the peroneal or tibialis 

posterior tendon sheaths 

• posterior subcutaneous calcaneal bursi

tis 

• plantar fasciitis 

• achillodynia, or plantar nodules at the 

level of the calcaneus 

• nodules m the tendons, causmg a "trig

ger" phenomenon 

Clinical Findings 

In addition to heel pam, the patient will feel 

local pain, particularly at the level of the joint 

spaces of the nLidtarsal joints. This heel pain 

occurs because rheumatoid arthritis of the 

nLidtarsal joints almost always occurs in con

junction with arthritis in the subtalar com

plex. The patient has more pain durmg move

ment than at rest. In most cases, there is a 

valgus position of the calcaneus and a flat

tened medial arch. 

Functional Examination 

Severe limitations are noted m the capsular 

pattern; inversion (ie, plantar flexion, adduc

tion, and supination) is more limited and 

painful than extension . Passive abduction 
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and pronation are usually not limited. This is 

true for all forms of midtarsal joint arthritis. 

Treatment 

The therapy depends on the cause of the 

disorder. In most cases, the patient reacts 

well to medication, particularly in cases of 

rheumatoid arthritis. Often, it is necessary to 

make adjustments to the shoes to relieve 

pressure against the most painful areas. Fur

thermore, it is important to decrease weight 

bearing for a long period of time but still keep 

the joints moving. The patient is told to wear 

soft shoes with low heels and plenty of room 

for the forefoot. Corrective orthotics that also 

have a shock-absorbing function are usually 

beneficial. The position of the calcaneus can 

be corrected with the same orthotics when 

the medial side of the heel is about 0 .5 cm 

higher than the lateral side. In severe cases, 

adaptive orthopaedic shoes are recom

mended. 

Patients with rheumatoid arthritis react 

well to local injections of corticosteroid in the 

affected joints, tendon sheath, or bursae. 

These injections can usually be given without 

a risk of side effects. When the arthritis is no 

longer active, the residual limitations of mo

tions can be partly or completely alleviated by 

means of joint-specific mobilization . In severe 

cases, surgery may be necessary. The surgical 

procedure can vary from a synovectomy to an 

arthrodesis. 

ARTHROSIS 

As is the case with the talocrural and 

subtalar joints, arthrosis of the midtarsal 

joints is almost always a secondary condition, 

for instance the result of a fracture or after an 

aseptic necrosis of the navicular (Kohler's 

disease) . 

Clinical Findings 

Unless the arthrosis is extremely severe, 

there are usually minimal symptoms. Initially, 

there is only stiffness. Pain and crepitation 

are experienced later. Sometimes os teo

phytes are visible and palpable on the dorsum 

of the foot at the level of the joint spaces. 

Functional Examination 

Passive motions are limited in a capsular 

pattern. Conventional radiographs confirm 

the diagnosis. 

Treatment 

In the early stage, excellent results can be 

expected from joint-specific mobilization 

techniques. A functionally rigid orthotic is 

recommended to restrict mobility of the mid

tarsal joints during weight bearing. 

SPASTIC (PERONEAL) FLAT FOOT 
SYNDROME 

Spastic flat foot syndrome is described in 

"Subtalar Joint Pathology." In most cases, a 

disorder of the midtarsal joints is also 

present. 

PATHOLOGY WITH LIMITED MOTIONS IN A 

NONCAPSULAR PATTERN 

LIMITATION OF MOTION AFTER 
IMMOBILIZATION 

Limitations of motion are often severe after 

immobilization in a cast. 

Clinical Findings 

The patient complains of the inability to 

ambulate with a normal stance phase. In 

many cases, this leads to complaints of local 

pain or symptoms in the more proximal joints, 

such as the knee or hip (sometimes these are 

joints on the contralateral side) .  

Functional Examination 

All motions of the midtarsal joints are lim

ited. 



Treatment 

Treatment consists of passive range of mo

tion and joint-specific mobilization, which is 

later reinforced through active mobilization. 

KOHLER'S BONE DISEASE 

Kohler's bone disease is an aseptic bone ne

crosis of unknown cause. Trauma may play an 

important role; it can be a one-time trauma or 

chronic repetitive microtrauma. Avascular 

necrosis of the navicular was first described 

by Kohler in 1 908. In 1 920 he described an

other disorder of the head of the second 

metatarsal. Aseptic bone necrosis of the sec

ond metatarsal is called Kohler's second dis

ease. 

These disorders are seen particularly in 

children between the ages of 3 and 8 years. 

Boys are affected more often than girls by a 

ratio of 6:l. In about 30% of the cases,  

Kohler's bone disease occurs in both feet at 

the same time. 

Clinical Findings 

As a result of, or even in the absence of, 

trauma, the child complains of pain at the 

medial side of the foot. An antalgic gait pat

tern develops that is initially intermittent and 

rather quickly progresses to a constant limp. 

The patient can precisely point out the loca

tion of pain. Sometimes there is local swelling 

of the soft tissue. The pain is caused by a 

synovitis of the talonavicular joint. 

Functional Examination 

The functional examination is usually nega

tive, but forced movement in the midtarsal 

joints can provoke the pain symptoms. Radio

graphs confirm the clinical diagnosis (Figure 

1 7-1 1 ) .  

Treatment 

The treatment is primarily conservative. 

Possible ppsition aberrations of the foot 
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should be corrected by means of functional 

orthotics. Adequate support for the medial 

longitudinal arch is equally important. Use of 

a walking cast for 4 to 6 weeks is recom

mended when the child has severe pain. The 

lesion should be examined radiologically ev

ery 3 months. Generally the healing process 

takes 9 to 12 months. The use of a medial 

orthotic after complete recovery depends on 

whether there are residual aberrations in the 

position of the foot. 

ACCESSORY OS NAVICULAR 
SYNDROME 

Accessory os navicular syndrome is a disor

der involving the frequently occurring acces

sory bone medial to the navicular. There are 

two types. Type 1 is a sesamoid bone in the 

tendon of the posterior tibialis muscle, also 

called os tibiale externum. Type 2 is a true 

accessory bony growth center that has not 

j oined with the navicular but instead has 

formed a synchondrosis. Type 2 is often the 

cause of symptoms. Usually, but not always, 

the patients are adolescents, with 80% being 

girls. 

Difjerential Diagnosis 

• Avulsion fracture (particularly in ath

letes; Figure 1 7- 1 2) 

• Osteochondral lesion (also mostly in 

athletes ;  Figure 1 7-13)  

Clinical Findings 

With or without prior trauma, the pa

tient complains of pain at the medial side 

of the foot. Posttraumatically, the pain oc

curs or increases as a result of activity, 

particularly participation in sports. The pa

tient is able to locate the precise site of the 

painful lesion . Swelling is visible , and on 
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Figure 17-1 1 Conventional radiograph demonstrating obvious collapse of the left navicular (arrow
heads). This is a characteristic radiologic finding in Kohler's bone disease. 

palpation there is evidence of an abnor

mally formed navicular. 

Functional Examination 

Resisted inversion of the foot (contraction 

of the posterior tibialis muscle) is painful .  

Passive eversion of the foot is also painful 

because of the stretch on the tibialis poste

rior. There is local tenderness to palpation. 

On radiologic examination, the sesamoid 

bone will be seen to have a triangular or heart

shaped form, in contrast to the round or oval 

form of a normal os tibiale externum. 1n-

creased activity will be visible on the bone 

scan. 

Treatment 

Treatment is primarily conservative. The 

almost always present pronation position of 

the foot is corrected by means of functional 

orthotics. Sometimes a local injection of corti

costeroid helps relieve the symptoms. When 

conservative treatment is unsuccessful, the 

accessory bone, the synchondrosis, and the 

adjacent edge of the navicular bone may be 

surgically excised. 
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Figure 17-12 Lateral conventional radiograph demonstrating an old avulsion lesion at the level of the 
navicu lar bone in a basketball player. 

Figure 17-13 Tomographic examination demonstrating an osteochondral lesion at the level of the 
navicular bone in an athlete (arrows). This lesion causes recurrent symptoms during sports activities. 
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17.4 PATHOLOGY OF THE OTHER JOINTS 

ARTHRITIS OF THE CUNEIFORM
FIRST METATARSAL JOINT 

In the cuneiform-first metatarsal joint, the 

most common arthritides result from rheu

matoid arthritis and gout. Other forms of ar

thritis are rare. 

Clinical Findings 

The patient complains of local pain, which 

is worse with movement than at rest. Tight

fitting shoes cannot be tolerated because of 

pain. In many cases, there is local swelling and 

redness. 

Functional Examination 

Translatory movements in the j oint are lim

ited and painful. 

Treatment 

The preferred treatment is primarily medi

cation. If improvement cannot be achieved 

with medication, an intraarticular inj ection 

with corticosteroid is usually effective. 

ARTHROSIS OF THE CUNEIFORM
FIRST METATARSAL JOINT 

Arthrosis of the cuneiform-first metatarsal 

joint is seen in young people and is the result 

of a prior osteochondrosis, which is often bi

lateral. At the level of the joint, an osteophyte 

develops on the dorsum of the foot.  Over 

time, motion becomes more limited, finally 

ending in fixation of the joint. This fixation 

results in a painful forefoot (metatarsalgia) ; 

the pain is located either at the level of the 

first metatarsophalangeal joint or at the sesa

moid-first metatarsal joint. 

Clinical Findings 

The patient complains of local pain, par

ticularly during activities and especially when 

tight-fitting shoes are worn. Local swelling is 

caused by an osteophyte, which is easily pal

pable. 

Functional Examination 

There is a significant limitation of the 

translatory joint motions in the cuneiform

first metatarsal joint. 

Treatment 

Wearing shoes with an open instep and a 

high heel unloads the joint. An intraarticular 

injection with corticosteroid is recommended 

when more conservative treatment fails. Sur

gery is only occasionally indicated. 

LOOSE BODY OF THE CUNEIFORM
FIRST METATARSAL JOINT 

A loose body of the cuneiform-first meta

tarsal joint is seldom seen but usually consists 

of a fragment of cartilage in the joint. It occurs 

particularly in athletes. 

Clinical Findings 

While the individual is running, an instanta

neous pain is experienced in the forefoot, 

which disappears several seconds later. A re

sidual, dull pain can remain for several hours, 

however. 

Functional Examination 

The functional examination is usually nega

tive. 

Treatment 

Manipulative treatment is usually effective. 

If this is not the case, arthroscopy is indi

cated. 

HALLUX VALGUS 

Hallux valgus is seen particularly in women 

and can be the result of the following: 



• pes planovalgus (flat foot) 

• metatarsus primus varus (angulation of 

the first metatarsal toward the midline of 

the body) 

• rheumatoid arthritis 

• bad footwear (where the front of the 
shoe is too pointed) . 

When the great toe is in a valgus position 

(pointing laterally) , the extensor hallucis lon

gus t endon gradual shifts in a lateral direc

tion. In so doing, the valgus position of the toe 

increases even more. The result is an over

stretching of the medial collateral ligament of 

the first metatarsophalangeal joint. An osteo

phyte forms at the level of the attachment of 

the ligament at the head of the first metatar

sal. Pressure of thc shoe causes a local bursa 

ultimately to develop. This bursa becomes 

painfully irritated over the course of time 

(Figure 1 7- 1 4) .  In extreme cases, necrosis of 

Lhe skin can result from the pressure of the 

shoe (Figure 1 7- 1 5). As a secondary condi

tion Lo the hallux valgus, an arthrosis of the 

first metatarsophalangeal joint occurs. 

Clinical Findings 

The patient complains of local pain, which 

is primarily the result of a bursitis. 

Functional Examination 

If the joint is not yet arthrotic, only a limita

tion of medial abduction of the great toe is 

seen. Arthrosis causes a capsular pattern of 

limited motions. 

Treatment 

Initially, treatmcnt is conservative; tight 

shoes should be avoided,  and a small toe 

spreader should be placed between the first 

and second toes. If necessary, other adapta

tions of the shoe can be made to correct for an 

insufficient medial longitudinal or transverse 

arch. Specific mobilization of the joint, par

ticularly in the early stages of the disorder, 

can lead to satisfactory results. 
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Figure 17-14 Clinica l picture showing 
beginning hallux valgus with a bursitis. 

HALLUX RIGIDUS 

Hallux rigidus (stiff great toe) is character

ized by limitations of motion in the first meta

tarsophalangeal j oint (Figure 1 7- 1 6) .  The 

disorder can occur early, in adolescence. This 

disorder, particularly in young men, is seen 

bilaterally and can lead to an early arthrosis of 

the joint. Hallux rigidus in older age groups is 

usually the result of an arthrosis. Often, large 

osteophytes occur on the dorsal side of the 
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Figure 17-15 Clinical picture showing severe bilateral hallux valgus. 

Figure 17-1 6 Anteroposterior conventional radiograph demonstrating a narrowing of the joint space 
of both first metatarsophalangeal joints (arrows) in a patient with bilateral hallux rigid us. 

joint (Figure 1 7- 1 7) .  As a result of pressure 

from the shoes, small bursae develop over 

these osteophytes ,  which can eventually be

come painfully irritated. 

Clinical Findings 

The patient complains of pain, particularly 

during the stance phase of walking. The pain 

is experienced locally. There is local swelling 

as a result of the osteophytes and , in later 

stages, from the bursitides. 

Functional Examination 

There is a significant capsular pattern of 

painfully limited motions; extension of the 

great toe is much more limited than flexion. 
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Figure 17-17 Lateral conventional radiograph of the first metatarsophalangeal joint showing a dorsal 
osteophyte (arrow). This is a typical finding in hallux rigidus. 

Treatment 

The treatment of a hallux rigidus depends 

on the age of the patient. In young people , 

joint-specific mobilization and a rocker bot

tom under the shoe can lead to good results. 

In therapy resistant cases, surgery to remove 

the osteophytes and bursae is indicated. In 

older patients, an intraarticular inj ection is 

often effective. One week after the injection, 

joint-specific mobilization should be initiated. 

Surgical treatment is more often indicated in 

older patients than in younger patients. 

SESAMOIDITIS 

Sesamoiditis is an irritation of the small 

joint formed by the medial sesamoid bone in 

the tendon of the flexor hallucis longus 

muscle and the plantar side of the head of the 

first metatarsal. This lesion occurs as a result 

of overuse or direct trauma, perhaps during 

sports. In the latter instance, there can even 

be a fracture of the sesamoid bone. 

Differential Diagnosis 

• Sesamoid fracture 

• Sesamoid osteochondrosis 

Clinical Findings 

The patient complains of pain at the 

medioplantar side of the foot during weight 

bearing. 

Functional Examination 

Passive extension of the great toe is us ually 

painful. Resisted flexion of the great toe is 

also painful. Radiologic examination confirms 

the diagnosis in most cases. In cases of doubt, 

a bone scan is indicated (Figure 1 7-18) .  

Treatment 

Initially, treatment is conservative and con

sists of an inlay in the shoe with a cut-out at 

the level of the sesamoid bone. In stubborn 

cases, an intraarticular inj ection with corti

costeroid can be given. Removal of the sesa

moid bone is occasionally necessary. 

HYPERMOBILE SECOND THROUGH 
FIFTH METATARSOPHALANGEAL 
JOINTS 

With chronic,  repetitive overstretching of 

the plantar ligaments,  such as in the presence 

of a splay foot (flattened transverse arch) , 
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Figure 17-1 8 Bone scan clearly indicating a " hot spot" at the level of the sesamoid bone under the 
head of the first metatarsal. 

hypermobility of the metatarsophalangeal 

j oints can occur. This can lead to painful sub

luxation of thesejoints during weight-bearing 

activities. A splay foot can occur as a result of 

overuse of the (usually hypermobile) fore

foot, for example by persons wearing heels 

that are too high or by ballet dancers who 

dance on demipoint. Splay foot can also de

velop as a complication arising from a pes 

equinus condition. 

Clinical Findings 

Pain is experienced in the forefoot, particu

larly during the stance phase of ambulation. 

Functional Examination 

Passive extension of the metatarsopha

langeal j oint (s) is the most painful motion. 

The toes can be manually dislocated in rela

tion to the metatarsals. 

Treatment 

The treatment is primarily conservative by 

means of functional corrective orthotics for 

the forefoot and, if necessary, a rocker bot

tom under the shoe. For athletes and ballet 

dancers, taping the forefoot often provides 

significant pain relief. Surgical treatment is 

sometimes necessary. 

KOHLER'S SECOND DISEASE 

Although this aseptic bone necrosis was 

first described by Freiber in 1 9 1 4 ,  this disor

der is generally named after Kohler, who fur

ther described the lesion in 1 920. This disease 



is usually seen in women, occasionally in men, 

and particularly in adolescence (although it 

can also be seen in older age groups) . Kohler's 

second disease is usually located in the head 

of the second metatarsal (Figure 1 7- 1 9 ) ,  but 

it can also be found in the head of the third or 

first metatarsals. In some cases, two metatar

sal heads are affected. Sometimes it occurs in 

both feet at the same time. As is the case with 

the other aseptic bone necroses, the etiology 

is not completely known. It is possible that 

microtrauma, resulting, for example, from ex

cessive running, may contribute to the cause. 

Clinical Findings 

The patient complains of pain at the plantar 

aspect of the affected metatarsal, particularly 

during activities. The pain decreases at rest. 

Functional Examination 

The mobility of the affected j oint may be 

limited, but there is always pain at the end

ranges of motion. The site of the lesion can be 

precisely located through palpation. Radio

logic examination confirms the diagnosis. In 

many cases, small loose bodies are visible. 
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Treatment 

Treatment is usually conservative. Patients 

with severe pain should refrain from painful 

activities and use crutches during ambula

tion. As soon as the acute symptoms have 

decreased, a functional orthotic is prescribed 

to support the heads of the metatarsals . This 

orthotic should be made in such a way that 

direct pressure on the affected region of the 

foot is prevented. It is important that the pa

tient wear shoes with low heels to place as 

minimal a load as possible on the metatarsal 

heads. Prolonged walking, running, and other 

sports activities should be avoided. In most 

cases, the disorder heals completely in 2 to 3 

years. 

Conservative therapy is not always suc

cessful, and in these instances there are vari

ous operative procedures that can be per

formed. In cases of loose bodies,  surgery is 

usually required. 

SESAMOID OSTEOCHONDROSIS 

Osteochondrosis of the sesamoid bones in 

the tendons of the flexor hallucis longus and 

Figure 17-19 Anteroposterior conventional radiograph demonstrating an aberrati�n at the level of the 
head of the second metatarsal (arrows). This aberration is characteristic of Kohler s second disease. 



430 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

brevis is commonly seen. This disorder oc

curs particularly in children and adolescents 

and is usually the result of direct trauma. 

Generally the trauma involves an accident in 

which the ankle is in flexion and the toes are 

forced into maximal extension. Sesamoid os

teochondrosis can also occur in adolescent 

and young adult athletes as the result of over

use. The disorder can be differentiated from 

the previously described s esamoiditis and 

fracture of the sesamoid bones by means of 

radiographic examination (Figure 1 7-20) . 

Clinical Findings 

The pain is localized to the plantar aspect of 

the first metatarsal head and is only experi

enced during weight-bearing activities. The 

patient is unable to stand on tip-toe. 

Functional Examination 

Passive extension of the great toe is pain

ful; sometimes there is an increase in pain 

when the ankle is simultaneously extended. 

Plain films will disclose typical bony changes. 

Treatment 

The treatment is conservative and consists 

of placing an inlay in the shoe that elevates 

the first metatarsal in such a way that direct 

pressure is no longer exerted against the 

sesamoid bones. If this therapeutic measure 

does not effectively relieve the pain, crutches 

should be used temporarily. Occasionally, an 

affected sesamoid bone has to be surgically 

removed. 

Figure 17-20 Axial conventional radiograph showing obvious changes at the level of the lateral sesa
moid underneath the great toe. This is a case of an overuse lesion sustained by an athlete. 



CALCANEAL APOPHYSITIS (SEVER'S 
DISEASE) 

At one time, pain experienced by children 

in the region of the posterior calcaneus was 

assumed to be an osteochondrosis of the cal

caneal apophysis at the level of the insertion 

site of the Achilles tendon. From recent ra

diographic studies, however, it appears that 

asymmetric development of the calcaneal 

apophysis with an increase in density often 

does not correlate with the clinical symp

toms. Thus these findings of increased den

sity in the calcaneal apophysis may actually 

have to be interpreted as normal observations 

(Figure 1 7-2 1 ). Symptoms therefore are usu

ally the result of a soft tissue irritation, most 

often involving the posterior subcutaneous 

calcaneal bursa and less often the sub

tendineal Achilles bursa. This disorder is seen 

in childrer. between 7 and 12 years of age, 

most frequently in 8- to 9-year-olds. The dis

order is more frequently seen in boys than in 

girls, particularly in heavy-set, active boys. 
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Differential Diagnosis 

• Avulsion fracture of the calcaneal 

apophysis (Figure 1 7-22) 

• Insertion tendopathy of the Achilles ten

don 

• Sub tendinous Achilles bursitis 

Clinical Findings 

Pain is experienced in the heel, particularly 

after activities; if the pain is already present, 

it increases after activities. The patient is no 

longer able to bear weight normally on the 

foot and thus is forced to limp. Swelling and 

redness sometimes occur. 

Functional Examination 

The functional examination is usually nega

tive . In some cases, there is a slight limitation 

of ankle extension caused by a shortening of 

the triceps surae muscle. Palpation of the cal

caneal tuberosity induces tenderness,  par

ticularly at the level of the Achilles tendon 

insertion. 

Figure 17-21 Lateral conventional radiograph demonstrating increased density at the level of the 
posterior apophysis of the calcaneus with an irregular growth plate. This aberration usually has no 
clinical significance. 
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Figure 17-22 Conventional radiograph showing an avulsion fracture of the calcaneal apophysis in a 
young athlete (sprinter). 

Treatment 

Treatment is conservative. In severe cases, 

when there is significant pain, a reduction of 

activities and use of a heel lift (maximally 2 

cm) are necessary. Sometimes,  the heel 

counter in the shoe is too hard, and another 

type of shoe (with a softer and lower heel 

back) is recommended. The heel lift used to 

decrease pain acts to shorten the already 

short triceps surae muscle. Therefore, careful 

stretching exercises should be used to in

crease gradually the length of the muscle. 

After the muscle has lengthened, the patient 

is weaned from wearing the heel lift by de

creasing the height of the heel lift by 5 to 1 0  

m m  at weekly intervals. 

MARCH FRACTURE 

Although the march fracture does not be

long to the category of joint pathology, this 

stress fracture is described here because it is 

often incorrectly diagnosed to be a soft tissue 

problem. The disorder, also known as 

DeutschHinder's disease, usually occurs in in

dividuals between 18 and 30 years of age after 

vigorous physical activity. Individuals in the 

military often sustain this stress fracture. It is 

usually located in the neck of the second 

metatarsal and, less frequently, in the third or 

fourth metatarsal (Figure 1 7-23) . This lesion 

is also seen, although less often, in patients in 

the middle-age group; the traumatic factor 

cannot always be determined, but these 

people are usually found to have an insuffi

ciency of the first metacarpal (such as in a 

splay foot) . 

Clinical Findings 

The patient complains of severe but alter

nating pain in the forefoot during weight 
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Figure 17-23 Anteroposterior radiographs showing an obvious callus formation at the level of the 
diaphysis of the second metatarsal (arrows and arrowheads). This is the typical radiographic appear
ance of the so-called march fracture. 

bearing. The normal stance phase during 

ambulation is impossible,  and the patient is 

forced to limp. There is local redness, swell

ing, and warmth. 

Functional Examination 

The functional examination is often nega

tive. In some cases, besides pain on axial com

pression through the metatarsal, there is also 

local tenderness to palpation. The typical 

changes will first be demonstrated on plain 

films 2 weeks after the symptoms have oc

curred. 

Treatment 

Treatment is conservative and, in the acute 

phase , consists of medication or physical 

therapeutic pain-relieving measures ,  to

gether with several days of rest. After the 

acute phase, the foot can be taped so that the 

affected metatarsal is unloaded. Because this 

disorder almost always concerns patients 

with a splay foot, it is important that the pa

tient receive functional orthotics and con

tinue to wear them even after complete re

covery to prevent recurrent problems. In the 

absence of treatment, the symptoms will gen-
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erally resolve after about 6 weeks. Even then, 

orthotics are still necessary. 

Residual pain can often be the result of 

overuse of the interosseous muscles. These 

muscles react well to treatments of trans-

verse friction. Four to six treatments of trans

verse friction (about 1 5  minutes each) are 

usually sufficient. Intensive muscle-strength

ening exercises for the intrinsic muscles of 

the foot are recommended. 

17.5 PATHOLOGY OF THE CAPSULOLIGAMENTOUS 

COMPLEX 

INVERSION-VARUS TRAUMA 

The inversion-varus trauma, also called in

version trauma or supination trauma, is the 

most often seen trauma in the ankle and foot 

region. The trauma occurs in a combination of 

the following motions: 

• flexion in the talocrural joint 

• varus in the subtalar complex 

• flexion, supination, and adduction of the 

midtarsal and distal joints 

In almost all cases, there is a sprain or partial 

rupture of the capsuloligamentous complex 

of the ankle and, less often, of the midfoot. In 

addition, there are many complications re

sulting from this trauma (see " Complica

tions ," below, for descriptions of those that 

are most commonly seen). 

In determining which structures have been 

injured by the trauma and to what extent, it is 

important to analyze not only the position in 

which the trauma occurred but also the time 

it took for swelling to appear. Swelling that 

occurs immediately (within 2 hours of the 

trauma) indicates a hemarthrosis. If the 

swelling occurs much later ( 1 2  to 24 hours 

after the trauma) , there is effusion or 

extraarticular swelling. 

Grades 

The severity of the lesion can be classified 

in the following grades: 

• Grade 1 :  Sprain of the anterolateral 

structures , such as the anterior 

talofibular and calcaneofibular liga

ments 

• Grade 2: Total rupture of the anterior 

talofibular ligament and sprain or partial 

tear of the calcaneofibular ligament 

• Grade 3: Total rupture of the anterior 

talofibular and calcaneofibular liga

ments, and sprain or partial tear of the 

posterior talofibular ligament (in severe 

cases, the anterior inferior tibiofibular 

ligament can also rupture, thus affecting 

the tibiofibular syndesmosis) 

Clinical Stages 

The clinical stages are described as acute, 

subacute, and chronic. The acute stage usu

ally includes the first 3 days after the trauma. 

The subacute stage begins on the third or 

fourth day after the trauma, depending on the 

severity. The chronic stage is seen only in 

occasional, untreated cases. This usually oc

curs when the patient has experienced an in-



version trauma months earlier; the patient 

can perform normal daily activities with mini

mal to no symptoms, but the "old pain," some

times accompanied by slight swelling, occurs 

after vigorous activities, such as soccer, ten

nis, or jogging. 

Complications 

Lesion of the Calcaneocuboid and 

Calcaneonavicular Ligaments (Bifurcate 

Ligament). This lesion can occur as a result 

of forced supination and adduction of the 

midtarsal joints during the inversion trauma. 

Lesion of the Cuboid-Fifth Metatarsal 

Ligament. This lesion can occur as the result 

of forced adduction of the midfoot and fore

foot during the inversion trauma. 

Lesion of the Anterior Part of the Medial 

Capsuloligamentous Complex. This lesion 

can occur as the result of forced plantar flex

ion of the ankle during the inversion trauma. 

Lesion oj the Peroneal Tendons. A lesion 

of the peroneal tendons is seen frequently. 

The usual cause is an overstretching of the 

tendon sheath of the peroneal muscles and 

sometimes of the tendons themselves. The 

superior peroneal retinaculum also can rup

ture, resulting in a dislocation of the peroneal 

tendons (Figure 1 7-24).  This leads to the so

called "snapping ankle." 

Another severe complication is an avulsion 

fracture of the tuberosity of the fifth metatar

sal , the attachment site of the peroneus 

brevis muscle. An avulsion fracture of the tu

berosity of the fifth metatarsal is character

ized by severe local swelling, tenderness, and 

limping. Shortly after the trauma, there is dis

coloration (ecchymosis) resulting from the 

hematoma. 

Lesion oj the Tendon Sheaths or Ten

dons of the Extensor Digitorum Longus or 

Extensor Hallucis Longus. A lesion of the 

tendons or tendon sheaths of the extensor 
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digitorum longus or extensor hallucis longus 

is not a frequently seen complication of the 

typical inversion trauma. When plantar flex

ion is the major component of the trauma 

(with minimal varus, adduction, and supina

tion components) , these structures are more 

likely to get injured. 

Fractures. Fractures resulting from an in

version trauma are frequently seen. Usually 

they involve avulsion or traction lesions and 

sometimes impact or compression lesions 

(Figures 1 7-25 and 1 7-26) .  

Tarsal Sinus Syndrome. In tarsal sinus 

syndrome, the patient complains of a feeling 

of instability when walking and pain at the 

level of the tarsal sinus. This syndrome de

scribes a chronic irritation of sensory nerve 

branches in the tarsal sinus, leading to dis

turbed proprioception and dysfunction of the 

peroneal muscles. 

The functional examination, including the 

stability tests, is often negative. There is se

vere tenderness in the lateral opening of the 

tarsal sinus. The conventional radiograph 

does not reflect any abnormalities, but an ar

throgram of the subtalar complex points to 

the presence of specific aberrations in the 

synovial recess. Inj ection of the tarsal sinus 

with a local anesthetic will confirm the diag

nosis when the symptoms immediately, but 

only temporarily, disappear. 

The treatment consists of weekly injections 

with a local anesthetic (2 mL of 1 % lidocaine). 

Usually three to six injections are necessary 

to achieve complete pain relief. If this is not 

successful, a corticosteroid can be injected. 

Occasionally, surgery is needed to excise tis

sue from the lateral half of the tarsal sinus. In 

addition to being an integral part of the con

servative treatment, muscle-strengthening 

exercises for the peroneal muscles and pro

prioceptive training are necessary before and 

after surgical treatment. 

Posterior Tibiotalar Compression Syn

drome. The posterior tibiotalar compression 

syndrome frequently occurs in individuals 
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Figure 17-24 Clinical view of prominent peroneal tendons as the result of subluxation of the lateral 
malleolus during resisted eversion of the foot. 

Figure 17-25 Possible complications in inversion trauma of the foot. Avulsion and traction lesions: 
1 ,  Fracture of the diaphysis of the fifth metatarsal; 2, fracture of the base of the fifth metatarsal; 
3, capsule tear and avulsion fracture of the cuboid; 4, capsule tear and avulsion fracture of the calca
neus and cuboid; 5, capsule tear (subtalar joint) and avulsion fracture of the calcaneus; 6, fracture of 
the anterior process of the calcaneus; 7,  fracture of the lateral process of the talus; 8, avulsion fracture 
of the lateral malleolus. Impact and compression lesions: 9, I mpression fracture of the navicular; 
1 0, shear and impression fracture of the talar head; 1 1, impression fracture of the talar neck. Source: 
Data from Winkel 0, Husan A. eds. Voetenwerk. Alphen aan den Rijn; Samson/Statlew; 1 985. 
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Figure 17-26 Anteroposterior conventional radiograph of the ankle joint disclosing a loose fragment 
as the result of an old fracture of the lateral malleolus. This fragment caused symptoms of impinge
ment in a soccer player and was surgically removed. 

with os trigonum or an abnormally large lat

eral tubercle of the posterior process of the 

talus (see the section on posterior tibiotalar 

compression syndrome for a more detailed 

description of this disorder) . 

Compression Neuropathies. Compres

sion neuropathies resulting from inversion 

trauma are caused by an overstretch of the 

common peroneal, superficial peroneal, or 

deep peroneal nerve (refer to Chapter 19 for 

more information about these disorders) . 

Lesion of the Extensor Digitorum 

Brevis. The muscle belly of the extensor 

digitorum brevis lies just distal to the tarsal 

sinus, at the anterolateral side of the foot. 

After inversion trauma, the foot is often swol

len at this site. Even after all the other symp

toms have subsided, the patient often notices 

a blue-colored swelling at the level of the 

muscle belly. Several days, or even weeks, af

ter treatment, patients may occasionally 

complain that the foot is still swollen at a spe

cific place . The examiner merely needs to 

compare the affected foot with the other foot 

to reassure the patient that what may appear 

to be swelling is just the muscle belly of the 

extensor digitorum brevis and is normall 

Clinical Findings 

During and immediately after the trauma, 

the patient usually experiences severe pain 

on the anterior and lateral side of the ankle 

and foot. Running is almost impossible. De

pending on the severity of the trauma, there 

can be immediate swelling, which is caused 

by bleeding. 

Functional Examination 

Passive extension of the ankle (talocrural 

joint) is painful and limited. The limited ex-
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tension range of motion will be the result of 

traumatic arthritis, from either a hemarthro

sis or joint effusion. Extraarticular bleeding 

can also cause limited extension. In severe 

cases, the anterior inferior tibiofibular liga

ment is affected. In this instance, pain during 

passive extension can be caused by the 

stretch of the sprained or partially torn liga

ment, and it may be caused as well by 

hypermobility (in spite of swelling) resulting 

from a complete rupture. Such pain will occur 

because, during extension of the ankle, the 

tibia and fibula are pushed apart by the talus. 

In chronic cases, even when extension ap

pears to be normal during the functional ex

amination with the patient supine, it can still 

be limited in the standing position. This can 

be observed when the patient slowly flexes 

the knees and tries to keep the heels on the 

ground; the heel on the affected side lifts from 

the ground first (Figure 1 7-27). This phe

nomenon can be seen in instances of instabil

ity in the talocrural j oint after inversion 

trauma. If the necessary support is not pro

vided to the torn capsuloligamentous struc

tures during rehabilitation (via bracing or 

taping) , the lateral ligaments heal in a length

ened position. Thus , in standing, the load 

placed on the declined j oint surfaces will re

sult in a posterior and inferior slipping of the 

tibia and fibula on the talus. The ligaments are 

no longer effective in holding the talocrural 

joint partners in an aligned position, the kine

matics in the joint are disturbed, and the end 

of the motion is reached too early. In supine, 

without the body weight on the joint, there is 

no subsequent backward slipping; the joint 

partners remain in alignment, and extension 

range of motion is normal. 

Passive flexion of the ankle (talocrural 

j oint) is painful and limited as a result of the 

swelling (which causes traumatic arthritis) . It 

will also be painful because of the stretch on 

the affected anterior talofibular ligament and 

possibly on the anterior tibiotalar ligament or 

tendons of the extensor digitorum longus and 

extensor hallucis longus. 

Figure 17-27 Clinical picture of a characteristic 
finding in chronic (traumatic) arthritis of the 
talocrural joint; in weight-bearing extension of 
the ankles, as knee flexion increases, the heel of 
the affected side lifts from the ground first. This 
finding is compared with the passive extension 
range of motion in supine. 

Passive varus motion of the calcaneus, 

when performed in 1 0° plantar flexion, is 

painful as a result of the stretch on the af

fected calcaneofibular ligament. Passive 

varus of the calcaneus will also be painful and 

limited when there is traumatic art.hritis of 

the subtalar complex; in this instance, the 

pain is usually experienced at the posterome

dial aspect of the ankle. 

Passive adduction of the midtarsal joints 

will be painful ,  especially when the calca-



neocuboid and cuboid-fifth metatarsal liga

ments are affected . Passive adduction will 

also be painful and limited when there is trau

matic arthritis in the midtarsalj oints. This lat

ter condition will be accompanied by painful 

and limited plantar flexion and supination of 

the midtarsal joints (in a capsular pattern) . 

Passive supination of the midtarsal joints 

will be painful, particularly when the calca

neocuboid and bifurcate ligaments are af

fected. When there is traumatic arthritis in 

the midtarsal joints, passive supination will 

also be painful and limited, together with 

painful and limited (capsular pattern) plantar 

i1exion and adduction of the midtarsal joints. 

Passive inversion of the foot is painful be

cause stretch is placed on all the anterolateral 

soft tissue structures, including the anterior 

talofibular, calcaneocuboid, bifurcate, and 

cuboid-fifth metatarsal ligaments . In addi

tion, the extensor digitorum longus and ex

tensor hallucis longus are stretched and, if so 

affected, can be painful. As a result of com

pression, pain can also be experienced on the 

medial side. 

The resisted eversion test, used for the ex

tensor digitorum longus and brevis and the 

extensor hallucis longus, will be painful 

when these contractile structures are af

fected (if the tendon sheaths of the extensor 

digitorum longus or extensor hallucis longus 

are affected, more pain will be provoked 

when these structures are stretched) . The 

resisted flexion, abduction, and pronation 

test assesses the peroneal muscles .  When 

the tendons of these m uscles are affected, 

this resisted test will provoke pain. Much 

more often, however, the tendon sheath is 

the affected structure. In general, unless the 

lesion is severe, resisted tests have minimal 

effect on tendon sheaths; tendon sheaths 

provoke pain when placed under a stretch. 

Thus when the tendon sheath of the pero

neal muscles is affecLed, the passive test (ex

tension, adducLion, and supination) will pro

voke significantly more pain than the 

resisLed test. 
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On palpation, the site of the lesion can be 

located precisely. As an example, the anterior 

talofibular ligament is palpated at its origin at 

the anteroinferior aspect of the lateral mal

leolus, along its course, and at its insertion on 

the talus. The affected site of the calcaneo

fibular ligament can usually be palpated at the 

most distal point of the lateral malleolus . 

When affected, the peroneal tendons (and 

tendon sheath) can be painful to palpation 

over their entire course from behind the lat

eral malleolus to the insertion of the peroneus 

brevis at the tuberosity of the fifth metatarsal. 

Where there is a grade 1 lesion, the stability 

tests will be negative in terms of abnormally 

increased motion. These tests can provoke 

pain, however. Where there is a grade 2 le

sion, the anterior drawer test will disclose 

anterolateral instability, that is, an increase in 

translatory motion compared with the 

nonaffected side (Figure 1 7-28) . Where 

there is a grade 3 lesion, both the anterior 

drawer test and the talar tilt test are positive 

(as demonstrated on plain films) for in

creased motion (Figure 1 7-29) . In severe 

cases, the passive mediolateral talus test will 

also demonstrate hypermobility, caused by a 

rupture of the anterior inferior tibiofibular 

ligament. 

Fractures will often cause pain when axial 

pressure is exerted. If that is the case,  or if 

there is minimal or no improvement after 3 

days of conservative treatment (pain-reliev

ing and swelling-reducing modalities) , plain 

films should be obtained. 

Treatment 

Arguments over whether operative or func

tional treatment is preferred are never end

ing. Grade 1 pathology falls outside the scope 

of this discussion; treatment here is always 

functional . Results from both functionally 

and surgically treated patients are usually 

quite good. Patients who receive functional 

treatment after surgery, rather than immobi

lization in a cast, score better in follow-up as

sessment. It is well known that the costs and 
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Figure 17-28 Lateral conventional radiograph showing an anterior subluxation of the talus in a patient 
who experienced a severe inversion trauma. The subluxation is visible as an increased distance 
between the posterior edge of the talus and the posterior edge of the tibia (arrow). 

time lost at work are much lower for the func

tionally treated patients than for the surgi

cally treated individuals. 

Grade 1 Lesions. In the acute stage (the 

first 3 days after the trauma) , therapeutic 

measures are taken to decrease the pain and 

swelling. Such measures can include cryo

therapy, pulsed athermic high-frequency 

electric stimulation, and effleurage. Directly 

after these treatments, an elastic wrap or ban-

dage should be placed around the foot and 

ankle. The patient should be taught the wrap

ping technique so that the bandaging can be 

redone at home if it becomes too tight or too 

loose. 

When the ankle and foot have been 

wrapped, the patient should be given gait 

training to emphasize normal weight bearing 

and stance phase during ambulation. This 

functional training is important. Often, a pa

tient who goes into physical therapy with a 
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Figure 17-29 Anteroposterior conventional radiograph (the so-called talar tilt view) depicting severe 
laxity of the lateral collateral ankle structures with a tilting of the talus in a varus direction. 

noticeable limp is able to leave with an ahnost 

normal gait pattern. 

From the third or fourth day on, when 

swelling and pain have significantly de-

creased, the subacute stage begins. Treat

ment should now include local transverse 

friction, initially lasting no longer than 2 to 4 

minutes. This therapy is followed by muscle-
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strengthening exercises of the peroneal 

muscles and proprioceptive training. After 

the treatment, the affected limb should be 

taped or braced for functional support, with 

the patient being instructed in how to adjust 

the brace or wrap for proper fit. 

By far, the greatest percentage of patients 

experience a complete resolution of symp

toms within 7 to 10 days after the trauma. At 

this point, the patient can gradually return to 

sports activities with the support of a stabiliz

ing brace or taping. 

In some untreated cases ,  a chronic stage 

can occur. In this stage, the patient experi

ences symptoms only after activities. The 

functional examination should be performed 

immediately after these pain-provoking ac

tivities, when passive inversion is then painful 

at the level of the anterior talofibular liga

ment. Also ,  the motion is usually limited 

slightly as the result of adhesions on the ante

rior talofibular ligament. 

These adhesions can be manipulatively 

ruptured. Manipulations of this type ,  how

ever, should only be performed by a therapist 

experienced with this type of treatment. Be

fore the manipulation, the therapist should 

treat the affected part with approximately 10  

minutes of  transverse friction to  gain local 

mobilization and to provide pain relief. After 

the manipulation, the patient is taught an ex

ercise program to maintain the newly gained 

mobility. Here, too, strengthening exercises 

and coordination training for the peroneal 

muscles are important. 

Unfortunately, there are still many patients 

who are treated with cast immobilization 

even though there is not a fracture. As a re

sult, after immobilization many patients have 

moderately to severely limited motions in the 

subtalar or midtarsal joints. Normal motions 

of the various joints should be restored as 

quickly as possible by means of joint-specific 

mobilization. The patient should engage in a 

home exercise program to maintain the im

proved mobility. 

Note: In regard to ligamentous injuries, we 

now consider immobilization by means of 

casting to be obsolete. After immobilization, 

the cartilage function is always deficient, a 

condition that can last for up to 1 year, mak

ing the cartilage more vulnerable to every 

form of trauma. Thus the chance of arthrotic 

changes of the talocrural or subtalar complex 

is much greater in athletes who have been 

immobilized with a cast than in those who 

have been treated functionally. 

Grade 2 and Grade 3 Lesions. When 

there is local swelling (a lateral "egg") , the 

joint should be aspirated. Blood in the joint is 

eventually reabsorbed but may adversely af

fect the joint cartilage and can cause 

intraarticular adhesions (in instances of 

intraarticular lesions, the patient often also 

complains of pain at the medial side of the 

ankle) . 

When the decision for conservative therapy 

is made, the patient should not put weight on 

the foot for the first 1 0  days. Therapeutic 

measures, as described for grade 1 ,  should be 

applied to decrease pain and swelling. It is 

important that the patient keep moving the 

injured ankle and foot, but this must be done 

without placing weight on the affected ex

tremity. Appropriate exercises to maintain 

motion should be done not only with therapist 

assistance but also on a repetitive basis by the 

patient at home. 

If there is no significant improvement after 

1 0  to 1 4  days , radiographs should be re

peated.  In many cases, a chondral fracture 

(usually of the talus) only becomes visible af

ter that period of time . Further treatment 

should progress as described for the grade 1 

lesion. 

VALGUS TRAUMA 

A valgus trauma is seen much less fre

quently than an inversion trauma. It is ob

served most often in people with a valgus

pronation-abduction position of the foot. The 



result of such a trauma is almost always a 

sprain of part of the deltoid ligament, which 

consists of the anterior tibiotalar, tibio

navicular, tibiocalcaneal , and posterior 

tibiotalar ligaments. Because the deltoid liga

ment is extremely strong, ruptures seldom 

occur. There is a greater likelihood of an avul

sion fracture of either the medial malleolus or 

the talus. 

Chronic lesions occur as a result of the val

gus position of the calcaneus when the medial 

longitudinal arch of the foot is not sufficiently 

supported.  Such lesions are often seen to

gether with lesions of the tendon or tendon 

sheath of the tibialis posterior. These prob

lems are frequently seen in patients who 

fence or engage in long-distance running. 

Clinical Findings 

The patient complains of pain at the 

anteromedial side of the ankle. When bearing 

weight, there is usually a marked valgus posi

tion of the calcaneus with a collapsed medial 

longitudinal arch. 

Functional Examination 

Simultaneous passive flexion, abduction, 

and pronation, in combination with valgus 

movement of the calcaneus, is the most pain

ful test. If the posterior tibiotalar ligament is 

affected (rare) ,  the pain is particularly acute 

during passive valgus motion of the calca

neus, when the ankle is in 90° extension. 

When the same motion is repeated in maximal 

extension of the ankle, the pain disappears. 

Treatment 

Transverse friction is effective for all parts 

of the deltoid ligament. It is important that 

the patient wear good functional orthotics .  

Otherwise, the symptoms will only be de-
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creased temporarily. If there is still a painful 

site in the ligament, it usually responds well to 

an injection of corticosteroid. If the insertion, 

tendon, or tendon sheath of the posterior tibi

alis muscle is also affected, excellent results 

can be expected from the use of transverse 

friction. 

MIDTARSAL OVERUSE 

Every deviation in position or form of the 

ankle or foot can lead to an overuse of one or 

more midtarsal ligaments. For example, when 

the medial longitudinal arch has given out, 

the plantar calcaneonavicular ligament, or so

called "spring" ligament, can cause significant 

symptoms. 

Clinical Findings 

The patient complains of pain at the medial 

side of the foot during weight-bearing activi

ties. 

Functional Examination 

There is marked hypermobility of exten

sion and flexion of the midtarsal joints. 

Forced passive pronation and supination of 

the midtarsal joints are painful .  The plantar 

calcaneonavicular ligament is usually ex

tremely tender to palpation. 

Treatment 

All types of local treatment are usually ef

fective in decreasing the symptoms, but a 

functional orthotic has been found to be the 

best causal treatment. Many patients benefit 

from a slight heel lift, so that the forefoot goes 

into slightly less extension during weight

bearing activities. In stubborn cases, trans

verse friction or local corticosteroid injection 

is indicated. 
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17.6 PATHOLOGY OF THE MUSCLE-TENDON UNIT 

ACHILLODYNIA 

Achillodynia is an inflammatory and degen

erative aberration in and around the Achilles 

tendon that can eventually lead to a partial 

rupture. Achillodynia is an overuse problem 

that is seen particularly in sprinters or ath

letes who run as part of their training pro

gram. In about 65% of all cases of achillo

dynia, the lesion is unilateral . When 

nonathletes complain of pain at the Achilles 

tendon, the cause is likely to be a systemic 

disorder, such as ankylosing spondylitis or 

Reiter's disease. 

The causes of achillodynia can be divided 

into endogenous and exogenous factors. En

dogenous factors concern influences from 

the body itself; exogenous factors are outside 

influences acting on the body. The presence 

of several of these predisposing factors in

creases the chance that achillodynia will oc

cur. 

Endogenous Factors 

There are several key endogenous factors 

that can lead to achillodynia: 

• diminished vascularization in the region 

3 to 6 cm above the insertion 

• disturbed biomechanics of the lower ex

tremity; one of the most common causes 

is hyperpronation of the foot during the 

gait cycle 

• left-right asymmetry of the hips, knees , 

lower legs, or feet 

• hypermobility of the subtalar complex, 

for instance resulting from inversion

varus trauma of the foot 

• minimal external tibial torsion 

• high-arched foot 

• hallux rigidus or other aberrations in the 

region of the first metatarsal , when too 

much of the stance phase occurs on the 

lateral edge of the foot 

• limited internal rotation of the hip 

Some of the more common factors are dis

cussed in detail below. 

Hyperpronation. While running, the in

dividual lands on the lateral side of the heel, 

after which the calcaneus goes into valgus in 

the subtalar joint and the midtarsal joints 

pronate and abduct. The term hyper

pronation is used when these motions last 

too long during the stance phase. When this 

occurs, the triceps surae sustains an eccen

tric supinatory activity for a longer than nor

mal period of time, which leads to an abnor

mal stretch of the medial side of the Achilles 

tendon. In addition, the tibia is internally ro

tated for an abnormally long period during 

the stance phase, and as the knee extends it is 

then abruptly rotated externally; thus abnor

mal torsion forces are exerted on the Achilles 

tendon. In the hypovascular zone of Lhe Achil

les tendon, these torsion forces cause the al

ready small amount of blood found in this area 

to be pushed out. This phenomenon is known 

as the "wringing out" phenomenon and is 

comparable to the "wringing out" phenom

enon of the supraspinatus tendon of the 

shoulder. Diminished vascularization can 

lead to early degenerative changes in the ten

don. In many cases, this process does not gen

erate any complaints. The Achilles tendon 

can spontaneously rupture, however. Most 

patients with an Achilles tendon rupture 

never experience symptoms preceding the 

rupture. 

Because of the hyperpronation, the foot 

reaches the supination position too late. It is 

necessary to reach this position at the proper 

moment to stabilize the foot during toe-off. 

Thus not only is increased activity required 

from the stabilizing muscles , to include the 



triceps surae, but also movement occurs in 

the subtalar complex during toe-off. The ten

don of the peroneus longus is no longer able 

to fix the medial arch of the foot during toe

off, which again leads to an even greater in

crease in the mobility of the subtalar com

plex. 

The most frequent causes of hyper

pronation are the following: 

• forefoot varus 

• forefoot valgus (here, hyperpronation is 

the result of compensatory supination in 

the subtalar and midtarsal joints) 

• hypermobility of the medial longitudinal 

arch of the foot 

• varus of the calcaneus 

• limited extension in the talocrural joint, 

with a resultant compensatory valgus 

motion in the subtalar joint 

• tibia vara 

• too much internal femoral torsion; this 

leads to an adducted position of the foot, 

which is compensated for by 

hyperpronation 

• shortening of the hamstrings and the ili

opsoas, leading to an increase in the ex

tension of the talocrural joint (although 

it is usually not completely possible, this 

is compensated for by hyperpronation of 

the foot) 

• leg length difference (hyperpronation 

occurs in the longer extremity, caused 

by adduction in the hip; in the subtalar 

joint, a functional varus takes place) 

• laxity of the lateral capsuloligamentous 

complex of the ankle 

Pronation Gait. In a pronation gait, the 

heel-strike and the entire stance phase take 

place over the medial side of the foot sole (re

fer to "Biomechanics" in Chapter 14) . 

Causes ofthe pronation gait include the fol

lowing: 

• too much external rotation of the femur 

and tibia 
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• calcaneus valgus 

• tibia valgum 

Consequences of a pronation gait for the 

Achilles tendon can include the following: 

• The foot lands in pronation. There is no 

shock -absorbing valgus-pronation 

movement of the subtalar and midtarsal 

joints. This can lead to overuse of the 

Achilles tendon. 

• By landing in pronation, an extra stretch 

occurs on the medial side of the Achilles 

tendon. 

• Because the foot remains in pronation 

for the entire stance phase,  it never 

reaches the stable supination position. 

This leads to movement in the subtalar 

complex during toe-off, which again 

leads to stretch of the medial aspect of 

the Achilles tendon. 

Supination Gait. In a supination gait, the 

foot lands on the lateral side, but the subse

quent shock -absorbing pronation movement 

does not take place. The entire stance phase 

occurs over the lateral edge of the foot. When 

the heel leaves the ground, the foot rotates on 

the head of the fifth metatarsal, bringing the 

weight over to the medial side of the foot. 

Toe-off takes place with excessive load on the 

medial side of the great toe. 

Causes of the supination gait include the 

following: 

• forefoot valgus or plantar flexion of the 

first metatarsal (when these two devia

tions are not sufficiently compensated 

for through inversion of the forefoot, the 

rest of the compensation takes place in 

the subtalar complex) 

• excessive movement in the valgus

pronation direction of the subtalar and 

midtarsal joints 

• leg length difference (the foot of the 

shorter leg supinates) 
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The consequences of a supination gait for the 

Achilles tendon can include the following: 

• overuse due to lack of shock absorption 

• abnormal stretch of the medial side of 

the Achilles tendon at the end of toe-off 

due to the sudden valgus-abduction 

movement of the hindfoot during the ro

tation on the head of the fifth metatarsal 

Exogenous Factors 

The two key exogenous factors that can 

lead to achillodynia are footwear and running 

or walking surfaces. 

Footwear. Shoes that are insufficiently 

adapted to the walking or running surface or 

to the manner of running can lead to prob

lems. For instance, an absent or deficient 

varus wedge in the shoes of an individual who 

hyperpronates or has a pronation gait can 

lead to Achilles tendon injuries. A shoe sole 

that is too stiff allows for only minimal prona

tion and supination and can also limit exten

sion of the ankle. If the sole of the shoe is too 

limp, or if the material of the insole is too hard, 

too soft, or too thin, shock absorption is di

minished, causing the foot muscles to dis

perse all the forces. A heel counter that is not 

stiff enough does not give the calcaneus 

enough stability. 

Walking or Running Surface. When an 

individual changes to a different running or 

walking surface, it should be done gradually 

to prevent overuse of the muscles. This is true 

particularly for unaccustomed running on 

hard, soft, or uneven ground. A habit of al

ways walking on the same side of the street 

should be avoided because most streets are 

slightly curved. The foot on the street side is 

in constant pronation, and the foot on the 

curb side is constantly in a position of supina

tion. 

Dif.ferential Diagnosis 

• Total rupture of the Achilles tendon 

(when there is a complete rupture, the 

patient experiences acute, severe pain 

at the level of the Achilles tendon; often, 

a "pop" is heard or felt, and walking is 

impossible) 

• Partial rupture of the Achilles tendon (a 

partial rupture is seen particularly in 

older people; as in a total rupture, 

acutely severe pain occurs as the result 

of a seemingly insignificant trauma, but 

here the patient can walk with difficulty) 

• Posterior subcutaneous calcaneal bursi

tis with pain at the level of the calcaneal 

tuberosity (this can be seen in patients, 

particularly those older than 50 years, 

with ankylosing spondylitis [Figure 1 7-

30] or gout) 

• Subtendinous Achilles bursitis (Figure 

1 7-3 1 ) ;  passive plantar flexion of the 

ankle is the most painful motion) 

• Sever's disease (calcaneal apophysitis) , 

usually involving a posterior subcutane

ous calcaneal bursitis (occasionally, an 

avulsion fracture of the calcaneal apoph

ysis is seen; this diagnosis can be con

firmed by means of radiologic examina

tion) 

• Lumbar pathology (which sometimes 

causes pain only in the heel region [SI  

and S2  nerve roots]) 

Clinical Findings 

Usually the patient is able to self-diagnose 

the pain in the Achilles tendon region. Sports

specific history is important in addition to the 

patient's general history. Detailed informa

tion should be gathered regarding predispos

ing factors. Complaints will vary according to 

the stage of the lesion. 

Acute Stage. In the acute stage , the classic 

signs and symptoms of inflammation are 

found : swelling, redness, warmth, and pain 

(Figure 17-32) . The symptoms will have been 

present for less than 2 weeks. The pain is lo

cated 3 to 6 cm proximal to the calcaneus and 

is experienced after activities or at the begin

ning of activities. 
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Figure 17-30 Clinical photograph showing Haglund's exostoses, often seen in ankylosing spondylitis, 
with irritation of the skin, the subcutaneous tissue, and the subcutaneous culcaaeal bursa (the left is 
worse than the right) . The swelling and discoloration at the lateral side of the heel is typical of a 
Haglund exostosis. 

Figure 17-3 1 Ultrasonography clearly indicating a subtendinous Achilles bursitis (arrows) in a 
marathon runner. This disorder causes pain during and after sports activities. 
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Figure 17-32 Clinical photograph of severe achillodynia in the left ankle. 

Subacute Stage. In the subacute stage, the 

disorder will have been present for 3 to 6 

weeks. The contour of the Achilles tendon is 

less visible. Often, crepitation is felt during 

active plantar flexion and dorsal extension of 

the ankle. The pain occurs at the beginning of 

the activity and increases according to the ac

tivity being performed. 

Chronic Stage. In the chronic stage, the 

disorder will have been present for 6 weeks or 

longer. There is also pain at rest. 

Functional Examination 

The functional examination is often nega

tive, except when performed directly after 

the pain-provoking activity. In this instance, 

resisted plantar flexion of the ankle (toe 

raises) is painful. In  some cases, passive ex

tension is also painful because of the stretch 

on the painful structures. 

During the biomechanical examination, in 

addition to the talocrural joint, the other 

joints of the foot as well as the knee and hip 

joints should be evaluated. In the inspection 

during movement, which may oe done with 

help of a video camera, the patient is viewed 

from behind while walking or running. The 

examiner should look for the following: 

• A slight varus position of the subtalar 

joint before heel-strike is normal. Too 

much varus can result in hyper

pronation, however. A valgus position 

indicates a pronation gait. 

• During heel-strike, attention should be 

paid to how much valgus occurs in the 

subtalar joint. If there is more than 1 0° ,  

hyperpronation is indicated. If  the 

subtalar joint moves into the neutral po

sition or stays in varus, a supination gait 

is indicated. 

• In toe-off, the varus position of the 

subtalar joint is normal. Valgus in this 

joint points to an instability of the foot 



during toe-off; this is seen in both the 

hyperpronation and the pronation gait. 

The shoes should also be examined. Find

ings such as wear and tear of the shoe sole, 

giving out of the insole, tears in the shoe, and 

the position of the heel counter can help con

firm findings from the functional examina

tion. 

By means of palpaLion, the exact site of the 

lesion is determined (for the specific method 

of palpation, refer to Chapter 15) .  The tendon 

can be affected at the following sites: 

• teno-osseous 

• anterodisLal, just proximal to the calca

neal tuberosity (in this instance, passive 

plantar flexion of the ankle is also painful 

in the fWlctional examination) 

• anteromedial (frequently seen) 

• anterolcteral (seldom seen) 

• medial (most frequently seen) 

• lateral (frequently seen) 

• posterior (seldom seen) 

Treatment 

As a first step, treatment is always conser

vative. Causal therapy is the most important 

treatment and is structured to elinlinate the 

sources of the overuse. In most cases, orthot

ics and adaptations to the shoes are recom

mended. In cases of hyperpronation as the 

result of an inLernal rotation of the tibia or 

femur or limited ankle extension, an orthotic 

with a medial wedge under the calcaneus is 

sufficient. In hyperpronation as the result of 

forefoot varus, an orthotic that offers support 

under the first metatarsal and the first meta

tarsophalangeal joint should be used. In 

instances of minimal hyperpronation, soft 

material should be used; in extensive 

hyperpronaLion, hard material should be 

used. 

For the pronaLion gait, an orthotic should 

be placed in the shoe Lhat forces the subtalar 

joint into supination at heel-strike. The result 
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of this is a stretch facilitation of the peroneus 

longus muscle, so that the foot pronates .  This 

pronation is possible because the first meta

tarsal is unaffected by the orthotic. In the su

pination gait, the wedge is placed at the lat

eral side of the shoe . This forces the subtalar 

joint into valgus during heel-strike. 

Limited extension of the foot or ankle joints 

should be treated with joint-specific mobiliza

tion. If the hypomobility lies in the subtalar 

and midtarsal joints, as is often the case, the 

appropriate joint-specific mobilization is per

formed.  Muscle shortening is treated with 

stretching exercises. These exercises should 

be performed several times each day by the 

patient. Muscles most often needing stretch

ing exercises include the triceps surae, ham

strings, and iliopsoas. A leg length difference 

should be corrected by means of a lift under 

the entire sole of the shoe. 

Along with the causal therapy, local treat

ment is also recommended. Transverse fric

tion is usually effective, and the pain gener

ally disappears completely within a few 

weeks . Depending on the severity of the 

symptoms, it may be necessary to reduce or 

suspend temporarily the pain-provoking 

sports activities. Two weeks after resolution 

of the symptoms, the intensity of training can 

be increased, or, if the athlete completely 

stopped the sport, gradual training can be 

reinstituted. Training on unusually hard or 

soft surfaces should be avoided.  Generally 

speaking, the athlete can be back to previous 

levels of sports after 4 weeks. 

The following measures can help prevent 

recurrence: 

• Stretching exercises should be per

formed daily, immediately after the pa

tient gets up in the morning and before 

and after training. 

• The transition between time off from the 

sport (to allow for the healing process) 

and returning to training should always 

be done gradually. This is also true for 

activities at the beginning and the end of 
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each training period; good warming-up 

and cooling-down procedures, lasting at 

least 1 5  minutes, are essential. 

• The transition between diverse running 

surfaces should also be gradual. For in

stance, after a period of training on 

grass, the patient should avoid a sudden 

change to training on an artificial sur

face. 

• The athletic shoes should have good 

shock-absorbing properties. The sole 

should not be too hard, there should be 

adequate space for the Achilles tendon, 

and there should be a stiff, stable heel

counter. 

• Correcting performance when alternat

ing among various running distances is 

important, especially during endurance 

training. The comparatively low tempo 

in endurance running makes it possible 

for the runner to strive for a full stance. 

The heel-strike is of great significance. 

Effective shock absorption combined 

with correct timing of the landing mo

ment ensures a relatively full exertion of 

the calf muscles; thus the Achilles ten

don is minimally loaded. 

If, in spite of all the above mentioned mea

sures, the Achilles tendon problem remains, 

surgery is indicated (Figure 1 7-33) . Injec

tions in and around the Achilles tendon are 

always contraindicated. 

RUPTURE OF THE ACHILLES 
TENDON 

In cases of rupture, acute, severe pain is felt 

at the Achilles tendon during sports. Usually, 

the patient hears or feels a "pop" or "snap" 

and is unable to bear weight on that foot (Fig

ure 1 7-34) . The rupture is the result of de

generative changes in the hypovascular zone 

of the Achilles tendon caused by various fac

tors described under "Achillodynia" (above) . 

Ruptures can also be caused by injections 

with a corticosteroid in and along the tendon. 

This lesion is seen more often in men than in 

women, usually between the ages of 30 and 40 

years. 

Clinical Findings 

In the acute phase, the patient is unable to 

perform a toe raise on the affected foot, and 

trying to do so is painful. There is a palpable 

gap in the middle of the Achilles tendon. After 

a few hours, the gap can no longer be palpated 

because it has filled with swelling. 

Functional Examination 

Passive and active extension of the ankle is 

painful. In a supine position, active plantar 

flexion is possible because the plantaris 

muscle is still intact and acts in conjunction 

with the peroneal muscles, tibialis posterior, 

and long toe flexors, which also assist in plan

tar flexion. 

Sinunonds' (also called Thompson's) test is 

positive. In this test, the patient lies prone 

with the feet over the edge of the table. The 

examiner squeezes the thickest part of the 

calf; normally the ankle flexes in a plantar di

rection. This movement does not occur if the 

Achilles tendon is completely ruptured (Fig

ure 1 7-35) . 

The amount of motion in ankle extension is 

the same whether the knee is extended or 

flexed. Normally, extension increases by sev

eral degrees when the knee is slightly bent, 

which relaxes the gastrocnemius muscle. 

Treatment 

Treatment of a total rupture entails either 

surgery or conservative treatment (cast im

mobilization) . With the use of conservative 

treatment, hospitalization is not required, 

and there are usually fewer residual symp

toms. This form of treatment is only success

ful, however, if it can be administered within 

the first 24 hours of the rupture. Because ten

dons treated with immobilization have a 

greater incidence of rerupturing than those 

that have undergone surgical repair, and be

cause the recovery time after surgery is 
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Figure 17-33 Photograph taken during surgery demonstrating a gel layer around (and adhering to) the 
Achilles tendon. This indicates a peritendinitis. The tendon itself did not show signs of tendinitis. 

Figure 17-34 Photograph taken during surgery to repair a complete rupture of the Achilles tendon. 
The tendon of the plantaris is still intact. 

shorter, the choice for surgery is usually 

made. After surgery and after cast immobili

zation, specific mobilization of the ankle and 

foot joints is indicated. The Achilles tendon 

should also be gradually stretched to a func

tionally normal length. 
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Figure 17-35 Positive Thompson's test on the left. 

PARTIAL RUPTURE OF THE 
ACHILLES TENDON 

A partial rupture of the Achilles tendon is 

commonly seen in middle-age and older indi

viduals. As the result of an often insignificant 

trauma, acute pain occurs at the Achilles ten

don. The pain is located in the hypovascular 

region, 3 to 6 cm above the calcaneus. 

Clinical Findings 

The patient can walk again, although with 

difficulty, within several minutes after onset. 

A localized area of thickness is visible on the 

Achilles tendon, usually on the medial side. 

Functional Examination 

Resisted plantar flexion of the ankle (toe 

raise) is the most painful test. Passive ankle 

extension is painful because of the stretch on 

the affected structure. Simmonds' (or 

Thompson's) test is negative. 

Treatment 

Treatment of a partial rupture of the Achil

les tendon is almost always conservative. 

Transverse friction and careful stretching 

usually lead to a quick and full recovery. The 

patient should wear bilateral heel lifts for ap

proximately 2 weeks. When the lesion does 

not respond to conservative car8, surgery is 

sometimes necessary to remove necrotic tis

sue within or around the tendon. 

PARTIAL RUPTURE OF THE 
GASTROCNEMIUS MUSCLE 

A partial rupture of the gastrocnemius 

muscle usually occurs about 5 cm proximal to 

the musculotendinous junction. The medial 

head is affected more often than the lateral 

head. This lesion is most often seen in indi

viduals older than 30 years, and it usually oc

curs during sports. The most significant 

cause is insufficient warm-up before the ac

tivity. 

Clinical Findings 

The patient experiences a sudden, severe, 

lashlike pain in the calf during the activity. 

Running becomes hardly possible. 



Functional Examination 

Resisted plantar flexion of the ankle is pain

ful and weak, depending on the severity of the 

rupture. Both active and passive extension of 

the ankle can be moderately to significantly 

limited because of the painful stretch of the 

affected muscle. The site of the lesion is ex

tremely tender to palpation. In severe cases, 

during the acute stage, a gap can be palpated. 

Sometimes , a hematoma is palpable and even 

visible in the subacute stage. 

Treatment 

In acute cases, the hematoma is aspirated, 

and afterward the leg is wrapped with an elas

tic bandage . The patient should perform 

home exercises of actively contracting the 

muscle from a position that does not stretch 

the muscle. 

For the first days, the patient should avoid 

putting weight on the affected leg. Afterward, 

gentle transverse friction can be given on a 

daily basis, gradually increasing from 2 to 3 

minutes at the outset to about 1 5  minutes. 

After the fourth day, conservative stretching 

exercises can be initiated . The amount of 

weight bearing can be gradually increased 

while the patient continues to use the bilat

eral heel lifts. Later in the recovery period, 

the height of the lifts is gradually reduced. 

Load on the muscles can be considerably de

creased by using a specific procedure to tape 

the calf (see Chapter 18) . After 10 to 14 days , 

the patient can gradually resume normal ac

tivities, to include sports. At the same time, 

the patient is weaned from the heel lifts. 

TRICEPS SURAE SHORTENING IN 
CHILDREN 

The etiology of triceps surae shortening in 

children is unknown. A slight form of spastic

ity may be involved in some cases. 

Clinical Findings 

The patient is unable to place the foot on 

the ground normally. The child tries to force 

this , however, and in so doing the leg is 
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brought into external rotation with the foot in 

valgus, abduction, and pronation. With time, 

an overload of the midtarsal ligaments occurs 

and eventually causes hypermobility of the 

midtarsal joints. 

Functional Examination 

There is a limitation of both active and pas

sive extension of the ankle. 

Treatment 

The treatment can take from several 

months to 1 year. The soleus and gastrocne

mius muscles must be stretched.  Until the 

muscles attain the correct length, a heel lift of 

l .5 to 2 .5  cm is worn to prevent midtarsal 

hypermobility. Heel lifts should be placed bi

laterally. If the results from conservative 

therapy are unsatisfactory, surgical lengthen -

ing of the Achilles tendon is indicated. 

LESIONS OF THE TIBIALIS 
POSTERIOR MUSCLE 

Shin Splints 

The term shin splints is a collective term 

for a number of overuse lesions that are mani

fested in the middle and lower thirds of the 

tibia. We restrict the meaning of this term to 

include only the so-called tibialis posterior 

syndrome. This disorder usually develops in 

runners from a single cause or combination of 

causes, including: 

• inadequate training at the beginning of a 

running season 

• changes in the type of running surface 

• changes in footwear and the use of inap

propriate shoes 

• too rapid progression through the train

ing program 

• abnormal biomechanical factors 

Tibialis Posterior Syndrome 

Tibialis posterior syndrome describes an 

insertion tendopathy at the level of the 
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middle and distal thirds of the tibia. The 

forces that act on the tibialis posterior muscle 

during running are not well dispersed 

through the matrix and thus exert more 

stress on the collagen fibers. Small tears ap

pear that lead to an inflammatory reaction of 

the surrounding tissue. If a patient with this 

disorder continues to run, a periostitis can 

occur as a result of the constant forces. 

The causes of the tibialis posterior syn

drome can be divided into endogenous and 

exogenous factors. The presence of several of 

these predisposing factors increases the 

chance that this syndrome will occur. In addi

tion, such factors as physical conditioning, 

general posture, nutrition, body weight, and 

coordination can also influence the onset and 

severity of this disorder. 

Endogenous Factors 

Hyperpronation oj the Foot during Run

ning. This is the most common cause of tibi

alis posterior syndrome.  Because pronation 

puts the joints of the foot in a less stable posi

tion, a great deal of muscle activity is required 

to control this motion, and shock-absorption 

functions are shifted to the heel-strike. The 

tibialis posterior is one of the most important 

stabilizers of the ankle and foot. Every time 

the foot contacts the ground, this pronation 

occurs, exerting a significant pulling or trac

tion force on the tibialis posterior muscle. 

When hyperpronation is combined with the 

great force at heel-strike, a slight laxity can be 

induced in the ligaments at the medial side of 

the foot and ankle. This condition can alter 

the movement pattern of the joints , so that 

the tibialis posterior, in struggling to prevent 

too much pronation, becomes overloaded. In 

excessive pronation, the flexor digitorum lon

gus can also be affected. 

Failure To Attain the Close-Packed Su

pination Position during Toe-off. If the foot 

does not attain the close-packed supination 

position during toe-off, more activity of the 

supinator muscles is required to stabilize the 

foot. Because of the increased forces that oc

cur, the tibialis posterior muscle can be easily 

overloaded. There are a number of factors 

that can have a causative influence on an in

ability to achieve the close-packed position: 

• As a result of the increased velocity of 

motions in running, the stance phase of 

the foot occurs in a much shorter period 

of time; it is possible that there is simply 

not enough time for the foot to attain the 

supination position. 

• When a runner has a short stride, and 

thus increased adduction in the hips, it is 

much more difficult to supinate maxi

mally. 

• In some instances, the foot lands in an 

already supinated position. 

Unstable Medial Arch. When there is an 

unstable medial arch, the tibialis posterior is 

overloaded because more force must be ex

erted to hold the arch in position. When the 

extension of the metatarsophalangeal joints 

is limited, the plantar fascia is not sufficiently 

wound up around the heads of the metatar

sals. As a result, the medial arch stays col

lapsed and unstable. 

Changes in Other Joints. Changes in 

other joints, forcing the tibialis posterior 

muscle to function over an altered trajectory, 

can also result in an overuse condition. Such 

changes, for instance, would be a limjtation of 

ankle extension, limited hip or knee exten

sion, a varus position of the knee, increased 

external rotation of the hip or knee, or a leg 

length difference. 

Exogenous Factors 

Footwear. A sole that is too stiff with insuf

ficient torsion properties can restrict the 

midfoot and forefoot pronation and supina

tion, as well as the extension of the metatar

sophalangealjoints. A sole that is too floppy is 

often disadvantageous for shock absorption, 



so that, instead of the shoes,  the muscles have 

to assimilate most of the forces. At the same 

time, there is less control over the pronation 

motion of the foot. An insole that is too soft, 

too thin, or too hard decreases the shock ab

sorption of the shoe. A floppy heel counter 

does not offer enough stability to the 

calcaneous, thus making it easier for a valgus 

position to occur,  which takes the foot into 

more pronation. Too much pronation occurs 

when a varus wedge is absent or when this 

wedge is made from material that is too soft or 

too thill. 

Wear and tear of the shoes can also be sig

nificant. In runners with increased pronation, 

the medial side wears out, which allows the 

foot to stand in even more pronation. Shoes 

that are too tight can cause inactivity and 

even atrophy of the intrinsic foot flexors, so 

that the extrinsic foot muscles have to take 

over the function of maintaining the medial 

longitudinal arch. Shoes that are too wide 

decrease stability of the foot, which also leads 

to excessive load on the musculature. 

Walking or Running Surface. When the 

walking or running surface is changed ,  a ha

bituation period follows that often leads to an 

altered gait pattern ,  which in turn can lead to 

overuse of the musc ulature. A hard surface 

does not deform during walking or running. 

The forces acting upon the body at heel-strike 

are rather great, and the muscles have to ex

ert more force to absorb the shock during 

ground contact. In walking or running on a 

soft surface, the deformation that takes place 

is sometimes too great, and thus the muscles 

become fatigued by the loss of energy. The 

same holds true for walking on uneven 

ground : The pronation motion of the foot is 

more difficult to control. 

Habitual running on the same side of the 

street results in constant pronation of the foot 

on the c urb side. Habitual running in the same 

direction on a running track gives the feet, 

specifically the inside foot, less opportunity 

to reach supination. 
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Dif.ferential Diagnosis 

• Stress fracture (As a result of muscle fa

tigue ,  the bone undergoes repeated,  

rhythmic, submaximal resistance. When 

running, the individual experiences a 

searing pain, particularly during eccen

tric contraction of the muscles. The pain 

is precisely localized to one spot on the 

tibia, which is also tender to palpation. 

Differentiation between a stress fracture 

and the tibialis posterior syndrome is 

determined by means of radiologic ex

amination [Figure 1 7-36]. For early diag

nosis, a bone scan is indicated.) 

• Tenomyosynovitis of the tibialis anterior 

muscle (in this case, the pain is located 

more at the anterior aspect of the tibia) 

Clinical Findings 

The patient complains of a sharp, shooting 

pain in the middle and lower thirds of the 

medial edge of the tibia. The pain increases 

with activities such as running. In addition to 

the patient's general history, specific infor

mation about the patient's participation in 

sports is also important to determine possible 

causal factors for the disorder. During the in

spection, particular attention is paid to detect 

abnormalities in the positioning of the feet, 

the position of the calcanei, the medial longi

tudinal arches, and the lower legs, knees , and 

hips. As is the case with achillodynia, inspec

tion during movement is made from behind 

the patient. It  is important to note the amount 

of pronation of the foot, the stance phase of 

the foot, the amount of external rotation of 

the lower leg and thigh, any possible decrease 

in motion in one of the joints, and the stride. 

Functional Examination 

Not only the feet but also the knees and the 

hips are evaluated. Resisted inversion of the 

foot can be painful. Passive eversion of the 

foot can also be painful because of the stretch 

forces on the affected tibialis posterior. By 

means of palpation, the most painful site can 
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Figure 17-36 Conventional radiographs (two different views of the same lesion) disclosing a stress 
fracture in the diaphysis of the tibia (arrows). 



be located at the posterior aspect of the me

dial edge of the tibia. Generally, the painful 

area is 7 to 10  cm long. In some cases, the 

examiner can palpate minimal swelling. The 

radiologic examination sometimes demon

strates a thickened cortex of the tibia. On 

bone scan, increased activity of the bone tis

sue is sometimes visible (Figure 1 7-37) . 
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Treatment 

Treatment is both causal and local. The 

causal treatment, of course, depends on the 

findings from the patient history, inspection, 

and functional examination. All of the aberra

tions found in this way should be corrected as 

much as possible by means of orthotics and 

Figure 17-37 Bone scan depicting a " hot spot" in the diaphysis of the tibia, characteristic of a begin
ning stress (fatigue) fracture. 
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adaptations to the shoes. The most commonly 

used adaptations and orthotics for tibialis 

posterior syndrome include the following: 

• increasing the height of the medial arch 

to prevent increased pronation and to 

support the medial arch 

• stabilizing the calcaneus to prevent ex

cessive movement of the subtalar com

plex 

• a rocker bottom on the shoe to make the 

stance phase possible in hypomobile 

metatarsophalangeal joints 

• a lift, either in or under the shoe, to even 

out a leg length difference. 

If the cause of the problem lies in the shoe it

self, it should be either adapted accordingly 

or replaced with a more appropriate shoe. 

In many instances,  the treatment is re

stricted to giving advice ,  such as recommend

ing that the runner change sides of the street 

at regular intervals, change the running sur

face ,  or change directions on the running 

track.  Local therapy consists of transverse 

friction, cryotherapy, and cautious stretching 

of the tibialis posterior muscle. Such treat

ment should always be done in combination 

with muscle-strengthening exercises for the 

plantar flexors and supinators, when such ex

ercises can be done without pain. In stubborn 

cases, an injection with a local anesthetic or 

corticosteroid can be given in a dropwise 

manner. Surgery is indicated only in severe 

cases. To prevent recurrence, it is important 

that the athlete gradually increase training 

activities and adhere to advice received dur

ing the treatment period. 

Tenosynovitis 

Almost all disorders of the tibialis posterior 

muscle are caused in the same way as the pre

viously described tibialis posterior syndrome. 

A tenosynovitis of the tibialis posterior 

muscle is an inflammation of the tendon 

sheath either just posterior or just distal to 

the medial malleolus. 

Clinical Findings 

The patient complains of pain and local 

swelling at the medial side of the ankle and 

foot (Figure 1 7-38) . 

Functional Examination 

Resisted inversion of the foot can be painful 

in severe cases. Passive eversion of the foot is 

almost always the most painful test because 

the tendon sheath is stretched. The site of 

lesion can be precisely located by palpation. 

Treatment 

For causal treatment, refer to "Tibialis Pos

terior Syndrome," above. Local therapy con

sists of transverse friction and, in stubborn 

cases, injection of a corticosteroid between 

the tendon and tendon sheath. Occasionally, 

conservative treatment is unsuccessful, and 

surgery is indicated (Figure 1 7-39) . 

Insertion Tendopathy 

An insertion tendopathy is a typical sports

induced lesion with the same causes as de

scribed in the discussion of tibialis posterior 

syndrome. 

Clinical Findings 

The patient complains of pain and local 

swelling at the medial side of the foot. 

Functional Examination 

Resisted inversion of the foot is the most 

painful test. Passive eversion of the foot can 

be painful because of the stretch forces on the 

affected insertion. Palpation can be used to 

determine the exact site of the lesion at the 

plantar aspect of the navicular tuberosity. 

Treatment 

For a discussion of causal treatment, refer 

to "Tibialis Posterior Syndrome."  Local 

therapy consists of transverse friction and, in 

stubborn cases, injection of a corticosteroid 

between the tendon and tendon sheath. Oc

casionally, conservative treatment is unsuc

cessful, and surgery is indicated. 
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Figure 17-38 Clinical photograph of swelling underneath the left medial malleolus, caused 
by a chronic tenosynovitis of the tibialis posterior muscle. 

Rupture 

A rupture of the tendon of the tibialis pos

terior muscle is seen particularly in middle

age patients who have a pes plano valgus. This 

rupture can occur spontaneously, without 

the patient ever having experienced previous 

problems. 

Clinical Findings 

Although the rupture occurs spontane

ously, the symptoms appear gradually. The 

symptoms are rarely severe, even though the 

patient has a significant loss of strength in 

inversion of the foot. There is a markedly col

lapsed medial arch on the affected side, and 

the region of the tibialis posterior tendon is 

obviously swollen .  

Treatment 

Conservative treatment by means of an 

orthotic is rarely effective. Surgery is usually 

the preferred treatment, and postoperatively 

the position of the foot should be corrected 

using orthotics . These procedures usually 

lead to complete recovery. 

PLANTAR F ASCIITIS 

Plantar fasciitis is a disorder frequently 

seen in runners. It consists of an insertion 

tendopathy of the plantar fascia (plan tar apo

neurosis) at the medioplantar aspect of the 

calcaneus (Figure 1 7-40) . A so-called heel 

spur will be visible in plain films when the 

condition has been left untreated for an ex

tended period. As a complication, sometimes 

a stress fracture of the calcaneus occurs. This 

condition is characterized by diffuse pain un

der the heel and slight swelling of the soft tis

sue at both the lateral and the medial side of 

the calcaneus. Plain films confirm the diagno

sis only 3 to 6 weeks after the onset of the 

symptoms. 

Plantar fasciitis can be the result of biome

chanical endogenous factors or of exogenous 

factors, such as footwear and running sur

face.  The two endogenous factors are flat foot 

and high-arched foot (pes cavus) . The flat 

foot is the most common cause of the disor

der. When the foot is loaded, the medial longi

tudinal arch collapses, and the plantar fascia 

is stretched. During walking or running, the 
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Figure 17-39 Photograph taken during surgery depicting a severe tenosynovitis around the tendon of 
the tibialis posterior, just plantar to the medial malleolus. Note the inflammatory coating around the 
tendon accompanied by an outpouring of fluid. 

fascia comes under even more stretch forces 

during toe-off. Hyperpronation can further 

increase the stretch on the plantar fascia. In 

the high-arched foot, the fascia is shortened 

and as a result can come under too much 

stretch. 

With regard to the exogenous factors, foot

wear plays a particularly important role. A 

sole that is too flexible increases pronation. A 

heel counter that is too soft provides insuffi-

cient stability to the calcaneus, allowing it to 

remain in a valgus position and again causing 

too much pronation of the foot. Inefficient 

shock absorption of the sole can also lead to 

plantar fasciitis. A too hard surface, particu

larly in combination with an inefficient shock

absorbing sole, is another contributing factor 

to plantar fasciitis. 

When this disorder is seen bilaterally, it can 

be the result of a systemic disease, such as 
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Figure 17-40 Typical location of pain in plantar fasciitis. 

rheumatoid arthritis, ankylosing spondylitis, 

or Reiter's disease. 

Differential Diagnosis 

• Calcaneodynia: With aging, degenera

tive changes of the fat pad that lies be

tween the plantar aspect of the calca

neus and the skin occurs (lipoatrophy) . 

The loss of function of this fat pad can 

eventually lead to a contusion of the 

posteroplantar part of the calcaneus. Fi

nally, microfractures or periostial irrita

tion can follow. Initially, the patient only 

complains of local pain while walking or 

running; later, the pain is also experi

enced at rest. The functional examina

tion is negative. There is severe tender

ness to palpation at the site of the lesion. 

Treatment consists of making use of a 

heel cup of soft, shock-absorbing mate

rial, possibly with a cut-out at the site of 

the most tender point. A standard vis

coelastic heel cup is sufficient in most 

cases. 

• Injracalcaneal bursitis: Infracalcaneal 

bursitis is found between the inferior 

calcaneal tubercle and the plantar fascia. 

Differentiation between this bursitis and 

the plantar fasciitis is almost always only 

possible by means of an injection with a 

local anesthetic. 

• Compression neuropathy oj the me

dial and lateral plantar nerves: A 

compression neuropathy of the medial 

or lateral plantar nerves is seen particu

larly in individuals with flat feet and in 

runners with hyperpronation. As a result 

of the pronation, these nerves ,  which lie 

at the medial side of the calcaneus, are 

stretched.  The patient complains of 

burning local and radiating pain. 

• Tarsal tunnel syndrome: Tarsal tunnel 

syndrome is a compression neuropathy 

of the tibial nerve in the tarsal tunnel. As 

in the compression neuropathy de

scribed above, this syndrome can also 

occur as the result of a collapsed medial 

arch or a valgus position of the calca

neus. Most often it is the result of a frac

ture of either the medial malleolus or the 

calcaneus. 

Clinical Findings 

The patient's symptoms can be classified 

according to the clinical stages of an insertion 

tendopathy. As is the case with achillodynia 
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and tibialis posterior syndrome, sport-spe

cific history is of great importance in deter

mining causal factors. 

Functional Examination 

Resisted toe flexion can be painful because 

the intrinsic toe flexors are connected to the 

insertion of the plantar fascia. Toe raises can 

be painful. There is tenderness to palpation at 

the medioplantar side of the calcaneus. A heel 

spur may be visible on plain films (Figure 1 7-

4 1 ) .  

Treatment 

As a first step , treatment is causal. An 

orthotic to support the medial arch, shock

absorbing inlays, a more stable heel counter, 

and wedges in the shoes are all treatments to 

be considered. In addition, the patient should 

reduce participation in sports activities at 

least to a level of acceptable pain tolerance. 

As the symptoms decrease, the activities can 

be gradually increased.  Causal treatment 

usually leads to quick recovery. In stubborn 

cases , a local injection of corticosteroid can 

be given. After this injection , the patient 

should not put weight on the affected foot [or 

1 week. 

LESIONS OF THE TIBIALIS 
ANTERIOR MUSCLE 

In lesions of the tibialis anterior muscle, 

differentiation is made among tendinitis ,  

tenosynovitis, and tenomyosynovitis . 

Tendinitis 

Tendinitis of the tibialis anterior muscle 

can be located anywhere in the tendon. The 

cause is usually overuse, often the result of 

uphill running, skating, or cross-country ski

ing. If this lesion goes untreated,  the symp

toms can last for months. 

Clinical Findings 

The patient complains of pain at the ante

rior side of the ankle and foot. Often there is 

visible swelling. 

Figure 17-41 Lateral conventional radiograph of the foot of a long-distance runner. The classic heel 
spur (plantar arrow) can be seen, as can a traction osteophyte (posterior arrow) at the level of the 
insertion of the Achilles tendon. 



Functional Examination 

Resisted extension of the ankle, combined 

with supination and adduction of the foot, is 

painful .  Often, passive plantar flexion, in 

combination with abduction and pronation of 

the foot, is painful because of stretch forces 

on the affected structure. Using palpation 

techniques, the examiner can precisely locate 

the site of the lesion. 

Treatment 

Transverse friction is effective in this le

sion. 

Tenosynovitis 

Tenosynovitis of the tibialis anterior usu

ally is caused by either indirect or direct 

trauma or as the result of micro trauma, such 

as irritation from poorly fitting footwear. If 

this lesion goes untreated, the symptoms can 

last for months. 

Clinical Findings 

The patient complains of pain at the ante

rior side of the ankle and foot. Often, there is 

visible swelling longitudinally along the ten

don. 

Functional Examination 

Resisted extension of the ankle, combined 

with supination and adduction of the foot, is 

usually not painful. Passive plantar flexion in 

combination with abduction and pronation of 

the foot is the most painful test. Crepitation is 

sometimes palpable. The site of the lesion can 

be precisely located through palpation. 

Treatment 

Transverse friction is effective. 

Tenomyosynovitis 

Tenomyosynovitis of the tibialis anterior is 

a typical overuse lesion that is particularly 

seen in skaters and cross-country skiers. 
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Sometimes ,  it is also seen in long-distance 

runners, particularly those who do a signifi

cant amount of uphill running. 

Clinical Findings 

The patient complains of local pain at the 

anterior side of the lower leg at the level of the 

musculotendinous junction. There is obvious 

local crepitation during active movements of 

the foot. 

Functional Examination 

Resisted extension of the ankle, combined 

with supination and adduction of the foot, is 

painful. Passive plantar flexion in combina

tion with abduction and pronation of the foot 

is the most painful test. Using palpation, the 

examiner can precisely locate the site of the 

lesion. 

Treatment 

Complete resolution of the symptoms can 

usually be achieved in 2 to 4 weeks by com

bining transverse friction with a reduction of 

the pain-provoking activities during the pe

riod of treatment. 

LESIONS OF THE PERONEAL 
MUSCLES 

Tenosynovitis 

Tenosynovitis of the peroneal muscles is a 

complication that is frequently seen as the 

result of inversion trauma of the foot. 

Clinical Findings 

The patient complains of pain at the lateral 

side of the ankle. Sometimes there is visible 

local swelling along the course of the peroneal 

tendons. 

Functional Examination 

Passive extension, supination, and adduc

tion represent the most painful test, resulting 

from stretch forces on the affected tendon 
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sheath. In severe cases, resisted plantar flex

ion of the ankle combined with abduction and 

pronation of the foot are painful. By the use of 

palpation, the exact site of the lesion can be 

located. This can vary from just behind the 

lateral malleolus to the base of the fifth meta

tarsal. 

Treatment 

The preferred treatment is transverse fric

tion. Generally, the patient achieves com

plete relief of symptoms after about six 1 5-

minute treatments. In therapy-resistant 

cases, which are rare, a local injection of cor

ticosteroid can be given between the tendon 

and the tendon sheath. 

Insertion Tendopathy of the Peroneus 
Brevis Muscle 

Insertion tendopathy of the peroneus 

brevis muscle is an overuse lesion that is par

ticularly seen in sprinters. 

Clinical Findings 

The patient complains of pain at the lateral 

edge of the foot. 

Functional Examination 

Resisted plantar flexion of the ankle com

bined with pronation and abduction of the 

foot are painful. Palpation reveals a tender

ness at the tuberosity of the fifth metatarsal. 

Treatment 

In almost all cases, transverse friction is 

effective.  In the third and fourth clinical 

stages of this insertion tendopathy, pain-pro

voking sports activities should be restricted. 

Dislocation of the Peroneal Tendons 

Dislocation of the peroneal tendons occurs 

as the result of inversion trauma of the foot in 

which the superior peroneal retinaculum rup

tures. The tendons dislocate anteriorly, re

sulting in what is sometimes referred to as a 

"snapping ankle." Longitudinal tears some

times develop in the tendon because of the 

repeated rubbing over the lateral malleolus 

(Figure 1 7-42) . 

Clinical Findings 

The patient complains of pain posterior to 

the lateral malleolus, which is felt when walk

ing. The dislocation occurs during active ex

tension of the ankle in combination with pro

nation of the foot. In approximately 50% of all 

cases, a small piece of bone will be visible on 

conventional radiographs, indicating an avul

sion of the retinaculum. 

Treatment 

Surgery is always indicated. Untreated pa

tients are likely to develop a permanent 

"snapping ankle" with the feeling of instabil

ity. 

TENOSYNOVITIDES OF THE FOOT 

Tenosynovitis of the Extensor Hallucis 
Longus 

In some cases, tenosynovitis of the exten

sor hallucis longus is the result of inversion 

trauma of the foot. Occasionally, it is caused 

by chronic irritation from ill-fitting shoes. In 

middle-age individuals, irritation of the ten

don and tendon sheath can occur as the result 

of an osteophyte at the dorsal aspect of the 

navicular at the level of the talonavicular 

joint. 

Clinical Findings 

The patient complains of pain at the 

anteromedial side of the instep that increases 

with resisted extension of the great toe, pas

sive flexion of the great toe (with the ankle 

and foot also in plantar flexion) , or both. 

Crepitation is sometimes noted. 

Treatment 

Transverse friction is effective when the 

lesion is the result of inversion trauma. If the 
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Figure 17-42 Photograph taken during surgery showing a severe lesion of the peroneus brevis ten
don; the tendon is torn longitudinally. This lesion is typically found in patients with recurrent dislocation 
of the peroneal tendons. 

lesion occurs because of an osteophyte of the 

navicular bone, surgical removal of the osteo

phyte is the only possible treatment. 

Tenosynovitis of the Extensor 
Digitorum Longus 

Tenosynovitis of the extensor digitorum 

longus, which is seldom seen, may be the re

sult of inversion or plantar flexion trauma of 

the foot. It may also be caused by overuse, for 

example from hiking a long distance. 

Clinical Findings 

The patient complains of pain at the ante

rior aspect of the ankle and the instep. 

Functional Examination 

Passive inversion of the foot is painful, par

ticularly when the toes are passively flexed. 

In severe cases, resisted eversion of the foot 

combined with resisted extension of the toes 

is also painful. Sometimes there is crepita

tion. 

Treatment 

In most cases , only a few treatments of 

transverse friction are necessary to achieve 

complete recovery. 

Tenosynovitis (Stenosans) of the 
Flexor Hallucis Longus 

Tenosynovitis of the flexor halluc is longus 

is seen rather frequently in ballet dancers. 

The irritation, or stenosis, is found at the pos

terior side of the talus, where the tendon runs 

between the medial and lateral tubercles of 

the posterior process of the talus. A second 

location for the lesion is at the base of the 

great toe between the two sesamoid bones. 

Differential Diagnosis 

• Posterior tibiotalar compression syn

drome 

• Subtendineal Achilles bursitis 

• Tendinitis or tenosynovitis of the tibialis 

posterior or the flexor digitorum longus 

muscles (extremely rare) 

Clinical Findings 

The patient complains of pain and swelling 

behind the medial malleolus. The pain occurs 

particularly while jumping and during plies 

(leaps that are executed while the knees are 

bent with the back held straight) . Sometimes 

there is palpable and even audible crepita

tion. 
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Functional Examination 

Resisted flexion of the great toe is painful. 

Passive extension of the great toe is also pain

ful. A so-called functional hallux rigid us oc

curs . When the ankle and foot are held in 

plantar flexion, the great toe can be com

pletely extended, but when the ankle and foot 

are in extension, the extension of the great 

toe is significantly limited (because of pain) . 

When the lesion is located between the sesa

moid bones at the base of the great toe , the 

patient, when walking, will experience pain at 

this site. Palpation will disclose a local tender

ness. In this instance, the patient cannot per-

form active flexion of the interphalangeal 

joint of the great toe when the metatarsopha

langeal joint is held in neutral position. 

Treatment 

Transverse friction, cautious stretching, 

and reducing the pain-provoking activities 

usually result in a quick recovery. In many 

cases, however, symptoms that still remain 

can be treated with several injections of a lo

cal anesthetic. In stubborn cases, corticoster

oid injections are indicated.  Surgery is some

times needed to treat therapy-resistant. 

cases. 

17.7 COMPARTMENT SYNDROMES 

Compartment syndromes are caused by 

the disturbed functioning of muscles, nerves ,  

and blood vessels within a tightly enclosed 

space as the result of increased pressure. An 

increase of the arterial blood supply (and, 

through that, the muscle volume) impedes 

the venous flow, causing a vicious cycle to 

occur. 

In the lower leg, four different compart

ment syndromes are identified (Figure 1 7-

43) :  

1 .  Anterior compartment syndrome: 

The following structures are involved: 

deep peroneal nerve, tibialis anterior 

muscle, and extensor digitorum longus 

muscle. 

2. Lateral compartment syndrome: 

This syndrome involves the superficial 

peroneal nerve and the peroneal 

muscles. 

3. Superficial posterior compartment 

syndrome: This syndrome involves the 

gastrocnemius and soleus muscles. 

4. Deep posterior compartment syn

drome: This syndrome involves the 

tibialis nerve and the posterior tibialis 

and flexor digitorum longus muscles. 

Clinical Findings 

The patient complains of increasing pain in 

the affected compartment during activity, 

such as running, with a decrease in strength 

in the affected muscles. Sometimes there is 

paresthesia in the affected nerve's cutaneous 

area of innervation. 

Functional Examination 

In the functional examination, Lhere is pain 

and loss of strength when the affected 

muscles are tested against resistance. 
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Figure 17-43 The four compartments of the lower leg. A, Anterior compartment; B, lateral 
compartment; C, superficial posterior compartment; D, deep posterior compartment. 

Treatment 

Conservative therapeutic measures are 

tried to diminish the symptoms, one of the 

most important being to decrease the causal 

sports activity. If conservative treatment 

17.8 OTHER PATHOLOGY 

GANGLION 

A ganglion can occur at several different 

places in the foot. It can come from a tendon 

sheath or from out of a joint capsule (Figure 

1 7-44) . A frequently seen location is between 

the heads of two metatarsals , which causes 

them to splay. 

Clinical Findings 

In most cases, the patient does not have 

any pain unless the ganglion is so large that it 

does not result in improvement, a surgical 

fasciotomy is indicated. Surgery is critical 

when the symptoms do not spontaneously 

decrease with rest. In these cases, muscle 

necrosis can develop if surgery is not per

formed in time. 

causes chronic compression in the shoe. The 

ganglion is visible and can sometimes feel 

hard to the touch. When the ganglion is lo

cated between two metatarsal heads, an obvi

ous local splaying of the metatarsals can be 

seen when the patient stands. 

Treatment 

In some cases, the ganglion disappears for 

either a short or a long period of time after it 

has been aspirated and then injected with a 

corticosteroid. In most cases, however, gan-
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Figure 17-44 Clinical photograph of a ganglion coming from the tendon sheath of the extensor 
digitorum longus. This ganglion was successfully eliminated after three sessions of aspiration and the 
injection of 0 .2  mL of triamcinolone acetonide ( 1 0  mg/ml). 

glions recur. Therefore , surgery is indicated 

in patients for whom a ganglion may cause 

significant problems. 

PLANTAR FIBROMATOSIS 
(DUPUYTREN'S CONTRACTURE) 

About one third of all patients with plantar 

fibromatosis (a cordlike or nodular growth of 

collagenous fibers) also have Dupuytren's 

contracture in the hand. Most patients have a 

slightly sensitive nodule on the sole of the foot 

at the level of the flexor hallucis longus ten

don (Figure 1 7-45) , just proximal to the head 

of the first metatarsal. Sometimes ,  two or 

three slightly larger nodules occur more 

proximal at the sole of the foot. These nodules 

are firmly connected to the medial edge of the 

plantar fascia. Contractures, such as those 

seen in the hand, seldom occur in the foot. 

Clinical Findings 

Because the nodules are located at a place 

where relatively little weight bearing occurs, 

there is usually minimal pain. The nodules are 

palpable and usually easily seen . 

Treatment 

A soft inlay for the shoe is recommended 

when the patient complains of pain. In gen

eral, the best treatment is just to reassure the 

patient by providing a thorough explanation 

of the disorder. Surgery is rarely necessary. 

SUBTENDINOUS ACHILLES BURSITIS 

Sub tendinous Achilles bursitis is an inflam

mation of the bursa between the proximal 

part of the calcaneal tuberosity and the Achil

les tendon. This lesion usually occurs as the 

result of chronic irritation, for instance a 

thickening of the Achilles tendon or a 

Haglund exostosis (see Figure 1 7-30) . 

Clinical Findings 

The patient complains of pain at the poste

rior aspect of the ankle, increasing at end

range plantar flexion of the ankle. 
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Figure 17-45 Clinical photograph of a nodule in the flexor hallucis longus tendon, characteristic of 
plantar fibromatosis. 

Functional Examination 

Sometimes toe raises are painful. The best 

way to differentiate this lesion from an Achil

les tendon problem is by means of an injection 

of a local anesthetic. 

Treatment 

The treatment consists of an injection (af

ter aspiration) of a local anesthetic .  In in

stances of recurrence, an injection of corti

costeroid can be given. 

SUBCUTANEOUS CALCANEAL 
BURSITIS 

The subcutaneous calcaneal bursa lies be

tween the Achilles tendon and the skin and 

can become irritated through pressure from 

footwear. An excessively hard or high heel 

counter is usually involved. A Haglund exos

tosis can also be a possible cause of a subcuta

neous calcaneal bursitis (see Figure 1 7-30) . 

Often, after a period of time, thickening and 

hardening ofthe skin occur. Sometimes this is 

called the "winter heel" syndrome. 

Clinical Findings 

The patient complains of pain at the poste

rior aspect of the heel when walking or run

ning. Often there is visible swelling and red

ness. 

Functional Examination 

Although the functional examination is 

negative, there is some local tenderness to 

palpation. 

Treatment 

The patient should wear shoes or boots 

with a soft heel counter. I f  necessary, the 

bursa can be injected with a local anesthetic. 

* * * 

For an overview of the common patholo

gies of the ankle and foot, refer to Appendix 

B, Algorithms for the Diagnosis and Treat

ment of the Lower Extremeties 
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17.9 ORTHESIOLOGY 

A functional orthotic is a mechanical 

assistive device that is used to get the foot to 

function as physiologically correctly as pos

sible.8 A functional orthotic should never sup

port the medial arch; rather, it should correct 

the abnormal (hyper)mobility of the foot. Ei

ther supple or hard materials can be used. 

FUNCTIONAL SUPPLE ORTHOTICS 

The making of these orthotics is based on 

measurements taken during the biomechani

cal foot examination and conclusions reached 

during a walking or running analysis. Such 

orthotics are best made by a podiatrist. As a 

working plan, the footprint of the patient is 

made with the help of a podograph. The 

orthotic should consist primarily of two ele-

ments: a supinating or pronating element, 

which particularly influences the function of 

the subtalar complex, and an element that is 

placed under the head of the first metatarsal 

to influence the function of the first metatar

sal. 

FUNCTIONAL RIGID ORTHOTICS 

Functional rigid orthotics are made based 

on a cast of the foot, in which the correction 

principle is derived from the measurement 

results of the biomechanical examination 

and the conclusions of the walking analysis. 

The essential aim of these orthotics is to re

strict abnormal pronation. Body weight is an 

important factor in the choice of material 

thickness. 



Chapter 18 

Treatment Techniques in 

Lesions of the Ankle and Foot 

COMPRESSION NEUROPATHY OF THE SUPERFICIAL 

PERONEAL NERVE 

Functional Examination 

Passive inversion of the foot is sometimes 

painful. The remaining parts of the functional 

examinaLion of the foot and knee are nega

tive. For other clinical findings, refer to Chap

ter 19. 

INJECTION 

When there has not been an obvious inver

sion trauma of the foot before the onset of the 

symptoms, differentiation between a com

pression neuropathy of the superficial pero

neal nerve and an L5 nerve root irritation is 

not always easy. A perineural injection of the 

superficial peroneal nerve can help confirm 

the diagnosis. 

Position of the Patient 

The patient either sits or lies supine on the 

treatment table. 

Position of the Physician 

The physician sits or stands next to the 

treatment table, at the patient's affected side. 
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Performance 

The physician carefully brings the foot into 

the most maximal inversion possible. In most 

cases, the intermediate ramus of the superfi

cial peroneal nerve becomes visible and is al

most always palpable. The intermediate ra

mus is now followed proximally to the point 

where the nerve disappears under the deep 

fascia of the lower leg. Pressure on this point 

usually evokes the typical symptoms of the 

patient. 

A syringe is filled with 1 mL of a local anes

thetic (eg, 1% lidocaine). From distally, a 3-

cm long needle is inserted parallel to the 

nerve (Figure 18-1). When the patient's 

symptoms are provoked, the needle is slightly 

withdrawn, and the local anesthetic is in

jected. If the symptoms disappear, the injec

tion is repeated 1 week later with 1 mL of a 

corticosteroid. 

Results from the injections are usually 

good. Surgery is needed only in rare in

stances. 
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Figure 18-1 Per ineura l  i njection of the superf ic ia l peroneal nerve at the level of the compression site. 

COMPRESSION NEUROPATHY OF THE DEEP PERONEAL 

NERVE 

Functional Examination 

Passive plantar flexion ofthe foot combined 

with passive flexion of the toes is often painful 

(as a result of the exertion of stretch forces on 

the nerve). In severe cases, there is a loss of 

strength in toe extension, resulting from a 

deficit of the extensor digitorum brevis. For 

other clinical findings, refer to Chapter 19. 

INJECTION 

Compression of the deep peroneal nerve 

usually occurs at the level of the base of the 

first metatarsal, where the nerve penetrates 

the deep fascia of the foot. 

Position of the Patient 

The patient sits or lies supine on the treat

ment table. 

Position of the Physician 

The physician sits or stands at the foot of 

the treatment table. 
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Figure 18-2 Perineura l i njection of the deep peroneal nerve at the level of the base of the fi rst 
metatarsal. 

Performance 

The physician holds the foot and the toes in 

slight plantar flexion with one hand; the other 

hand locates the exact site ofthe compression. 
A syringe is filled with 1 mL of local anes

thetic (eg, 1 %  lidocaine ) ,  and a 3-cm long 

needle is inserted at an angle of about 70° in 

relation to the great toe (Figure 1 8-2) . The 

needle is pushed in until there is an increase 

in the symptoms from the nerve. Then the 

needle is withdrawn slightly, and the solution 

is slowly injected. 

I f  the symptoms decrease or completely 

disappear right after the injection, the injec

tion is repeated 1 week later with 1 mL of a 

corticosteroid. If necessary, this injection can 

be repeated several times at 2-week intervals. 

If the symptoms continually recur, surgery is 

indicated. 
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TRAUMATIC ARTHRITIS OF THE TALOCRURAL JOINT 

Functional Examination 

There is a capsular pattern of painfully lim

ited motions of the talocrural joint. Plantar 

flexion is usually slightly more limited than 

extension. 

INTRAARTICULAR INJECTION 

An intraarticular injection with a cortico

steroid is only indicated when conservative 

measures, such as physical therapy and medi

cation, do not provide the desired results. 

Position of the Patient 

The patient is supine on the treatment 

table with the foot in approximately 1 0° plan

tar flexion. 

Position of the Physician 

The physician sits or stands next to the foot 

of the treatment table. With one hand, the 

physician holds the patient's foot in 10° plan

tar flexion; the injection is given with the 

other hand. 

Performance 

The physician locates the joint space be

tween the tibia and talus and between the 

tendons of the extensor digitorum longus and 

the tibialis anterior. Two milliliters of a corti

costeroid is injected with a 3-cm needle, in

serted vertically (Figure 1 8-3) . 

If a stubborn traumatic arthritis or a trau

matized arthrosis is concerned, the injection 

almost always results in a cure . In rare in

stances, when the arthritis originates from 

one of the rheumatic diseases, several injec

tions can be given at 3- to 6-month intervals. 

Follow-Up 

After the injection, the patient should keep 

weight off the affected leg for 3 days. 

LOOSE BODY IN THE TALOCRURAL JOINT 

Functional Examination 

The functional examination of the foot is 

usually negative. Sometimes extension or 

plantar flexion of the ankle can be painful or 

limited. 

MANIPULATION 

Position of the Patient 

The patient is supine on the treatment 

table, with the affected foot positioned just 

over the edge. The distal part of the lower leg 

is supported by a small pillow or towel roll. 

Position of the Therapist 

The therapist stands at the foot of the treat

ment table. If the left foot is affected, the 

therapist grasps the patient's heel from me

dial with the left hand, bracing this hand 

against the edge of the table. The right hand 

grasps the midfoot from the lateral aspect; 

the little finger is at the level of the talar neck. 

Position of the Assistant 

The assistant stands next to the treatment 

table, at the patient's affected side. The as

sistant grasps the patient's lower leg just dis

tal to the knee and fixes it against Lhe treat

ment table. 

Two mobilization belts can be used when 

an assistant is not available. One belt is placed 

at the groin to prevent the patient from slid

ing distally. The other belt fixates the lower 

leg to prevent the knee from flexing. 
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Figure 18-3 I ntraarticular i njection of the ta locrural jo int .  

Performance 

The therapist stands with one leg in front 

of the other and shifts the body weight 

backward. In so doing, the talocrural joint 

is placed in traction. As a first step, the 

therapist positions the patient's foot into a 

position of eversion. From here, the thera

pist makes as large a circumduction move

ment as possible with the patient's foot, 

moving from eversion toward inversion (in 

so doing, the therapist avoids reaching the 

end-range inversion position) . The hand 

grasping the heel allows only slight motion; 

the other hand performs most of the move

ment. This circumduction movement, from 

eversion toward inversion, is performed 

quickly (manipulatively) , after which the 

foot, which is still under traction, is 

brought slowly back to the initial position 

(Figure 1 8-4) . This maneuver is repeated 

two to four times. 

If the functional examination was nega

tive before the treatment, the patient should 

decide during the next several days whether 

the treatment was effective. If the func

tional examination was positive, the painful 

and restricted movements are retested after 
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Figure 18-4 Manipu lation of the talocrural joint to sh ift a loose body. 

the manipulation. If the treatment provided 

improvement, the same maneuver can be 

repeated several times. If there is  no change 

in the findings, the manipulation can be per

formed in an eversion direction. 

In most cases, one to three treatments are 

necessary to achieve complete relief of the 

symptoms. If the treatment is ineffective and 

the symptoms are severe, the loose body may 

have to be removed surgically. 

ANTERIOR TIBIOTALAR COMPRESSION SYNDROME 

Functional Examination 

Passive extension of the ankle is painful 

and sometimes limited. Passive plantar flex

ion of the ankle can be painful (as a result of 

the exertion of stretch forces on the affected 

soft tissue structures) . For other clinical find

ings, refer to Chapter 17. 

INJECTION 

Although not always successful as a treat

ment for this syndrome, an injection should 

be tried before surgery is contemplated. Ap-

propriate surgery would include removal of 

the exostoses and affected soft tissue struc

tures at the anterodistal aspect of the tibia 

and at the talar neck. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits or stands next to the foot 

of the treatment table. One hand holds the 

patient's foot in slight plantar flexion; the 

other hand gives the injection. 
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Figure 18-5 (A) I njection of the irritated soft t issue structures at the anterodistal aspect of the tibia i n  
anterior t ibiota lar compression syndrome. (8) I njection of  the  i rritated soft t issue structures at the talar 
neck. 
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Performance 

The physician locates the site of most ten
derness. A Mantoux syringe with a 3-cm 
needle is filled with 1 mL of corticosteroid. 
Both the anterodistal aspect of the tibia and 
the neck of the talus are injected in a 
drop wise fashion, directed by the patient's 
pain (Figure 18-5). 

Follow-Up 

The patient should not put weight on the 
affected leg for 3 days after the injection. Usu
ally, a second injection is necessary after 10  to 
14 days. If the treatment has minimal or no 
effect, surgical exostectomy is the only alter
native treatment. 

POSTERIOR TIBIOTALAR COMPRESSION SYNDROME 

Functional Examination 

Passive plantar flexion of the ankle is the 
most painful test. Passive extension of the 
ankle is usually somewhat painful (as a result 
of the exertion of stretch forces on the irri
tated soft tissue structures). 

INJECTION 

Compression of the soft tissue structures 
between the talus and tibia at the posterior 
side of the ankle can occur when the lateral 
tubercle of the posterior process of the talus 
is abnormally large or when there is an os 
trigonum. This condition may be the result of 
plantar flexion trauma (usually inversion 
trauma) and is sometimes seen in dancers 
who dance on point. In some cases, an injec
tion with a corticosteroid is indicated (refer 
to Chapter 17 for more specific information 
about this disorder). 

Position of the Patient 

The patient is prone on the treatment table, 
with the affected foot hanging just over the 
edge. 

Position of the Physician 

The physician stands or sits next to the foot 
of the treatment table. One hand holds the 

patient's foot in 0° so that the distance be
tween talus and tibia at the posterior aspect is 
somewhat widened and the soft tissue is 
brought under slight tension. 

Performance 

A 2-mL syringe is filled with 1 mL of corti
costeroid and 1 mL of local anesthetic. A 5-cm 
needle is inserted almost verticaUy, lateral to 
the Achilles tendon, at a point approximately 
2 cm proximal to the distal point of the lateral 
malleolus. After the needle is pushed in 3 to 4 
cm, the affected tissue is usually reached. 

Guided by where the patient feels pain, the 
posterodistal edge of the tibia (proximal) and 
the lateral process of the talus (distal) are 
injected in a dropwise fashion (Figure 18-6). 
The joint capsule and the fatty tissue, in par
ticular, are responsible for the symptoms. 

Follow-Up 

The patient should not put weight on the 
affected leg for 3 clays after the injection. Af
terward, the ankle can be taped to restrict 
maximal plantar flexion. Two weeks later, if 
there is significant improvement, a second 
injection can be given. Surgery is recom
mended in instances of recurrence. 
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Figure 18-6 I njection of the i rritated soft t issue structures in posterior tibiota lar  compression syn
drome. 

TRAUMATIC ARTHRITIS OF THE SUBTALAR JOINT 

Functional Examination 

There is a capsular pattern of painful lim
ited motions of the subtalar joint; varus move
ment is much more limited and painful than 
valgus. 

INTRAARTICULAR INJECTION 

An intraarticular injection in the subtalar 
joint is rarely indicated. Although it can offer 
relief lasting from months to years for pa
tients with rheumatoid arthritis of this joint, it 
is only given when relief cannot be obtained 

from oral medication. Other disorders that 
may benefit from this injection include sub
acute traumatic arthritis and subacute arthri
tis in adults (refer to Chapter 17 for more spe
cific information about these disorders). 

Position of the Patient 

The patient lies either supine or in 
sidelying with the affected side on the treat
ment table. In the first position, the knee is 
flexed and the hip is abducted and externally 
rotated so that the foot is supported flat on 
the table. In the second position, the patient 
lies in such a way that the medial side of the 
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A 
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Figure 18-7 (A) I ntraarticular i njection in the anterior part of the subtalar joint. (B) Skeletal model of the 
intraa rt icu lar i njection i n  the anterior part of the subta lar  jo int .  
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Figure 18-7 (C) I ntraarticular i njection i n  the posterior part of the subtalar joint. (0) Skeletal model of 
the intraart icular i njection i n  the posterior part of the subtalar jo int .  
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foot is up and the lateral side of the foot is flat 
against the table. 

Position of the Physician 

The physician stands or sits next to the 
treatment table, facing the medial side of the 
foot. The foot is usually in a valgus position 
because of the capsular pattern of limitations. 
The physician supports the foot in this posi
tion and gives the injection from medial. 

Performance 

First, the proximal edge of the sustentacu
lum tali is located. A 2-mL syringe is filled 
with a corticosteroid, and a 2-cm long needle 
is inserted horizontally just above the susten
taculum tali in the direction of the tarsal sinus 
at the lateral side of the foot. If the needle 
contacts bone after about 1 cm, the direction 
of the needle is slightly changed so that it can 

be pushed farther in without resistance. The 
tip of the needle now lies in the anterior part 
of the subtalar joint, and here 1 mL of solution 
is injected (Figure IS-7, A and B). 

The needle is now withdrawn to a point just 
underneath the skin and is reinserted at a 45° 
angle more posterior, where the posterior 
part of the subtalar joint is injected (Figure 
IS-7, C and D) . 

Follow-Up 

The patient should not put weight on the 
affected leg for at least 3 days. Usually, the 
pain disappears after several days, but the 
limitation of motion usually remains for quite 
some time. This limitation can be treated with 
joint-specific mobilization. If the pain has not 
completely disappeared after 2 weeks, a sec
ond injection should be given. 

HYPERMOBILITY OF THE SUBTALAR JOINT 

TAPING OR BRACING 

Hypermobility of the subtalar joint espe
cially occurs as the result of inversion trauma. 
If this hypermobility is not corrected, 
achillodynia, shin splints, or plantar fasciitis 
can occur, particularly after vigorous sports 
activities (such as those requiring running 
and jumping). The following description em
phasizes how, in particular, the varus move
ment of the calcaneus can be restricted. 

Position of the Patient 

The patient is supine on the treatment 
table, with the foot and the distal half of the 
lower leg extended over the edge. 

Position of the Therapist 

The therapist sits or stands at the foot of 
the treatment table, facing the patient's af
fected foot. With one hand, the therapist 

holds the patient's foot in 0° extension. The 
other hand applies the tape. 

Performance 

First, the elastic foundation is applied as 
described in "Inversion (or Varus) Trauma" 
(Figure IS-SA). Next, the therapist applies 
two strips of nonelastic tape, beginning at the 
medial malleolus, to bring the calcaneus into 
the proper position, being careful not to over
correct (Figure IS-SB). These fixation strips 
cross over each other at the lateral malleolus 
and run proximally about 20 cm farther. The 
tape construction is ended with the same tap
ing technique as described in "Inversion (or 
Varus) Trauma" (Figure IS-SC). 

When the main problem in the subtalar 
complex is an abnormal valgus position or 
valgus tipping of the calcaneus, the ankle can 
be taped in a similar maImer, but the strips 
are applied opposite to the description above. 
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Figure 18-8 Tape appl ication for varus hypermobil ity of the subta lar  jo int .  (A) Appl ication of the elastic 
foundation .  (B) Tape to bring the calcaneus i nto proper posit ion.  
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Figure 18-8 (C) Completion of taping. 

Taping before sports activities should con
tinue for several weeks after symptoms have 
disappeared. This treatment is generally 

combined with a corrective orthotic that is 
either supportive or shock absorbing, de
pending on the severity of the lesion. 

LOOSE BODY IN THE SUBTALAR JOINT 

Functional Examination 

The examination is usually negative. Some
times varus motion is significantly limited and 
painful with a muscle spasm as an end-feel. 

MANIPULATION 

A loose body (usually cartilage) can cause 
intense, shooting pain, particularly in pa
tients with arthrosis of the subtalar joint but 
sometimes also in patients without an obvious 
disorder. The intense pain makes weight 
bearing on that foot momentarily impossible. 

Position of the Patient 

The patient is in a prone position on the 
treatment table with the foot hanging just 
over the edge. The distal part of the lower leg 
rests on a small pillow or towel roll. 

Position of the Therapist 

The therapist stands at the foot of the treat
ment table, facing the patient's affected foot. 
With both hands, the therapist grasps the 
patient's heel: The thumbs cross over the up
per edge of the calcaneal tuberosity, the fin
gers lie at the dorsum of the miclfoot, and the 
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Figure 18-9 Man ipulation of the subtalar joint to sh ift a loose body. 

little fingers are at the plantar surface of the 
foot (if possible). The therapist shifts the 
body weight backward and, in so doing, ap
plies as much traction as possible on the 
subtalar joint. 

Position of the Assistant 

The assistant stands next to the treatment 
table, at the patient's affected side. With both 
hands, the assistant fixes the patient's lower 
leg against the treatment table. 

Performance 

While maintaining traction on the subtalar 
joint, the therapist pro nates both forearms as 
much as possible. This brings the patient's 
foot into extension, thus putting the 

talocrural joint in its maximal close-packed 
position. The therapist now extends one wrist 
while simultaneously flexing the other wrist. 
By quickly alternating both wrists in opposite 
motions, the therapist induces varus and val
gus motions under traction in the subtalar 
joint. This maneuver is repeated three to six 
times in rapid succession (Figure 18-9). 

If the patient's joint is locked in a valgus 
position, this technique is almost always suc
cessful, and varus motion is inunediately re
stored. It is more difficult to shift the loose 
body to the extent that it no longer causes 
painful impingement in the joint. The ma
nipulation should be repeated every 2 to 3 
days until the patient no longer has com
plaints. 
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SPRAIN OF THE PLANTAR CALCANEONAVICULAR 

LIGAMENT 

Functional Examination 

Usually there is hypermobility of the mid
tarsal joints in extension and plantar flexion. 
Passive pronation and supination of the mid
tarsal joints are painful. The plantar 
calcaneonavicular ligament is tender to pal
pation. 

TRANSVERSE FRICTION 

The plantar calcaneonavicular ligament is 
particularly overloaded in every form or posi
tion aberration of the foot in which the calca
neus moves into valgus. In addition to cor
recting the primary aberration, local 
transverse friction can provide quick relief of 
the symptoms. 

Position of the Patient 

The patient is supine on the treatment 
table with the leg extended or with the distal 
part of the lower leg resting on the therapist's 
thigh and a roll under the knee. 

Position of the Therapist 

The therapist sits next to the foot of the 
treatment table, facing the lateral side of the 
affected foot, or sits on the end of the table 
with the distal part of the patient's lower leg 
resting on the lap (Figure 18-10). 

With the ipsilateral hand, the therapist 
holds the patient's foot in about 0° extension, 
slight abduction, and slight pronation. In so 
doing, the plantar calcaneonavicular ligament 
is slightly stretched. The other hand loca�es 

Figure 18-10 Transverse friction of the plantar calcaneonavicular l igament.  
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the sustentaculum tali and the navicular tu
berosity. The ligament runs plantarly be
tween these two bony prominences. 

Palpating Performance 

With the tip of the palpating index finger, 
the therapist locates the most tender site. 
The thumb applies counterpressure from lat
eral, at the level of the tarsal sinus. The index 
finger is reinforced by the middle finger and 

moves from plantar to dorsal over the liga
ment during the active phase of the trans
verse friction. The friction movement is 
brought about through wrist extension. 

Duration 

If the position of the foot is corrected by 
orthotics, only a few treatments of 10 to 15 
minutes of transverse friction are normally 
needed to achieve complete pain relief. 

RHEUMATOID ARTHRITIS OF THE FIRST 

CUNEOMETATARSAL JOINT 

Functional Examination 

All passive motions of the midfoot can be 
painful at the end of the range of motion. 

INTRAARTICULAR INJECTION 

An intraarticular injection is indicated in 
cases of stubborn traumatic arthritis. This 
treatment, however, is most often used for 
cases of rheumatoid arthritis and gout when 
oral medication does not provide sufficient 
pain relief. 

Position of the Patient 

The patient is supine on the treatment 
table wjth the foot in the resting (maximal 
loose-packed) position. The nonaffected side 
is flexed so that the affected foot can be easily 
reached. 

Position of the Physician 

The physician sits or stands next to the 
treatment table at the patient's nonaffected 
side, facing the medial side of the affected 
foot. 

Performance 

First, the joint space between the medial 
cuneiform and first metatarsal is precisely lo
cated (refer to Chapter 15). A 2-mL syringe is 
half filled wjth a corticosteroid. A thin, 2-cm 
needle is inserted horizontally. After about 1 
cm, the tip of the needle is intraarticular, and 
the solution is injected (Figure 18-11). 

Follow-Up 

A single injection is usually all that is 
needed for traumatic arthritis. In rheumatic 
arthritides, the injection can be repeated at 3-
to 6-month intervals. Surgery is the alterna
tive to injection treatment. 
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Figure 18- 1 1  I ntraarticu lar  i njection of the first cuneometatarsal joint. 

RHEUMATOID ARTHRITIS OF THE FIRST 

METATARSOPHALANGEAL JOINT 

Functional Examination 

There is a capsular limitation of motion; 
extension of the great toe is more limited than 
plantar flexion, with pain at the end of each 
motion. 

INTRAARTICULAR INJECTION 

An intraarticular injection with a cortico
steroid is indicated, and effective, in cases of 
rheumatoid arthritis, traumatic arthritis, and 
traumatized arthrosis. 

Position of the Patient 

The patient is supine on the treatment 
table with the knee flexed far enough to allow 

the affected foot to rest completely on the 
table. 

Position of the Physician 

With one hand, the physician grasps the 
proximal phalanx of the great toe and pulls so 
that traction occurs in the metatarsopha
langeal joint. The other hand locates the joint 
space, which is now widened by the traction. 
The joint space should be accurately marked. 

Performance 

A 2-mL syringe is half filled with a cortico
steroid, and a 2-cm needle is inserted almost 
vertically between the first metatarsal and 
the first proximal phalanx. After the tip of the 
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Figure 18-12 Intraarticular injection in the first metatarsophalangeal jo int .  

needle is intraarLicular, the solution is in
jected. Traction is applied to the joint during 
the entire injection (Figure 18-12). 

Follow-Up 

The patient is instructed to load the joint as 
little as possible for the next 3 days. Particu-

SESAMOIDITIS 

Functional Examination 

Passive extension of the great toe is usually 
painful. Resisted plantar flexion of the great 
Loe is painful. 

INTRAARTICULAR INJECTION 

An injection in the joint between the head 
of the first meLaLarsal (plantar aspect) and 
the medial sesamoid bone, which lies in the 

larly in cases of traumatic arthritis, the patient 
has complete relief of pain within 24 hours. 

Note 

When there are similar indications, the 
other metatarsophalangeal joints can be in
jected in the same way. 

tendon of the flexor hallucis longus, may be 
beneficial when an orthotic does not provide 
effective relief. The cause of a sesamoiditis in 
this region is traumatic, and the condition can 
be either acute or chronic. 

Position of the Patient 

The patient is supine on the treatment 
table with the foot in the resting (maximally 
loose-packed) position. 
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Position of the Physician 

The physician sits or stands next to the foot 
of the treatment table. One hand brings the 
great toe into slight flexion, which relaxes the 
tendon of the flexor hallucis longus, allowing 
for more room between the medial sesamoid 
bone and the head of the first metatarsal. The 
other hand locates the medial sesamoid bone 
and precisely marks its position. 

Performance 

A Mantoux syringe is half filled (0.5 mL) 
with a corticosteroid. From a proximal ap-

proach, a 2-cm needle is inserted in a plantar
medial direction between the medial sesa
moid bone and the first metatarsal. After 
about 1 cm, the tip of the needle lies in the 
joint, and the solution is injected (Figure 18-
13). 

Follow-Up 

The patient is advised to keep weight off 
the foot for 1 week. This treatment is usually 
effective. After 2 weeks, a second injection is 
sometimes necessary to achieve complete 
pain relief. 

Figure 18-13 I ntraarticular i njection in the jo int between the media l  sesamoid bone in the tendon of 
the f lexor ha l luc is longus and the head of the first metatarsa l .  
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INVERSION (OR VARUS) TRAUMA: GENERAL 

PRINCIPLES 

There is little agreement in the medical lit
erature as to the appropriate treatment after 
inversion trauma. In spite of the diversity of 
recommended treatment methods, the re
sults are often the same. 

Ankle sprains are common injuries. The 
classic trauma consists of plantar flexion of 
the talocrural joint combined with varus mo
tion in the subtalar joint and flexion supina
tion-adduction of the midtarsal joints. This 
primarily results in an overstretch or rupture 
of the lateral capsuloligamentous complex of 
the talocrural joint. Usually, the first struc
ture to be injured is the anterior talofibular 
ligament, followed by the calcaneofibular 
ligament. In only 3% of all cases, the posterior 
talofibular ligament is affected (refer to "In
version-Varus Trauma" in Chapter 17 for fur
ther details). 

It is important to analyze not only the posi
tion in which the trauma occurred but also 
the tinle it took for swelling to appear. Swell
ing that occurs immediately (within 2 hours 
of the trauma) indicates a hemarthrosis. If the 
swelling occurs much later ( 1 2  to 24 hours 
after the trauma), there is effusion or 
extraarticular swelling. 

Functional Examination 

In spite of pain and swelling, the functional 
examillation can usually be performed in the 
acute phase (the phase during which the pain 
increases). During the exanUnation, stability 
is tested. Although many stability tests are 
described in the orthopaedic literature, it ap
pears that in the acute phase only the anterior 
drawer test can be performed reliably. In the 
chronic stage, on the other hand, several dif
ferent stability tests can be performed. If the 
patient's history and functional examillation 
indicate the presence of an instability, the 

patient should be referred for specialized 
testing, to include a thorough radiologic 
evaluation (refer to "Inversion-Varus 
Trauma" in Chapter 17 for further details). 

Treatment 

The presence of a hemarthrosis indicates a 
partial rupture of the capsuloligamentous 
complex with or without fractures. In frac
tures, surgical refixation or immobilization by 
means of casting is indicated. If there is only 
hemarthrosis, the joint should be aspirated 
and then immobilized with a bandage. After 
several days, the functional examination is 
repeated. 

Directly after inversion trauma, an inflam
mation in the injured region develops. The 
duration and intensity of this inflammation 
phase depend on the amount of tissue dam
age (it can last up to 4 days). If there are no 
signs of instability, therapy in the acute stage 
is aimed at diminishing pain and swelling by 
means of the following: 

• application of ice (three to five times per 
day for approximately 15 millutes) 

• gentle compression by means of taping 

• physical therapy electrical stimulation 
modalities 

• effleurage techniques (to include lymph 
drainage) 

Treatment should be administered daily. 
In the subacute stage (second to third 

day), the pain no longer increases. When the 
affected structures (ligaments or tendons) 
are treated with transverse friction, there is a 
decrease in pain. The patient may experience 
mild discomfort during the treatment or no 
pain at all. On the third to fourth day after the 
trauma, collagen synthesis (fibroblast phase) 
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occurs in the injured region. From here on, it 
is important to prevent the formation of adhe
sions. Along with transverse friction (for pain 
relief), active movements should be per
formed. These movements should be in non
weight bearing and remain within the pain
less range. By moving the foot within the 
painless range of motion, slight tension is 
placed on the affected structures (ligaments, 
tendons, and tendon sheaths), resulting in a 
better orientation of the collagen fibers. At 
home, the patient should also perform gentle 
range of motion exercises in non-weight 
bearing several times per day, staying within 
the limits of pain. In addition, it is important 
to emphasize the restoration of the normal 
gait pattern as soon as possible. 

If there is a combined lesion, such as an in
jury to the tendons as well as the ligaments, 
progression toward full weight bearing should 
be more conservative. Weight bearing should 
be gradually increased only after the func
tional tests indicating lesions of the peroneal 
tendons are no longer painful. If, after 5 days, 
there is still severe pain, swelling, and loss of 
function, additional specific examinations, 
such as arthrography, should be undertaken. 
In these instances, there may be more signifi
cant lesions, such as capsuloligamentous rup
tures or compression (impact) fractures (re
fer to "Inversion-Varus Trauma" in Chapter 
17 for further details). 

As the swelling decreases, the affected 
structures can be more easily reached. The 
transverse friction can be performed longer, 
up to 15 minutes, and with more pressure. As 
a result, the influence on the reparative proc
ess of the collagen connective tissue in
creases, shortening recovery time. In the sub
acute stage, treatment should be given two to 
three times per week. Treatment can also be 
enhanced by taping the ankle. 

If the patient is not offered functional treat
ment, the injury reaches the chronic stage. In 
this stage there are adhesion formations. 
Treatment is now directed toward breaking 
up the adhesions by means of a manipulation. 
Manipulation is only considered when there is 
a solitary ligamentous lesion with a residual, 
minimal limitation of motion (often, only the 
end-feel is harder). Because the manipulation 
can be painful, it is preceded by approxi
mately 10 minutes of transverse friction. The 
functional tests should be repeated after the 
transverse friction and before the manipula
tion; sometimes, transverse friction alone is 
sufficient to resolve the usually minimal limi
tation of motion. If transverse friction suf
fices, manipulation is no longer indicated. Af
ter the transverse friction and, if necessary, 
manipulation, it is important for the patient to 
maintain the newly gained range of motion by 
performing active exercises within the limits 
of pain. 

INVERSION TRAUMA: SPRAIN OF THE ANTERIOR 

TALOFIBULAR LIGAMENT 

TRANSVERSE FRICTION 

The anterior talofibular ligament can be af
fected at different sites. The following are 
predilection sites: 

• origin of the ligament at the lateral mal
leolus 

• the ligament itself 

• insertion of the ligament on the talus 

Origin of the Ligament at the Lateral 

Malleolus 

Position of the Patient 

The patient is supine on the treatment 
table with the knee slightly flexed and sup
ported by a roll. The distal part of the lower 
leg rests on the therapist's thigh. 
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Position of-the Therapist 

The therapist sits either on or next to the 
foot of the table. If, for example, the left foot 
is being treated, the therapist grasps the 
patient's forefoot with the right hand and 
holds the foot in the neutral position. The in
dex finger of the other hand palpates for the 
most painful site at the ori.gin of the ligament. 

Performance 

The left index finger, reinforced by the 
middle finger, is placed just posterior to the 
lesion against the anterodistal aspect of the 
lateral malleolus. The left thumb is placed at 
the medial aspect of the lower leg, just above 
the medial malleolus, and exerts 
counterpressure (Figure 18-14). During the 
active phase of the transverse friction 
(through extension of the wrist), the index 

finger moves from posterior to anterior over 
the lesion. Pressure is exerted in a 
proximomedial direction (Figure 18-15). 

Duration 

Transverse friction is applied for different 
lengths of time and with different amounts of 
pressure, depending on the stage of recovery. 
Refer to "Inversion Varus Trauma" in Chapter 
17 for this discussion. 

Anterior Talofibular Ligament in Its 

Course 

Position of the Patient 

The patient is supine on the treatment 
table, with the knee slightly flexed and sup
ported by a roll. The distal part of the lower 
leg rests on the therapist's thigh. 

Figure 18-14 Transverse friction of the origin of the a nterior ta lof ibular l igament at the latera l 
mal leolus: Init ial position . 



494 DIAGNOSIS AND TR8ATMENT OF TH8 LOW8R EXTR8MITI8S 

Figure 18- 15 Transverse friction of the origin of the anterior talofibular l igament at the anterodistal 
aspect of the latera l mal leolus:  Ending posit ion. 

Position of the Therapist 

The therapist sits either on or next to the 
foot of the table. If, for example, the left foot 
is being treated, the therapist grasps the 
patient's forefoot with the right hand and 
holds the foot in the resting position or in 
slight, but painless, inversion. The index fin
ger of the other hand palpates for the most 
painful site along the course of the ligament. 

Performance 

The left index finger, reinforced by the 
middle finger, is placed just plantar to the le
sion. The left thumb is placed at the medial 
aspect of the ankle, just opposite the index 
finger, and exerts counterpressure. By exten
sion of the wrist during the active phase of the 
transverse friction, the index finger moves 
from plantar to dorsal over the ligament. 
Pressure is exerted in a medial direction (Fig
ure 18-16). 

Insertion of the Anterior Talofibular 

Ligament on the Talus 

Position of the Patient 

The patient is supine on the treatment 
table, with the knee slightly flexed and sup
ported by a roll. The distal part of the lower 
leg rests on the therapist's thigh. 

Position of the Therapist 

The therapist sits either on or next to the 
foot of the table. If, for example, the left foot 
is being treated, the therapist grasps the 
patient's forefoot with the right hand and 
holds the foot in the resting position or in 
slight, but painless, inversion. The index fin
ger of the other hand palpates for the most 
painful site at the insertion of the ligament. 

Performance 

The left index finger, reinforced by the 
middle finger, is placed just plantar to the le-
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Figure 18-16 Transverse friction of the a nterior talof ibular l igament in its course. 

Figure 18-17 Transverse friction of the insertion of the anterior talofibular l igament on the talus .  

sion. The left thumb is placed at the medial 
aspect of the ankle, slightly distal to the index 
finger, and exerts counterpressure. Through 
extension of the wrist during the active phase 

of the transverse friction, the index finger 
moves from plantar to dorsal and slightly dis
tal over the lesion. Pressure is exerted in a 
mediodistal direction (Figure 18-17). 
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INJECTION 

If transverse friction at the origin or inser
tion of the anterior talofibular ligament, com
bined with partial immobilization through a 
brace or taping, is ineffective in providing 
pain relief, a local injection with a corticoster
oid is indicated. 

Position of the Patient 

The patient is supine on the treatment 
table. 

Position of the Physician 

The physician sits or stands next to the foot 
of the treatment table, facing the affected 
foot. With one hand, the physician positions 
the foot in slight inversion. 

Performance 

A Mantoux syringe is filled with 0.5 mL of 
corticosteroid. The origin of the ligament is 
injected at the anterodistal aspect of the lat
eral malleolus. A 2-cm needle is used, and the 
injection is done in dropwise fashion guided 
by the patient's pain (Figure 18-18) . 

Follow-Up 

The patient should not put weight on the 
affected leg for 3 days after the injection. Af
ter 2 weeks, the functional examination is re
peated. A second injection is seldom indi
cated. One month after the injection, the 
patient can resume sports. 

INVERSION TRAUMA: SPRAIN OF THE 

CALCANEOFIBULAR LIGAMENT 

TRANSVERSE FRICTION 

The calcaneofibular ligament is almost al
ways affected at its insertion on the lateral 
malleolus. 

Position of the Patient 

The patient is supine on the treatment 
table, with the knee slightly flexed and sup
ported by a roll. The distal part of the lower 
leg rests on the therapist's thigh. 

Position of the Therapist 

The therapist sits either on or next to the 
foot of the treatment table. If, for example, 
the left foot is being treated, the therapist 
grasps the patient's forefoot with the right 
hand and holds the foot in slight plantar flex
ion and pronation. In this position, the origin 

of the calcaneofibular ligament can best be 
reached. 

Performance 

The left index finger, reinforced by the 
middle finger, is placed just posterior to the 
origin of the ligament. The left thumb is 
placed at the medial side of the lower leg, 
above the medial malleolus, and exerts 
counterpressure. Through extension of the 
wrist during the active phase of the trans
verse friction, the index finger is moved from 
posterolateral to anteromedial over the le
sion. Pressure is exerted in a proximomedial 
direction (Figure 18- 19). 

Duration 

Transverse friction is performed for differ
ent lengths of time and with different 
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Figure 18-18 I njection of the origin of the a nterior talofibular l igament. 

amow1ts of pressure, depending on the stage 

of recovery. Refer to Chapter 1 7, the inver

sion-varus trawna section, for this discussion. 

INJECTION 

If transverse friction at the origin of the 

calcaneofibular ligament, combined with par

tial in1mobilization through a brace or taping, 

is ineffective in providing pain relief, a local 

injection with a corticosteroid is indicated. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits or stands next to the foot 

of the treatment table, facing the affected 

foot. With one hand, the physician positions 

the foot in slight plantar flexion, supination, 

and adduction. 

Performance 

A Mantoux syringe with a 2-cm long needle 

is filled with 0 .5  mL of corticosteroid. The 

needle is inserted from lateral and plantar at 

the level of the origin of the ligament at the 

most distal aspect of the lateral malleolus. 

The lesion is injected using the dropwise 

technique as directed by the patient's pain 

(Figure 1 8-20) . 
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Figure 18-19 Transverse friction of the or ig in of the calcaneof ibular l igament at the lateral malleolus .  

Figure 18-20 I njection of the or ig in of the calcaneofibular l igament. 
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Follow-Up 

The patient should not put load on the af

fected leg for 3 days after the injection. After 

2 weeks, the functional examination is re-

peated .  As is the case with the anterior 

talofibular ligament, a second injection is sel

dom indicated. One month after the injection, 

the patient can resume sports. 

INVERSION TRAUMA: SPRAIN OF THE 

CALCANEOCUBOID LIGAMENT 

TRANSVERSE FRICTION 

In some cases, a lesion of the ligaments be

tween the calcaneus and cuboid occurs as a 

result of inversion trauma of the foot in con

junction with a sprain of the anterior 

talofibular and calcaneofibular ligaments . 

Usually, the middle and superior ligaments 

are affected (the superior ligament is part of 

the bifurcate ligament) . 

Position of the Patient 

The patient is supine on the treatment 

table , with the knee slightly flexed and sup

ported by a roll. The distal part of the lower 

leg rests on the therapist's thigh. 

Position of the Therapist 

The therapist sits either on or next to the 

foot of the treatment table. If, for example, 

the left foot is being treated, the therapist 

grasps the patient's forefoot with the right 

hand and holds the foot in slight inversion. 

Performance 

Through palpation, the lesion is located; in 

most cases, it lies at the level of the calca

neocuboid joint space. The left index finger, 

reinforced by the middle finger, is placed just 

plantar to the affected ligament. The thumb 

gives counterpressure at the medial side of 

the foot as the index finger performs the 

transverse friction from plantar-lateral to 

dorsomedial over the lesion. As described for 

the other lateral ligaments, the wrist extends 

during the active phase of the transverse fric

tion (Figure 1 8-2 1 ) .  

Duration 

Transverse friction is performed for differ

ent lengths of time and with different 

amounts of pressure, depending on the stage 

of recovery. Refer to Chapter 1 7, the inver

sion-varus trauma section, for this discussion. 

MANIPULATION 

Manipulative treatment of the lateral col

lateral capsuloligamentous complex and of 

the calcaneocuboid ligament is only indicated 

in the chronic stage , which in some cases oc

curs after inversion trauma. Transverse fric

tion of the affected structures should always 

be performed before this manipulative treat
ment. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Therapist 

The therapist stands next to the end of the 

treatment table, facing the affected foot. If, 

for example, the right side is to be treated, the 

therapist grasps the mid- and forefoot of the 

patient with the left hand; the other hand, 

approaching from the medial aspect, grasps 

the calcaneus. 

Performance 

The therapist's left hand brings the 

patient's foot into the greatest inversion pos

sible; at the same time, the other hand brings 

the patient's calcaneus into varus. While the . 
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Figure 18-21 Transverse friction of the m iddle calcaneocuboid l igament. 

calcaneus is held in maximal varus, the thera

pist brings the rest of the foot into slightly 

more inversion (plantar flexion, adduction, 

and supination) . This is done by means of a 

quick and slight adduction movement with 

the right shoulder (Figure 1 8-22) . In many 

cases, a sound of "tearing cloth" is heard. This 

maneuver is usually performed only once. A 

second manipulation is rarely necessary. 

It is important for the patient to maintain 

the regained range of motion through appro

priate exercise 

Taping 

In the last several years, it has been empha

sized that the sooner a lesion of the muscu

loskeletal system is allowed to move, the 

faster and better the healing will be. This is 

especially true for inj uries to the capsulo

ligamentous complex. The affected struc

tures should move only within certain limits, 

however. Painful motions should be pre

vented as much as possible. The use of taping 

techniques to immobilize partially the af

fected member is an ideal way to permit reha-

bilitative activity within safe limits. After in

version trauma, taping can be an ideal alter

native to immobilization in a cast or surgery. 

The tape construction described in this 

section is easy to apply and allows the patient 

to walk normally. The tape bandage effec

tively prevents supination and varus move

ment of the foot, thus providing protection for 

the injured lateral ligaments. Taping can be 

done as soon as most of the swelling goes 
down and is repeated two to three times per 

week in conjunction with transverse friction 

therapy. A 6- or 8-cm wide elastic tape is 

used, depending on the size of the foot. The 6-

cm width can be used for women and for men 

with a shoe size of 10 or smaller. 

Position of the Patient 

The patient is supine on the treatment 

table, with the foot and distal half of the lower 

leg hanging over the edge. 

Position of the Therapist 

The therapist sits or stands at the foot of 

the table, facing the patient's affected foot. 
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Figure 18-22 Manipulation of  the latera l l igaments of  the a nkle i n  the chronic stage after a spra in .  

With one hand, the therapist holds the 

patient's foot in 0° of extension. The patient 

should not actively hold the foot in this posi

tion because the foot extensors over the dor

sum of the foot contract and become more 

prominent, leading to a less stable tape con

struction. 

The taping is begun on the medial side of 

the lower leg, about 20 cm proximal to the 

medial malleolus (Figure 1 8-23A) . From 

there, the tape is pulled along the lower leg to 

the medial edge of the foot, then underneath 

the foot to the lateral side and obliquely back-

ward to the Achilles tendon (Figure 1 8-23B) . 

The tape is now brought around behind the 

Achilles tendon. In so doing, the elasticity of 

the tape is pulled out, and a circle is then 

made around the lower leg just above the 

malleoli (Figure 1 8-23, C and D) .  Once again, 

at the Achilles tendon the tape is brought far

ther medially over the calcaneus, just under 

(plantar to) the medial malleolus, to the me

dial edge of the foot (Figure 1 8-23E) .  

From the medial edge o f  the foot, a circular 

loop is made over the midfoot (the elasticity is 

pulled out of the tape) until the lateral edge of 
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A 

B 

Figure 18-23 Foundation taping for inversion trauma of the left a nkle. (A) Beginn ing of the foundation 
tape, media l  view. (B) Lateral view of A. 
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C 

Figure 18-23 (C) Bringing the tape around behind the Ach i l les tendon, lateral view. (D) Medial view 
of C. 
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E 

Figure 18-23 ( E) Br ing ing the tape farther medial ly over the calcaneus, lateral view. 

the foot is again reached (Figure I S-23F) . 

From the lateral edge of the foot, the tape is 

brought in a proximal and medial direction to 

a point just proximal to the medial malleolus 

(Figure IS-23, G and H). During this move

ment, the elasticity is again pulled out of the 

tape. The foundation taping is then finished 

with a circular loop around the lower leg 

above the malleoli, slightly above the first cir

cular loop (Figure IS-231) . 

After the foundation tape, 2-cm wide elas

tic tape is applied to restrict the motions that 

occur during inversion trauma. The first tape 

starts on the medial side, just anterior to the 

medial malleolus, and goes straight down to 

the medial edge of the foot, underneath the 

foot, over the lateral malleolus, and to a point 

about 20 cm proximal to the lateral malleolus 

but on the anterior aspect of the lower leg. A 

second strip also begins medially, but just 

posterior to the medial malleolus, and runs 

parallel to the first strip to the lateral side of 

the foot, passes over the lateral malleolus 

where it crosses the first strip, 2nd ends at a 

point about 20 cm above the lateral malleolus 

but more at the posterior aspect of the lower 

leg (Figure IS-24A) . These two stabilization 

strips limit the varus movement of the calca

neus. 

The calcaneus, however, has to be fixed in 

the mid position, and this is accomplished 

with two more strips of tape. From the lateral 

side of the ankle, as previously described but 

now in reverse, two strips are pulled medially 

to cross over each other at the medial malleo

lus (Figure IS-24B) . These strips are pulled 

less taut than the first two, because in our 

opinion, the function should now be more a 

facilitating one than a stabilizing one. 

The next two strips begin at the middle of 

the sole of the foot, between the big toe and 

little toe, at an angle of 45° in relation to the 

transverse arch. The first strip runs proxi

mally over the base of the fifth metatarsal, 
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Figure 18-23 (F) Making a circular loop over the m idfoot, lateral view. (G) Br inging the tape just 
proximal to the medial mal leolus, lateral view. 
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H 

Figure 18-23 (H) Medial view of G. (I) Ent i re foundation tape, latera l  view. 
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Figure 18-24 Stabi l ization taping for i nversion trauma.  (A) F i rst two stabi l i zation strips, lateral view. 
(B) Second two stab i l ization strips,  latera l view. 
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anterior to the lateral malleolus, and ends on 

the circular loop of tape at the lower leg. An

other strip of tape is applied following the 

same course and overlapping the first strip by 

two thirds (Figure 1 S-24C; be careful to avoid 

overcorrection) . 

The next two strips originate from the same 

point as the previous two strips but make a 

90° angle to these strips on the sole of the 

foot. They then run to the medial edge of the 

foot, anterior to the medial malleolus, and end 

on the circular loop of tape at the lower leg. 

Once the stabilization taping has been ap

plied, the construction is finished with simple 

taping as reinforcement. The reinforcement 

tape begins at the medial side (see Figure 1 S-

23A) , but now, upon reaching the lateral edge 

of the foot, two circular loops are made 

around the midfoot. When again at the lateral 

edge of the foot, the tape is brought in a proxi
mal direction (Figure 1 S-25A) . 

At this moment, the tape is pulled taut and 

then is pulled over the talus to a point just 

proximal to the medial malleolus. Here the 

taping is finished with one or two circular 

loops around the lower leg at the level of and 

just proximal to the first circular loops from 

the foundation construction (Figure 18-25, B 

and C) . 

After finishing the taping, the therapist 

now assesses, both actively and passively, the 

stability of the construction. If the stability is 

not sufficient, the entire taping construction 

must be repeated. Additionally, the gait pat

tern is evaluated, and the appropriate in

structions are given to correct any deviations. 

The proper gait pattern, without substitution 

movements and deviations, is extremely im

portant for proprioceptive and physiologic 

recovery. Weight bearing on the affected ex

tremity should be gradually increased during 

the course of the first week after the trauma. 

The taping construction should be regularly 

removed before transverse friction treatment 

and reapplied after appropriate care is given 

to the skin. 

Figure 18-24 (C) Two strips runn ing from the sale of the foot to the anterolatera l aspect of the lower 
leg, lateral view. 
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Figure 18-25 Reinforcement taping for i nversion trauma of the left a n kle .  (A) Beg inn ing  of the 
reinforcement tape, lateral view. (8) Last loop around the lower leg, latera l view. 



5 1 0  DIAGNOSIS AND TREATMENT O F  THE LOWER EXTREMJTlES 

Figure 18-25 (C) F in ished construction, latera l view. 

TARSAL SINUS SYNDROME 

Functional Examination 

The functional examination is often nega

tive. There is tenderness to palpation of the 

tarsal sinus. The patient history is typical: a 

feeling of instability without objective find

ings. 

INJECTION 

In almost all cases, an injection with a cor

ticosteroid is effective, regardless ofthe dura

tion of the symptoms. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits next to the treatment 

table, at the patient's affected side, and lo

cates the tarsal sinus. The tarsal sinus is lo

cated between the lateral malleolus and the 

muscle belly ofthe extensor digitorum brevis. 

Performance 

A 5-mL syringe is filled with 2 mL of corti

costeroid and 3 mL of local anesthetic. A 5-cm 

long needle is used for the injection. The tar

sal sinus is explored with the needle, and a 

few drops of solution are injected at every site 

where the patient's pain is provoked. The long 

needle is needed because the lesion can lie 

superficially but extend deeply (Figure 18-

26) . 
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Figure 18-26 I n jection of the tarsal s inus .  

Follow-Up 

The patient is instructed to restrict activi

ties as much as possible for the next 3 days. 

After 2 weeks, the patient is seen again for 

follow-up. If necessary, a second injection can 

be given. 

SPRAIN OF THE DELTOID LIGAMENT (MEDIAL ANKLE 

SPRAIN): GENERAL PRINCIPLES 

The deltoid ligament comprises four parts: 

the anterior and posterior tibiotalar liga

ments, the tibionavicular ligament, and the 

tibiocalcaneal ligament. A medial ankle sprain 

can therefore affect any or all of these struc

tures. 

Functional Examination 

The anterior tibiotalar and tibionavicular 

ligaments are painful on passive plantar flex-

ion-abduction-pronation of the foot with the 

calcaneus held in valgus. The tibiocalcaneal 

ligament is painful on passive abduction

pronation with the foot in 1 0° plantar flexion, 

whereby the calcaneus is held in valgus .  The 

posterior tibiotalar ligament is painful on val

gus stress of the calcaneus, whereby the 

ankle is held in almost maximal extension and 

the midfoot is held in pronation and abduc

tion; this is a rarely seen lesion and is not dis

cussed further. 
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MEDIAL ANKLE SPRAIN: ANTERIOR TIBIOTALAR AND 

TIBIONAVICULAR LIGAMENTS 

TRANSVERSE FRICTION 

Lesions of the deltoid ligament can be 

caused by acute trauma (usually in  plantar 

flexion-abduction-pronation) , or they can 
occur through chronic overloading, such as in 

pes plano valgus (flat foot) . In the latter case, 

corrective orthotics are recommended. In al

most all cases, the origin of the ligaments at 

the medial malleolus is affected. 

Position of the Patient 

The patient is supine on the treatment 

table with the knee positioned in slight flex

ion, supported by a roll. The distal part of the 

lower leg rests in the therapist's lap. 

Position of the Therapist 

The therapist sits either on or next to the 

end of the treatment table. If, for example, 

the right foot is being treated, the therapist 

Figure 18-27 Transverse frict ion of the a nterior part of the deltoid l igament, the or igin of the anterior 
t ib iota lar  and t ibionavicular l igaments: I n it ia l  posit ion . 
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grasps the patient's forefoot from the medial 

aspect wjth the right hand and brings it into 

plantar flexion, abduction, and pronation. 

Performance 

The left index finger, reinforced by the 

middle finger, is placed just plantar to the le

sion against the anterodistal aspect of the 

medial malleolus, at the origin of the liga

ments (Figure 18-27) . The active phase of 

the transverse friction is performed by ex

tending the wrist, which moves the index fin

ger from plantar to dorsal over the ligament. 

Pressure is exerted in a proximal direction 

(Figure 18-28). 

Duration 

Transverse friction should be performed 

for 10 to 15 minutes three times per week. 

INJECTION 

Although Cyriax9 reported that transverse 

friction is not an effective treatment for this 

lesion, it has been used successfully on nu

merous occasions. If there is still no improve

ment after six treatments, however, injection 

of the origin of the ligament is indicated. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits or stands next to the foot 

of the treatment table, facing the affected 

foot. With one hand, the physician positions 

the foot in plantar flexion, abduction, and 

pronation. 

Performance 

A Mantoux syringe is filled with a local an

esthetic. With a 2-cm needle, the origin of the 

ligament at the anterodistal aspect of the 

medial malleolus is injected in dropwise fash

ion, directed by where the patient feels pain 

(Figure 18-29) . 

Follow-Up 

Because the patient has been injected with 

only a local anesthetic, he or she is advised to 

restrict activities only for 1 day, the day of the 

injection. The patient should be seen again 

after 1 week. If the symptoms have cle-

Figure 18-28 Transverse friction of  the origin of  the anterior part of the deltoid l igament: End ing 
position . 
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Figure 18-29 I njection of the or ig in of the anterior part of the deltoid l igament. 

creased, a second injection is given. If  injec

tion had no effect, however, it is repeated, but 

this time with 0.5 mL of a corticosteroid. The 

patient should not put weight on the affected 

leg for 3 days after the corticosteroid injec-

tion. After 2 weeks, the functional examina

tion is repeated. A second injection with cor

ticosteroid is seldom indicated. One month 

after this injection, the patient can return to 

normal activities, including sports. 

MEDIAL ANKLE SPRAIN: TIBIOCALCANEAL LIGAMENT 

TRANSVERSE FRICTION 

Position of the Patient 

The patient is supine on the treatment 

table with the knee positioned in slight flex

ion, supported by a roll. The distal part of the 

lower leg rests in the therapist's lap. 

Position of the Therapist 

The therapist sits either on or next to the 

end of the treatment table. If, for example, 

the right foot is being treated, the therapist 

grasps the patient's forefoot from the medial 

aspect with the right hand and brings it into 

1 0° plantar flexion, abduction, and pronation. 
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Performance 

The left index finger,  reinforced by the 

middle finger, is placed just posterior to the 

lesion against the most distal aspect of the 

medial malleolus, at the origin of the liga

ment. The active phase of the transverse fric

tion is performed by extending the wrist, 

which moves the index finger from posterior 

to anterior over the ligament. Pressure is ex

erted in a proxin1al direction (Figure 18-30) . 

Duration 

Transverse friction treatments should be 

given three times a week and last for 10  to 15 

minutes. 

INJECTION 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits or stands next to the end 

of the treatment table, facing the affected 

foot. With one hand, the physician positions 

the foot in 1 0° plantar flexion, abduction, and 

pronation. 

Performance 

A Mantoux syringe is filled with a local an

esthetic. With a 2-cm long needle, the origin 

of the ligament at the distal aspect of the 

medial malleolus is injected in dropwise fash

ion, guided by the patient's pain (Figure 18-

3 1 ) .  

Follow-Up 

Because the patient has been injected with 

only a local anesthetic, he or she is advised to 

restrict activities only for 1 day, the day of the 

injection. The patient should be seen again 

after 1 week. If the symptoms have de-

Figure 18-30 Transverse friction of the or ig in of the t ib iocalcaneal l igament. 
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Figure 18-31 I njection of the orig i n  of the t ib iocalcaneal l igament. 

creased, a second injection is given. If the in

jection had no effect, however, it is repeated, 

but this time with 0 .5 mL of a corticosteroid. 

The patient should not put weight on the af

fected leg for 3 days after the corticosteroid 

injection. After 2 weeks , the functional ex

amination is repeated. A second injection 

with corticosteroid is seldom indicated. One 

month after this injection, the patient can re

turn to normal activities, including sports. 
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PARTIAL TEAR OF THE GASTROCNEMIUS-SOLEUS 

Functional Examination 

Dorsal extension of the ankle is both ac

tively and passively painful and limited. Re

sisted plantar tlexion of the ankle is painful. 

TAPING 

In the acute and subacute stages (ie, the 

first week) after a partial tear of the gastroc

nemius-soleus, taping can be applied in con

junction with transverse friction treatment. 

Position of the Patient 

The patient stands on the treatment table, 
which is brought to its lowest level. If the 

treatment table is not adjustable, the patient 

stands on the floor. A roll of tape about 2 

inches wide is placed under the heel of the 

affected extremity (Figure 18-32A) . 

Position of the Therapist 

The therapist stands or sits obliquely be

hind the patient's affected side. 

Performance 

The tape is applied with the muscle bellies 

in a relaxed position. With a 6- to 8-cm wide 

elastic tape, the therapist begins from medial 

with a circular loop around the lower leg and 

then pulls the tape in a proximolateral direc

tion, so that it is positioned just underneath 

the lesion (upper diagonal strip in Figure 1 8-

32B) . Then a circular loop is made around the 
lower leg just distal to the patellar ligament, 

after which the tape is brought distal and lat

eral, again positioned just underneath the le

sion. With a 2-cm wide nonelastic tape, over

lapping crosses are applied over the entire 

Figure 18-32 Taping for a part ia l  tea r of the gastrocnemius-soleus. (A) I n it ial position . 
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Figure 18-32 (8) Application of the f i rst layer of e lastic tape. The black dot indicates the site of the 
les ion .  

surface of the proximodistally running elastic 

strips (Figure 18-32, C-E ) .  Finally, this con

struction is covered from distal to proximal 

with elastic tape, which is applied in an ob

lique, spiraled manner. The tension in the 

tape should decrease with each passage 

around the lower leg from distal to proximal 

(Figure 18-32, F and G) . 

When performing transverse friction mas

sage, the therapist only has to remove the 

upper layers of the elastic covering tape to 

reach the site of the lesion. 



c 
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D 

E 

Figure 18-32 (C-E) Appl ication of nonelastic tape. 
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(F) Appl ication of the second layer of elastic tape. (G) Fin ished construction .  

PARTIAL TEAR OF THE CALF MUSCLES AND 

ACHILLODYNIA 

STRETCHING OF THE CALF 

MUSCLES 

Stretching the calf muscles is indicated 

during recovery from a partial rupture of the 

gastrocnemius-soleus and in all clinical stages 

of achillodynia (refer to Chapter 1 7  for more 

detailed information about these lesions) . 

Because a significant amount of force must be 

exerted, it is simpler and much more effective 

for the patient to perform self-stretching ex-

ercises than to have the therapist attempt to 

stretch these muscles. 

Gastrocnemius Muscle 

Position of the Patient 

The patient stands with the leg being 

stretched placed as far back as possible but 

with the heel still flat on the ground. The pa

tient leans with the hands against a wall or on 
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the back of a chair for support (Figure 1 8-

33) . The trunk is in line with the posterior leg. 

The anterior leg is positioned in hip and knee 

flexion to such a degree that the muscles re

main relaxed. 

Performance 

The patient now shifts the body weight for

ward over the anterior leg to the point where 

a stretch is felt in the calf. The stretch is per

formed slowly and carefully, with care taken 

to avoid pain provocation and muscle splint

ing. The patient should continue to keep the 

trunk in line with the posterior leg so as not to 

allow a kyphosis. This stretch should be per

formed several times each day, especially first 

thing in the morning just after getting out of 

bed and before and after sports activities. 

Figure 18-33 Self-stretch ing for the gastrocnemius muscle .  
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Soleus Muscle 

Performance 

After the gastrocnemius muscle is 

stretched, the soleus muscle can be stretched 

by maintaining the initial position described 

above and bending the knee of the posterior 

Figure 18-34 Self-stretching for the soleus muscle. 

leg. Again, the heel has to remain flat on the 

ground, and the trunk has to remain parallel 

to the lower leg (Figure 1 8-34) . This stretch, 

too , should be performed several times each 

day, especially first thing in the morning just 

after getting out of bed and before and after 

sports activities. 
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ACHILLODYNIA (PERITENDINITIS OF THE ACHILLES 

TENDON) 

Functional Examination 

Resisted plantar flexion of the ankle is pain

ful. Passive plantar flexion of the ankle is 

painful when the anterior aspect of the ten

don is affededjust proximal to the calcaneus. 

TRANSVERSE FRICTION 

Treatment for achillodynia is primarily 

causal. In other words, the primary cause for 

the lesion should be determined and an at

tempt made to treat this. Several examples 

are: 

• abnormal position or form of the foot 

(treatment consists of correcting the 

position by means of a functional 

orthotic) 

• for athletes, use of inappropriate shoes 

(eg, with too little shock absorption or 

insufficient heel stability) 

• also for athletes, training on surfaces 

that are too hard or too soft or to which 

they are unaccustomed (often a change 

in the training surface is important; for 

example, there are significant differ

ences in forces exerted on the foot when 

running on a street, a track, or a beach or 

in the woods) 

To obtain faster recovery, in addition to 

eliminating the causes this lesion can be 

treated locally with transverse friction and 

with stretching. In some instances, depend

ing on the stage of tendinitis, the pain-pro

voking activities have to be reduced tempo

rarily or even stopped. 

Peritendinitis of the Medial or Lateral 

Part of the Achilles Tendon 

Position of the Patient 

The patient is prone on the treatment table 

with the affected foot hanging just over the 

edge of the table. 

Position of the Therapist 

The therapist sits next to the end of the 

treatment table, facing the medial or lateral 

side of the affected foot. With one hand, or 

with the knee,  the therapist brings the 

patient's foot into extension. In so doing, the 

tendon and the peritendon are stretched, but 

not to the point where it becomes painful. 

After locating the most painful site at either 

the medial or lateral side (or both) of the 
Achilles tendon, the therapist grasps that 

part of the tendon between thumb and index 

finger, trying to get as anterior as possible. 

The thumb and index finger are held in a po

sition that forms an O. 

Performance 

The thumb and index finger exert just 

enough pressure on the tendon that the mild 

pain that occurs can be easily tolerated. By 

now moving the hand in a posterior direction 

and taking the skin around the Achilles ten

don with the movement from anterior to pos

terior, the therapist applies friction trans

versely to the fibers of the Achilles tendon 

(Figure 1 8-35) . In the relaxation phase, the 

tendon is not released; instead, slight pres

sure is maintained to move, again with the 

skin, in an anterior direction in relation to the 

tendon. 

An alternative technique is to let the thumb 

stay in one position and to move only the in

dex finger transversely over the medial or lat

eral aspect of the tendon from anterior to pos

terior (not illustrated) . This movement is 

brought about by extending the wrist. 

Duration 

Generally, 6 to 1 5  transverse friction treat

ments of about 1 5  minutes' duration, per

formed either daily or a minimum of three 

times a week, are required to achieve com

plete relief. This schedule holds true regard-
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A 8 

Figure 18-35 Tran sverse friction of the med ia l  and lateral side of the Achi l les tendon .  (A) I n it ial 
position .  (8) Final posit ion . 

less of the location of the lesion. As already 

mentioned, the cause of the lesion should also 

be determined and eliminated whenever pos

sible. 

Peritendinitis of the Medial or Lateral 

Anterior Part of the Achilles Tendon 

Often, the anterior part of the Achilles ten

don is affected, usually at the medial side. 

This is a predilection site for which local treat

ment is absolutely necessary. Here, causal 

therapy alone is insufficient. 

Position of the Patient 

The patient is prone on the treatment table. 

The foot rests in plantar flexion on the table, 

and a small pillow or roll is placed under the 

distal part of the lower leg. 

Position of the Therapist 

The therapist sits next to the end of the 

treatment table ,  facing the sole of the 

patient's foot. With the thumb, the Achilles 

tendon is pushed from lateral to medial to 

treat the anterior aspect at the medial side 

(Figure 18-36) . Just the opposite (medial to 

lateral) motion is induced to treat the ante

rior aspect at the lateral side (Figure 18-37) . 

The middle finger of the other hand is 

placed against the underside of the Achilles 

tendon. The ring and little fingers are flexed, 

the index finger reinforces the middle finger, 
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A 8 

Figure 18-36 Transverse friction of the media l  a nterior aspect of the Ach i l les tendon .  (A) I n it ia l  
position .  (8) Final  posit ion. 

Figure 18-37 Transverse frict ion of the lateral 
anterior aspect of the Achi l les tendon.  

and the forearm is positioned in the neutral 

position or in slight pronation. 

Performance 

By maximal supination of the therapist's 

forearm, the middle finger moves trans

versely over the anterior aspect of the Achil

les tendon. It is important first to take the skin 
slightly anterior with the middle finger so 

that, during the active phase of the transverse 

friction, not too much of the skin is pulled, 

which eventually will cause a blister. 

Duration 

Generally, 6 to 1 5  transverse friction treat

ments of about 1 5  minutes' duration, per

formed either daily or a minimum of three 

times a week, are required to achieve com

plete relief. This schedule holds true regard

less of the location of the lesion. As already 

mentioned, the cause ofthe lesion should also 
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be determined and eliminated whenever POS

sible. 

Peritendinitis of the Anterior Part of 

the Achilles Tendon Just Proximal to 

the Calcaneus 

Of all the predilection sites in achillodynia, 

this region is the least often affected. It, too, 

however, is a predilection site in which local 

treatment is absolutely necessary; causal 

therapy alone is unsatisfactory. 

Position of the Patient 

The patient is prone on the treatment table, 

with the foot resting in plantar flexion and a 

small pillow or roll placed under the distal 

part of the lower leg. 

Position of the Therapist 

The therapist sits next to the foot of the 

treatment table, facing the plantar aspect of 

the patient's foot. The index finger is placed 

on the posterior aspect of the Achilles ten

don, over the proximal third of the calcaneus, 

just medial to the site of the lesion. Usually, 

A 

the most tender site is located somewhat me

dially. The other index finger is placed on top 

of the first index finger; the other fingers are 

flexed, and the thumbs, one on top of the 

other, give counterpressure at the plantar as

pect of the foot. 

Performance 

The index fingers exert pressure in an 

anterodistal direction, so that the Achilles 
tendon is pushed against the posterior aspect 

of the proximal third of the calcaneus. By now 

bringing the wrist of the lateral arm into ex

tension and of the medial arm into flexion, the 

index fingers are moved from medial to lateral 

over the lesion (Figure 18-38) . 

Note 

If this treatment does not bring quick relief 

from pain, there is likely to be a subtendineal 

bursitis of the Achilles tendon. 

Duration 

Generally, 6 to 1 5  transverse friction treat

ments of about 1 5  minutes' duration, per-

B 

Figure 18-38 Transverse friction of the a nterior part of the Ach i l les tendon at the prox imal  th i rd of the 
calcanea l tuberosity . (A) I n it ia l  posit ion. (B) F ina l  position .  
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formed either daily or a minimum of three 

times a week, are required to achieve com

plete relief. This schedule holds true regard

less of the location of the lesion. As already 

mentioned, the cause of the lesion should also 

be determined and eliminated whenever pos

sible. 

Insertion Tendopathy of the Achilles 

Tendon 

The insertion of the Achilles tendon is lo

cated at the distal half to two thirds of the 

calcaneal tuberosity and extends underneath 

the heel. 

Position of the Patient 

The patient is prone on the treatment table 

with the affected foot hanging just over the 

edge of the table. 

Position of the Therapist 

The therapist sits next to the foot of the 

treatment table, facing the medial or lateral 

side of the foot being treated. With one hand, 

or with the knee , the therapist brings the 
patient's foot into extension. In so doing, the 

tendon and its insertion are stretched, but not 

to the point where it becomes painful. The 

most painful site at the insertion is located by 

using the thumb to palpate transversely over 

the course of the fibers. 

Performance 

The transverse friction can be performed 

with either the thumb or the fingers. The 

thumb is placed at the site of the lesion and 

moved from lateral to medial over the lesion 

by supination of the forearm during the active 

phase (Figure 1 8-39) . Of course, the trans

verse friction can also be done from medial to 

lateral using the thumb of the other hand. 

Figure 18-39 Transverse friction of part of the i nsertion of the Ach i l les tendon .  
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Note 

If this treatment does not bring quick relief 

of pain, there is likely to be a subtendineal 

bursitis of the Achilles tendon. 

Duration 

Generally, 6 to 15 transverse friction treat-

ments of about 1 5  minutes' duration, per

formed either daily or a minimum of three 

times a week, are required to achieve com

plete relief. This schedule holds true regard

less of the location of the lesion. As already 

mentioned, the cause of the lesion should also 

be determined and eliminated whenever pos

sible. 

SUBTENDINOUS BURSITIS OF THE ACHILLES TENDON 

Functional Examination 

Passive plantar flexion of the ankle is pain

ful (caused by compression of the bursa) . 

INJECTION 

Differentiation between subtendinous bur

sitis and anterodistal peritendinitis of the 

Achilles tendon (at the level of the proximal 

third of the posterior aspect of the calcaneus) 

is only possible by means of a local anesthetic 

or through transverse friction. In the pres

ence of bursitis, the pain will not disappear 

during the transverse friction treatment; 

chances are, it will increase. The pain will dis

appear upon injection of subtendinous bursi

tis with a local anesthetic, if it is indeed the 

structure that is affected. 

Position of the Patient 

The patient is prone on the treatment table 

with the foot hanging just over the edge. 

Position of the Physician 

The physician sits next to the end of the 

treatment table, facing the lateral side of the 

affected foot. With one hand, the physician 

holds the patient's foot in slight extension. 

Performance 

This bursa is seldom swollen to the point 

where aspiration is possible; however, the 

physician should always attempt to aspirate it 

before injecting. With a Mantoux syringe and 

a 3- to 4-cm needle, the bursa between the 

Achilles tendon and the calcaneus is injected 

from lateral, with the needle being held al

most horizontally (Figure 18-40) .  From 0.5 to 

1 .0 mL of local anesthetic is injected in a fan

shaped manner directed by where the patient 

feels pain. When the needle passes through 

the wall of the bursa, the patient typically ex

periences pain. At this point, the needle is in

serted farther until the pain is no longer felt. 

The solution is then injected as the needle is 

withdrawn from this area. This method is re

peated in all directions until the entire painful 

area of the bursa has been injected. If the 

needle enters a nonpainful area, no solution is 

injected. 

Follow- Up 

If the pain has not decreased after 1 week, 

the injection can be repeated using a cortico

steroid. A third injection is rarely needed. 
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Figure 18-40 I njection of the subtendineal  Ach i l les bursa . 

POSTERIOR SUBCUTANEOUS CALCANEAL BURSITIS 

Functional Examination 

The functional examination is usually nega

tive, but in severe cases passive extension of 

the foot can be painful. In some cases, when 

palpated, the swelling has a fluctuating con

sistency. 

INJECTION 

Differentiation between posterior subcu

taneous calcaneal bursitis and insertion ten-

dopathy of the Achilles tendon is only pos
sible through transverse friction or by means 

of an injection with a local anesthetic. In the 

presence of bursitis, the pain will not disap

pear during the transverse friction treat

ment; chances are, it will increase. The pain 

will disappear upon injection of posterior 

subcutaneous bursitis with a local anes

thetic, if it is indeed the structure that is af

fected. The cause of posterior subcutaneous 

calcaneal bursitis is usually shoes with heel 

counters that are too hard. 
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Position of the Patient 

The patient is prone on the treatment table. 

The affected foot is positioned in slight plan

tar flexion on the table. The lower leg is sup

ported distally with a small pillow or roll. 

Position of the Physician 

The physician sits next to the treatment 

table, facing the lateral side of the affected 

foot. 

Performance 

A Mantoux or 2-mL syringe, depending on 

the amount of swelling, is filled with a local 

anesthetic. A 2- to 3-cm needle should be 

used. If the bursa is swollen and has a fluctu

ating consistency when palpated, the physi

cian should first attempt to aspirate it. Then, 

with the same needle inserted between the 

calcaneus and the skin, the bursa is injected 

in a fan-shaped manner as directed by the 

patient's pain (Figure 1 8-4 1 ) .  When the 

needle passes through the wall of the bursa, 

the patient typically experiences pain. At this 

point, the needle is inserted farther until the 

pain is no longer felt. The solution is then in

jected as the needle is withdrawn from this 

area. This method is repeated in all directions 

until the entire painful area of the bursa has 

been injected. 

The presence of bursitis is usually con

firmed if the patient clearly feels pain and the 

physician feels minimal to no resistance dur

ing the injection. 

Follow-Up 

If the pain has not decreased after 1 week, 

the injection can be repeated with a cortico

steroid. Usually one to three injections are 

necessary to achieve complete relief of pain. 

In persistent cases, surgical removal of the 

bursa may be necessary. 

Figure 18-41 I njection of the posterior subcutaneous calcaneal bursa.  
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TENOSYNOVITIS OF THE TIBIALIS POSTERIOR MUSCLE 

Functional Examination 

Passive eversion of the foot is painful. In 

severe cases, resisted inversion of the foot 

can be painful . 

TRANSVERSE FRICTION 

Tenosynovitis of the tibialis posterior 

muscle almost always occurs as the result of 

chronic overload in people with pes plano val

gus (flat foot) . In addition to local treatment 

with transverse friction, the use of functional 

orthotics is indicated. 

Position of the Patient 

The patient is supine on the treatment 

table with the distal part of the lower leg rest

ing on the therapist's thigh. The knee is posi

tioned in slight flexion, supported by a pillow 

or roll. 

Position of the Therapist 

The therapist sits next to or on the end of 

the treatment table. If, for example, the right 

foot is being treated, the therapist grasps the 

patient's forefoot from the medial aspect with 

the right hand and, without provoking pain or 

muscle splinting, brings the foot into as much 

eversion as possible .  The left index and 

middle fingers are placed just posterior to the 

lesion, with the thwl'lb directly opposite at the 

lateral side of the ankle. 

Performance 

By extending the left wrist, the therapist 

moves the index and middle fingers trans

versely over the lesion from posterior to ante

rior (Figure 1 8-42) .  At the same time, the 

thwnb exerts counterpressure. 

Note 

Depending on the extent of the lesion, 

transverse friction can also be performed 

with one finger. The index finger is usually 
used, reinforced by the middle finger. The 

tenosynovitis can be located proximal to, at 

the level of, or distal to the medial malleolus. 

Duration 

A schedule of 1 5  to 20 minutes of trans

verse friction two to three times per week for 

2 to 4 weeks is usually sufficient to achieve 

complete relief of pain. If the transverse fric

tion does not provide satisfactory results, an 

injection between the tendon and tendon 

sheath is indicated. 

INJECTION 

An injection between the tibialis posterior 

tendon and its sheath is indicated only when 

the transverse friction treatment fails. This 

treatment is only effective when the position 

of the foot has first been corrected with func

tional orthotics. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits or stands at the end of 

the treatment table, facing the affected foot. 

With one hand, the physician holds the 

patient's foot in slight eversion. 

Performance 

Because it is difficult in this initial posi

tion to palpate the tendon, the tendon 

should be marked before the injection is 

given. A Mantoux syringe is filled with 1 mL 

of corticosteroid. The 2-cm needle is in

serted from distal until the resistance of the 

tendon is felt. The needle is then slightly 

withdrawn and directed proximally, almost 

parallel to the tendon. No resistance should 
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Figure 18-42 Transverse friction of the (tendon) sheath of the t ib ia l is posterior muscle at the level of 
the media l  mal leolus.  

Figure 18-43 I njection between the tendon and tendon sheath of the t ib ia l is  posterior muscle. 



Treatment Techniques in Lesions oj the Ankle and Foot 533 

be felt as the needle is pushed farther proxi

mally (Figure 18-43) . Next, a small amount 

of solution is injected. If a swelling along the 

tendon is observed, the needle is correctly 

located. While the needle is slowly with

drawn, all or part of the remaining solution 

is injected. 

Follow-Up 

The patient should not put weight on the 

foot for 3 days after the injection. After 1 0  to 

1 4  days, the patient is seen again, and the foot 

is reassessed. Rarely are more than two injec

tions needed to achieve complete pain relief. 

INSERTION TENDOPATHY OF THE TIBIALIS POSTERIOR 

MUSCLE 

Functional Examination 

Passive eversion of the foot can be painful 

(as a result of the exertion of stretch forces on 

the affected muscle insertion) . Resisted in

version of the foot is painful 

TRANSVERSE FRICTION 

Although the tibialis posterior muscle has a 

number of insertions, the insertion at the nav

icular tuberosity is the one most often af

fected. 

Position of the Patient 

The patient is supine on the treatment 

table with the distal part of the lower leg rest

ing on the therapist's thigh. The knee is posi

tioned in slight flexion, supported by a pillow 

or roll. 

Position of the Therapist 

The therapist sits next to or on the end of 

the treatment table. If, for example, the right 

foot is being treated, the therapist grasps the 

patient's forefoot from the medial aspect with 

the right hand, holding it in slight plantar flex

ion and supination so that the insertion site 

can be easily reached. The left index finger, 

reinforced by the middle finger, is placed at 

the plantar aspect of the navicular tuberosity. 

The thumb is placed on the lateral side of the 

foot, opposite and slightly distal to the index 

finger. 

Performance 

Transverse friction of the insertion of the 

tibialis posterior muscle is performed through 

Figure 18-44 Transverse fr ict ion of the inser
tion of the t ib ia l is posterior m uscle at the navicu
lar tuberosity. 
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an extension of the therapist's wrist. In so 

doing, the index finger is moved from plantar 

to dorsal over the lesion (Figure 1 8-44) . Pres

sure is exerted in a lateral and slightly distal 

direction. 

Note 

If necessary, functional orthotics are used 

in addition to the transverse friction treat

ments. 

Duration 

Daily (especially for athletes) or three 

times weekly treatments of about 20 minutes 

usually lead to complete recovery within 2 to 

3 weeks. 

TENOMYOSYNOVITIS OF THE TIBIALIS ANTERIOR 

MUSCLE 

Functional Examination 

Passive plantar flexion, pronation, and ab

duction of the foot are painful. In severe 

cases, accompanied by significant crepita

tion, resisted extension, supination, and ad

duction of the foot are also painful. 

TRANSVERSE FRICTION 

Tenomyosynovitis of the tibialis anterior 

muscle is an overuse syndrome located at the 

level of the musculotendinous junction of the 

tibialis anterior. 

Position of the Patient 

The patient is supine on the treatment 

table with the distal part of the lower leg rest

ing on the therapist's thigh. The knee is posi

tioned in slight flexion, supported by a pillow 

or roll. 

Position of the Therapist 

The therapist sits next to or on the end of 

the treatment table. If, for example, the right 

foot is being treated, the therapist grasps the 

patient's forefoot from the dorsomedial as

pect with the right hand, holding it in as much 

plantar flexion, pronation, and abduction as 

possible , without provoking pain or muscle 

splinting. The index, middle, and ring fingers 

of the other hand are placed just posterior to 

the lesion. The thumb gives counterpressure 

at the lateral side of the ankle. 

Performance 

During the active phase of the transverse 

friction, the fingers are moved from postero

medial to anterolateral over the lesion. This 

movement is brought about by making a large 

extension motion with the wrist while slightly 

adducting the arm (Figure 1 8-45 ) .  During 

this active phase, pressure is exerted in a lat

eral direction. 

Duration 

Treatments lasting 15 minutes should be 

given three times a week. In addition, pain

provoking activities should be avoided. Usu

ally in 2 to 4 weeks, the syn1ptoms have com

pletely disappeared. 
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Figure 18-45 Transverse friction of the musculotendinous junction of the t ibia l is a nterior muscle .  

TENOSYNOVITIS OF THE TIBIALIS ANTERIOR MUSCLE 

TRANSVERSE FRICTION 

In transverse friction of tibialis anterior 

tenosynovitis, the position of the patient and 

therapist, as well as the performance, are the 

same as for the tenomyosynovitis. The only 

exception is that the lesion is located more 

distally. 

INSERTION TENDOPATHY OF THE TIBIALIS ANTERIOR 

MUSCLE 

Functional Examination 

Passive plantar flexion, pronation, and ab

duction of the foot can be painful (as a result 

of the exertion of stretch forces on the af

fected structure) . Resisted extension, supi

nation, and adduction of the foot are painful. 

TRANSVERSE FRICTION 

Position of the Patient 

The patient is supine on the treatment 

table with the knee slightly flexed and sup

ported by a pillow or roll. 
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Position of the Therapist 

The therapist sits next to the end of the 

treatment table, facing the lateral side of the 

foot. If, for example, the right foot is being 

treated, the therapist grasps the patient's 

forefoot from the dorsomedial aspect with the 

right hand and holds it in painless plantar flex

ion, pronation, and abduction. With the left 

index finger, the site of the lesion is located at 

the medial cuneiform or base of the first meta

tarsal. The thumb gives counterpressure at 

the dorsolateral side of the forefoot. 

Performance 

By extension of the wrist, the index finger, 

which is reinforced by the middle finger, is 

moved from plantar-medial to dorsolateral 

transversely over the lesion (Figure 18-46) . 

During this active phase, pressure is exerted 

in a dorsolateral direction. 

Duration 

Three to 4 weeks of transverse friction, 

performed three times per week for about 15  

minutes, are usually required to  achieve com

plete pain relief. In addition to the transverse 

friction, stretching exercises should be per

formed. 

STRETCHING 

Stretching of the tibialis anterior is usually 

initiated after transverse friction treatment. 

Figure 18-46 Transverse friction of the i nsert ion of the t ibia l is anterior muscle .  



Treatment Techniques in Lesions oj the Ankle and Foot 537 

Position of the Patient 

The patient is supine on the treatment 

table with the heel just at the edge. 

Position of the Therapist 

The therapist sits next to the edge of the 

treatment table, facing the foot being treated. 

If, for example, the left foot is being treated, 

the therapist grasps the patient's forefoot 

from the dorsomedial aspect with the left 

hand. The right hand grasps the patient's heel 

from the lateral aspect. 

Performance 

Slowly, without causing pain or muscle 

splinting, the therapist brings the foot into 

plantar flexion, abduction, and pronation 

while the heel is moved into a valgus direction 

(Figure 1 8-47) . 
Figure 18-47 Stretching of the t ibia l is anterior 
m uscle. 

TENOSYNOVITIS OF THE PERONEAL MUSCLES 

Functional Examination 

Passive extension, supination, and adduc

tion of the foot are painful. In severe cases, 

resisted plantar flexion, pronation, and ab

duction of the foot are painful. 

TRANSVERSE FRICTION 

After an inversion trauma or as a result of 

overuse, a tenosynovitis of the peroneal 

muscles can occur. The location can vary 

from just proximal of the lateral malleolus to 

just distal of the peroneal trochlea. 

Tenosynovitis of the Peroneal Muscles 

Proximal to the Lateral Malleolus 

Position of the Patient 

The patient is supine on the treatment 

table, with the distal part of the lower leg rest-

ing on the therapist's thigh. The knee is posi

tioned in slight flexion, supported by a pillow 

or roll. 

Position of the Therapist 

The therapist sits next to or on the end of 

the treatment table. If, for example, the left 

foot is being treated, the therapist grasps the 

patient's forefoot from the lateral aspect with 

the right hand, holding it in slight painless 

extension, supination, and adduction. The le
sion is located using the index and middle fin

gers of the other hand, and the fingers are 

placed just posterior to the site . The left 
thumb gives counterpressure at the medial 

side of the ankle, just proximal to or on the 

medial malleolus. 

Performance 

By extension of the wrist during the active 

phase of the transverse friction, the fingers 
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are moved from posterior to anterior over the 

affected structure (Figure 1 8-48) . During the 

active phase of the transverse friction, pres

sure is exerted in a medial direction. 

Duration 

The duration of treatment varies . The 

transverse friction should be performed for 

about 20 minutes three times per week. It 

can, however, take from 1 to 4 weeks to reach 
full recovery. If there is no improvement after 

six sessions oftransverse friction, an injection 

between the tendon and tendon sheath is in

dicated. 

Tenosynovitis of the Peroneal Muscles 

at the Level of the Lateral Malleolus 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Therapist 

The therapist sits next to the end of the 

treatment table, facing the foot being treated. 

If, for example, the left foot is affected, the 

therapist grasps the patient's forefoot from 

the plantar aspect with the left hand, holding 

it in slight plantar flexion, supination, and 

adduction. The right middle finger is placed 

just posterior to the most tender site at the 

lateral malleolus. The index finger reinforces 

the middle finger, and the thumb, ring finger, 

and little finger are held in a flexed position. 

Performance 

By maximal supination of the forearm dur

ing the active phase of the transverse friction, 

the middle finger is moved from posterior to 

anterior transversely over the lesion (Figure 

1 8-49) .  

Figure 18-48 Transverse friction of  the tendon sheath of  the peroneal muscles just proximal to the 
lateral mal leolus.  
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Figure 18-49 Transverse friction of the (tendon) sheath of the peroneal muscles at the level of the 
lateral malleolus .  (A) I n itial position .  (8) Fina l  posit ion. 



540 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

Duration 

The duration of treatment varies .  The 

transverse friction should be performed for 

about 20 minutes three times per week. It can 

take from 1 to 4 weeks to reach full recovery. 

If there is no improvement after six sessions 

of transverse friction, an injection between 

the tendon and tendon sheath is indicated. 

INJECTION 

An injection with a corticosteroid between 

the tendon and tendon sheath is indicated 

after at least six treatments of transverse fric

tion have been tried with unsatisfactory re

sults. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits or stands next to the end 

of the treatment table,  facing the affected 

foot. With one hand, the physician holds the 

patient's foot in slight extension, supination, 

and adduction. 

Performance 

A Mantoux syringe is filled with 1 mL of cor

ticosteroid. A 2-cm long, thin needle is in

serted just distal to the lesion at an angle of 

30° in relation to the tendon. It is pushed in 

until the resistance of the tendon is felt. The 

needle is then slightly withdrawn and posi

tioned proximally, almost parallel to the ten

don (Figure I S-50) . No resistance should be 

felt as the needle is pushed farther proxi

mally. Next, a small amount of solution is in

jected. If a swelling along the tendon is ob

served, the tip of the needle is correctly 

located. While the needle is slowly with

drawn, the rest of the solution is injected. 

Follow- Up 

The patient should not put weight on the 

foot for at least 3 days after the injection. Af

ter 1 0  to 1 4  days, the patient is seen again, 

and the foot is reassessed. It is rare when 

more than two injections are needed to 

achieve complete pain relief. 

Figure 18-50 I njection between the tendon and tendon sheath of the peroneus brevis muscle just 
d ista l to the peroneal troch lea . 
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INSERTION TENDOPATHY OF THE PERONEUS BREVIS 

MUSCLE 

Functional Examination 

Passive extension, supination, and adduc

tion of the foot are sometimes mildly painful 

(as a result of stretch forces on the affected 

structure) . Resisted plantar flexion, prona

tion, and abduction of the foot are painful. 

TRANSVERSE FRICTION 

A lesion of the insertion of the peroneus 

brevis, at the tuberosity of the fifth metatar

sal, is usually the result of overuse. 

Position of the Patient 

The pati ent is supine on the treatment 

table wjth Lhe distal part of the lower leg rest

ing on the therapist's thigh. The knee is posi

tioned in slight flexion, supported by a pillow 

or roll .  

Position of the Therapist 

The therapist sits next to or on the end of 

the treatment table. If, for example, the left 
foot is affected, the therapist grasps the 

patient's forefoot from the medial aspect with 
the left hand and holds it in slight plantar flex

ion, pronation, and abduction. The right in

dex finger, reinforced by the middle finger, is 

placed just plantar to the lesion. The thumb 

gives counterpressure at the medial side of 

the foot at the level of the first metatarsopha

langeal joint. 

Performance 

By extension of the wrist during the active 

phase of the transverse friction, the index fin

ger is moved from plantar to dorsal over the 

lesion (Figure 1 8-5 1 ) .  At the same time, pres

sure is exerted in a mediodistal direction. 

Figure 18-51 Transverse friction of the insertion of the peroneus brevis. 
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Duration 

Usually four to six treatments of 1 5  min

utes' duration are needed to provide com

plete pain relief. If, after six treatments, re

sults are unsatisfactory, inj ection with a 

corticosteroid is indicated. 

INJECTION 

An injection at the level of the insertion of 

the peroneus brevis muscle is indicated when 

transverse friction has failed to achieve satis

factory results. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits or stands next to the end 

of the treatment table, facing the affected 

foot. With one hand, the physician holds the 

patient's foot in slight plantar flexion, prona

tion, and abduction. 

Performance 

A Mantoux syringe is filled with 1 mL of cor

ticosteroid. From a proximal approach, a 2-

cm long needle is inserted in a distal and me

dial direction at an angle of 40° to the lateral 

side of the foot (Figure 1 8-52) . The site of the 

lesion is injected in a dropwise fashion, as di

rected by the patient's pain. 

Follow-Up 

The patient should not weight bear on the 

foot for 1 week after the injection. If a corti

costeroid is used, usually only one injection is 

needed for full recovery. Sports activities are 

restarted 3 weeks later. 

Figure 18-52 I njection of the i nsertion of the peroneus brev is .  
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TENOSYNOVITIS OF THE FLEXOR HALLUCIS LONGUS 

Functional Examination 

Passive extension of the great toe with the 
foot in extension is painful. In severe cases, 

accompanied by significant crepitation, re

sisted plantar flexion of the great toe is pain

ful, especially when performed with the ankle 

in extension. For more detailed information, 

refer to Chapter 1 7. 

TRANSVERSE FRICTION 

Tenosynovitis of the flexor hallucis longus 

is yarticularly seen in gymnasts and ballet 

dancers. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Therapist 

The therapist sits next to the end of the 

treatment table, facing the affected foot. If, 

for example, the right foot is affected, the 

therapist grasps the patient's forefoot from 

the medioplantar aspect with the right hand, 
holding the foot in slight extension while the 

thumb holds the great toe in extension. The 
left index finger locates the lesion, just poste

rior to the sustentaculum tali. The left index 

finger, reinforced by the middle finger, is 

placed just posterior to the site of the lesion. 

The left thumb gives counterpressure at the 

level of the tarsal sinus on the lateral side of 

the ankle. 

Performance 

By extension of the wrist during the active 
phase of the transverse friction, the index fin

ger is moved from posterior to anterior over 

the lesion (Figure 1 8-53) . At the same time, 

pressure is exerted in a lateral direction. 

Duration 

The duration of treatment varies consider

ably. In some cases, only 3 treatments are 

Figure 18-53 Transverse friction of the (tendon) sheath of the f lexor ha l luc is  longus.  
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needed. Other cases require as many as 1 0  to 

1 5  sessions . Each treatment of transverse 

friction should last 1 0  to 1 5  minutes. If there is 

no significant improvement after 6 treat

ments, an injection between the tendon and 

tendon sheath is indicated. 

INJECTION 

An injection between the tendon and ten

don sheath of the flexor hallucis longus is in

dicated when transverse friction has failed to 

achieve satisfactory results. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits or stands next to the end 

of the treatment table, facing the affected 

foot. With one hand, the physician holds the 

patient's leg in slight external rotation and the 

foot in slight extension. 

Performance 

A Mantoux syringe is filled with a local an

esthetic (if there is no crepitation) or a corti

costeroid (when there is crepitation) . Just 

posterior to the sustentaculum tali, a 3-cm 

needle is inserted in a proximal direction until 

the resistance of the flexor hallucis longus 

tendon is felt. The needle is then slightly with

c1rawn, redirected almost parallel to the ten

don, and pushed in again (Figure 1 8-54) . As 

Figure 18-54 I njection between the tendon and tendon sheath of the flexor hal lucis longus muscle. 
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long as there is no resistance against the 

needle, the tip lies between the tendon and 

tendon sheath. A small amount of solution is 

now injected. If there is an obvious longitudi

nal swelling along the tendon, the needle is 

correctly positioned, and the remainder of 

the solution is injected as the needle is slowly 

withdrawn. 

PLANTAR F ASCIITIS 

Functional Examination 

The functional examination almost never 

provokes the patient's pain. 

INJECTION 

Plantar fasciitis is an overuse syndrome 

and is located at the mediodistoplantar as

pect of the calcaneus. Here, the patient has 

localized tenderness to palpation. 

Position of the Patient 

The patient is supine on the treatment 

table. 

Position of the Physician 

The physician sits or stands next to the end 

of the treatment table ,  facing the affected 
foot. With one hand, the physician holds the 

patient's foot in extension. 

Follow-Up 

If a corticosteroid was used for the injec

tion, the patient should not put weight on that 

foot for at least 3 days. If a local anesthetic 

was used, activities only have to be restricted 

for 1 day. Usually one to three injections are 

needed to achieve complete pain relief. In  

persistent cases, surgery may be indicated. 

Performance 

Because the thick skin under the heel is 

difficult to disinfect, a point is chosen slightly 

more distal and medial, where the skin is thin

ner. A 2-mL syringe is filled with a corticoster

oid, and a 5-cm long, thin needle is inserted in 

a posterior direction until the resistance of 

the fascia is felt, after which the bone of the 

calcaneus is contacted. Corresponding to the 

patient's pain, the site of the lesion is injected 

in a dropwise fashion (Figure 1 8-55) .  

Follow-Up 

The patient should not put weight on the 

injected foot for at least 3 days after the injec

tion. Afterward, a viscoelastic insole espe

cially made for plantar fasciitis should be 

worn. After 1 week, the patient should begin 

stretching exercises for the calf muscles and 

Achilles tendon to stretch the fibers that con

nect the Achilles tendon to the plantar fascia. 

One injection is usually sufficient to achieve 

full recovery. 
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Figure 18-55 I nject ion of the orig in  of the plantar fascia at the calcaneus .  



Chapter 19 

Peripheral Compression 
Neuropathies in the Foot Region 

COMPRESSION NEUROPATHY OF 
THE SUPERFICIAL PERONEAL 
NERVE 

Compression neuropathies of the superfi

cial peroneal nerve (L4 to S2) generally occur 

in the distal third of the lower leg at the lateral 

aspect, where the nerve goes through an 

opening in the deep fascia. Beyond this point, 

the nerve is only cutaneous (Figure 19-1). A 

compression neuropathy is usually caused by 

inversion or plantar flexion trauma of the 

foot. 

Differential Diagnosis 

• All lumbar and sacroiliac disorders that 

can cause pain in the L5 dermatome 

Clinical Findings 

The patient complains of burning superfi

cial pain at the laterodistal aspect of the lower 

leg, the entire dorsum of the foot, and the first 

four toes. At a later stage, hypo esthesia and 

eventually anesthesia can occur. 

Functional Examination 

Passive inversion of the foot is painful. Pal

pation at the site of compression provokes 

pain that radiates in a distal direction. 

Treatment 

In many instances, the lesion heals after 

one to three perineural corticosteroid injec

tions. A laterally wedged orthotic decreases 
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the tension of the fascia at the 

laterodistal part of the lower leg. Surgi

cal remedies may be pursued whenever 

conservative measures fail. 

COMPRESSION NEUROPATHY OF 
THE DEEP PERONEAL NERVE 

There are two predisposition sites in a 

compression neuropathy of the deep 

peroneal nerve: just distal to the inferior 

extensor retinaculum, and at the level of 

the base of the first metatarsal, where 

the nerve runs from underneath the ten

don of the extensor halluc is brevis 

muscle to pierce the deep fascia (Figure 

19-1). In the first instance, the cause of 

compression can be the wearing of shoes 

or boots that lace too high or too tightly. 

Edema, fractures, or inversion trauma 

can also damage the nerve. The nerve is 

vulnerable to direct trauma at the level 

of the base of the first metatarsal be

cause of its rather unprotected course 

over the dorsum of the foot. The most 

common cause of a lesion at this site, 

however, is inversion trauma of the foot, 

whereby the nerve is overstretched. 

Clinical Findings 

Symptoms depend on the location of 

the compression (ie, whether the medial 

or lateral branch is affected). If the me

dial branch is affected, the patient expe

riences pain in the great toe and second 

toe. If the lateral branch is compressed, 

the patient complains of vaguely local-
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Figure 19-1 Superficial (1) and deep (2) pero
neal nerves. 

ized pain in the midfoot region. The pain often 

radiates proximally in the peroneal region, 

which makes locating the lesion difficult. In 

severe cases, weakness of the extensor 

digitorum is experienced. 

Treatment 

Initial treatment is conservative. After the 

site of compression is first confirmed by 

means of an injection with a local anesthetic, 

a perineural injection with corticosteroid can 

be given. Surgery may be indicated when con

servative treatment is unsuccessful. 

TARSAL TUNNEL SYNDROME 

Tarsal tunnel syndrome involves both mo

tor and sensory fibers of the tibial nerve (L4 

to S3), which become compressed in the tar

sal tunnel, underneath the flexor retinaculum 

at the medial side of the ankle (Figure 19-2). 

The cause is usually a fracture of the medial 

malleolus or the calcaneus. In most cases, the 

compression is brought about by posttrau

matic edema. In some cases, an extreme val

gus position of the calcaneus and a sagging 

medial arch can lead to compression. 

Differential Diagnosis 

• Lumbar and sacroiliac disorders that can 

cause pain in the L4 to S2 dermatomes 

• Compression neuropathy of the plantar 

pedal nerves (in this instance, the heel is 

not painful) 

Clinical Findings 

The patient experiences burning pain in 

the heel alone or in conjunction with pain at 

the sole of the foot and the toes. In severe 

Figure 19-2 Tarsal tunnel (posteromedial as
pect of the right foot). 1, Flexor retinaculum; 2, 
flexor digitorum longus muscle; 3, Achilles ten
don; 4, posterior tibial artery; 5, tibial nerve. 
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cases only, there may be a deficit of the intrin

sic muscles of the foot, involving mostly the 

flexors of the metatarsophalangeal joints. 

Functional Examination 

Passive valgus of the calcaneus is some

times painful. Local pressure provokes radiat

ing pain at the level of the tarsal tunnel. 

Treatment 

If necessary, orthotics may be used to cor

rect the weight-bearing position of the foot. 

Injection of a corticosteroid in the tarsal tun

nel rarely resolves the symptoms. In chronic 

cases, surgical treatment is indicated. 

COMPRESSION NEUROPATHY OF 
THE MEDIAL AND LATERAL 
PLANTAR NERVES 

The medial plantar nerve is a sensory and 

motor nerve that primarily innervates the 

muscles that function to flex the toes. The 

lateral plantar nerve is also a sensory and 

motor nerve that innervates the other intrin

sic muscles of the foot, such as the lumbricals 

and interossei. Both nerves spring from the 

tibial nerve and run through two fibrous 

openings in the abductor hallucis muscle at 

the medial side of the calcaneus (Figure 19-

3). The cause of this lesion is usually either 

forced eversion or acute or chronic 

overstretching of the medial arch of the foot, 

such as in hyperpronation of the foot during 

running. 

Differential Diagnosis 

• Plantar fasciitis 

• Tarsal tunnel syndrome 

• Compression neuropathy of the pedal 

interdigital nerves 

Clinical Findings 

The patient complains of burning pain in 

the sole of the foot or toes. Depending on 

Figure 19-3 Nerves at the plantar aspect of the 
right foot. 1, Flexor digitorum brevis muscle; 
2, abductor hallucis muscle; 3, posterior tibial 
artery; 4, lateral plantar nerve; 5, medial plantar 
nerve; 6, pedal digital nerves. 

which branch is affected, the pain is felt more 

medially or laterally. If there are also sensory 

disturbances in the heel, the cause is more 

proximally located and usually results from 

tarsal tunnel syndrome. 

Functional Examination 

Passive inversion of the foot can be painful. 

There is severe tenderness to palpation at the 

site of compression. 

Treatment 

If necessary, an orthotic can be used to 

position the foot correctly. If the result is Uil-
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satisfactory, surgical measures are indicated. 

Left untreated, deficits of the intrinsic 

muscles can occur. 

COMPRESSION NEUROPATHY OF 
THE PEDAL DIGITAL NERVES AND 
MORTON'S NEURALGIA 

This compression neuropathy occurs be

tween the heads of the metatarsals, under the 

metatarsal ligament. The disorder is called 

Morton's neuralgia when the pedal digital 

nerve between the heads of the third and 

fourth metatarsals is compressed. The cause 

is acute or chronic hyperextension of the 

metatarsophalangeal joints, which may be in

curred in activities such as walking on high 

heels or rising up on the toes while in a squat

ting position. This lesion is often seen in con

junction with hallux valgus or other painful 

disorders of the big toe. The patient tends to 

place increased pressure on the other meta

tarsophalangeal joints so that the load can be 

taken off the first metatarsophalangeal joint. 

Clinical Findings 

Most of the time, pain is experienced in the 

lateral aspect of the third toe and the medial 

aspect of the fourth toe. Initially, symptoms 

are only felt during walking, but later pain is 

felt at rest, particularly at night. Pain often 

radiates proximally in the foot, especially 

when the lesion is located between the sec

ond and third metatarsals. 

Functional Examination 

Passive hyperextension of the metatar

sophalangeal joints is painful. During palpa

tion, severe tenderness is found between the 

heads of the metatarsals at the site of the 

compression neuropathy. 

Treatment 

Treatment consists of placing support un

der the heads of the metatarsals and correct

ing the position of the foot using orthotics. If 

conservative treatment is unsuccessful, the 

nerve may be surgically removed. 
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PART III-ANKLE AND FOOT REVIEW QUESTIONS 

1. What is the maximal close-packed posi

tion of the ankle? 

2. What is the maximal loose-packed po

sition in the ankle? 

3. What is the capsular pattern of the mid

tarsal joint? 

4. List the different parts of the deltoid 

ligament. 

5. What are the components of eversion 

in the foot? 

6. What is the predilection site of osteo

chondritis dissecans of the talus? What 

is the predilection site of an osteochon

dral talus fracture? 

7. Describe the clinical findings in ante

rior tibiotalar compression syndrome. 

S. What are two causes of a significant in

version limitation of motion in the foot? 

9. What is Kohler's bone disease? 

10. Which motion is most limited in hallux 

rigid us? Which motion is most limited 

in hallux valgus? 

11. Which structure is affected when the 

anterior drawer test of the ankle is 

painful but not hypermobile? What sort 

of lesion does this concern? 

12. Which ligament, in particular, is tested 

during eversion of the foot with an ex

tended knee? 

13. List six possible complicatio'ns in inver

sion trauma of the foot. 

14. Why is stretching particularly of the 

soleus muscle so important in 

achillodynia? 

15. What is the predilection site of an 

Achilles tendon rupture? 

16. Which structures are compromised in 

anterior compartment syndrome? 

17. What is the most painful test in tibialis 

posterior tenosynovitis? 

IS. What are the different lesions of the 

tibialis anterior muscle? List the predi

lection sites for each lesion. 

19. What is a functional hallux rigidus? 

20. Which testes) is (are) usually positive 

during the functional examination of a 

patient with plantar fasciitis? 

21. Where does the march fracture usually 

occur? 

22. Define calcaneoapophysitis. 

23. What is the most painful test in pero

neal tenosynovitis? 

24. How can one differentiate sub

tendinous Achilles bursitis from 

achillodynia? 

25. What is plantar fibromatosis? 

26. Where is a ganglion in the metatarsus 

usually seen? 

27. Where can one best palpate the dorsal 

pedal artery? 

2S. Which branch of the peroneal nerve 

runs most superficially over the dor

sum of the foot? 

29. By which commonly seen form varia

tion of the foot does a painful irritation 

of the plantar calcaneonavicular liga

ment occur? 

30. Which motion is the most limited in ar

thritis of the subtalar joint? 
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PART III-ANKLE AND FOOT REVIEW ANSWERS 

1. Maximal dorsiflexion. 

2. Approximately 10° plantar flexion in 

the talocrural joint and the midposition 

between maximal inversion and ever

sion of the foot. 

3. Inversion (plantar flexion-adduction

supination) is more limited than dorsi

flexion. 

4. Anterior tibiotalar ligament, tibio

navicular ligament, tibiocalcaneal liga

ment, posterior tibiotalar ligament. 

5. Dorsiflexion, abduction, and pronation 

with the calcaneus in valgus. 

6. In osteochondritis dissecans, the lat

eral side of the talus is affected. In os

teochondral fracture, the medial side 

of the talus is affected. 

7. Pain at the anterior aspect of the ankle, 

painful passive dorsiflexion, local ten

derness and sometimes swelling at the 

level of the neck of the talus and the 

anteroinferior aspect of the tibia. 

S. Congenital fusion between two tarsal 

bones; it usually involves the talus and 

calcaneus or the calcaneus and navicu

lar. Arthritis of the subtalar joint with a 

secondary spasm of the peroneal 

muscles and the extensor digitorum 

longus muscle. 

9. Aseptic necrosis of the navicular bone 

in children between the ages of 3 and S 
years. 

10. Extension in hallux rigidus. Adduction 

in hallux valgus. 

1 1. Sprain of the anterior talofibular liga

ment or the anterior tibiotalar liga

ment. Grade 1 lesion. 

12. Posterior tibiotalar ligament. 

13. Dislocation of the peroneal tendons, 

strain of the peroneal tendons and/or 

tendon sheaths, tarsal sinus syndrome, 

avulsion fracture of the lateral malleo-

Ius, avulsion fracture of the base of the 

fifth metatarsal, impression fracture of 

the medial side of the neck of the talus. 

14. The medial side of the Achilles tendon 

is the most frequently affected. At the 

level of the Achilles tendon, the soleus 

mu::tcle fibers run predominantly medi

ally. 

15. The hypovascular zone, 2 to 6 cm 

proximal to the calcaneus. 

16. Deep peroneal nerve, tibialis anterior 

muscle, extensor digitorum longus 

muscle. 

17. Passive eversion of the foot (stretch). 

IS. Tendinitis, which can be localized any

where in the tendon; tenosynovitis, at 

the level of the dorsum of the foot; 

tenomyosynovitis, at the level of the 

musculotendinous junction. 

19. As a result of tendovaginitis stenosans, 

the great toe cannot be extended when 

the foot is positioned in dorsal exten

sion. On the other hand, the great toe is 

able to extend when the foot is in other 

positions. 

20. The functional examination is usually 

negative' Palpation is the only positive 

finding. 

2l. The neck of the second or third meta

tarsal. 

22. Irritation of the soft tissue at the level 

of the calcaneal tuberosity as a result of 

compression (shoes). In less recent lit

erature, the lesion is described as asep

tic bone necrosis. 

23. Passive dorsal extension, adduction, 

and supination of the foot (stretch). 

24. When there is no clear fluctuation, one 

can differentiate by performing trans

verse friction (a decrease in pain oc

curs with achillodynia, whereas an in

crease in pain occurs with bursitis) or 
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by injecting a local anesthetic into the 

bursa. 

25. The pathology concerns nodules that 

are connected to the medial aspect of 

the plantar fascia at the level of the 

flexor hallucis longus tendon just 

proximal to the head of the first meta

tarsal. 
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Appendix A 

Schematic Topography of the 
Lower Extremity Nerves and Blood 

Vessels 

INNERVATION OF THE LOWER 

EXTREMITY 

Innervation of the lower extremities is sup

plied by the ventral rami of the LIto S3 spinal 

nerves. These rami join together to make up 

the lumbosacral plexus, with the lumbar 

plexus forming the cranial part and the sacral 

plexus forming the caudal part. 

Most of the lumbar plexus, together with 

the psoas major muscle, runs caudally, inner

vating both this muscle and the quadratus 

lumborum. Nerves run from the lumbar 

plexus to the abdominal muscles and the re

gion of the external sex organs. The iliohypo

gastric nerve runs in the abdominal wall over 

the iliac crest, supplying cutaneous innerva

tion in the region of the gluteus medius. The 

ilioinguinal nerve runs below the iliohypogas

tric nerve and sends a branch to the scrotum 

or labia majora. The genitofemoral nerve di

vides into a genital ramus and a femoral ra

mus. The genital ramus runs through the in

guinal canal and innervates a medial part of 

the groin and the sex organs. The femoral ra

mus runs through the lacuna vasorum and 

innervates the skin at the lateral part of the 

groin. 

The lateral femoral cutaneous nerve is an 

important nerve arising from the lumbar 

plexus. It runs over the iliacus muscle and 

then either penetrates or runs underneath 

the inguinal ligament. This nerve innervates 
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the skin at the lateral side of the thigh, where 

in some instances it can be palpated along its 

entire length. 

After leaving the lumbar plexus, the obtu

rator nerve dives for a short distance into the 

lesser pelvis and then runs through the obtu

rator canal to the anterior side of the upper 

leg. It enters the thigh between the origins of 

the adductor muscles, which it innervates. 

Because it lies so deeply, it is difficult to pal

pate. Its small cutaneous branch, which in

nervates the part of the skin above the knee at 

the medial aspect of the thigh, is also difficult 

to palpate. 

From the standpoint of surface anatomy, of 

all the nerves coming from the lumbar plexus, 

the femoral nerve is the most significant. It 

runs along the medial edge of the psoas 

muscle distally and exits the pelvis in the la

cuna musculorum, where it is palpable just 

lateral to the femoral artery. In the pelvis, it 

innervates the iliacus muscle and also gives 

off several cutaneous branches. In the thigh, 

it innervates the quadriceps femoris and sar

torius muscles. These motor branches and 

the small cutaneous branches from the femo

ral nerve cannot be palpated. A deeper sen

sory branch, the saphenous nerve, runs to

gether with the artery in the adductor canal. 

The nerve then separates from the artery; 

whereas the artery runs posteriorly through 

the adductor hiatus, the nerve penetrates the 

fascia anteriorly, where it runs past the me-
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dial aspect of the knee. From here, it accom

panies the greater saphenous vein in the 

lower leg. 

The sacral plexus lies directly in front of 

the sacroiliac joints. Pathologic processes 

that take up space in this region can lead to 

diffuse and serious disturbances in the inner

vation of the legs. All the nerves from the sac

ral plexus run through the back wall of the 

lesser pelvis, through which they exit. The 

superior gluteal nerve exits directly above the 

piriformis muscle and innervates the abduc

tor muscles. Paresis of this nerve leads to the 

so-called Trendelenburg* sign. 

The inferior gluteal nerve exits the pelvis 

below the piriformis muscle and then inner

vates the gluteus maximus muscle. Patients 

with a paresis of this nerve can no longer get 

into the squatting position. The posterior 

femoral cutaneous nerve also exits the pelvis 

below the piriformis muscle and runs farther 

under the gluteus maximus. This nerve, 

which is not palpable, supplies the skin of the 

buttocks and perineum. 

The sciatic nerve is by far the thickest 

nerve in the human body. Aiter either pen

etrating or coming from below the piriformis 

muscle, it runs distally. It is palpable at the 

crossing point of the distal border of the glu

teus maximus muscle and the lateral border 

of the biceps femoris muscle. Farther distally, 

it courses underneath the biceps femoris 

muscle to the back of the knee, where it di

vides into the common peroneal and tibial 

nerves. The precise level of this division is 

interindividually variable. 

The common peroneal nerve is easily pal

pable at the medial side of the tendon of the 

biceps femoris muscle. In the popliteal fossa, 

this nerve gives off a branch (the lateral sural 

cutaneous nerve) that supplies sensory in

nervation to the lateral side of the lower leg. 

At the level of the fibular head, the common 

peroneal nerve divides into the deep and su-

*Friedrich Trendelenburg, 1844-1924, surgeon 
in Rostock, Bonn, and Leipzig, Germany. 

perficial peroneal nerves. The deep peroneal 

nerve runs distally, deep within the extensor 

compartment. The superficial peroneal nerve 

innervates the peroneal muscles, becomes 

superficial at the distal end of the lower leg, 

and then runs farther to the dorsum of the 

foot, where it can be palpated. The deep pero

neal nerve innervates the skin at the dorsum 

of the foot between the first and second meta

tarsals, where it can sometimes be palpated. 

At the back of the knee, the tibial nerve 

gives off branches to the superficial flexors of 

the foot. Also in this region, a sensory branch 

divides from the tibial nerve. It innervates the 

posterior and lateral aspects of the lower leg 

and continues on as the lateral dorsal cutane

ous nerve. The lateral dorsal cutaneous nerve 

can be palpated at the level of the lateral mal

leolus. The tibial nerve itself runs in the deep 

posterior compartment. Often, it can be pal

pated behind the medial malleolus. It divides 

into two terminal branches, the medial and 

lateral plantar nerves, which innervate the 

sole of the foot. 

Sciatic Nerve (Figure A-I) 

Derivation 

From the nerve roots L4 to 83. 

Course 

The sciatic nerve exits the pelvis through 

the infrapiriformis foramen. Occasionally, it 

penetrates the piriformis muscle. It passes 

medial to the midpoint of a straight line be

tween the greater trochanter and the ischial 

tuberosity and then runs to the tip of the 

popliteal fossa. In the thigh it divides into 

the tibial and common peroneal nerves. Un

like the popliteal artery and vein, the tibial 

nerve stays superficial in the popliteal fossa. 

The distal course of the tibial nerve is pro

jected along an imaginary line from the mid

point of the popliteal fossa to a point be

tween the Achilles tendon and the medial 

malleolus. It passes deeply behind the me

dial malleolus and then divides into the me-
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Figure A-1 Distribution of the sciatic nerve, 
right leg. Arrows indicate palpation sites. 1, Sci
atic nerve; 2, tibial nerve; 3, common peroneal 
nerve; 4, superficial peroneal nerve; 5, deep 
peroneal nerve; 6, sural nerve. Innervation: 
7, gastrocnemius muscle; 8, popliteus muscle; 
9, plantaris muscle; 10, soleus muscle; 11, tibi
alis posterior muscle; 12, flexor digitorum longus 
muscle; 13, flexor hallucis longus muscle; 
14, tibialis anterior muscle; 15, extensor 
digitorum longus muscle; 16, extensor hallucis 
longus muscle; 17, peroneus longus muscle; 
18, peroneus brevis muscle. 
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dial and lateral plantar nerves. The common 

peroneal nerve runs laterally in the popliteal 

fossa. It follows the inner edge of the biceps 

femoris tendon; then, under the protection 

of the peroneus longus muscle, it takes a 

spiral course anteriorly from behind the 

fibular head. Having reached the peroneus 

longus muscle, it divides into a superficial 

and a deep branch. The superficial peroneal 

nerve, which primarily serves a sensory 

function, runs between the fibula and the 

peroneus longus muscle to the dorsum of 

the foot. The deep peroneal nerve, which 

primarily serves a motor function, runs 

deeply in the anterior tibial compartment. 

There it meets the tibialis anterior muscle 

from lateral, and together they run to the 

dorsum of the foot. Finally, the deep pero

neal nerve divides into medial and lateral 

branches. The medial sural cutaneous nerve 

is a branch of the tibial nerve. It joins to

gether with the peroneal communicating ra

mus to become the sural nerve, where it 

then runs behind the lateral malleolus. 

Palpation 

The exiting site can also be found at the 

midpoint of an imaginary line drawn be

tween the midpoint of the edge of the 

sacrum and the proximal end of the greater 

trochanter. The sciatic nerve is palpable at 

the crossing point of the lateral edge of the 

biceps femoris muscle and the distal edge of 

the gluteus maximum muscle. The common 

peroneal nerve can be felt medial to the bi

ceps femoris tendon in the popliteal fossa 

and behind the head of the fibula. Several 

branches of the superficial peroneal nerve 

can be palpated at the dorsum of the foot. 

The tibial nerve can be felt in the middle of 

the popliteal fossa. 

Lesions 

Deficits of the common peroneal nerve are 

seen relatively often in patients with occupa-
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tions that require prolonged periods of kneel

ing. As the result of the inversion trauma of 

the foot, especially in conditions when there 

are fibrous soft tissue cords, the nerve can 

become overstretched between the head of 

the fibula and the peroneus longus muscle. 

This is also true for the superficial peroneal 

nerve at its exiting site through the crural fas

cia. The deep peroneal nerve runs under

neath the tendon of the extensor hallucis 

brevis at the dorsum of the foot, where lesions 

can also occur as the result of inversion 

trauma. 

Injuries to the tibial nerve most often occur 

in the tarsal tunnel, the region behind the 

medial malleolus and under the flexor reti

naculum. Terminal branches of the tibial 

nerve, the medial and lateral plantar nerves, 

run through two connective tissue openings 

in the abductor hallucis muscle. Overstretch

ing as the result of eversion trauma can lead 

to burning pain in the sole of the foot. Farther 

distally, these nerves divide into the common 

plantar digital nerves that run plantar to the 

toes and supply sensory cutaneous innerva

tion. During their course, the nerves pass liga

ments that connect the metatarsal heads to 

each other. Hyperextension of the metacar

pophalangeal joints can lead to an overstretch 

of these nerve branches because of increased 

tension in these ligaments. The most frequent 

form of such a compression neuropathy is 

Morton's* neuralgia between the third and 

fourth metatarsals. 

Femoral Nerve (Figure A-2) 

Derivation 

From the nerve roots L2 to L4. 

Course 

In a dissected pelvis, the femoral nerve is 

easily recognizable in its course lateral to the 

psoas major muscle. Together with the iliop-

*Thomas G. Morton, 1853-1903, American sur
geon, Philadelphia, Pennsylvania. 

4 

Figure A-2 Innervation of the femoral nerve, 
right leg. Arrows indicate palpation sites. 1, I li
acus muscle; 2, psoas major muscle; 3, sartorius 
muscle; 4, pectineus muscle; 5, rectus femoris 
muscle; 6, femoral nerve; 7, primarily motor 
branch; 8, vastus medialis muscle; 9, vastus 
lateralis muscle; 10, vastus intermedius muscle; 
11, adductor canal. 



soas muscle, it runs beneath the inguinal liga

ment in the so-called lacuna musculorum. 

Here, it is separated from the femoral artery 

and nerve, which run through the lacuna 

vasculorum. Finally, the femoral nerve 

branches into various motor and sensory 

nerves. Its largest cutaneous branch is the 

saphenous nerve, which, together with the 

femoral artery, runs through the adductor 

canal. After leaving the adductor canal, the 

saphenous nerve runs between the tendons 

of the sartorius and gracilis muscles. In the 

lower leg, it accompanies the greater saphen

ous artery. 

Palpation 

The femoral nerve is palpable, but only for 

a short distance. To perform this palpation, 

the pulsations of the femoral artery must first 

be found at a site halfway between the ante

rior superior iliac spine and the pubic tu

bercle. The nerve can be felt just lateral to the 

artery. The saphenous nerve is sometimes 

palpable distal in the lower leg, just next to 

the greater saphenous vein. 

Lesions 

The femoral nerve is rarely injured. Occa

sionally, direct trauma can occur, for instance 

from sports injuries (eg, a kick in the groin) or 

traumatic hyperextension of the hip. Other 

causes of pathology include pelvic tumors, a 

psoas abscess (tuberculosis) , and fractures of 

the pelvis or femur. Diabetes mellitus can also 

cause impairments of the femoral nerve. 

The saphenous nerve becomes superficial 

at the level of the medial femoral condyle, 

where it emerges through the aponeurotic 

covering, and then gives off a branch to the 

patella (the infrapatellar ramus) . Disorders of 

the knee joint, such as meniscus lesions and 

osteophytes, can result in a pinching of this 

ramus and a subsequent lesion. 

ARTERIES OF THE LOWER 

EXTREMITY 

Deep in the abdomen, at the level of the 

umbilicus, the aorta divides into the com-
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mon iliac arteries. Both arteries run distally 

in front of the sacroiliac joints. At each side, 

an internal iliac artery arises, entering the 

lesser pelvis to supply the organs in this re

gion. From the internal iliac artery, the obtu

rator artery arises; together with the obtura

tor nerve, it runs in the adductor canal. 

These structures lie too deep to palpate. The 

superior and inferior gluteal arteries also 

originate in the lesser pelvis and run, to

gether with the similarly named nerves and 

veins, to the buttock region, which they vas

cularize. The pudendal artery runs anteri

orly under the pelvic floor to vascularize the 

external sex organs. 

The external iliac artery runs as a second 

branch of the common iliac artery along the 

edge of the lesser pelvis to the lacuna 

vasorum. There, it gives off branches to the 

abdominal wall and the sex organs. In the la

cuna vasorum it becomes the femoral artery 

and can be easily palpated just underneath 

the inguinal ligament. A branch from the 

femoral artery, the deep femoral artery (not 

palpable) , vascularizes the ventral thigh; 

several side branches penetrate the adduc

tor magnus muscle to reach the posterior 

side of the thigh. The main trunk of the 

femoral artery runs farther distally through 

the adductor canal and the adductor hiatus, 

where it is called the popliteal artery. Here 

it can be palpated at the back of the knee. 

The popliteal artery provides blood to the 

knee by way of numerous side branches that 

anastomose with each other. 

Below the knee, a large branch of the 

popliteal artery, termed the anterior tibial ar

tery, penetrates the interosseous membrane 

of the lower leg and runs farther distally in the 

anterior tibial compartment. Palpation is pos

sible at its distal end, where it becomes the 

dorsal pedal artery. 

A second large branch of the popliteal ar

tery, the posterior tibial artery, runs distally 

in the deep posterior compartment. Its pul

sations can be felt behind the medial mal

leolus. From there the artery divides again 

into the medial and lateral plantar arteries. 
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Below the knee, the posterior tibial artery 

gives off a branch, the peroneal artery. This 

artery supplies the peroneal compartment 

and the region of the lateral malleolus. 

Femoral Artery (Figure A-3) 

Course 

The course of the femoral artery can be 

projected in the following way: Imagine a 

line between the anterior superior iliac 

spine and the pubic tubercle. The midpoint 

of this line is the so-called midinguinal 

point. From this point, with the hip in slight 

external rotation and flexion, imagine a line 

from the midinguinal point to the adductor 

tubercle. The proximal two thirds of this 

line corresponds to the approximate course 

of the femoral artery. Part of the way 

through the adductor canal, it exits via the 

adductor hiatus (the opening between the 

two insertions of the adductor magnus 

muscle) to enter the popliteal fossa, where 

it is then called the popliteal artery. Cov

ered by the popliteal vein and tibial nerve, 

the artery runs deeply at the back of the 

knee and, at the level of the distal edge of 

the popliteus muscle, divides into the poste

rior and anterior tibial arteries. The anterior 

tibial artery courses forward and reaches 

the anterior tibial compartment through an 

opening in the interosseous membrane of 

the lower leg. It remains deep in its distal 

course until it becomes superficial at the 

level of the ankle, between the tibialis ante

rior and extensor hallucis longus tendons. It 

ends at the dorsum of the foot as the dorsal 

pedal artery. The posterior tibial artery at 

first lies deeply underneath the soleus 

muscle, but it becomes superficial at the 

distal end of the lower leg. It runs behind 

the medial malleolus, where it lies between 

the tendons of the flexor digitorum longus 

and flexor hallucis longus. Distal to the 

ankle, the posterior tibial artery divides into 

the medial and lateral plantar arteries. 

1 2 

Figure A-3 Femoral artery, right leg (the femo
ral nerve, the adductor longus muscle, and the 
sartorius muscle are removed). 1, Femoral ar
tery; 2, femoral vein; 3, rectus femoris muscle; 
4, tensor fasciae latae muscle; 5, sartorius 
muscle; 6, vastus medialis muscle; 7, iliopsoas 
muscle; 8, pectineus muscle; 9, adductor 
mag nus muscle; 10, gracilis muscle. 

Palpation 

After it passes underneath the inguinal 

ligament, the femoral artery can be palpated 

superficially in the medial femoral triangle for 



a distance of about 10 cm. Here, its pulsations 

can be easily felt. The popliteal artery is only 

palpable when the fascia of the knee is re

laxed with the knee flexed. The dorsal pedal 

pulse can be felt by placing a finger in the 

groove between the first and second metatar

sals and sliding it proximally. Behind the me

dial malleolus, the posterior tibial artery can 

be palpated. 

Lesions 

The femoral artery can be injured in its su

perficial course in the medial femoral tri

angle. 

VEINS OF THE LOWER EXTREMITY 

All the important smaller arteries are ac

companied by two similarly named deep 

veins. All the larger arteries (proximal to the 

popliteal artery) are accompanied by one 

similarly named deep vein. The popliteal vein 

lies somewhat more superficial and lateral to 

the popliteal artery. In the thigh, the femoral 

vein lies medial to the femoral artery. 

In the lower extremity, two important cuta

neous veins are recognizable, with significant 

interindividual variance. The greater saphen

ous vein begins at the medial side of the foot 

and courses in front of the medial malleolus as 

it runs proximally to a position behind the 

medial femoral condyle, finally ending up at 

the saphenous hiatus. The lesser saphenous 

vein begins at the lateral side of the foot, runs 

behind the lateral malleolus, and then runs 

proximally over the calf, where it empties into 

the popliteal vein. 

Greater Saphenous Vein (Figure A-4) 

Derivation 

From the dorsomedial venous network of 

the foot. 

Course 

The greater saphenous vein begins at the 

medial side of the foot. It runs in front of the 
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Figure A-4 Greater saphenous vein, right leg. 

medial malleolus and then courses farther 

proximally to a position behind the medial 

femoral condyle. About 2 cm distal to the in

guinal ligament, it empties into the femoral 

vein (which lies just medial to the femoral 

artery). 

Palpation 

Saphenous is derived from an arabic word 

meaning "hidden." Nevertheless, the greater 

saphenous vein is actually easy to palpate at 

the foot and lower leg. Its course in front of 

the medial malleolus is consistent. 

Lesions 

Varicose veins. 
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Figure A-5 Lesser saphenous vein, right leg. 

Lesser Saphenous Vein (Figure A-5) 

Derivation 

From the dorsolateral venous network of 

the foot. 

Course 

The lesser saphenous vein begins behind 

the lateral malleolus and then runs proximally 

between both heads of the gastrocnemius 

muscle to the popliteal fossa. There, it ends at 

the popliteal vein. 

Palpation 

The vein can be routinely palpated distal to 

the lateral malleolus and occasionally be

tween the heads of the gastrocnemius. 

Lesions 

Varicose veins. 
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Diagnosis and Treatment of 
Algorithms for the Lower 

Extremities 

Symbols and Indications 

- Possibilities mentioned are of equal rank; one can make a choice from the available data 

1 

2 Graded order of ranking; information is listed in order of importance or preference 
3 

1 == Listed according to the passage of time 

[> Indicates the sequence 

-------'; In all probability, the following occurs 

---� It could possibly lead to the following 

± Approximately 

571 
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LEGEND 

Pain 

o = Sometimes painful 
e = Painful 

e e = Most painful test 
( ) = eg, e (e) Signifies pain, and sometimes the most painful test 

Limitation of Motion 

o = Sometimes (minimal) limitation of motion 
e = Minirnal limitation of motion 

e e = Moderate limitation of motion 
e e e = Severe limitation of motion 

( ) = eg, e e (e) Signifies moderate to severe limitation of motion 

Muscle weakness 

= Sometimes (minimal) weakness 
= Moderate weakness 
= Severe weakness 

o = Hypermobility or instability 
! = Test not performed 

+ = Positive, but without pain, limitation of motion, weakness, qr hypermobility 
* = Muscle tightness 

( ) = Sometimes, eg, (+) signifies "sometimes positive"; (*) signifies "sometimes muscle 
tightness" 
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DIAGRAM FOR BASIC ORTHOPAEDIC EXAMINATION 

I. Gemeral Inspection 

II. Gemeral lnspection 

III Specific inspection 

IV Palpation 

Family 
General 

Specific 

Local swelling 

Local temperature 

Before beginning the functional examination. ask the patient what he/she feels " at this moment" (at 

rest). During the functional examination. note whether the patient reports any change with each 

movement or test. 

V Functional  E x a m i n a t i o n  

VI Palpation 

VII Accessory examinations 

(when indicated) 

Active movements (patient) 
Passive movements (examiner) 

Isometric resisted tests (patient and examiner) 

Local swelling 

Local temperature 
Pain (palpation of the affected structure. which is 

indicated by the functional examination) 

Laboratory analysis 

X-ray examination 

Other imaging tests (eg. MRI) 
Neurological examination 
Vascular tests 
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General Inspection and History 

General I-- Facial expression 

inspection Facial color 

Assistive devices 

Gait 
Posture 
Quality of movement from 

stand to sit 
(Partial) immobilization 

History I-- General -

I-- Specific -

Wheelchair 

Cane 
(Obvious) orthosis 

Plaster/tape 

Sling 

Age 

Job/profession 
Hobbies (sports) 
Family history 
General health 

-physical and exceptional 

condition 

-temperature 

Type of complaints 

-pain 

-paresthesia 
-swelling 

-weakness 

-sensibility disturbances 
-coordination problems 

Localization of complaint 

When did it happen 7 
How did it happen? 

-acute (trauma?) 
-gradual (spontaneous or 

traumatic ?) 
Sport or work specific history 



Specific Inspection 

Swelling f-- Amount 
Form/shape 

Consistency 

Ability to displace; well/not attached 
to surrounding structure(s) 
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Soft - With fluctuation? 
Firm Without fluctuation? 
Hard 

I 
L _

A

_

t

_

ro

_

p

_

h

_

y ___ --lH Gce oe moee m",'e,' 

Color f-- Red (inflammation ?) 
White (arterial obstruction?) 
Blue (venous blockage I) 
Yellow -> blue (hematoma ?) 
Black (necrosis ?) 
Brown (cafe au lait spots? 

neurofibromatosis? 
birthmark?) 

Alignment f-- Total (posture, body type) 
Local Per joint 

Per kinetic chain (eg, spine) 

Other I- eg, eyes (various inflammations can develop 
with Reiter's disease or ankylosing spondylitis) 

eg, nails (indentations with psoriasis) 
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Functional Examination 

Active movements - Range of motion 
Pain, paresthesia, etc. 
Deviations of movement (to 

include painful arc) 
Coordination 
Willingness 

Passive movements - Angular 

Nonangular 

Resisted tests t---- Strength 
Pain 
Willingness 

Accessory tests t---- Neurological 

Vascular 

Range of motion 

Pain, paresthesia, etc. 
End-feel 

Traction � Joiet pl,y 
Translatory End-feel 

glide Pain 

Compression -- Pain 

Nerve stretch tests 
Reflexes 
Sensation 
Coordination 
Balance 

Pulse 
Compression (eg, vertebral 

artery test) 



DIAGRAM FOR BASIC FUNCTIONAL EXAMINATION FINDINGS 1 

Pain (without limitation of r-- With active movements - ComfJine with findings from 

motion, without passive movements and 

hypermobility, without resisted tests 

muscle weakness) 

r--- With passive movements - Stretch 

I--- Compression 

r-- With resisted tests I--- Isometric contraction 

- Muscle/tendon 
Tendon sheath 
Capsule 
Ligament 

Nerve 

- Muscle/tendon 

Bursa 

Nerve 

- Muscle/tendon 
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DIAGRAM FOR BASIC FUNCTIONAL EXAMINATION FINDINGS 2 

-

Limitation of - Yes? f- Capsular - Arthritis Traumatic 
motion (capsular Nontraumatic 

pattern) I 

Osteoarthritis 

f- Noncapsul - Joint Loose body 
ar 
(noncap 
sular 
pattern) ? 

Meniscus/Disc 
lesion 

Arthropathy 

Muscle Shortening 
Spasm 
Myositis ossificans 

-

-B 
Nerve Compression 

neuropathy 
Paresis/paralysis 
Spasm 

Hypermobility I Bursa Bursitis 
Muscle -

weakness? Skin Scar tissue 

Traumatic 
::::::=-< Idiopathic 

Osteoarthritis 
Synovial (osteo) -f-

chrondromatosis 
Osteochondrosis -f-

dissecans 

Metabolic 
Neurogenic 
Dysplastic 
Neoplastic 

Laboratory examination 

Radiological examination 

adiological examination 
Arthroscopy 
Radiological examination 
Radiological examination 

Arthroscopy 

Arthroscopy 

CT scan 
MRI 
Laboratory examination 

Neurological examination 
Radiological examination 

Neurological examination 
(to include EMG) 
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DIAGRAM FOR BASIC FUNCTIONAL EXAMINATION FINDINGS 3 

Hypermobility r- General 

Local Traumatic 

Nontraumatic 

---

Muscle weakness - With r--- Tendinitis (stage 4) 
pain Partial rupture of muscle/tendon 

- Without r--- Total rupture of muscle/tendon 

pain 

Neurological (paresis/paralysis) 

Acute 

Chronic 

Muscular (total rupture of 

muscle/tendon) 

Neurological 

(paresis/paralysis) 

Neurological 

examination (to 

include EMG) 

�---

Neurological 

examination (to 

include EMG) 
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DIAGRAM FOR BASIC TREATMENT 

Primary prevention 

Secondary prevention (= 
treatment) 

Tertiary prevention 

Information 
• General 

-posture 
-body mechanics 

-nutrition 
• Work specific 
• Sport specific 

2 Working conditions adapted to the working activities 
(ergonomics) 

3 Sport conditions 
• Surface 

• Equipment 

-eg, shoes, racquet, etc. 
• Clothes 

• Warm-up/cool down 
• Taping 

Causal treatment 

• see Primary prevention, 1, 2, 3 
2 Local treatment 

• eg, transverse friction, ultrasound, cryotherapy 
• mobilization (manipulation) 

• stretching 
• muscle strengthening 
• injection 
• taping 
• stabilization 

3 General treatment 

• limitation of activities 
• general conditioning 
• medication 

Prevent profession of the lesion by means of the measures 
listed under Secondary prevention 



LOCAL TREATMENT 

Lesion 

Joint and ligamentous 
lesions 

Musculotendinous 

lesions 

Bursitis 

Compression 

neuropathy 

Physical therapist 

Specific mobilization and/or 
manipulation of movement 
limitations 

Stabilization exercise program and 
taping or bracing of 
hypermobilities or instabilities 

Transverse friction massage for 

ligament sprains and small partial 
ruptures 

Modalities 

Transverse friction massage 
Stretching 

Muscle-strengthening exercises 

Modalities 

Correction of local articular and/or 

muscular disturbances 

Correction of eventual muscle 

shortening by means of muscle 

stretching 

Physician 

Aspiration 
Intra-articular injection 
Infiltration (of ligament 

insertions) 

Infiltration (tendon insertion, 

musculotendinous 

junction, muscle belly) 

I njection (tenosynovitis, 

tenovaginitis) 

Aspiration 

Infiltration 

Perineural infiltration 

Patient 

Active exercises after 
mobilization/manipulation 

Eventually transverse friction 

massage 
Muscle-strengthening 

exercises 

Stretching exercises 
Muscle-strengthening 

exercises 

Eventually, when possible, 
transverse friction massage 

Maintain mobility after joint 

mobilization/manipulation 

and/or muscle stretching 

Stretching exercises 
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DIAGRAM FOR BASIC TREATMENT OF TENDINITIS 

2 

3 

Causal (when 

possible) 

Local 

General 

When results are 

unsatisfactory 

r--

r-

Mobilization (to prevent or diminish adhesions) 

Muscle strengthening (initiated when resisted tests are 

negative) 

Limitation of specific activities that load the tendon 

General circulation-stimulating measures 

(If needed) medications (nonsteroidal anti-inflammatory 

drugs [NSAIDs] 

All specific tendon-loading activities are stopped 

Infiltration with a local anesthe�ic (only the tendon 

insertion) 

(If needed) infiltration of a corticosteroid 

In a transverse direction by means of transverse 

friction massage 

In a lengthwise direction by means of stretching 
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Appendix C 

Algorithms for Diagnosis and 
Treatment of the Lower 

Extremity-General 

583 



ZERO POSITION, MAXIMAL LOOSE-PACKED POSITION, AND MAXIMAL CLOSE-PACKED POSITION-LOWER 

EXTREMITY 

Joint 

Hip (art. coxae) 

Knee (art. genu) 

Lower leg (crus) 

Consists of: 

Proximal tibiofibular joint 

Tibiofibular syndesmosis 

Art. tibiofibularis distalis 

Ankle (art. talocrural) 

Tarsus and metatarsus 

Toes 

Consist of: 

Metatarsophalangeal joints 

Interphalangeal joints 

Zero Position 

The upper leg is in line with the 

trunk. A straight line from the 

anterior superior iliac spine to 

the middle of the patella makes 

a right angle with the line that 

connects the inferior aspects of 

both anterior superior iliac 

spines. 

The lower leg is in line with the 

upper leg. 

The lateral side of the foot makes 

an angle of 90° with the 

longitudinal axis of the lower leg. 

The straight line from the 

anterior superior iliac spine 

through the middle of the patella 

goes to the second toe. 

See ankle 

The longitudinal axis thr0ugh the 

metatarsal bone and its 

articulating phalanx are in line 

with each other. 

Maximal Loose-Packed Position 

±30° flexion, 30° abduction, and 

slight external rotation 

±25° flexion 

±10° plantar flexion in the talocrural 

joint 

±10° plantar flexion in the talocrural 

joint and the middle point 

between maximal inversion and 

eversion of the foot 

See ankle 

±1 0° extension 

slight flexion 

Maximal close-Packed Position 

Maximal extension, internal rotation, 

and adduction (ligamentous) 

Maximal extension, external rotation 

and abduction (bony) 

Maximal extension 

Maximal extension (dorsiflexion) in 

the talocrural joint 

Maximal extension (dorsiflexion) 

Maximal inversion 

Maximal extension 

Maximal extension 
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CAPSULAR PATTERN-LOWER EXTREMITY 

Joint 

Hip (art. coxae) 

Knee (art. genu) 

Proximal tibiofibular joint 

(art. tibiofibularis proximalis) 

Talocrural joint (art. talocruralis) 

Subtalar joint 

(art. talocalcaneonavicularis) 

Midtarsal joints 

(artt. calcaneocuboidea and 

talonavicularis) 

Intertarsal joints (artt. intertarseae) 

Tarsometatarsal joints 

(artt. tarsometatarseae) 

Intermetatarsal joints 

(artt. intermetatarseae) 

Metatarsophalangeal joints (MTP) 

(artt. metatarsophalangeae) 

Metatarsophalangeal I joint 

(artt. metatarsophalangeae hallucis) 

Interphalangeal joints: 

Proximal 

Distal 

(artt. interphalangeae proximales and 

distales) 

Limitation of Motion (Passive Angular Movements) 

Internal rotation> flexion = abduction = extension> 

other motions 

Flexion> extension (±5: 1 ) 

No capsular pattern: pain at the end range of passive 

translatory movements 

Plantar flexion;::: dorsiflexion 

Varus> valgus 

Inversion (plantar flexion, adduction, supination) > 

dorsiflexion 

No capsular pattern; pain at the end range of translation 

movements 

See above: intertarsal joints 

See above: intertarsal joints 

Flexion � extension 

Extension> flexion (±2: 1) 

Flexion � extension 



586 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

END-FEEL AND STRUCTURES THAT CAUSE THE END-FEEL 1 

The end-feel is specified on the visual analogue scale: The left end of the scale indicates 

the softest possible end-feel, the right end indicates the hardest possible end-feel. Given here are 

the average normal end-feels for normal joints. 

Movement End-feel 

Hip (art. coxae) 

Flexion 

I nternal rotation 

External rotation 

Abduction 

Adduction 

Extension 

Knee (art. genu) 

Flexion 

Extension 

External rotation 

Internal rotation 

Structures 

Musculature on the anterior aspect of 

the thigh 

Capsuloligamentous complex, 

particularly the ischiofemoral ligament 

Capsuloligamentous complex, 

particularly the pubofemoral ligament 

and the iliofemoral ligament pars 

superior 

Adductor muscles and the 

capsuloligamentous complex, 

particularly the pubofemoral and 

ischiofemoral ligaments 

Capsuloligamentous complex and the 

iliofemoral ligament pars s'Jperior 

Capsuloligamentous complex, 

particularly the iliofemoral ligament 

pars inferior 

Soft tissue between femur and 

tibia-fibula 

Posterior capsule and anterior cruciate 

ligament 

Posteromedial capsuloligamentous 

structures and the medial 

meniscotibial ligament 

Posterolateral capsuloligamentous 

structures, cruciate ligaments, and 

lateral meniscotibial ligament 



Appendix C 587 

END-FEEL AND STRUCTURES THAT CAUSE THE END-FEEL 2 

The end-feel is specified on the visual analogue scale: The left end of the scale indicates 

the softest possible end-feel, the right end indicates the hardest possible end-feel. Given here are 

the average normal end-feels for normal joints. 

Movement 

Ankle (art. talocrural) 

Dorsiflexion (extension) 

Plantar flexion (flexion) 

Subtalar joint 

(art. subtalaris) 

Varus 

Valgus 

End-feel Structures 

With extended knee: triceps surae and 

Achilles tendon 
With flexed knee: posterior 

capsuloligamentous complex 

Dorsal capsuloligamentous complex and 

extensor tendons 

Lateral capsule and talocalcaneal 

ligaments 

Medial capsule and talocalcaneal 

ligaments 
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END-FEEL AND STRUCTURES THAT CAUSE THE END-FEEL 3 

The end-feel is specified on the visual analogue scale: The left end of the scale indicates 
the softest possible end-feel, the right end indicates the hardest possible end-feel. Given here are 
the average normal end-feels for normal joints. 

Movement 

Transverse tarsal joint 

(art. talonaviculare and 

art. calcaneocuboidea) 

Dorsiflexion (extension) 

Plantar flexion (flexion) 

Abduction 

Adduction 

Pronation 

Supination 

Toes 

(artt. metatarsophalangeae 

artt. interphalangeae 

proximales and dis tales) 

Extension 

Flexion 

End-feel Structures 

Dorsal and plantar capsuloligamentous 

structures 

Dorsal and plantar capsuloligamentous 

structures 

Medial capsuloligamentous structures 
(talonavicular) 

Lateral capsuloligamentous structures 
(calcaneocuboid) 

All transverse tarsal capsuloligamentous 
structures 

All transverse tarsal capsuloligamentous 

structures 

Plantar capsuloligamentous structures 

Dorsal capsuloligamentous structures 
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CLINICAL REVIEW OF PERIPHERAL MOTOR DEFICITS OF THE LOWER 

EXTREMITY 

The most characteristic nerve root is indicated in boldface type. 

Obturator nerve 

Adductor muscles (mm) 

Obturator externus muscle (m) 

Gluteal nerves 

Gluteal mm 

Piriformis m 

Femoral nerve 

Iliacus m 

Iliopsoas m 

Sartorius m 

Pectineus m 

Quadriceps femoris m 

Sciatic nerve 

Obturator intern us m 

Biceps femoris m 

Adductor magnus m 

Piriformis m 

Semimembranosus m 

Semitendinosus m 

Quadratus femoris m 

Gemelli mm 

Peroneal nerve 

Extensor digitorum longus m 

Peroneus longus m 

Peroneus brevis m 

Extensor digitorum brevis m 

Extensor hallucis brevis m 

Extensor hallucis longus m 

Tibialis anterior m 

L2, 3.4 

L2, 3, 4 

L5, S1, 2 

L5, Sl, 2 

L 1, 2, 3, 4 

L 1, 2, 3, 4 

L2, 3, 4 

L2, 3, 4 

L2, 3, 4 

L4, 5, S1, 2 

L5, S1, 2 

L4, 5 

L5, Sl, 2 

L4, 5, S1, 2 

L4, 5, S1, 2 

L4, 5, S1, 2 

L4, 5, S1, 2 

L4, 5, S1 

L4, 5, S1 

L4, 5, S1 

L4, 5, S1 

L4, 5, S1 

L4, 5, S1 

L4, 5 

Tibial nerve 

Popliteus m 

Gastrocnemius m 

Soleus m 

Tibialis posterior m 

Flexor digitorum longus m 

Flexor digitorum brevis m 

Flexor hallucis longus m 

Flexor hallucis brevis m 

Plantaris m 

Abductor hallucis m 

Abductor hallucis m 

Abductor digiti minimi m 

Quadratus plantae m (accessory 

flexor m) 

L5, S1, 2 

L5, S1, 2 

L5, S1, 2 

L5, S1 

L5, S1, 2 

L5, S1, 2 

L5, S1, 2 

L5, S1, 2 

L5, S1, 2 

L5, Sl, 2 

L5, Sl, 2 

L5, Sl, 2 

L5, Sl, 2 
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LIMITATION OF MOTION IN THE HIP 

Limitation of f-- Capsular 
-

Arthritis 
-

Traumatic 

motion 

Nontraumatic -r-

- Coxarthrosis 

f-- Noncapsular r-- Epiphysiolysis 

Perthes' disease 

Ischemic femoral head 

necrosis 

Loose body 

Idiopathic 

Bacterial 

Rheumatic 

Perthes' disease 

Ischemic femoral head necrosis (early 

stage) 

Transient synovitis (coxitis fugax) 

Other arthritic diseases 

Coxarthrosis 

Idiopathic 

Traumatic 

Osteochondritis dissecans 

Perthes' disease 

Synovial (osteo) chondromatosis 

Tuberculosis 

(septic) 

Rheumatoid 

arthritis 

Ankylosing 

spondylitis 
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PREDILECTION AGE SPANS IN ARTHROPATHIES OF THE HIP 

Juvenile rheumatoid arthritis 

I Perthes' disease I 

Transient 

synovitis of 

the hip 

AGE: 10 years 20 years 

ysis 

Capsular Pattern 

Secondary arthrosis 

(osteoarthrosis) 

�----

Primary arthrosis (osteoarthrosis) 

Traumatic arthritis I J 
-�----

Nontraumatic arthritis 

30 years 40 years 50 years 60 years >60 
years 

Traumatic and idiopathic I Synovial (os:eo) chondromatosi� loose 
bodies 

Osteochl!.Jndritis Ischemic necrosis of the femoral head I dissec�ns 
Arthrosis (osteoartrrosis) 

I Labrum lesions 

Noncapsular Pattern of limited Motions 

� 

:g 
� 
� 
R" 
tJ 

CJ1 
t.O 
u:> 
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PUBALGIA 

Pain in the groin and/or lower abdomen 

I 

Functional examination -
Functional examination + 

(resisted adduction; passive abduction; I 
stretch; passive flexion:compression) 

Provocation 

I 
Functional I Functional 

examination + examination -

I I 
Palpation 

I 
Palpation + Palpation -

I 
Treatment 

I I I 
Remains Recurs No 

effective effect 

I I 

-Pubic -Inguinal hernia -Functional exam 

osteochondrosis -Femoral hernia -Lumbar spine 

-Symphysis -Symphysis -SI joint/symphysis 

arthropathy arthropathy -Urologic exam 

-Urologic exam -Gynecologic exam 

* -
-Gynecologic exam -Neurologic exam 

-Neurologic exam 

* As a result of pain, an abnormal pattern of motion can develop in the hip with resultant overuse 

of the adductor muscles. 

SI, sacroiliac. 
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DIFFERENTIAL DIAGNOSIS OF PAIN IN THE REGION OF THE GREATER 
TROCHANTER 

Pathology Clinical Examination Treatment 

Gluteus maximus Local tenderness to palpation of the posterior Physical therapy of transverse friction and 
insertion aspect of the greater trochanter gentle stretching exercises 
tendopathy 

In extreme cases: If symptoms do not improve with physical 
Resisted hip extension is painful; sometimes therapy, injection with a local anesthetic 

resisted external rotation and resisted abduction is indicated; if the symptoms are relieved 
are also painful only temporarily, the injection is repeated, 

but with a corticosteroid 
In rare instances, surgery is required 

Calcification at the Same clinical findings as in gluteus maximus Usually surgery is necessary 
insertion of the insertion tendopathy 
gluteus maximus 

Subtendinous See gluteus maximus insertion tendopathy injection with a local anesthetic; if the 
trochanteric bursitis Often, passive hip flexion, external rotation, and/or symptoms are relieved only temporarily, 

adduction are also painful the injection is repeated, but with a 
Patrick's sign is sometimes positive corticosteroid 
Combined motion of passive hip flexion, internal 

rotation, and adduction is most painful 

Intertendinous Same clinical findings as in subtendinous Same as subtendinous trochanteric bursitis 
trochanteric bursitis trochanteric bursitis 

Gluteus medius Same clinical findings as in gluteus maximus Same as gluteus maximus insertion 
insertion insertion tendopathy; the most tender area is tendopathy 
tendopathy, with or slightly more proximal on the posterior aspect 
without calcification of the greater trochanter 

.. Snapping hip" (coxa Usually no pain In instances of pain: stretching 
saltans) Snapping occurs during flexion from a position of If a secondary bursitis is present: injection 

extension or in alternating internal and external 
rotation from a position of hip flexion 

Lateral compartment Pain and local swelling of the tensor fasciae latae Surgery 
syndrome of the muscle in the area of the greater trochanter 
thigh Pain during sitting as well as during activities 

Stress fracture of the Local percussion pain Rest, meaning avoidance of all pain-
greater trochanter provoking motions for 6-8 weeks 

Scar tissue after hip Functional examination is usually negative Surgery is sometimes indicated 
surgery in which a Local tenderness 
posterior incision 
was performed 

Pain due to loosening Functional examination usually has vague findings 
of a hip Technetium (bone) scan is diagnostic Surgical revision 
endoprosthesis 

Referred pain from L4 Examination of the lumbar spine or sacroiliac joints Depends on pathology 
or L5 is positive 
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DIFFERENTIAL DIAGNOSES OF GROIN PAIN 

'0 

'0 E 
OJ 

E � 
co 

2 D-
+-" � 
co � 
D- :::J � CfJ 
co D-
:::J co 
CfJ U 
D- c 
co 0 
u c 

co co 

-5 -5 
.� .� 
C c 
0 0 

en CfJ CfJ 

c::: � � 
O � c � c 

0 0 
.- � .;::0 � .;::0 :::J :::J en u � u� 
Q) tE tE ..J Tests Performed <1:= <1:= 

• • 
Active hip movements • • 

.. .. Passive hip movements 
.. .. 

Resisted hip tests 

Lumbar spine examination 

SI joint test 

Symphysis palpation 
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SI, sacroiliac 
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LESIONS OF THE ILIOPSOAS AND DIFFERENTIAL DIAGNOSES 
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Passive hi;:J flexion 0 
e 

e .. e 

Passive hip external rotation 0 0 0 

Passive hip internal rotation 0 
e 

.. (e) 0 0 

0 
.. 

Passive hip extension .. (e) e 0 

Resisted hip flexion e(e) e 
.. 

0 0 0 I" • 

Resisted hip external rotation 0 0 e 
* 

Muscle length test of the iliopsoas * * 0 * 
.. (e) 

e 
Passive stretch test of the iliopsoas e(e) .. (e) .. 0 0 0 e 

L3 (femoral nerve) stretch test e 
• 

.. (e) e 0 I" 0 .. 
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DIAGNOSIS OF THE HIP 

I/) 
C 
0 

Functional . -
I/) 
Q) Examination of the Hip ..oJ 

1. Trendelenburg's test 

2. Quick tests for the lumbar spine 

CJl 
'00 
0 

.� .2 
] ....., ..... cd 
+-' :><: 

� 0 

C) 

(+) (+) 

ext. ext. 

• • 
3. Active hip internal rotation .. (.) .(M 

4. Active hip external rotation 

5. Straight leg raise 

6. S1 test (supine) 

7. Passive hip flexion 
• • 
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DIAGNOSIS OF THE HIP (continued) 
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Functional . -
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Q) Examination of the Hip ...J 

16. Passive extension 

17. L3 (femoral nerve) stretch test 
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18. Passive internal rotation (prone) .. (.) 

19. Resisted internal rotation 

20. Resisted external rotation 

2l. Resisted extension 

22. Resisted knee extension 

23. Resisted knee flexion 
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CAUSES OF LIMITATIONS OF MOTION IN THE KNEE 

----l Traumatic I - Arthritis 

-i Nontraumatic I ... C 
«I ... 

- Q) 
::J = ------j Primary I 1/1 «I 
g.c. c- Arthrosis 

(.) --1 Secondary I 
H Meniscus lesions I 

Pathology of the thigh --1 Partial tear I 
r--- muscles -i Rupture I 

--1 Myositis ossificans I 
H Pellegrini-Stieda disease at the level of the adductor tubercle I 

Adhesions (after trauma or ------1 Medial collateral ligament I 
r--- surgery) 

--1 I Intraarticular = arthrofibrosis (eg, suprapatellar 
recess) 

--1 Immobilization I c ... 
Q) ------1 Arthritis I = 
«I Status after trauma or c. r---... surgery H I .!2 Cruciate Nonisometric 
::J 
1/1 - surgery H I c. Hypertrophied «I 
u infrapatellar fat pad c 
0 

Z 
------1 I Nodular synovitis 

--1 Synovial (as teo) chondromatosis I 
-i (Juvenile) osteochondritis dissecans I 

Loose bodies 
r--- --1 Meniscus lesions I 

--1 Arthrosis I 
--1 Traumatic I 
--1 Hemarthrosis I 
--1 Idiopathic I 

I Cruciate Pathology H Ganglion, cysts I 



INTERPRETATION OF FINDINGS WITH RESISTED TESTS OF THE KNEE 1 

I Te" 
Extension -

-

I-

Flexion I-

Location of 
symptoms 

Anterior 

Medial 

Lateral 

Posterior 

CT, computed tomography. 
M RI, magnetic resonance imaging. 

Further diagnostic tests 

I- Palpation (possibly injection 
with a local anesthetic) 

I- Passive external rotation of 
the tibia 

In 30° flexion, passive shift of 
the patella medially 

Palpation 

I- Iliotibial band test 
Palpation 

I- Perform resisted tibial internal 
rotation and external 
rotation simultaneously with 
flexion as well as individually 

Palpation 

Diagnosis 

- Supra- or infrapatellar 
insertion tendopathy 
(" jumper's knee," 
apexitis patellae) 

- Medial parapatellar 
insertion tendopathy 

- Lateral parapatellar 
insertion tendopathy 

- In cases when only flexion 
is painful: 
Ba ker's cyst ( CT  scan or 

M RI) 
Posterior cruciate 

ligament sprain 
Posterior capsule sprain 

Differential diagnosis 

r-- Infrapatellar bursitis 
Meniscus lesion (at the 

junction of the extensor 
mechanism with the 
menisci) 

I- Mediopatellar plica 
syndrome 

Medial meniscus lesion 

r-- Iliotibial band friction 
syndrome 

Lateral meniscus lesion 

r-- Meniscus lesion 
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INTERPRETATION OF FINDINGS WITH RESISTED TESTS OF THE KNEE 2 

c:-
External 

rotation 

Internal 
rotation 

-

-

-

Location of 
symptoms 

Lateral 

Lateral 

Medial 

r-

'-

� 

Further diagnostic tests I Di'9CO,i, 

Palpation - Usually biceps femoris 
Joint-specific examination of insertion tendopathy at 

the proximal tibiofibular join the head of the fibula 

Palpation - Usually meniscus lesion 
Injection with a local 

anesthetic 

Palpation - Usually superficial pes 
Injection with a local anserinus insertion 

anesthetic tendopathy 

Differential diagnosis 

- Lateral meniscus lesion 
Sprain of the 

capsuloligamentous 
structures of the 
proximal tibiofibular joint 

Iliotibial band lesion 
(resisted tests are 
seldom positive) 

- Lesion of the (tendon from 
the) popliteus muscle 

- Superficial pes anserinus 
bursitis 

Medial meniscus lesion 
Semimembranosus 

(tendon) lesion 
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KNEE INSTABILITY 

Uniplanar instability 

(= laxity in only one plane) 

Rotational instability 

( = combination of 
translation and rotation) 

Medial instability ----l -

----l 
Lateral instability -1 -

� 
----1 Anterior instability 

----1 Posterior instability 

----1 Anteromedial rotatory instability 

----1 Anterolateral rotatory instability 

----1 Posteromedial rotatory instability 

----1 Posterolateral rotatory instability 
L-______________________ -J 

In slight flexion 

In extension 

In slight flexion 

In extension 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



UNIPLANAR KNEE INSTABILITY 1 

f- 1+  

Medial, in slight flexion 

f- 2+ 

H 3+ 

1+ 
Medial, in extension 

t--

2+ -

---l 3+ 

1+ -
Lateral, in slight flexion 

2+ -

3+ 
-

1+ -

Lateral, in extension 

t-- 2+ 

H 3+ 
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Affected structures 

medial meniscotibial ligament (coronary ligament) 
(possibly medial meniscus) 

see 1 +, and medial collateral ligament 
posterior oblique ligament 

see 2+, and anterior and/or posterior cruciate 
ligament 

posterior oblique ligament (possibly medial meniscus) 

see 1 +, and medial meniscotibial ligament (coronary 
ligament) 

anterior and sometimes posterior cruciate ligament (s) 

see 2+, and posterior cruciate ligament 

lateral meniscotibial ligament (coronary ligament) 
(possibly lateral meniscus) 

lateral collateral ligament: sprain or partial tear 

see 1 +, and iliotibial band 
anterior and or posterior cruciate ligament (s) 

see 2+, and lateral collateral ligament: rupture 
popliteal arcuate ligament 
popliteus tendon 

popliteal arcuate ligament 
lateral meniscotibial ligament (coronary ligament) 

(possibly lateral meniscus) 
lateral collateral ligament: sprain or partial tear 

see 1 +, and lateral collateral ligament: rupture 
popliteus tendon 
anterior and/or posterior cruciate ligament (s) 

see 2+, and iliotibial band 
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UNIPLANAR KNEE INSTABILITY 2 

1+  anterior cruciate ligament (a lesion of the posterior 

Anterior 
- cruciate ligament can be ruled out by 

performing the anterolateral drawer test) 

2+ see 1 +, and medial and/or lateral meniscotibial 
- ligament (coronary ligament) 

possibly medial and/or lateral collateral ligament(s) 

3+ see 2+, and posterior cruciate ligament 
- iliotibial band, in cases of an associated lateral 

instability 

Posterior 
- 1 +  posterior cruciate ligament 

2+ see 1 +, and posteromedial and/or posterolateral 
- capsuloligamentous structures 

3+ see 2+, here the affected structures are more 
-

severely injured 



ROTATORY KNEE INSTABILITY 

Anteromedial 

Antero!ateral 

Posteromedial 

Posterolateral 

1+ 

2+ 

3+ 
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Affected structures 

anterior cruciate ligament 
medial meniscotibial ligament (coronary ligament) 
(possibly posterior oblique ligament) 
(possibly medial meniscus) 

see 1 +, and posterior oblique ligament 

see 2+, and medial collateral ligament 

Differentiation among 1 +, 2+, and 3+ is difficult 
anterior cruciate ligament 
lateral meniscotibial ligament (coronary ligament) 
-the lateral or the posterior part, sometimes the anterior 

part 
when the anterior part of the lateral meniscotibial 

ligament is affected, then the iliotibial band is usually 
also affected 

Differentiation among 1 +, 2+, and 3+ is difficult 

posterior cruciate ligament 
posteromedial capsuloligamentous structures 

Differentiation among 1 +, 2+, and 3+ is difficult 

posterior cruciate ligament 
posterolateral capsuloligamentous structures 
lateral collateral structures (superficial and deep) 
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DIFFERENTIAL DIAGNOSIS OF ANTERIOR KNEE PAIN 

Pathology 

Lesion of the extensor mechanism 

Patellofemoral pathology 

All knee arthropathies 

Meniscus lesion 

Mediopatellar plica lesion 

Prepatellar bursitis 

Superficial or deep infrapatellar bursitis 

Osgood-Schlatter disease 

Meniscotibial (coronary) ligament lesion 

Hoffa's disease (inflammation of the 

infra patellar fat pad) 

Referred pain: L3 

Functional Examination 

Painful resisted extension 

Sometimes painful passive flexion 

One or more of the following tests is painful: 

1. Stand on affected leg and, while exerting pressure 

posteriorly against the patella, move from full extension 

to about 90° flexion 

2. With the knee positioned in 30° flexion, passively shift 

the patella distally and hold it there during resisted 

extension 

3. Resisted knee extension 

Limitation of motion in a capsular pattern (arthritis or 

osteoarthrosis) or in a noncapsular pattern 

Number of possibilities (see also diagrams for differential 

diagnoses of medial and lateral knee pain) 

Sometimes painful passive external rotation 

Sometimes passively shifting the patella medially with the 

knee positioned in 30° flexion is painful 

Usually the functional examination is negative, although 

sometimes passive flexion is painful 

Local swelling, fluctuation, and tenderness 

Sometimes painful passive flexion and/or resisted exten

sion, although usually the functional examination is 

negative 

Local swelling, fluctuation, and tenderness 

Sometimes painful passive flexion 

After activities, sometimes resisted extension is painful 

Local swelling and tenderness 

Sometimes painful passive flexion 

Medial ligament: painful passive external rotation 

Lateral ligament: painful passive internal rotation 

Sometimes painful resisted extension 

Local swelling and tenderness 

Negative functional examination of the knee 

Examination of hip or lumbar spine is positive 



ANTERIOR KNEE PAIN SYNDROME 1 

History 

-

Patellar laxity 
Females between 

Hypermobile patella 12-18 participating 

syndrome in sports 

Without Sometimes 
cartilage indications for 
damage overuse of the 

extensor 
mechanism 

Sometimes 
trauma 

"Movie goer's" 
sign 

>- Sometimes OJ 
0 crepitus (5 >-
-5 -5 
co co 
0- 0- Sometimes - e co swelling 0 "0 

c 
E 0 
a.> .r: 

:2 
u 

With Pain on climbing 

] cartilage stairs 
co 

Q... damage 
at the Pain during and 

posterior after sports 

aspect 
of the 
patella 
and/or 
femoral 
groove 

Chondrom Swelling 
alacia immediately 

after activities 

1 Arthrosis Elderly patients 

�1 (J)OCD  1 5-25 years 

II 
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Inspection 

General laxity (recurvatum) 

H Pelvis Leg length 

difference; torsion 

H Hip Coxa valga, vara, or 

anterverta 

H Femur Endotorsion 

.� H Knee E Genu vara, valga, or 

� recurvata 
x 
a.> 
<D H Tibia External or internal � 
0 torsion --.J 

---I Foot Pes plano valgus 

Atrophy of vastus 

- Muscles medialis; insertion 

of vastus medialis 

obliquus 

H Form 
Patella magna, 

parva, bipartita 

� l Patella baja, -

2 Patella alta 
co Position Q... 

r- Abnormal 

-Iateralization 

-medial rotation 
-tilt 

Frequent signs of knee arthrosis 
periarticular swelling 

No significant findings with inspection 



612 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMlTIES 

ANTERIOR KNEE PAIN SYNDROME 2 

Examination II Treatment = management 

Patellar 
instability -

Chondro-
pathy 

-

I Arthrosis 

Knee hyperextension, increased external rotation 
Sometimes slight anterior drawer 
Normal or hypermobile patellofemoral motions 

-

I. Tests for pain provocation 
- Resisted knee extension from various 

positions of knee flexion 
- From 30° flexion, pull the patella up against 

resistance 
- Sometimes percussion pain (in 30° flexionl 
- In standing, knee flexion with pressure 

against the patella applied by the examiner; 
pain and crepitus are strong indications of 
chondromalacia 

- A painful arc during knee flexion in weight 
bearing indicates a cartilage lesion 

II. Tests for possible causes 
Movement of the patella r-
1 During active knee flexion-extension 

-Amount of patella lateralization 
-Presence of abrupt change in trajectory 

2 Passive range of motion 
-Medial shift 
-External rotation 
-Medial tilt 
-Distal translation 

Lower extremity 
1 Joints 

-Hip: eg, rotations 
-Knee: eg, stability (posterior cruciatel -
-Foot: eg, extension in talocrural and 

tarsal joints, mobility of the subtalar 
complex 

-SI joint: locked 
2 Muscles 

-Rectus femoris 
-Iliotibial tract 
-Hamstrings 
-Triceps surae 

III. Radiologic examination, to include tangential 
�� r-

IV Arthroscopy 

Usually capsular pattern of the knee � Hypomobile patella 

Always treat conservatively first. 

Always: 

1 Local 
- Brace or taping to improve the tracking 

of the patella 
- Strengthening and proprioceptive 

obliquus training of the vastus medialis 

If necessary: 

1 Local 
- Stretching the lateral retinaculum 
- Stretching the iliotibial band Ithe 

retinacular part) 
- Transverse friction, often at the 

superomedial pole and apex of the 

patella 
- Patellofemoral mobilization, usually 

medial and inferior 

2 Semilocal 
- Stretching of the rectus femOriS 
- Stretching of the iliotibial band 
- Stretching of the hamstrings 
- Stretching of the triceps surae 

Causal: 
- Mobilize jOints leg, talocrural lolnt, SI 

loint) 
- Functional orthotic leg, to correct a 

functional flat foot) 

Surgical: 
- ArthroscopIc " cleaning" 
- Drilling 
- Shaving 
- Various operations are performed to 

influence the tracking of the patella, with 

variable results Ito include Maquet, 

retinaculum releases) 

L

I
_

(J

_

l O

_

C

_

D 

__ 

--..JH Radiologic H Rest 

SI, sacroiliac. 

IJ)OCD, Ijuvenile) osteochondritis dissecans. 
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DIFFERENTIAL DIAGNOSIS OF MEDIAL KNEE PAIN 

Pathology 

Medial meniscus lesion 

Medial meniscotibial (coronary) 

ligament lesion 

Medial collateral ligament lesion 

Pellegrini-Stieda disease 

Mediopatellar plica lesion 

Pes anserinus superficialis bursitis 

Medial collateral ligament bursitis 

Pes anserinus superficialis insertion 

ten dopa thy 

Semimembranosus insertion 

tendopathy 

Saphenous nerve compression 

neuropathy 

Functional Examination 

Number of possibilities 

-Locking with pain on passive flexion and/or extension 

-Passive extension painful and/or limited 

-Passive flexion painful and/or limited 

-Painful passive external rotation 

-Painful varus and/or valgus test 

-Painful medial and/or lateral shear test 

-Painful resisted extension 

-Painful resisted flexion 

-Painful resisted internal rotation 

-Positive McMurray's test 

-Positive Steinmann's test 

Sometimes painful passive flexion 

Painful passive extemal rotation 

Sometimes painful valgus test in slight flexion 

In some cases, capsular pattern of limitation noted as a result of 

traumatic arthritis: limited and painful flexion more than extension 

Sometimes painful passive external rotation 

Valgus test in slight flexion is painful with a sprain or partial rupture 

Valgus instability noted with a total rupture 

Progressive limitation of flexion 

Valgus test can be painful 

Sometimes painful passive external rotation 

Sometimes, with the knee positioned in 30° flexion, passively 

shifting the patella medially is painful 

Usually the functional examination is negative 

Sometimes painful resisted flexion with external rotation 

Local swelling, fluctuation, and tenderness 

Usually the functional examination is negative 

Local tenderness at the joint line or just proximal or distal to the 

joint line 

Painful resisted flexion with internal rotation 

Painful resisted flexion with internal rotation 

Usually the functional examination is negative 

Local tenderness about 4 cm proximal to the medial femoral 

epicondyle 
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DIFFERENTIAL DIAGNOSIS OF LATERAL KNEE PAIN 

Pathology 

Lateral meniscus lesion 

Lateral meniscotibial (coronary) 
ligament lesion 

Lateral collateral ligament lesion 

Biceps femoris insertion 
tendopathy 

Popliteus insertion tendopathy 

Lateral para patellar insertion 
tendopathy 

Iliotibial band friction syndrome 

Proximal tibiofibular joint 
arthropathy 

Referred pain: L4, L5 

SI, sacroiliac . 

Functional Examination 

Number of possibilities: 

-Painful passive flexion 
combinations are also 

-Painful passive extension � 
-Painful passive external rotation possible 
-Painful passive internal rotation 
-Painful resisted extension 
-Painful resisted flexion 
-Painful resisted external rotation (due to biceps femoris) 
-Painful resisted internal rotation (due to popliteus) 
-Positive McMurray's test 
-Painful lateral and/or medial shear test 

Sometimes painful passive flexion 
Painful passive internal rotation 
Sometimes painful varus test in slight flexion 

Painful varus test in slight flexion with a sprain or partial 
rupture 

Varus instability noted with a total rupture 

Painful resisted flexion and external rotation 
Sometimes painful passive internal rotation (in 90° flexion) 

Painful resisted flexion and internal rotation 
Sometimes painful passive external rotation (in 90° flexion) 
Sometimes painful passive extension 

Painful resisted extension 
Usually as a result of a patellofemoral problem: examine 

patellofemoral joint 

Tenderness to palpation at the lateral femoral epicondyle 
between about 20° and 50° flexion 

Painful resisted flexion and/or external rotation 
Passive varus test is sometimes painful 

Negative functional examination of the knee 
Examination of the lumbar spine or SI joint is positive 
Seldom hip pathology 
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ANTEROMEDIAL AND ANTEROLATERAL LOWER LEG PAIN 

f--- Referred pain, L3, L4 

f--- Vascular (venous) problems 

----1 Saphenous nerve 

Compression neuropathy 

P r---- H Superficial peroneal nerve 

0 

S t?1 Deep peroneal nerve 

S 

I 
r---- Anterior compartment syndrome -

B 

L 

E 
I--- Tendopathy -

C 
Tibialis anterior muscle S 

A r---- H 

t--- Tenomyosynovitis - I U 

S N 

E t--- Anterior -

S S 
r---- Stress fracture of the tibia 

P 
t--- Medial -

L 

I 

- Anterior - N 

f--- Tibial stress syndrome T 

- Posterior -

f--- Deep posterior compartment syndrome -
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DIAGNOSIS OF THE KNEE la 

Functional examination 
of the knee 

1 Stand on the affected leg and, from full extension, 
bend the knee to about 90° flexion. The examiner 
exerts slight pressure posteriorly against the patella. 

2 Patella ballotment (maximal effusion) 

3 Test for moderate effusion 

4 Test for minimal effusion 

5 Passive extension 

6 Passive hyperextension 

7 Passive flexion 

8 Passive external rotation 

9 Passive internal rotation 

1 0  Passive varus test in slight flexion 

1 1  Passive varus test in extension 

12  Passive valgus test in  slight flexion 

13 Passive valgus test in extension 

14 Gravity test 

15 Anterior drawer test in 90° flexion 

16 Anterior drawer test in 90° knee flexion and maximal 
external rotation 

> 
C) 
0 
0 

.J: 
.... 
CO 

D.. 

� 
(J) 
2 

L 
(J) t 

. .;::; (1J 

.L: 0 
(J) L � . .;::; t (J) 

.L: (1J Q L 
t u .'!! . .;::; (J) 
(1J (J) (1J (J) 2 u E 2 . .;::; L 
(1J ::J -2 t 
E � (1J 

c (1J 
E ::J C 

(1J 0 0 OJ 
� Z t9 I 

! ! 

+ + (+) + 

(+) (+) (+) 

(+) 

• • • 
• • 0 • 

! ! ! 

• • .. (.) 
• 

••• ... • •• 

0 

0 

0 

! 

. (.) 0 

! 



00 00 + 

0 00 00 + 

00 00 + 

0 0 0 0 00 0 00 + 

0 00 00 

.0 
• 
• 
.0 

0 • 
• 

• 
0 j •• QO + 

0 • 0 0 + 

• 

0 • 

- __ 1.-

+ Osteochondritis dissecans 
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Plica syndrome 

I ntraarticular adhesions 

Pellegrini-Stieda disease 

+ Medial collateral ligament 
sprain 

Medial meniscotibial (coro-
nary) ligament sprain 

Lateral collateral ligament 
sprain 
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nary) ligament sprain 
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DIAGNOSIS OF THE KNEE Ib 

Functional examination 
of the knee 

1 7  Anterior drawer test in 90° knee flexion and 50% 
internal rotation 

18 Anterior drawer test in 90° knee flexion and maximal 
internal rotation 

19  Posterior drawer test in 90° knee flexion 

20  Posterior drawer test i n  90° knee flexion and maximal 
external rotation 

2 1  Posterior drawer test in 90° knee flexion and maximal 
internal rotation 

22 Anterolateral drawer test in 90° knee flexion 

23 Lateral shear test in 90° knee flexion 

24 Medial shear test in 90° knee flexion 

25 Lachman's test 

26 Pivot-shift test 

27  McMurray's test 

28 Steinmann's test 

29 Medial shift of  the patella 

30 Lateral shift of the patella 

3 1  Distal shift of the patella 

32 Medial shift of the patella with the knee in 30° flexion 

33 Quadriceps contraction while the patella is held in a 
distally shifted position, knee in about 30° flexion 
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Osteochondritis dissecans 

Loose body 

Synovial 
(osteo)chondromatosis 

Meniscus lesion 

Plica syndrome 

Intraarticular adhesions 

Pellegrini-Stieda disease 

Medial collateral ligament 
sprain 

Medial meniscotibial (coro-
nary) ligament sprain 

Lateral collateral ligament 
sprain 

Lateral meniscotibial (coro-
nary) l igament sprain 
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DIAGNOSIS OF THE KNEE Ie 

Functional examination 
of the knee 

34 Resisted knee extension 

35 Resisted knee flexion 

36 Resisted knee flexion and external rotation 

37 Resisted knee flexion and internal rotation 

38 Active or passive extension from 900 flexion while the 
examiner exerts pressure on the lateral femoral 
condyle 

Cf) 
> .� 

C') 
. ;:: 
.r: 

0 t 
co -

0 u .
� 

..c:::: co 

.... E 
CO :::J 

co 
c.. � 

0 

0 

0 

0 

Cf) 
Cf) 
e 

Cf) -2 
.� co 
.;:: 0 
.r: 2 
t Cf) 
co .Q 

.<'? Cf) '!2 ..... Cf) co Cf) 
e E e .r: :::J -2 t 

f; co co 
C c E 
0 0 OJ 
z (9 I 

0 0 

0 0 

0 0 

0 0 



0 0 0 0 

0 0 0 0 

Osteochondritis dissecans 

Loose body 

Synovial 
(osteo)chondromatosis 

Meniscus lesion 

Plica syndrome 

Intraarticular adhesions 

Pellegrini-Stieda disease 

Medial collateral ligament 
sprain 

Medial meniscotibial (coro-
nary) ligament sprain 

Lateral collateral ligament 
sprain 

Lateral meniscotibial (coro-
nary) ligament sprain 
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622 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

DIAGNOSIS OF THE KNEE 2a 

Functional examination 
of the knee 

1 Stand on the affected leg and, from full extension, 
bend the knee to about 90° flexion. The examiner 
exerts slight pressure posteriorly against the patella. 

2 Patella ballotment (maximal effusion) 

3 Test for moderate effusion 

4 Test for minimal effusion 

5 Passive extension 

6 Passive hyperextension 

7 Passive flexion 

8 Passive external rotation 

9 Passive internal rotation 

1 0  Passive varus test in slight flexion 

1 1  Passive varus test in extension 

12  Passive valgus test i n  slight flexion 

13  Passive valgus test i n  extension 

14  Gravity test 

15 Anterior drawer test in 90° flexion 

16 Anterior drawer test in 90° knee flexion and maximal 
external rotation 
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DO 0 

DO DO 0 

DO DO 

0 

DO DO DO De DO 

DO DO DO DO 

0 DO DO 

0 DO DO 

Lateral instability in slight knee flexion 
(lateral meniscotibial ligament, lateral 
collateral ligament, and possibly lateral 
meniscus) 

Lateral instability in knee extension 
(posterolateral capsule, lateral 
meniscotibial ligament, lateral collateral 
ligament, and possibly lateral meniscus) 

Anterior instability (anterior cruciate 
ligament and possibly medial meniscus) 

Posterior instability (posterior cruciate 
ligament) 

Anteromedial rotatory instability 
(anterior cruciate ligament, medial 
meniscotibial ligament, posterior 
oblique ligament, and possibly medial 
meniscus) 

Anterolateral rotatory instability (anterior 
cruciate ligament, lateral and/or 
posterior part of lateral meniscotibial 
ligament, and possibly iliotibial band) 

Posteromedial rotatory instability 
(posterior cruciate ligament, posterome-
dial capsuloligamentous structures) 

Posterolateral rotatory instability 
(posterior cruciate ligament, posterolat-
eral capsuloligamentous structures) 
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624 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

DIAGNOSIS OF THE KNEE 2b 

Functional examination 
of the knee 

17  Anterior drawer test in  90° knee flexion and 50 % 
internal rotation 

18 Anterior drawer test in 90° knee flexion and maximal 
internal rotation 

1 9  Posterior drawer test in 90° knee flexion 

20  Posterior drawer test in 90° knee flexion and maximal 
external rotation 

2 1  Posterior drawer test in 90° knee flexion and maximal 
internal rotation 

22 Anterolateral drawer test in 90° knee flexion 

23 Lateral shear test in 90° knee flexion 

24 Medial shear test in 90° knee flexion 

25 Lachman's test 

26 Pivot-shift test 

27  McMurray's test 

28 Steinmann's test 

29 Medial shift of  the patella 

30 Lateral shift of the patella 

3 1  Distal shift of the patella 

32 Medial shift of the patella with the knee in 30° flexion 

33 Quadriceps contraction while the patella is held in a 
distally shifted position, knee in about 30° flexion 
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0 0 

0 0 

0 0 00 0 0  

00 00 

0 0 0 0  0 0  

0 0  00 00 

00 00 0 0  

00 0 0  00 

Lateral instability in  slight knee flexion 
(lateral meniscotibial ligament, lateral 
collateral ligament, and possibly lateral 
meniscus) 

Lateral instability in knee extension 
(posterolateral capsule, lateral 
meniscotibial ligament, lateral collateral 
ligament, and possibly lateral meniscus) 

Anterior instability (anterior cruciate 
ligament and possibly medial meniscus) 

Posterior instability (posterior cruciate 
ligament) 

Anteromedial rotatory instability 
(anterior cruciate ligament. medial 
meniscotibial ligament. posterior oblique 
ligament. and possibly medial meniscus) 

Anterolateral rotatory instability (anterior 
cruciate ligament. lateral and/or poste-
rior part of lateral meniscotibialliga-
ment, and possibly iliotibial band) 

Posteromedial rotatory instability 
(posterior cruciate ligament. posterome-
dial capsuloligamentous structures) 

Posterolateral rotatory instability 
(posterior cruciate ligament. posterolat-
eral capsuloligamentous structures) 
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626 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

DIAGNOSIS OF THE KNEE 2c 

Functional examination 
of the knee 

34 Resisted knee extension 

35 Resisted knee flexion 

36 Resisted knee flexion and external rotation 

37 Resisted knee flexion and internal rotation 

38 Active or passive extension from 90° flexion while the 
examiner exerts pressure on the lateral femoral 
condyle 
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0 0 0 

0 0 

0 0 0 

0 0 

0 0 0 

Lateral instability in slight knee flexion 
(lateral meniscotibial ligament, lateral 
collateral ligament, and possibly lateral 
meniscus) 

Lateral instability in knee extension 
(posterolateral capsule, lateral 
meniscotibial ligament, lateral collateral 
ligament, and possibly lateral meniscus) 

Anterior instability (anterior cruciate 
ligament and possibly medial meniscus) 

Posterior instability (posterior cruciate 
ligament) 

Anteromedial rotatory instability 
(anterior cruciate ligament, medial 
meniscotibial ligament, posterior 
oblique ligament, and possibly medial 
meniscus) 

Anterolateral rotatory instability (anterior 
cruciate ligament, lateral and/or 
posterior part of lateral meniscotibial 
ligament, and possibly iliotibial band) 

Posteromedial rotatory instability 
(posterior cruciate ligament, posterome-
dial capsuloligamentous structures) 

Posterolateral rotatory instability 
(posterior cruciate ligament, posterolat-
eral capsuloligamentous structures) 
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628 DIAGNOSIS AND TREATMENT 01" THE LOWER EXTREMITIES 

DIAGNOSIS OF THE KNEE 3a 

Functional examination 
of the knee 

1 Stand on the affected leg and, from full extension, 
bend the knee to about 90° flexion. The examiner 
exerts slight pressure posteriorly against the patella. 

2 Patella ballotment (maximal effusion) 

3 Test for moderate effusion 

4 Test for minimal effusion 

5 Passive extension 

6 Passive hyperextension 

7 Passive flexion 

8 Passive external rotation 

9 Passive internal rotation 

1 0  Passive varus test in slight flexion 

1 1  Passive varus test in extension 

1 2  Passive valgus test in slight flexion 

13 Passive valgus test in extension 

14 Gravity test 

15 Anterior drawer test in 90° flexion 

16 Anterior drawer test in 90° knee flexion and maximal 
external rotation 
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0 

0 

0 

0 

Functi Dnal E xami atior is u ually nega ive; r ain a the 
knee � articL larly urin acti ities fNher the nee i � fle� 

Functi pnal E xami atior is u ually nega ive 

Functi Dnal E xami atior is u ually nega ive 
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Baker's cyst 

Para patellar insertion tendopathy 

Suprapatellar insertion tendopathy 

Quadriceps tendon rupture 

Infrapatellar insertion tendopathy 
("jumper's knee") 

Patellar ligament rupture 

Pes anserinus superficial is insertion 
tendopathy 

Semimembranosus insertion 
tendopathy 

Biceps femoris insertion tendopathy 

Popliteus muscle lesion 

Saphenous nerve compression 
neuropathy 

Common peroneal nerve compres-
sion neuropathy 

Tibial nerve compression neuropa-
thy 

Osgood-Schlatter disease 

Dislocation of the proximal tibiofibu-
lar joint 

Popliteal artery compression 
syndrome 

Soleus syndrome 
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630 DIAGNOSIS AND TREATMENT OF THE LOWER EXTR�:MITIES 

DIAGNOSIS OF THE KNEE 3b 

Functional examination 
of the knee 

17  Anterior drawer test in  90° knee flexion and 50% 
internal rotation 

18 Anterior drawer test in 90° knee flexion and maximal 
internal rotation 

19 Posterior drawer test in 90° knee flexion 

20 Posterior drawer test in 90° knee flexion and maximal 
external rotation 

2 1  Posterior drawer test in 90° knee flexion and maximal 
internal rotation 

22 Anterolateral drawer test in 90° knee flexion 

23 Lateral shear test in 90° knee flexion 

24 Medial shear test in 90° knee flexion 

25 Lachman's test 

26 Pivot-shift test 

27 McMurray's test 

28 Steinmann's test 

29 Medial shift of  the patella 

30 Lateral shift of the patella 

31  Distal shift of the patella 

32 Medial shift of the patella with the knee in 30° flexion 

33 Quadriceps contraction while the patella is held in a 
distally shifted position, knee in about 30° flexion 
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Pain and possibly sensory disturbances in the anterolateral aspect of the lower leg, dorsum of 
the foot, and first four toes; possible weakness of the foot evertors and dorsiflexors 

Sensory disturbances on the sole of the foot and from midcalf to and including the heel; 
possible motor deficit of the foot and toe flexors 

Baker's cyst 

Parapatellar insertion tendopathy 

Suprapatellar insertion tendopathy 

Quadriceps tendon rupture 

Infrapatellar insertion tendopathy 
("jumper's knee") 

Patellar ligament rupture 

Pes anserinus superficialis insertion 
tendopathy 

Semimembranosus insertion 
tendopathy 

Biceps femoris insertion tendopathy 

Popliteus muscle lesion 

Saphenous nerve compression 
neuropathy 

Common peroneal nerve com pres-
sion neuropathy 

Tibial nerve compression neuropa-
thy 

Osgood-Schlatter disease 

Dislocation of the proximal tibiofibu-
lar joint 

Popliteal artery compression 
syndrome 

Soleus syndrome 
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632 DIAGNOSIS AND TREATMENT OF' THE LOWER EXTREMITIES 

DIAGNOSIS OF THE KNEE 3c 

Functional examination 
of the knee 

34 Resisted knee extension 

35 Resisted knee flexion 

36 Resisted knee flexion and external rotation 

37 Resisted knee flexion and internal rotation 

38 Active or passive extension from 90° flexion while the 
examiner exerts pressure on the lateral femoral 
condyle 
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Baker's cyst 

Para patellar insertion tendopathy 

Suprapatellar insertion tendopathy 

Quadriceps tendon rupture 

Infrapatellar insertion tendopathy 
("jumper's knee" )  

Patellar ligament rupture 

Pes anserinus superficialis insertion 
tendopathy 

Semimembranosus insertion 
tendopathy 

Biceps femoris insertion tendopathy 

Popliteus muscle lesion 

Saphenous nerve compression 
neuropathy 

Common peroneal nerve compres-
sion neuropathy 

Tibial nerve compression neuropa-
thy 

Osgood-Schlatter disease 

Dislocation of the proximal tibiofibu-
lar joint 

Popliteal artery compression 
syndrome 

Soleus syndrome 
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Appendix F 

Algorithms for Diagnosis and 
Treatment of the Ankle and Foot 
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MOTIONS OF THE ANKLE AND FOOT 1 

-

-1 Talocrural joint (articulatio talocuralis) 

l Posterior subtalar joint I (art. talocalcanearis post.) 

x 

I QJ 
alocalca- H Anterior subtalar joint a. 

a; E neonavicu- (art. talocalcanearis ant.) 0 
'" u lar joint (art. QJ ro </) 

talocalca-ro <ii 
1:: 15 neonavicu- H Calcaneonavicular joint (art. ca'-i QJ :J 
.-g C/) laris) caneonavicularis) 
en 
QJ 
c .... 0 0 .� I .E "3 R Talonavicular joint 

., u (art. talonavicularis) � 'E .... Transverse tarsal joint 
'0 t- .3 

., en (art. tarsi transversa) I .... c H Calcaneocuboid joint c :§. '0 (art. calcaneocuboidea) 
..., <ii 

en 

I ro -1 Cuboidonavicular/lateral cuneiform joints 'ai 
c (artt. cuboideonavicularis and cuneiformia lat.) 

-1 Cuneonavicular joint (art. cuneonavicularis) I 1 1ntercuneiform joints (artt. intercuneiformiae) I 
Tarsometatar-l Cuneometatarsal joints (artt. cuneiformiametatarseae) I sal joints 

(artt. tar-f--- l Cuboidometatarsal joints (artt. cuboideometatarseae) j sometatar-

'--- seae) 

Frontal axis (x axis) 

I Flexion. extension 

Flexion. extension 

Flexion 

Extension 

-------

Motions ----] 
Sagittal axis (y axis) 

Internal and external 

rotation 

ransverse axis (z axis) 

Abduction and adduction Varus. valgus 

Inversion 

Adduction Supination 

Eversion 

Abduction Pronation 

'---- -------- ----
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MOTIONS OF THE ANKLE AND FOOT 2 

Frontal axis (x axis) 

Intermetatarsal joints (artt. (intermetatarseae) Flexion, extension 

0 
.2 
Q) 

L 
+-" Metatarsophalangeal joints (artt. metatarsophalangeae) 
'0 

Flexion, extension 

!:l 
c 
6 

-, 

Interphalangeal joints (artt. interphalangeae) Flexion, extension 

Motions 

Sagittal axis (y axis) 

Abduction and 

adduction (2nd 

ray) 

Abduction and 

adduction (II-V) 

Abduction and 

::>"'" J(ctinn (I) 

Abduction and 

adduction (2nd 

ray) 

Transverse axis 

(zaxis) 

Pronation and 

supination 

Pronation and 

supination 

Pronation and 

supination 
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PHASES OF WALKING 

Classification 

according to 

foot-floor contact 

Classification 

according to 

ground 

reaction force 

MT, metatarsal. 
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.2 ;g .2 
OJ C1l +-' --"" OJ c '0 ·S £ 0 
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() ch 

CD f- � 
OJ 2 

I 

0 10 20 30 

Landing Stand 
-7% Foot 1 -27% 

Ground contact Midstance 

reaction 

Center of gravity of Center of gravity 

the body moves of the body 

downward moves upward 

I ncreased vertical Decreased 

ground force vertical ground 
force 
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40 50 60 

Propulsion 
Foot 1 -28% 

End stance Pre-swing 

Center of gravity of the 
body moves downward 

Ic,,,,,,' � D,,,,,,,, 
vertical vertical ground 

ground force force 

Bipodal 

Bipodal ground 

contact -12% 
Unipodal ground contact foot -

ground 
contact 

38% -1 2% 

Weight-bearing phase of foot 1 

N 
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CD 
OJ 
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70 80 90 100 = 1 second 

Swing 
Foot 1 -38% 

Initial swing End swing 

Center of gravity of Center of gravity of the 

the body moves body moves 

upward downward 

Weight-bearing phase of foot 2 

Non-weight-bearing phase of foot 1 

Walking cycle J 
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Heel-strike foot 1 

MT 1 head 

foot 1 contact 

Heel-off foot 1 

Toe-off foot 1 

Heel-strike foot 1 
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ANALYSIS OF FOOT MOTIONS DURING WALKING AND RUNNING 1 

Subtalar joint, 
anterior and 
posterior 

II 
Talocrural joint 

III 
Talocalcaneonavic 

ular joint 

Calcaneocuboid 
joint 

o 10 20 30 40 50 60 70 80 

[ Landing [ Stance Propulsion Swing 

Ground contact Midstance End stance Preswing Initial swing 
reaction 

- -� 

Motions of the foot during walking 

I-R:"'" "'9"' 1 V,,", V,,", 

90 

End swing 

Absolute Dorsiflexion (extension) Plantar flexion Dorsiflexion (extension) 
plantar 
flexion Relative I Absolute Relative I Absolute Relative I Absolute 

Dorsiflexion (extension) 

Eversion Inversion Supination 

Adduction 

100% = 1 second 
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ANALYSIS OF FOOT MOTIONS DURING WALKING AND RUNNING 2 

I I I 

D 
D 

o 10 20 30 40 50 60 70 80 80 100% = 1 second 

I I I I I I I I 

Motions of the foot during running 

[Land-[stance[ Propul-[ Swing 
Ing slon 

I Relative I Varus I Varus 
valgus 

Relative 

Dorsiflex- plantar Plantar 

ion (exten- flexion flexion 

sion) 

Eversion Inversion 

Relative dorsi-

flexion (exten-

sion) 

Absolute dorsiflex-

ion (extension) 

-- --

Dorsiflexion (extension) 

Supination 
Adduction 

Relative 

plantar 

flexion 
----
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TYPICAL AGE SPANS FOR FOOT DISORDERS 1 

o 

Tendopathies as a result of overuse, 
sport 

Spontaneous rupture, usually of the 
tibialis posterior 

Lesions of the Achilles tendon as a result of 
overuse: seldom 

I 
Tenosynovitis as a result of overuse 

Correction 
of flat feet 

without 

pathology 
is not 

indicated 

10 years 20 years 30 years 40 years 

Correction of flat 

feet without 

pathology is 
indicated 

Correction offlat feet is indicated only with pathology related 

to static aberrations 

Spastic flat 
foot 

syndrome 

Juvenile 

rheumatoid 

arthritis, 

particularly 

in the 

subtalar 

complex 

: 

LJ I 
Rheumatoid arthritis,particularly in: -metatfrsophalangeal joint 

-subtal$r complex 

-variou$ tendon sheaths 
-seldom the talocrural joint 

I 

I Traumatic arthritis, usually due to inversion 

trauma 

50 years 

Always radiograph after (severe) inversion 

trauma to rule out: 
-Epiphysiolysis 

-Avulsion fracture of base of metatarsal V 
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TYPICAL AGE SPANS FOR FOOT DISORDERS 2 

I 
I 

I 10 Y ears 20 � ears 30 y �ars 40 y ears 50 � ears 
I 

Kohler I, Calc neal 
the talocrural joint and I he subtalar aseptic ne- ap physi- Osteocho dritis Synovial (c steo) chondromatosis ir 

crosis of the tis Isev- dissecan s of the complex 

navicular er'� dis- talus 

I ea e) 

Ankylosin spondylitis: -Chr01ic bilateral achillodynia ithout sports activity 
-Heel ,aini 

I Reiter' disease I 

Secondary psteoarthrosis 

MTP, metatarsophalangeal. 

GoJt: in 50% of the acute ctses does not 
ocfur in MTP I joint I 

I 
Primary osteoarthrosisj seldom 

I 
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INVERSION TRAUMA 

Grade I 
Sprain of the anterior talofibular and 

possibly calcaneofibular ligaments 

Swelling --I Minimal (effusion) f-
Only lateral 

[pai� Localization: lateral and medial 
Weight bearing is possible 

Capsular pattem of the talocrural joint 

Functional examination Anterior talofibular ligament stretch 
test is positive f-

Calcaneofibular ligament stretch test 

can be positive 

, Course Symptoms decrease after 4 days 

Anterior drawer test Negative but painful 

'-�:Iar� ---------I Negative 

Arthrogram Negative 

Treatment: immediate, conservative 

Grade II 
Rupture of the anterior talofibular 

ligament, sprain or partial tear of 
the calcaneofibular ligament 

Moderate 1..-

Mixture of findings from grades 

I and III 

Mixture of findings from grades 1..-
I and III 

Mixture of findings from grades 

I and III 

Positive and very painful when 

testing the end-feel 

Negative 

Can be positive 

Radiographic examination to rule 

out fractures 

Grade I I I  
Rupture of the anterior talofibular 

and calcaneofibular ligaments, 
possible rupture of the 
posterior talofibular ligament 
and/or other complications 

Severe (hemarthrosis) 

Lateral and medial 

Localization: lateral 

Weight bearing impossible 

Initially, it is impossible to perform 

functional examination, except 
for the anterior drawer test 

No change in symptoms after 4 
days 

Positive but not painful 

Positive 

Positive I 
Radiographic examination to rule I 
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644 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

INTERPRETATION OF THE VARUS CLICK TEST 

Performed in instances of chronic pain after an inversion trauma of the ankle 

Varus click test in 10° flexion of the talocrural joint 

I 
I Positive I I ! ! 

I 
Negative 

� 
Varus click test in maximal Syndesmosis test in 10° flexion of the talocrural joint 

talocrural joint extension 

I 
Positive I 

! 
Syndesmosis test in maximal talocrural 

joint extension 

I I 
Negative II Positive I Negative I I Positive II Negative 

• • 
Calcaneofibular ligament 

lesion 

Syndesmosis intact 

Calcaneofibular ligament I lesion Syndesmosis lesion 

Calcaneofibular ligament lesion 

Syndesmosis intact 

Calcaneofibular ligament intact I Syndesmosis intact 

I Calcaneofibular ligament intact 

Syndesmosis lesion 

Calcaneofibular ligament intact 

Syndesmosis intact 

I 



Appendix F 645 

POSSIBLE COMPLICATIONS IN INVERSION TRAUMA OF THE FOOT 1 

Ligamentous 

Articular 

Muscular 

TCJ, talocrural joint. 

ST J, subtalar joint. 

Pathology 

Lesion of the bifurcate ligament 

(calcaneocuboid and 

calcaneonavicular ligaments) 

Lesion of the cuboid-metatarsal V 

ligament 

Lesion of the anterior tibiotalar 

and tibionavicular ligaments 

Traumatic arthritis of the TCJ 

Traumatic arthritis of the ST J 

Traumatic arthritis of the nJ 

Posterior tibiotalar compression 

syndrome 

Sinus tarsi syndrome 

Tibiofibular syndesmosis instabil

ity (anteroinferior and 

posteroinferior tibiofibular 

ligaments) 

Tenosynovitis of the peroneal 

muscles 

Tendinitis of the peroneal muscles 

Rupture of the superior extensor 

retinaculum with a dislocation 

of the peroneal tendons 

("snapping ankle") 

n J, transverse tarsal joint. 

Functional Examination 

Painful passive adduction and supina

tion of the n J 

Painful passive adduction of the 

forefoot 

Painful passive plantar flexion

abduction-pronation of the foot 

Painful and limited plantar flexion and 

dorsiflexion of the TCJ 

Painful and limited varus> > valgus in 

the STJ 

Painful and limited inversion> 

dorsiflexion of the n J 

Very painful passive plantar flexion of 

the TCJ 

Complaints of feeling of instability, but 

functional examination is negative 

Syndesmosis stability test is positive 

(instability) 

Passive varus test of the ST J is 

positive (click and instability) 

Painful passive dorsiflexion-adduction

supination of the foot 

Painful resisted plantar flexion

abduction-pronation of the foot 

Negative functional examination 

Dislocation (" snapping") of the 

peroneal tendons anteriorly during 

active dorsiflexion and pronation of 

the foot 



646 DIAGNOSIS AND TREATMENT OF THE LOWER EXTREMITIES 

POSSIBLE COMPLICATIONS IN INVERSION TRAUMA OF THE FOOT 2 

Muscular 

Neurologic 

Osseous 

TCJ, talocrural joint. 

STJ, subtalar joint. 

Pathology 

Achillodynia 

Tenosynovitis and/or tendinitis of 
the extensor hallucis longus 
muscle 

Tenosynovitis and/or tendinitis of 
the extensor digitorum longus 
muscle 

Overstretching of the common 
peroneal nerve, of the superfi
cial peroneal nerve (particularly 
the intermediate ramus), or of 
the deep peroneal nerve 

Avulsion fracture of the base of 
metatarsal V 

Fracture of the shaft of metatarsal 
V 

Avulsion fracture at the lateral 
calcaneus 

Avulsion fracture at the cuboid 
and/or the base of metatarsal V 

Fracture of the anterior calcaneal 
process 

Osteochondral fracture of the 
talus 

Fracture of the lateral tubercle on 
the posterior process of the 
talus 

Navicular impression fracture 

Talar neck impression fracture 
Talar head impression fracture 

n J, transverse tarsal joint. 

Functional Examination 

Usually negative functional examina
tion 

Sometimes painful resisted plantar 
flexion of the foot 

Painful passive plantar flexion
abduction-pronation of the foot with 
passive flexion of the great toe 

And/or painful resisted dorsiflexion
adduction-supination of the foot 
with resisted great toe extension 

Painful passive inversion of the foot 
with passive flexion of the toes 

And/or painful resisted foot eversion 
with toe extension 

Passive inversion of the foot causes 
burning pain in the sensory area 
supplied by the particular nerve 

Painful passive foot inversion 
Local pain and swelling 
X-ray 

X-ray 

X-ray 

X-ray 

Painful and limited dorsiflexion of the 
TCJ 

X-ray 

Painful passive plantar flexion of the 
TCJ 

X-ray 

Painful passive foot inversion 
Local pain and swelling 
X-ray 
X-ray 
X-ray 
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PAIN AT THE MEDIAL ASPECT OF THE ANKLE WITHOUT A LIMITATION OF 

MOTION 

As the result of inversion trauma Especially by compression of the bony structures 

As the result of valgus trauma Passive maximal flexion-abduction-pronation motion and/ 

or abduction-pronation from the resting position is 

I-- painful 

Passive abduction-pronation movement in maximal 

extension (with straight knee) is seldom (solitarily) 

painful 

Tibialis posterior tenosynovitis Passive eversion is painful 

Resisted (isometric) inversion can be painful 

Tarsal tunnel syndrome Passive valgus motion sometimes provokes burning pain, 

I-- especially passive eversion 

Local tenderness at the level of the tarsal tunnel 

Compression neuropathy of the Passive eversion is the most painful test 

medial and lateral plantar I-- Passive inversion can be painful 

nerves Local tenderness at the level of the abductor hallucis 

Referred pain, L4 The functional examination (even after provocation) is 
I-- negative 

Compression neuropathy of the The functional examination (even after provocation) is 

saphenous nerve negative 

I-- Pressure at the level of the entrapment (the width of four 

fingers above the medial femoral condyle) provokes 

local and radiating pain 



HEEL PAIN la 

Referred pain, S2 -

Plantar 
Stress fracture of the 

- calcaneus 

Fat pad syndrome 

-

Calcaneal periostitis 
- Posterior f-

Plantar fasciitis 
f-

Medial/distal 
Rupture of the plantar 

f- fascia 

-

Calcaneal heel spur 

r-

Tendinitis: 
r- -flexor digitorum 

brevis 

- -abductor hallucis 

Less obvious relationship with activities 
-

Functional examination of the foot is negative 

Onset: acute, related to a prolonged or intense activity 
- Functional examination: negative 

Further examination: bone scan 

Onset: in elderly people, related to activities 

- Functional examination: negative 

Further examination: radiologic determination of the height index of the fat pad 

Onset: traumatic or as a result of the fat pad syndrome 
- Functional examination: negative 

Further examination: possibly bone scan 

Onset: gradual, particularly with running 
-

Functional examination: in severe cases, great toe extension in weight bearing is painful 
Further examination: radiography 

Onset: acute exacerbation in someone who is already known to have problems in this area 

and has been treated with corticosteroid injections -
Functional examination: stretch is usually painful 

Further examination: ultrasound 

Onset: gradual, due to excessive pull on the short toe flexors and as a result of systemic 

diseases, such as ankylosing spondylitis 
-

Functional examination: negative 
Further examination: radiography, but often this finding is clinically irrelevant 

Onset: gradual, as a result of overuse, usually sport related 

- Functional examination; resisted tests are positive, stretch can be painful 
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HEEL PAIN Ib 

-

l,jj�� 

r-

r-

� ;,-:y,' . 1/ -1/11 , I, 

, / . I 

Medial 

Plantar/distal 

Plantar/ 
posterior 

H Tarsal tunnel syndrome 

Arthritis of the posteri-
f- or talocalcaneal joint 

Flexor digitorum lon-
r-

gus tenosynovitis 

r-
Flexor hallucis longus 

tenosynovitis 

Stress fracture of the 
r- calcaneus 

Chronic overuse of the 
r- posterior talocalca-

neal joint 

Stress fracture of the 

r-
medial tubercle of 
the posterior process 
of the talus 

Compression neuro-
pathy: 

r- -lateral plantar nerve 
-medial plantar nerve 
-calcaneal nerves 

Triceps surae insertion 
r- tendopathy 

Onset: gradual 
Functional examination: passive valgus can be positive 

Onset: traumatic or nontraumatic (eg, systemic disease) 

r- Functional examination: passive varus is painful and limited 
Further examination: radiography or laboratory tests, depending on the cause 

Onset: gradual, usually as a result of a static aberration 
I-- Functional examination: stretch test is positive 

Onset: gradual, usually as a result of a static aberration 
I-- Functional examination: stretch test is positive 

Onset: acute, related to long-lasting or intense activity 
I-- Functional examination: negative 

Further examination: bone scan 

I--
Onset: gradual, pain during vigorous activities 
Functional examination: passive plantar flexion is painful, varus can be limited 
Further examination: radiography 

Onset: as a result of chronic overuse of the posterior talocalcaneal joint 

I-- Functional examination: negative 
Further examination: radiography, bone scan 

Onset: often a combination of static aberration and vigorous activity 
Functional examination: passive inversion can be painful, passive extension of the fourth 

I-- and fifth or the first and second toes with the foot in maximal eversion can be painful 

Onset: often a combination of static aberration and sports activity 

I-- Functional examination: depending on the stage, toe raises can be painful, stretch can 
be painful 
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HEEL PAIN 2a 

\ 
Stress fracture of the 

) calcaneus 
-

I 

'-

( , 
Lesion of the calcaneal 

insertion of the 

Lateral - superior peroneal-

retinaculum/calcan 

eofibular ligament 

Compression 

neuropathy of the 
- sural nerve 

Calcaneal periostitis 

I-

Plantar/ 
-

posterior 

Triceps surae insertion 
tendopathy 

r-

-

Onset: acute, related to long-lasting and/or intense activities on hard ground/floor 

Functional examination: negative 

I- Further examination: bone scan 

Onset: posttraumatic (inversion trauma) 

Functional examination: pain by passive plantar flexion, adduction, supination with the 

I- talocrural joint in 10° plantar flexion 

Onset: after surgery (eg, Achilles tendon) or local pressure 

Functional examination: negative 
-

Onset: usually seen in elderly people, combination of fat pad atrophy and supination gait 

Functional examination: negative 
-

Onset: combination of sports activities and static aberration 

Functional examination: depending on stage, possibly painful against resistance, possibly 
-

painful with stretch 
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HEEL PAIN 2b 

Stress fracture of the 

��\ 
- calcaneus 

Calcaneal apophysitis 

-� 
Posterior 

Posterior subcutane-
-

ous calcaneal 

bursitis 

Superior/ Haglund's deformity 
- lateral l-

Superior Subtendineal Achilles 
- I- bursitis 

Triceps surae insertion 
- tendopathy 

Plantar 
Posterior calcaneal -

- exostosis 

Painful heel papules 
-

� 

Onset: acute, related to long-lasting or intense activities on a hard surface 

I- Functional examination: negative 
Further examination: bone scan 

Onset: seen in children 

I- Functional examination: can have the same findings as in an insertion tendopathy of the 

Achilles tendon 

Further examination: radiography 

Onset: from rubbing shoes 
I- Functional examination: negative 

Onset: from rubbing shoes 

I- Functional examination: negative 

Further examination: radiography 

Onset: from rubbing shoes or calcaneal exostosis 

I- Functional examination: passive extension and/or flexion can be painful, toe raises are 

painful 

Onset: combination of sports activities and static aberration 

I- Functional examination: depending on stage, possibly pain with toe raises or with stretch 

Onset: abnormally distal insertion of the triceps surae on the calcaneus 

I- Functional examination: negative 

Further examination: radiography 

Onset: by direct pressure in elderly people with degenerative changes of the skin 
I- Functional examination: negative 
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A 

Abductor digiti rninimi muscle, 365, 366 

Accessory os navicular syndrome, 421-422 

Acetabulum, 4 

synovial fluid, 8-9 

Acetabulum fracture, 50 

Achilles tendon, 338-339, 352-354 

insertion tendopathy, treatment, 527-528 

subtendinous bursitis 

injection, 528, 529 

treatment, 528, 529 

Achilles tendon partial rupture, 452 

Achilles tendon peritendinitis 

transverse friction, 523-527 

treatment, 523-528 

Achilles tendon rupture, 450-451, 452 

Achillodynia, 444-450 

acute stage, 446, 448 

chronic stage, 448 

clinical findings, 446-448 

differential diagnosis, 446, 447 

endogenous factors, 444 

exogenous factors, 446 

functional examination, 448-449 

hyperpronation, 444-446 

pronation gait, 445 

supination gait, 445-446 

stretching of calf muscles, 521 

subacute stage, 448 

transverse friction, 523-527 

treatment, 449-450, 451, 520-522, 523-528 

Acute compartment syndrome, 77 

Adductor brevis, injection, 92-93 

Adductor canal, palpation, 19,21-22 

653 

Index 

Adductor longus muscle 

injection, 91-92, 93 

muscle belly sprain 

transverse friction, 88-89 

treatment, 88-89 

musculotendinous junction sprain 

transverse friction, 88-89 

treatment, 88-89 

palpation, 18, 19,24 

Adductor magnus mscle, palpation, 19-20,23,24 

Adolescent tibial apophysitis, 260-263 

clinical findings, 261, 263 

functional examination, 261-263 

treatment, 263 

Ankle 

accessory examination in limitations of motion, 

380 

active ankle extension with extended knees, 

382 

active ankle extension with slightly flexed 

knees, 382-383 

active motions, 379, 381 

active plantar flexion, 383 

biomechanics, 340-341 

bony structures, 333-336 

capsuloligamentous structures, 333-336 

compartment syndrome, 466-467 

diagnosis algorithms, 634-651 

examination, 375-401 

functional anatomy, 333-341 

functional examination, 379-380, 381-401 

history, 377-379 

inspection, 377 

inspection of shoes, 379 

joint morphology, 333-340 
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lateral orientation points, 362-364 

ligaments, 336-339 

lateral ankle ligament, 366-367, 368 

loose body, 437 

maximal extension of ankles with flexed knees, 

382 

medial orientation points, 356-357 

motions, 635-636 

muscles, 336-339 

muscle-tendon unit, pathology, 444-466 

pain at medial ankle without a limitation of 

motion, 647 

palpable structures, 355-356 

palpation 

after functional examination, 380 

before functional examination, 379 

passive extension of ankle, actively reinforced, 

with slightly flexed knees, 383-385 

passive extension of ankle with extended 

knees, 383 

passive extension of ankle with slightly flexed 

knees, 383 

passive motions, 380, 381 , 383-399 

passive plantar flexion, 385, 386 

pathology, 402-470 

plantar aspect, 373-375 

resisted tests, 380, 381, 399-401 

standing, 379, 381 -382 

supine, 379, 382 

surface anatomy, 355-374 

systematic palpation of lateral aspect, 365 

tendons, 336-339 

treatment, 471-547 

algorithms, 634-651 

walking, range of motion, 347 

AnLerior compartment syndrome, lower leg, 

466-467 

Anterior cruciate ligament, 1 40 

Anterior drawer tesL, 392-394 

in 80 degree flexion and 50 percent internal 

rotation, 1 80, 182 

in 80 degree flexion and maximal external 

rotation, 1 80, 1 81 

in 80 degree flexion and maximal internal 

rotation, 1 81-1 82 

in 80 degree flexion without rotation, 

1 80, 1 81 

medial structures, 394, 395 

more extension of ankle, 394 

more planLar flexion of ankle, 394, 395 

in slight flexion, 185-188 

Anterior inferior iliac spine, 1 0  

palpation, 1 0  

Anterior knee pain 

anterior knee pain syndrome, 61 1 ,  61 2 

differential diagnosis, 61 0 

Anterior patellar knee pain, chondropaLhy, 240 

Anterior superior iliac spine, 1 0, 1 1 ,  1 3, 1 5, 1 7, 

19 

palpation, 1 0  

Anterior talofibular ligament, 366-367 

Anterior taloribular ligament sprain, inversion 

trauma 

injection, 496, 497 

transverse friction, 492-495 

treatment, 492-496, 497 

Anterior tibial compartment, 349-350 

Anterior tibioLalar compression syndrome, 408, 

409 

injection, 476-478 

treatment, 476-478 

Anterior tibiotalar sprain 

injection, 513-51 4 

transverse friction, 51 2-51 3 

treatment, 512-514 

Anterolateral drawer test, in 90 degree flexion, 

1 83-185 

Apexitis patelJae, 290-292 

bracing, 293-294 

taping, 293-294 

transverse friction, 290-292 

treatment, 290-292 

Apophyseal avulsion fracture, child, 76 

Apophyseal fracture, iliac crest, 76-77 

Arthritis 

cuneiform-first metaLarsal joint, 424 

hip joint, 46-53 

intraarticular injection, 80-81 

treatmenL, 80-81 

knee, 198-200,266-267 

aspiration, 266-267 

intraarticular injection, 266-267 

treatment, 266-267 

midtarsal joint, 41 9 

subtalar joint, 415-416 

talocrural joint, 402-403 

Arthrokatadysis, 46-48 

Arthrosis 

cuneiform-first metatarsal joint, 424 

hip joint 

intraarLicular injection, 80-81 

treatmenL,80-81 



knee, 200-203 

clinical findings, 201 

functional examination, 201-203 

treatment, 203 

midtarsal joint, 420 

subtalar joint, 416 

talocrural joint, 403 

Articulatio coxae, examination, 26 

Articulatio genus, 166 

Articulatio metatarsophalangea hallucis 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulatio talocalcanea, 336 

Articulatio talocalcaneonavicularis, 336 

capsular pattern, 375, 376 

examination, 375-376 

maximal close-packed position, 375 

maximal loose-packed position, 375 

zero position, 375 

Articulatio talocruralis, 333-336 

Articulatio tibiofibularis proximalis, 166 

Articulationes calcaneocuboidea, 336, 337 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulationes intcrmetatarseae, 342 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulationes interphalangeae distales 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulationes interphalangeae proximales, 343 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulationes intertarseae 

capsular pattern, 376 

examination, 376 

Index 655 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulationes metatarsophalangeae, 342 

Articulationes metatarsophalangeae II 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulationes metatarsophalangeae III 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulationes metatarsophalangeae IV 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulationes metatarsophalangeae V 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Articulationes tarsometatarseae, 342 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Avulsion fracture, navicular bone, 421, 423 

B 

Baker cyst, 253-255 

Biceps femoris muscle, 139-140, 141 

insertion tendopathy, 259 

injection, 303-305 

transverse friction, 302-303 

treatment, 302-305 

palpation, 23, 24 

Biceps femoris muscle tendon, 154 

Bilateral coxitis, 47 

Bursa 

hip joint, 6 

pathology, 61-63 

knee, pathology, 247-255 
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c 

Calcaneal apophysitis, 431-432 

Calcaneal tuberosity, 373 

Calcaneocuboid joint, 336, 337 

biomechanics, 341 

Calcaneocuboid ligament sprain, inversion 

trauma 

manipulation, 499 

taping, 500-508,509,510 

transverse friction, 499, 500 

treatment, 499-508, 509, 510 

Calcaneodynia, 461 

Calcaneofibular ligament, 367 

Calcaneofibular ligament sprain, inversion 

trauma 

injection, 497, 498 

transverse friction, 496-497, 498 

treatment, 496-499 

Calcaneus, 361, 363, 366, 367 

Calf muscle partial tear 

stretching of calf muscles, 520 

treatment, 520-522 

Capital femoral epiphysis, slipped, 58-59 

acute, 59 

gradual, 59, 60 

Capsuloligamentous complex, pathology, 

434-443 

Child 

apophyseal avulsion fracture, 76 

triceps surae shortening, 453 

Chondromalacia, patella, 240-244 

classification, 240 

clinical findings, 243 

differential diagnosis, 243 

etiology, 241-242 

functional examination, 243-244 

pain,242 

relationship with arthrosis, 243 

relationship with instabilitylhypermobility, 243 

treatment, 244, 245 

Chondropathy, anterior patellar knee pain, 240 

Chopart's line, 368, 369 

Circumduction test, 34 

Coccyx, palpation, 13 

Collateral ligament, 143-144 

Combined rotatory instability, knee, 223, 224 

Corrunon peroneal nerve, 154, 156,337 

compression neuropathy 

injection, 308-309 

treatment, 308-309 

Compartment syndrome, 77-78 

ankle, 466-467 

foot, 466-467 

Compression neuropathy 

common peroneal nerve, 31 1-312 

injection, 308-309 

treatment, 308-309 

deep peroneal nerve, 547-548 

injection, 472-473 

treatment, 472-473 

inversion-varus trauma, 437 

lateral plantar nerve, 461,550-551 

medial plantar nerve, 461,550-551 

Morton's neuralgia, 550 

pedal digital nerve, 550 

saphenous nerve, 310, 31 1 

injection, 307, 308 

treatment, 307, 308 

superficial peroneal nerve, 547, 548 

injection, 471 , 472 

treatment, 471, 472 

tibial nerve, 310-31 1 

Coxa saltans, 70-71 

Coxarthrosis 

clinical findings, 49 

functional examjnation, 50-51,52 

hip, 48-53 

treatment, 51-53 

Coxitis, 47 

Coxitis fugax, hip, 54 

Cruciate ligament, 140-141, 1 42-143 

Crural fascia, 338 

Cuboid, 363, 365-366, 367 

palpation, 370 

Cuneiform bone, palpation, 369 

Cuneiform-first metatarsal jOint 

arthritis, 424 

arthrosis, 424 

loose body, 424 

D 

Deep collateral ligament, 1 38 

Deep infrapatellar bursitis, 247-248 

injection, 296-297 

treatment, 296-297 

Deep peroneal nerve 

compression neuropathy, 547-548 

injection, 472-473 

treatment, 472-473 



palpation, 371 

Deep posterior compartment syndrome, lower 

leg, 466-467 

Deltoid ligament, 361-362, 363 

Deltoid ligament sprain, treatment, 51 1 

Discoid meniscus, 212, 21 4 

Distal interphalangeal joint, 343 

Distal tibiofibular joint, biomechanics, 341 

Distales pedis, 343 

Dorsal pedal artery, palpation, 370 

Dorsal retinaculum, palpation, 370 

Dupuytren's contracture, 468, 469 

E 

Effusion, knee, 266-267 

aspiration, 266-267 

intraarticular injection, 266-267 

treatment, 266-267 

End-feel,586-588 

end-fecI test, 1 75 

structures that cause end-feel, 586-588 

Exertion-related compartment syndrome, 

77-78 

Extensor digitorum brevis muscle, palpation, 370 

Extensor digitorum brevis muscle lesion, 

inversion-varus trauma, 437 

Extensor digitorum longus muscle, 350, 351 

tenosynovitis, 465 

Extensor halJucis brevis muscle, palpation, 370 

Extensor halJucis longus muscle, 350, 351 

tenosynovitis, 464-465 

External hip rotation, resisted hip flexion 

hip in 45 degree flexion, 38 

hip in internal rotation and extension, 38 

F 

Fascial compression neuropathy, 77-78 

Femoral artery, 568-569 

course, 568 

lesions, 569 

palpation, 21 , 568-569 

Femoral head, ischemic necrosis, 55-58 

etiology, 56, 57 . 

treatment, 58 

Femoral nerve, 566-567 

course, 566 

derivation, 566 

lesions, 567 

palpation, 21, 567 

Index 657 

Femoral nerve lesion, 118-119 

Femoral nerve stretch test, 41-42 

Femoral vein, palpation, 21 

Femur, 135, 1 36 

patelJar surface, 1 49, 150 

Fibula, 349 

Fibular head, 154, 155 

Fifth metatarsal, 363, 364, 365 

tuberosity, 362-364 

Fifth metatarsophalangeal joint 

capsular pattern, 376 

examination, 376 

hypermobile, 427-428 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

First cuneometatarsal joint, rheumatoid arthritis 

intraarticular injection, 487, 488 

treatment, 487, 488 

First metatarsal, 359, 360 

passive plantar-dorsal test, 398 

First metatarsophalangeal joint 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

rheumatoid arthritis 

intraarticular injection, 488-489 

treatment, 488-489 

zero position, 376 

First tarsometatarsal joint, 357, 358, 359, 360 

Flexor halJucis longus muscle, 355 

stenosans, 465-466 

tenosynOvitis, 465-466 

Foot 

injection, 544-545 

transverse friction, 543-544 

treatment, 543-545 

accessory examination in limitations of motion, 

380 

active inversion of feet, 383, 384 

active motions, 379, 381 

age spans for foot disorders, 641-642 

biomechanics, 343-348 

arches, 344-345,346 

bony structures, 342-343 

capsuloligamentous structures, 342-343 

compartment syndrome, 466-467 
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diagnosis algorithms, 634-651 

dorsum orientation points, 368 

dorsum systematic palpation, 368-372 

examination, 375-401 

functional anatomy, 342-348 

functional examination, 379-380, 381-401 

gait pattern, 345-348 

ganglion, 467-468 

history, 377-379 

inspection, 377 

inspection of shoes, 379 

inversion trauma, complications, 645-646 

joint morphology, 342-343 

lateral orientation points, 362-364 

ligaments, 343 

medial orientation points, 356-357 

motions, 635-636 

muscle, 343 

muscle-tendon tmit, pathology, 444-466 

palpable structures, 355-356 

palpation 

after functional examination, 380 

before functional examination, 379 

passive abduction and pronation from 1 0  

degree plantar flexion, 392, 393 

passive abduction and pronation from maximal 

plantar flexion, 391 -392, 393 

passive adduction and supination from 1 0  

degree plantar flexion, 390, 391 

passive adduction and supination from 

maximal extension, 390, 392 

passive eversion, 392, 393 

passive inversion, 390, 391 

passive motions, 380, 381, 383-399 

pathology, 402-470 

peripheral compression neuropathy, 546-549 

plantar aspect, 373-375 

resisted eversion, 400-401 

resisted extension-adduction-supination, 399-

400 

resisted flexion-abduction-pronation, 401 

resisted inversion, 399 

resisted tests, 380, 381, 399-401 

standing, 379, 381-382 

supine, 379, 382 

surface anatomy, 355-374 

systematic palpation of lateral aspect, 365 

systematic palpation of medial aspect, 

357-362 

tendons, 343 

tenosynovitides, 464-466 

treatment, 471 -546 

algorithms, 634-651 

Fourth metatarsophalangeal joint 

capsular pattern, 376 

examination, 376 

hypermobUe, 427-428 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Functional examination, 576-579 

Functional rigid orthotics, 470 

Functional supple orthotics, 470 

G 

Gait 

foot, gait pattern, 345-348 

gait cycle defined, 345 

knee, 168 

Ganglion, foot, 467-468 

Gastrocnemius muscle, 1 57, 162-164, 165,352, 

353 

stretching, 520-521 

Gastrocnemius muscle partial rupture, 452-453 

Gastrocnemius-soleus partial tear 

taping, 517-520 

treatment, 51 7-520 

Genitofemoral nerve lesion, 122 

Gluteus maximus muscle 

bursae, 22 

palpation, 22, 24 

Gluteus maximus muscle tendinitis, 74-75 

clinical findings, 75 

differential diagnosis, 74-75 

functional examination, 75 

treatment, 75 

Gluteus medius muscle, palpation, 18-19 

Gluteus medius muscle tendinitis, 74-75 

clinical findings, 75 

differential diagnosis, 74-75 

functional examination, 75 

treatment, 75 

Gonarthrosis, knee, 200-203 

clinical findings, 201 

functional examination, 201-203 

treatment, 203 

Gracilis muscle, palpation, 1 5, 1 9,23,24 

Gravity sign, 179-180 

Great toe, 357-359,360 

passive extension, 398 

passive llexion, 398-399 



Greater saphenous vein, 355, 569 

course, 569 

derivation, 569 

lesions, 569 

palpation, 15,21 ,371 -372,373,569 

Greater trochanter 

differen tial diagnosis of pain, 595 

palpation, 1 4  

Groin pain 

differential diagnosis, 596 

negative hip functional examination, 76 

H 

Hallux, 357-359, 360 

Hallux rigid us, 425-427 

Hallux valgus, 424-425, 426 

Hamstring 

insertion tendopathy 

transverse friction, 1 00-10 1 ,  1 02 

treatment, 1 00-101,1 02 

muscle belly partial tear 

transverse friction, 1 03, 1 04 

treatment, 103, 104 

muscle belly sprain 

transverse friction, 1 03, 1 04 

treatment, 1 03, 1 04 

palpation, 22, 23 

Hamstring lesion, 71-74 

clinical findings, 73 

functional examination, 73 

self-stretching exercises, 1 05, 1 06, 1 07 

stretching, 1 04-1 05, 1 06, 107 

therapist-assisted stretching exercises, 1 04-

1 05,1 06,1 07 

treatment, 73-74, 104-105, 1 06, 1 07 

Hamstring syndrome, 1 1 8  

Heel pain, 648-651 

Hemarthrosis, knee, 203-204, 266-267 

aspiration, 266-267 

intraarticular injection, 266-267 

treatment, 266-267 

Hip adductor lesion 

self-stretching exercises, 89-91 , 92 

stretching of gracilis muscle, 89, 90 

stretching of hip adductors, 89 

stretching of monarthric adductor muscles, 89, 

90 

transverse friction, 85-86, 87 

of insertion of gracilis, 85, 86 

Index 659 

of pectineus and insertion of adductor 

longus, 86, 87 

treatment, 85-87, 89-93 

Hip joint 

active external rotation, 32 

active internal rotation of, 31 -32 

active motion, 7 

anterior ligaments, 4-5 

arthritis, 46-53 

intraarticular injection, 80-81 

treatment, 80-81 

arthropathy, predilection age spans, 593 

arthrosis 

intraarticular injection, 80-81 

treatment, 80-81 

biomechanics, 7-9 

bony structures, 4 

bursa, 6 

pathology, 61-63 

capsular pattern, 26, 27 

motion limltations, 46-54 

capsuloligamentous structures, 4-5 

coxarthrosis, 48-53 

coxitis fugax, 54 

diagnosois, algorithms, 591-601 

examination, 26-45 

functional anatomy, 4-9 

functional examination, 29 

active motions, 30 

passive motions, 30-31 

prone, 30, 41-45 

resisted tests, 31 

standing, 29-30, 31-32 

supine, 29-30, 32-41 

general inspection, 27 

history, 27-29 

increased congruence, 9 

inspection in standing, 29 

joint morphology, 4-9 

joint pathology, 46-60 

limltation of motion, 592 

loose body, 59-60 

manipulation, 81 -82, 83, 84 

treatment, 81-84 

maximal close-packed position, 26 

maximal loose-packed position, 26 

muscles, 5, 7,8 

anterior hip (thigh) musculature, 8 

nerves, 6-7 

nontraumatic arthritis, 46-48 

osteochondrosis dissecans, 54-55 
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passive external rotation, 32 

passive external rotation in 90 degree flexion, 

35 

passive hip abduction with extended knee, 35-

36 

passive internal rotation, 32 

passive internal rotation in 90 degree flexion, 

35 

passive motion, 7 

pathology, 46-79 

muscle-tendon unit, 63-75 

noncapsular pattern motion limitations, 

54-60 

posterior ligaments, 4-5 

resisted external rotation, with knees in 90 

degree flexion (bilateral), 43 

resisted internal rotation, with knees in 90 

degree flexion (bilateral), 42, 43 

stress fracture, 76 

surface anatomy, 10-25 

transient synovitis, 54 

traumatic arthritis, 46 

treatment, 80-116 

algorithms, 591-599 

zero position, 26 

History, 574 

Hoffitis, 246-247 

Hyperpronation, achillodynia, 444-446 

pronation gait, 445 

supination gait, 445-446 

I 

Iliac crest 

apophyseal fracture, 76-77 

palpation, 12, 13 

Iliac crest tubercle, palpation, 11-12, 13 

Iliofemoral ligament, 5 

Iliohypogastric nerve lesion, 120-121 

Ilioinguinal nerve lesion, 120-121 

Iliopectineal bursitis, 61 

injection, 112, 113 

treatment, 112, 113 

Iliopsoas muscle 

palpation, 15,22 

stretch test, 38-39 

Iliopsoas muscle lesion, 68-70 

clinical findings, 68 

differential diagnosis, 597 

functional examination, 68-69 

self-stretching exercises, 109 

stretching, 109, 110 

therapist-assisted stretching exercises, 109, 

110 

treatment, 69-70, 109 

Iliopsoas muscle overuse 

transverse friction, 107-109 

treatment, 107-109 

Iliopsoas muscle sprain 

transverse friction, 107-109 

treatment, 107-109 

Iliotibial band friction syndrome 

injection, 300-301 

stretching, 301-302 

treatment, 300-302 

Iliotibial tract, 154, 155-156 

palpation, 16-18 

Iliotibial tract friction syndrome, 250-251, 

252-253 

clinical findings, 251 

differential diagnosis, 251 

functional examination, 251, 252-253 

treatment, 251 

Iliotibial tract lesion 

transverse friction, III 

treatment, III 

Iliotibial tract sprain, 70 

Inferior extensor retinaculum, palpation, 

370 

Infracalcaneal bursitis, 461 

Infrapatellar bursa, 147 

Infrapatellar fat pad, irritation of, 246-247 

Infrapatellar insertion tenclopathy, 

256-257 

bracing, 293-294 

functional examination, 288 

taping, 293-294 

transverse friction, 290-292 

treatment, 290-292 

Infrapatellar plica, 216 

Inguinal ligament, palpation, 11, 15 

Inguinal lymph node, palpation, 21 

Insertion tendopathy, 458 

biceps femoris muscle, 259 

injection, 303-305 

transverse friction, 302-303 

treatment, 302-305 

peroneus brevis muscle, 464 

injection, 543 

transverse friction, 542-543 

treatment, 542-543 



pes anserinus superficialis 

transverse friction, 299, 300 

treatment, 299, 300 

popliteus muscle 

injection, 306 

treatment, 306 

semimembranosus muscle, 258-259 

superficial pes anserinus, 258 

tibialis anterior muscle 

stretching, 537-538 

transverse friction, 536-537 

treatment, 536-538 

tibialis posterior muscle 

transverse friction, 534-535 

treatment, 534-535 

Inspection, 574, 575 

InterdigitaJ nerve, 343 

intermetatarsal joint, 342 

Interphalangeal joint 

biomechanics, 344 

capsular pattern, 376 

examipation, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Intertarsal joint 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Intraarticular adhesion, knee, 218-219 

Intracapsular ligament, 5 

Inversion trauma, 491-492, 641 

anterior talofibular ligament sprain 

injection, 496, 497 

transverse friction, 492-495 

treatment, 492-496, 497 

calcaneocuboid ligament sprain 

manipulation, 499 

taping, 500-508, 509, 510 

transverse friction, 499, 500 

treatment, 499-508, 509, 510 

calcaneofibular ligament sprain 

injection, 497, 498 

transverse friction, 496-497, 498 

treatment, 496-499 

foot, complications, 645-646 

functional examination, 491 

treatment, 491-492 

Inversion-varus trauma, 434-442 

clinical findings, 437 

Index 661 

clinical stages, 434-435 

complications, 435-437 

compression neuropathy, 437 

extensor digitorum brevis lesion, 437 

functional examination, 437-439, 440, 441 

grades, 434 

treatment, 439-442 

Ischemic necrosis, femoral head, 55-58 

etiology, 56, 57 

treatment, 58 

Ischial bursitis, 62-63 

injection, 114-115 

treatment, 114-115 

Ischial tuberosity 

avulsion fracture, 74 

palpation, 13-14,23 

Ischiofemoral ligament, 5 

J 

Jumper's knee, 256-257, 290-292 

bracing, 293-294 

taping, 293-294 

transverse friction, 290-292 

treatment, 290-292 

Juvenile osteochondritis dissecans, 204, 205, 206 

K 

Knee, 166 

accessory examination in limitations of motion, 

170 

active movements, 141 

anterior aspect, 146-149 

initial position, 146 

anterior instability, 230-231 

anterior structures, 222-223 

anterolateral rotatory instability, 233-234 

anteromedial rotatory instability, 232-233 

arthritis, 198-200,266-267 

aspiration, 266-267 

intraarticular injection, 266-267 

treatment, 266-267 

arthrography, 137 

arthrosis, 200-203 

clinical findings, 201 

functional examination, 201-203 

treatment, 203 
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biomechanics, 142-145 

bony structures, 135 

bursa, pathology, 247-255 

capsular pattern, 166 

capsuloligamentous pathology with instability, 

227-234 

capsuloligamentous pathology without 

stability, 225-234 

combined rotatory instability, 223, 224 

compression force, 242 

diagnosis algorithms, 600-631 

effusion, 266-267 

aspiration, 266-267 

intraarticular injection, 266-267 

treatment, 266-267 

examination, 166-197 

prone, 170, 195-197 

standing, 168-169 

supine, 169 

functional anatomy, 135-145 

functional examination, 166-197,614-631 

passive motions, 169-170, 174-195 

resisted tests, 170, 195-197 

gait, 168 

general inspection, 166 

gonarthrosis, 200-203 

clirUcalfindings, 201 

functional examination, 201-203 

treatment, 203 

hemarthrosis, 203-204, 266-267 

aspiration, 266-267 

intraarticular injection, 266-267 

treatment, 266-267 

history, 167-168 

instability 

basic (muscle) rehabilitation program, 

285-288 

isokinetic exercises, 287-288 

isometric exercises, 285-286 

isotonic exercises, 286 

treatment, 285-288 

instability classification, 223-224 

intraarticular adhesion, 218-219 

joint capsule, 135-138 

joint morphology, 135-138 

joint pathology, 198-221 

joint surfaces, 144 

knee joint loading, 144-145 

knee stability, 604 

rotational instability, 606, 609 

uniplanar instability, 606, 607-608 

lateral aspect, 153-156 

initial position, 153 

lateral complex, 221-222 

lateral instability 

in knee extension, 229-230 

in slight knee flexion, 229 

lateral joint space, 153, 154, 155 

lateral view, 140, 141 

ligaments, 135-138 

limitation of motion, 601 

loose body, 206-207 

clinical findings, 207 

functional examination, 207 

idiopathic, 207 

manipulation, 267-268, 269-270 

traumatic, 207 

treatment, 207, 267-268, 269-270 

maximal close-packed position, 166 

maximal loose-packed position, 166 

medial aspect, 139, 149-153 

initial position, 149 

medial complex, 221 

medial instability 

in knee extension, 228 

in sUght knee flexion, 227-228 

medial joint space, 149, 150, 152 

medial muscles, 152-153 

movement characteristics, 142-144 

muscle, 138-140 

non traumatic arthritis, 199-200 

osteochondritis dissecans, 204-206 

palpation, 169, 170 

pathology, 198-265 

of capsuloligamentous complex, 221-223 

with limited motion in noncapsular pattern, 

204-221 

with limited motions in capsular pattern, 

198-204 

of muscle-tendon unit, 255-260 

peripheral compression neuropathy, 310-312 

posterior aspect, 156-165 

initial position, 156 

posterior instabiUty, 231, 232 

posterior structures, 222 

posterior view, 139, 140 

posterolateral rotatory instability, 234 

posteromedial rotatory instability, 234 

resisted test, interpretation of findings, 

604-605 

rheumatoid arthritis, 266-267 

aspiration, 266-267 



intraarticular injection, 266-267 

treatment, 266-267 

rotatory instability, 223 

specific inspection, 168-169 

stabilizers, 221-222 

surface anatomy, 146-165 

synovial osteochondromatosis, 207-208, 209 

traumatic arthritis, 198-199, 200 

treatment, 266-309 

algorithms, 602-633 

uniplanar instability, 223 

zero position, 166 

Knee plicae, 141-142, 143 

Kohler's bone disease, midtarsal joint, 421, 422 

Kohler's second disease, 428-429 

L 

L3 dermatome, 26 

Lachman's test, 185-188 

Lacuna V(lsorum, palpation, 20-21 

Lateral coilateral ligament, 136, 154-155 

Lateral collateral ligament sprain, 226 

Lateral compartment syndrome 

lower leg, 466-467 

thigh, 78 

Lateral femoral condyle, 153-154, 155 

Lateral femoral cutaneous nerve, 6-7, 119, 120 

compression neuropathy, treatment, 115-116 

meralgia paresthetica 

injection, 115-116 

treatment, 115-116 

Lateral femoral triangle, 17 

palpation, 15 

Lateral (fibular) collateral ligament sprain 

transverse friction, 283-285 

treatment, 283-285 

Lateral knee pain, differential diagnosis, 614 

Lateral malleolus, 362, 363 

fracture, 437 

Lateral meniscotibial (coronary) ligament sprain, 

226 

transverse friction, 275-276, 277-278 

treatment, 275-276, 277-278 

Lateral meniscus, 141, 142, 144, 154 

Lateral patellar retinacula, 147-149, 151 

Lateral plantar nerve, compression neuropathy, 

461, 549-550 

Lateral retinaculum, 365, 368 

Lateral shear test, in 90 degree flexion, 185 
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Lateral tibial plateau, 155 

Legg-Calve-Perthes disease, 53-54 

Lesser saphenous vein, 165, 355, 569-570 

course, 570 

derivation, 569 

lesions, 570 

palpation, 570 

Lesser trochanter, palpation, 14 

Limitation of motion 

after immobilization 

midtarsal jOint, 420-421 

subtalar joint, 418 

hip, 592 

knee, 601 

Lisfranc's line, 368, 369 

Little toe, 364, 365 

Loose body 

ankle, 437 

cuneiform-first metatarsal joint, 424 

hip joint, 59-60 

manipulation, 81-82, 83, 84 

treatment, 81-84 

knee, 206-207 

clinical findings, 207 

functional examination, 207 

idiopathic, 207 

manipulation, 267-268, 269-270 

traumatic, 207 

treatment, 207, 267-268, 269-270 

subtalar joint, 418 

manipulation, 484-485 

treatment, 484-485 

talocrural joint, 404 

manipulation, 474-476 

treatment, 474-476 

Lower leg 

anterior compartment syndrome, 

466-467 

anterolateral pain, 615 

anteromedial pain, 615 

arteries, 567-569 

capsular pattern, 585 

deep flexors, 354-355 

deep posterior compartment syndrome, 

466-467 

innervation, 563-567 

lateral compartment syndrome, 466-467 

maximal close-packed position, 584 

maximal loose-packed position, 584 

peripheral motor deficit, 589 

superficial flexors, 352-354 
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superficial posterior compartment syndrome, 

466--467 

surface anatomy, 349-355 

veins, 569-570 

zero position, 584 

Lumbar spine, quick tests, 31 

M 

March fracture, 432--434 

Medial ankle sprain 

injection, 513-514, 515-516 

transverse friction, 512-513, 514-515 

treatment, 511, 512-514, 514-516 

Medial collateral ligament, 137, 148, 152 

Medial collateral ligament bursitis, 250 

Medial collateral ligament sprain, 225 

Medial cuneiform, 359, 360 

Medial femoral condyle, 150-151 

Medial femoral triangle, palpation, 15, 19, 20 

Medial knee pain, differential diagnosis, 611 

Medial malleolus, 356, 358 

Medial meniscotibial (coronary) ligament sprain 

transverse friction, 275-276, 277-278 

treatment, 275-276, 277-278 

Medial meniscus, 141, 142, 144, 150, 152 

bucket-handle tears, 210, 211 

posterior horn tear, 211, 212 

vertical tear, 211 

Medial patellar retinacula, 147-149, 151 

Medial plantar nerve, compression neuropathy, 

461, 549-550 

Medial retinaculum, 360, 362 

Medial shear test, in 90 degree flexion, 185, 186 

Medial (tibial) collateral ligament sprain 

extension manipulation, 280-282 

flexion manipulation, 282-283 

transverse friction, 279-280, 281 

treatment, 278-283 

Medial tibial plateau, 151-152 

Meniscus, 141, 142, 144 

ganglion, 212-214 

meniscal impingement with extension 

limitation of knee 

reposition manipulation, 270-274, 275 

treatment, 270-274, 275 

Meniscus lesion, 208-216 

clinical findings, 215 

ftmctional examination, 215-216 

treatment, 216 

Meralgia paresthetica, 119-120 

Metatarsal, palpation, 368 

Metatarsal head, 346, 373-374 

Metatarsalgia, 374 

Metatarsophalangeal joint, 342 

biomechanics, 343-344, 345 

muscles, 343, 344 

Midtarsal joint 

arthritis, 419 

arthrosis, 420 

capsular pattern, 376 

examination, 376 

Kohler's bone disease, 421, 422 

limitation of motion after immobilization, 

420--421 

maximal close-packed position, 376 

maximal loose-packed position, 376 

nontraumatic arthritis, 419--420 

overuse, 443 

passive abduction, 389 

passive adduction, 389 

passive extension, 388-389, 390 

passive flexion, 389 

passive pronation, 389 

passive supination, 389 

pathology, 419--423 

with limited motions in noncapsular pattern, 

420--423 

spastic (peroneal) flat foot syndrome, 420 

traumatic arthritis, 419-420 

zero position, 376 

Mital-Hayden test, 193-194 

Modified McMurray's test, 188-191 

Morton's neuralgia, compression neuropathy, 

550 

Mucous ligament, 216 

N 

Navicular bone, 359-361 

avulsion fracture, 421, 423 

osteochondral lesion, 421, 423 

palpation, 369-370 

Navicular tuberosity, 357, 358 

Nontraumatic arthritis 

hip, 46--48 

knee, 199-200 

midtarsal joint, 419-420 

subtalar joint, 415--416 

talocrural joint, 403 



o 

Obturator nerve lesion, 121-122 

Orthesiology, 470 

Orthopaedic examination, 573-579 

Orthotic, 470 

Osgood-Schlatter disease, 260-263 

clinical findings, 261, 263 

differential diagnosis, 260 

functional examination, 261-263 

treatment, 263 

Osteoarthritis, talocrural joint, 403 

Osteoartlu'osis, subtalar jOint, 416 

Osteochondral fracture, talus, 406, 407 

Osteochondral lesion, navicular bone, 421, 423 

Osteochondritis dissecans 

knee, 204-206 

talus, 404-405 

Osteochondrosis dissecans, hip, 54-55 

p 

Parapatellar insertion tendopathy, 255 

bracing, 293-294 

functional examination, 288 

taping, 293-294 

transverse friction, 289-290 

treatment, 289-290 

Passive bilateral internal rotation, with knees in 

90 degree flexion, 42 

Passive extension, midtarsal joint, 388-389, 390 

Passive hip abduction, with extended knee, 36-

37 

Passive hip adduction, 37 

Passive hip extension, 41 

followed by knee fiexion, 41-42 

Passive hip flexion, 33-34 

Passive knee extension, 175 

Passive knee external rotation, 176 

Passive knee flexion, 175-176 

Passive knee hyperextension, 175 

Passive knee internal rotation, 177 

Passive mediolateral talus test, 397 

Passive valgus test 

knee extension, 179 

slight knee flexion, 179 

subtalar joint, 386-388 

Passive varus test 

knee extension, 178-179 

slight knee flexion, 177-178 

subtalar joint, 385-386, 387 

Patella, 146-147 

chondromalacia, 240-244 

classification, 240 

clinical findings, 243 

differential diagnosis, 243 

etiology, 241-242 
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functional examination, 243-244 

pain, 242 

relationship with arthrosis, 243 

relationship with instabilitylhypermobility, 

243 

treatment, 244, 245 

dislocation, 238-240 

clinical findings, 240 

treatment, 240 

distal shift, 193, 194 

form variations, 235, 236 

lateral shift, 193, 194 

medial shift, 193 

in about 30 degree knee flexion, 193-194 

pulling up passively distally shifted patella, 

194-195 

subluxation, 235-238 

clinical findings, 237-238, 239 

differential diagnosis, 236-237 

treatment, 238 

Patella (bi)partita, 242-246 

Patellar apexitis, 256-257 

Patellar ballottement 

maximal effusion, 171-172 

minimal effusion, 173-174 

moderate effusion, 172-173 

Patellar ligament, 137, 147, 148, 149, 150, 151 

Patellar ligament rupture, 258 

Patellofemoral joint, pathology, 235-247 

Pectineus muscle, palpation, 15, 22 

Pedal digital nerve, compression neuropathy, 501 

Pelligrini-Stieda syndrome, 219-221 

Pelvis, 49 

Peripheral compression neuropathy, 117-122 

foot, 548-551 

knee, 310-312 

Peripheral motor deficit, lower extremity, 589 

Peroneal compartment, 350-352 

Peroneal muscle, 366 

tenosynovitis, 463-464 

injection, 540 
' 

at level of lateral malleolus, 538-540 

proximal to lateral malleolus, 537-538 

transverse friction, 537-540 

treatment, 537-540 
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Peroneal muscle lesion, 463-464 

Peroneal tendon dislocation, 464, 465 

Peroneal trochlea, 362, 363 

Peroneus brevis muscle, 337, 338, 351-352 

insertion tendopathy, 464 

injection, 543 

transverse friction, 541-542 

treatment, 541-542 

Peroneus longus muscle, 337, 350 

Perthes' disease, 53-54 

Pes anserinus profundus, 135, 152 

Pes anserinus superficialis, 135, 152 

insertion tendopathy 

transverse friction, 299, 300 

treatment, 299, 300 

Pes anserinus superficialis bursitis 

injection, 297-299 

treatment, 297-299 

Piriformis syndrome, 117-118 

Pivot shift test, 188, 189 

Plantar aponeurosis, 343, 374 

Plantar calcaneonavicular ligament, 361 

Plantar calcaneonavicular ligament sprain 

transverse friction, 486-487 

treatment, 486-487 

Plantar fasciitis, 459-462 

injection, 546, 547 

treatment, 546-547 

Plantar fibromatosis, 468, 469 

Plica syndrome, 216-218 

clinical findings, 218 

functional examination, 218 

treatment, 218 

Popliteal artery, 157, 164-165 

Popliteal artery compression syndrome, 264-265 

Popliteal fossa, 156-157 

systematic palpation, 157-162 

Popliteal vein, 157, 164-165 

Popliteus muscle, 139, 140 

insertion tendopathy 

injection, 306 

treatment, 306 

Popliteus muscle lesion, 259-260 

Posterior compartment syndrome, thigh, 78 

Posterior cruciate ligament, 140-141 

Posterior drawer test 

in 80 degree flexion, 182 

in 80 degree flexion and maximal external 

rotation, 182, 183 

in 80 degree flexion and maximal internal 

rotation, 182, 184 

Posterior oblique ligament sprain, 225 

Posterior subcutaneous calcaneal bursitis 

injection, 529-530 

treatment, 529-530 

Posterior superior iliac spine, palpation, 12, 13 

Posterior talofibuJar ligament, 367 

Posterior tibial artery, 355 

Posterior tibiotalar compression syndrome, 408-

411, 412, 4 1 3, 414 

injection, 478, 479 

treatment, 478, 479 

Posteromedial collateral ligament sprain, 225 

Prepatellar bursitis, 248-249 

Proximal interphalangeal joint, 343 

Proximal tibiofibular joint, 166 

Proximal tibiofibular joint dislocation, 263-264 

Psoas bursitis, 61 

Pubalgia, 63-65, 594-595 

clinical findings, 64 

differential diagnosis, 63-64 

functional examination, 64-65, 66 

treatment, 65 

Pubic tubercle, 10 

palpation, 10 

Pubofemoral ligament, 5 

Q 

Q angle, 235, 237 

Quadriceps angle, 235, 237 

Quadriceps femoris muscle, 139 

muscle belly lesions, 71, 72, 73 

muscle beJJy partial tear 

transverse friction, 98-100 

treatment, 98-100 

muscle belly sprain 

transverse friction, 98-100 

treatment, 98-100 

palpation, 24-25 

tendon, 147, 149 

Quadriceps tendon rupture, 256 

R 

Rectus femoris muscle 

insertion tendopathy 

self-stretching exercises, 96-97, 98 

stretching, 94-97 

therapist-assisted stretching exercises, 

94-96, 97 



transverse friction, 94, 95 

treatment, 94-97, 98 

origin palpation, 15-16, 19 

palpation, 19, 25 

Rectus femoris tendopathy, 65-67 

clinical findings, 66 

functional examination, 66 

treatment, 66-67 

Resisted hip abduction, bilateral, 39 

in 45 degree hip flexion and 90 degree knee 

flexion, 39 

resisted hip adduction in neutral position, 39, 

40 

Resisted hip adduction 

in 90 degree l1exion, 40 

flexion, with hip in 70 degree flexion, 40-41 

Resisted hip extension, 43-44 

Resisted hip flexion 

in 90 degree flexion, 37-38 

external hip rotation 

hip in 45 degree l1exion, 38 

hip in internal rotation and extension, 38 

Resisted knee extension, 195 

with knee in 70 degree l1exion, 45 

with knee in 90 degree l1exion, 44-45 

Resisted knee flexion, 195-196 

with external rotation, 196 

with internal rotation, 196-197 

Rheumatoid arthritis 

first cuneometatarsal joint 

intraarticular injection, 487, 488 

treatment, 487, 488 

first metatarsophalangeal joint 

intraarticular injection, 488-489 

treatment, 488-489 

knee, 266-267 

aspiration, 266-267 

intraarticular injection, 266-267 

treatment, 266-267 

Rotatory instability, knee, 223 

Rwming 

foot motions analysis, 639-640 

phases, 636 

s 

Sacroiliac joint 

palpation, 13 

provocation test, 32-33 

Sacrotuberal ligament, palpation, 14 

Sacrum, palpation, 12, 13 

Saphenous nerve 
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compression neuropathy, 310, 311 

injection, 307, 308 

treatment, 307, 308 

palpation, 371, 373 

Sartorius muscle, palpation, 14-15 

Sartorius muscle lesion, 67-68 

Scarpa's triangle, palpation, 15, 19, 20 

Sciatic nerve, 564-566 

course, 564-565 

derivation, 564 

palpation, 565 

Sciatic nerve lesion, 117 

Second metatarsophalangeal joint 

capsular pattern, 376 

examination, 376 

hypermobile, 427-428 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Semimembranosus muscle, 140 

insertion tendopathy, 258-259 

palpation, 23-24 

Semitendinosus muscle, palpation, 22-23 

Sesamoid bone, flexor hallucis longus muscle, 

374 

Sesamoid osteochondrosis, 429-430 

Sesamoiditis, 427, 428 

intraarticular injection, 489-490 

treatment, 489-490 

Sever's disease, 431-432 

Shin splint, 453 

Sign of the buttock, 78-79 

Slipped capital femoral epiphysis, 58-59 

acute, 59 

gradual, 59, 60 

Snapping hip, 70-7 1  

Soleus muscle, 352 

stretching, 523 

Soleus syndrome, 265 

Spastic (peroneal) flat foot syndrome 

midtarsal joint, 420 

subtalar joint, 416-418 

Steinmann's test, 192-193 

Stenosans, flexor hallucis longus, 465-466 

Straight leg raise test, 32, 33 

Stress fracture 

hip, 76 

tibia diaphysis, 455, 456 

Subcutaneous calcaneal bursitis, 469 
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Subcutaneous prepatellar bursitis 

injection, 295 

treatment, 295 

Subtalar joint 

arthritis, 415--416 

arthrosis, 416 

capsular pattern, 375, 376 

examination, 375-376 

capsular pattern, 375 

examination, 375 

maximal close-packed position, 375 

maximal loose-packed position, 375 

zero position, 375 

hypermobility 

bracing, 482--484 

taping, 482--484 

treatment, 482-484 

limitation of motion after immobilization, 418 

loose body, 418 

manipulation, 484--485 

treatment, 484-485 

maximal close-packed position, 375 

maximal loose-packed position, 375 

nontraumatic arthritis, 415-416 

osteoarthrosis, 416 

passive valgus test, 386-388 

passive varus test, 385-386, 387 

pathology, 415-418 

with limited motions in capsular pattern, 

415--418 

with limited motions in noncapsular pattern, 

418 

spastic (peroneal) flat foot syndrome, 

416--418 

traumatic arthritis, 415--416 

intraarticular injection, 479-482 

treatment, 479-482 

zero position, 375 

Subtendinous bursitis, Achilles tendon 

injection, 528, 529 

treatment, 528, 529 

Sub tendinous bursitis Achilles tendon, 468-469 

Subtrochanteric bursitis, 61-62 

injection, 113-114 

treatment, 113-114 

Superficial infrapatellar bursitis, 247-248 

injection, 296-297 

treatment, 296-297 

Superficial peroneal nerve, 339 

compression neuropathy, 548, 549 

injection, 471, 472 

treatment, 471, 472 

palpation, 371 

Superficial pes anserinus, insertion tendopathy, 

258 

Superficial pes anserinus bursitis, 249-250 

Superficial posterior compartment syndrome, 

lower leg, 466--467 

Suprapatellar insertion tendopathy, 255-256 

bracing, 293-294 

functional examination, 288 

taping, 293-294 

transverse friction, 293 

treatment, 293 

Suprapatellar plica, 216-218 

Sustentaculum tali, 356-357, 358 

Synovial fluid, acetabulum, 8-9 

Synovial osteochondromatosis, knee, 207-208, 

209 

T 

Talar head, lateral part, 362 

Talocalcaneal joint, 336 

biomechanics, 341 

Talocalcaneonavicular joint, 336 

Talocrural joint, 333-336 

arthritis, 402--403 

arthrosis, 403 

biomechanics, 340-341 

capsular pattern, 375 

examination, 375 

loose body, 404 

manipulation, 474-476 

treatment, 474-476 

maximal close-packed position, 375 

maximal loose-packed position, 375 

muscles, 337 

nontrawnatic arthritis, 403 

osteoarthritis, 403 

pathology, 402-414 

with limited motions in capsular pattern, 

402-403 

with limited motions in noncapsular pattern, 

404-414 

traumatic arthritis, 402--403 

intraarticular injection, 474, 475 

treatment, 474, 475 

zero position, 375 

Talonavicular joint, 336, 337 

biomechanics, 341 

Talonavicularis, 336, 337 

capsular pattern, 376 

examination, 376 



maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Talus, 361, 363, 366 

osteochondral fracture, 406, 407 

osteochondritis dissecans, 404-405 

palpation, 370 

posterior process, 339-340 

Tarsal sinus, 364-365 

Tarsal sinus syndrome 

injection, 510-511 

treatment, 510-511 

Tarsal tunnel syndrome, 461, 548-549 

Tarsometatarsal joint, 342 

capsular pattern, 376 

examination, 376 

maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Tendinitis 

tibialis anterior muscle, 462-463 

treatment, 582 

Tenomyosynovitis, tibialis anterior muscle, 463 

transverse friction, 534, 535 

treatment, 534, 535 

Tenosynovitis, 458, 459, 460 

extensor cligitorum longus, 465 

extensor hallucis longus, 464-465 

flexor hallucis longus, 465-466 

injection, 544-545 

transverse friction, 543-544 

treatment, 543-545 

foot, 464-466 

peroneal muscle, 463-464 

injection, 540 

at level of lateral malleolus, 538-540 

proximal to lateral malleolus, 537-538 

transverse friction, 537-540 

treatment, 538-541 

tibialis anterior muscle, 463 

transverse friction, 535 

treatment, 535 

tibialis posterior muscle 

injection, 531-532 

transverse friction, 531 

treatment, 531-533 

Tensor fasciae latae muscle, 70 

palpation, 16-18 

Thigh 

anterior view, 15 

lateral compartment syndrome, 78 

posterior compartment syndrome, 78 

Third metatarsophalangeal joint 

capsular pattern, 376 

examination, 376 

hypermobile, 427-428 
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maximal close-packed position, 376 

maximal loose-packed position, 376 

zero position, 376 

Tibia, 349, 351 

Tibia diaphysis, stress fracture, 455, 456 

Tibial nerve, 157-164, 339, 355 

compression neuropathy, 310-311 

Tibial tuberosity, 147, 148 

Tibialis anterior muscle, 349-350 

insertion tendopathy 

stretching, 536-537 

transverse friction, 535-536 

treatment, 535-537 

tendinitis, 462-463 

tenomyosynovitis, 463 

transverse friction, 534, 535 

treatment, 534, 535 

tenosynovitis, 463 

transverse friction, 535 

treatment, 535 

Tibialis anterior muscle lesion, 462-463 

Tibialis anterior muscle tendon, 338 

Tibialis posterior muscle, 355 

insertion tendopathy 

transverse friction, 533-534 

treatment, 533-534 

tendon rupture, 459 

tenosynovitis 

injection, 531-533 

transverse friction, 531 

treatment, 531-533 

Tibialis posterior muscle lesion, 453-459 

Tibialis posterior syndrome, 453-458 

clinical findings, 455 

differential diagnosis, 455 

endogenous factors, 454 

exogenous factors, 454-455 

functional examination, 455-457 

treatment, 457-458 

Tibialis posterior tendon, 338 

Tibiocalcaneal ligament sprain 

injection, 515-516 

transverse friction, 514-515 

treatment, 514-5 16 

Tibionavicular ligament sprain 

injection, 5 13-514 

transverse friction, 512-513 

treatment, 512-514 
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Transil'nt synovitis, hip, 54 

Traulllatic arthril is 

hip, 46 

knee, 198-199, 200 

mjel1arsai jOinl, 4 l 9--4�O 

subtalar joint, 4 1 5--4 1 6  

inl raarlicular irlj('ction, 479--482 

I rf'tltmpm, 479--482 

talocrural joint, ,102-403 

illt.raarlicuiar injectioll, 474, 475 

lfcmmcllL, 474, 475 

Trcll(.kk'nburg's ll"Sl, :3 I 

Tri('C'ps surac shorlt'ning, (.'hild, 45:3 

u 

llniplanm instability, kilN', 2:tJ 

v 

Valgus trauma, 442--44:3 

Varus click If'SI , :39!)-;l97 

inlerprcwtion, 644 

\'aslUs lateralis musdr, palpation, W, 2f) 

\'aslus ITIf'dialis Illllscle', palpation, W, 2:; 

VastiiS medialis ohli(llIlIS Illuse'lr, palpation, In, 

25 

w 

lI'alking, 8, 34" :348 

ankle, range' of Illotion, :J-t7 

complete' \\all,allg (')'('1<', :�4;,--:147 

fOOL motions analysis, 6:30 640 

pltases, 6;l7 
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