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Preface

 

It is with pleasure, but also a sense of responsibility, that we present, after an interval of 10 years,
the second edition of our book. The implied question is, are the changes in the field that this book
covers so important and frequent that a new edition is necessary? The answer is yes.

Overuse injuries of the musculoskeletal system related to athletic activities and recreation or
to various professional activities are common occurrences in modern life. Therefore, it is not
surprising that overuse injuries are frequently discussed. In recent years, overuse injuries or
microtraumatic illnesses have become increasingly recognized as a cause of pain and dysfunction
in various parts of the human body. This recognition has been accompanied with a rapidly enlarging
body of literature on the subject.

What is the same and what has changed in the second edition of our book? The authors are
the same, as is the concept of the book. The second edition continues to probe the origins of these
painful syndromes and to propose the possible causes that lead to them. This edition, similar to
the preceding one, is intended to provide a quick overview of the definition, etiopathogenesis,
clinical picture, diagnostics, non-operative and operative treatment, and the possibility of prevention
of the various syndromes.

In addition to presenting the newest discoveries reported in the world medical literature, this
book also reveals a wealth of individual cases and experience encompassing pathohistological
examinations, imaging modalities, intraoperative photographs, and the results of both conservative
treatment and operative procedures.

The second edition of the book has three new chapters. The credit for these new chapters
belongs to Alan Ivković, M.D., a resident in our department, and Igor Borić, M.D., M.Sc., a
specialist in radiology. Apart from the experience of the senior authors, the enthusiasm of our
younger colleague, Alan Ivković, was particularly important in the course of the writing of this
book. All chapters from the first edition feature new references and new illustrations, as well as
new insights acquired in the intervening 10 years. Because of the continued support and under-
standing of our publisher, this edition also surpasses the preceding one in graphic design and
presentation, for which we are truly grateful, not only for ourselves, but also for the readers of
this book.

 

Marko M. Pećina

 

Zagreb
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1

 

Introduction

 

I. SIGNIFICANCE OF OVERUSE INJURIES

 

Athletic activities and recreational exercises are the phenomena of modern civilized societies. The
Olympic logo 

 

Citius, altius, fortius 

 

may translate better today as “even faster, even higher, even
stronger.” If we consider that many sport participants are professionally involved and that sport has
become big business and top entertainment in our society, we can understand how sport can place
demands on an athlete. At the same time, during the last few decades, recreational exercise has
become most people’s daily lifestyle. However, as participation in exercise continues to proliferate,
so do the concomitant injuries. Injuries to the musculoskeletal system that would not normally
happen have become very frequent due to athletic activities.

Acute mechanical injuries are not diagnostic and therapeutic problems as they do not differ
from injuries occurring in the average population. Indeed, various studies indicate that approxi-
mately 30 to 50% of all sports injuries are caused by overuse. Many physicians do not differentiate
between damage and injury and classify all symptoms under injuries. 

 

Injury 

 

may be defined as any
damage of the tissue that occurred in a well-defined and limited time span. 

 

Damage

 

 is considered
a pathological anatomic entity that cannot be proved (evidenced); in most cases, the patient did
not feel and does not even remember when the damage happened. In summary, the main charac-
teristic of an injury is acuteness, whereas damage has a chronic character. Damage of the locomotor
system is the result of a series of repetitive microtraumas that overwhelm the tissue’s ability to
repair itself.

 

75

 

 Therefore, many authors view it as one of the microtraumatic illnesses, but etiolog-
ically and pathologenetically, it would be better to term it an overuse injury.

 

66

 

Whereas overuse of the other major body systems (cardiac, respiratory, renal, nervous, etc.) is
relatively easy to test, overuse of the musculoskeletal system is very difficult to prove because there
are no morphological and physiological standards with which to compare. The prepathological
condition of other major body systems may be objectivized, e.g., electrocardiogram (EKG), elec-
tromyoneurography (EMNG), electroencephalogram (EEG), etc., but it is very difficult to establish
objective standards for overuse injuries of the musculoskeletal system. The common etiology of
all musculoskeletal overuse injuries is repetitive trauma that overwhelms the ability of tissue,
including tendons, bursae, cartilage, bone, and especially the musculotendinous unit, to repair itself.

The cause of overuse injuries is much clearer when the biomechanical factors of different sports
are analyzed.

 

16,82

 

 The foot touches the ground soil between 800 and 2000 times on a 1-mile run.
The ground-reactive force at midstance in running is 250 to 300% of body weight. A 70-kg runner
at 1175 steps per mile absorbs at least 220 tons of force per mile. Therefore, it is not surprising
that even the smallest anatomical or biomechanical abnormality of the lower extremities, especially
if they are subjected to training errors or some other external factors, may lead to overuse injuries
of the lower extremities or the spine.

To understand the genesis of overuse injuries in the upper extremities, one need ponder only
briefly the number of times javelin throwers throw their spear, weight lifters lift their weights, or
handball or water polo players take a shot at the goal. To cite an example, a swimmer will typically
make somewhere in the neighborhood of 4000 overhead strokes during one training session. This
adds up to more than 800,000 overhead strokes in just one season and illustrates why approximately
60% of top-class swimmers suffer from overuse injury in the shoulder area.

 

82

 

 An epidemiological
investigation

 

42

 

 of training and injury patterns in 155 British triathletes showed that the average injury
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rate was 5.4 injuries per 1000 h of training and 17.4 injuries per 1000 h of competition. Overuse
was the reported cause in 41% of the injuries, two thirds of which occurred during running.

 

42

 

One generally tends to equate overuse injuries with professional or recreational athletes (sports-
induced overuse injuries). However, physicians should be aware that overuse injuries can also
develop in nonathletes and can develop as a result of other human activities,

 

17,20,28,64

 

 primarily work
habits (work-induced overuse injuries). The link between occupation and musculoskeletal disorders
has been the focus of numerous research projects, ranging from those simply observing the different
pathological findings reported among workers performing particular tasks to the latest studies
actually quantifying the “exposure” of workers to physical and psychosocial stimuli.

 

23,62

 

 An example
is the case of an auto mechanic, who typically works for hours, on a daily basis, with a screwdriver
and, as a consequence, is at risk for developing lateral (radial) epicondylitis or “tennis elbow.” The
enormous cost to industry and society is driving many investigators to study the causes and
pathologic manifestations of “cumulative trauma disorders,” and this research should lead to
improved strategies for treating and preventing work-related injuries.

 

26

 

According to Keller et al.

 

38

 

 computer users experience high rates of injury and disability,
broadly termed repetitive strain injury (RSI). With more than 60 million Americans using computers
in offices and homes, the potential magnitude of the RSI problem indicates a need for increased
attention to prevention and treatment. Pascarelli and Hsu

 

65

 

 present results of clinical findings in
485 computer users, musicians, and others whose chief complaints were work-related pain and
other symptoms. Hyperlaxity of fingers and elbows was found in more than 50%, carpal tunnel
syndrome in 8%, radial tunnel syndrome in 7%, cubital tunnel in 64%, shoulder impingement in
13%, medial epicondylitis in 60%, lateral epicondylitis in 33%, and peripheral muscle weakness
in 70%. The influence of keyboard design on hand position, typing productivity, and keyboard
preference was evaluated by Zecevic et al.

 

83

 

 comparing two segmented, alternative designs for the
linear keyboard. The fixed design incorporated moderate changes in the standard keyboard, changes
that promoted a more natural hand position while typing, thereby reducing the potential for
cumulative trauma disorders. According to an EMG study of Laursen et al.

 

48

 

 mental demands
during computer work increased muscular activity in the forearm, shoulder, and neck muscles.
Increased muscular activity was found in the neck during the use of a mouse vs. the keyboard;
this phenomenon may be related to higher visual demands during the use of a mouse than with a
keyboard. If we take into account other similarly risk-prone professions such as professional
musicians and dancers, computer users, cooks, surgeons, workers on an assembly line, and others,
it becomes quite clear that the overuse injury is not just a sports medicine problem but, indeed, a
general medical problem.

Lower limb overuse injuries present the greatest source of medical problems during basic
military training. The main overuse lower limb injuries are anterior compartment syndrome, stress
fractures, Achilles tendinitis, plantar fasciitis, shin splints, and chondromalacia patella.

 

76

 

 The pur-
pose of the study of Almeida et al.

 

2

 

 was to identify rates of diagnosis-specific musculoskeletal
injuries in 1296 randomly selected male U.S. Marine Corps recruits and to examine the association
between patterns of physical training and these injuries. Overuse injuries accounted for 78% of the
diagnoses. The results of this controlled epidemiological investigation indicate that the volume of
vigorous physical training may be an etiological factor for exercise-related injuries. The findings
also suggest that type of training, particularly running, and abrupt increases in training volume
may further contribute to injury risk. In addition, numerous studies have indicated that the incidence
of repetitive motion disorders in females exceeds that in males.

 

24

 

The most important 

 

æ

 

 and at the same time both diagnostically and therapeutically not
completely understood 

 

æ

 

 questions are those dealing with overuse in the musculotendinous func-
tional unit, the area where the muscle inserts into the tendon and the tendon inserts into the bone.
La Cava

 

47

 

 refers to this area as the “mioenthesic apparatus.” Other authors use the term 

 

enthesis

 

,
which refers to the area of insertion of the tendon into the bone. The tendon can be inserted either
directly or through cartilage, ligament, or membrane (aponeurose). The insertion of the muscle into
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the tendon forms a more or less sharp angle, which ensures that the direction of the muscle remains
relatively constant, despite the fact that the breadth of the muscle is greater than the breadth of the
tendon. It is generally believed that, at the area of insertion of the muscle fibers into the tendon,
there exists an intermediary zone of adhesive tissue of 10 to 100 mm thickness. Without question
the musculotendinous unit has some specific characteristics that differentiate it from the muscle,
and it is equally beyond doubt that the musculotendinous unit represents a complete and unique
functional unit.

The musculotendinous functional unit suffers the greatest strain during muscle contraction. The
force of the muscle is relayed to the ends of the musculotendinous unit where the cross-sectional
area is considerably smaller than the cross-sectional area of the muscle. In all cases of longitudinal
extension, the maximal forces appear at the ends — in this case, at the musculotendinous unit. The
elasticity of the musculotendinous unit is less than the elasticity of the muscle while its fragility is
considerably greater, increasing the risk of its injury. Special proprioceptive bodies are located in the
musculotendinous unit that enable it to react in accordance with the state of contraction of the muscle
fibers or, in other words, in accord with the degree of the mechanical deformation of the muscle.

Because the musculotendinous functional unit has a polymorphic structure, it can be adapted
to the multifunctional demands of the musculoskeletal system. The musculotendinous unit is also
characterized by its susceptibility to injury, which leads to tissue metaplasia (e.g., calcification) in
the tendon. Further, the tendon tissue is bradytrophic, which explains why it is more often affected
by pathological changes due to overuse than are other tissues. The changes may affect the muscu-
lotendinous area, the tendon itself, its sheath, or the insertion for the bone.

 

30

 

 The resulting condition
is referred to as miotendinitis, tendinitis, paratenonitis, or simply enthesitis, although some authors
generally use the term 

 

enthesitis 

 

(and many other names; see Section IV) for changes on the
musculotendinous unit (Figure 1.1). Enthesitis is one form of tendon overuse injury that is char-
acterized by pain and discomfort in the area of the tendon–bone junction or osteotendinous junction.
According to Jozsa and Kannus

 

32

 

 none of the names given for this condition fully defines it. Acute
forms may display the classic clinical and histological signs of inflammation but no tissue degen-
eration, whereas in the chronic forms tissue degeneration may be clear but there is no histologically
demonstrable inflammation. Mixed lesions can also be found, and the site of the lesion and irritation
may sometimes involve the insertion as well as the more proximal area of the tendon belly and
tendon bursa. In the chronic forms the histopathologic findings vary considerably with regard to
the anatomic site in question.

 

70

 

FIGURE 1.1

 

Possible localizations of pathological changes in the muscle–tendon union. (1) Myotendinitis;
(2) paratendinitis or peritendinitis or paratenonitis; (3) tendinitis/tendinosis; (4) enthesitis or insertional
tendinopathy.

 

1428_C01.fm  Page 5  Wednesday, July 2, 2003  7:44 AM



 

6

 

Overuse Injuries of the Musculoskeletal System

 

According to current knowledge, “overuse” in tendon injuries implies that the tendon has been
strained repeatedly to 4 to 8% of the original length until it is unable to endure further tension,
whereupon injury occurs (Scheme 1.1).

 

19,25,32

 

 The structure of the tendon is disrupted microscopi-
cally, macroscopically, or both by this repetitive strain, and inflammation, edema, and pain result.

 

25

 

If the damage progresses, tendinosis (i.e., focal area of intratendinous degeneration that is initially
asymptomatic), partial tears, and complete ruptures may ensue. In the pathogenesis of overuse
injuries, the tendinous tissue becomes fatigued as its basal reparative ability is overwhelmed by
repetitive dysfunctional and microtraumatic processes. In other words, when a destructive process
of applied stress exceeds the reparative process, overuse injuries result.

 

7

 

When the tendon is overused, the reduction in vascular supply and excessive irritation of nerve
ends lead to an aseptic inflammatory reaction, which leads to tissue metaplasia, including cartilage,
osteoid, and bone metaplasia. The process is chronic and may last for months with frequent
reinflammations, causing a condition with constant complaints. To better understand the etiology
of the overuse injuries of the musculoskeletal system, it is essential to understand the pathology
of the inflammatory process. Regardless of the injury type, the tissue always undergoes an inflam-
matory response that encompasses a number of changes of the vascular net, blood, and connective
tissue. The inflammatory response is a very complex response, which includes different cell types,
numerous enzymes, and many physiologically active substances. Unfortunately, this response has
yet to be completely elucidated. The cause of the initiation of the inflammatory response is unknown
in many cases. One such example is rheumatoid arthritis. In contrast, the cause may be well known,
for example, microorganisms, immunocomplexes, or the by-products of the necrotic tissue. This
last cause can be directly and causally correlated to the genesis of the overuse injury and the
accompanying tissue damage.

Before we elaborate on the etiology and development of the inflammatory response in overuse
injury, it is necessary to elucidate some basic factors concerning this response: vasoactive sub-
stances, chemotactic factors, and tissue-damaging agents. Vasoactive substances include prostag-
landins, vasoactive amines (histamine, serotonin), anaphylatoxins, and kinins (bradykinin, lysil-
bradykinin), and it is believed that they cause vasodilation and increased permeability of the blood
vessels. The rupture of damaged cells of the tendon releases chemicals that signal other cells to
come to the area to help clean up the damaged tissue. Several different molecules that have
chemotactic effect have been isolated. Some of them are of bacterial origin, but others originate
from the complement system–activated by-products. It has been discovered that leukotriens and
kallikreins also have chemotactic effect. Agents that cause tissue rupture are enzymes hydrolases

 

SCHEME 1.1

 

Development of overuse tendon injuries.
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located within the lysosomes of the inflamed cells and enzymes located in the extracellular area
(e.g., collagenases, elastases, and cathepsin G).

In overuse injuries, the tendon has been loaded repeatedly and the sum of repetitive force leads
to microtraumas that initiate the inflammatory response.

 

19

 

 The initial vasoconstriction is followed
by vasodilation. As a consequence, increase of the intracapillary pressure, increased permeability
of the fine vascular net, and release of a fair amount of transudate in the perivascular area occur.
Further permeability increase of the blood vessels causes the accumulation of the fluid containing
different cell types and many cell compounds (proteins, white blood cells, thrombocytes). The fluid
itself is called 

 

exudate.

 

 Chemotactic chemicals act as signals to draw cells involved with the healing
process. Polymorphonuclear leukocytes start degradation of the surrounding tissue by activated
hydrolases released from their lysosomes. After a few days, they are replaced by monocytes that
soon become macrophages. Other cell types, such as lymphocytes, plasma cells, fibroblasts, and
mast cells, are also present in the damaged tissue area. Macrophages play the most important role
in the inflammatory response by digesting all the by-products of inflammation by the process of
phagocytosis or endocytosis and thus help clean up the damaged tissue. This event enables the last
phase of the response, the healing phase, to take place.

Although the inflammatory response is necessary to initiate healing, it should last only a short
time. If the inflammation is prolonged, we must prevent it from becoming chronic. Only under
such circumstances should nonsteroidal anti-inflammatory drugs (NSAIDs) and steroidal anti-
inflammatory drugs be used. To clarify the drug effect, we describe the role of prostaglandins in
the inflammatory response. Prostaglandins are local hormones derived from arachidonic acid. They
are metabolized very quickly, but, other than that, their biological effects have not yet been
thoroughly investigated. In the inflammatory response, they cause local vasodilatation and increased
vessel permeability resulting in edema of the inflamed tissue. Together with other mediators of
inflammation, they stimulate pain receptors and are responsible for pain, the first clinical sign of
tendinitis. They stimulate osteoclasts and macrophages and, therefore, cause bone resorption as
well. NSAIDs deactivate the enzyme cyclo-oxygenase responsible for the conversion of the arachi-
donic acid to prostaglandin. Glucocorticoids can also inhibit the biosynthesis of prostaglandins by
locking the enzyme phospholipase.

Generally speaking, healing is the body’s response to injury. The process may be divided in
phases depending on time needed to activate particular healing mechanisms. Connective tissue
healing is divided into two broad stages: proliferative and formative. During the former, which
lasts approximately 14 days, cells migrate to the area of the tissue damage and new connective
tissue is laid down. This new tissue is remodeled during the next formative stage. The formative
stage extends from the end of the proliferative stage until the tissue is as near normal as possible.
Chvapil

 

19

 

 further subdivides connective tissue healing into four stages: (1) cell mobilization (inflam-
matory response), (2) ground substance proliferation, (3) collagen protein formation, and (4) final
organization. Stages 1 to 3 are the proliferative stages of healing, and Stage 4 is formative.

During the stage of cell mobilization, the rupture of damaged cells releases chemotactic
substances that initiate an increase in vessel permeability and act as signals to white blood cells,
but also help the degradation of damaged tissue. This stage is also called the stage of inflammatory
response. It begins when injury occurs, lasts for 48 h, and is important because of the arrival of
white blood cells.

Ground substance proliferation does not take place until Day 3 or 4. The existence of an
adequate amount of ground substance (which is a gel-like matrix composed of proteins, carbohy-
drates, and water) is necessary for the aggregation of collagenous proteins into the shape of fibrils.

The stage of collagen protein formation begins at Day 5 following the injury, and is characterized
by the transformation of the immature (soluble) collagen into the mature form of the molecule.
Collagen transforms as a result of cross-links forming between the tropocollagen molecules. From
Day 6 to Day 14, the proportion of cross-linked collagen increases. It is of crucial importance to
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stop the inflammation before Day 5 because the enzymes prevent formation of cross-links and
degrade newly synthesized soluble collagen.

In the final stage, from Day 14 onward, collagen continues to increase and begins to organize
into fibrils that reorient themselves in line with the tensile force applied to the tissue. It is very
important to contract the adjacent muscles because the contraction causes the stress of collagen
fibrils and generates electric potential due to the piezoelectric effect. The potential itself orients
collagen fibrils in line with the tensile force of the muscle contraction. With this event, the process
of healing is terminated, and the tendon is capable of withstanding further mechanical loads.

Arnoczky et al.

 

9

 

 studied activation of stress-activated protein kinases in tendon cells following
cyclic strain. Cyclic strain has been shown to benefit tendon health. However, repetitive loading
has also been implicated in the etiology of tendon overuse injuries. Recent studies demonstrated
that in several cell lines cyclic strain was associated with an activation of stress-activated protein
kinases (SAPKs). These SAPKs, in turn, were shown to be important upstream regulators of a
variety of cell processes including apoptosis. A similar mechanism could be responsible for
initiating the pathological events (localized cell death) seen in tendon overuse injury. According
to Kjaer,

 

40

 

 we are only just beginning to master methodologies to evaluate tissue changes in tendon
and muscle that will allow for better understanding of adaptation to mechanical loading in sports
activities. Such knowledge of muscle–tendon force development and tissue reaction to movement
will be important for understanding the etiology and pathogenesis of overuse injuries, and will
provide the basis for better diagnostic approaches and better treatment modalities. Herein lies a
major scientific challenge.

Although conditions related to tendons and tendon insertions are primarily considered overuse
injuries of the musculoskeletal system, some such injuries involve bones,

 

29,58

 

 muscles,

 

79

 

 joint
cartilage,

 

1

 

 bursae,

 

59

 

 and peripheral nerves.

 

68,69

 

 One joint that appears to be particularly susceptible
to overuse conditions is the patellofemoral joint, where abnormal wear of hyaline cartilage on the
retropatellar surface may occur, resulting in anterior knee pain. This condition is further explored
in Chapter 8. Chapter 11 is dedicated to the inflammation of the bursae (bursitis), stressing the
problem of the chronic bursitis caused by repetitive trauma from either friction of the overlying
tendon or external pressure applied above the bursae. Nerve tissue is also subject to overuse injury.
Sensory, motor, or mixed sensory-motor peripheral nerves may be affected by constant and/or
repetitive loading and pressure on nerves, as well as by the pathomechanics of the special anatomic
area such as carpal tunnel, tarsal tunnel, etc.

 

69 

 

These nerve entrapment disorders of the sports
participant are discussed in Chapter 13.

Pathoanatomical changes that can be seen in overuse injuries of the musculoskeletal system
depend on the type of tissue affected and on the localization and clinical stage of the injury. There
is a large pathohistological scale from inflammatory response to degenerative changes reported by
many authors

 

19,28,70

 

 and confirmed by intraoperative examination in our own patients. We briefly
describe pathohistological findings concerning different localizations of overuse injuries in our
operated patients. The tissue sections were obtained and histologically analyzed courtesy of Nikola
Sipus, from the Institute for Chemical Pathology, University of Zagreb. Tissue samples were
obtained from all of the patients who underwent surgery. The samples were taken from the tendon
insertion site and from sites of the macroscopic changes in the tendon and its sheath. The tissue
samples were fixed in formalin, embedded in paraffin, and stained with hemalaun-eosin. Histolog-
ical changes of the tendon tissue, the bone–tendon interface, and the tendon sheath, as well as the
blood vessels and nerves in the tendon and its sheath, have been analyzed.

The pathohistological sections shown here relate to Achilles tendinitis or patellar tendinitis,
which is understandable as these localizations are the most common to incite surgical treatment.

The formation of edema and tissue necrosis on certain parts of the tendon is the first noticeable
change (Figure 1.2 and Figure 1.3). After a short period of time, inflammatory cells migrate to the
damaged area. The most abundant among them are mononuclears (Figure 1.4). Because infection
is not the issue in this case, there are very few granulocytes among the inflammatory cells. The
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FIGURE 1.2

 

Normal tendon (original magnification 

 

¥

 

 200).

 

FIGURE 1.3

 

Necrotic focus in tendon accompanied by severe edema of the surrounding tissue and initial
accumulation of mononuclears (A) (original magnification 

 

¥

 

 200).

 

FIGURE 1.4

 

Tendon remodeling with proliferation with connecting tissue strongly interspersed with blood
capillaries. Inflammatory infiltrates of mononuclears are sparse (original magnification 

 

¥

 

 200).
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first stage of tissue healing, the inflammatory response, is followed by remodeling of the damaged
tendon. The remodeling occurs through connective tissue proliferation and formation. Proliferation
of collagen molecules continues from within the cells of the damaged tendon but soon organizes
into collagen fibrils.

The number of blood capillaries also increases, but as the process develops, the number decreases
back to normal. The scar formed after the tendon is remodeled differs from the normal uninjured
tendon in random organization of collagen fibers and greater number of blood capillaries (Figure
1.5). Changes that affect the bone–tendon interface are characterized by edema development and
bleeding and sometimes even by disjunction of the tendon fibers from the bone. Lesser damage of
the bone–tendon interface causes edema of all tissue structures, which is then followed by inflam-
mation. The cells most commonly involved in the inflammatory process are mononuclears and
lymphocytes (Figure 1.6). The connective tissue scar usually degenerates, and the largest part of
the tendon (sometimes even the periost) becomes acellular and full of homogeneous hyaline matrix
(Figure 1.7). Those scars are very often spread over surrounding tissue structures, changing the
appearance of the surrounding tissue. The first sign of the changes of the tendon sheath is bleeding
in the early stages of the injury. Bleeding is soon followed by a secondary inflammation. Because

 

FIGURE 1.5

 

Remodeled tendon has irregular structure and contains a greater number of blood capillaries
(original magnification 

 

¥

 

 60).

 

FIGURE 1.6

 

Damage of the tendon–bone insertion. Connective tissue edema. Blood capillaries are dilated
and surrounded by inflammatory cells: lymphocytes and mononuclears (original magnification 

 

¥

 

 200).
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the tendon is poorly provided with blood and lymph, the tendon sheath plays an active role in tissue
remodeling. This process is accompanied by a proliferation of macrophages and quite often gigantic
cells of the foreign body, which fagocite larger particles of the necrotic tendon (Figure 1.8).

Changes in blood vessels can be divided into changes in the arteries, capillaries, and veins.
Inflammatory cells leave the arteries, and capillaries during the inflammatory infiltrates are fre-
quently seen. Although generally younger individuals are involved, the later stages are characterized
by a proliferation of endotel accompanied by endarteritic changes, which significantly decrease the
breadth of the blood vessel. In some cases, this leads to an obliteration of the artery (an example
is shown in Figure 1.9, depicting the area of insertion of the Achilles tendon into the calcaneus).
Smaller veins frequently have thrombocytes. In later stages, these thrombocytes are organized
(Figure 1.10) and in some cases recanalized (Figure 1.11).

Changes in nerves of overuse injuries, until now, have not been specifically analyzed. However,
we have found significant changes in the nervous tissue in the area of the injured tendon or in the
area of its insertion. To better explain the changes affecting nerves, Figure 1.12 is a photograph of
a normal nerve with a sheath of normal breadth. (In our opinion, intense pain in the area of the

 

FIGURE 1.7

 

Scars on the Achilles tendon insertion site. Strong hyaline degeneration of the tendon’s con-
nective tissue makes the connective tissue practically acellular. Mononuclears are rare (original magnification

 

¥

 

 200).

 

FIGURE 1.8

 

Tendon sheath inflammation accompanied by multiplication of the granulation tissue-rich mac-
rophages. Rare giant cells of the foreign body are also present, and their cytoplasm contains phagocytic
necrotic material (B) (original magnification 

 

¥

 

 200).
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FIGURE 1.9

 

Changes affecting arteries close to the scarred tendon insertion site. Severe endarteritis with
constriction of the arterial lumen (C), resulting in total obliteration of the artery (D) (original magnification

 

¥

 

 200).

 

FIGURE 1.10

 

Changes in the vein close to the tendon scar. Chronic thrombosis of the vein with thromb
organization (original magnification 

 

¥

 

 200).

 

FIGURE 1.11

 

Recanalized thromb of a smaller vein localized in the scar on the tendon insertion site (original
magnification 

 

¥

 

 200).
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injured tendon, or in the area of its insertion, with frequent morphologically insignificant changes
is caused by changes on the ends of peripheral nerves.) Our pathohistological analysis has shown
the presence of perineuritis accompanied by an increase of breadth of the nerve sheath, which later
compresses the nerve. These changes are frequently very noticeable (as shown in Figure 1.13).

Recently, the term 

 

tendinosis

 

 (tendon degeneration), instead of “tendinitis,” is used more and
more. The pathways and cellular mechanisms that lead to tendinosis are not well understood.

 

37

 

Frequently, tendinosis can be found in conjunction with the chronic forms of peritendinitis and
tendinitis, although this does not indicate a causal relationship, in either direction.

 

32

 

 A popular
theory in the medical literature suggests that tendon degeneration passes through acute, recurrent,
subacute, subchronic, and chronic phases of tendinitis before actual degeneration develops.

 

25,70,71

 

Clinically, the term tendinosis can be described as a focal area of intratendinous degeneration that
may by initially asymptomatic.

 

50

 

 Clancy and Leadbetter

 

50

 

 note that no signs of intratendinous
inflammation are present in tendinosis. If intratendinous inflammation is combined with tendinosis
(symptomatic degeneration), they called it tendinitis. Jozsa and Kannus,

 

32

 

 in turn, prefer to keep
“tendinosis” and “tendinitis” separate entities so that both may occur independently or together, as
is the case with tendinosis and peritendinitis. Thus, Jozsa and Kannus

 

32

 

 do not exclude the possibility
of pure tendinitis.

 

FIGURE 1.12

 

Normal nerve with unaffected sheath.

 

FIGURE 1.13

 

Changes in the nerve situated in the scar on the Achilles tendon insertion site. The nerve sheath
is thickened and compresses the nerve (original magnification 

 

¥

 

 200).
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Without a complete understanding of the etiopathogenesis of overuse injuries of the muscu-
loskeletal system, there can be no early diagnosis or adequate therapy prescribed. According to
Leadbetter,

 

50

 

 the microtraumatic response to load and use is best understood within the context of
a failed adaptation to physical load and use (Scheme 1.2). The etiology of these syndromes is
multifactorial. In other words, numerous factors contribute to the development of overuse injuries
(Table 1.1). A combination of extrinsic factors, such as training errors and environmental factors,
and intrinsic or anatomical factors, such as bony alignment of the extremities, flexibility deficits,
and ligamentous laxity, predisposes athletes to develop overuse injuries.

 

44

 

Awareness of anatomical factors that may predispose individuals to overuse injuries allows the
clinician to develop individual prehabilitation programs designed to decrease the risk of overuse
injury. The purpose of the prospective study of Kaufman et al.

 

35

 

 was to determine whether an
association exists between foot structure and the development of musculoskeletal overuse injuries.
The study group was a well-defined cohort of 449 trainees at the Naval Special Warfare Training
Center in Coronado, CA. Before beginning training, measurements were made of ankle motion,
subtalar motion, and the static (standing) and dynamic (walking) characteristics of the foot arch.
The subjects were followed prospectively for injuries throughout training. The authors of the study
identified risk factors that predispose people to lower extremity overuse injuries. These risk factors
include dynamic pes planus, pes cavus, restricted ankle dorsiflexion, and increased hindfoot inver-
sion, all of which are subject to intervention and possible correction. Hintermann and Nigg

 

27

 

consider that the individual transfer mechanism of foot eversion into internal tibial rotation may
be of some predictable value for lower extremity overloading and related overuse injuries.

 

II. CLINICAL PICTURE AND DIAGNOSTICS

 

The clinical picture in the early stages of overuse injuries is characterized by a feeling of
tightness. This is generally followed by pain in one part or in the whole musculotendinous unit
during passive or active stretching, during contraction of the affected muscle against resistance,
and in lateral stages during normal contraction of the muscle. These symptoms are followed by

 

SCHEME 1.2

 

Tendon response to a mechanical loading.
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pain felt during palpation, and sometimes by the presence of swelling in the affected area. The
final symptoms include spontaneous pain felt during complete rest, which can in some cases radiate
along the length of the whole affected muscle. With regard to the time that the pain appears during
athletic activities and to the intensity of the pain, several stages of development are recognized.
Based on the correlation between the intensity of the pain, or in other words, the stage of the
disease and the remaining athletic capacity, Curwin and Stanish

 

19

 

 differentiate six stages of devel-
opment in overuse injuries (Table 1.2).

The diagnosis of overuse injuries must stem from a careful history as well as a thorough physical
examination. To identify the injured structure, it is essential to characterize the pain (e.g., where,
when, and how long it lasts) and to ask questions establishing the etiological factors that lay the
groundwork for the affliction. However, exclusion of macrotrauma is key to proper categorization
of the injury as one of overuse. Diagnostic tools include the following:

 

Physical examination

 

 is the basic and most important diagnostic method, whereas all other
methods can be regarded as auxiliary methods that are useful only in concert with a detailed
physical examination. The characteristics of physical examination with regard to various
overuse injuries are discussed in Chapters 3 through 15.

 

TABLE 1.1
Predisposing Factors Leading to Overuse Injuries of the Musculoskeletal System

 

Internal (Intrinsic) External (Extrinsic)

 

Anatomical malalignment
Leg length discrepancy
Excessive femoral anteversion
Knee alignment abnormalities (genu valgum, varum, or
recurvatum)

Position of the patella (patella infera or alta)
Excessive Q-angle
Excessive external tibial rotation
Flat foot
Cavus foot

Muscle-tendon imbalance of
Flexibility
Strength

Other
Growth
Disturbances of menstrual cycle

Training errors
Abrupt changes in intensity, duration, and/or frequency
of training

Poorly trained and unskilled athlete
Surface

Hard
Uneven

Footwear
Inappropriate running shoes
Worn-out running shoes

 

TABLE 1.2
Classification System for the Effect of Pain on Athletic Performance

 

19

 

Level Description of Pain Level of Sports Performance

 

1 No pain Normal
2 Pain only with extreme exertion Normal
3 Pain with extreme exertion, 1 to 2 h afterward Normal or slightly decreased
4 Pain during and after any vigorous activities Somewhat decreased
5 Pain during activity, forcing termination Markedly decreased
6 Pain during daily activities Unable to perform
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Radiographic examination

 

 is rarely of value in establishing a diagnosis of overuse injuries,
with the exception of stress fractures (Figure 1.14). Radiographic examination can be used
to detect causative factors that lead to development of overuse injuries such as malalignment
of the extensor system of the knee, static deformation of the lower extremity, and others.

 

Computerized tomography (CT)

 

 is a useful method when diagnosing the presence of an
overuse injury and has the added advantage of being able to diagnose changes in muscles
and tendons (e.g., in patients with ruptured tendons), as well as those in bone.

 

Bone scan

 

 with technetium-99m diphosphonate is of great help in early diagnosis of stress
fractures. In recent times, its diagnostic capabilities have been significantly increased
especially with regard to diagnosing changes in tendons and muscles in overuse injuries
(Figure 1.15).

 

21,34

 

Sonographic examination

 

 is, without doubt, the most useful auxiliary method used today in
diagnosis of overuse injuries. In fact, we could almost say it is an unavoidable method
when diagnosing overuse injuries.

 

22,33,57,74

 

 Ultrasonography is very helpful when diagnos-
ing tendinitis/tendinosis (Figure 1.16), peritendinitis, enthesitis, tendon (Figure 1.17) and
muscle rupture (Figure 1.18), bursitis, and even stress fractures. The importance of sono-
graphic examination is enhanced by its ability to perform dynamic investigations (e.g.,
investigation of the muscle during contraction and relaxation, investigation of the tendon
during passive and active stretching, etc.).

 

Thermography

 

 is an auxiliary method that in recent times has been successfully applied in
diagnosing overuse injuries. However, its greatest value is its ability to monitor the course
of the disorder objectively, both when monitoring the development of overuse injury 

 

sua
sponte

 

 and when evaluating the effect of prescribed therapy (Figure 1.19).

 

FIGURE 1.14

 

Stress fracture of the second metatarsal bone (A) and of the tarsal navicular bone (B).
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Arthroscopy

 

 is of significant value in the detection and treatment of injuries to the joint
cartilage.

 

31

 

 It is most commonly applied to the knee joint, but is also applied to other
larger and smaller joints.

 

Magnetic resonance imaging (MRI)

 

 is the diagnostic method of choice in all pathological
changes of the musculoskeletal system and thus is eminently applicable when diagnosing
overuse injuries. MRI is able to investigate all of the tissues present in the musculoskeletal
system and diagnose any pathological changes in them.

 

8,13,43,73,78

 

Pedobarographic analysis

 

 with gait analysis reveals possible etiological factors of the over-
use injuries of the lower extremities. Pedobarogram of a basketball player (Figure 1.20)
shows varo-excavatus deformity of the foot, causing plantar fasciitis in this athlete, cured
by adequate insole.

 

FIGURE 1.15

 

Bone scan demonstrating tarsal navicular stress fracture.

 

FIGURE 1.16

 

Sonogram of the Achilles tendon. (A) Achilles tendonitis/tendinosis; (B) normal tendon.

 

1428_C01.fm  Page 17  Wednesday, July 2, 2003  7:44 AM



 

18

 

Overuse Injuries of the Musculoskeletal System

 

FIGURE 1.17

 

Sonogram of the Achilles tendon shows acute rupture of the tendon.

 

FIGURE 1.18

 

Sonogram of the lateral thigh. (A) Hematoma of the region of the vastus lateralis muscle;
(B) sonographically controlled puncture.
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FIGURE 1.19

 

Thermography of both knees showing hypothermy in the patellar area of the afflicted knee.

 

FIGURE 1.20

 

Pedobarographic analysis in a basketball player with plantar fasciitis.
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III. TREATMENT

 

Treatment of overuse injuries of the musculoskeletal system in the vast majority of cases is
non-operative. Surgical treatment is indicated only after failure to respond to a rigorous non-
operative program. The patients must qualify for surgery. Lack of compliance and inadequate
rehabilitation most often lead to inappropriate surgery and poor results. The basic principle of non-
operative treatment is that it should begin as early as possible — in other words, as soon as the
first symptoms appear. The most common error is that patients do not pay sufficient attention to
the early symptoms and proceed with their everyday athletic or nonathletic activities with unchanged
intensity. The basic postulates of non-operative treatment for overuse injuries are based on the
following principles: reducing the pain, controlling the inflammation, facilitating tissue healing,
and monitoring further activities.

 

6,10,36,60,61,63

 

Any non-operative treatment program must be individually adapted to every patient with regard
both to the localization of the pain and to the stage of the disease.

 

14,18,47,53

 

 The program should
consist of the following: a short-term cessation or modification of athletic activities, icing applied
to the tender area, application of NSAIDs, stretching exercises for the affected muscles, strength-
ening exercises for the affected muscle group,

 

80

 

 correction of the predisposing causative factors

 

39,40

 

(training errors, anatomical deviations that impede the normal biomechanics of the activity, inad-
equate athletic footwear, and even the surface on which the athlete habitually trains).

Physical modalities (cryotherapy, thermotherapy, therapeutic ultrasound, high-voltage pulse
galvanic stimulation, electrical stimulation, laser stimulation, extracorporeal shock-wave therapy,

 

81

 

etc.) are frequently prescribed to promote healing and recovery after injury. Icing effectively relieves
pain and muscle spasm; it lessens the inflammatory reaction by lowering the level of chemical
activity and by vasoconstriction. There is much claimed and much more unknown about the various
physical techniques, their indications, efficacy, and potential to modify the inflammation repair
cycle, such that it is safe to say that the role of physical modalities remains largely experiential
and theoretical.

 

52

 

 Although some authors recommend a total cessation of athletic activities, we
believe that in the early stages of disease complete cessation is not mandatory. The patient, aside
from submitting to all other non-operative methods of treatment, should be encouraged simply to
reduce the intensity of the training program, especially those activities that cause pain. In later
stages of disease, a complete cessation of athletic activities is mandatory for a period of no less
than 3 to 4 weeks. The functional capabilities of the athlete can be maintained during this time by
alternative training programs such as swimming or bicycling.

 

60,61

 

The principal purpose in applying NSAIDs is to control and regulate the inflammatory process
and to monitor its duration such that it does not last longer than its primary phase, which has a
positive effect on tissue healing. Almekinders et al.

 

3

 

 observed in an 

 

in vitro

 

 investigation that
NSAIDs may have potentially negative effects on tendon fibroblasts during the proliferative phase
of healing, as the medication has been associated with decreased DNA synthesis, but may have
positive effects in the maturation and remodeling phase, as they stimulate protein synthesis. It is
difficult to combine the experimental and clinical data on NSAIDs into a simple clinical recom-
mendation but Jozsa and Kannus32 recommend that NSAIDs be administered during the first 3
weeks of tendon healing (i.e., during the inflammatory and proliferative phases).

Corticosteroid injection therapy continues to be widely employed, although the mechanism of
its alleged therapeutic effect has not been documented in humans. The best indication for steroid
injection remains a localized inflammatory site such as synovial cavity, bursa, or tendon synovial
sheath. Side effects observed after corticosteroid injection can be problematic, and the patient
should be warned of the risk of local corticosteroid injection. Sports participation after injection
adjacent to a major tendon should be delayed for a minimum of 2 to 3 weeks. According to
Leadbetter,51,52 improper use and abuse of corticosteroid injection consists of the following: acute
trauma, intratendinous injection, infection, multiple injections (more than three), injection imme-
diately before competition, and frequent intra-articular injections.
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In the treatment of overuse injuries, stretching exercises are also prescribed — principally, so-
called passive stretching exercises.4,5,80 The basic principles of these exercises consist of a precisely
defined stance to which patients must adhere while performing the exercise. They should carry out
slow and gradual movements until they feel a stretching sensation; then they should hold that
position for a certain period of time.67 During the performance of passive stretching exercises, the
often-quoted principle, “no pain, no gain,” should be forgotten. The reason is that staying in a
stretched position that causes pain decreases the length of time the patient can stay in that particular
position. It increases the possibility of a reflex muscle contraction and can lead to muscle damage.41

On the other hand, remaining in the point of “primary” stretching enables the complete relaxation
of the targeted muscles, and likewise enables the patient to hold that position for a relatively longer
period of time. The athlete who performs stretching exercises for the first time is advised to hold
the position of primary stretching for 15 s. This period of time is gradually increased but should
not exceed 30 s. The principal effects of stretching exercises — a decrease of muscle–tendon
tension, improvement of vascularization in the musculotendinous functional unit, and an increase
in the breadth of movements — reduce the possibility of injury development. Increase of flexibility,
which also reduces injury development risk, is another long-term benefit of stretching exercises.

Surgical treatment of overuse injuries of the musculoskeletal system is the final option. In other
words, surgical treatment is recommended only after all non-operative methods of treatment have
failed.11,15 During surgical procedure, diseased, scarred, and degenerated tissue, calcificates, chron-
ically changed bursae, and other tissue are excised.66,70 Whenever possible, the surgical treatment
should target the causative factors that led to the development of the overuse injury, e.g., removing
the tuber of the calcaneus, which causes retrocalcanear bursitis, or correctly orienting the extensor
system of the knee (realignment). In some cases, the aim of the surgical procedure is to increase
the vascularization of the injured area. This can be achieved by drilling the bone, by adhesiolysis
of the tendon, or by other means. In some cases, surgical treatment is unavoidable, i.e., ruptured
tendons, muscle rupture, and depending on the localization, stress fracture. Indications for surgical
treatment of various overuse injuries of the musculoskeletal system are discussed in detail in
Chapters 3 through 15. However, we would stress at this time the importance of postoperative
rehabilitation because, without an adequately carried out postoperative program of treatment, no
surgical intervention, however well performed, can achieve good results.

According to Curwin and Stanish,19 both the surgical and non-operative treatment methods
should be chosen depending on the stage of healing of the damaged tissue of the musculoskeletal
system (Table 1.3). Whatever the treatment program selected, it must adhere to the following
principles: (1) protection of the early phases of tissue healing, (2) avoidance of excessive immo-
bilization, (3) restoration of total limb function, (4) safe progressive return to competition or work
activity, and (5) elimination of faulty or abusive technique.

Unfortunately, at present, no single method, either surgical or non-operative, for any localization
of overuse injury exists that can guarantee 100% good results. Thus, prevention is of utmost
importance. To prevent overuse injury successfully or, in other words, to reduce as much as possible
the risk of developing overuse injuries, we should be well acquainted with the predisposing factors
leading to the development of these overuse syndromes and should attempt to assert some influence
over the factors. In prevention, as in the treatment of overuse injuries, the physician should take
into account the individual needs of each patient as it is incorrect to treat, for example, a recreational
runner with the same therapy that would be prescribed for a top-level, professional athlete.25

Stretching exercises play an important role in the prevention of overuse injuries as well. It is also
important to note that prevention of overuse injuries of the musculoskeletal system has been greatly
enhanced by numerous investigations carried out during the past 20 years. This research has
described many predisposing causative factors of these injuries and has suggested ways of both
treating and preventing them.25,66,77 Perhaps one of the best examples of how these investigations
have contributed not only to therapy, but also to decreasing the frequency of some overuse injuries,
is Achilles tendinitis. As a result of adequate and correct prevention regarding training (monitoring
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the training process so that there are no sudden increases in the intensity of training), prevention
regarding the surface (avoiding running on steep inclines and on uneven, rough, and hard surfaces)
and prevention regarding footwear (wearing adequate athletic footwear), as well as prevention
regarding orthotic correction of biomechanical irregularities that cause excessive pronation of the
foot during running (pes planovalgus, pes cavus, and others), the incidence of Achilles tendinitis
has dropped by more than 50% during the time. In addition to education (to which we hope to
contribute with this book), prevention, as well as treatment of overuse injuries of the musculoskeletal
system, depends on the close collaboration among athlete, coach, and physician.

Hippocrates noted: “Healing is a matter of time but is sometimes also a matter of opportunity.”
Leadbetter52 added:

In this age, when sports medicine has been an art earnestly seeking its science, the modern sports
medicine clinician must be increasingly aware of the biologic events and reparative capabilities of
human tissues. For while the art of sports medicine may be extended through experience, the future
therapeutic opportunities of sports medicine will be extended only by its scientific basis.

IV. NOMENCLATURE

The various terms applied to different overuse injuries have not been recognized by all authors
as yet. All connective tissues are not the same. Intrinsic differences in the biologic nature of
connective tissues have yet to be fully understood in regard to their impact on the quality of
healing.52 Classifications and terminology of the clinicopathological entities of overuse injuries are
not clear and definitive.32,45,52,71 The reasons for this confusion are that symptoms, clinical signs,
and histological findings of each entity overlap with those of other entities, conditions can coexist,
and true knowledge on the etiology, pathogenesis, and histopathology of overuse injury problems
is still rather scarce.32 Sports physicians in the U.S. have tried to create a new classification of
tendon disorders and injuries.50 They describe four pathologic conditions: (1) paratenonitis, a class

TABLE 1.3
Forms of Treatment for Overuse Injuries19

Treatment Used in This Stage of Healinga

Rest 1,2,3
Stop activity
Cast immobilization
Taping/support 1,2,3,4

Physical modalities 1,2,3
Ice
Electric stimulation
“Deep heat”
Ultrasound

Drugs
Anti-inflammatory drugs (oral) 1,2,3
Steroids (injections)

Exercise 3,4
Stretching
Strengthening

Surgery 1 (rupture) or 4 (chronic)

a 1 = cell mobilization (inflammatory response); 2 = ground substance
proliferation; 3 = collagen protein formation; 4 = final organization.

1428_C01.fm  Page 22  Wednesday, July 2, 2003  7:44 AM



Introduction 23

including “tenosynovitis,” “tenovaginitis,” and “peritendinitis”; (2) paratenonitis with tendinosis, a
class replacing “tendinitis”; (3) tendinosis, a class also replacing “tendinitis”; and (4) tendinitis, a
class replacing acute (less than 2 weeks), subacute (4 to 6 weeks), and chronic (more than 6 weeks)
“tendon strain and tear.” However, although this classification is systematic and in many respects
an improvement, it has problems similar to the other classification systems.32 Kvist45,46 believes
that, as long as there is little knowledge in this area, we must accept overlapping terms to describe
the clinicopathological entities of tendon disorders and tendon injuries. With regard to the basic
pathohistological substrate of overuse injury, whether it is inflammation or a degenerative process,
the question arises whether one should use the term tendinitis or tendinopathic change (tendinosis).
Maffulli et al.56 consider that the terms such as tendinosis, paratendinitis, and tendinitis imply
specific, histopathologically proven conditions, and should be used only after an excision biopsy
has been examined by a pathologist. None of the above terms should be used in clinical practice
when talking of overuse tendon injuries. The clinical syndrome characterized by a combination of
pain, swelling (diffuse or localized), and impaired performance should be labeled tendinopathy.
Depending on the tissues affected, the terms tendinopathy, paratendinopathy, or pantendinopathy
should be used. The term tendinosis was first used in this context by Puddu et al.71 implying tendon
degeneration without clinical or histological signs of intratendinous inflammation. The finding that
the pathological bases of the overuse tendon condition in athletes are due to tendinosis is not new.
In 1986, Perugia et al.70 noted the “remarkable discrepancy between the terminology generally
adopted for these conditions (which are obviously inflammatory since the ending -itis is used) and
their histopathological substratum, which is largely degenerative.”

We believe that the primary cause lies in the inflammation process, which during the course
of its chronic stage leads to degenerative changes. For this reason, we use terms ending with
“itis,” or “osis” individually according to the stage of overuse injury. When naming various
individual syndromes, we also place full attention on the precise localization of the injury. For
this reason, we use the term tendinitis when the injury is located on the tendon, peritendinitis,
when the injury is located on the tendon sheath, miotendinitis, when the injury is located in the
area where the muscle connects with the tendon, and enthesitis, when the injury is located in the
area of insertion of the tendon to the bone. In the medical literature there are many synonyms
for the term enthesitis: insertitis, insertion tendinopathy, insertional tendinitis, insertion tendinitis,
insertion tendinosis, insertiopathy, insertionitis, enthesopathy, tenoperiostitis, tendoperiostitis,
tenoperiostosis, and tendoperiostosis.

In most cases, however, we use the term based on the pathoanatomical localization of the injury,
or in other words the term that is most commonly known and that is generally used in the medical
literature. In general terms, overuse injuries have acquired their terms according to the following:

• Affected anatomical structure (i.e., epicondylitis humeri radialis, hip external rotator
syndrome, bicipital tendinitis, plantar fasciitis, patellar tendinitis/tendinosis, and others)

• Athletic activity in which it most frequently occurs (jumper’s knee, rower’s forehand,
pitcher’s elbow, swimmer’s knee, runner’s knee, etc.)

• Cause of development (impingement shoulder syndrome, impingement in the wrist or
ankle joint, etc.)

• Characteristic symptom or clinical picture (trigger finger, low back pain, groin pain,
snapping hip syndrome, anterior knee pain, etc.)

• Author who first or most precisely described the syndrome (de Quervain disease, Hoffa
disease, Osgood-Schlatter disease, Haglund disease, Sever disease, etc.)

Whatever the term applied, the basic characteristic of all these syndromes is chronic, cumulating
microtraumatic injury. Because of this, the most accurate term is the general term, overuse injuries.
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MR Imaging in Diagnosis 
of Overuse Injuries*

 

A number of overuse syndromes are poorly understood because of the traditional lack of objective
tests to confirm the presence of tissue abnormality. Magnetic resonance imaging (MRI), a nonin-
vasive diagnostic tool, objectively confirms the presence of the exact tissue abnormality, demon-
strates the location and degree of involvement, and helps clarify complex pathomorphological and
pathophysiological conditions. It can also predict the length of time the patient will be disabled
and helps in monitoring patients’ response to treatment, which may help return the patients/athletes
to their former activities. MRI findings in overuse injuries are based on morphological changes
and signal intensity alterations of involved muscles and their tendons, cartilage, bones, and sur-
rounding soft tissues.

 

I. MUSCLES AND TENDONS

 

MRI alteration in muscle can be seen in some occupational or sport and recreational overuse
syndromes. In those cases, MRI may be used to determine the muscle or muscles involved, to
localize and grade the edema-like process within involved muscle, and to assess associated soft-
tissue abnormalities. Findings on MRI may include hyperintense signal intensity in the region of
the injury, near the myotendinous junction on T2-weighted or short tau inversion recovery (STIR)
images. The area of signal abnormality may also surround a previously formed fibrous scar.

 

93

 

Muscle pain secondary to overuse is the result of various types of injury: muscle strain, tendinitis,
tendinosis, bursitis.

 

99

 

Muscle Strain.

 

 Muscle strain can be graded from muscle spasm or cramp to true muscle tear
that occurs within the muscle, at the muscle–tendon junction, or at the origin or insertion of the
muscle. Commonly strained muscles include the hamstrings, rectus femoris, hip adductors, hip
flexors, and medial gastrocnemius. Paraspinal musculature can also be subject to strain, particularly
in the lumbar and cervical region. First-degree strain produces minimal disruption of the tissue and
the appearance on MR images is similar to that of a contusion. A diffuse, infiltrative pattern of
edema and hemorrhage is found without evidence of architectural disturbance. There may be an
associated band of perifascial fluid, typically seen approximately 3 days after injury.

 

93

 

 MR images
of second-degree strain, which corresponds with a variable degree of muscle separation from tendon
and fascia, demonstrate focal areas of muscle fiber disruption. In third-degree strain, muscle paresis
occurs with complete disruption of the myotendinous junction or tendo-osseous avulsion. MR
images usually show complete discontinuity of the muscle, usually at the musculotendinous junc-
tion, as high-signal-intensity disruption on T2-weighted and STIR images, and the ends of injured
muscle may appear wavy or lobulated (Figure 2.1 and Figure 2.2). When muscle pain or soreness
occurs in an otherwise healthy individual several hours or days following exercise, it is termed

 

delayed-onset muscle soreness

 

 (DOMS). The pathomorphology of DOMS seems to involve
increased intramuscular fluid pressure, inflammation, and perhaps damage to corresponding con-
nective tissue. The appearance of DOMS on MR images is similar to a first-degree strain.

 

89,93,99

 

* Contributed by Igor Borić.
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Axial plane imaging of muscle strain is useful to demonstrate associated muscle retraction and
atrophy, which are seen as high signal intensity on T1-weighted images. Coronal and sagittal images
provide a longitudinal display of the entire muscle group on a single image. A comparison with
the contralateral extremity is important in evaluating the symmetry of each muscle group.

 

99

 

 Follow-
up MRI studies can clearly demonstrate atrophy, fibrosis, and calcium deposition.

 

93

 

Tendinitis/Tendinosis. 

 

Its exquisite soft-tissue contrast resolution, noninvasive nature, and
multiplanar capabilities make MRI an invaluable tool for the detection and assessment of a variety
of tendon disorders. Tendinosis, a focal area of degeneration, is seen on MRI as an area of increased
signal intensity on T1- and T2-weighted images within normal-thickness or thickened tendon.

 

89

 

The MRI findings in tendinitis include mildly to moderately increased signal on T1- and T2-
weighted or STIR images within thickened, poorly shaped tendon (Figure 2.3 and Figure 2.4).
Tendinitis usually occurs at the level of tendon insertion.

 

15

 

 Peritendinitis, inflammation of periten-
dinous soft-tissue, is seen as high signal intensity on fat-suppressed sequences (Figure 2.5). Partial
tear is seen as an area of discrete, hyperintense signal intensity within the tendon, whereas intra-
tendon hyperintensity with discontinuity in tendon fibers indicates a full-thickness tear. Dynamic
contrast-enhancement MRI shows early contrast enhancement at tendon lesions, and increased
severity of tendon pathology correlates with signal enhancement.

 

54

 

 MRI is not able to distinguish
age-related tendon degeneration from acute tendinosis. It may also be difficult to distinguish areas
of chronic tendinitis from intrasubstance tendon tears. Each of the above-mentioned entities is
distinct, although they often occur in combination.

 

99

 

Bursitis.

 

 There are many bursae in the body located between tendons or muscles and over
bony prominences.

 

99

 

 Bursal inflammation may be caused by a variety of conditions, including

 

FIGURE 2.1

 

Axial STIR image shows partial rupture of clavicular part of the pectoralis major muscle.

 

FIGURE 2.2

 

Coronal STIR image shows partial rupture of the clavicular part of the pectoralis major muscle.
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FIGURE 2.3

 

Axial fat-suppressed T2-weighted fast spin-echo image shows focal enlargement of quadriceps
muscle 

 

æ

 

 chronic tendinitis.

 

FIGURE 2.4

 

Sagittal STIR image shows focal enlargement of quadriceps muscle with intratendinous foci of
increased signal — chronic tendinitis.

 

FIGURE 2.5

 

Axial fat-suppressed T1-weighted spin-echo image shows increased thickness of the peroneus
brevis tendon and muscle with increased signal intensity within the tendon and peritendinous fluid 

 

æ

 

 chronic
tendinitis.
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repetitive irritation or direct trauma with hemorrhage. Bursitis is well demonstrated on MRI as
bursal distension with abnormal high signal intensity of bursal fluid collection on coronal or axial
T2-weighted and fat-suppressed sequences. Those pulse sequences are also most useful for detecting
accompanying musculotendinous injury or stress lesion in the bone marrow, conditions that may
be clinically confused with bursitis. Knowledge of normal bursal anatomy and tissue MR signal
characteristics helps in differentiation of a fluid-filled bursa from a soft-tissue tumor.

 

1,49,82

 

A. S

 

HOULDER

 

 I

 

MPINGEMENT

 

 S

 

YNDROME

 

Overuse injuries of the shoulder are common in the athletic population as well as in people
performing certain occupations or recreational activities. Although imaging evaluation of shoulder
injuries usually starts with conventional radiographs and ultrasound examination, additional
studies should include MRI. With MRI the status and integrity of muscles, tendons, ligaments,
labrocapsular complex, and cartilage can be easily evaluated.

 

28

 

 Although routine imaging protocols
vary widely, complete examination of the shoulder usually can be accomplished with coronal
oblique T1- and T2-weighted images with fat suppression or STIR images, sagittal oblique T2-
weighted images, and axial gradient echo scans (usually GRE T2*). MR resonance arthrography
is useful, especially if the labrum is at issue.

 

17

 

 Shoulder impingement lesions are evaluated on
the basis of tendon morphology and changes in signal intensity within the specific rotator cuff
tendon. Additionally, pathomorphological changes in the coracoacromial arch, the acromioclav-
icular joint, and the subacromial-subdeltoid bursa may be identified in a spectrum of findings in
impingement lesions.

 

17,28,39,74

 

1. Rotator Cuff Impingement

 

Based on the theory that impingement is caused by mechanical wear and repetitive microtrauma
from overuse, Neer

 

71

 

 has developed a three-stage classification for tendon impingement: in stage
1 tendon, edema and hemorrhage are present; stage 2 is characterized by fibrosis and tendinitis,
and in stage 3 partial or complete tear of the tendon is present.

 

71

 

 As seen on MRI, according to
Neer’s classification

 

71

 

 stage 1 tendon is thickened or normal in shape with foci of increased signal
intensity on T2-weighted or STIR images, which represent focal edema or hemorrhage. Tendino-
sis/fibrosis in stage 2 shows intratendinous mildly increased signal intensity on T1- and T2-weighted
images with widening of the tendon shape, which may be irregular. Occasionally in stage 2,
tendinitis is present as increased signal intensity on T2-weighted or STIR images within the tendon
or in peritendinous tissue, including bony edema at the insertional area of the humerus.

Partial cuff tear is seen as discrete hyperintense signal intensity within the tendon. Sometimes
a tear will not appear as fluid intensity but its signal will almost always be greater than the signal
from muscles. Similar signal intensity is found in tendinitis and acute cuff contusion. However,
tears will be oriented to the long tendon axis, will be seen on both fat-suppressed and non-fat-
suppressed images, and will have ill-defined margins. The majority of partial tears communicate
with the articular surface of the tendon, and some authors suggest using intra-articular gadolinium
(MR arthrography) for their detection. This procedure will identify only tears that communicate
with the articular surface of the tendon, but not partial tears located within the tendon. Discontinuity
in tendon fibers with intratendon hyperintensity of fluid represents full-thickness cuff tear (Figure
2.6). The fluid collection is usually well demarcated, but in the case of a chronic tear, hypertrophic
synovium or granulation tissue may partially fill the defect and modify the signal intensity. In the
case of complete cuff tears, fluid in the subacromial bursa is often present, especially if the tear is
relatively acute or if the impingement is exacerbated. Musculotendinous junction retraction implies
a relatively large tear. Retraction is best seen on coronal oblique and axial images. The presence
of fatty atrophy of the retracted muscle belly indicates a chronic tear. The supraspinatus tendon is
the only tendon in the body that must function in a space delineated by two bony structures: the
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coracoacromial arch (acromion, acromioclavicular joint, distal clavicle, coracoacromial and cora-
cohumeral ligament) superiorly and the humeral head inferiorly.

The factors that contribute to bony supraspinatus impingement include anterior acromial spurs,
the shape of acromion (curved or overhanging edge), the slope of the acromion (flat or decreased
angle), and the changes of the acromioclavicular joint (callus formation, hypertrophic osteoarthro-
sis) (Figure 2.7). The shape of the acromion as seen on sagittal oblique MR images has been
classified into three types by Bigliani: type 1 has a flat undersurface; type 2 acromion has a smooth,
curved, inferior surface (Figure 2.8); and type 3 acromion has an anterior hook or break (Figure
2.9).

 

17

 

 Less frequent mechanisms of supraspinatus impingement include bony abnormalities that
are unrelated to the coracoacromial arch 

 

æ

 

 not “outlet impingement” (prominence of the greater
tuberosity as fracture, malunion or nonunion, subluxation or luxation of the glenohumeral joint).

 

10

 

2. SLAP Lesion

 

MRI has proved to be a sensitive, specific, and accurate modality for evaluating glenoid labrum
with sensitivity to 88% and specificity to 95%.

 

21,28

 

 Routinely, axial images are obtained using T1-
weighting, T2*-weighting sequences and fat-suppressed T2-weighted fast spin-echo sequences.
When MR arthrography with a paramagnetic contrast agent is used, precontrast T1-weighted
images, postcontrast T2*-weighted axial images, and postcontrast T1-weighted fat-suppressed axial,
sagittal, and coronal oblique images are obtained. The intact fibrous labrum demonstrates low signal
intensity on all pulse sequences. Zlatkin and colleagues

 

114

 

 have devised a four-category system of

 

FIGURE 2.6

 

Coronal oblique T2-weighted fast spin-echo image shows full-thickness supraspinatus tear with
proximal retraction.

 

FIGURE 2.7

 

Coronal oblique T1-weighted image: degenerative acromioclavicular joint disease.
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classification for abnormal labral signal intensity. In type 1, there is increased signal intensity within
the labrum, but there is no surface extension. Type 1 corresponds to internal labral degeneration
without tear. In type 2, the blunted or frayed labrum demonstrates normal dark signal intensity. In
type 3, T1-weighted or T2*-weighted images demonstrate increased signal intensity that extends
to the surface, indicating a labral tear. In type 4, a labral tear is depicted by a combination of
abnormal morphology with type 2 features and increased signal intensity extending to the surface
of the labrum with type 3 features. Large tears and detachments may demonstrate a more diffuse
increase in signal intensity, whereas discrete tears maintain linear morphology.

 

114

 

3. Subacromial Bursitis

 

Usually, the normal subacromial–subdeltoid bursal complex appears on MRI as a thin line of fat.
Subacromial bursitis as hypertrophic synovitis results with thickening of the fat line.

 

 

 

Bursal dis-
tension on MRI is seen as decreased signal intensity or loss of peribursal fat on T1-weighted images
and abnormal increased signal intensity of bursal fluid collection on coronal oblique or axial T2-
weighted and fat-suppressed sequences. Fat-suppressed T2-weighted images are more sensitive
than non-fat-suppressed T2-weighted images in identifying small amounts of subarachnoidal bursal
fluid on coronal oblique or axial images.

 

9,20

 

 Low signal intensity within a thickened subacromial

 

FIGURE 2.8

 

Sagittal oblique T1-weighted image: type 2 acromion is concave inferiorly.

 

FIGURE 2.9

 

Sagittal oblique T1-weighted image shows type 3 acromion: prominent anterior hook decreases
the acromiohumeral distance with a significant risk of rotator cuff impingement.
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bursa on T1- and T2-weighted images indicates a proliferative process in chronic bursitis. It is
unusual to see a fluid-filled bursa in the presence of normal cuff.

 

20,109

 

B. H

 

UMERAL

 

 E

 

PICONDYLITIS

 

Lateral epicondylitis, also known as tennis elbow, is caused by degeneration and tearing of the
common extensor tendon. Tendinosis and tearing usually involve the extensor carpi radialis brevis
portion of the common extensor tendon anteriorly.

 

31

 

 Medial epicondylitis, also known as golfer’s
elbow, pitcher’s elbow, or medial tennis elbow, is caused by degeneration of the common flexor
tendon secondary to overload of the flexor/pronator muscle group that arises from the medial
epicondyle.

 

30,31

 

 MRI can clearly determine if there is tendinosis vs. partial tear or complete rupture.
In the case of degenerative tendinosis, tendon fibers are normal or thickened, thin in the case of a
partial tear, or absent in the case of a complete tear. On MRI tendinosis appears as focal areas of
increased signal intensity on T1- and T2-weighted images within the tendon, which represents focal
fibrous or fibrosclerotic degeneration of the tendon tissue.

 

78,94

 

 In a partial or complete tear of the
tendon, an edema or hemorrhage pattern and various amounts of peritendinous fluid are found, best
seen on T2-weighted or fat-suppressed images.

 

30,31,78,94

 

 Increased marrow T2 signal within involved
epicondyle is occasionally seen. Musculus anconeus edema and radial head bursitis are very rarely
found.

 

19,63

 

 Ulnar neuritis commonly accompanies common flexor tendinosis. In those cases, MRI
detects various amounts of perineural fluid, swelling, and enlargement of the nerve.

 

90

 

 MR sequences
in all three planes (sagittal, coronal, and axial) are useful for assessment of the degree of tendon
injury.

 

16

 

 In addition to localization and characterization of injury, MRI also helps to follow possible
lack of response to treatment.

 

78

 

C. G

 

ROIN

 

 P

 

AIN

 

Many muscles have their origin in the pubic symphysis: ramus superior or inferior of pubic bone,
inguinal ligament, trochanter minor, or spina illiaca. All these muscles may suffer during repetitive
overload or overuse. If pathomorphological changes occur at their origin, the clinical sign is unique

 

æ

 

 groin pain. The role of MRI in evaluation of groin pain is in distinguishing musculotendinous
injuries from bony injuries or other pathological conditions.

 

99

 

 Axial MR images are very useful in
evaluation of muscle and tendon morphology as well as signal intensity. Tendinopathy of the hip
adductors, gluteal muscles, abdominal wall muscles, and of their proximal tendons is a common
finding on MRI.

 

49,52

 

 T1- and T2-weighted images may demonstrate mildly to moderately increased
intrasubstance signal on T1-weighted images of normal or thickened tendon with various intensities
of muscle edema depending on the duration of the symptoms.

 

56

 

 In the acute phase, bone marrow
edema appears as hyperintensity on T2-weighted or STIR images in the region of tendon insertion
(ramus inferior and ramus superior of pubic bone, ramus and tuber of ishial bone), but in the chronic
phase decreased signal intensity on all pulse sequences is present due to sclerotic degenerative
changes of the bone. The GRE T2* sequence is very useful for demonstrating bony changes.

 

5,12,99

 

It is very important to evaluate bony structures and articular cartilage of hip, pelvis, and sacrum
including sacroiliac joint to exclude arthrotic changes as the cause of the groin pain.

 

73

 

 Osteohondral
lesions of the femoral head appear as focal areas of high T2-weighted and low T1-weighted signals
on MR images. Labral lesions could be the cause of persistent groin pain, especially in young
athletes.

 

107

 

 MR arthrography, as a minimally invasive diagnostic technique, has shown an excellent
accuracy of over 90% in detecting those lesions.

 

61

 

D. S

 

NAPPING

 

 H

 

IP

 

Based on etiology, the snapping hip syndrome can be divided into three types: external, internal,
and intra-articular. The external type is due to a sudden displacement of the iliotibial band or gluteus
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maximus over the greater trochanter with irritation of the greater trochanteric bursa. The internal
variant is caused by the psoas tendon passing over the iliopectineal eminence on the pubis, femoral
head, or anterior hip capsule with a palpable and audible snapping.

 

45,99,110

 

 The intra-articular
snapping hip type is due to a lesion in the joint itself.

 

2

 

 Optimal visualization of pathomorphological
changes and signal abnormalities by MRI is on axial and coronal images. Additional sagittal plane
images can help, especially in planning surgical treatment.

 

2

 

 In the external type of snapping hip,
coronal and axial T2-weighted or STIR images can demonstrate a thickened area of the posterior
iliotibial band or anterior edge of the gluteus maximus muscle and iliotibial bursitis as a bursal
collection in the greater trochanter bursa. MR findings in the internal type of snapping hip include
iliopsoas bursitis as a bursal collection adjacent to the iliopsoas tendon, which correlates with
snapping or clicking of the hip during external and internal rotation.

 

40,43

 

 Intra-articular loose bodies
or labral tears are unusual, but should be considered in the differential diagnosis of snapping hip
syndrome. In those conditions, GRE echo T2* sequence and MR arthrography will be helpful as
well for assessment of articular cartilage.

 

21

 

E. H

 

AMSTRING

 

 S

 

YNDROME

 

Hamstring muscle injuries (semimembranosus, semitendinosus, and biceps femoris) present a
variable appearance over time that can be characterized by MRI.

 

15

 

 Distinctive findings are seen in
acute or chronic injury. The injuries occur in diverse locations within the muscles: at proximal and
distal musculotendinous junctions, within the muscle belly, or at the ends of the muscle with a
characteristic featherlike edema pattern on MRI.

 

15,20,54,55,85

 

 The biceps femoris is the most commonly
injured hamstring muscle, followed by the semitendinosus and semimembranosus muscles.
Although hamstring injuries often involve one muscle injured proximally, De Smet

 

22

 

 has found
that multiple muscle injuries were involved in 33% and the injuries were distal in 40%. Intermediate
signal intensity on T1-weighted images within thickened conjoined hamstring tendon (the hamstring
muscle originates in a conjoined tendon from the posterolateral aspect of the ischial tuberosity)
indicating tendinopathy, or soft-tissue edema within tendon and in its surroundings indicating
tendinitis, can be found. Internal derangement of muscle fibers leading to edema or hemorrhage
and typically partial tearing

 

54

 

 is also seen as high signal intensity within the muscle or the muscu-
lotendinous junction on T2-weighted or STIR images (Figure 2.1 and Figure 2.2).

 

20

 

 Localized
organization of hemorrhage leading to a hematoma has a variable appearance on MRI, depending
both on the oxidation state of hemoglobin and the temporal dissolution of the clot, but is distin-
guished by its focal appearance and relatively high signal intensity on fat-suppressed sequences.
Myositis ossificans, a chronic complication of hematoma, is best seen, using a GRE T2* sequence,
as peripheral pattern of low signal intensity of calcification around the mass. Chronic inflammation
and fibrosis may involve the sciatic nerve coursing near the injured muscles.

 

15,99

 

 MRI findings,
which determine the severity of the injury, can be also predictive factors in prognosis of convales-
cence interval,

 

79

 

 and can show risk factors for hamstring muscle injury, such as a previous posterior
thigh injury.

 

105

 

F. I

 

LIOTIBIAL

 

 B

 

AND

 

 F

 

RICTION

 

 S

 

YNDROME

 

The iliotibial band is seen on MR images as a thin band of low signal intensity, parallel to the
femur, with an anterolateral tibial insertion. The iliotibial band friction syndrome is caused by
abnormal contact of the iliotibial band and the lateral femoral condyle, which leads to friction and
inflammation between the iliotibial tract and the anterolateral femoral condyle. T2-weighted or
STIR coronal images show an ill-defined high-signal-intensity area deep to the iliotibial band,
lateral to the lateral femoral condyle. The signal alteration is seen predominantly in the region
beneath the posterior fibers of the iliotibial band. The iliotibial band itself does not show any signal
alteration or increased thickness.

 

69,72
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G. P

 

ATELLAR

 

 T

 

ENDINITIS

 

/T

 

ENDINOSIS

 

Patellar tendinitis, also called as jumper’s knee, usually affects the patellar tendon at its proximal
insertion at apex patellae. Tendinitis usually occurs in adults, and findings include microtears of
the tendon tissue with reactive inflammation, devitalization, and areas of focal degeneration mostly
in the region of the proximal patellar tendon junction.

 

27,46,81

 

 The medial portion of the tendon is
most commonly involved and the posterior margin of the tendon is usually poorly defined.

 

27,86,111

 

Acute patellar tendinitis (symptoms for less than 2 weeks) may demonstrate greater signal intensity
abnormalities in the peritendon region, without intrasubstance tendon changes.

 

24,96

 

 In chronic
patellar tendinitis (symptoms more than 6 weeks) enlargement in the proximal third of the tendon
and a focal area of low signal intensity on T1-weighted images with increased signal intensity on
T2-weighted or STIR images may be seen before development of late phase, which includes chronic
tears within the tendon.

 

12,24,27,68,87,96

 

 In this phase MR findings are similar to acute partial intrasub-
stance patellar tendon tears, except for the presence of subcutaneous edema, which is a sign of
acute partial tears. The asymptomatic patellar tendon may contain foci of increased signal intensity
at either or both ends when imaged on gradient-echo sequences, but the tendon shows uniform
thickness throughout most of its length.

 

83

 

 Axial and sagittal MR images are most appropriate to
demonstrate changes of the tendon.

 

27

 

H. A

 

CHILLES

 

 T

 

ENDINITIS

 

/T

 

ENDINOSIS

 

The Achilles tendon does not possess a true tendon synovial sheath, so inflammatory conditions
of the tendon are classified as tendinitis (intrasubstance inflammation within the Achilles tendon),
paratendinitis (inflammatory changes around the Achilles tendon), and peritendinitis, which repre-
sents inflammation of the peritenon. Based on MR findings, it is possible to distinguish those three
conditions.

 

37,44

 

 There are two distinct sites of tendon injury: intrasubstance tendinitis occurs about
2 to 6 cm proximal to the tendon insertion on the calcaneus; insertional tendinitis occurs at the
tendon–bone junction and may be associated with a bony protuberance of the calcaneus.

 

44

 

 MR
images in Achilles tendinitis show focal or fusiform thickening of the tendon with diffuse or linear
low to intermediate signal intensity on T1-weighted, T2-weighted, or STIR images, which represent
tendon mucinous or mixoid degeneration (Figure 2.10 through Figure 2.12). Inflammatory changes
may coexist with degeneration and demonstrate increased signal intensity on T2-weighted and
STIR images. Axial and sagittal images can be used to differentiate peritendinitis 

 

æ

 

 edema
(increased signal on T2-weighted and STIR images) along the Achilles tendon without thickening
and intrasubstance signal abnormalities of the tendon 

 

æ

 

 from intratendinous degeneration and
partial/full-thickness tears. A partial tear is seen as discrete hyperintense signal intensity within the
tendon, but intratendon hyperintensity with discontinuity in tendon fibers represents full-thickness

 

FIGURE 2.10

 

Axial T1-weighted chronic Achilles tendinitis with focal tendon thickening.
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tears.

 

8,37,44

 

 Chronic Achilles tendinitis seen as focal or diffuse widening of the tendon diameter;
intrasubstance increased signal intensity may not be evident in uncomplicated chronic conditions,
the same are MR findings in healed Achilles tendon tear.

 

66

 

 It may be difficult to distinguish areas
of chronic tendinitis from acute intrasubstance tendon tears.

 

32

 

I. P

 

LANTAR

 

 F

 

ASCIITIS

 

Plantar fasciitis is an overuse injury common in runners, dancers, and other athletes. Microtears
of the plantar fascia occur with overuse, leading to attempted repair and chronic inflammation.

 

37,97

 

In the acute phase, plantar fasciitis presents as inflammation of the plantar fascia, commonly near
its calcaneal origin.

 

67

 

 Chronic changes progress to collagen necrosis, angiofibroblastic hyperplasia,
and matrix calcification.

 

47

 

 With its superior soft-tissue contrast resolution and multiplanar capability,
MRI delineates the anatomy of plantar aponeurosis and perifascial soft tissues and may allow
precise location and definition of the extent of involvement in the disease process.

 

70,84,101

 

 Normal
plantar fascia is best seen on coronal and sagittal MR images as a fusiform and sharply shaped
band of homogeneous low signal intensity on all pulse sequences that arises from the medial
calcaneal tuberosity, spans the bottom of the foot, and inserts onto the base of each proximal
phalanx.

 

97,112

 

 Normally, the plantar fascia should be no greater than 3 mm in thickness on coronal

 

FIGURE 2.11

 

Sagittal T2-weighted image shows focal Achilles tendon thickening with intratendinous
increased signal intensity.

 

FIGURE 2.12

 

Sagittal T1-weighted chronic Achilles tendinitis with focal thickening and anterior tendon
convexity.
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and sagittal images.

 

7,48

 

 In plantar fasciitis, coronal and sagittal MR images demonstrate hyperintense
signal intensity of edema around the plantar fascia on T2-weighted, T2*-weighted, STIR, and fat-
suppressed T2-weighted images. T1-weighted sagittal images display the low signal intensity fascia
with a focal area of thickening, usually at the calcaneal insertion, and the fascia layer often measures
6 to 10 mm (Figure 2.13 and Figure 2.14).

 

7,94,101

 

 Subtle bone marrow edema also may be found
near the calcaneal insertion of the fascia.

 

33,36,67,84

 

 Increased signal intensity within the fascia on T2-
weighted images indicates a plantar fascia tear.

 

7,33

 

II. BONES

A. S

 

TRESS

 

 F

 

RACTURES

 

The radiographic findings of stress fracture are often subtle. Radiographs may be negative for
several weeks after the onset of symptoms. In those cases, bone scan or MRI may be used to
confirm the clinical diagnoses.

 

96

 

 In case of stress fracture, MRI shows an abnormal signal, which
represents edema or hemorrhage related to accumulated tissue microdamage 

 

æ

 

 bone marrow edema
as well as periosteal edema, edema in adjacent muscle, and sometimes a fracture line. On MR
images a stress fracture demonstrates a diffuse pattern of decreased signal intensity on T1-weighted
images and increased signal intensity on fat-saturated T2-weighted or STIR images, with variable
presence of a low signal intensity fracture line. Increases in the signal on edema-sensitive sequences

 

FIGURE 2.13

 

Sagittal T1-weighted image shows a focal area of plantar aponeurosis thickening in plantar
fasciitis.

 

FIGURE 2.14

 

Hyperintensity involving the calcaneal attachment of the plantar aponeurosis and adjacent
plantar soft tissue on sagittal fat-suppressed T2-weighted fast spin-echo image with focal area of plantar
aponeurosis thickening.
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become less prominent with increasing duration of symptoms. High signal intensity representing
bone marrow edema may not be present if the patient is imaged more than 4 weeks after the onset
of symptoms.

 

50,58,88,90,96

 

 The fracture line is seen as a low signal line on all pulse sequences and
often is best seen on T2-weighted images, outlined by the high signal of the bone marrow edema.

 

6

 

It is continuous with the cortex and extends into the intramedullary space, oriented perpendicular
to the cortex and the major weight-bearing trabecula. On T1-weighted images the fracture line may
be obscured by the surrounding low signal edema. If a discrete fracture line is invisible on MR
images, the lesion should be categorized as bony stress reaction. These areas of edema have a
similar appearance to bone contusional injuries (bone bruises) as well as other less common
conditions such as transient bone marrow edema syndrome, very early avascular osteonecrosis,
osteomyelitis, and infiltrative neoplasm. The findings must be carefully correlated with the clinical
symptoms and signs to differentiate between the various diagnoses.

 

6,24,29,60,64,104

 

 
According to MRI findings, stress fractures have been classified into four different grades (Table

2.1; this grading system is a modification of the grading system by Fredericson et al.

 

29

 

): a grade I
injury indicates mild to moderate periosteal edema only on the fat-suppressed T2-weighted image
without bone marrow changes; grade II shows abnormal increased signal both at the periosteum
and bone marrow on fat-suppressed T2-weighted images; grade III injuries show marrow edema
on T1-weighted imaging as well; and grade IV shows the presence of a fracture line. Grade IV
may also show moderate muscle edema.

 

29

 

 Gadolinium administration may produce enhancement
of bone contusion and in this setting enhancement is most conspicuous when fat-suppressed T1-
weighted images are obtained.

Thin-section computerized tomography (CT) may also be helpful in the follow-up of these
injuries, to detect subtle, early fragmentation of the bone.

 

6,96

 

MRI is used to differentiate stress fractures from other pathological processes, especially from
neoplastic processes. The linear segment of the stress fracture (decreased signal intensity on T1-
weighted image) is usually accompanied by marrow edema. The lack of a soft-tissue mass, cortical
destruction, and characteristic marrow extension effectively excludes a neoplasm from the differ-
ential diagnoses.

 

75

 

 The sensitivity of MRI for stress fractures is 95 to 100%, specificity 80 to 86%,
and accuracy 91 to 95%.

 

6,23,50,60,64,88,90

 

During MR examination, a marker for planing should be placed over the region of interest (or
pain) and the images in different plane (axial, coronal, or sagittal) should be performed depending
on involved bone.

 

80

 

Stress fractures of the inferior pubic ramus

 

 are fairly uncommon and occur primarily in long-
distance runners and joggers. On MRI, the bony pelvis is best evaluated by imaging in the axial and

 

TABLE 2.1
Grading System of Stress Fracture According to MRI Appearance 

 

Grade of
Injury MRI Appearance

 

Grade I Periosteal edema: mild to moderate on T2-weighted images
Marrow edema: normal signal intensity on T1- and T2-weighted images

Grade II Periosteal edema: moderate to severe on T2-weighted images
Marrow edema: only on T2-weighted images

Grade III Periosteal edema: moderate to severe on T2-weighted images
Marrow edema on T1 and T2-weighted images

Grade IV Periosteal edema: mild to moderate on T2-weighted images
Marrow edema on T1 and T2-weighted images
Fracture line clearly visible

 

Source:

 

 Modified from Fredericson et al.

 

29
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coronal planes. A stress fracture demonstrates a characteristic pattern: decreased signal intensity on
T1-weighted images and increased signal intensity on fat-saturated T2-weighted or STIR images with
or without the presence of a visible fracture line. In the absence of a fracture line, it may be difficult
on MRI to distinguish between the lesion and unilateral osteitis pubis or the gracilis syndrome.

 

42,51

 

Stress fractures of the femoral neck

 

 are most frequently seen in military recruits, long-distance
runners, ballet dancers, and elderly people. On MRI, stress fracture often presents as a serpinginous,
low signal intensity line on T1-weighted images, which is variably evident on T2-weighted or STIR
images. This line extends to the endosteal cortex, represents impaction of trabecular bone, and is
usually surrounded by a zone of edema, inflammation, intraosseous hemorrhage, and/or granulating
tissue. The fracture line does not traverse the entire femoral neck as do most other fracture lines
associated with stress fractures.

 

11,25,42,76

 

Stress fractures

 

 that involve the 

 

femoral diaphysis

 

 cause poorly localized thigh pain. MRI shows
periosteal edema as well as bone marrow edema that involves the posteromedial aspect of the femur
near the junction of the proximal and middle thirds of the femoral diaphysis. Axial plane T2-
weighted imaging usually demonstrates the pathomorphology best.

 

11,25,42,76

 

Distinguishing a 

 

tibial stress reaction or fracture

 

 from the shin splint syndrome is often very
difficult without MRI. MRI can clearly demonstrate a pattern of tibial stress fracture as well as
periostitis, posterior tibial muscle tendinitis, or compartment syndrome.

 

3,6,57

 

 
MRI is sensitive to the hyperemia, morphology, and location of 

 

calcaneal stress fracture,

 

intra-articular or extra-articular. STIR and fat-suppressed T2-weighted images are used to identify
these areas of hyperintensity. T1-weighted images may be unremarkable or may demonstrate a
fracture line.

 

37

 

In addition to demonstrating

 

 talar

 

 

 

stress fractures

 

 in the classical location (paralleling the
talonavicular articulation at the level of the talar neck), MRI depicts other fracture locations. Those
fractures involve vertically and horizontally oriented fractures of the medial aspect of the poster-
oinferior talus, and transverse or horizontal fractures of the talar body parallel to the tibiotalar
joint.

 

65,108

 

 
Most 

 

stress fractures of the tarsal navicular bone 

 

are characterized as partial and linear. Sagittal
plane MR images are useful for identification of fractures involving one or both cortices. Axial
images may be used to show fracture lines that are parallel with the sagittal plane (Figure 2.15).
MRI is also helpful in differentiating tarsal navicular stress fracture from symptomatic accessory
tarsal navicular bone.

 

4,13

 

FIGURE 2.15

 

Axial STIR image shows increased signal intensity of bone marrow edema of the tarsal
navicular bone in stress fracture.
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MRI is especially useful for distinguishing 

 

metatarsal stress fractures

 

 from other pathological
conditions in this area, as well as from synovitis of the Lisfranc joint, degenerative joint changes
with negative conventional radiographs, or arthrosis. To see the full extent of each metatarsal bone
on one image, the axial image of the foot should be obliqued into the plane of the metatarsal bone
(Figure 2.16 and Figure 2.17).

 

34–36,59,95

 

B. O

 

STEITIS

 

 P

 

UBIS

 

Osteitis pubis, pain in the pubic region or groin that may radiate into the perineum, lower abdomen,
or medial thigh, has been reported in association with long-distance running, soccer, rugby, football,
ice hockey, and weight lifting. The etiological factor most often found is repetitive overuse of the
adductor muscles. Sacral stress fracture or sacroiliac joint degeneration due to transmission of
abnormal stresses across the pelvic ring structure can be seen in association with sports-related
osteitis pubis.

 

5,103,106

 

 Radiographic changes in osteitis pubis are usually absent during the first weeks
of symptoms and may be absent months after the onset of symptoms. In the acute phase, MRI
reveals a pattern of bone marrow edema as high signal intensity on T2-weighted or STIR images

 

FIGURE 2.16

 

Axial STIR image demonstrates high signal intensity representing bone marrow edema in
stress fracture of cuboid and fourth metatarsal bone.

 

FIGURE 2.17

 

Coronal STIR image shows high signal intensity representing bone marrow edema of the
cuboid bone.
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within the pubic bone with an associated symphysis pubis joint effusion.

 

5,103

 

 The bone marrow
edema may extend into the pubic rami. In the later phase of fibrosis and sclerosis, low signal
intensity on T1- and T2-weighted images is found.

 

26,62

 

 Those changes are always well depicted on
the axial plane.

 

5

 

C. S

 

PONDYLOLYSIS

 

Isthmic spondylolysis with a lesion in the pars interarticularis may be a significant cause of pain in
a given individual, particularly in adolescent athletes involved in sports with repetitive spinal motions.
The pars lesion likely represents a stress fracture of the bone caused by the cumulative effects of
repetitive stress imposed by physical activity.

 

92

 

 Early diagnosis of isthmic, usually lumbar, spondy-
lolysis cannot always be established on plain radiographs and CT scans. MRI shows typical bone
marrow changes, even at an early stage.

 

98

 

 Locally ill-defined bone marrow edema in pars interartic-
ularis and the pedicle is seen as high signal intensity on fat-suppressed T2-weighted or STIR images,
which is an early MR sign of isthmic spondylolysis before evidence of the fracture line.

 

98

 

 Axial MR
images at the level of the spondylolytic defect demonstrate low signal intensity sclerosis, fragmen-
tation, or a discontinuity in the region of the pars defect. Latter hypertrophic bone and fibrocarti-
laginous overgrowth at the pars defect often produce a lateral recess or central canal stenosis that
may result in nerve root impingement.

 

91

 

 Spondylolysis may result in lytic spondylolisthesis, when
anterior displacement of one vertebra on to another occurs secondary to bilateral fractures or defects
in the pars interarticularis. Peripheral parasagittal images, in the sagittal plane, particularly T2*-
weighted or T1-weighted images, demonstrate the defect or fracture line in pars interarticularis of
the vertebra with perifocal bone marrow edema seen as high signal intensity on fat-suppressed T2-
weighted or STIR images. The anteroposterior diameter of the spinal canal is increased in the
presence of spondylolytic spondylolisthesis. The posterior aspects of the two involved vertebrae may
be seen in the same axial image. MRI should be the first and only imaging modality in young patients
with low back pain during and after exercise and pain with hyperextension of the spine.

 

91

III. CARTILAGE

Overuse injuries as well as other sports-related injuries involve different parts of the body and
different tissues. Those injuries often involve joint structures including articular cartilage. Overuse
injuries may involve articular cartilage alone or result in osteohondral lesions, which may impair
the mechanical properties of the cartilage.102 Articular cartilage lesions or damage lead to partial
breakdown in the proteoglycan matrix with a small increase in total water content and in changes
in the size and arrangement of collagen fibers. All these changes in the macromolecular matrix
lead to an alteration in the mechanical and chemical properties of the cartilage, as well as changes
in normal signal intensity of articular cartilage on MRI. That is the reason MRI is the diagnostic
method of choice in evaluation of articular cartilage. MRI is also the only diagnostic modality for
direct non-invasive visualization of the articular cartilage.38,53

Different articular cartilage changes can be seen using MRI, including softening, edema, and
fissuring. Arthroscopic grades of cartilage lesions have been correlated with findings on MRI and
often have been compared with the stages of chondromalacia. In arthroscopic grade 1 chondral
lesion, T1-weighted images show focal areas of decreased signal intensity without cartilage surface
or subchondral bone extension. Fat-suppressed T2-weighted fast spin-echo images show focal areas
of hyperintensity in the absence of any change in the smooth cartilage surface. Small irregularities
of the articular cartilage, less than 1 mm, also seen using a fat-suppressed T2-weighted fast spin-
echo sequence, represent the earliest changes of softening and swelling of the cartilage. Focal
basal or deep layer hyperintensity is also seen in this early stage (Figure 2.18). In grade 2, indicated
by blisterlike swelling, T1-weighted images show areas of decreased signal intensity extending to
the articular cartilage surface with sharp cartilage margin. Fat-suppressed T2-weighted fast
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spin-echo images demonstrate the blister lesion, which may or may not be associated with under-
lying articular cartilage signal inhomogeneity. This finding represents a focal separation of the
superficial and deep layers of articular cartilage. Focal areas of decreased signal intensity associated
with loss of the sharp articular margin between the two articular cartilage surfaces present the
grade 3 articular cartilage lesion (Figure 2.19 and Figure 2.20). Fat-suppressed T2-weighted fast
spin-echo images show fluid collection in surface articular cartilage defects as high-signal-intensity
sites. In grade 4 chondral lesions, the ulceration and subchondral bone changes are represented
on MRI by articular cartilage defects, exposed subchondral bone, and underlying fluid in subchon-
dral bone (Figure 2.21 and Figure 2.22). On T1-weighted images there are low signal intensity
changes in the subchondral bone, which may be hyperintense on fat-suppressed T2-weighted fast
spin-echo images or STIR images.

MRI can reliably detect and stage osteochondral lesions.38,53 The accuracy of staging is improved
by performing MR arthrography using dilute gadolinium. On MRI, the focus of osteochondral
lesion demonstrates low signal intensity on T1- and T2-weighted images.107 A staging system for
osteochondral lesions was developed based on arthroscopic findings. In stage 1, the articular
cartilage is intact. In stage 2, an articular cartilage defect is present but without a loose body. On
fat-suppressed T2-weighted fast spin-echo images high signal intensity articular fluid implies

FIGURE 2.18 Axial fat-suppressed T2-weighted fast spin-echo image shows hyperintensity within normal
articular cartilage thickness of medial and lateral patellar facets as sign of early softening and swelling æ
corresponding to findings in arthroscopic grade 1 chondromalacia. 

FIGURE 2.19 Axial fat-suppressed T2-weighted fast spin-echo image demonstrates focal ulceration and
irregularity of cartilage surface on lateral patellar facet æ grade 3 chondromalacia patellae.
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FIGURE 2.20 Axial fat-suppressed T2-weighted fast spin-echo image shows deep fissures of the patellar
articular facet.

FIGURE 2.21 Axial fat-suppressed T2-weighted fast spin-echo image shows partial articular cartilage loss
of the patellar facet.

FIGURE 2.22 Axial fat-suppressed T2-weighted fast spin-echo image demonstrates focal hyperintensity
within patellar articular cartilage with sclerotic subchondral bone and reactive bone marrow edema.
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fissuring and irregularity of the articular cartilage surface. In stage 3, a partially detached osteo-
chondral fragment is found. When the subchondral fluid collection circles the entire fragment of
osteochondral lesion in its circumference, it is a MR sign of lesion instability. Hyperintensity
between the lesion and adjacent bone visualized on T2-weighted or fat-suppressed T2-weighted
fast spin-echo or STIR images represents either fluid or granulation tissue. Focal cystic regions
deep to the lesion are also signs of instability of the fragment. Stage 4 is characterized by a loose
body with a crater filled with fibrous tissue.38,102 MR arthrography with intra-articular gadolinium
contrast may improve visualization of fluid across the articular cartilage surface.

There is no consensus about the best sequence for the articular cartilage evaluation. Three-
dimensional T-1 weighted gradient-echo sequences with fat suppression provide high accuracy in
the detection of cartilage surface defects. Fast spin-echo imaging with heavy T2-weighting dem-
onstrates cartilage defects in the presence of joint effusion accurately too, but minimal slice
thickness in two-dimensional imaging is limiting. Fat-suppressed sequences and MR arthrography
are especially useful in demonstrating the chondral surfaces. Fat-suppressed T2-weighted fast spin-
echo may be more sensitive to basal articular cartilage changes than MR arthrography, which is
better for the detection of articular cartilage surface irregularity. Those sequences provide excellent
contrast between the low-signal cartilage and a high-signal joint fluid and the frequently present
high signal in the underlying bone often serves as a useful indicator of injury to the overlying
cartilage.53 Conventional T2-weighted images may be associated with false-positive diagnoses,
because this sequence does not provide enough contrast differentiation between articular cartilage
and cortical bone. T2* gradient-echo images are no longer used to evaluate cartilage lesions, because
the high signal intensity of the articular cartilage does not allow enough contrast resolution to
successfully detect areas of articular cartilage softening and inhomogeneity. High-energy joint
loading can cause cartilage damage without visible tissue disruption. To demonstrate this early
stage of chondral injury, special techniques are necessary. These include diffusion-weighted imag-
ing, measurements of magnetization transfer as a function of collagen concentration, proton density
mapping to plot distribution of water in hyaline cartilage, and sodium imaging to visualize ions
bound to proteoglycans. Although promising techniques, they are still experimental. It is important
to remember potential pitfalls such as focal signal abnormalities in the patellar cartilage caused by
pulsation artifacts from the popliteal artery. Fat signal intensity anterior to the trochlear groove
may produce false-positive interpretations of articular cartilage irregularities when using fat-sup-
pressed axial images or STIR images.38,53,102

IV. NERVE

Long-term repetitive microtrauma can lead to nerve entrapment syndromes. MRI of the nerves is
still in a relatively early stage of development.41

According to Christine B. Chung,18 MRI with its excellent soft-tissue contrast and multiplanar
imaging capabilities is the diagnostic imaging method of choice for compressive or entrapment
neuropathies. I agree with Christine B. Chung and as confirmation I present a few of my own cases:14,77

Piriformis muscle syndrome (Figure 2.23 and Figure 2.24)
Peroneus tunnel syndrome (Figure 2.25 and Figure 2.26)
Supracondylar process syndrome (Figure 2.27 and Figure 2.28)
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FIGURE 2.23 Coronal oblique T2-weighted image shows two heads of the divided right piriformis muscle,
tendinous portion between the muscle heads and course of the common peroneal nerve through the piriformis
muscle between the tendinous portion of the muscle.

FIGURE 2.24 Coronal oblique T2-weighted image shows the course of the common peroneal nerve through
the piriformis muscle.

FIGURE 2.25 Contrast-enhanced coronal T1-weighted image with fat suppression shows multilobulated,
septed ganglion with peripheral rim enhancement and compression of the common peroneal nerve at the level
of below the fibular head.
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FIGURE 2.26 Contrast-enhanced axial T1-weighted image with fat suppression shows multilobulated, septed
ganglion with peripheral rim enhancement and compression of the common peroneal nerve at the level of
below the fibular head.

FIGURE 2.27 Coronal T2*-weighted image shows relationship of the supracondylar process, Struther’s
ligament, and median nerve proximal to the elbow.

FIGURE 2.28 Axial three-dimensional GRE T1-weighted image shows position of the median nerve accord-
ing to supracondylar process.
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3

 

Shoulder

 

The glenohumeral joint has the greatest range of movement of any joint in the human body. The
joint is able to rotate in every direction to reach every part of the body. Further, all the movements
performed by the shoulder joint are within eyesight range, i.e., within the area supervised by our
sight, which is very important during work and exercise.

On the one hand, the mobility of the shoulder joint is enabled by the disproportional concave
and convex joint bodies and the large volume of the joint capsule. On the other hand, the stability
of the joint is ensured by the action of many muscles whose tendons are contained in the joint
capsule itself. The importance of the arm in human activities is beyond question, especially during
work activities and sports involving the arm in an overhead position (racket sports, volleyball, water
polo, swimming, etc.). Because of the numerous tendons and bursae in the glenohumeral area, the
high incidence of overuse syndromes in such an area is expected.

We illustrate the point with the words of Uhthoff and Sarkar:

 

167

 

 “We were aware of this problem
when we formulated the following classification, which is based on where the lesion originates. If
the lesion arises in the substance of the tendon, the category has been designated intrinsic or primary.
On the other hand, if the involvement of the tendon is apparently related to lesion in an adjacent
or remote structure, or to systemic diseases, the category is extrinsic or secondary” (Table 3.1 and
Table 3.2).

 

I. IMPINGEMENT SYNDROME OF THE SHOULDER

 

Impingement syndrome is an entity

 

48,65,114,115

 

 that includes a series of damages resulting from the
clash of the rotator cuff of the glenohumeral joint (m. supraspinatus, m. infraspinatus, m. subscap-
ularis, m. teres minor), subacromial bursa, and sometimes the long head of the biceps brachii muscle
tendon against the frontal part of the acromion, acromioclavicular ligament, coracoid processus,
and acromioclavicular joint (Figure 3.1). The clash occurs when the arm is lifted high above the
head in an overhead position (Figure 3.2). The rotator cuff of the shoulder and especially the
supraspinatus muscle suffer the most damage during this clash. There are other terms found in
literature denoting this entity, e.g., rotator cuff tendinitis, supraspinatus syndrome, subacromial
compressive syndrome, pitcher’s shoulder, and, in our experience, volleyball shoulder.

Gerber et al.

 

50

 

 stressed the role of the coracoid process in chronic impingement syndrome. The
pain appears in abduction and internal rotation of the arm, and according to them this is

 

 

 

“subcoracoid
impingement” of the shoulder. According to Paulson et al.

 

125

 

 anterior shoulder problems including
coracoid impingement syndrome are extremely common in athletes engaged in throwing activities.

Impingement of the deep surface of the supraspinatus tendon on the posterosuperior glenoid
rim was described by Walch et al.

 

172

 

 in 1992 and termed “glenoidal or internal impingement of the
shoulder.” In the position of the arm at 90

 

∞

 

 of abduction and maximal external rotation the
supraspinatus tendon comes in contact with the posterosuperior glenoid rim (Figure 3.3). Walch
et al.

 

172

 

 were the first to describe glenoidal impingement in athletes participating in throwing
activities. In the final stage of the syndrome, rupture of the supraspinatus tendon may occur.
Meister

 

109

 

 considers that the articular surface of the rotator cuff can become diseased secondary to
direct abutment against the glenoid rim and labrum. Damage to the undersurface of the rotator cuff
can occur from contact at the extremes of shoulder motion and can increase secondary to adaptive
changes in bone and soft tissue. According to McFarland et al.

 

107

 

 the finding of contact of the rotator
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cuff to the posterosuperior glenoid with the arm in abduction and external rotation can occur in a
wide spectrum of shoulder diseases and is not limited to the throwing athlete. Halbrecht et al.

 

63

 

evaluated and compared the findings of gadolinium-enhanced magnetic resonance imaging (MRI)
studies of throwing and nonthrowing shoulders in college baseball athletes. Abnormalities of the
rotator cuff and superior labrum are seen in asymptomatic throwing shoulders but not nonthrowing
shoulders. From examination of a large number of skeletal specimens (1232 shoulders) Edelson
and Teitz

 

43

 

 conclude that internal impingement of the shoulder may also be a significant mechanism
in the development of rotator cuff pathosis. Giombini et al.

 

52

 

 reported that posterosuperior glenoid
rim impingement is a cause of shoulder pain in top-level water polo players. The study of Paley
et al.

 

122

 

 supports the concept of impingement of the posterior cuff undersurface with the posterosu-
perior glenoid rim in the overhead throwing athlete with shoulder pain. According to Sonnery-Cottet
et al.

 

152

 

 the results of arthroscopic treatment of posterosuperior glenoid impingement in tennis

 

TABLE 3.1
Primary (Intrinsic Origin) Tendinopathies of Rotator 
Cuff, Bicipital Tendon, or Both

 

Apparent Causative Factor(s) Clinical Syndrome

 

Trauma Tendinitis
Impingement
Rupture
Instability

Reactive Calcifying tendinitis with or without
impingement

Degeneration Instability
Impingement
Rupture

Hyperelasticity
(Ehlers-Danlos syndrome)

Instability

Idiopathic Frozen shoulder

 

TABLE 3.2
Secondary (Extrinsic Origin) Tendinopathies of 
Rotator Cuff, Bicipital Tendon, or Both

 

Apparent Causative Factor(s) Clinical Syndrome

 

Anatomic variations of bony tissue Tendinitis
Large coracoid process Impingement
“Beaking” of the acromion Rupture
Supratubercular ridge
Pathologic changes in the bony tissue Tendinitis
Acromial spur Impingement
Osteophytes of the acromioclavicular (a-c) joint Rupture
Systemic diseases Tendinitis

Metabolic Frozen shoulder
Endocrine
Rheumatic

Remote causes Tendinitis
Cervical disc Frozen shoulder
Intrathoracic/intra-abdominal disorders
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FIGURE 3.1

 

The shoulder joint roof is composed of the acromion (A), coracoid process (B), and coracoac-
romial ligament (C).

 

FIGURE 3.2

 

Mechanism of the clash development in subacromial area of the shoulder joint.

 

FIGURE 3.3

 

Mechanism of the glenoidal or internal impingement of the shoulder joint.
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players are encouraging in terms of the high number of patients returning to tennis. Thermal capsular
shrinkage can also be safely used to treat internal impingement in the throwing athlete. Jobe

 

82,83

 

describes superior glenoid impingement as a special diagnostic entity. Superior glenoid impingement
places five structures at risk: the rotator cuff, the superior labrum, the greater tuberosity, the superior
glenoid, and the inferior glenohumeral ligament. Struhl

 

158

 

 introduces the concept of anterior internal
impingement in patients with signs and symptoms of classic impingement syndrome and arthro-
scopic evidence of articular-side partial rotator cuff tear. Gerber and Sebesta

 

51

 

 suggest that in addition
to the posterosuperior impingement of the supraspinatus tendon originally described by Walch,
anterosuperior impingement of the deep surface of the subscapularis is a form of intra-articular
impingement responsible for painful structural disease of the shoulder. If the internal impingement
of the shoulder is recognized early, non-operative intervention may be successful. When non-
operative treatment fails, the use of arthroscopy to treat torn rotator cuff and labral tissue and
capsular laxity may be indicated to resolve symptoms and restore the premorbid level of function.

 

109

 

Ellenbecker and Derscheid

 

44

 

 reported that impingement syndrome most often occurs in athletes
as a consequence of shoulder area overuse, that is, as repetitive motion disorder.

 

37

 

 Jobe and Bradley

 

85

 

describe an increased incidence of the syndrome in baseball, volleyball, tennis, rugby, athletics,
water polo, and swimming, i.e., all sports that require an extended use of the arm in an overhead
position, including elite rock climbing.

 

19,156,173,178

 

 An epidemiological survey was conducted by Lo
et al.

 

99

 

 to collect data relating to the prevalence and frequency of shoulder pain and other related
problems among different athletic groups who use vigorous upper arm activities. A questionnaire
was administered on site, thus ensuring that the response rate was 100%. Analysis of the results
revealed that, of the 372 respondents, a total of 163 athletes (43.8%) indicated that they had shoulder
problems and 109 (29%) were suffering pain as well. Diffuse pain was indicated by 20 respondents
(5.4%), and localized pain during movement was reported in 89 respondents (23.9%). The preva-
lence of shoulder pain ranked highest among volleyball players (

 

N

 

 = 28), followed by swimmers
(

 

N

 

 = 22), then badminton, basketball, and tennis participants, who were equally affected (

 

N

 

 = 10
for each). Neviaser

 

119

 

 defines impingement syndrome on rotator cuff muscle as tendinitis caused
by prolonged tendon pressure on the coracoacromial arch and the acromioclavicular joint. Butters
and Rockwood

 

27

 

 and Neviaser

 

119

 

 reported that the impingement syndrome is regularly characterized
by subacromial (subdeltoid) bursa damage and damage to the long head of biceps brachii tendon
because these structures are connected by the synovial sheath of the shoulder joint.

The shoulder joint is an example of a spheric joint, granted, with exceptional mobility and
dynamic stability.

 

44,140,143

 

 The joint consists of a spacious joint capsule, enforced with the gleno-
humeral ligament and the labrum glenoidale on the front aspect. The shoulder joint roof is composed
of the coracoacromial arch, which consists of the coracoid processus and the acromion of the
scapula connected by the broad coracoacromial ligament (Figure 3.1). The subacromial (subdeltoid)
bursa is situated beneath the coracoacromial arch. It is one of eight synovial bursae that can be
found in this area. Dynamic stability of the joint is determined by the synchronous action of the
shoulder muscle. The muscles are divided into three major groups: (1) the costohumeral group
(pectoralis major muscle and latissimus dorsi muscle), (2) the spinoscapular group (trapezius
muscle, rhomboideus muscle, serratus anterior muscle, and levator scapulae muscle), and (3) the
scapulohumeral group (rotator cuff and coracobrachialis muscle).

The rotator cuff of the shoulder joint is constructed of short muscles: the supraspinatus muscle,
infraspinatus muscle, teres minor muscle, and subscapularis muscle. These four muscles originate
in the scapula and attach to both tubercules of the humerus. The supraspinatus, infraspinatus, and
teres minor muscles attach downward on the tubercul major, while subscapularis muscle attaches to
the tubercul minor. The supraspinatus muscle traverses through the so-called supraspinatus tunnel
rimmed with the coracoid processus on the front, with the acromion and the spina scapulae on the
back, and with the coracoacromial ligament from above. Because of its special anatomic determi-
nation, the supraspinatus muscle plays an important role in the rotator cuff. It represents the locus
minoris resistentiae in the mechanical sense of the rotator cuff.

 

97,98

 

 It is well known that the
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musculotendinous units of the rotator cuff act as dynamic stabilizers of the glenohumeral joint, but
at the same time prevent the joint capsule from excessive anterior or posterior shift (especially the
supraspinatus muscle since it is encompassed in the joint capsule from the upper side).

Biomechanical and electromyographic investigations have shown the importance of the supraspina-
tus muscle’s preventive role in upper and lower instability.

 

143

 

 In addition, between one third and one
half of shoulder joint strength during external rotation (infraspinatus muscle, teres minor muscle) is
due to the rotator cuff muscles, whereas the subscapularis muscle acts as a strong internal rotator.
External rotation plays an important role in abduction of the arm because it prevents the tubercul major
from hitting the glenoid and enables arm abduction greater than 90

 

∞

 

.

 

140

 

 Internal rotation of the shoulder
joint is important in anteflexion of the arm because of the similar mechanism of avoiding the clash
between the humerus head and the coracoacromial ligament. The synchronous action of the teres
minor and subscapularis muscles strongly contributes to the fixation of the humerus head (depression
action) to the glenoid in any position of arm elevation. The supraspinatus muscle is the fixator of the
humeral head in initial abduction that, according to recent findings, does not necessarily start with
supraspinatus muscle contraction alone. The deltoideus muscle plays an equal role in abduction
initiation.

 

74

 

 The role of the long head of the biceps brachii is characterized by assisting the depression
and fixation of the humeral head to the glenoid. Its role is stressed in cases of weakness of the first
three muscles (infraspinatus muscle, subscapularis muscle, and teres minor muscle).

Recent investigations point to the nutritive role of the rotator cuff. Muscle tension of the rotator
cuff of the shoulder mechanically assists synovial fluid flow through the joint. In this way, the
cartilage of the joint surfaces are equally provided with synovial fluid. Finally, the rotator cuff
muscles represent a liquid-proof coating of the joint capsule, enabling the loss of synovial fluid
due to minor tears of the joint capsule.

 

A. E

 

TIOPATHOGENESIS

 

The clash of the humerus head against the coracoacromial arch and the pressure on the surrounding
soft tissues result in damage to the rotator cuff tendons; this also leads to an inflammatory reaction
characteristic of impingement syndrome. There is an area of relative avascularity on the supraspina-
tus muscle tendon near its insertion on the tubercul major of the humerus (Figure 3.4).

 

23,31,136

 

 A
similar region is present on the upper part of the tendon of the long head of biceps brachii. This
region is called the 

 

critical zone of the rotator cuff.

 

 Rathburn and McNab

 

136 

 

suggest that the
anatomical position of the rotator cuff tendons plays an important role in the development of the
critical zone because it exposes the tendons to constant pressure from the humeral head, squeezing
the blood out of the surrounding blood vessels even when the arm is stationary in a position of
abduction or neutral rotation.

 

FIGURE 3.4

 

Degenerative changes in the “critical zone” area of the supraspinatus muscle tendon.
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Investigations carried out on numerous anatomical specimens of the scapula have shown that
the development of impingement syndrome is both correlated and enhanced by an acromion with
a lesser inclination and an acromion with a slightly pushed out anterior part or lower area, or by
the presence of anterior acromial spurs and inferior acromioclavicular osteophytes.

 

13,61

 

 Results
obtained by Neer

 

114,115

 

 indicate that in 95% of the patients suffering from impingement syndrome,
damage to the rotator cuff occurs as a consequence of a similarly or identically developed acromion.
In some cases, impingement syndrome can develop as a consequence of the existence of the os
acromiale, a special part of the acromion believed to be an ununited ossification center of that
acromion. Contrary to the opinion expressed by Neer, Post et al.

 

131,132

 

 believe that the cause of the
impingement syndrome is not necessarily and exclusively related to anatomical deviations. The
results of their investigations indicate that the development of the impingement syndrome can also
be initiated by weak external rotators of the shoulder joint infraspinatus and teres minor muscles.
An existing weakness of the external rotators of the shoulder joint results in inadequate fixation of
the humeral head in the glenoid fossa in the superior direction. This significantly increases the
pressure of the humeral head on the tendon blood vessels of the shoulder joint’s rotator cuff, which
leads to an increasingly greater degeneration of the so-called critical zone accompanied by pro-
gressive development of the impingement syndrome.

The development and treatment of impingement syndrome in athletes was described by Jobe
et al.

 

84–87

 

 and Tibone et al.

 

163

 

 Their results indicate that acute trauma to the shoulder and repeated
overhead arm movements, characteristically performed in numerous sports and intensive work, can
increase the speed of progression of the impingement syndrome.

 

5,46,90

 

 Ellenbecker and Derscheid

 

44

 

note that concomitant, but unsynchronized, actions of the rotator muscles cause abnormal move-
ments of the upper extremity allowing the humeral head to clash against the coracoacromial arch.
Jobe and Bradley

 

85

 

 and Scheib

 

145

 

 opine that impingement syndrome develops as a result of instability
of the shoulder joint. According to their opinion, the pathogenetic course of injury to the rotator
cuff comprises instability of the shoulder joint, subluxation, impingement, and destruction of the
rotator cuff. Jobe and Bradley

 

85

 

 term the preceding course of events the 

 

shoulder instability complex.

 

Pieper et al.

 

127,128

 

 describe 

 

secondary impingement

 

 of the rotator cuff, encountered typically in
athletes who participate in “overhead” sports, as caused by the instability of the shoulder joint.

 

54

 

Impingement of the rotator cuff can be caused by chronic anterior instability of the shoulder joint.
This particular injury is frequently found in athletes who repeatedly engage in overhead arm motions
in abduction/external rotation of the arm, i.e., such sports as volleyball, European handball, tennis,
badminton, and swimming.

 

6,7,18,89,105,108,130,164,178

 

Shoulder dysfunction in overhead athletes may be caused by shoulder instability. However, a
possible instability in the shoulder is often silent and difficult to demonstrate by ordinary tests and
has therefore been termed by some investigators “functional instability.” This functional instability
in the shoulder may lead to a vicious cycle involving microtrauma and attenuation of the capsular
complex, and may eventually lead to shoulder impingement syndrome and to shoulder pain.

 

11

 

 Patients
who do not respond to conservative treatment such as muscular stabilization are treated surgically.

In brief, we can conclude that there are two principal theories regarding the development of
impingement syndrome: the anatomic theory and the dynamic theory. Proponents of the anatomic
theory believe that impingement syndrome is caused principally by decreased vascularization of
some of the tendons of the rotator cuff, whereas proponents of the dynamic theory emphasize the
relative weakness of those muscles. At the same time it is quite clear that some causative factors
can synergistically combine to produce impingement syndrome of the shoulder joint. These include
the os acromiale, acute trauma to the shoulder, and excessive repeated strain placed on the upper
extremity during some athletic activities. A possible mechanism leading to the development of
impingement syndrome of the shoulder is stated as follows: Clash of the humeral head against the
acromion causes injury to the surrounding soft tissue, the tendon of the supraspinatus muscle, the
long head of the biceps brachii muscle, and the subacromial bursa, which results in inflammatory
processes and scarred healing. After a certain period of time, the scar degenerates, frequently

 

1428_C03.fm  Page 60  Wednesday, July 2, 2003  7:49 AM



 

Shoulder

 

61

 

resulting in partial or total rupture of the tendon. Depending on the degree of change in the tendons
of the shoulder joint rotator cuff, various functions of the rotator cuff are affected.

 

1

 

 The humeral
head is not firmly fixed in the glenoid fossa during arm motions and has a tendency to translate in
the superior direction. Such an unstable humeral head causes pain, decreases the range of move-
ments possible in the shoulder joint, causes instability of the shoulder joint, and disrupts the normal
flow of the synovial liquid that nourishes the joint cartilage; all this leads to further progression of
the injury. The final stages of impingement syndrome are characterized by destruction of the rotator
cuff, primarily the supraspinatus muscle and the long head of the biceps brachii muscle (and, in
some cases, morphological changes of the humeral head, also known as arthropathy, caused by
injury to the rotators of the shoulder joint).

Vascular endothelial growth factor expression in the subacromial bursa is increased in patients
with impingement syndrome

 

179

 

 and the differential regulation of the two forms of interleukin-1

 

b

 

mRNA may play an important role in shoulder pain in rotator cuff disease, regulating interleukin-
1

 

b

 

-induced subacromial synovitis.

 

56

 

The synovial osteochondromatosis of the shoulder joint presenting as chronic impingement
syndrome in a 44-year-old tennis player was reported by Baums et al.,

 

10

 

 and Demirhan et al.

 

42

 

reported a case of synovial chondromatosis of the subcoracoid bursa, which resulted in impingement
symptoms.

 

B. C

 

LINICAL

 

 P

 

ICTURE

 

 

 

AND

 

 D

 

IAGNOSTICS

 

Impingement syndrome is an injury that is characterized by a chronic course. Patients frequently
correlate the symptoms of the injury with some acute trauma to the shoulder, but detailed anamnesis
usually results in the patient remembering earlier painful sensations in the shoulder joint.

The dominant symptoms of impingement syndrome are tenderness in the shoulder area, crep-
itations, decreased range of movements in the shoulder joint,

 

166,176

 

 and varying loss of strength in
the surrounding musculature. The pain may be categorized in intensity depending on arm activities:
pain caused while performing strenuous activities of the arm, pain caused by moderate or strong
activities, and pain when the arm is stationary.

 

53,70,71

 

The condition may appear at any age. Athletes and people with physically difficult occupations
are at a greater risk to develop these injuries. Neer

 

114 

 

has developed an elaborate hypothesis on the
progression of the impingement syndrome in three stages based on pathoanatomical examinations
(Table 3.3). In Stage 1, edema and inflammation occur. In the beginning of this stage, excessive
bowing of the shoulder rotator tendon is noticeable; there is microscopic or partial damage to some
of the tendon fibers. Bleeding is sometimes present but usually not to a large degree. The age of
the patients in this group is usually less than 25 years. The main characteristic of Stage 1 is good
prognosis in the sense of reversibility of pathological changes.

Stage 2 lesions are characterized by fibrosis and tendinitis and clearly indicate chronicity.
Repetitive episodes of mechanical inflammation of the shoulder rotator tendon, edema, cellular
infiltration, and vascular invasion of the tendon are followed by connective tissue reparation and
fibrosis of different stages. Nirschl

 

120

 

 refers to this stage as 

 

angiofibroblastic hyperplasia of the
tendons.

 

 The subacromial bursa is also thickened and fibrous. Lesions of this stage are character-
istically found in patients between 25 and 40 years of age. The shoulder functions satisfactorily
during “easy” activities. However, when performing stronger repetitive movements in an overhead
position, such as in throwing sports, the rotator cuff becomes insufficient.

Tears in the tendons of the rotator cuff, tears in the tendon of the long head of the biceps brachii
muscle, and changes in the bone represent the main characteristics of Stage 3. Progression of the
impingement syndrome is characterized by the appearance of complete, incomplete, or superfi-
cial/roughened areas located on the surface of the tendon, which cause bursitis and tears in the
tendons of the rotator cuff of the shoulder.

 

117

 

 Measured at their largest diameter, tears in the tendons
of the rotator cuff can be small (less than 1 cm in diameter), average (from 1 to 3 cm in diameter),
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large (from 3 to 5 cm in diameter), and massive (larger than 5 cm in diameter). Stage 3 is usually
found in patients older than 40 years of age. Surgical treatment is the only form of therapy for this
stage of impingement syndrome.

Lesions in the tendon of the long head of the biceps brachii muscle appear on average in a 1:7
ratio in comparison to lesions in the tendons of the rotator cuff. Lesions in the tendon of the biceps
brachii muscle can, however, sometimes represent the first sign of a developing impingement
syndrome.

 

51

 

 Pathological changes in bone tissue, i.e., the collapse of the humeral head, represent
the final stage of impingement syndrome. They develop typically only after the presence of long-
term destruction of the shoulder rotator tendons and a complete insufficiency of the rotator net.
This stage is followed by pathological changes in the whole shoulder joint-cuff tear arthropa-
thy.

 

84,112,115

 

 Partial or complete destruction of the tendons of the shoulder rotators is sometimes
accompanied by nutritive changes in the joint cartilage, which is characterized by development of
hydroxyapatites, active collagenasis, and neutral proteases. This clinical entity is known as 

 

Mil-
waukee shoulder.

 

9

 

Clinical signs characteristic of impingement syndrome include general tenderness in the anterior
part of the acromion or in the humeral greater tubercule area, a painful arch during abduction of
the upper extremity more than 90

 

∞

 

, and a positive impingement sign and hypotrophy of the rotator
cuff muscles. The impingement test and the presence of the impingement sign are used in differential
diagnosis to ascertain if the painful symptoms are the result of impingement of the shoulder joint
and not the result of other changes in the shoulder (Figure 3.5 and Figure 3.6).

A positive impingement sign, according to Neer, is the presence of tenderness in the shoulder
area when the physician performs anteflexion on the patient’s injured shoulder simultaneously with
internal rotation of the upper arm. According to Hawkins and Kennedy,

 

65

 

 a positive impingement
sign consists of pain in the shoulder area when the physician performs a strong internal rotation
of the patient’s arm in a 90

 

∞

 

 anteflexion position. The impingement test (Figure 3.6) is used in

 

TABLE 3.3
Classification of Impingement Syndrome 
According to Neer

 

133

 

Stage 1: Edema and Hemorrhage

 

Typical age <25
Differential diagnosis Subluxation

A/C arthritis
Clinical course Reversible
Treatment Conservative

 

Stage 2: Fibrosis and Tendinitis

 

Typical age 25–40
Differential diagnosis Frozen shoulder

Calcium deposits
Clinical course Recurrent pain with activity
Treatment Consider bursectomy

C/A ligament division

 

Stage 3: Bone Spurs and Tendon Rupture

 

Typical age >40
Differential diagnosis Cervical radiculitis 

neoplasm
Clinical course Progressive disability
Treatment Anterior acromioplasty

Rotator cuff repair
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clinical diagnostics when making differential diagnoses to rule out the possibility of the painful
sensations resulting from anterior subluxation of the shoulder joint, acromioclavicular arthritis,
cervical radiculitis, “frozen shoulder,” traumatic bursitis, calcifying tendinitis, or neoplasmas. A
diagnosis of impingement syndrome is confirmed, if after injection of 10 cc of 1.0% xylocain below
the anterior edge of the acromion the patient is able to perform the impingement sign without any
pain. A study by Calis et al.

 

28

 

 found that the most sensitive clinical diagnostic test was Hawkins
test. MacDonald et al.

 

101

 

 conclude that the Neer and Hawkins impingement signs are sensitive for
appearances suggestive of subacromial bursitis and rotator cuff partial or complete tearing with a
high negative predictive value. However, the tests lack specificity in comparison with arthroscopic
findings. Buchberger

 

25

 

 introduces a new physical examination procedure for the differentiation of
acromioclavicular joint lesions and subacromial impingement by applying downward pressure over
the lateral one third of the clavicle while passively inducing slight adduction, external rotation, and
forced forward flexion to the humerus with the patient in the seated position.

Jobe et al.

 

84,85

 

 have described a test for the supraspinatus muscle used in differentiating tendon
injuries between the supraspinatus muscle and other rotators of the shoulder joint. The test is
performed by having the patient stand with the arms held in a position of 90

 

∞

 

 abduction and
horizontal abduction of 30

 

∞

 

 with full internal rotation. The physician holds the patient’s upper arms
and resists the patient’s efforts to lift the arms in an upward direction (Figure 3.7). If weakness or
pain in the shoulder joint appears, the supraspinatus muscle test is considered positive, and the

 

FIGURE 3.5

 

Impingement sign performance.

 

FIGURE 3.6

 

Impingement test.
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probable localization of the injury to the rotator cuff is the supraspinatus muscle tendon. During
performance of this maneuver, the infraspinatus, subscapularis, and teres minor muscles are com-
pletely inactive, which can be verified by determining the electrical activity in them.

Lyons and Tomlinson

 

100

 

 have studied the reported clinical assessment of the presence and extent
of a rotator cuff tear in 42 patients in a special shoulder clinic. The preoperative diagnosis was
compared with the findings at operation. The clinical tests had a sensitivity of 91% and a specificity
of 75%. It is important to exploit clinical examination before resorting to costly and sometimes
harmful special investigations.

Radiographic analysis of the shoulder joint includes transaxillar lateral and anteroposterior
radiographs during both the internal and external rotation of the humerus. Although not a particularly
precise diagnostic method, radiographic analysis sometimes enables the examining physician to
confirm the presence of calcium deposits in the tendons of the rotator cuff, sclerotic changes in
the greater tubercule of the humerus, a decrease of the subacromial area to less than 6 mm,
eburnation of the anterior part of the acromion (Figure 3.8), and degenerative changes in the
acromioclavicular joint.

 

39,48

 

 On the modified Stryker view it is possible to see a bony exostosis of
the posterior inferior glenoid, so-called thrower’s exostosis, or Bennett’s lesion of the shoulder.
The lesion is characteristic in professional baseball players. In the past, fluoroscopy, shoulder
arthrography, subacromial bursography, and bursotomography were fundamental diagnostic

 

FIGURE 3.7

 

Supraspinatus test.

 

FIGURE 3.8

 

Roentgenogram demonstrating subacromial sclerosis, acromial spurs, and cystic changes of the
greater tuberosity of the humerus as a result of the impingement process.
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imaging modalities in shoulder impingement syndrome.

 

39

 

 Roentgenographic assessment of acromial
morphologic condition in shoulder impingement syndrome has been presented by many
authors.

 

75,91,123,126,141

 

 According to Kitay et al.

 

91

 

 the supraspinatus and caudal tilt views correlate
significantly with distinct intraoperative measurements of acromial spur size. Hyvonen et al.

 

75

 

consider that the supraspinatus outlet view in the diagnosis of Stages 2 and 3 impingement syndrome
can be used as an adjunctive to other diagnostic modalities. Petje et al.

 

126

 

 conclude that anteropos-
terior view radiographs with an individual caudally tilted beam, depending on the acromion slope,
can show the whole spur and/or size of the osteophyte on the anterior margin of the acromion. In
our department on the basis of clinical diagnosis we perform anteroposterior, axillary, 30º caudal
tilt, and supraspinatus outlet views roentgenograms.

Contrasting arthrography is sometimes employed to analyze the continuity of the tendons as
well as to verify diagnoses of complete tendon rupture.

 

96

 

 Subacromial bursography and bursoto-
mography are auxiliary methods used to confirm injury to the joint bursae. Cone et al.

 

39

 

 consider
these methods, as well as fluoroscopy and arthrography, to be useful diagnostic methods for
detecting the beginning stages of impingement syndrome, and Cicak et al.

 

41

 

 described ultrasound
guidance of needle placement for shoulder arthrography. Computerized tomography (CT) is used
when analyzing bone pathology of the humeral head and the glenohumeral joint. Advanced arthrog-
raphy of the shoulder with CT and MR imaging is also recommended.

 

134

 

Numerous authors

 

22,38,62,72,85,92,93,104,110,112,137,160

 

 have recently expressed their belief that ultra-
sound examination of the rotator cuff is an unavoidable diagnostic method when attempting to
determine the presence of partial or total tendon ruptures (Figure 3.9 and Figure 3.10) and inflam-
matory changes in the tendon and tendon sheath. Hedtmann and Fett

 

72

 

 consider that the limits of
ultrasonography lie in estimation of tear size in global tears, because retraction of tendon stumps
under acromion cannot be visualized, and in evaluation of the status of rotator cuff muscles, because
whereas volumetric information about atrophy can be gained by ultrasonography, differentiation
between simple atrophy and fatty degeneration is not possible. Martin-Hervas et al.

 

104

 

 compared
the accuracy of ultrasonography and MR imaging in the diagnosis of rotator cuff injuries using
arthroscopy or open surgery findings. The diagnosis of full-thickness rotator cuff tear was highly
specific in both imaging techniques, but was not as sensitive in ultrasonography (57.7%) as on MR
(80.8%). Read and Perko

 

137

 

 report that ultrasonography is a sensitive and accurate method of
identifying patients with full-thickness tears of the rotator cuff, extracapsular biceps tendon pathol-
ogy, or both. According to Swen et al.

 

160

 

 ultrasonography and MR imaging are equally valuable in
the assessment of full-thickness rotator cuff tears.

Although recognized as useful in detecting soft-tissue inflammation and infection, technetium-
99m human immunoglobulin has been studied in evaluating regional inflammatory shoulder con-
ditions,

 

34

 

 either subacromial impingement or adhesive capsulitis. Gratz et al.

 

59

 

 recommend arthros-
cintigraphy as a sensitive technique for detection of rotator cuff ruptures.

Wilbourn

 

177

 

 recommends the use of electromyographic analysis of the muscles of the rotator
cuff with the aim of ruling out the possibility of radiculopathy when diagnosing impingement
syndrome. Electromyographic analysis performed by Reddy et al.

 

138

 

 showed that in the impingement
group, the supraspinatus and teres minor revealed a diminution of muscle function in comparison
with shoulders in the normal group. This study demonstrates that muscle activity in subjects with
impingement is most notably decreased in the first arc of motion. Hancock and Hawkins

 

64

 

 applied
electromyographic analysis in the throwing shoulder.

Neviaser,

 

118

 

 on the other hand, indicates the exceptional contribution of arthroscopy to both the
diagnostics and the treatment of impingement syndrome. Arthroscopy enables a direct view of the
current state of the internal structures of the shoulder joint, tendons, bursae, cartilage, and tendon
and synovial sheaths; at the same time it offers the possibility of therapeutic intervention.

 

118,121,149

 

MR imaging is a very useful diagnostic method, which enables the detection of even very small
lesions in the soft tissues and the neurovascular structures.

 

3,16,40,45,57,58,73,81,102,165,168

 

 Complete and
partial tears of the rotator cuff, as well as factors contributing to impingement, can be detected and
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characterized with MR imaging.

 

45 Graichen et al.57,58 describe a technique for determining the
spatial relationship between the rotator cuff and the subacromial space in arm abduction using MR
imaging and three-dimensional image processing. MacGillivray et al.102 performed three-dimen-
sional MR imaging or CT on 132 symptomatic shoulders to more completely describe acromion
morphology and its relationship to impingement syndrome. Age distribution from the second to
eighth decade demonstrated a consistent and gradual transition from a flat acromion in the younger
decades to a more hooked acromion in the older decades that was significant in both the midsagittal
and lateral sagittal planes. MR imaging provides a comprehensive evaluation of a wide spectrum
of both intra-articular and extra-articular pathology of the shoulder. MR imaging enables the
detection or exclusion of degenerative and post-traumatic diseases of the shoulder with reasonable
accuracy. MR arthrography is useful in the visualization of subtle anatomic details and further
improves the differentiation.94,133,139,161 Bergman and Fredericson12 investigated how long injected
fluid from an impingement test remains in the bursa or adjacent soft tissue after an injection. By
3 days after the injection, the soft tissue fluid had returned to preinjection levels and no patients
showed rotator cuff signal abnormalities related to the impingement test injection.

FIGURE 3.9 Longitudinal (A) and transversal (B) sonogram show a complete tear of the rotator cuff. The
cuff lacks apposition of the deltoid muscle (D) to the humeral head (H). A = acromion.
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According to Godefroy et al.55 the choice of imaging modality depends on the information
expected from each technique. In the case of instability, plain films demonstrate bone abnormalities
such as Hill Sachs and/or Bankart lesions. Arthro-CT or arthro-MR imaging need not be performed
in all cases but can provide additional information about the intra-articular structures and the glenoid
labrum. The rotator cuff is initially evaluated by plain films, which demonstrate anatomical con-
ditions resulting in impingement syndrome as well as indirect signs of tendinopathy. Direct

FIGURE 3.10 (A) Longitudinal sonogram shows focal thinning of the supraspinatus tendon (S). (B) Normal
supraspinatus tendon; H = humeral head; A = acromion; D = deltoid muscle.
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visualization of tendons may be achieved by ultrasonography, arthro-CT, and arthro-MR imaging.
Ultrasonography is a dynamic, non-invasive, and accurate technique for evaluation of rotator cuff
tear but is very operator dependent. Arthro-CT is more reproducible and reveals accurately partial
tear as well as anterior tears involving biceps or subscapularis tendons. MR imaging is very useful
in visualizing the rotator cuff and adjacent anatomical structures.

C. TREATMENT

Treatment for impingement syndrome, in the most general terms, can be divided into non-operative
and operative treatment. Non-operative treatment is indicated for the first stage of the disease.
Lasting at least several months, non-operative treatment is also indicated for patients suffering from
Stage 2 of the disease, whereas surgical treatment is indicated only when, and if, conservative
treatment fails to produce any significant results for patients with Stage 2 disease. Patients suffering
from Stage 3 of the disease must always be treated surgically.

Thus, non-operative treatment is recommended for patients suffering from Stage 1 and 2
impingement syndrome. Treatment during the acute, painful stage of the injury consists of rest,
physical therapy, electrotherapy, cryotherapy, and application of oral nonsteroidal anti-inflammatory
drugs.48,62,65,67,106,111,140 Local application of corticosteroids is also described as part of non-operative
treatment for impingement syndrome. The corticosteroids are applied onto the inflamed area and
not directly on the tissue. The principal effects of corticosteroid therapy include reduction of the
edema and the inflammatory reaction. However, repeatedly applying corticosteroids into the same
area, carries a certain risk; thus, their use and application must be tempered with necessary
prudence.129 Friction massage, stretching exercises (Figure 3.11 through Figure 3.13), and strength-
ening exercises for the rotator musculature of the shoulder joint (Figure 3.14 through Figure 3.16)
are recommended, both as prevention and as part of treatment, for patients who are not suffering
from the acute stage of impingement syndrome.8,24,26,29,44,79,85,135

FIGURE 3.11 Rotator cuff extension. The patient lies on his back with the shoulder in a position of 135∞
and the elbow in a position of 45∞. The weight passively stretches the rotator cuff in the direction of the
external rotation.

FIGURE 3.12 Rotator cuff extension. The patient lies on his back with his shoulder and elbow in a position
of 90∞. The weight passively stretches the rotator cuff in the direction of the external rotation.
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FIGURE 3.13 Rotator cuff extension. The patient lies on his back with his shoulder in a position of 170∞
and his elbow at 45∞. The weight passively stretches the rotator cuff in the direction of the external rotation.

FIGURE 3.14 Strengthening of the infraspinatus and teres minor muscle. The patient lies on one side with
his elbow on his thorax in a position of 90∞. The weight is slowly lifted in the external rotation direction and
slowly lowered in the internal rotation direction.

FIGURE 3.15 Strengthening of the subscapularis muscle. The patient lies on his back, with his elbow along
his thorax in a position of 90∞. The weight is lowered in an external rotation direction and then lifted in the
internal rotation direction.

FIGURE 3.16 Strengthening of the supraspinatus muscle. The patient sits erect, with his shoulder in 90∞
abduction, 30∞ horizontal abduction, and total interior rotation. The weight is slowly lowered in a 45∞ arch
and then lifted to the starting position.
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Extracorporeal shock wave therapy is a new therapeutic procedure for chronically painful
tendinitis of the rotator cuff.148 Treatment at high dose or low dose could be effective if the total
cumulative amount of applied energy is similar.148

Operative treatment is indicated for patients suffering from Stage 3 of the dis-
ease.14,15,35,36,49,66,116,169 Neer113–115 describes an operative technique called anterior acromioplasty.
The main principle of the procedure consists of remodeling excessively protuburant, large, and
downward-slanting acromions. In addition, the tendons of the shoulder rotators, the tendon of the
long head of the biceps brachii muscle, the subacromial bursa, and the acromioclavicular joint is
also inspected during the operation. This is done because it is quite possible for two or more
structures of the shoulder to be damaged or injured at the same time. Osteophytes on the acromi-
oclavicular joint and calcificates on the coracoacromial ligament are always removed. Resection
of either the acromioclavicular joint or the coracoacromial ligament is performed if it is judged
that these structures represent the immediate cause for the development of impingement syndrome.
An inflammatorily altered, fibrous subacromial bursa is always excised. Tenodesis is performed
when damage to the long head of the biceps brachii muscle is evident. Acromioplasty is an effective
procedure in the treatment of shoulder impingement syndrome, and the type of bone resection does
not influence the clinical outcome.20,78,159

Anterior acromioplasty, subacromial decompression, shaving of incomplete ruptures in rotator
cuff tendons, and refixation of the origins of the rotator muscles in cases of complete rupture are
frequently performed arthroscopically.69,95,118,121,124,142,146,149,154,155,157,174,175 Checroun et al.32 consider
that the outcome from arthroscopic subacromial decompression is similar to open decompression.
Arthroscopic procedure allows earlier rehabilitation than open decompression because complete
detachment of the deltoid is not performed. Regarding arthroscopic vs. open acromioplasty, Span-
gehl et al.153 found that for pain and function both procedures led to significant improvement, but
the open technique may be superior. Schroder et al.147 report the results of 238 consecutive patients
who underwent a total of 261 acromioplasties either in conventional open technique or arthroscop-
ically. Compared to the open technique, the arthroscopic procedure had a statistically significant
superior result concerning outcome, operating time, and hospital stay. Arthroscopic procedures
performed by less-experienced surgeons had inferior results. Arthroscopic subacromial decompres-
sion with a holmium:YAG laser21,76 has been performed, but it is recommended that further research
be conducted to establish the safety and efficacy of the technique.

Technical falls are the most common cause for revision operation after subacromial arthroscopic
decompression.4,103 This demonstrates the demanding nature of this kind of operative procedure.
When a revision procedure is necessary, individual strategies should be developed; the decision
whether to perform arthroscopic or open revision is especially important.

All authors agree that anterior acromioplasty and revision of the surrounding tissue generally
produce satisfying results, which are evident during the short time that the patient is monitored
after the operation.17,48,62,68,144,162,163 However, recidives of impingement syndrome after surgical
treatment have been described in patients who have previously participated at the highest level in
various sports.68 The long-term success of anterior acromioplasty in athletes significantly depends
on scrupulously following the postoperative rehabilitation program. For precisely this reason, Post
and Cohen132 recommend a combination of anterior acromioplasty and stretching and strengthening
exercises for the rotator cuff of the shoulder joint. Ellenbecker and Derscheid44 describe the
importance of strengthening the complete musculature of the shoulder joint.

In cases of secondary impingement that has developed as a consequence of instability of the
shoulder joint, the primary causative factor must be treated. According to Pieper et al.,127,128 and
numerous other authors,47,80,87,171 surgical treatment is indicated for these cases. The treatment
consists of anterior reconstruction of the capsule and/or the glenoid labrum, and in addition, if
necessary, subacromial decompression and revision of the rotator cuff. Between October 1988 and
April 1992, Pieper et al.127,128 operated on 66 shoulders in 64 top athletes suffering from chronic
anterior or multidirectional instability of the shoulder joint that had led to the development of
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impingement syndrome of the rotator cuff. In all cases, the athletes themselves were not aware of
the instability. Conservative treatment failed to produce significant results. The success ratio for
surgical treatment of the athletes was close to 90%.

II. BICIPITAL TENDINITIS

Bicipital tendinitis is a term used to define overuse of the long head of the biceps brachii muscle.
The biceps brachii muscle belongs to the group of anterior, upper arm muscles and is characterized
by having two heads — caput longum (long head) and caput breve (short head). The long head of
the biceps originates from the supraglenoid tubercle of the scapula, passes over the top of the
humeral head, and courses distally, passing through the intertubercular sulcus. The tendon is
contained within an invaginated envelope of synovial membrane as it passes through the shoulder
joint. The short head originates from the coracoid process of the scapula. The two heads unite
approximately in the middle of the upper arm, in the region of the deltoid tuberosity (Figure 3.17).
The biceps brachii muscle ends with two tendons, the stronger and shorter of which attaches to
the radial tuberosity and, in effect, represents an extension of the caput longum. One tendon plate,
the musculus bicipitis brachii aponeurosis, with fibers consisting of extensions from the short head
of the biceps brachii, departs from the medial edge of the stronger tendon and proceeds medially
into the forearm fascia, which it strengthens. The biceps brachii muscle is a two-joint muscle. The
long head of the muscle moves the arm away from the body and rotates it inwardly, whereas the
short head moves the arm toward the body. Synergistic deployment of both heads produces ante-
flexion of the arm in the shoulder. In the elbow joint, the muscle acts as both a flexor and a strong
supinator of the forearm. The biceps brachii muscle is innervated by the musculocutaneous nerve.

A. ETIOPATHOGENESIS

Bicipital tendinitis is a condition that may occur as an isolated entity, primary tendinitis, or, more
frequently, may be seen in conjunction with significant pathology elsewhere in the shoulder, such
as impingement syndrome and frontal instability of the shoulder (secondary tendinitis).192,196,199,206

The long head of the biceps tendon can be affected at two district sites: inside the joint and inside
the bicipital (intertubercular) groove.

In cases of primary tendinitis, the damage to the tendon is localized within the intertubercular
groove, characterizing it as a tenosynovitis, an inflammatory process involving the tendon and its
sheath. Besides external factors, such as direct trauma or overuse of the arm in an overhead position
(smash in volleyball, serve in tennis, or pitch in baseball), development of primary tendinitis may
also be due to abnormalities in the soft-tissue parts that surround the tendon (e.g., coracohumeral
ligament) and to abnormalities in the intertubercular groove (e.g., in cases with abnormally shallow
intertubercular grooves that lead to subluxation of the tendon).

The causes of bicipital tendinitis are definitely age related. Anomalies of the groove and repeated
traumas are the most common causes in young individuals, whereas degenerative tendon changes
predominate in the older population. Radiologic signs of groove degeneration correlated in 43.6%
with biceps tendon disease on the sonogram.202 Pfahler et al.202 revealed statistically significant
correlations between groove anatomy and long biceps tendon disease, which should be considered
more when shoulder problems are evaluated. In a prospective study, 200 consecutive shoulders
underwent arthroscopic subacromial decompression for impingement syndrome, Murthi et al.198

concluded that the high incidence of chronic inflammation of the long head of the biceps in shoulders
with benign-appearing intra-articular portions viewed arthroscopically is significant, and long head
of the biceps disease should also be considered in patients with painful rotator cuff disease and
arthritic shoulder conditions.

Primary bicipital tendinitis seems to be rare, but it has been reported in volleyball players,
swimmers, water polo players, tennis players, baseball players, and golfers.189,192,194,199,203
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B. CLINICAL PICTURE AND DIAGNOSTICS

The most consistent complaint in primary bicipital tendinitis is severe pain in the area of the
intertubercular groove. The pain increases gradually, usually without any trauma, and is associated
with activity; it appears with frequent repetitions of the offending movement and disappears when
resting. Typical clinical findings include pain caused by palpating the biceps tendon in its groove,
as well as positive Speed’s test and Yergason’s sign.194,199,203 In Speed’s test, the examiner provides
resistance to anteflexion of the arm during concomitant extension in the elbow and full supination
of the forearm. In Yergason’s test, resistance is provided against supination of the forearm during
concomitant flexion of 90∞ in the elbow. A positive result is indicated when pain appears or
intensifies in the intertubercular groove.

Bicipital tendinitis secondary to other pathological conditions in the shoulder appears to rep-
resent the more common form of this disorder.191,207,210 Some authors state that it appears in more
than 90% of the cases associated with impingement syndrome and anterior instability of the
shoulder. When the condition occurs in association with other pathological conditions, it is termed
secondary bicipital tendinitis.192,203 For this reason, all diagnoses of bicipital tendinitis must be
accompanied by a thorough and detailed clinical examination, including examinations for the
stability of the shoulder and for impingement syndrome. According to Larson et al.195 subacromial

FIGURE 3.17 Biceps brachii muscle.
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space injection, acromioclavicular joint injection, intra-articular injection, and injection of the
biceps tendon are helpful in identifying such disorders as subacromial bursitis, acromioclavicular
arthritis, injury to the glenohumeral joint, and bicipital tendinitis.

In addition to standard radiographic examinations of the shoulder, diagnosis of bicipital ten-
dinitis requires special projections, e.g., the Fisk view, which enable the examiner to determine the
size of the intertubercular groove.185,200,203 This is important because short and narrow margins of
the intertubercular groove are a well-known predisposition for developing recurrent dislocation of
the tendon and consequent bicipital tendinitis.180,203

Arthrography of the shoulder is generally used for analysis of the tendon in the intertubercular
groove. Recently, arthroscopy of the shoulder,184,190,203 for the same purpose, has also been frequently
performed. An enlarged tendon with characteristic changes (vacuoles) on the tendon sheath indicates
bicipital tendinitis. Ultrasonography of the affected shoulder has also been recently used as an aid
in recognizing changes in the biceps tendon (Figure 3.18). This has the added advantage of enabling
examination of the tendon during movement.187,197 Middleton et al.197 found that tendinitis is char-
acterized by heterogeneously structured tendon, edema of the tendon, and an enlargement of the
tendon sheath.

FIGURE 3.18 Longitudinal (A) and transversal (B) sonograms of the long head of the biceps muscle dem-
onstrating tendonitis in a world champion kayak rider. H = humeral head.
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C. TREATMENT

Non-operative treatment of primary bicipital tendinitis entails avoiding offending movements (mod-
ified rest), applying nonsteroidal anti-inflammatory medications,182,183,209 and performing moderate
stretching exercises. Deleterious effects of peribursal or intra-articular steroid infiltration appear
minimal; but injections into the tendon or frequent, repetitive injections are contraindicated.205 Good
results are obtained when using a programmed therapy consisting of applying heat to the injured
shoulder and performing stretching exercises for the shoulder (in abduction, adduction, and internal
and external rotation). After the stretching exercises, the tender area is massaged with ice. In cases
of secondary tendinitis, therapy for the primary disorder must also be carried out.192,202,203

Surgical treatment is indicated when the symptoms, despite completing nonsurgical therapy, persist
for longer than 6 months. A number of surgical procedures are recommended in the medical litera-
ture.208 The best results are obtained by performing tenodesis of the long head of the biceps.181,186,188,204

Post and Benca203 describe 17 patients with primary bicipital tendinitis; 13 patients had tenodesis
and 4 patients had transfer of the long head of the biceps to the origin of the conjoined tendon.
Overall, excellent and good results were noted in 94% of both groups of patients when the long
head of the biceps was tenodesed or transferred. Kumar and Satku194 postulate on the basis of one
case (treatment of a 40-year-old man with tenodesis of the long head of the biceps brachii in the
bicipital groove, Hitchcock’s operation) that resection of the stabilizing, intra-articular segment of
the long head of the biceps in the Hitchcock’s procedure allowed the short head to draw the humeral
head proximally, resulting in the decrease in the acromiohumeral interval and recurrence of impinge-
ment. Becker and Cofield181 followed 51 patients (54 shoulders) for an average of 13 years (2 to
23 years) after surgical tenodesis of the long head of the biceps brachii for the treatment of chronic
tendinitis. At an average of 6 months postoperatively, some benefit was evident in all but three
shoulders. However, after a longer follow-up, a satisfactory result was achieved in only 50% of
patients; i.e., tenodesis of the long head of the biceps tendon was not an effective treatment for
tendinitis over the long term.

Arthroscopic evaluation greatly improves the diagnosis and treatment of biceps tendon and
related shoulder pathology. Routine tenodesis has been replaced by a more individualized approach,
taking into consideration physiologic age, activity level, expectations, and exact shoulder pathology
present.202 New repair techniques are under development, and preservation of the biceps-labral
complex is now preferred when possible. With advances in arthroscopy, the orthopedist can tailor
treatment exactly to the pathology, minimizing morbidity and maximizing a successful outcome.

III. SLAP LESIONS

Superior glenoidal labrum lesion was first described and named SLAP (Superior Labrum from
Anterior to Posterior) by Snyder et al.150 The lesion originates behind the biceps muscle tendon
anchor and extends anteriorly to half of the glenoid. The initial description of a lesion involving
superior labrum was reported by Andrews et al.2 in 1985 in high-level throwing athletes.

A. ETIOPATHOGENESIS

The most common mechanism of SLAP lesions is a fall or direct blow to the shoulder.151 The
second mechanism is due to traction with a sudden pull on the arm. Also, repetitive impacts or
repetitive biceps tension from either throwing or overhead sports motion can produce a SLAP
lesion.2,33,88 The arthroscopic appearance of SLAP was described and classified by Snyder150 into
four groups and one complex (Figure 3.19):

Type I: The superior labrum demonstrates fraying and degeneration. The attachment of the
labrum to the glenoid is intact. The biceps anchor is intact.
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Type II: The superior labrum and biceps anchor are detached from the insertion on the
superior glenoid, allowing the complex to arch away from the glenoid neck.

Type III: There is a bucket-handle tear of the meniscoid superior labrum. The remaining
biceps tendon and labral rim attachment are intact. This is similar to a bucket-handle tear
of the knee meniscus.

Type IV: There is a bucket-handle tear of the superior labrum with extension into the biceps
anchor. The torn biceps tendon and the labral flap are displaced into the joint.

Complex: A combination of two or more SLAP types, most commonly a combination of
types II and III or types II and IV.

B. CLINICAL PICTURE AND DIAGNOSTICS

Patients complain of pain and mechanical symptoms such as catching, locking, popping, or grinding.
There is no specific test to prove the SLAP lesion. MR imaging with gadolinium is recommended
for imaging of delicate labrum pathology, but the most reliable diagnostic tool for SLAP lesions
is arthroscopy.30 Additionally, it is of utmost importance to thoroughly understand the arthroscopic
anatomy and variations in the superior labral region.33

C. TREATMENT

Treatment of the SLAP lesion is based on correct identification and proper classification of the
lesion. In type I the superior labrum is debrided back only to the stable rim. In type II the labrum
and the anchor of the caput longum of the biceps muscle are fixated. In type III, with bucket-handle
tear, the torn fragment is resected. In type IV lesions in younger patients, an attempt to reconstruct
the biceps–labrum complex is recommended. In older patients, resection and tenodesis of the caput

FIGURE 3.19 Arthroscopic classification of the SLAP lesion into four distinct types:150 (A) type I; (B) type
II; (C) type III; (D) type IV.
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longum of the biceps muscle is performed. According to Imhoff et al.77 long-term pain-free shoulder
function in competitive athletes, throwers in particular, requires anatomical reconstruction of the
originally unstable biceps, which is the cause of these lesions.
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187. Čičak,  N. and Buljan, M. Diagnostic ultrasound of the shoulder, in Diagnostic Ultrasound of the
Locomotor System, Matasovic, T., Ed. Zagreb: Skolska Knjiga, 1990; 155–179.

188. Dines, D., Warren, R.F., and Inglis, A.E. Surgical treatment of lesions of the long head of the biceps.
Clin. Orthop., 1982; 164: 165–169.

189. Eakin, C.L. et al. Biceps tendon disorders in athletes. J. Am. Acad. Orthop. Surg., 1999; 7: 300–310.
190. Gachter, A. and Seeling, W. Schulterarthroskopie. Arthroskopie, 1988; 1: 162–170.
191. Goldman, A.B. Calcific tendinitis of the long head of the biceps brachii distal to the glenohumeral

joint: plain film radiographic findings. Am. J. Roentgenol., 1989; 153: 1011–1016.
192. Jobe, F.W. and Brodley, J.P. The diagnosis and nonoperative treatment of shoulder injuries in athletes.

Clin. Sports Med., 1989; 8: 419–438.
193. Johnson, L.L. The shoulder joint: an arthroscopist’s perspective of anatomy and pathology. Clin.

Orthop., 1987; 223: 113–125.
194. Kumar, V.P. and Satku, K. The Hitchock procedure. A cause for failure: a case report. Clin. Orthop.,

1992; 275: 161–164.
195. Larson, H.M., O’Connor, F.G., and Nirschl, R.P. Shoulder pain: the role of diagnostic injections.

Am. Fam. Physician, 1996; 53: 1637–1647.
196. Lupo, S.-C. and Di Biabo, T.M. La tendinopatia del capo lungo del bicipite brachiale negli atleti

participanti pallavolo. Med. Sport, 1987; 40: 131–140.

1428_C03.fm  Page 82  Wednesday, July 2, 2003  7:49 AM



Shoulder 83

197. Middleton, W.D., Reinus, W.R., and Totty, W.G. Ultrasonographic evaluation of the rotator cuff
and biceps tendon. J. Bone Joint Surg., 1986; 68(A): 440–450.

198. Murthi, A.M., Vosburg, C.L., and Neviaser, T.J. The incidence of pathologic changes of the long
head of the biceps tendon. J. Shoulder Elbow Surg., 2000; 9: 382–385.

199. Neviaser, R.J. Lesions of the biceps and tendinitis of the shoulder. Orthop. Clin. North Am., 1980;
11: 334–340.

200. Neviaser, R.J. Painful shoulder conditions. Clin. Orthop., 1983; 173: 63–69.
201. Patton, W.C. and McCluskey, G.M., III. Biceps tendinitis and subluxation. Clin. Sports Med., 2001;

20: 505–529.
202. Pfahler, M., Branner, S., and Refior, H.J. The role of bicipital groove in tendopathy of the long

biceps tendon. J. Shoulder Elbow Surg., 1999; 8: 419–424.
203. Post, M. and Benca, P. Primary tendinitis of the long head of the biceps. Clin. Orthop., 1989; 246:

117–125.
204. Slatis, P. and Aalto, K. Medial dislocation of the tendon of the long head of the biceps brachii. Acta

Orthop. Scand., 1979; 50: 73–77.
205. Smith, D.L. and Campbell, S.M. Painful shoulder syndromes: diagnosis and management. J. Gen.

Intern. Med., 1992, 7: 328–339.
206. Uhthoff, H.K. and Sarkar, K. Classification and definition of tendinopathies. Clin. Sports Med.,

1991; 10: 707–720.
207. Veldman, P.H. and Gortis, R.J. Shoulder complaints in patients with reflex sympathetic dystrophy

of the upper extremity. Arch. Phys. Med. Rehabil., 1995; 76: 239–242.
208. Walch, G., Boilean, P., Noel, E., Liotard, J.P., and Dejour, H. Traitement chirurgical des epaules

doulouremses par lesions de la coiffe et du long biceps en fonction des lesions. Reflexions sur le
concept de Neer. Rev. Rheum. Mal. Osteo-Articulaires, 1991; 58: 247–257.

209. Wober, W. et al. Comparative efficacy and safety of the non-steroidal antiinflammatory drugs nime-
sulide and diclofenac in patients with acute subdeltoid bursitis and bicipital tendinitis. Int. J. Clin.
Pract., 1998; 52: 169–175.

210. Zuckerman, J.D. et al. The painful shoulder: Part II. Intrinsic disorders and impingement syndrome.
Am. Fam. Physician, 1991; 43: 497–512.

1428_C03.fm  Page 83  Wednesday, July 2, 2003  7:49 AM



1428_C03.fm  Page 84  Wednesday, July 2, 2003  7:49 AM



 

85

 

4

 

Elbow

 

I. HUMERAL EPICONDYLITIS (TENNIS ELBOW)

 

Humeral epicondylitis is an enthesitis that manifests at the origin of the forearm extensors on the
lateral epicondyle (lateral or radial epicondylitis), or at the origin of the forearm flexors and pronator
teres on the medial epicondyle (medial or ulnar epicondylitis).

 

A. H

 

ISTORY

 

The first description of symptoms related to epicondylitis was given in 1873 by the German
physician Runge,

 

31

 

 who associated this condition with extended use of the arm in writing. In 1882,
Morris used the phrase 

 

lawn tennis arm.

 

 A year later, Mayor

 

31

 

 introduced the term 

 

tennis elbow

 

in a paper in the 

 

British Medical Journal.

 

 In 1896, a German study documented symptoms of
lateral epicondylitis in workers in a variety of occupations, including bricklayers, carpenters,
plumbers, bakers, shoemakers, and violinists.

 

11

 

 Bernhard

 

31

 

 first noted the correlation between
tenderness and pain and the excessive use of the forearm extensors.

 

 

 

In 1910, Franke introduced
the term 

 

humeral epicondylitis.

 

27

 

Lateral epicondylitis occurs seven to ten times more frequently than medial epicondyli-
tis.

 

25,26,67,94,98,128,130,138

 

 Humeral epicondylitis is equally common in both sexes, manifests usually
between the ages of 30 and 50, and occurs four times more frequently in individuals in their 40s.
The dominant arm is most often affected. Bilateral involvement is rare.

Lateral epicondylitis is commonly called 

 

tennis elbow,

 

 whereas medial epicondylitis has a
variety of names: synonimes epitrochleitis, javelin thrower’s elbow, and pitcher’s elbow. Some
authors

 

16,35 

 

have called both lateral and medial epicondylitis tennis elbow. Nirschl recognizes lateral
epicondylitis as 

 

lateral tennis elbow,

 

 medial epicondylitis as 

 

medial tennis elbow,

 

 and triceps
tendinitis as 

 

posterior tennis elbow.

 

78–82

 

Although humeral epicondylitis is referred to in medical nomenclature by a number of names
associated with different sports, in 95% of the cases in clinical practice it is encountered as an
occupational hazard in nonathletes, primarily computer users, bricklayers, shoemakers, cooks, truck
drivers, surgeons, dentists, and in other workers who perform repeated contractions of the extensor
and supinator muscles (in lateral epicondylitis) or flexor and pronator muscles (in medial epi-
condylitis). In fact, tennis elbow is usually caused by activities other than tennis.

 

83,90,112

 

 Professions
in which repeated contractions are performed against a resisting force are particularly prone to
development of humeral epicondylitis. In athletes, who account for 5% of the cases in clinical
practice, humeral epicondylitis is most often found in tennis players, javelin throwers, bowlers,
fencers, golfers, rock climbers, hockey players, and handball players.

 

17,18,21,37,43,51,74,95,100,115,117,121

 

Allander

 

2

 

 reported an incidence of 1 to 5% of lateral epicondylitis in a population of 15,268
people between the ages of 31 and 74. In a group of women between the ages of 42 and 46 years,
he reported an incidence of 10%, which is remarkably high when compared to the annual incidence
of 1% or less. According to Verhaar

 

124

 

 epidemiological studies show an incidence of tennis elbow
between 1 and 2%. The prevalence of tennis elbow in women between 40 and 50 years of age is
10%. Half the patients with tennis elbow seek medical attention. Luopajaravi et al.

 

72

 

 reported on
a risk-prone population of factory workers and sales assistants with an average age of 39 years.
The incidence was 3%. Kivi

 

61

 

 studied a population of 7600 manual workers and diagnosed humeral
epicondylitis in 88 workers (50 males and 38 females). Lateral epicondylitis was diagnosed in 74
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workers (84%), and medial epicondylitis was diagnosed in 14 cases (16%). The mean age of the
afflicted workers was 43 years.

A study performed by Gruchow and Palletier

 

45

 

 analyzed 532 tennis players (278 males and
254 females), between the ages of 20 and 60 years. Their results indicated that age and the amount
of daily playing time are correlated to the development of lateral epicondylitis and that the incidence
and recurrence of symptoms rises proportionally with age. Lateral epicondylitis was diagnosed in
24.8% of the players under 40 years of age and in 57.4% of the players older than 40 years. Further
analysis showed that players older than 40 years are twice as likely to develop tennis elbow when
compared to players younger than 40 years and that players older than 40 years who play more
than 2 h/day on average have a 3.5 times greater risk of developing lateral epicondylitis. Their
study indicated no significant difference between the incidence and recurrence of symptoms with
regard to the weight of the racket and the material from which it is made. However, some authors
believe that the increased incidence of tennis elbow in players is directly attributable to the materials
from which modern rackets are made. With wooden rackets, vibrations that occur when the ball is
hit tend to be absorbed, whereas modern rackets, which are made from metal, graphite, and
fiberglass, do not absorb vibrations as effectively.

 

135

 

 The grip size of the racket can also be a cause
for development or recurrence of tennis elbow. A grip larger than 4

 

1

 

/

 

2

 

 in. can lead, especially in
older players, to the development of lateral epicondylitis. The grip strength in patients with tennis
elbow is influenced by elbow position.

 

29

 

 Some authors emphasize that players with more playing
experience have a higher incidence of tennis elbow, which they attribute to the greater amount of
daily playing time of experienced players. In contrast, Nirschl’s

 

81

 

 study shows that inexperienced
tennis players have a higher incidence of tennis elbow because of improper stroking technique.
Priest et al.

 

97

 

 analyzed the incidence of humeral epicondylitis in a population of tennis players and
obtained results similar to those of Gruchow and Palletier

 

45

 

 with one interesting exception. Their
study showed that professional and semiprofessional tennis players had a higher incidence of medial
epicondylitis, which they attributed to the strenuous movements those players performed while
serving. O’Dwyer and Howie

 

84

 

 reported on 95 cases of medial epicondylitis in 83 patients and
found 90% were related to work and only 10% to sport or leisure activities. Surgery was needed
in 12%, which compared with less than 4% of patients with lateral epicondylitis over the same
period. The results of open release of the common flexor origin were good, with only one exception.

 

B. E

 

TIOPATHOGENESIS

 

To understand the development of lateral epicondylitis, consider the backhand stroke in tennis.
While performing this stroke, the forearm extensors are contracted to stabilize the wrist and to hold
the racket. Repetitive concentric contractions, which occur if the stroke is improperly performed,
shorten these muscles as they maintain tension to stabilize the wrist and produce a force that is
transmitted via the muscles to their origin on the lateral epicondyle. These repetitive concentric
contractions produce chronic overload of the bone–tendon junction, which in turn leads to decreased
vascularization of the junction and overstimulation of free nerve endings. An aseptic inflammatory
reaction results.

To understand the development of medial epicondylitis, consider the mechanics of baseball
pitching. The specialized technique used in baseball pitching produces a large valgus stress across
the elbow, which leads to overstretching of the medial collateral ligament and tension in the
bone–tendon junction of the muscles that have their origin on the medial epicondyle. Baseball
pitchers, while throwing the ball, extend the arm at the elbow; at the same time, they pronate the
forearm and produce a palmar flexion of the wrist just prior to releasing the ball to obtain horizontal
control of the pitch. Constant repetition of this movement in practice and competition can result in
strain of the medial collateral ligament or overuse of the forearm flexors and pronator teres.

In all cases of lateral epicondylitis, the origin of the extensor carpi radialis brevis muscle is
afflicted.

 

26,39,53,54,67,80,82

 

 The origins of the extensor digitorum communis and extensor carpi radialis
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muscles are affected in 35% of the cases. The extensor carpi ulnaris is rarely involved. In all cases
of medial epicondylitis, the origins of the pronator teres and flexor carpi radialis muscles are
affected, whereas the origin of the flexor carpi ulnaris muscle is affected in only 10% of the
cases

 

63,80,82

 

 (Figure 4.1).
Coonrad and Hooper

 

25

 

 have theorized that macroscopic or microscopic tears in the muscle
origin are the likely cause of symptoms in tennis elbow, and Kibler

 

59

 

 considers tennis elbow a
consequence of gradual degeneration on a cellular and tissue level. We do not agree. In our opinion,
the sequence of events is that overuse leads to avascularization of the affected muscle origin, which
leads to overstimulation of the free nerve ends and results in aseptic inflammation. Further repetition
of offending movements causes angiofibroblastic hyperplasia of the origin. Then in the final stage,
partial or complete rupture of the tendon occurs. Angiofibroblastic hyperplasia prevents healing,
allowing the aseptic inflammation to continue with ultimate damage to the tendon origin. Nirschl
states that the degree of angiofibroblastic hyperplasia is correlated to the duration and severity of
symptoms.

 

79–81

 

 The afflicted tendon origin is gray and resembles immature fibrous tissue; it is shiny,
edematose, and easily crumbles. Histological analysis reveals the characteristic invasion of fibro-
blasts and vascular tissue, which is the typical picture of angiofibroblastic hyperplasia. Regan et al.

 

99

 

compared the histopathologic features from 11 patients who were treated surgically for lateral
epicondylitis to similar tissue from 12 cadaveric specimens. The surgical specimens were interpreted
as abnormal in all 11 specimens, and all 12 of the control specimens were reported as being without

 

FIGURE 4.1

 

Muscle insertion sites from the (A) ulnar and (B) radial epicondylus of the ulna. (A) 1: Epi-
condylus ulnaris (medialis); 2: pronator teres muscle; 3: flexor carpi radialis muscle; 4: flexor digitorum
superficialis muscle; 5: flexor carpi ulnaris muscle; 6: palmaris longus muscle.

 

 

 

(B) 1: Epicondylus radialis
(lateralis); 2: brachioradialis muscle; 3: extensor carpi radialis brevis muscle; 4: extensor carpi radialis longus
muscle; 5: extensor digitorum communis muscle; 6: retinaculum extensorum.
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histologic abnormality. Vascular proliferation was present in 10 of the 11 surgical patients, and
focal hyaline degeneration was recorded in all 11 of the surgical specimens. These data suggest
that chronic refractory lateral epicondylits is a degenerative rather than an inflammatory process.
This may account for the lack of response to rest and anti-inflammatory medication. Ljung et al.

 

71

 

consider that substance P and calcitonin gene-related peptide expression at the origin of the extensor
carpi radialis brevis muscle have implications for the etiology of tennis elbow.

 

C. C

 

LINICAL

 

 P

 

ICTURE

 

 

 

AND

 

 D

 

IAGNOSTICS

 

The main symptoms consist of pain and tenderness at the lateral epicondyle (in lateral epicondylitis)
or at the medial epicondyle (in medial epicondylitis). In most cases, pain is characterized by a
gradual onset that, after prolonged repetition of provoking movements, intensifies to the level of
severe pain, restricting basically all activity. A sudden onset of pain is usually associated with one
very strenuous movement, i.e., when throwing a heavy object. In lateral epicondylitis, tenderness
is produced by palpation on the extensor muscles origin on the lateral epicondyle. In some cases,
the pain can spread along the radial side of the forearm to the wrist and, in rare cases, even to the
third and fourth fingers. The pain can be very intense, preventing the patient from turning a key in
a lock or even picking up a pencil.

According to Warren,

 

130

 

 there are four stages in the development of this injury with regard to
the intensity of the symptoms.

1. Faint pain a couple of hours after the provoking activity.
2. Pain at the end of or immediately after the provoking activity.
3. Pain during the provoking activity, which intensifies after ceasing that activity.
4. Constant pain, which prohibits any activity.

During physical examination, pain is provoked by palpation on the extensor muscle origin on
the lateral epicondyle. The pain will typically intensify if the patient extends the elbow while the
examiner palpates the tender area.

The following tests are used to improve localization of the exact area of tenderness and to
achieve a better assessment of the intensity of the pain on the lateral epicondyle:

1. Extending the wrist against resistance while the forearm is in full pronation and extended
at the elbow; produces pain at the lateral epicondylar origin. This test was described by
Mills

 

11

 

 in 1928.
2. Extending the middle finger against resistance with the forearm in pronation and the

elbow extended; produces pain in the same area. This test was described by Roles and
Maudsley

 

103

 

 (Figure 4.2).
3. The “chair test.” This test employs a small chair weighing approximately 4 kg with an

opening on the seat of the chair. The patient pushes his or her fingers through the opening
and attempts to lift the chair with an extended elbow and pronated forearm. The pain
will usually appear during the act of lifting. Failing that, the patient should further extend
the wrist, and if the test is positive, the pain will either appear for the first time or intensify.

4. Gardner’s “stress test.”

 

40

 

 The examiner tries to flex the patient’s wrist against the force
of the patient’s contracted extensor muscles. The elbow is in extension and the forearm
in full pronation. In lateral epicondylitis, flexion and extension are usually complete.
However, in some chronic cases, hypertrophy of the extensor muscles is visible, and the
patient will lack 5 to 15

 

∞

 

 of wrist extension.

 

11,19,81,82,138

 

Other test strategies are also useful. An electromyographic analysis and an investigation of
intervention strategies have been attempted in patients with lateral or medial epicondylitis of the
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elbow.

 

41,57,101

 

 Routine anteroposterior and lateral elbow radiographs are usually normal. Calcification
of the soft tissues about the lateral epicondyle is occasionally present. Leach and Miller

 

67

 

 reported
an incidence of 22% and Pomerance

 

96

 

 of 16% of cases with calcification in a studied population
suffering from lateral epicondylitis. MR imaging evaluation is very useful in diagnosis and espe-
cially in differential diagnosis in patients with lateral or medial epicondylitis of the
elbow.

 

14,23,34,37,49,50,88,91,116,119

 

 Sonographic examination

 

24

 

 and laser Doppler imaging

 

32

 

 are recom-
mended for investigating epicondylitis. Thermography of the afflicted elbow can be a very useful
aid in diagnosing lateral epicondylitis.

 

9,63,108,122

 

 Binder et al.

 

9

 

 reported that thermography of the
afflicted elbow in 53 out of 56 patients (95%) with diagnosed lateral epicondylitis demonstrated a
localized area of greater heat (“hot spot”) near the lateral epicondyle with a center that is 1 to 3

 

∞

 

C
higher than the normal isotherm.

In medial epicondylitis, the area of greatest tenderness is located at the origin of the flexor
muscles on the medial humeral epicondyle. In some cases, the pain radiates along the ulnar side
of the forearm to the wrist and occasionally even into the fingers. Grip strength is diminished and
provokes pain. During physical examination, resisted flexion of the wrist with the elbow extended
and the forearm in supination will produce pain in the medial epicondyle area.

 

11,67,138

 

 In chronic
medial epicondylitis, muscle function and pain measures show a lesser impaired function of the
arm than in chronic lateral epicondylitis.

 

92,93

 

Medial epicondylitis in a throwing athlete is differentiated from a chronic medial ligamentous
strain by placing the wrist in flexion and the forearm in pronation and then gently applying a valgus
stress to the slightly (10 to 20

 

∞

 

) flexed elbow. If done gently, this should not be painful if the
problem is medial epicondylitis alone. With medial collateral ligament strain or partial rupture, the
test will be painful and may demonstrate, in cases of rupture, medial instability of the elbow.

A biomechanically based evaluation framework can be used to document all the clinical
symptoms.

 

60

 

D. D

 

IFFERENTIAL

 

 D

 

IAGNOSIS

 

In cases of lateral epicondylitis resistant to non-operative treatment, differential diagnosis must
take into account radial tunnel syndrome, which some authors call 

 

resistant tennis elbow.

 

48,103

 

 The
radial tunnel, with a length less than 5.0 cm, begins proximally at the level of the capitellum of
the humerus, which is its posterior wall, and continues to the distal end of the supinator muscle.
There are five possible causes of compression in this tunnel: (1) abnormal fibrous band in front of
the radial head, (2) a “fan” of radial recurrent vessels, (3) the sharp tendinous origin of the extensor
carpi radialis brevis, (4) the arcade of Frohse, and (5) a fibrous band at the distal edge of the

 

FIGURE 4.2

 

Extension test for the flexed middle finger in the metacarpophalangeal joint against resistance.
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supinator muscle. The most common cause of compression is a fibrous arcade of Frohse. Ritts
et al.

 

102

 

 reported that the arcade of Frohse was the cause of 69.4% of the cases of radial tunnel
syndrome. Spinnerr’s research

 

89 

 

shows that the arcade of Frohse is absent in fetuses and that only
30% of the mature population have it. Some authors differentiate compression at the arcade of
Frohse as a separate syndrome, which they call the 

 

supinator muscle syndrome.

 

10,22,89

 

In radial tunnel syndrome, there may be a spectrum of complaints, including pain, paresthesias,
and weakness. Motor deficit is not nearly as common as in posterior interosseous nerve syndrome.
The most common symptom is a dull pain in the posterolateral area of the forearm, which sometimes
spreads to the dorsal side of the wrist. The pain increases during repeated movements of pronation
and extension of the forearm if the wrist is palmarly flexed.

Physical examination must include carefully localizing the point of tenderness. Maneuvers that
aggravate or reproduce the patient’s symptoms should be carried out, and the most useful test is
resisted forearm supination (with the elbow in flexion of 90

 

∞

 

 and the forearm in full pronation).
This maneuver will worsen or reproduce the symptoms. Extension of the middle finger against
resistance with the elbow in complete extension may result in similar symptoms, but not with the
same frequency as the resisted forearm supination test.

Although the clinical features of radial tunnel syndrome are quite characteristic, it is often
confused with lateral epicondylitis. Werner

 

132 

 

reported that the radial tunnel syndrome is found with
lateral epicondylitis in 5% of the cases; in contrast, Beenisch and Wilhelm

 

10

 

 reported that preoperative
tests found supinator muscle syndromes together with lateral epicondylitis in 53% of their patients.

Differential diagnostics of medial epicondylitis should also take into account compressive
neuropathy of the median and ulnar nerves in the area of the elbow.

 

52

 

The median nerve is vulnerable to compression as it passes under the lacertus fibrosis or bicipital
aponeurosis, through the opening between the heads of the pronator teres muscle, through one of
the heads of the pronator teres muscle (pronator teres syndrome), and below the fibrous arch of
the flexor digitorum superficialis muscle in which case the anterior interosseous nerve is affected
(anterior interosseous syndrome or Kiloh-Nevin syndrome).

 

55,89

 

 Compressive neuropathy of the
median nerve in the elbow area is usually characterized by a dull, diffuse pain in the proximal part
of the forearm, which increases during activity and typically decreases when resting.

 

55

 

 The area of
greatest tenderness is usually located above the point of compression.

The ulnar nerve is vulnerable to compression in the elbow area as it passes through the ulnar
groove or between the two heads of the flexor carpi ulnaris muscle (cubital tunnel syndrome).

 

38,43,89

 

The early stages of ulnar nerve entrapment of the elbow are characterized by paresthesias on the
ulnar aspect of the forearm and in the ring and small finger. Sensory changes definitely precede
motor changes; however, a careful evaluation of the intrinsic musculature of the hand is essential
to detect any weakness. Because of the functional ceasing of the adductor pollicis muscle, Froment’s
symptom appears. This symptom is characterized by flexion in the interphalangeal joint of the
thumb when the patient tries to grip a piece of paper between thumb and forefinger. The same
symptoms can be caused by dislocation of the ulnar nerve (luxatio nervi ulnaris) from its groove
during elbow flexion. The dislocation can be caused by the shallowness of the groove due to the
ripping of the epicondylo-olecranon ligament, the valgus position of the elbow, or congenital
abnormalities of the humeral epicondyles. During flexion and extension of the elbow, the nerve
slips from its groove and slides toward the volar. In most cases, it is squeezed against the medial
epicondyle, leading to compression and stretching of the nerve.

Nirschl

 

80–82

 

 has reported on associated medial epicondylitis with compressive neuropathy of
the ulnar nerve (in 60% of his cases), that differential diagnosis should always take into account
the possibility of ulnar nerve compression whenever a patient localizes the area of greater pain in
the vicinity of the ulnar groove. This is especially important in cases with unstable medial collateral
ligaments. According to Grana

 

43

 

 medial epicondylitis and ulnar nerve problems are common in the
throwing athlete, resulting from the tremendous valgus stress that occurs during the acceleration
phase of pitching.
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E. T

 

REATMENT

 

The wide variety of treatments, especially such non-operative treatments as local injection treat-
ment,

 

4,5,47,73,109,110,113,126

 

 laser therapy,

 

8,120

 

 acupuncture,

 

33,75

 

 shock waves, 

 

62,64,104,105,129

 

 ban-
dage,

 

107,111,136

 

 glycosaminoglycan polysulfate injection,

 

1

 

 treatment with fluoroquinolone antibiot-
ics,

 

68

 

 or with botulinum toxin,

 

76

 

 or with topical diclofenac,

 

15

 

 stretching exercises,

 

92,111

 

 coupled with
the published results, indicates that as yet, no definite type of treatment is universally endorsed
including the wide variety of surgical treatments. Endoscopic (arthroscopic) therapy

 

6,44,87

 

 or percu-
taneous release of the common extensor origin for tennis elbow

 

46,137

 

 are becoming more common
in clinical practice.

 

1. Non-Operative Treatment

 

Our approach to non-operative treatment is based on the following principles: relieving pain,
controlling inflammation, and monitoring further activity. Following these principles, we have
compiled a program for non-operative treatment of lateral epicondylitis, which we have divided
into three phases. The therapy should start as soon as possible, ideally, as soon as the first symptoms
appear. One of the most common mistakes is to ignore the early symptoms and continue on as
before, repeating offending activities with the same intensity. We agree with Solveborn,

 

112

 

 “The
earlier the treatment, the better.”

 

a. The First Phase

 

Eliminating painful activities and resting from work or athletic activities are the most important
aspects of this phase. While avoiding painful activities, the patient should continue to perform
normal, active movements with other parts of the symptomatic extremity to avoid stiffness and
other complications. Of oral nonsteroidal anti-inflammatory agents, we generally recommend agents
from the oxicamic family (piroxicam) administered in the highest daily doses.

Icing or other types of cryotherapy should be applied three times per day for 15 min. This
lessens the pain by reducing the conductibility of the sensory nerves. Ice also reduces the inflam-
matory response by decreasing the level of chemical activity and by vasoconstriction, which reduces
the swelling. Elevation of the extremity is indicated if an edema of the wrist or fingers is present.
In this phase, we also recommend wearing a plastic splint for the wrist (“wrist splint”). A volar
splint with the wrist in 20

 

∞

 

 of extension will usually permit functional use of the hand while
preventing overuse of wrist extensors.

 

b. The Second Phase

 

The main feature of this phase is stretching exercises. The underlying principle of this phase is
that, by lengthening the tendon during relaxation, we can reduce its stretching during offending
movements. Stretching exercises for the extensor muscles of the wrist and fingers should be
performed in the following manner: Fully extend the elbow and palmarly flex the wrist. While
applying pressure with the other hand, increase the palmar flexion as much as possible but stop
at the first painful sensation (Figure 4.3). Remain in the point of maximum nonpainful extension
for a period of 15 to 25 s. This exercise is repeated four to five times a day with two series of
ten exercises in each session; the patient should always stop at the first sign of pain. In this phase
of therapy, the patient should also perform isotonic exercises, once a day, according to the
following plan:

1. Stretching exercises — Hold for 15 to 25 s; repeat 10 times.
2. Isotonic exercises — Perform three series of 15 repetitions.
3. Stretching exercises — Hold for 15 to 25 s; repeat 10 times.
4. Icing — Massage the tender area with ice or crushed ice for 10 to 15 min.
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Isotonic exercises are performed in the following manner: Place the forearm on a table in a
position of full pronation with the wrist hanging over the edge; in this position, perform extension
and flexion movements of the wrist. In the beginning phase, the patient should perform the exercise
slowly, counting to six after each flexion (the eccentric phase of contraction) and to three after
each extension of the wrist (the concentric phase of contraction). When these movements become
painless, the patient should gradually increase the speed and resistance. Increasing the speed of the
exercises has the effect of increasing the loading on the tendon, while the gradual increase of
outside resistance leads to progressive strain of the tendon, resulting in an increase of its stretching
strength. The outside resistance is accomplished by lifting small weights — at first 0.5 kg, and
then slowly progressing to 5 kg. The maximum weight should not exceed 10% of the patient’s
body weight.

As already noted, besides stretching and isotonic exercises, the patient should also perform
isometric exercises. A good example is the following: Place a rubber band around the gathered
fingers and thumb; then perform extension of the fingers against force. The exercise is repeated
three times a day with 50 repetitions in each series while gradually increasing the tightness of the
rubber band. A second useful exercise is to extend the arm at the elbow and abduct the forearm to
a horizontal position. An elastic tube or tennis ball is placed in the hand and the patient proceeds
to squeeze the object alternately with greater and lesser strength. This exercise is begun in the third
week of treatment and is performed three times a day with 50 repetitions.

In the first 2 weeks of therapy, stimulation by high-voltage galvanic stimulator is also admin-
istered. This produces a piezoelectric effect that promotes tissue healing and enhances localized
blood flow. In some patients, it also creates an analgesic effect.

Once all offending movements become painless, the patient can return to his or her normal
daily activities. However, heavy physical work and athletic activities should be avoided. In all
activities, the patient should wear a non-elastic elbow brace (“counterforce brace”) (Figure 4.4).
This brace plays the role of a secondary muscle attachment site and relieves tension on the
attachment at the lateral epicondyle. The brace is applied firmly around the forearm (below the
head of the radius) and is tightened enough so that, when the patient contracts the wrist extensors,
he or she does not fully contract the muscles. Schauss et al.

 

107

 

 on the basis of an experimental study
concluded that to be effective these bandages must, from a technical standpoint, be of a strap
construction to build up adequate pressures. This phase lasts for 6 to 8 weeks. If the pain recurs
or worsens, the intensity of the exercise program is reduced. If the pain persists, the patient is
returned to the first phase of treatment. Lewis et al.

 

70

 

 investigated effects of manual work on recovery
from lateral epicondylitis.

 

FIGURE 4.3

 

Passive stretching of the extensor muscles of the lower arm.
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c. The Third Phase

 

The patient gradually returns to all activities, but continues to perform stretching exercises and to
strengthen the affected muscle groups. A non-elastic elbow brace should be worn during all
strenuous activities.

Recurrence of the symptoms is frequent if exercises are not repeated daily to increase the
resistance gradually. The patient should be made aware that before any athletic or strenuous activity
is undertaken, a long warm-up period of the affected muscle group, including stretching exercises,
is necessary. Once the activity is finished, stretching exercises and cryotherapy must be performed.

To avoid recurrence in cases with work-related etiologies, patients should lighten the weight
of their work tools or reduce the frequency of the offending movements. Failing that, rest periods
should be increased and the time lengthened to allow relaxation of the muscles; this is to reduce
the risk of recurrence. With tennis players, prevention of lateral epicondylitis is accompanied by
correcting improper stroking techniques and methods of holding the racket, choosing the optimal
shape, material, and weight of the racket, enlarging the grip, and reducing racket string tension.

We believe that local corticosteroid injections should be avoided as long as possible and used
only in resistant cases that do not respond to more conservative measures. In these cases, as many
as three injections deep into the subcutaneous fat tissue can be administered. The injections should
not be repeated more than three times because the progressive response to each injection is reduced
and the risk of possible complications (subcutaneous atrophy, weakening of the surrounding tissues)
increases. Care must be taken not to administer the injection into the tendon because of the increase
in pressure in the bradiotroph tissue and because of the possibility of a tendon rupture, which is
an unwanted side effect.

Lateral epicondylitis is generally treated with physiotherapy or corticosteroid injections. Dutch
clinical guidelines recommend a wait-and-see policy. Smidt et al.

 

109

 

 compared the efficacy of these
approaches. They randomly assigned 185 patients and at 6 weeks, corticosteroid injections were
significantly better than all other therapy options for all outcome measures. Success rates were
92% compared with 47% for physiotherapy and 32% for wait-and-see policy. However, the

 

FIGURE 4.4

 

Various

 

 

 

types of

 

 

 

counterforce braces.
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recurrence rate in the injection group was high. Long-term differences between injections and
physiotherapy were significantly in favor of physiotherapy. Physiotherapy had better results than
wait-and-see policy, but differences were not significant. Solveborn et al.

 

113

 

 in a prospective, ran-
domized, double-blind study of tennis elbow treated 109 patients with a single injection of steroid
with either lidocaine or bupivacaine. The steroid injection treatment, regardless of which local
anesthetic was given, presented a typical pattern, with symptoms relieved quickly in weeks and
then deterioration for many patients at 3 months, indicating a tendency to recurrence. Patients who
had not been treated earlier in any way had a more favorable prognosis, as did those with a history
of epicondylalgia of up to 3 months. Verhaar et al.

 

126

 

 performed a prospective, randomized trial on
106 patients to compare the effects of local corticosteroid injections vs. physiotherapy as advocated
by Cyriax in the treatment of tennis elbow. They conclude that at 6 weeks, treatment with corti-
costeroid injections was more effective than Cyriax physiotherapy, and they recommend it because
of its rapid action, reduction of pain, and absence of side effects. In a recent published review
article Smidt et al.

 

110

 

 conclude that for short-term outcomes (6 weeks), statistically significant and
clinically relevant differences were found on pain, global improvement, and grip strength for
corticosteroid injection compared to placebo, local anesthetic, and conservative treatments. For
intermediate (6 weeks to 6 months) and long-term outcomes (more than 6 months), no statistically
significant or clinically relevant results in favor of corticosteroid injections were found. So, it is
not possible to draw a firm conclusion. Much better-designed, conducted, and reported randomized
controlled trials with intermediate and long-term follow-up are needed. An attempted meta-analysis
for the treatment of lateral epicondylitis showed that there were too many methodological differ-
ences to allow a quantitative meta-analysis.

 

66

 

 According to Chumbley et al.

 

20

 

 basic treatment
principles are described by the acronym PRICEMM: protection, rest, ice, compression, elevation,
medication, and modalities (physical therapy).

 

2. Surgical Treatment

 

The symptoms of humeral epicondylitis will prove to be resistant in 5 to 10% of patients. In those
cases, surgical treatment is indicated.

 

7,12,25,28,30,36,42,56,58,65,67,69,77–82,85,86,98,106,114,118,123,125,127,131,133,134,137

 

Surgical treatment is indicated when symptoms persist for longer than 6 months and significantly
disable the patient from performing normal working or athletic activities despite an adequately
carried out non-operative treatment. It is also indicated in cases with frequent recidives and
incomplete remissions. A relative indication may be present in athletes for whom the amount of
time spent out of competition can be crucially important. Different surgical techniques and their
modification have been proposed for treating humeral epicondylitis. A review of the literature shows
that the most commonly used techniques are modifications of the Hohmann and Bosworth methods.

When dealing with lateral epicondylitis, we use the following modification of the Hohmann
method. A curvilinear incision is made over the area of the lateral epicondyle. The deep antebrachial
fascia is incised, revealing the lateral epicondyle. The tendinous origin of the extensor carpi radialis
brevis muscle is part sharply and part bluntly freed from the lateral epicondyle. Using a surgical
chisel, the epicondyle is decorticated while the surrounding, less vital structures are excised.
Hemostasis is performed after which the wound is closed by layers. Postoperative immobilization
is carried out with six layers of sheet cotton and a light circumferential long arm cast with the
elbow at 90

 

∞

 

 and the wrist in functional position. Nirschl

 

79

 

 reported a 75% success rate using this
technique, and Stotz et al.

 

118 

 

reported a 65% success-to-failure ratio.
Recent knowledge into the etiopathogenesis of humeral epicondylitis has instigated Coonrad

and Hooper

 

25

 

 to develop a new operative method that has been slightly modified by Nirschl and
Pettrone.

 

79

 

 The procedure begins with a lateral 5-cm-long incision over the lateral epicondyle. The
deep fascia is incised and gently separated, revealing the tendinous origin of the common extensor.
Because the origin of the extensor carpi radialis brevis muscle is usually the affected site, the
extensor carpi radialis longus muscle is gently lifted to reveal the affected origin. Excision of the
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affected tendon origin of the extensor carpi radialis brevis muscle is performed, and in some cases,
part of the tendon origin of the extensor carpi radialis longus is excised as well. Excision of part
of the extensor digitorum communis muscle is very rarely indicated. When necessary, a small
opening is made through the synovium for inspection of the radiohumeral joint. Part of the
periosteum is removed using an osteotome, or four to five holes are drilled with a small drill down
to the spongeous bone. The tendons are then reattached at this site after previously being longi-
tudinally joined. The wound is closed by layers. Postoperative immobilization is carried out with
a light circumferential long arm cast with the elbow at 90

 

∞

 

 and the forearm in a neutral position.
Total elevation of the extremity above shoulder level is necessary for 3 days. Mobilization is
initiated after 5 to 7 days after which intense rehabilitation is begun. Nirschl and Pettrone

 

79

 

 reported
excellent results using this method without any residual pain contraction or loss of muscle strength
in 97.7% of their cases, and Coonrad

 

26 

 

reported excellent results obtained using this method in all
of his patients.

In the last 15 years, percutaneous tenotomy of the extensor muscles in lateral epicondylitis or
the flexor muscles in medial epicondylitis has been frequently performed.

 

7,42,46,123,137

 

 The procedure
is done in the following manner. The forearm is placed on the operating table in supination while
the elbow is in 90∞

 

 flexion. The posterior edge of the lateral epicondyle is palpated, and an
impression is made 1 cm from the edge toward the middle of the epicondyle on the skin with the
thumb. The skin and deeper tissue overlying the epicondyle are infiltrated with a local anesthetic.
Using a No. 11 blade (tenotome), a puncture incision is made through the skin to the bone, and
the tendinous origin of the common extensors is freed from the bone. The release is carried down
from the proximal to the distal portion of the epicondyle and parallel with the axis of the humerus.
The skin is closed with one stitch, and dry sterile dressing is placed on the wound.

A similar procedure is performed on the medial side of the elbow for medial epicondylitis.
When releasing the muscles, extreme caution must be taken to prevent damage to the ulnar nerve.
To avoid this complication, the index finger of the surgeon’s hand is kept in the ulnar groove during
the release. Baumgard and Schwartz7 reported excellent results in 91.4% of the patients on whom
a percutaneous tenotomy of the extensor muscles was performed and in 84% of the patients on
whom a percutaneous tenotomy of the flexor muscles was performed. Yeger and Turner137 performed
percutaneous tenotomy of the extensor muscles in 109 patients. In 102 of these (93.5%), the results
were excellent. The advantages of this operative method, as noted by different authors,7,42,46,137 lie
in the simplicity of the procedure. The procedure does not require hospitalization, entails very rare
postoperative complications, and allows a quick return to normal working activity (on average, 9
days). In athletes and manual workers, however, this procedure is not indicated, in our opinion,
because postoperative complications may reduce grip strength.

Anatomical and clinical research has shown that the entire lateral epicondylar region is
innervated only by radial nerve branches. Based on these investigations Wilhelm133,134 has devel-
oped a surgical procedure for complete denervation, which is indicated only in resistant cases of
tennis elbow. The results of this procedure also depend on simultaneous indirect decompression
of the posterior interosseous nerve. Excellent or good results were obtained in 90% on average.
Stangl and Freilinger114 use the same Wilhelm denervation operation in epicondylitis humeri
radialis. Epicondylar resection with anconeus muscle transfer for chronic lateral epicondylitis is
also recommended.3

Organ et al.86 undertook a retrospective analysis of 34 patients (35 elbows) who had undergone
prior failed surgical intervention for lateral tennis elbow. At revision surgery, findings included
residual tendinosis of the extensor carpi radialis brevis tendon in 34 of 35 elbows. Salvage surgery
included excision of pathologic tissue of the extensor carpi radialis brevis tendon origin combined
with excision of the excessive scar tissue and repair of the extensor aponeurosis when necessary;
83% of the elbows had good or excellent results at follow-up from 17 months to 17 years.

Today, arthroscopic (endoscopic) treatment of lateral epicondylitis is recommended.6,44,87

Arthroscopic release offers several potential advantages over open techniques. It preserves the
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common extensor origin by addressing the lesion directly. It allows for an intra-articular examination
for possible chondral lesions, loose bodies, and other disorders such as an inflamed lateral synovial
fringe. It also permits a shorter postoperative rehabilitation period and an earlier return to work.6

II. POSTERIOR IMPINGEMENT SYNDROME OF THE ELBOW

Repetitive, sudden, forceful extension of the elbow present in many athletic activities — baseball,
handball, tennis, and throwing sports — can lead to development of the posterior impingement
syndrome of the elbow.140,141,145,148,150 These movements are characterized by the violent collision
of the olecranon against the olecranon fossa. In addition to the posterior impingement syndrome
of the elbow, these movements can also lead to the development of triceps tendinitis, apophysitis
of the olecranon (which can be likened to Osgood-Schlatter disease), and stress fracture of the
olecranon (Figure 4.5). Awaya et al.139 describe MR imaging findings in patients with elbow syn-
ovial fold syndrome. A synovial fold extending from the posterior fat pad in the elbow is a frequent
finding on MR imaging. The patients present clinically with symptoms mimicking an intra-articular
body. The characteristic symptom of posterior impingement syndrome of the elbow is a sharp pain
that manifests when the elbow snaps into full extension during activity.140 The tenderness is localized
to the posterior or posterior medial side of the elbow. The patient also complains of reduced mobility,
i.e., inability to extend the elbow fully. Crepitations are frequent during movements of the elbow;
in some cases, “stiffness” and a diffuse pain accompanied by a swelling of the elbow are also

FIGURE 4.5 Triceps brachii muscle.
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present. During physical examination, pain is discovered over the posterior or posteromedial area
of the olecranon. Pain can also be induced with a strong passive extension of the elbow. The valgus
stress test of the elbow will also produce characteristic pain during the last 5 to 10∞ of elbow
extension. In cases of triceps tendinitis, pain will appear during extension against resistance.

Radiographic examination can show what movements provoke collision of the bony parts in
the elbow and existence or absence of loose bodies in the elbow. Radiographic examination will
also show bony osteophytes on the posteromedial aspect of the olecranon. Cortical thickening of
the olecranon fossa, which can be found in both symptomatic and asymptomatic patients, is
explained as a physiological adaptation of bone to repetitive stress. Ferrara et al.142–144 found that
plain film and ultrasound were sufficient for the detection of chronic lesions of the elbow. MRI
did not add significant findings.

Initial treatment consists of reducing stress to the elbow joint (relative rest) and alleviating the
pain, swelling, and inflammation. This is accomplished by temporarily ceasing athletic activities,
using nonsteroidal anti-inflammatory drugs, and icing the affected area. Taping, with the aim of
preventing full extension and valgus of the elbow (adhesive tape applied to the anterior side of the
elbow), can enable the patient to resume athletic activities without pain.

During rehabilitation, exercises that strengthen the elbow flexors (biceps, brachialis, and bra-
chioradialis) should be performed to prevent the maximal extension of the elbow. Stretching
exercises of the extensor muscles (triceps) should also be performed. According to Wilson et al.,151

good results from surgical treatment are short term, and clinical symptoms often recur. Surgical
treatment consists of removing the bony osteophytes, performing an osteotomy of the tip of the
olecranon, or performing a debridement of the olecranon and olecranon fossa. The last can be
performed arthroscopically.141,142,144–147,149,151

III. MEDIAL TENSION/LATERAL COMPRESSION SYNDROME

Medial tension/lateral compression syndrome is a term used to describe a complex of overuse
injuries of the elbow characterized by tenderness, reduced mobility, and the inability to throw a
ball without pain. Medial tension/lateral compression syndrome is caused by repetitive valgus stress
at the elbow.153,155,156,159–161 The act of throwing a ball causes a strong valgus stress, which leads to
stretching of the structures on the medial side of the elbow and at the same time to compression
of the lateral side of the joint. Because of this etiology and because of its high frequency in baseball
players, medial tension/lateral compression syndrome is also known in the medical literature as
pitcher’s elbow in mature athletes and Little League elbow in younger athletes (Figure 4.6).

The syndrome is characterized by extra-articular changes on the medial side of the elbow. In
most cases, these changes consist of enthesitis of the wrist flexors and pronator teres on the medial
epicondyle of the humerus (medial epicondylitis). Less common are ruptures of these muscles or
avulsion fracture of the medial epicondyle. Strain or rupture of the ulnar collateral ligament of the
elbow is another frequent symptom. In older athletes, a bony spike on the tip of the ulna (ulnar
traction spur) is sometimes found. Blohm et al.155 present a case of an acute traction apophysitis,
“Little League elbow,” in an adolescent badminton player. Some authors believe that compression
of the ulnar nerve in this area can also result from the same repetitive stretching movements.

On the lateral side of the elbow, compression causes intra-articular damage. Degenerative
changes of the elbow and loose bodies are characteristically found in older athletes, whereas
osteochondritis dissecans of the humeral capitulum is typical in younger athletes. Osteochondritis
results from repeated valgus stresses incurred while throwing a ball, but also from improper throwing
technique. Podesta et al.166 present a case of a 7-year-old Little League pitcher with the diagnosis
of distal humeral epiphyseal separation.

Radiographic examination is routinely used to diagnose osteochondritis (Figure 4.7). In the
beginning stages, a tomogram can also be indicated. Osteochondritis is seen as an area of greater
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radiolucency, fragmentation, and deformation of the capitellum.160 MR imaging allows clear depic-
tion of the muscles, tendons, ligaments, bones, cartilage, nerves, and vessels that compose the
elbow. MR arthrography can be a valuable supplementary technique for optimizing evaluation of
intra-articular structures, including the undersurfaces of the collateral ligaments.158,159 Arthroscopic
surgical treatment153,156 is the method generally preferred today when dealing with early stages of
osteochondritis; the aim is to prevent degenerative changes in the elbow, loose bodies, angular

FIGURE 4.6 Medial tension/lateral compression syndrome of the elbow.

FIGURE 4.7 Radiograph of a top-level gymnast with medial tension/lateral compression syndrome.
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deformation of the radial head, and reduced mobility. McManama et al.165 review 14 patients who
underwent elbow arthrotomy for osteochondritis of the capitellum. They conclude that after a failure
of conservative therapy surgical treatment, including removal of the intra-articular loose bodies,
excision of capitellar lesions, and curettage to bleeding bone, can be expected to produce pain relief
and improvement in joint motion. Kiyoshige et al.163 treated seven young male baseball players
with osteochondritis dissecans of the capitellum using closed-wedge osteotomy. This procedure
was established by Yosh in 1986 for treatment of Little League elbow.163 The follow-up study of
7 to 12 years revealed minimal osteoarthritic change and suggests that the treatment is useful for
such injuries.

On the posterior side of the elbow, the repetitive collisions of the olecranon against the olecranon
fossa produce degenerative changes on the olecranon — in most cases, a bony spur or loose joint
bodies. Lowery et al.164 report three cases of painful persistence of the olecranon epiphyseal plate
in adolescent pitchers. Tenderness of the tip on the medial side of the olecranon is diagnosed during
physical examination and must be considered in differential diagnosis. A typical symptom of this
syndrome, also known as posterior impingement syndrome, is a sharp pain felt during sudden,
passive extension in the elbow. Surgical treatment is indicated in most cases.
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28. C̆urković, B. and Domljan, Z. Radijalni epikondilitis. Lijec. Vjesn., 1982; 104: 362–364.
29. De Smet, L. and Fabry, G. Grip strength in patients with tennis elbow. Influence of elbow position.

Acta Orthop. Belg., 1996; 62: 26–29.
30. Dobyns, J.H. Musculotendinous problems at the elbow, in Surgery of the Musculoskeletal System,

McCollister, E.C., Ed. New York: Churchill Livingstone, 1983; 211–232.
31. Emery, S.E. and Gifford, J.F. 100 years of tennis elbow. Contemp. Orthop., 1986; 12: 53–58.
32. Ferrel, W.R., Balint, P.V., and Sturrock, R.D. Novel use of laser Doppler imaging for investigating

epicondylitis. Rheumatology (Oxford), 2000; 39: 1214–1217.
33. Fink, M. et al. Acupuncture in chronic epicondylitis: a randomized control trial. Rheumatology

(Oxford), 2002; 41: 205–209.
34. Fritz, R.C. MR imaging of sports injuries of the elbow. Magn. Reson. Imaging Clin. North Am.,

1999; 7: 51–72.
35. Froimson, A.I. Tenosynovitis and tennis elbow, in Operative Hand Surgery, Green, D.P., Ed. New

York: Churchill Livingstone, 1982; 1507–1521.
36. Friedlander, H.L., Reid, R.L., and Cape, R.F. Tennis elbow. Clin. Orthop., 1967; 51: 109–116.
37. Gaary, E.A., Potter, H.G., and Altchek, D.W. Medial elbow pain in the throwing athlete: MR imaging

evaluation. Am. J. Roentgenol., 1997; 168: 795–800.
38. Gabel, G.T. and Morrey, B.F. Operative treatment of medial epicondylitis. Influence of concomitant

ulnar neuropathy at the elbow. J. Bone Joint Surg. (Am.), 1995; 77: 1065–1069.
39. Garden, R.S. Tennis elbow. J. Bone Joint Surg., 1961; 43(B): 100–106.
40. Gardner, R.C. Tennis elbow: diagnosis, pathology and treatment. Clin. Orthop., 1970; 72: 248–253.
41. Glazebrook, M.A. et al. Medial epicondylitis. An electromyographic analysis and an investigation

of intervention strategies. Am. J. Sports Med., 1994; 22: 674–679.
42. Goldberg, G.D., Alroham, E., and Siegel, I. The surgical treatment of chronic lateral humeral

epicondylitis by common extensor release. Clin. Orthop., 1988; 223: 208–212.
43. Grana,W. Medial epicondylitis and cubital tunnel syndrome in the throwing athlete. Clin. Sports

Med., 2001; 20: 541–548.
44. Grifka, J., Boenke, S., and Kramer, J. Endoscopic therapy in epicondylitis radialis humeri. Arthros-

copy, 1995; 11: 743–748.
45. Gruchow, H.W. and Palletier, B.S. An epidemiologic study of tennis elbow. Am. J. Sports Med.,

1979; 7: 234–238.
46. Grundberg, A.B. and Dobson, J.F. Percutaneous release of the common extensor origin for tennis

elbow. Clin. Orthop., 2000; 376: 137–140.
47. Hay, E.M. et al. Pragmatic randomised controlled trial of local corticosteroid injection and naproxen

for treatment of lateral epicondylitis elbow in primary care. Br. Med. J., 1999; 319: 964–968.
48. Heyse-Moore, G.H. Resistant tennis elbow. J. Hand Surg., 1984; 9: 64–66.
49. Ho, C.P. Sports and occupational injuries of the elbow: MR imaging findings. Am. J. Roentgenol.,

1995; 164: 1465–1471.
50. Ho, C.P. MR imaging of tendon injuries in the elbow. Magn. Reson. Imaging Clin. North Am., 1997;

5: 529–543.

1428_C04.fm  Page 100  Wednesday, July 2, 2003  7:51 AM



Elbow 101

51. Holtzhausen, L.M. and Noakes, T.D. Elbow, forearm, wrist and hand injuries among sport rock
climbers. Clin. J. Sport Med., 1996; 6:196–203.

52. Howard, F.M. Controversies in nerve entrapment syndromes in the forearm and wrist. Orthop. Clin.
North Am., 1986; 17: 375–381.

53. Janda, J. and Koudela, K. Skelletmuskelbeteiligung bei der Enthesopatie des Epicondylus lateralis
humeri. Z. Orthop., 1988; 126: 105–107.

54. Jobe, F.W. and Ciccotti, M.G. Lateral and medial epicondylitis of the elbow. J. Am. Acad. Orthop.
Surg., 1994; 2: 1–8.

55. Johnson, R., Spinner, M., and Shrewsbury, M.M. Median nerve entrapment syndrome in the
proximal forearm. J. Hand Surg., 1979; 4: 48–51.

56. Kaplan, E.B. Treatment of tennis elbow (epicondylitis) by denervation. J. Bone Joint Surg., 1959;
41(A): 147–151.

57. Kelley, J.D. et al. Electromyographic and cinematographic analysis of elbow function in tennis players
with lateral epicondylitis. Am. J. Sports Med., 1994; 22: 359–363.

58. Khashaba, A. Nirschl tennis elbow release with or without drilling. Br. J. Sports Med., 2001; 35:
200–201.

59. Kibler, W.B. Pathophysiology of overload injuries around the elbow. Clin. Sports Med., 1995; 14:
447–457.

60. Kibler, W.B. Clinical biomechanics of the elbow in tennis: implications for evaluation and diagnosis.
Med. Sci. Sports Exerc., 1994; 26: 1203–1206.

61. Kivi, P. The etiology and conservative treatment of humeral epicondylitis. Scand. J. Rehabil. Med.,
1982; 15: 37–41.

62. Ko, J.Y, Chen, H.S., and Chen, L.M. Treatment of lateral epicondylitis of the elbow with shock
waves. Clin. Orthop., 2001; 387: 60–67.

63. Koudela, K. and Novak, B. Entezopatia epicondyli humeri lateralis: termographic a termometrie
loketniho kloubu. Acta Chir. Orthop. Traumatol. Cech., 1985; 52: 415–416.

64. Krischek, O. et al. Extracorporeal shockwave therapy in epicondylitis humeri ulnaris or radialis —
a prospective, controlled, comparative study. Z. Orthop. Ihre Grenzgeb., 1998; 136: 3–7.

65. Kurvers, H. and Verhaar, J. The results of operative treatment of medial epicondylitis. J. Bone Joint
Surg. (Am.), 1995; 77: 1374–1379.

66. Labelle, H. et al. Lack of scientific evidence for the treatment of lateral epicondylitis of the elbow.
An attempted meta-analysis. J. Bone Joint Surg. (Br.), 1992; 74: 646–651.

67. Leach, R.E. and Miller, J.K. Lateral and medial epicondylitis of the elbow. Clin. Sports Med., 1987;
6: 259–272.

68. Le Huec, J.C. et al. Epicondylitis after treatment with fluoroquinolone antibiotics. J. Bone Joint Surg.
Br. Vol., 1995; 77: 293–295.

69. Leppilahti, J. et al. Surgical treatment of resistant tennis elbow. A prospective randomised study
comparing decompression of the posterior interosseous nerve and lengthening of the tendon of the
extensor carpi radialis brevis muscle. Arch. Orthop. Trauma Surg., 2001; 121: 329–332.

70. Lewis, M. et al. Effects of manual work on recovery from lateral epicondylitis. Scand. J. Work Environ.
Health, 2002; 28: 109–116.

71. Ljung, B.O., Forsgren, S., and Friden, J. Substance P and calcitonin gene-related peptide expression:
the extensor carpi radialis brevis muscle origin: implication for the etiology of tennis elbow. J. Orthop.
Res., 1999; 17: 554–559.

72. Luopajaravi, T. et al. Prevalence of tenosynovitis and other injuries of the upper extremities in
repetitive work. Scand. J. Work Environ. Health, 1979; 5: 48–55.

73. Madan, S. and Jowett, R.L. Lateral epicondylalgia: treatment by manipulation under anesthetic and
steroid injection and operative release. Acta Orthop. Belg., 2000; 66: 449–454.

74. Maloney, M.D., Mohr, K.J., and El Attrache, N.S. Elbow injuries in the throwing athlete. Difficult
diagnoses and surgical complications. Clin. Sports Med., 1999; 18: 795–809.

75. Molsberger, A. and Hille, E. The analgesic effect of acupuncture in chronic tennis elbow pain. Br.
J. Rheumatol., 1994; 33: 1162–1165.

76. Morre, H.H., Keizer, S.B., and van Os, J.J. Treatment of chronic tennis elbow with botulinum toxin.
Lancet, 1997; 349: 1746.

1428_C04.fm  Page 101  Wednesday, July 2, 2003  7:51 AM



102 Overuse Injuries of the Musculoskeletal System

77. Neviaser, T.J. et al. Lateral epicondylitis: results outpatient surgery and immediate motion. Contemp.
Orthop., 1985; 11: 43–46.

78. Nirschl, R.O. Tennis elbow. Orthop. Clin. North Am., 1973; 4: 787–800.
79. Nirschl, R.O. and Pettrone, F.A. Tennis elbow. J. Bone Joint Surg., 1979; 61(A): 832–839.
80. Nirschl, R.P. Sports and overuse injuries to the elbow, in The Elbow and Its Disorders, Morrey, B.F.,

Ed. Philadelphia: W.B. Saunders, 1985; 309–341.
81. Nirschl, R.P. Tennis elbow (epicondylitis): surgery and rehabilitation of the professional athlete, in

AAOS Symposium on Upper Extremity Injuries in Athletes, Pettrone, F.A., Ed. St. Louis: C.V. Mosby,
1986; 244–265.

82. Nirschl, R.P. Prevention and treatment of elbow and shoulder injuries in the tennis player. Clin. Sports
Med., 1988; 7: 289–308.

83. Noteboom, T. et al. Tennis elbow: a review. J. Orthop. Sports Phys. Ther., 1994; 19: 357–366.
84. O’Dwyer, K.J. and Howie, C.R. Medial epicondylitis of the elbow. Int. Orthop., 1995; 19: 69–71.
85. Ollivierre, C.O., Nirschl, R.P., and Pettrone, F.A. Resection and repair for medial tennis elbow. A

prospective analysis. Am. J. Sports Med., 1995; 23: 214–221.
86. Organ, S.W. et al. Salvage surgery for lateral tennis elbow. Am. J. Sports Med., 1997; 25: 746–750.
87. Owens, B.D., Murphy, K.P., and Kulko, T.R. Arthroscopic release for lateral epicondylitis. Arthros-

copy, 2001; 17: 582–587.
88. Patten, R.M. Overuse syndromes and injuries involving the elbow: MR imaging findings. Am.

J. Roentgenol., 1995; 164: 1205–1211.
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Forearm and Hand

 

The wrist and hand comprise a large number of tendons and play an important role in work and
sports; thus, overuse injuries are quite common in these regions. The injuries are often characterized
by tendinitis or tenosynovitis.

 

6,21,26,58,90

 

 Principal symptoms are pain and tenderness in the affected
tendon or tendons. Pain increases with passive extension of the tendon or with contraction of the
appropriate muscle against resistance.

 

40 

 

The most common overuse injury of the wrist joint is known
as 

 

de Quervain disease

 

 and is characterized by inflammation of the tendons passing through the
fibro-osseous tunnel of the first dorsal compartment of the wrist at the level of the radial styloid,
i.e., m. abductor pollicis longus and m. extensor pollicis brevis. Flexor carpi ulnaris tendinitis is a
relatively common overuse wrist injury in athletes, whereas flexor carpi radialis tendinitis occurs
much more rarely. Rowers and weight lifters, to a greater degree than other athletes, often suffer
from intersection syndrome, also known as 

 

oarsman’s wrist.

 

 Dorsal radiocarpal impingement
syndrome is common in gymnasts, which, in sports medicine, is often referred to as 

 

gymnast’s
wrist.

 

 Trigger finger may also be included in overuse wrist syndromes. Long-term sports or working
activity may cause the development of nerve entrapment syndromes — carpal tunnel and Guyon’s
tunnel in particular.

Actually, overuse injuries of the forearm and hand are large problems for people who work
with computer keyboards (“crippled by computer”). The problem, more commonly known as

 

repetitive stress injury

 

 (RSI), now strikes an estimated 185,000 U.S. office and factory workers a
year. The cases account for more than half of U.S. occupational illnesses, compared with about
20% a decade ago.

 

I. DE QUERVAIN DISEASE

 

De Quervain disease implies inflammation of the tendons of the abductor pollicis longus muscle
and the extensor pollicis brevis muscle as they pass through the first dorsal compartment of the
wrist, about 3 cm proximal to the radial styloid (Figure 5.1). Thickening of tendinous membranes
leads to stricture of the lumen of the first carpal canal. Also, thickening of the tendons distally
from the narrowed compartment may often be noticed. After passing through the first carpal
compartment, the tendons bend at a certain angle, which is somewhat larger in females; this
angulation is accentuated by wrist ulnar deviation.

 

4

 

 As a result, frequent repetitive ulnar abduction
of the wrist causes irritation of tendons and their membranes. Naturally, irritation may be caused
by altered osseous surface of the radial styloid as well.

 

15

 

 In athletes, manual workers,

 

62,86

 

 physical
laborers, and especially drummers,

 

23

 

 in whom the activity of the thumb is particularly emphasized,
tenosynovitis of the first carpal compartment usually takes place. De Quervain disease develops
more often when engaging in racket sports (tennis, squash),

 

72,90

 

 but is also seen in athletic throwing
disciplines, volleyball,

 

10

 

 and rock climbing,

 

34,65

 

 as well as in pianists.

 

20,61

 

 The condition is more
common in females (seven to nine times) than in males because of the greater tendinous angulation
and greater range of ulnar wrist abduction in females. In 1895, de Quervain reported on five women
with stenosing tendovaginitis.

 

19,84

 

 However, in the 13th edition of 

 

Gray’s Anatomy

 

 (1893), there is
a description of identical changes in the first carpal compartment called 

 

washerwoman’s sprain.

 

46

 

According to Clarke et al.,

 

17

 

 the term 

 

stenosing tenovaginitis,

 

 or 

 

tenosynovitis,

 

 is a misnomer;
they argue that on the basis of histopathological investigations de Quervain disease is a result of
intrinsic degenerative mechanisms rather than extrinsic, inflammatory mechanisms.
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Clinically, pain is dominant with this condition, especially in the area of the radial styloid.

 

54

 

Patients also complain of pain on ulnar deviation and closing of the hand. Pain may radiate to the
proximal forearm or distally into the thumb. The pain becomes progressively worse so that patients
eventually are unable to use their hand. On physical examination, there is localized tenderness and
often soft-tissue swelling at the radial styloid. There may be palpable thickening, ganglion cyst
formation, and crepitus over the first dorsal compartment. Diagnosis is confirmed on the basis of
a positive Finkelstein’s test (Figure 5.2). In this maneuver, the patient’s wrist is passively ulnar-
deviated while the thumb is held adducted in the palm. A positive test is indicated by pain in the
region of the radial styloid. The test may also be positive in patients with basal thumb-joint
(carpometacarpal, scaphoidotrapeziotrapezoidal, or radioscaphoid joints) arthrosis or intersection
syndrome. To minimize false-positive tests, the ulnar deviation stress should be applied to the
metacarpal of the index finger. Only rarely can radiographic examination reveal irregularity of
osseous surface or thickening of the periosteum in the region of the first carpal compartment.

Even if de Quervain disease is also known as stenosing tendovaginitis, clinical finding of a
trigger thumb is extremely rare in this condition.

 

1,81

 

 Trigger thumb usually develops as the extensor
pollicis brevis tendon passes in a separate fibrous compartment through the first carpal canal.
Research has shown evidence of partial or complete septation of the dorsal compartment of the wrist
in about 40% of people

 

36,41

 

 and in Asians in 77.5% of wrists.

 

50

 

 This fact is important, especially in
view of operative treatment of de Quervain disease. In diagnosis of de Quervain disease it is possible
to use different diagnostic imaging techniques, i.e., ultrasonography,

 

27,51,57,76

 

 magnetic resonance
imaging,

 

28

 

 and scintigraphy,

 

70

 

 but ultrasound examination appears to be the most appropriate and

 

FIGURE 5.1

 

Muscles of the first three carpal tunnels. (1) extensor carpi radialis brevis muscle; (2) extensor
carpi radialis longus muscle; (3) extensor pollicis brevis muscle; (4) extensor pollicis longus muscle;
(5) abductor pollicis longus muscle.
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advantageous method as it reveals involvement of the sheaths and tendons in the simplest, most
complete, and least expensive manner. In differential diagnosis of de Quervain disease it is partic-
ularly important to identify an associated Wartenberg’s radial nerve entrapment syndrome.

 

44

 

Initial treatment is always non-operative and entails avoidance of aggravating activity, reduction
of overall activity, and administration of nonsteroid anti-inflammatory medication.

 

9

 

 Immobilization
of the forearm, wrist, and thumb (to the distal interphalangeal skin fold) in a splint (the so-called
thumb spica splint) causes symptoms to disappear in more than 70% of patients.

 

89

 

 Local adminis-
tration of corticosteroids and anesthetics into the first carpal compartment is also part of non-
operative treatment.

 

5,43,63,67,82,93

 

 This brings dramatic relief, although unfortunately only temporarily,
as it cannot prevent the disease from recurring. Generally, steroid injections should be limited to
two or three injections over a 6-month period; usually, the second and third injections are less
effective than the initial one. In an advanced stage of de Quervain disease, characterized by marked
stenosis and thickening of tendinous membranes, surgical treatment is the only recourse avail-
able.

 

2,3,33,52,74,83,88,92

 

 Surgery consists of decompression and release of the first dorsal compartment
and also obligatory removal of the altered segments of tendinous membranes. Either a transverse
or longitudinal incision may be used. Care should be taken to avoid any undue traction on the
radial sensory nerve. The compartment should be released on its dorsal aspect to prevent subluxation
of the tendons volarly with the thumb motion. Failure of surgical treatment is usually ascribed to
inability to identify such possible anatomic abnormalities as the presence of a separate fibro-osseous
canal for each tendon or the presence of multiple tendons of the abductor pollicis longus muscle.

 

48

 

Quite often during surgery only the abductor pollicis longus tendon is decompressed while the
extensor pollicis brevis tendon remains intact in its separate compartment; this is the most common
cause of repetitive complaints. Wetterkamp et al.

 

83

 

 within a period of 6 years operated on 109
patients with de Quervain disease. Of the patients, 82% recovered completely and 18% had slight
residual complaints, e.g., stress-dependent discomfort and irritations of the superficial radial nerve.
For treatment of recurrent de Quervain tendonitis Wilson et al.

 

88

 

 used the distally based radial
forearm fascia-fat flap to create a fascial tube. In a study of Ta et al.

 

74

 

 the cure rate of surgery,
defined as the percentage of patients without postoperative complication, was 91%, with 88% of
patients indicating full satisfaction.

 

II. TENOSYNOVITIS OF OTHER DORSAL COMPARTMENTS

 

In addition to the first dorsal compartment, tenosynovitis may develop in all other dorsal compart-
ments of the wrist (Figure 5.3). Most often this occurs in the sixth compartment through which

 

FIGURE 5.2

 

Finkelstein’s test.
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the extensor carpi ulnaris tendon passes,

 

18,71

 

 and second most often in the second compartment
through which the extensor carpi radialis longus and brevis tendons pass. Tenosynovitis in the
second carpal compartment should not be mistaken for oarsman’s wrist (intersection syndrome).
Tenosynovitis of the fourth and fifth carpal compartment is extremely rare. Individuals presenting
with extensor tenosynovitis and lacking a history of direct trauma or overuse should be evaluated
for systemic inflammatory disease, such as rheumatoid arthritis. Signs of fourth-compartment
tenosynovitis included dorsal wrist pain with normal wrist motion, localized swelling, and tender-
ness over the fourth dorsal compartment. Conservative treatment may fail owing to intrusion of an
anomalous muscle belly into the fourth dorsal compartment. The musculotendinous junction of the
extensor indicis proprius protrudes into, or entirely through, the fourth dorsal compartment in 75%
of individuals.

 

23

 

 Ritter and Inglis

 

64

 

 first reported hypertrophy of this muscle and secondary teno-
synovitis in two athletes. Swelling distal to the extensor retinaculum may be a manifestation of
hypertrophy of an extensor digitorum brevis manus muscle. This rare muscle originates from the
wrist capsule or the base of the metacarpals and inserts into the extensor hood of the index and
middle fingers. Tenosynovitis of the third carpal compartment, through which the extensor pollicis
longus tendon passes, usually develops as a consequence of changes in the radius following
malunion after fractures so that rupture of the extensor pollicis longus tendon often occurs. Teno-
synovitis of the extensor pollicis longus and subsequent rupture of the tendon were first reported
in Prussian drummers,

 

23

 

 hence the name “drummer boy’s palsy.” The extensor pollicis longus is at
risk of developing tenosynovitis as it passes around Lister’s tubercule and any activity, either
occupational or sports related, that requires repetitive thumb and wrist motion can induce

 

FIGURE 5.3

 

Radial and dorsal muscles of the forearm. (1) Lateral epicondyle; (2) extensor retinaculum.
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tenosynovitis. Fulcher et al.

 

24

 

 have occasionally seen this rare entity in squash players. Stenosing
tenosynovitis of the fifth dorsal compartment has been reported after wrist trauma and rarely after
overuse. An anomalous muscle belly may be found protruding into the fifth dorsal compartment
and multiple slips of the extensor digiti quinti can be expected in 93% of individuals.

As a rule, treatment is non-operative. Only in the tenosynovitis of the sixth carpal compartment
(extensor carpi ulnaris muscle) is surgery required due to thickening of the membranes or formation
of calcifications. Steffens and Koob

 

71

 

 have collected 28 cases of stenosing tenosynovitis over the
dorsum of the wrist in the sixth compartment. All 28 patients had local infiltration with cortisone,
but only 8 patients obtained complete relief; 18 of 20 patients obtained complete relief of their
symptoms after surgical release of the sixth compartment. In 7 of the 15 patients described by
Crimmins and Jones

 

18

 

 initial treatment consisting of splinting and steroid injection failed and
surgical release of the sixth compartment was required. All but one patient had a good or excellent
result. Sports injuries often cause lesions in the sixth carpal compartment, specifically in terms of
the sixth compartment ulnar wall rupture; this usually leads to recurrent subluxation of the extensor
carpi ulnaris tendon.

 

12,47,66

 

 The rupture may occur upon sudden supination, ulnar deviation, and
volar flexion. It has been reported in tennis players, golfers, and weight lifters. The patient usually
complains of a clicking sensation with forearm rotation, and subluxation of the extensor carpi
ulnaris can be visibly palpated and observed. On supination with wrist ulnar deviation, the tendon
often displaces with an audible snap when moved in the ulnar and palmar directions. On pronation,
it relocates into its normal sulcus. The condition must be differentiated from recurrent subluxation
of the distal radioulnar joint. Recurrent subluxation of the extensor carpi ulnaris tendon is treated
surgically because reconstruction of the sixth carpal compartment is necessary on the dorsal wrist
aspect; it is usually performed by using the extensor retinaculum. The extensor carpi ulnaris can
be stabilized by creating a sling of extensor retinaculum or with a free retinacular graft.

 

III. INTERSECTION SYNDROME (OARSMAN’S WRIST)

 

Intersection syndrome is an overuse syndrome known by various other terms: peritendinitis crep-
itans, abductor pollicis longus bursitis, squeaker’s wrist, oarsman’s wrist, and crossover tendinitis.
The condition usually develops at the site where the tendons of the extensor pollicis brevis and
abductor pollicis longus (muscles of the first dorsal compartment of the wrist) pass across the
extensor carpi radialis longus muscle and the extensor carpi radialis brevis muscle (the muscles of
the second dorsal compartment of the wrist) (Figure 5.1 and Figure 5.3). The typical repetitive
wrist motions (extension and radial deviation) cause inflammation of the bursa (according to some
authors) normally found there; according to others, this develops as a result of a long-term friction
and degenerative changes in abductor pollicis muscle and extensor pollicis brevis muscle bellies
or hypertrophy of the same muscles bellies, with these muscles causing pressure on the underlying
radial wrist extensors. In one 4-year prospective study the prevalence of intersection syndrome was
found to be 0.37% of all patients with arm or hand pain.

 

60

 

 Athletes who suffer from this disorder
more often than others are rowers, canoeists, weight lifters, tennis players, indoor racket sports-
men,

 

68

 

 hockey players, and athletic throwers. Painful crepitation with wrist movement as well as
weak pinch and diminished grasp are the major symptoms. On physical examination, palpatory
tenderness and soft-tissue swelling over the radiodorsal aspect of the distal forearm about 6 to 8
cm proximal to the Lister’s tubercle are found.

 

30

 

 The crepitus, which in some instances may be
more like a “squeak,” is palpable and audible; this usually occurs during wrist motion and upon
palpation of the painful site. Non-operative treatment consists of avoidance of aggravating activity,
immobilization in a splint, and nonsteroidal anti-inflammatory medication.

 

86

 

 Direct steroid injection
may be indicated and is usually curative. Intersection syndrome responds favorably to conservative
treatment;

 

32,60,91

 

 operative exploration and excision of the bursa are rarely required. If performed,
surgery should be followed by prolonged protection from the aggravating stresses. Wulle

 

91

 

 performs
synoviectomy and incision of the thick fascia of the abductor pollicis longus muscle.
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IV. FLEXOR CARPI ULNARIS TENDINITIS

 

In view of the importance of muscle in wrist motions, flexor carpi ulnaris tendinitis is a relatively
frequent condition that affects athletes, especially those involved in golf and racket sports, and
others who engage in activities involving repetitive wrist motions. Tenderness and a painful tendon
in the wrist joint increase with wrist flexion and ulnar deviation against resistance. The flexor carpi
ulnaris tendon ends at the pisiform bone, while the pisohamate and pisometacarpal ligament attach
the pisiform bone to the hamate and fifth metacarpal bone. It actually means that the flexor carpi
ulnaris tendon ends at the hamate and metacarpal bone, while the pisiform bone, similar to the
sesamoid bone, is an integral part of the tendon itself (Figure 5.4). A synovial sac (bursa) may be
found between the tendon and pisiform bone; the pisiform bone also joins with the triquetrum
bone. The pisiform bone may become the source of pain, also described as 

 

enthesitis ossis pisiform

 

by those who consider the flexor carpi ulnaris muscle to be attached to the pisiform bone.

 

53

 

 However,
pain and tenderness in the pisiform bone region may be caused by irritation of the above-mentioned
bursa in such a way that it envelops the pisiform bone so that bursitis may be the issue. Also,
degenerative changes may take place between the pisiform bone and the triquetrum bone (osteoar-
thritis). During wrist flexion, when the examiner moves the pisiform bone radially and ulnarly, pain
and occasionally crepitus will occur (“pisotriquetral grind test”). Paley et al.

 

59

 

 examined 216 case
reports published in the world medical literature and concluded that in 44.6% of cases, the patients
suffered from enthesitis m. flexor carpi ulnaris or enthesitis of the pisiform bone, while in the
remaining cases the patients had primary or secondary osteoarthritis in the pisotriquetral joint.

Treatment of flexor carpi ulnaris tendinitis consists of avoidance of aggravating motions, i.e.,
rest, immobilization of the wrist in a splint, and administration of nonsteroidal anti-inflammatory
drugs and physical therapy. In the case of pisiform bone enthesitis, bursitis, or arthrosis in the
pisotriquestral joint that do not respond to non-operative treatment procedures, surgery may be
contemplated in the form of pisiform bone excision.

 

14

 

 The pisiform bone is removed subperiosteally,
preserving the continuity of the flexor carpi ulnaris tendon; during this procedure, lysis of periten-
dinous adhesions is also performed if they are present. Some authors

 

24

 

 recommend the addition of

 

FIGURE 5.4

 

The relationship of the ulnar carpal flexor tendon muscle (A) to the pisiform bone (B).
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a 5-mm Z-plasty lengthening of the flexor carpi ulnaris tendon. At times, calcium deposits may be
found either adhering to or within the tendon, and these should also be removed.

 

V. FLEXOR CARPI RADIALIS TENDINITIS

 

Flexor carpi radialis tendinitis occurs much more rarely than tendinitis of the ulnar aspect of the
wrist joint, primarily because the motion of the wrist joint in its radial aspect is much more limited
when compared with the ulnar side. In the case of flexor carpi radialis tendinitis, wrist flexion
against resistance and passive extension causes pain in the affected tendon. The flexor carpi radialis
muscle (Figure 5.5) at about the midportion of the forearm continues into the tendon that passes
over the carpal root in a separate compartment formed laterally and dorsally by the scaphoid and
trapezoid bones, palmarly by the flexor retinaculum, and medially (ulnarly) by the carpi radiatum
ligament; this is also a borderline case of carpal tunnel.

 

8

 

 The tendon inserts into the palmar surface
of the base of the second metacarpal bone. When passing through its own osseofibrous canal, the
tendon is surrounded by the synovial sheath (vagina synovialis). Accordingly, clinical symptoms
of stenosing tenosynovitis of the flexor carpi radialis may occasionally develop. Synovitis may be
visible and palpable just proximal to the wrist crease overlying the flexor carpi radialis tendon.
Untreated synovitis can cause restrictive adhesions that may produce pain on passive wrist exten-
sion. Rupture of the tendon may be the end result of invasive synovitis. The tendon stump and the
surrounding inflammatory tissue may present as a tender mass at the wrist flexion creases and may

 

FIGURE 5.5

 

The palmar group of forearm muscles. (1) Flexor carpi radialis muscle, (2) epicondylus ulnaris
(medialis), (3) flexor carpi ulnaris muscle.
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be confused with a palmar carpal ganglion. These symptoms may require surgical treatment in
terms of canal decompression. Surgical release should be carried far enough distally to assure that
the tunnel has been completely decompressed.

 

25

 

 In the majority of cases, tendinitis and tenosynovitis
of the flexor carpi radialis are treated non-operatively (wrist immobilization, anti-inflammatory
agents, and corticosteroid injections).

 

VI. DORSAL RADIOCARPAL IMPINGEMENT SYNDROME 
(GYMNAST’S WRIST)

 

Repetitive wrist dorsiflexion, especially when performed with an extra load or force as in gymnastics
during beam exercises, floor exercises (Figure 5.6), or jumping, may cause the formation of
impingement syndrome in the dorsal aspect of the radiocarpal joint; this is often the reason for
pain in the wrist joint in gymnasts.

 

26,29,35,39

 

 Dorsal radiocarpal impingement syndrome is of twofold
significance: (1) it causes discomfort and inability to perform exercises, and (2) in its differential
diagnosis, it is of utmost importance not to overlook other possible causes of pain in the wrist joint,
especially the possibility of fractures of the carpal bones, tears of the triangular fibrocartilage
cartilage complex, ulnar impaction syndrome, dorsal wrist capsulitis, distal radius physeal injury,
dorsal wrist ganglion, and stress fracture. Studies have indicated that 73% of gymnasts experience
wrist pain, and it can also occur in participants in racket sports, golf,

 

56

 

 weight lifting, martial arts,
biking, and softball.

 

40

 

 Pain in the dorsal aspect of the wrist root is the most characteristic sign of
the disorder, and its onset is associated with an athletic or work activity. In cases when symptoms
persist for a longer period of time, reduced and painful dorsal flexion of the wrist in regular everyday
activities commonly results. In gymnasts dorsal wrist pain described as an intense pain across the
dorsum of the wrist exacerbated by hyperextension is most likely a capsulitis. The onset of dorsal
wrist pain is usually insidious and tends to increase with activity. Pain may occur with vaulting,
floor exercise, or pommel horse maneuvers during which the wrist is forced into hyperdorsiflexion
with compression or torsion. During the pommel horse exercise, the gymnast uses the wrist as a
rigid structure to support his body weight. The wrist is subjected to high-intensity impact and stress

 

FIGURE 5.6

 

A cause of gymnast’s wrist.
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from repetition. During the front scissors maneuver, the wrist may bear loads averaging 1 to 1.5
times body weight. The duration of the exercise and the force generated during a dismount maneuver
increase the risk of injury.

 

29

 

Clinical examination reveals pain and tenderness along the dorsal aspect of the radiocarpal
joint, and pain may be elicited by a sudden dorsiflexion of the joint. Painful and limited dorsal
flexion of the hand joint is a common finding. Radiology is helpful in differential diagnosis of the
impingement syndrome, especially because of the possibility of carpal bone fractures, aseptic
necrosis of carpal bones and their stress fractures, injuries of distal radial epiphysis, and subluxation
of the lunate bone. Only in exceptional cases will radiograms of the wrist joint in lateral and neutral
positions and also at full dorsal flexion show that osseous contact really exists between the radius
and carpal bones, causing dorsiflexion block in the wrist joint. Bone scans help to differentiate
stress fracture and are recommended as an obligatory diagnostic procedure if the symptoms persist
after 2 weeks of treatment for dorsal radiocarpal impingement syndrome. Rest, application of ice,
and nonsteroidal anti-inflammatory medication are essential for treatment. Relative rest means a
limited wrist dorsiflexion that can be achieved by specially designed dorsal immobilization of the
wrist using the so-called gym cuff or a special adhesive bandage for the joint.

Rehabilitation is aimed at strengthening the wrist flexor muscles to achieve dynamic limitation
of the joint dorsiflexion. The extension exercises aimed at achieving a greater range of motion need
not always yield the expected results. In the majority of cases, appropriate resting, symptomatic
therapy, and physical therapy lead to cessation of the symptoms.

 

VII. TRIGGER FINGER

 

When active flexion or extension of the finger is either difficult or impossible, the condition is
known as 

 

trigger finger.

 

 If flexion or extension of the finger is actively performed with difficulty
or if, when performed passively, a clicking sound is heard, the finger is behaving as if it were
pulling a trigger, as shown in Figure 5.7. Stenosing tendovaginitis of flexor tendons (most often of
the middle finger, then the thumb, and the ring finger) is the pathoanatomic background. Thickening
or widening of the flexor tendon has been found at its passing through the tendinous sheath
compartment on the palmar aspect of the finger in the region of the metacarpophalangeal joint
(Figure 5.7). However, sometimes the width of the tendon is normal but the compartment is narrow

 

FIGURE 5.7

 

Trigger finger. (A) During finger flexion, the thickening of the tendon is situated proximally to
the annular ligament. (B) During extension, the entrance is difficult due to the thickening; at a certain point
(snapping), it enters under the annular ligament.
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because the sheath is thickened. Katzman et al.

 

38

 

 found that 31% of patients had radiographic
abnormalities that were currently clinically significant. No radiographic finding changed manage-
ment. Patients with stenosing flexor tenosynovitis without a history of injury or inflammatory
arthritis do not need routine radiographs. Color Doppler ultrasound examinations may offer the
opportunity to study the dynamic characteristic of tendons.

 

13

 

The lesion occurs more often in women and is common in the right hand. Some authors ascribe
this condition to chronic trauma, thus justifying its classification as an overuse syndrome,

 

 75,80,90

 

and others think that trigger finger is not always work related.

 

37,77

 

 About 19% of climbers have
evidence of a digital pulley injury, and this type of the injury is known as “climber’s finger.”

Non-operative treatment consisting of rest splinting,

 

45

 

 or corticosteroid injections into the tendon
sheath, may be successful

 

11,22,42,55

 

 Treatment of trigger fingers with a local injection of steroids is
a simple and safe procedure, but the risk of recurrence in the first year is considerable.

 

79

 

 The study
of Benson and Ptaszek

 

7

 

 suggests that surgical management may be the next best option in patients
with trigger finger who continue to be symptomatic after a single injection. When the surgery is
required

 

49

 

 it is performed by a longitudinal discission of the tendon sheath in the region of the
metacarpophalangeal joint. Surgical division of the A1 pulley can be performed percutaneously

 

16,31,73

 

or by open release.

 

78,87

 

 Although steroid injections should remain the initial remedy for most trigger
fingers, surgical intervention is highly successful when conservative treatment fails and should be
considered for patients desiring quick and definitive relief from this disability.

 

78
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Low Back Pain

 

I. LOW BACK PAIN IN ATHLETES

 

In the context of this book, among the numerous factors that cause low back pain, emphasis should
be placed on chronic overuse of the lumbosacral area, which manifests itself in some occupations
and in professional and nonprofessional athletes. For this reason, we are including cases of low
back pain resulting from excessive chronic overuse of the lumbosacral area whose clinical picture
corresponds to that of overuse syndromes. This includes some forms of spondylolysis and spondy-
lolisthesis, low back pain in gymnasts, low back pain in some cases of scoliosis and kyphosis, and
myofibrositis. Low back pain is the ailment of the century in modern, technological, highly advanced
societies. Viewed from a statistical point of view, all adults suffer from low back pain at least three
times in their life. This, of course, also implies that out of three adults, one will suffer nine times
in his or her lifetime. According to some statistics, between 50 and 80% of the population in
developed industrial countries suffers, or has suffered, from low back pain.

 

41

 

 The diagram of strain
placed upon the lumbal vertebrae in various positions of the body clearly indicates that the frequency
of low back pain in modern societies results in part from the way of life and work habits practiced
in these societies

 

59,82 

 

(Figure 6.1). Loss resulting from absence from work and cost of treatment for
low back pain is enormous. To illustrate this, we will cite two examples. The first comes from the
U.S. where in one calendar year, loss resulting from low back pain treatment and absence from
work was approximated at $14 billion. This is the reason why innovative approaches to prevent
and treat low back pain in workers are mandatory. The sports medicine approach for aggressive
rehabilitation offers a possible solution.

 

40

 

 The other example comes from the U.K. where in 1 year
the number of working days lost because of low back pain exceeded £13 million. This clearly
indicates that low back pain is also a socioeconomic problem.

 

35,60

 

Low back pain is a term used to describe subjective feelings of pain and tenderness felt in the
lumbar or, generally speaking, lower spine. As the term implies, the essence of this syndrome lies
in the subjective feeling of pain, which can be of different intensity suffered by patients in a very
individual manner. A variety of terms are used to describe this painful condition. 

 

Lumbago

 

 is an
old expression used to describe acute pain in the lumbar spine area. Today the term 

 

painful lumbar
syndrome

 

 is preferred and generally used to describe the same condition. The painful lumbar
syndrome can be of vertebral origin, meaning the pain manifests itself exclusively in the area in
which it originates — in other words, in the lumbar spine area. If painful symptoms manifest
themselves in regions far from the spine, e.g., in the lower extremities, the term 

 

vertebrogenic
painful lumbar syndrome

 

 is applied (e.g., lumboischialgia).
When dealing with this condition, one should always bear in mind that low back pain is just

a syndrome, i.e., a number of different symptoms, and not a disease in the specific meaning of the
word. The pain that is subjectively felt by patients is simply a manifestation of some pathological
substrate.

 

67,68

 

 Very few painful conditions have such a wide variety of possible causative factors as
low back pain. The sophisticated methods of modern diagnostics coupled with an increasing amount
of knowledge regarding the biomechanics of the spine have enabled researchers to delineate a large,
and steadily increasing number of possible causative factors for low back pain.

 

16

 

 We present a table
(Table 6.1) of possible causative factors of low back pain based on our own experience and that
of other researchers as reported in the medical literature. Even a cursory examination of Table 6.1
will reveal that the cause of low back pain is extremely difficult to detect, which explains why
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some patients change physicians a number of times before the correct diagnosis is ultimately
reached. In everyday clinical practice, the most commonly encountered syndrome is the painful
vertebral lumbar syndrome caused by degenerative changes in the area of the lumbar disk and small
joints. From a clinical point of view, back pain can manifest in either the acute or chronic stage
with the particulars of the clinical picture depending principally on the pathological substrate that
led to the development of the syndrome.

 

14 

 

Treatment in most cases (95 to 98%) is non-operative.
It inevitably begins with non-operative treatment except in cases where an evident pathological
substrate that demands surgical intervention is the cause. Examples of the latter include tumors,
unstable fractures of the spine, and other similar causes. Although the majority of intervertebral
disk injuries can be treated conservatively, the decision to follow an aggressive conservative vs.
surgical course in any given individual must be made on an individual case basis.

 

100

 

 Spinal fusion
rarely is indicated for the athlete with internal disk disruption and no evidence of instability.

 

10

 

 When
treating athletes with episodes of acute low back pain, pain modulation and return to daily function
are the primary treatment goals. When treating athletes with episodes of chronic low back pain,
return to sport and prevention of recurrence are the primary treatment goals.

 

22

 

 As part of the non-
operative treatment of painful lumbar syndrome and as an important factor in preventing its
development, special emphasis is placed on lifestyle and working habits. For this reason, special
“schools” for people suffering from low back pain have been opened to teach people how to live
and cope with their disease. Although physical therapy, chiefly hydrogymnastics and kinesitherapy,
plays an important role in non-operative treatment of low back pain, the physician should always
keep in mind that some exercises, especially dynamic exercises, increase the strain on the lumbal
vertebrae

 

82 

 

(Figure 6.2). Electrophysiological, kinesiological, and biomechanical research has
increased our knowledge of kinesitherapy of painful lumbar syndrome. In kinesitherapy, programs
with a conspicuous role are reserved for isometric exercises and stretching exercises such as for
the hamstrings. Stretching exercises are performed with the purpose of affecting lumbar lordosis.

 

53

 

Kinesitherapy programs should be individualized with special consideration given to age, sex, bone,
ligament, and muscle status of the lumbar spine.

 

93

 

 The exercises should gradually increase and at
all times be adapted to the stage of the disease and to the muscle strength and fitness of the patient.

Low back pain in both professional and nonprofessional athletes corresponds to the general
clinical picture of this syndrome and has the same possible causative factors.

 

13

 

 However, low back
pain is unique in professional and nonprofessional athletes in that a clear distinction must be drawn
between cases in which a normal and healthy spine is subjected to excessive strain caused by
athletic activities resulting in low back pain and cases in which endogenous factors such as
sacralization or lumbalization of the lower spine cause low back pain in athletes who take part in

 

FIGURE 6.1

 

Diagram of the strain placed on the lumbar spine in various positions.
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TABLE 6.1 
Low Back Pain

 

Congenital and developmental anomalies
Facet tropismus
Transitional vertebra

Sacralization of the lumbar vertebra
Lumbalization of the sacral vertebra

Spina bifida
Congenital scoliosis and kyphosis
Scheuermann disease
Spondylolysis and spondylolisthesis

Inflammations
Rheumatic (arthritis rheumatoides, spondylitis ankylosans — Bechterew disease)
Infections

Acute (osteomyelitis — spondylitis pyogenes)
Chronic (osteomyelitis chronica, spondylitis tuberculosa, spondylitis mykosa)

Trauma
Overstrains in lumbar spine

Acute (injuries)
Chronic (damage)

Subluxation of small joints (facet syndrome)
Infractions and fractures (vertebral body and processes)
Subluxations of sacroiliac joints
Spondylosis and spondylolisthesis
Post-traumatic kyphosis

Degenerative changes
Osteochondrosis and spondylosis
Spondylarthrosis
Discopathia
Nerve root entrapment syndrome
Interspinous arthrosis
Sacroiliac arthrosis

Tumors
Metabolic disorders

Osteoporosis
Osteomalacia
Paget disease
Kummel disease

Mechanical
Postural low back pain
Decrease or increase of lumbar lordosis
Instability of the spine
Scoliosis (more than 30

 

∞

 

)
Retroposition of lumbar vertebra
Muscular changes (myofibrositis, myogelosis, hypertonus)
Static disorders of the feet
Abnormal biomechanics of the hip joints (subluxation, luxation, contracture)
Inequality of the legs
Abnormal biomechanics of the sacroiliac joints
Venter pnedulus

Vascular diseases
Irradiation of the pain from visceral organs
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normal, nonexcessive athletic activities. The worst possible combination is when an athlete suffering
from abnormal low back architecture (abnormal endogenous factors) takes part in excessive and
high-risk athletic activities (abnormal exogenous factors). Table 6.2 shows the possible combina-
tions between the condition of the spine and the strain placed on the spine during various athletic
activities. Different views are proposed in the current medical literature regarding the risk potential
of various sports for developing low back pain and the specific high-risk movements that place
excessive strain on the spine.

 

24,31,39,54,77,86,90

 

 Kujala et al.

 

49

 

 suggest that lengthy training duration
predisposes young athletes to low back pain. The problem of low back pain in young, adolescent,
or college athletes has been investigated by many authors.

 

3,7,27,28,46,49–52,56,58,61,63,75

 

 In one of their
studies, Kujala et al.

 

52

 

 investigated the prognosis of low back pain and the association of clinical
symptoms and anatomic findings among young athletes. 

The causes of prolonged back pain among young athletes are usually established by imaging
studies. Knowledge of anatomic abnormalities may help in tailoring training programs and avoiding
the progression of changes during growth. Simple restriction of painful activities usually leads to
good recovery. According to Micheli and Wood

 

58

 

 there are significant differences in the major

 

Gynecological diseases (inflammations, dismenorrhea, descensus, prolapse or
retroflexion of the uterus)

Diseases of the gastroenterological system
Diseases of the urogenital system
Abscessus subphrenicus
Diseases of the splenium

Psychogenic

 

FIGURE 6.2

 

Diagram of the strain placed on the lumbar spine during some dynamic exercises.

 

TABLE 6.2
Low Back Pain in Athletes

 

Spine Strain

 

Normal Abnormal (excessive)
Abnormal Normal
Abnormal Abnormal (excessive)

 

TABLE 6.1 (Continued)
Low Back Pain
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causes of low back pain in young athletes compared with causes of low back pain in the general
adult population, for example, 47% of the 100 adolescents were ultimately shown to have a
spondylolysis stress fracture of the pars interarticularis and only 5% of adult subjects were found
to have a spondylolysis associated with low back pain. A stress fracture of the ala of the sacrum
was identified on bone scan and computerized tomography (CT) scan in two teenage female athletes
with low back pain that limited athletic activity. The lesions healed with rest.

 

27

 

 A review of the
literature yielded 29 cases of sacral stress fractures in athletes, mainly runners, but Shah and
Stewart

 

80

 

 described a case of a sacral stress fracture causing low back pain in a volleyball player.
Garces et al.

 

20

 

 recommend scintigraphy in early diagnosis of stress fracture of the lumbar spine in
athletes. Scintigraphy showed increased uptake in 17 of 33 athletes complaining of back pain of
more than 1 month duration and with normal radiography of the lower spine. Interestingly, no
difference in prevalence or severity of back pain was seen between different phases of the menstrual
cycle or between users and nonusers of oral contraceptives; that is, the data of the Brynhildsen
et al.

 

7

 

 study do not support the hypothesis that low back pain is influenced by hormonal fluctuations
during the menstrual cycle or by use of oral contraceptives. The most frequently mentioned high-
risk sports for developing low back pain are shown in Table 6.3.

To successfully treat athletes suffering from low back discomfort, the sports medicine specialist
must be aware of the psychological impact of low back pain on athletes. Commonly, the injured
patient (athlete) wishes to return to activity immediately, with very little respect for or knowledge
of the biology of healing. In the face of low back pain, the realities of human fragility become
obvious, perhaps for the first time. This particular type of injured athlete requires constant coun-
seling from the sports medicine consultant. The patient must also be made aware that, in some
cases, the healing process can be quite long, and in other cases complete healing is unobtainable.
Patients should be counseled to try to adapt their lifestyle and athletic activities to the limitations
imposed by the condition of their spine. Green et al.

 

25

 

 concluded that a warm-up followed by bench
rest does lead to an increase in stiffness of the lumbar spine, suggesting this practice is not in the
best interest of reducing the risk of back injury or optimal performance. According to Harvey and
Tanner,

 

28 

 

lumbar spine pain accounts for 5 to 8% of athletic injuries.
Although back pain is not the most common injury, it is one of the most challenging for the

sports physician to diagnose and treat. A thorough history and physical examination are usually
more productive in determining a diagnosis and guiding treatment than are imaging techniques.
Flory et al.

 

19

 

 recommend isokinetic back testing in the athletes as a way of preventing the devel-
opment of severe problems among the athletes developing low back pain. A different and more in-
depth approach is needed when treating an athlete suffering from low back pain than when treating
a sedentary subject with the same pathology. In fact, pain symptoms may frequently arise only
when there is functional overloading, whereas pain is absent or not disabling in normal daily
activity.

 

34

 

 Treatment is also different for the athlete because complete functional recovery must
take place in as short a period of time as possible, and it will often have to be finalized in relation
to sports-related commitments.

 

TABLE 6.3
High-Risk Sports for Developing Low Back Pain

 

Vertical Flexion/Extension Rotation

 

Horseback riding Football Tennis and racket sports
Gymnastics Soccer Golf
Skydiving Gymnastics Aerobics
Waterskiing Diving
Jogging on hard surfaces Hockey

Field hockey
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Of the many possible causes of low back pain, we will mention only those that are thought to
result from chronic injuries, i.e., from overuse. We will begin with congenital or developmental
anomalies, which at first glance, may appear to be contradictory to the above. However, we would
like to reiterate at this point that congenitally abnormal spines (an abnormal endogenous factor)
can be damaged by repeated microtraumas and thus result in the classical clinical picture of overuse
syndrome.

 

II. SPONDYLOLYSIS AND SPONDYLOLISTHESIS

 

Spondylolysis is a condition that is present in approximately 6% of individuals, but it has been
reported in up to 50% of athletes with back pain.

 

87

 

 This condition is essentially a break in bone
continuity resulting from a defect in the junction between the superior and inferior processus
articularis; it is most often encountered in the fifth and fourth lumbar vertebra. This junction is
known as the 

 

pars interarticularis

 

 or 

 

isthmus 

 

(Figure 6.3). The defect in the bone is usually
fibrocartilaginous in nature. Most authors agree that spondylolysis can be caused by other than
congenital factors. Spondylolysis can be caused by trauma and can also result as a consequence
of overuse syndrome — from stress fractures. This is especially frequent in female gymnasts.
Spondylolisthesis is a condition in which the defect in the vertebral arch causes the slipping of the
vertebra in the forward projection. Spondylolysis is, in most cases, asymptomatic and can be
detected only by roentgenographic examination. Special slanted oblique projections of the spine
are taken, which in positive cases show the figure of the “Scottish terrier” with an abnormally
extended neck, indicating a defect in the isthmus of the vertebral arch (Figure 6.4). Advanced
imaging with single photon emission computed tomographic (SPECT) bone scintigraphy, CT, and
magnetic resonance (MR) imaging may be needed to ascertain the acuity of the lesion, assist in
identifying a particular pars lesion as potentially symptomatic, and to exclude other spinal pathology
that may be present.

 

83,85,96

 

 Rossi and Dragoni

 

76

 

 report the results of the retrospective study of 473
cases of spondylolysis observed on 3505 plain films of the lumbar spine performed on athletes
with low back pain. The analysis of the results showed the following:

1. The incidence of spondylolysis was higher in athletes (13.49%) than in the general
population (4 to 7%).

2. The incidence of spondylolysis was higher in the distal portion of the lumbar spine (in
81.40% of cases L5 was involved).

3. In 52% of cases, spondylolysis was associated with spondylolisthesis 

 

æ

 

 the latter of
Grade 1 according to Meyerding’s classification in 74.39% of cases.

4. Bilateral and single-segment forms prevailed.
5. The incidence of spondylolysis differed in the various sports according to the specific

mechanical stimulation involved.

 

FIGURE 6.3

 

Localization of the spondylolytic defect in the vertebral arch (arrows).
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Although spondylolysis or listhesis is a frequent injury in athletes, mainly in weight lifters,
wrestlers, gymnasts, divers, and ballet dancers, it is infrequently reported in swimmers.

 

62

 

 In many
sports that are dominated by females (gymnastics, dancing, figure skating), the athletes carry a
high risk of having spondylolysis or a stress fracture. Idiopathic scoliosis and spondylolysis can
be common back problems in female athletes.

 

65

 

 Half of all pediatric athletic patients with back
pain is related to disturbances of the posterior elements of the spine including spondylolysis, which
presents as low back pain aggravated by activity, frequently with minimal physical findings.

 

74

 

Congeni et al.

 

9

 

 examined the natural course of athletically active young people with back pain and
a diagnosis of spondylolysis (stress fracture of the pars interarticularis of the facet joint of the
lumbar spine). The study group included 40 patients with low back pain and diagnosis of spondy-
lolysis by nuclear medicine study. CT scans were performed to help determine long-term treatment
and prognosis. Of the patients, 45% demonstrated chronic nonhealing fractures, 40% demonstrated
acute fractures in various stages of healing, and 15% demonstrated no obvious fractures. Some
authors believe that spondylolysis can, by itself and without the presence of spondylolisthesis,
cause low back pain. Treatment is most often non-operative. Surgical fixation and bone transplan-
tation of the vertebral arch is very rarely indicated.

 

6

 

Abraham et al.

 

1

 

 describe the scintigraphic appearance of both a symptomatic and asymptomatic

 

retroisthmic cleft

 

 in two athletes with low back pain. This lesion, which involves lamina, is the
least common of the neural arch defects of which spondylolysis is the most common.

 

Spondylolisthesis

 

 is a term used to define the slippage of the body of the vertebra above a caudally
located vertebra (Figure 6.5). The slippage, in most cases, is directed in the forward direction, but it
can also be directed in the backward projection. The three principal causes of spondylolisthesis are
(1) congenital lack of the processus articularis (which is very rare), (2) spondylolysis, and (3)
degenerative changes (arthrosis) on the facet joints. Spondylolisthesis caused by degenerative changes
on the facet joints (Figure 6.6) is also called 

 

pseudospondylolisthesis

 

 (false spondylolisthesis) because
the slippage of the vertebral body is relatively very slight.

 

15,36,79

 

 The slippage can appear between
any two vertebra, although, in most cases, it is limited to the area between the fourth and fifth lumbar
vertebra. Slippage in the backward direction (retrolisthesis) is frequent and is called 

 

retropositio.

 

36

 

Neurological side effects are rare in pseudospondylolisthesis. Spondylolisthesis caused by spondy-
lolysis is characterized by the fact that the vertebral body, together with the pedicles (the origins of
the vertebral arch from the vertebral body), slips forward together with the processus articularis
superiores, which has the effect of displacing the entire spine above that vertebra in the forward
direction (Figure 6.5). The lamine and the processus articularis inferiores remain behind in their
normal anatomical position. Four grades of spondylolisthesis are recognized by Meyerding, depend-
ing on the amount (length) of the forward slipping of the vertebral body. Grade 1 is defined by a 0

 

FIGURE 6.4

 

Figure of a “Scottish terrier.”
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to 25% of the posteroanterior vertebral body length of the caudally located vertebra slipping in the
forward direction. Grade 2 is defined by 25 to 50%, Grade 3 by 50 to 75%, and Grade 4 by 75%
and more vertebral body length forward slippage. In cases when the fifth lumbar vertebra slips over
the edge of the sacrum into the pelvis, the term 

 

spondyloptosis 

 

is applied.
The clinical picture of spondylolisthesis caused by an inherited lack of the processus articularis

in children and adolescents is characterized by neurological side effects. In pseudospondylolisthesis,

 

FIGURE 6.5

 

Spondylolisthesis of the fifth lumbar vertebra due to spondylolysis in the arch of the same
vertebra.

 

FIGURE 6.6

 

Pseudospondylolisthesis due to arthrosis of the small vertebral joint.
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the symptoms usually manifest in mature and older patients and are characterized by a painful
lower back of vertebral origin. Spondylolisthesis caused by spondylolysis can be both symptomatic
and asymptomatic. The symptomatology in this case depends on the amount of vertebral body
slippage. The most frequently encountered symptom is low back pain, but in some cases the root
of the nerve can also be affected, causing lumboischialgia. In clinical diagnostics, the “sign of the
step” is characteristic. This sign is best seen by tracing the spinous processus with the tip of the
finger in the cranial to caudal direction. At one point (the point of the forward slipping of the
affected vertebral body), the finger encounters a displacement in the form of a step (Figure 6.5).
Depending on the degree of forward slipping, other clinical symptoms can also be seen: the trunk
of the patient becomes shorter while the rib arches tend to move closer to the cristae illiacae; in a
standing position, the hands reach more distally toward the knees; lumbar lordosis is more pro-
nounced; and the hips are in a flexed position. If painful symptoms are present, they usually appear
and/or intensify in a standing or sitting position.

Treatment depends on the gravity of the symptoms, the age of the patient, and the progression
of the spondylolisthesis (if the slippage of the vertebral body continues). In most cases, treatment
is conservative and consists of physical therapy, wearing of braces, and adapting the patient’s
lifestyle and working habits to the limitations imposed by the condition of his or her spine.
Conservative treatment should always be attempted before surgery, which is indicated when neu-
rological side effects are apparent or when the patient suffers intense pain. If pain persists in
combination with an intact intervertebral disk of the slipped segment, Hasler and Dick

 

29

 

 recommend
a direct repair of the pars interarticularis instead of an intersegmental fusion. Patients with low-
grade spondylolisthesis (Meyerding 1, 2) require repeated radiological follow-up during growth
because of the inherent risk of slip progression. If a slip of more than 50% is detected before the
end of growth, operative treatment is indicated. High-grade spondylolisthesis (Meyerding 3, 4)
leads to anterior shift of the whole trunk, kyphosis of the slipped vertebra with subsequent com-
pensatory lumbar hyperlordosis, and flattening of the thoracic spine. Pelvic flexion is clinically
evident. Reduction of the slipped and kyphotic vertebra with correction of the spinal, sacral, and
pelvic profile is recommended and preferable to simple fusion 

 

in situ

 

. Surgical treatment consists
of fusion (spondylodesis) of the affected spinal segments with concomitant bone transplantation.

 

III. MYOFIBROSITIS

 

Among the mechanical causes of low back pain (caused primarily by continuous exposure to
mechanical strain), an important place is reserved for changes in the paravertebral musculature in
the form of hypertonus and the appearance of small knots. These changes are known under the
general term 

 

fibrositis,

 

35

 

 although some authors refer to them as 

 

miogeloses

 

 (as if the muscle has
changed from a gel state into a solid, i.e., raw egg vs. hard-boiled egg). Histological analysis,
however, has failed to prove the presence of fibrositis knots in the muscle. The clinical picture is
characterized by the presence of pain in the paravertebral lumbar muscles. This pain is often
correlated with the weather, especially changes in weather (a climatic factor). Other, less precisely
localized “rheumatic” pains can also be present in other parts of the body.

Physical examination reveals localized tenderness of the affected muscle to palpation. All other
clinical or radiological indicators are absent. Movements of the spine are unhindered and a true
spasm of the muscles is lacking. Treatment is empirical and consists of physiotherapy accompanied
by massage and exercises, especially stretching exercises.

 

IV. LOW BACK PAIN IN GYMNASTS

 

Low back pain, especially in female gymnasts, is a specific sports injury. Most authors today agree
that the aggressive factors in gymnastics are the excessive movements in which increased
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retroflexion is most important.

 

21,23

 

 The excessive flexibility of the spine results from the generalized
excessive mobility of the complete locomotor system, which is a prerequisite for serious gymnastic
training and also the result of the training. The excessive mobility of, primarily, the lumbar spine
is a consequence of the “stretching” of the stabilizing system of the spine. The static and dynamic
strain placed on the excessively mobile spine, particularly the lumbar area, leads to excessive lumbar
curvature, hyperlordosis.

 

94

 

 At first, this hyperlordosis is limited to relatively infrequent episodes,
principally during gymnastic routines, but as time goes on hyperlordosis becomes habitual (Figure
6.7). Hyperlordosis represents a biomechanical imbalance in which the center of strain is shifted
toward the posterior structures of the vertebrae.

 

42

 

 The harm of this newly developed situation is
best understood when one recognizes that the defensive mechanism of the lumbar spine to this
excessive strain is flexion, shifting the center of the strain to the anterior, more massive structures
of the vertebrae. Excessive strain also activates the adaptive mechanism of bone tissue — hyper-
trophy. The first phase of bone hypertrophy is an increase in osteoclastic activity, which prepares
the affected area for new hypertrophic bone. During the osteoclastic phase, the bone is exceptionally
vulnerable so that intensive training and hyperlordosis are among the prime biomechanical factors
in the development of this ailment. The intensity of training, length and duration of training, and
the class of competition are also directly correlated with the development of this syndrome. The
study of Ohlen et al.

 

64

 

 showed that 1

 

∞

 

 of the total sagittal lumbar mobility was lost for every 1

 

∞

 

 of
increased lordosis. Low back pain was reported by 20% of the female gymnasts, and these girls
had a significantly larger lordosis than girls with no history of low back pain. The female gymnasts
who typically seek counsel from physicians are, in most cases, athletes who have been training for
a number of years, who train more than 18 h/week, and who belong to the highest class of
competition. The most commonly reported symptom is paravertebral pain, usually unilaterally, in
the area of the thoracolumbar junction and the lumbar spine. The dominant symptom is pain. Quite
frequently, this is the only symptom present, in spite of extensive diagnostic procedures, and the
only sign the physician has that some disorder is present. The principal characteristic of the pain
is that it is induced by sporting activities and is progressive. In the beginning phase of the ailment,
the pain appears when gymnasts begin their routine, and eases as soon as they stop training. In
later stages, the pain persists for a short time after training is finished, whereas the terminal phase
is characterized by pain that persists the whole day.

Pain is the only unique and lasting symptom of this disorder. Other symptoms and signs vary,
depending on the pathohistological base of the disorder: spondylolysis, protrusion or prolapse of
the intervertebral disk, fracture of the vertebra, or spondylogenic pain.

 

21

 

 Spondylolysis is the most
frequent disorder that causes low back pain in female gymnasts.

 

21,23

 

 The pathological changes are
pain in female gymnasts,

 

21,23 

 

which are usually located on the fourth and fifth lumbar vertebrae.
Spondylolysis caused by excessive athletic activity is almost always stable, and very rarely (almost
never) progresses into spondylolisthesis of the first degree. This possible development should,
however, always be kept in mind during physical examination and diagnostic procedures, especially
when the consulted sports medicine specialist encounters a varied and rich symptomatology. The
reason is that spondylolysis has, with the exception of pain, practically no other symptoms.
Neurological disorders appear only in the terminal phases of spondylolisthesis. In most cases, low
back pain induced by gymnastic activity, especially in those activities in which retroflexion is
dominant (exercises on the floor, exercises on the beam, landings after jumping over the vault), is
the only symptom of spondylolysis.

Back muscles, in principle, show no signs of muscle spasm. The mobility of the spine is in
order, and the gymnast will typically touch the floor with both her palms while in a standing position
with no difficulty. Because of the generally decreased mobility of people with spine disorders, this
exercise will seem to show that everything is in order. However, the physician should be careful,
and try to determine whether this is a case of “relative loss” of mobility. The physician should
anamnestically try to determine if there is a subjective feeling of loss of mobility, and then ask the
patient to perform a flexion test from the hip from a horizontal position. The gymnast will typically
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flex her extended foot in the hip for 90

 

∞

 

, which is a normal finding in untrained and “not-loosened-
up” patients. Normal flexion for a highly trained, hypermobile female gymnast consists of a 120
to 130

 

∞

 

 flexion, which represents a relative loss of mobility of 30 to 40

 

∞

 

 (Figure 6.8). This relative
loss of mobility is caused by the excessive tightness of the knee tendons (hamstrings). The
hyperextension test can be used to provoke pain. The test is carried out by having the patient stand

 

FIGURE 6.7

 

Characteristic attitudes and hyperlordosis in gymnasts.
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on one foot and perform hyperextension (maximal possible retroflexion). The appearance of pain
on the ipsilateral side is a strong indicator of spondylolysis. In addition to this indicator, retroflexion
is almost always painful, a fact that is used to provoke pain during extension against pressure from
a flexed position. The appearance of pain is a strong indicator of spondylolysis. In a roentgeno-
graphic analysis of the lumbar spine of 100 young female gymnasts engaged in high-level compe-
tition, the incidence of pars interarticular defects was 11% and 6% had spondylolisthesis.

 

33

 

 This is
four times higher than in their non-athletic female peers.

A complete radiological examination is especially important and should in fact be a routine
examination in gymnasts with low back pain. Persistent back pain beyond 2 weeks warrants a
complete evaluation, careful history and physical examination, four-view radiographic assessment
of the spine, and, if necessary, bone scans or other more advanced techniques to make a specific
diagnosis of the cause of the pain.

 

57

 

 A complete radiological examination consists of one antero-
posterior, one lateral, and two oblique images of the spine. The anteroposterior image registers the
“upside-down Napoleon hat” phenomenon, a radiographic indicator of well-developed spondylolis-
thesis of the fifth lumbar vertebra. The effect is caused by the projection of the slipped body of
the fifth lumbar vertebra. The lateral radiogram is used to evaluate the stability of the spondylolysis
— in other words, to determine if slippage of the vertebral body has occurred.

 

11

 

Radiographic images taken from an oblique projection are crucially important as this is the
only projection in which the pars interarticularis is clearly visible. The pars interarticularis, as we
have already mentioned, is the area in which spondylolysis typically develops (Figure 6.9). A
negative radiological result with persisting low back pain indicates the need for scintigraphic
examination (Figure 6.10). An increased amount of the radioactive isotope coupled with positive
anamnestic and clinical findings is a strong indication for a possible diagnosis of spondylolysis.
Research has shown that a suspect scintigraphic finding, in a couple of months, turns into radio-
graphically visible spondylolysis. A positive scintigraphic finding, without concomitant anamnestic
or clinical confirmation, is not a sufficient criterion for positive diagnosis of spondylolysis or for
prescribing therapy. On the other hand, however, negative radiological and scintigraphic findings
do not rule out the possibility of spondylolysis, as some cases have shown a marked increase in
the severity of existing symptoms and the appearance of new, previously not-present symptoms.
For this reason, pain, as the most persistent and most unique symptom, must be regarded as the
fundamental criterion and best orientation for prescribing and evaluating the success of therapy.

 

FIGURE 6.8

 

Test of hip flexion performed from a lying position. The hip flexion may reach 120

 

∞

 

 to 130

 

∞

 

 in
the trained female gymnast. Untrained individuals and gymnasts with decreased mobility achieve hip flexion
of only 90

 

∞

 

.
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On the other hand, in the study of Falter and Hellerere

 

18

 

 despite the radiologically pathological
findings, the gymnasts were mainly asymptomatic. This could be due to the hypertrophied dor-
sispinal and abdominal musculature, which compensates for the pathological osseous structure.
Inconsistency between radiographs and clinical observation can be noted according Guillodo et al.

 

26

 

and spontaneous consolidation of spondylolysis and pecicular fracture can occur despite the practice
of the gymnastics 15 h/week.

Therapy for this overuse syndrome, as for other overuse syndromes, consists of rest for the
overstrained tissue. The way this is to be accomplished when low back pain is caused by spondy-
lolysis is at present controversial. One group of authors believes that spondylolysis, from the very
beginning, should be treated as a fracture, and hence immobilized. To this effect, plastic braces are
prescribed with a position of 0

 

∞

 

 lumbar lordosis. This treatment is prescribed with the aim of

 

FIGURE 6.9

 

Roentgenogram of spondylolysis in a top-level gymnast.

 

FIGURE 6.10

 

Bone scan demonstrating spondylolysis (arrow).
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lessening the strain on the posterior structures of the vertebra. The brace is worn 23 h/day while
the remaining hour is, apart from satisfying the physiological needs of the patient, used for physical
therapy: strengthening exercises for the abdominal and pelvic muscles, stretching exercises for the
lower extremities, and exercises for correcting lumbar hyperlordosis. The brace is worn for a period
of 6 months, or until the initially positive scintigraphic finding turns negative. Mention must be
made that an initial negative, “cold” scintigraphic finding, which indicates a decreased reparatory
potential of the bone tissue, should not be taken as an absolute counterindication for prescribing
the plastic brace. In a number of cases, such a cold scintigraphic finding resulted, after application
of the plastic brace, in a well-healed case of spondylolysis. At 3 to 4 weeks after the initial
application of the brace, most patients become asymptomatic. In this period during the hours when
the patient is not wearing the brace (these can be increased to 2 to 3 h/day) light gymnastic activity
is allowed with the exception of exercises performed on the beam and landing practice. The
appearance of any symptoms is an absolute counterindication for any activity.

Under the influence of therapy, about one third of the positive scintigraphic findings become
negative; this indicates complete bone healing. In such cases, complete sports activities, under full
strain, are allowed. Such a result has a favorable long-term prognosis. However, in about 90% of
the cases in which complete bone healing is not accomplished within 6 months, pain and any other
present symptoms also disappear. This is also considered an adequate indicator for complete return
to full sports activities. The reasoning behind this is that the stability of spondylolysis, despite
induced strain, very rarely turns into spondylolisthesis. Cases in which complete bone healing is
not obtained have a less favorable prognosis and a higher risk of recurrence of the symptoms. In
this case, the same therapy should be repeated. Quite understandably, some athletes will lack the
necessary patience and willpower to undergo therapy again. In all probability, they will continue
with their gymnastic activities despite the discomfort; as a consequence, the ailment will progress.
It will cease to be associated with only athletic activities and will become a permanent fixture in
everyday life. In such situations, on rare occasions, spondylolisthesis can develop. As conservative
therapy in this case is usually not adequate, surgical treatment is indicated. After such treatment,
a return to the sports scene is usually possible after 1 year.

Contrary to the above-mentioned group of authors who believe that a brace should be applied
immediately, there exists a second group of authors with a different opinion based on the knowledge
of the stability of spondylolisthesis. This group believes that there is no need for the application
of a brace before physical therapy and rest are utilized. A brace, according to this group of authors,
should be applied only if this form of therapy produces no results.

Compression syndrome, or protrusion or prolapse of the intervertebral disk (Figure 6.11), is a
less frequent cause of low back pain in gymnasts. In younger athletes, protrusion or prolapse of the
intervertebral disk is not preceded by degenerative changes.

 

47

 

 The main cause is excessive athletic
activity. The clinical picture differs with regard to that seen in older patients. In most cases, pain
is not the dominant symptom. In fact, it is minimal. In the majority of cases, the gymnast, or the
trainer, notice a loss of flexibility in the knee tendons (hamstrings), or the beginning of an antalgic

 

FIGURE 6.11

 

The stage of prolapse of the annulus fibrosus and protrusion of the nucleus pulposus in the
area of spinal nerve root.
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position of the spine. Clinical examination reveals a positive Lasegue, irradiation in the area of the
sciatic nerve, and decreased mobility of the spine in flexion and when straightening up from a flexed
to an upright stance. These maneuvers, as well as flexion in the hip with an extended knee, will
typically provoke pain. Neurological side effects as well as clearly seen muscle weakness are
extremely rare but possible symptoms.

 

37

 

 Clinical examination includes a complete radiological
examination, CT, electromyoneurography, myelography, and MR imaging. Tertti et al.

 

89

 

 performed
MR imaging on 35 young competitive gymnasts and 10 control subjects to detect the number of
degenerated disks and other lumbar disorders. The results indicate that despite the excessive range
of motion and strong axial loading of the lumbar spine that are associated with gymnastic maneuvers,
incurable primary damage to the intervertebral disks is uncommon in young gymnasts during growth.

A proven compression syndrome demands treatment according to established principles. The
therapy is based on relieving the affected area by lying in a neutral position. Analgesics, usually
aspirin, can also be prescribed as well as cryotherapy and transcutaneous electrostimulation. In
younger individuals, a positive response to this treatment is usually seen after about 2 weeks, but
this does not by any means indicate that a return to full athletic activities is allowed. Moreover, a
general recommendation is that active exercise should cease for a period of 6 to 12 months after
a confirmed diagnosis of compression syndrome. During this interval, the patient is advised to wear
a somewhat more flexible brace, constructed with 15

 

∞

 

 lumbar lordosis; this allows the patient to
remain mobile, active, and able to attend school. If after 3 weeks of applied conservative therapy
there is no improvement or if, before that time limit, progressive neurological side effects have
manifested (such as urinary or anal incontinence), decompression is strongly indicated. The decom-
pression can be carried out either surgically or by injecting chymopapain into the intervertebral
disk. Posterolateral fusion of the affected interarticular joints is also recommended in the following
cases: if there are radiological indications of the degeneration of the intervertebral disk; if there
are radiological or scintigraphic indications of spondylolysis; or if there is anamnestic information
of chronic pain in the lumbal spine before the rupture of the disk.

Successful therapy, and by this we imply a full return to sports activities under full strain, is
achieved somewhat less frequently than in cases of spondylolysis or fracture. Restitution allowing
a complete return to athletic activities is attained in about 50% of the cases.

Spondylogenic pain is the probable diagnosis reached by exclusion after a detailed physical
examination has ruled out the possibility of spondylolysis, fracture of the vertebra, and prolapse
and protrusion of the disk as other possible causative factors. Symptoms include pain, a hyperlor-
dotic stance, tightness of the hamstrings, lumbodorsal fasciae, and flexors of the hip; in most cases,
a relative weakness of the abdominal musculature can also be a symptom. Physical therapy as
described in the therapy of spondylosis represents the basic therapeutic treatment in patients with
spondylogenic pain. Often, this therapy completely eliminates pain and reduces the curvature of
the lumbar lordosis to normal limits. In cases that do not respond to this treatment, the same exercise
program is adhered to with the concomitant use of a brace constructed with 0

 

∞

 

 lumbar lordosis
with an open front. The brace is worn for a period of 2 to 3 months. If after this period of time
there is no evident improvement, a complete physical reexamination is indicated, and the physician
should also consult with the trainer and parents of the gymnast. It is possible that, for some reason,
the child is “running” into the disease and that the present symptomatology is the result of a
conversive neurosis (psychogenic etiology of low back pain).

In addition to these causes of low back pain, which are connected with athletic activities, the
physician should consider causes that are not initiated by sports activities. More rare, but differen-
tially diagnostic causes include osteogenic sarcomas, sacroileitus, and discitis.

A special problem is 

 

low back pain in elite rhythmic gymnasts.

 

 Rhythmic gymnastics is a sport
that blends the athleticism of a gymnast with the grace of a ballerina. The sport demands both the
coordination of handling various apparatus and the flexibility to attain positions not seen in any
other sport.

 

32

 

 To attain perfection and reproducibility of their routines, the athletes must practice
and repeat the basic elements of their routine thousands of times. In so doing, the athlete places
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herself at risk for a myriad of overuse injuries, the most common of which is low back pain. In
the prospective study of Hutchinson

 

32

 

 86% of the gymnasts complained of back pain. Konermann
and Sell

 

43

 

 examined 24 former female artistic gymnasts of the German national team for spinal
deformities after the end of their athletic career. During their athletic career 15 gymnasts complained
of low back pain, which persisted in 7 after finishing their athletic activities. In the study of Wismach
and Krause

 

97

 

 64% of the artistic gymnasts complained of back pain during competitive sports, and
even after having given it up, 61% still complained. According to Tanchev et al.

 

88

 

 a tenfold higher
incidence of scoliosis was found in rhythmic gymnastic trainees (12%) than in their normal coevals
(1.1%). Delay in menarche and generalized joint laxity are common in rhythmic trainees. The
results strongly suggest the important etiologic role of a “dangerous triad”: generalized joint laxity,
delayed maturity, and asymmetric spinal loading. It would appear that rhythmic gymnasts are at
relatively increased risk of suffering low back complaints secondary to their sport.

The presence of low back pain in gymnasts should be treated as a serious problem.

 

23

 

 Low back
pain syndrome is characterized by its progressive nature. It begins as a slight, barely perceptible
pain and continually progresses until the pain and discomfort in the terminal stages of the disease
can terminate the sports career of the patient and permanently endanger her health. Therefore, it is
mandatory to perform a detailed clinical examination of all gymnasts who experience low back pain
for a period of longer than 2 weeks. After treatment and rehabilitation, it is equally important to
resume athletic activities gradually and to control the level of strain to which the patient is exposed.

 

V. SCOLIOSIS AND SPORTS

 

The question often arises: Can people with structural scoliosis of the spine take part in athletic
activities? To answer the question it is essential to recognize some important facts. First, one must
have a clear concept of what athletic activities mean. In other words, the physician should differ-
entiate physical education in school and recreational sports from highly competitive professional
sports. With regard to scoliosis, the physician should take into account the natural history,

 

12

 

 degree
of deformation, etiology of the scoliosis, and age of the patient.

 

81

 

 The aforementioned facts indicate
that there is no general answer to the question. If such an answer were demanded, it would in all
probability have to be affirmative. In other words, patients with structural scoliosis of the spine are
allowed to take part in athletic activities. Furthermore, taking an active part in athletic activities is
recommended and can in some cases represent a form of therapy in treating scoliosis.

 

8,17,30,38,70

 

 To
highlight our opinion on this matter, we would like to cite the opinion of Stagnara,

 

84

 

 who believes
that active participation in athletic activities should be incorporated in the therapy recommended
for patients with scoliosis. Athletic activities should be incorporated in a kinesitherapy program.
Without them, therapy would be tedious and boring for the patient.

 

44

 

 Athletic activities generally
improve or stabilize the general state of the organism and have a beneficial effect on a number of
vital functions, especially on the cardiorespiratory system.

 

2

 

 According to the same author, the
criteria that allow a recommendation for taking part in athletic activities depend upon the severity
of the scoliosis and the age and sex of the patient.

 

84

 

Generally speaking, the following is preferable:

• Recommend a sport that is performed outdoors (or at least partially connected to spending
some time out of the house or office) and that places some sort of effort on the cardio-
respiratory system (e.g., basketball, volleyball, jogging.).

• Prohibit dangerous sports (skydiving, rugby, judo).
• Exclude athletic activities that demand a high level of specialized technical skills and are

connected with physical attributes and considerable strength. These may be beyond the
capabilities of the scoliotic patient and may thus discourage the patient from taking part.

• Choose sports in which the patients can participate for long periods of time, preferably
all their lives, such as walking, hiking, bicycling, tennis.
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Stagnara84 particularly emphasizes the importance of swimming, which has the advantage of
placing the spine in a medium free from strain caused by gravitational forces. It also enables the
maintenance of correct posture combined with significant physical activity and respiration and,
depending on the style of swimming recommended, can force the spine into a position that corrects
the deviation. However, we feel it is important to mention that placing the spine in a horizontal
position in water does not generate muscle activity in the functional positions of greatest importance
to the patient, i.e., when sitting and standing. Furthermore, it is by no means certain that the muscle
quality best adapted to the therapeutic idea of extended postural correction is achieved.84 A special
question is the advisability of “asymmetric” sporting activities. Stagnara points out that it is
impossible to correct a toracal scoliotic deviation by swimming continually with a sidestroke. On
the other hand, some athletic activities, due to the constant repetition of asymmetrical movements,
can overdevelop one extremity or one side of the body; this cannot be a cause of scoliosis and
cannot in all probability worsen existing scoliosis.84 Tennis players, even professional tennis players,
do not develop structural scoliosis, but simply develop a stronger right or left arm. The beneficial
effects of a sporting activity such as tennis outweigh by far the physician’s possible doubts about
the harmful side effects.72 With regard to physical education in school, we believe that, as a general
rule, children with structural scoliosis less than 30∞ should be encouraged to participate actively
in all athletic activities, as this is without doubt more beneficial to the child than physical inactivity.
The imposed limit of 30∞ is not arbitrarily determined. Studies have shown that in patients who
suffer from scoliosis greater than 30∞, the afflicted biomechanics can, without regard to the etiology
of the scoliosis, lead to an increase of the curvature of the spine. When dealing with school-age
patients whose scoliosis is greater than 30∞, the physician should consider excusing the child from
physical education. In collaboration with professor Kristofic, who has a special interest in kinesi-
therapy of scoliosis, we present a schematic representation and diagram of the differential partic-
ipation of children in physical education48,72 with regard to the amount of scoliotic curvature present
in the spine of the child (Table 6.4). Examination of Table 6.4 shows that we have taken, as the
limit for unrestricted participation in physical education, the amount of structural scoliosis not

TABLE 6.4
Physical Education Program Recommendations Regarding Scoliosis

Scoliosis (∞) Physical Education

£10 Physical education program without limitation
11–20 Physical education program without limitation

Supervision/regular medical control
21–30 Partial exemption from the so-called “lineal program”

Exemption of jumps over athletic or gymnastic device; some flexibility exercises on the 
floor — whirling, handstand position, etc.; athletic disk throwing, shot putting, etc.; 
lifting and carrying

Capable of participating in a special exercise program, if organized
Activity of choice: swimming, volleyball, basketball, running, tennis, table tennis, etc.
Kinesitherapy within a medical center (facultative)

31–50 Total exemption from physical education until the end of treatment
Capable of participating in a special exercise program, provided the program is conducted 
by instructors trained in kinesitherapy

Activity of choice: swimming, volleyball, basketball
Kinesitherapy within a medical center

≥51 Permanent exemption from physical education; special exercise programs are not 
anticipated, although if technically and professionally available, they would be desirable

Optional activity of choice: swimming, walking
Kinesitherapy within a medical center
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exceeding 20∞. The reason we have chosen the limit of 20∞, and not 30∞, is that we believe not
only should the current amount of scoliosis be taken into account, but the physician should also
keep in mind the evolutionary character of the disease, i.e., the prognosis. This can be evaluated
only by a specially educated orthopedic specialist (who is a specialist in scoliosis), while the
practical implementation of the prescribed program is left to the physical education instructor.45

Precisely because of the discrepancy in the level of expertise between the orthopedic specialist and
the physical education instructor, we have taken a lower degree of spinal curvature as the limit for
unrestrained physical activity. In view of this, we offer some alternative suggestions, such as partial
exception from physical education or exercising under special programs if the setup of these
programs is feasible.48,72 Athletic activities outside of school programs are also recommended with
the stipulation that children with scoliosis exceeding 20∞ should be encouraged to participate in
“useful” sports to correct the spine. This is particularly important when one takes into account that
today active participation and competition in athletic activities begins at a very early age.

Some authors recommend that patients with scoliosis avoid the following sports: throwing (in
athletics), fencing, and rowing. This opinion is compatible with the known statistics relative to
pathological changes in the vertebrae and professional sports. Pathological changes in vertebrae
are encountered in professional athletes with the following distribution: gymnasts (50%), divers
(40%), and rowers (50%). There are no precise statistical data on the frequency of pathological
changes in wrestlers and weight lifters, but empirical evidence shows that athletes who take part
in these sports are also prone to develop scoliotic changes in the spine. The objective of Watson’s
study92 was to investigate possible relationships between the incidence of sports injury and the
existence of body mechanical defects in soccer players. The results suggest that intervention to
improve body mechanics would be likely to reduce the incidence of sports injuries in football. In
the study of Boldori et al.4 on 3765 students of the fourth- and sixth-grade classes of primary
schools the prevalence of kyphosis, hyperlordosis, and back asymmetry in children playing and
not playing sports were compared. The incidence of hyperlordosis was significantly lower in boys
playing soccer, whereas the incidence of back asymmetry was higher in girls playing basketball.
Swimming was the best sport for females whereas males who swan registered a higher incidence
of hyperkyphosis compared to the control group.

The discussion of scoliosis and sports involves, in our opinion, four points: (1) sports activities
and idiopathic scoliosis; (2) sports in the treatment of idiopathic scoliosis; (3) physical education
of school children with idiopathic scoliosis; and (4) sports activities in surgically treated patients
with idiopathic scoliosis.

To deal with the first of these points, we decided to see whether professional athletes with
scoliosis of the spine feel any difficulties and constraints in sports activities or in everyday life.
We examined all the students at the School of Physical Education of the University of Zagreb; the
total was 541: 353 males and 188 females (aged 19 to 25 years). All were anthropometrically
measured and clinically examined by forward bending tests; moreover, all clinically positive cases
for scoliosis of the spine were checked radiologically. All the examinees were also asked to fill out
a special questionnaire concerning the presence of any spine complaints during their course of
studies or engagement in a selected professional sports activity. On clinical examination, scoliosis
of the spine was detected in 18.3% of the subjects. After radiography, 12.05% of the subjects could
be said to have scoliosis proper, while only 2.3% of the subjects had scoliosis with a Cobb angle
exceeding 10∞. The presence of pain or any complaints during sports activities are reviewed in
Table 6.5 for scoliotic subjects and the control group, i.e., subjects presenting with no scoliosis of
the spine.

Regarding the incidence of scoliosis in our subjects, the results match the incidence established
in the general population.55 It should, however, be noted that our subjects had engaged in sports
since their early youth, a fact that also later had a bearing on their choice of course of study. In
terms of the occurrence of pain or difficulties in everyday life or in athletic activities, there were
no differences between scoliotic and nonscoliotic subjects. All our scoliotic subjects followed their
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course of study normally and engaged in professional sports. No one consulted a doctor or
discontinued his or her engagement in sports activity, even for a short period of time, because of
scoliosis of the spine. This clearly demonstrates that scoliosis was not felt and was not considered
by any means as an obstacle to engaging in intensive sports activities. Our study can also provide
an indirect answer to the third point raised earlier, i.e., physical education in scoliotic children. It
is our view that scoliotic children with an angle of up to 30∞ feel no constraints as far as physical
education in school is concerned. Regarding sports activities in surgically treated patients with
idiopathic scoliosis, it is our view that sports activities can be permitted, even up to the highest
level, 1 year after surgery. We base this opinion on the fact that we have had examples of surgically
treated patients engaging in professional competitive sports such as table tennis (Figure 6.12),
handball, volleyball, etc. Of course, it should be noted that each patient should be considered
individually.99 According to Rubery and Bradford78 the majority of surgically treated patients were
returned to gym class between 6 months and 1 year after surgery. Contact sports were generally
withheld until 1 year after surgery. Hopf et al.30 recommend that operated patients begin sport
activities 1 year postoperatively. For patients with a fused spine the number of the remaining lumbar
moving segments and the deformity are essential for the exercise load. If there are fewer than three

TABLE 6.5
Presence of Pain or Complaints in 
the Spine

Pain/Complaints

Scoliosis (%)

TotalYes No

Male
Yes 21.8 22.1 78
No 78.2 77.9 275
Total 100.0 100.0 353

Female
Yes 37.2 37.2 70
No 62.8 62.8 118
Total 100.0 100.0 188

FIGURE 6.12 (A) Scoliosis in top-level table tennis player. Preoperative and postoperative roentgenogram.
(B) One year after the surgery.
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free lumbar segments all kinds of sport with axial and rotationary burdens are not recommended.91

The study of Parsch et al.66 revealed that over the long term, patients with idiopathic scoliosis suffer
impairment of their sports activities compared with age-matched controls. The main reasons for
this are functional impairment and the frequency of back pain. Sports activity is more restricted
after extended spinal fusion than after non-operative treatment. Therefore, our general answer to
whether individuals with scoliosis of the spine may engage in sports is affirmative, although we
are aware that this matter will require additional extensive research if we are to be strictly accurate
and more selective than we are today in answering the question raised by scoliosis and sports.

In summary, we feel that it is important to stress once again that any physical activity is
preferable to physical inactivity for the patient with scoliosis.

VI. JUVENILE (ADOLESCENT) KYPHOSIS — SCHEUERMANN 
DISEASE AND SPORTS

Juvenile (adolescent) kyphosis represents a special clinical entity characterized by an increased,
somewhat inferiorly positioned thoracal kyphosis, which in most cases is accompanied by radio-
logically visible wedge-shaped vertebrae (Figure 6.13). Currently, the criteria for diagnosing
Scheuermann kyphosis are (1) incorrect superior and inferior epiphyseal rings of the vertebral body,
(2) decrease of the intervertebral disk space, (3) the presence of one or more vertebra wedged for
5∞ or more, and (4) an increase of thoracal kyphosis to more than 40∞. The etiology of the disease
is, as yet, not completely known. The most commonly mentioned cause is thought to be avascular
necrosis of the cartilaginous apophyseal rings of the body of the vertebra. This is why this disease
is often categorized in the juvenile osteochondrosis group of diseases (epiphysitis and apophysitis).
It is quite obvious that the causative factor of this disease is the discrepancy between the strain
placed on and the weight-bearing capabilities of the epiphyseal rings of the body of the vertebra.
In this context, the question of continued athletic activities presents with regard to the manifestation
and possible worsening of the adolescent kyphosis of the spine. An increased frequency of radiologic
abnormalities in the thoracolumbar spine has been reported among young athletes in various sports.
To evaluate the incidence of these abnormalities in young elite skiers, Rachbauer et al.73 compared
120 skiers younger than 17 years old with a random sample of 39 control subjects. The elite alpine

FIGURE 6.13 Schematic roentgenogram of the thoracalis spinae affected by Scheuermann disease.

1428_C06.fm  Page 142  Wednesday, July 2, 2003  7:54 AM



Low Back Pain 143

skiers and ski jumpers demonstrated a significantly higher rate of anterior endplate lesions than
did the control subjects. Strenuous physical activity is known to cause structural abnormalities in
the immature vertebral body. Concern that exposure to years of intense athletic training may increase
the risk of developing adolescent hyperkyphosis in certain sports, as well as the known association
between hyperkyphosis and adult-onset back pain, led Wojtys et al.98 to examine the association
between cumulative hours of athletic training and the magnitude of the sagittal curvature of the
immature spine. A sample of 2270 children between 8 and 18 years of age were studied. The results
in these young athletes showed that a larger angle of thoracic kyphosis and lumbar lordosis were
associated with greater cumulative training time. Biedert et al.5 describe a 14-year-old female
gymnast whose complaint was that of chronic low back pain. Radiographs and CT showed both
lumbar manifestations of Scheuermann disease and an osseous destruction of the S1 vertebral body.
The authors suggest that this is a sacral component of Scheuermann disease.

When evaluating the ability of patients suffering from Scheuermann disease to participate in
athletic activities, two completely different and controversial viewpoints exist. One holds that the
patient should be allowed to continue any and all athletic activities without any constraint, whereas
the other holds that the patient should be forbidden all sports activities.71 The reason for this
difference in opinion is not only in the unclear genesis of this disease, but also in the inability to
diagnose precisely the development of the disease. The obvious questions concerning this dilemma
are (1) to what degree do athletic activities have a beneficiary effect on the disease? (2) can latent
Scheuermann disease manifest in patients who participate in sports? and (3) will the disease show
an inclination to worsen in patients who participate in athletic activities (athletic activities as an
unfavorable factor)? First, we review all the possible positive effects that participating in sports
activities can have on juvenile kyphosis. The positive effects include: “immobilizing” the spine in
a functionally correct position caused by a correct stance, strengthening the muscles of the body,
decreasing myostatic decompensation, increasing psychological functions such as will and energy,
and increasing stamina and general condition, resulting from correct breathing technique and
strengthening of the heart and vascular system; this will increase the patient’s ability to participate
in sports activities. Statistical analysis from the University Hospital in Heidelberg has shown that
out of a total sample of 5504 athletes, 437 (7.8%) seek treatment because of pathological changes
in the spine. Abstaining from athletic activities was recommended to only one patient. Orthopedic
evaluation in professional athletes has shown that out of a total sample of 580 cases from 34
different sports, Scheuermann disease was found in 18.9% of the cases while an oval back was
indicated in 16.8% of the sample. These changes, which frequently appear together, were therefore
present in 35.7% of the sample. A recommendation for abstaining from athletic activities was issued
in only eight cases. Numerous athletes have often continued training without any discomfort for a
number of years despite having certain characteristics of Scheuermann disease. On the other hand,
it is necessary to cite the opinion of Sward.87 Because of the increased interest in physical fitness
and because athletes start their training at younger ages, the risk for injuries to the growing individual
has increased. The spine, as with the rest of the skeleton, is at greater risk of injury during growth,
especially during the adolescent growth spurt. Back pain is more common among athletes partic-
ipating in sports with high demands on the back than among other athletes and non-athletes. Disk
degeneration, defined as disk height reduction on conventional radiographs and reduced disk signal
intensity on MR imaging, has been found in a higher frequency among wrestlers and gymnasts
than non-athletes. Abnormalities of the vertebral bodies including abnormal configuration,
Schmorl’s nodes, and apophyseal changes are common among athletes. These abnormalities are
similar to those found in Scheuermann disease. Athletes with these types of abnormalities have
more back pain than those without.

Therefore, we feel it is imperative to develop a uniform system of classification for patients
suffering from juvenile kyphosis, and a uniform set of criteria concerning the advisability of athletic
activity in patients with this syndrome. We believe that kyphotic changes in the spine should be
classified into three basic stages:
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1. Functional stage — at the end of the first decade of life, characterized by a kyphotic
posture, but no radiologically visible changes characteristic of Scheuermann disease

2. Florid stage — between the ages of 12 and 14 years, characterized by a fully developed
clinical picture and characteristic radiological findings

3. Late stage (or the stage following recovery from Scheuermann disease) — in patients
over 18 years of age; generally referred to as discomforts and pains felt as a consequence
of degenerative changes in the spine

Because of the complexity of the problem, other factors such as the precise localization of the
disease, the expected level of strain, and the athletic activity in which the patient is participating
bear considerable weight when reaching the final evaluation.44 Taking this into account, it is quite
logical that a relatively more developed juvenile kyphosis located more distally will have a worse
prognosis. In the following, we are mainly concerned with the intensity of the strain and the effect
of various athletic activities on different stages of the disease.

In the first stage of the disease, unrestricted individual (partly adapted) athletic activities are
allowed. However, physical examinations (at least twice a year) are mandatory. In the event of any
pain or discomfort, a consultation with the examining physician is necessary. This is followed by
a reduction in the level of strain placed on the spine and in some cases a complete cessation of
athletic activities (Table 6.6).

With patients in the second stage of the disease, athletic activities are forbidden to those who
complain of pain or discomfort, in which case special, targeting medical gymnastics is prescribed.
For the remaining patients (those who do not feel any pain or discomfort and who usually make
up around 80% of the cases), athletic activities (with certain restrictions) are allowed (Table 6.7).
Table 6.8 illustrates which athletic activities have a positive effect and which have a negative effect
on the course of the disease.71

Of the sports with a general positive effect on the course of the disease, special attention should
be given to the problem of horseback riding as an integral part of, or as an addition to, physical
therapy of Scheuermann disease. Data provided by Harms71 indicate that horseback riding can be
an ideal addition to physical therapy of juvenile kyphosis. When the correct riding technique is
employed and the patient is correctly sitting on the horse, the ischial tuberosities of the rider are
in direct contact with the saddle while the hips are in a gently flexed position. At the same time,
the patient’s pelvis is continually and rhythmically turned over, which is the basic aim of medical

TABLE 6.6
Functional Stage of Kyphosis (Kyphotic Posture)

The level of strain placed upon the spine is unrestricted if the following is adhered to:
• Regular physical examination (at least twice a year)
• In the event of pain, a reduction in the level of strain

TABLE 6.7
Florid Stage of the Disease

In cases where pain or discomfort is felt (20% of the cases)
• All athletic activities are forbidden
• Specific (targeting) medical gymnastics is carried out
In cases with no pain (80% of the cases)
• Reduced activity with regard to bending compression and hyperextension of the spine
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gymnastics. As a consequence of this, the rider is forced to adapt automatically (by process of
compensation), the thoracal curvature is straightened, and shoulder girdle is placed into a correct
position. During the rhythmic movements produced by the walking, trotting, and galloping of the
horse, the pelvis is forced to perform alternating movements of bending and straightening, which
is an ideal way to strengthen the back muscles, to loosen up, and to relax, i.e., unblock, the spine.
Thus, we believe that horseback riding is an ideal activity, and from the patient’s point of view an
almost unconscious method of performing medical gymnastics. However, the physician should be
careful when placing strain (particularly when the strain placed upon the spine is vertical as in
horseback riding) on the spine of patients with extreme defects of the spine. These cases are
relatively rare, but nonetheless the practicing physician should bear in mind that excessive vertical
strain can negatively affect the already damaged disks. In such cases, horseback riding should be
allowed only after an orthopedic brace is correctly put in place. Follow-up of patients who have
used horseback riding as part of their therapy for juvenile kyphosis, in varying degrees, has shown
that no pain or discomfort has appeared as a result of worsening of the disease, and also that there
has been no increase in the curvature of the spine.

The third stage of the disease, characterized by the state of the patient once he or she has
recovered from the disease, demands a differential evaluation (Table 6.9). An important fact to keep
in mind is that patients belonging to the second group should, by all means, correctly perform their
prescribed exercises for strengthening the muscles of the trunk (these exercises are performed solely
as a means of increasing the patient’s stamina). With patients who belong to the third group, the
physician should differentiate between those who suffer daily pain and those who suffer only when
exposed to excessive levels of strain. The physician should, likewise, differentiate between patients
whose discomforts are caused by muscle insufficiency and those in whom pain is the result of
degenerative changes. If the pain is present on a daily basis or if it appears after 30 min or longer
periods of standing or walking, the prescribed treatment is shown in Table 6.9. In cases where the
pain is caused by degenerative changes in the spine, the patient is encouraged to participate in
athletic activities primarily to strengthen the muscles of the trunk to have a corrective effect on the
mobile part of the spine.21 Such patients are also encouraged to participate in sports that mobilize
the spine without exposing it to excessive strain (i.e., sports that involve the handling of a ball).

TABLE 6.8
Effect of Athletic Activities on the Course of the Disease

Athletic Activity
Positive Effect on the 

Development of the Disease
Negative Effect on the 

Development of the Disease

Swimming Backstyle Butterfly style
Breaststroke with proper 
breathing technique

High jumps into water

Bicycling At the recreational level (with 
high steering and back support)

At the competitive level

Gymnastics Exercises that do not bend the 
spine

Exercises that include bending 
the spine

Athletics All jumps (because of bending 
of the spine); weight lifting

Rowing Because of bending and general 
strain on the spine

Games that use a ball: 
volleyball, basketball, 
soccer, tennis

Exercises all, for developing the 
body
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After reviewing the current state of knowledge, as reported in the medical literature, we feel
obliged to report that, in the vast majority of cases, patients who suffer from Scheuermann disease
can participate in athletic activities under medical supervision.71 Inherent in this supposition is that
the physician is aware of the particular demands that each sport places on the patient. Excessive
kyphosing and lordosing (spondylolysis and spondylolisthesis) of the spine should be avoided.
Swimming, for instance, is a sport that is often recommended because of its therapeutic and
beneficial effects on the patient. However, the physician should be aware that swimming, if
performed in the butterfly style, or without the proper breathing technique, can have a negative
effect on the further development of the disease. Three patients with backache aggravated by
swimming the butterfly stroke were subsequently diagnosed as having Scheuermann kyphosis.95

These patients were treated with conventional methods. However, they were allowed additional
time out of the brace to participate in swimming and were encouraged to do so, but they withheld
from the butterfly. An average of 27% correction of curvature was seen with an average follow-up
of 1.6 years. Symptoms subsided in all cases. We should also keep in mind that in some athletic
activities, particularly at the professional level, pathological changes of the vertebrae are relatively
frequent: in gymnastic exercises (50%), high jumps into water (40%), and rowing (50%). Therefore,
we advocate orthopedic examinations for adolescents before they take up a particular sport.

In conclusion, we report that patients suffering from Scheuermann disease can participate in
athletic activities. The only prerequisite is close collaboration among the athlete, trainer, and sports
physician. Other important facts that should be kept in mind are the timely choice of an adequate
sport, individual adaptation of the level of strain placed on the patient, and an interdisciplinary
collaboration between all consulted specialists.71
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I. GROIN PAIN
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ROIN
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TRAIN

 

Painful groin syndrome is generally considered the most frequent overuse syndrome in some athletic
activities, e.g., soccer.

 

78,79

 

 The term 

 

groin pain,

 

 itself, clearly indicates the site and the principal
symptom of the syndrome. However, neither the site nor the pain is precisely defined. When
considering the location and anatomic structures affected by overuse, together with the locations
and characteristics of pain, the location might be precise, but it could also be a case of diffuse
vague pain in the groin region, small pelvis, and upper leg regions. The term 

 

syndrome

 

 is fully
justified; indeed, the symptoms are numerous and so are the causes of pain in the groin region.
Hence, it is not surprising that the modern medical literature abounds with terms defining pain in
the groin region: necrotic osteitis pubis, anterior pelvic joint syndrome, traumatic pubic osteitis,
Pierson syndrome, gracilis muscle syndrome, pubic stress symphysitis, pubic symphysis osteoar-
thropathy, symphysitis, pubic chondritis, and post-traumatic necrosis of the pubic bone.

 

71,78

 

 These
terms and expressions have commonly been used to describe adductor tendinitis, rectus abdominis
tendinitis, avulsion injuries of the adductor tendons, postoperative changes without infection in the
symphysis region, and a number of arthrotic changes. According to Morelli and Smith

 

61

 

 groin
injuries comprise 2 to 5% of all sports injuries, and adductor strains and osteitis pubis are the most
common musculoskeletal causes of groin pain in athletes.

To understand the painful groin syndrome, one should bear in mind all the muscles that insert
in the symphysis region. These muscles attach to the upper and lower branches of the pubic bones,
to the inguinal ligament, to the branch of the ischium, to the small trochanter, and to the iliac crest
(Table 7.1). Also, it should not be forgotten that the groin region is the crossroad of two muscle
systems: (1) the trunk muscles, primarily the abdominal muscles, and (2) the muscles of the lower
extremity (Figure 7.1), primarily the upper leg muscles, especially the adductor muscles (Figure
7.2). The pelvic region and the hips carry large static and dynamic weight so that both the static
and dynamic positions of the pelvis in space ensure equilibrium (balance) of those muscles that
are either inserted into or originate from the pelvic bones, especially in the groin region. In general
considerations of overuse syndrome development, it is stated that the balance of antagonist muscles
and coordination of agonists are essential to prevent the syndrome. When we think that the activity
and equilibrium of muscles originating from or being inserted into the groin region may also be
disturbed because of changes in the lumbar spine or the hip joint, the knee joint, the sacroiliac
joints, and the symphysis, it is no wonder that multiple possibilities exist for the development of
overuse syndrome affecting certain anatomic structures in the groin region. In addition, it is
important to recognize that the groin region is the site of the inguinal canal located above the
inguinal ligament, of the lacuna nervorum and vasorum beneath the inguinal ligament, and of the
femoral and obturator canals. Of course, these are the openings through which the anatomic
structures for the lower extremity pass. Therefore, the groin region is justly referred to as the
Gibraltar of the lower extremity. All of the above-mentioned information clearly shows that the
painful groin syndrome cannot be attributed solely to one particular anatomic structure in the region
but, rather, that the approach to the syndrome, in prevention, diagnosis, or treatment, should be
based on the idea of multiple causative factors contributing to development of the syndrome.

 

78,79

 

It is precisely the approach we have assumed although we distinguish between painful groin
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TABLE 7.1
Insertion and Origin of Muscles in the Groin Region

 

Lig. inguinale M. obliquus abdominis externus
M. obliquus abdominis internus

Ramus superior M. rectus abdominis
Ossis pubis M. obliquus abdominis externus

M. obliquus abdominis internus
M. transversus abdominis
M. pyramidalis
M. pectineus
M. adductor longus
M. adductor brevis

Ramus inferior M. adductor brevis
Ossis pubis M. gracilis

M. cremaster
Ramus ossis ischii M. adductor magnus
Tuber ossis ischii M. adductor magnus

M. semitendinosus
M. semimembranosus
M. biceps femoris (caput longum)

Trochanter minor M. iliopsoas
Spina iliaca anterior superior M. sartorius
Spina iliaca anterior inferior M. rectus femoris

 

FIGURE 7.1

 

The groin area is the crossroads of the trunk and lower extremity muscles.
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syndrome in a narrow sense and painful groin syndrome in a wider sense, for which “pain in the
groin” seems to be a more appropriate term because the pain may arise from different pathological
conditions in and around the groin region.

Painful groin syndrome in a narrow sense primarily implies tendinitis of the adductor muscles
— the long adductor muscle and the gracilis muscle in the first instance, as well as the abdominal
muscles, especially the rectus abdominis and pyramidalis muscles. Long-lasting tendinitis of these
muscles may evolve into a general and vague picture of diffuse pain in the pubic bones and the
symphysis region.

 

1. Etiopathogenesis

 

Bones, muscles, and tendons are the structures within which changes characteristic of a painful
overuse syndrome commonly develop.

 

31,49,59,62,72,77–79

 

 According to Martens et al.,

 

59

 

 the load-bearing
capacity of a tendon and tendinous attachment differs from individual to individual. The limits of
this capacity may be influenced by external and internal factors. The internal factors include
insufficiency of the paravertebral and abdominal muscles, hip joint disorders, inequality of leg
length, disorders in the sacroiliac joint, and foot deformities. The external factors include injuries
in the adductor region, injuries in the hip joint, and inadequate athletic training.

 

59

 

 Several authors
have reported

 

10,30,41,42,64,94

 

 that the cause of groin pain lies in the disproportion between the strength
of the abdominal wall muscles and the strength of the lower extremity muscles, as well as in an
uneven load on all attachments in the symphysis and groin region (Figure 7.3).

Durey and Boeda

 

20

 

 report that the painful groin syndrome is an injury or, more precisely, a
lesion characteristically occurring in soccer players, because the symphysis region is the point of
attachment and the point of origin for groups of muscles with different functions, which are

 

FIGURE 7.2

 

Adductors of the thigh.
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especially active during soccer playing. Adductors are under strain when side blows are performed
in soccer and also when striking a ball with the interior side of the foot. In addition, these groups
of muscles are especially under strain when “sliding starts” are performed (Figure 7.4). In the
course of attempting a start, lower extremities are placed wide apart. The parting point is the
symphysis region where the abdominal muscles contract simultaneously to prevent falling back-
ward. Janković

 

43

 

also states that during sliding starts the adductor muscles are involved to their
maximum, resulting in strain, microtraumas, and eventually inflammation of the region surrounding
the tendinous attachment.

 

49

 

 In 78.2% of patients, clinical examination reveals weakness of oblique
abdominal muscles, so that during the sliding starts the upper leg muscles, especially the adductors,
become extremely strained.

 

43

 

 Sudden acceleration or change in direction of movement and rough
ground have been reported as other causes of adductor muscle overuse.

 

20,43

 

FIGURE 7.3

 

Graphic representation of the imbalance of strength between the abdominal muscles and muscles
of the lower extremity.

 

FIGURE 7.4

 

Maximal use of the adductor muscle, especially the gracilis muscle, is present in sliding tackles.
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Anderson et al.

 

3,4

 

 describe “thigh splints,” also known as the adductor insertion avulsion syn-
drome, a painful condition affecting the proximal to mid femur at the insertion of the adductor
muscles of the thigh. Symptoms of vague hip, groin, or thigh pain may be associated with stress-
related changes in the proximal to mid femoral shaft (thigh splints). When interpreting magnetic
resonance (MR) imaging studies of the pelvis in patients with theses symptoms, careful attention
should be directed to this portion of the femur.

Ashby

 

5

 

 considers chronic obscure groin pain as enthesopathy or “tennis elbow” of the groin.
Among 49 patients with chronic obscure groin pain, enthesopathy at the pubic insertion of the
inguinal ligament was the cause of pain in 30 patients (32 groins). Enthesopathy also occurred in
five rectus and one adductor longus tendons.

Chronic pain on the ventral surface of the scrotum and the proximal ventromedial surface of
the thigh especially in athletes has been diagnosed in various ways; recently, in Europe the concept
of “sports hernia” has been advocated.

 

2

 

 According to Fon and Spence

 

26

 

 sports hernia is a debilitating
condition that presents as chronic groin pain. A tear occurs at the external oblique abdominal
muscle, which may result in an occult hernia. The diagnosis of sports hernia is difficult. The
condition must be distinguished from the more common osteitis pubis and musculotendinous
injuries, but according to Hackney

 

35

 

 the sports hernia should be high on the list of differential
diagnoses in chronic groin pain. Sports hernias can cause prolonged groin pain, and provide a
difficult diagnostic dilemma. In athletes with prolonged groin pain, with increased pain during
Valsalva maneuvers, and tenderness along the posterior inguinal wall and external canal, an insidious
sports hernia should be considered. In cases of true sports hernia, treatment is by surgical rein-
forcement of the inguinal wall.

 

55

 

 Lovell

 

54

 

 reviewed 189 athletes with chronic groin pain to determine
the prevalence of the underlying conditions. The most common pathology found was an incipient
hernia (50% of cases). Fredberg et al.

 

27

 

 present a review based on the results of 308 operations for
unexplained, chronic groin pain suspected to be caused by an imminent, but not demonstrable,
inguinal hernia, i.e., sports hernia. However, in 49% of cases hernia was also demonstrated on the
opposite, asymptomatic groin side. In conclusion, the final diagnosis (and treatment) often reflects
the specialty of the physician and the present literature does not supply proper evidence to support
the theory that sports hernia constitutes a credible explanation for chronic groin pain.

 

3,27

 

In a study published by Malycha and Lovell,

 

58

 

 50 athletes with chronic undiagnosed groin pain
underwent surgical exploration and inguinal hernia repair. Operative findings revealed a significant
bulge in the posterior inguinal wall in 40 athletes. Of the 50 athletes, 41 (93%) returned to normal
activities. It is concluded that athletes with chronic groin pain who are unable to compete in active
sport should be considered for routine inguinal hernia repair if no other pathology is evident after
clinical examination and investigation.

 

26,58

 

 Taylor et al.

 

87

 

 also consider abdominal musculature
abnormalities including inguinal hernias as a cause of groin pain in athletes.

Pilardeau et al.

 

75

 

 term painful groin syndrome 

 

the Lucy syndrome,

 

 named after the fossil hominid
remains of Australopithecus. The authors explain that the relatively more erect posture of modern
humans, when compared to Australopithecus, has caused a change in the position of the pelvis,
leading to lowering of the ischial bone tuberosity and to lifting of the symphysis and anterior pelvic
aspect. This, in turn, has led to strain in the adductor muscles and in the rectus femoris muscle.

 

2. Epidemiology

 

Painful groin syndrome is most commonly found in soccer players.

 

16,20,42,43,74,79,83 

 

Cabot

 

20

 

 reported
that 0.5% of 42,000 examined soccer players complained of pain in the groin. Ekstrand and
Gillquist

 

23 

 

conducted a 1-year follow-up study of 12 soccer teams. Their results show that 13% of
injuries are located in the groin region and 2.73% of cases are injuries of the adductor muscle.
Nielsen and Yde

 

65

 

 studied 123 soccer players; according to their report, 2.75% of cases are attributed
to groin tendinitis. In a study sample of 1475 soccer players examined by Janković,

 

43

 

6.24% had
painful groin syndrome. According to Gilmore

 

32

 

 groin pain in the soccer athlete is a common
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problem accounting for 5% of soccer injuries. Kidron

 

46

 

 considers that approximately 2.5% of all
sports-related injuries are in the pelvic area.

In addition to soccer players, these injuries have also been reported in ice hockey, water polo,
and handball players, fencers, high jumpers, bowlers, skaters, hurdlers, swimmers, and triath-
letes.

 

18,24,50,69,71,72,79,88

 

3. Clinical Picture and Diagnostics

 

Painful groin syndrome is characterized by pain in the inguinal and lower abdominal regions.
Often the pain develops gradually, and the athlete is unaware of its connection with any injury. As
time goes by, the pain becomes more severe and irradiates into the upper leg adductor zone, the
pubic region, and the perineum, spreading toward the hips and the anterior abdominal wall. Overuse
only increases the pain. The pain restricts certain motions during training and the game, especially
reducing the speed of the player. In adductor overuse, the pain occurs during sprinting, ball kicking,
sliding starts, and pivoting.

 

20,43,59,94

 

 Furthermore, the motion performed when entering or exiting a
car may cause pain. In abdominal muscle overuse, the pain occurs in the lower abdominal region,
especially during sprinting and sudden motion, e.g., a rapid change of direction when running.

 

59

 

Pain may appear bilaterally as well. In persistent cases, pain occurs simultaneously in the lower
abdominal area and the adductor region.

Similar to other overuse syndromes, painful groin syndrome is also characterized by specific
developmental stages. Initially, the pain is unilateral and appears shortly after the strain. It disappears
until the time of the next training session so that it does not prevent the athlete from actively
participating in training and matches. With time, the pain persists and is not relieved by the time
of the next athletic event. During that period, even a minor strain may cause severe pain. Then the
pain becomes bilateral, i.e., it occurs in the other groin. This causes greater difficulties for the
athlete even in everyday life, especially when climbing up and down stairs or hills, rising from a
sitting position, or attempting to get up from bed. Coughing, sneezing, defecation, urination, and
sexual activity also cause pain in the groin.

The pain is not strictly limited to the origin or insertion of a given muscle but diffusely extends
over a wider area, thus justifying the term pubalgia. This may be understood as a developmental
stage of the adductor or rectus abdominis muscles tendinitis, but also of the gracilis and pyramidalis
muscles tendinitis. These events confirm the complexity of a pathological condition, i.e., best
described by the term painful groin syndrome. Mental difficulties of these patients should by all
means be added to the clinical picture, for they are too often suspected of malingering.

Clinical examination reveals pain during palpation of the pubic bone occurring above the gracilis
and adductor longus muscle attachments.

 

30,43,59

 

 The patient feels pain during passive elevation of
the foot at external rotation and in maximum abduction of the upper leg. When testing adductors,
the patient lies on his or her back with slightly abducted lower extremities so that a fist may be
inserted between the knees (Figure 7.5). The patient is then asked to hold the fist tightly by
contracting the adductor muscles of the upper leg. This motion causes pain in the typical site of
the upper leg adductor muscle attachment on the pubic bone.

 

43,74,79

 

In tendinitis of the rectus abdominis muscles, pain following palpation appears in the region
of the attachment to the ramus superior pubis (superior pubic branch). In a great number of patients,
inspection of the abdominal wall reveals weakness of the oblique abdominal muscles. The so-called
sausage and spindle-like prominences above the iliac crest and the inguinal ligament (in the literature
commonly referred to as Malgaigne’s sign) appearing during contraction of the abdominal muscles
are also signs of abdominal wall weakness.

 

43

 

For the testing of rectus abdominal muscles, the patient lies on his or her back and lifts the
lower extremities at an angle of 45

 

∞

 

 from the surface (Figure 7.6). During these motions, pain
occurs in the lower abdominal region and at the point of the muscle attachment to the pubic bone.
The pain also appears when the patient is asked to sit up (Figure 7.7).
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FIGURE 7.5

 

Two views of test for determining tenderness of the adductor muscles.

 

FIGURE 7.6

 

Test for the straight abdominal muscles: lift legs from the surface to form a 45

 

∞

 

 angle.

 

FIGURE 7.7

 

Test for the straight abdominal muscles: lift trunk from the surface.
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When painful groin syndrome is identified, radiographic images of the pelvis, showing pubic
bones, symphysis, and both hips, are necessary.

 

70

 

 These enable the physician to rule out arthrotic
changes in the hip, stress fractures and reactions of the pubis ramus and pubic symphysitis, pelvic
avulsion injuries, and femoral stress fractures as causes of pain; it also enables rough analysis of
sacroiliac joints and the caudal segment of the lumbosacral spine (discogenic pain, spondylolysis).
Centered scans of the symphysis with the patient in a standing position first on one leg (the affected
side) and then on the other leg are recommended. The scans may show pathological mobility of
the symphysis, which is important because, during athletic activity (e.g., running, jumping, kick-
ing), the symphysis moves cranially, caudally, anteriorly, posteriorly, and to a lesser degree,
rotatively. These motions of the symphysis are especially observable in soccer players and long-
distance walkers.

 

53

 

According to Janković,

 

43

 

radiologically identified changes in the symphysis and pubic bones
may be classified into four stages that correspond to the developmental stages of the painful groin
syndrome clinical picture. During the first stage, the os pubis is characterized by larger, semioval
or semicircular transparencies directed toward the symphyses (Figure 7.8). The transparencies are
not limited strictly to the gracilis muscle attachment; they also appear at the attachments of the
adductor longus and brevis muscles. In the gracilis muscle attachment to the counter pubic bone,
rare osteolithic changes may be seen. Significant asymmetry of the symphyseal regions is absent
at this stage. In the second stage, the symphyseal region is clearly asymmetrical (Figure 7.9). The
pathological changes in the pubic bone show unclear borders. Scan of the distal symphyseal half

 

FIGURE 7.8

 

The first stage of radiologically visible changes in the pubic symphysis. Translucency is visible
on the affected (painful) side of the groin.

 

FIGURE 7.9

 

The second radiologically visible stage is characterized by asymmetry of the pubic symphysis
and sawlike bone on the pathologically changed side.
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shows an oblique borderline of the bones with the disappearing symphyseal angle (bone) so that
now it is an oblique line extending medially and proximally in the distal and lateral directions. The
third stage is characterized by an irregularly undulated symphyseal region of both pubic bones, a
partially protruded edge borderline, and a clear condensation of osseous structure (Figure 7.10).
At the site of Cooper’s pubic ligaments, a borderline swelling or borderline indentation of the
osseous apposition may be seen bilaterally. The symphyseal fissure may be vertical or extremely
oblique. The scan resembles that of a secondary osteoarthritis. In addition to the changes occurring
in the symphyseal region during the third stage, the fourth stage is characterized by osseous areas
assuming the form of lines or drops in the foramen obturatum area or symphyseal part of the pubic
bone branch. According to the radiologic morphological criteria, these correspond to the finding
of myositis ossificans.

 

94

 

 The sclerosing bone regions are primarily found on the side showing an
old post-traumatic pubic osteonecrosis (Figure 7.11).

Scintigraphy has proved highly valuable in the diagnosis. It helps to identify stress fracture
and avulsions in the pubic branch region.

 

21,51

 

 Le Jeune et al.

 

51

 

 state that in the case of radiologically
invisible changes in the symphysis and a negative scintigraphic finding, the diagnosis is long
adductor muscle tendinitis.

Ultrasound diagnostics are very useful in differential diagnosis of acute trauma from overuse
injuries (Figure 7.12).

 

8,45,68

 

 Orchard et al.

 

68

 

 found that dynamic ultrasound examination is able to

 

FIGURE 7.10

 

Shape of the pubis bones is irregular and undulating with clearly visible bone condensation
(characteristic for the third radiological stage).

 

FIGURE 7.11

 

The fourth radiologically visible stage, in addition to the changes described in the third stage,
is characterized by clearly visible radiological signs characteristic for post-traumatic osteonecrosis.
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detect inguinal canal posterior wall deficiency in young males with no clinical signs of hernia. This
condition is very prevalent in professional Australian Rules football players, including some who
are asymptomatic. Ultrasonography is also a valuable method in the diagnosis of chronic tendon
injuries in the groin.

 

45

 

 Sonography can be used to depict changes in the tensor fascia lata, confirming
the diagnosis and assessing the severity of the tendinopathy.

 

8

 

If inguinal hernia is suspected as a cause of pain, herniography should be performed.

 

56,82,83,95

 

The role of MR imaging (MRI) in diagnosis of groin pain in athletes is stressed by many
authors.

 

7,19,22,47

 

 MRI is a valuable method for evaluating discrete and ambiguous pelvic pain in
athletes, particularly for identifying concomitant changes in the superior ramus, which may give
rise to long-standing pain localized laterally in the groin.

 

22

 

4. Treatment

 

Treatment of painful groin syndrome is as complex as the causes of its development. Similar to
many other situations in medicine, the best possible treatment is based on elimination of causes
and prevention of development of the syndrome. Because painful groin syndrome is not of unique
etiology, it is very difficult to establish unique principles of treatment. However, in our opinion,
treatment should always commence with non-operative procedures; only when these fail, strictly
selective surgery should be contemplated, i.e., depending on the cause of the syndrome. The
following are some common principles of non-operative treatment of painful groin syndrome
regardless of its cause: (1) alleviate pain and control inflammation in the myotendinous apparatus;
(2) hasten healing of the myotendinous apparatus; and (3) control further activities.

We emphasize that it is of utmost importance to commence treatment as early as possible, i.e.,
when the first symptoms occur.

 

71,78

 

 Not paying due attention to initial symptoms and continuation
with athletic activity at the same intensity are the most common mistakes. When an athlete contacts
a physician during the initial stage of overuse syndrome development, training intensity should be
decreased and all motions causing pain avoided (i.e., sudden acceleration or change of direction;
an easy-going straight-line run is allowed). When the syndrome is at a later stage of development,
the athlete should discontinue training altogether.

Local cryotherapy of the painful site is aimed at alleviating inflammation. Ice should be applied
four to five times a day for 15 to 20 min (never directly on the skin). Before the activity, heparin
or similar ointments together with techniques promoting local hyperemia, i.e., heating, are locally
applied.

 

59,72,78,79

 

 Anti-inflammatory nonsteroidal medications are given orally, also with the aim of

 

FIGURE 7.12

 

Sonogram shows partial rupture of adductor muscles. (A) Rupture; (B) normal muscles.
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relieving inflammation. Some authors

 

36,59,79

 

 recommend local corticosteroid infiltrations. Stretching
exercises should be commenced at the same time, starting with static stretching exercises for the
adductor muscles. These exercises are performed such that the muscle is stretched to the point of
pain and kept in the position for 15 to 20 s. The athlete should repeat the stretching exercises
several times a day, at minimum three times. It is especially important that the stretching exercises
do not cause additional pain. Along with the exercises, cryotherapy is recommended (local appli-
cation of ice). Holmich et al.

 

38

 

 recommend active physical training as treatment for long-standing
adductor-related groin pain in athletes. An active training program with a program aimed at
improving strength and coordination of the muscles acting on the pelvis, in particular the adductor
muscles, is very effective in the treatment of athletes with long-standing adductor related groin
pain. A distinct syndrome of lower-abdominal/adductor pain in male athletes appears correctable
by a procedure designed to strengthen the anterior pelvic floor.

 

60

 

Athletes with weak abdominal muscles should work on strengthening the muscles. Equal
strengthening is required for both the rectus and oblique abdominal wall muscles.

 

72,74

 

 The exercises
should be performed several times a day. At the beginning, the exercises are repeated only a few
times and without any load. Gradually, the number of repetitions and the load are increased. Athletes
who have discontinued their specific training may engage in supplemental activities, purposely
maintaining general physical fitness (bicycling, backstroke or freestyle swimming).

The purpose of rehabilitation is to preserve strength, elasticity, and contractual abilities of the
tissues along with the improvement of mechanical and structural characteristics of the tissues. At
the start of rehabilitation, isometric or static strengthening exercises for the adductor muscles are
introduced.

 

36

 

 When performing isometric exercises, the contraction force should not cause any pain.
The training begins with only a few contractions daily; later, training gradually increases the number
of contractions and the total load.

At the stage when isometric training may be performed without pain, dynamic strength training
may be introduced. At the beginning of the adductor muscle dynamic training, the weight of the
leg itself is used as a load. Gradually, the load may be increased by adding supplemental weight,
although this should not be done too fast. Isokinetic training is actually best, although it requires
special equipment (Cybex). Isokinetic training includes working at a constant speed and maximum
resistance along the whole range of movement.

At the end of rehabilitation, athletes may return to their specific training. The common error
is that many tend to resume full athletic engagement too soon, which may necessitate repeating
the treatment. In such cases, instead of approximately 3 months, the treatment may be prolonged
for 12 or more months. According to Lynch and Renstrom

 

55

 

 patience is the key to obtain complete
healing, because a return to sports too early can lead to chronic pain, which becomes increasingly
difficult to treat. Fricker

 

29

 

 states: “Patients should be reminded that there are no short cuts and
precipitate return to sport is not worth the risk in most cases.”

Operative treatment of painful groin syndrome, to a certain extent, depends on the attitude in
approaching this complex problem.

 

10,30,41,43,81,94

 

 Authors who consider tendinitis the most important
feature of the painful groin syndrome recommend operative treatment in terms of disinsertion, i.e.,
cutting (tenotomy) of the adductor, gracilis, rectus abdominis, piramidalis, and other muscles.
Authors who believe that painful groin syndrome is primarily caused by disproportion in strength
between the abdominal wall muscles and the upper leg muscles, especially emphasizing weak
abdominal muscles (oblique and transverse abdominal muscles in particular), recommend surgical
strengthening of the anterior abdominal wall by the method applied for inguinal hernia, i.e., by the
Bassini method.

 

64

 

Gilmore’s groin repair is very successful according to Brannigan et al.

 

14

 

 They present results
of 100 consecutive groin repairs in 85 young athletes, and 96% of their patients returned to
competitive sport within 15 weeks. Laparoscopic preperitoneal hernia repair should be considered
as a treatment modality in athletes presenting with chronic groin pain.

 

85

 

 Azurin et al.

 

6

 

 also state
that endoscopic preperitoneal herniorrhaphy is an effective treatment for obscure groin pain when
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the pain is associated with an inguinal hernia; the procedure allows a short recovery time before
return to full athletic activity. The “hockey groin syndrome,” marked by tearing of the external
oblique aponeurosis and entrapment of the ilioinguinal nerve, is successfully treated by ilioinguinal
nerve ablation and reinforcement of the external oblique aponeurosis.

 

40

 

We agree with the opinion of Quilles,

 

94

 

 who in praising Bassini’s modified operative methods,
states: “It is more fair to enrich the poor than to impoverish the rich,” meaning that it is better to
strengthen or support the abdominal muscles than to weaken the adductor muscles by tenotomy.
Nevertheless, on the basis of our experience, we have realized that sometimes the disequilibrium
and difference are so great that muscular balance may be achieved only by a combination of
“enriching the poor and impoverishing the rich.” The fact is that in certain cases, besides strength-
ening the anterior abdominal wall, tenotomy of the adductor needs to be done, especially when
tendinitis is clinically obvious, e.g., upper leg long adductor tendinitis. Tenotomy of the adductor
longus tendon in the treatment of chronic groin pain in 16 male athletes was described by Akermark
and Johansson.

 

1

 

 All but 1 of the athletes returned to the same sport within a mean of 14 weeks
after surgery. Similar to all other surgeries, postoperative rehabilitation procedure is essential here
as well. On the second or third day following surgery, the patient gets up and starts with a moderate
dose of static exercises for abdominal muscles accompanied by general physical therapy measures,
such as breathing exercises, exercises for proper circulation in the lower extremities, etc. After the
stitches are removed and the wound appears satisfactory, swimming, easy walking, and gradual
increase in the intensity of exercises for strengthening of the abdominal wall muscles are recom-
mended. A month after the operation (sometimes even 3 weeks after), the patient is allowed to run
easily and to perform the exercises for abdominal wall muscles regularly, gradually increasing the
load, but only to the pain limit. After 6 weeks (sometimes 5), a soccer player is allowed to begin
ball training. After 8 weeks (sometimes 6), the player is allowed to participate in a training match,
and after 10 to 12 weeks (sometimes 8) full participation in athletic activity is allowed. Eventually,
it should be pointed out that when discussing treatment of painful groin syndrome, whether operative
or non-operative, the approach should always be individualized. In this regard, it should be empha-
sized that procedures may and should be combined and that there is no unique scheme for painful
groin treatment.

Prevention is of utmost importance, especially in young patients, and should be aimed at
strengthening the abdominal muscles, particularly the obliques. Exercises for strengthening abdom-
inal muscles are often done so that only the rectus abdominal muscles are strengthened. If exercises
are exaggerated, tendinitis may result, i.e., painful groin syndrome may develop. We add here that
stretching exercises should be intensified for the upper leg muscles and for the whole lower
extremity muscle, especially before and after the athletic activity. The greatest mistake is made
when the athlete, the coach, and the physician lose patience, and the athlete returns to full strain
too soon, thus repeatedly causing the recurrence of painful groin syndrome. Such a course of
events may continue for several years only to result in definite cessation of any engagement in
athletic activities.

From the etiological, diagnostic, and therapeutic points of view, painful groin syndrome is
further complicated by the many origins and insertions of muscles and tendons in the pelvis, hip
joint, and proximal segment of the upper leg regions as well as the bursal sacs (synovial sacs), all
of which may be the site of pathological changes in terms of overuse syndrome. The possibility
of stress fracture of bones in these regions should be taken into account, and in younger persons,
the possibility of epiphysiolysis and apophysitis should not be ruled out. Nerve entrapment syn-
dromes are also of importance in differential diagnosis.

 

13,73,96

 

B. O

 

STEITIS

 

 P

 

UBIS

 

The term osteitis pubis indicates that inflammatory changes are taking place, although in the
majority of cases, no causative agent has been isolated (identified). A number of different terms
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have been used in the past with the purpose of avoiding the connotation of inflammation (e.g.,
osteitis necroticans pubis, syndroma rectus-adductor, traumatic inguino-leg syndrome, anterior
pelvic joint syndrome, groin pain in athletes, osteoarthropathy of the pubic symphysis, traumatic
pubic osteitis, Pierson syndrome, pubic chondritis, and post-traumatic osteonecrosis of the pubic
bone.

 

80,92

 

 However, these expressions were also used to denote pelvis stress fractures, adductor
tendinitis, avulsion injuries of the adductor tendons, postoperative changes occurring without
infection, stress changes in the symphyseal region, and various arthrotic changes. Major and Helms

 

57

 

have studied a group of athletes in whom stress injuries to the pubic symphysis are associated with
changes in the sacroiliac joint as demonstrated by degenerative changes or in the sacrum as
manifested as a sacral stress fracture. In a large number of cases, a link between osteitis pubis and
urological problems has been described as well as postpartal complications.

 

71

 

The condition was first reported in an athlete (fencer) in 1932 by Spinelli.

 

84

 

 Only in the early
1960s, did significant study of the condition in athletes begin. Osteitis pubis has been reported in
soccer players, U.S. football players, basketball players, long-distance runners (marathon), and
long-distance walkers.

 

9,71,72,92,150

 

 As Lloyd-Smith et al.

 

53

 

 report on the basis of their research, the
condition is more common in men. Osteitis pubis is seen particularly in those sports requiring
sprinting and sudden changes of direction. Among the total number of osseous lesions in the pelvic
bones, osteitis pubis ranks third in frequency (14% in males, 6.3% in females). These authors
further report that in 43% of patients, varus alignment has been observed, and in 29% of cases
different leg length has been found. So far, etiology is unknown. Steinbach et al.

 

86

 

 report that venous
obstructions caused by trauma might be the cause, whereas Goldstein and Rubin

 

33

 

 report that osteitis
pubis is caused by chronic infection, and Wheeler

 

90

 

 ascribes pubic osteitis to aseptic necrosis.
The patient complains of pain in the lower abdomen and in the groin, but cannot link it to any

known injury. At a later stage, the pain spreads in a fanlike manner into the adductor region. The
principal characteristics of the pain are that its onset is linked to the athletic activity, then diminishes,
and gradually disappears upon resting. The pain may also occur or become more intense when
coughing, sneezing, or laughing.

 

93

 

 Palpation during clinical examination causes pain along the
pubic bone and the symphysis itself.

Radiography of the pelvis shows no changes in the initial phase of the disorder, but later on,
the alterations are visible in the symphyseal region (fraying and sclerosis).

 

71

 

 

Scintigraphic scan shows increased bilateral accumulation of radionuclides around the pubic
bone even in the initial stage of the disease (Figure 7.13).

 

15,17

 

 Scintigraphy helps in differential
diagnosis, because in the case of avulsion or stress fracture in the pubic branch region, the
accumulation of radionuclides is unilateral.

 

80

 

 Le Jeune

 

51

 

 reported that, in the case of a negative
scintigraphic scan and positive clinical signs, adductor longus and rectus muscle tendinitis is usually
in question.

 

FIGURE 7.13

 

Bone scan demonstrating osteitis pubis.
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MRI has proved to be a valuable diagnostic technique in detecting osteitic change as an area
of low signal intensity on T1-weighted images and of high and homogeneous signal intensity on
T2-weighted scans without fat suppression.

 

7

 

 Only MRI can permit an accurate and early diagnosis
of the different sports-related pubic conditions.

 

52

 

 MRI is also a valuable tool in monitoring the
alterations with reference to their response to treatment, which may also help return the athletes
to their activities. Verrall et al.

 

89

 

 concluded that athletes with groin pain and tenderness of the pubic
symphysis and/or superior pubic ramus have clinical features consistent with the diagnosis of
osteitis pubis. The increased signal intensity seen on MRI is due to pubic bone marrow edema,
such that an association exists between the clinical features of osteitis pubis and the MRI finding
of pubic bone marrow edema.

The treatment recommended is reduced athletic activity or complete rest if the pain is too
severe. As supplementary activity, swimming may be recommended (free and backstroke only).
Pearson

 

71

 

 recommends administration of nonsteroidal anti-inflammatory medication in combination
with corticosteroids (10 mg of prednisone daily for 10 days). Symphyseal corticosteroid injection
is a useful technique for treatment of osteitis pubis in athletes.

 

39,66

 

 We use a corticosteroid injection
with 5 ml 2% lidocaine. The procedure is well tolerated and may facilitate early resumption of
competitive activities. Prospects for recovery are very good. When athletic activities are avoided,
the disease subsides spontaneously. However, the duration of the recovery process may be variable.

Mulhall et al.

 

63

 

 reported of outcome with symphyseal curettage in cases refractory to conser-
vative management of osteitis pubis in professional soccer players. Williams et al.

 

93

 

 treated opera-
tively seven rugby players with osteitis pubis and vertical instability at the pubic symphysis after
non-operative treatment had failed to improve their symptoms. The vertical instability was diagnosed
based on flamingo view radiographs showing greater than 2 mm of vertical displacement. Operative
treatment consisted of arthrodesis of the pubic symphysis by bone grafting supplemented by a
compression plate. At a mean follow-up of 52.4 months, all patients were free of symptoms and
flamingo views confirmed successful arthrodesis with no residual instability of the pubic symphysis.

 

II. ILIOPSOAS TENDINITIS AND BURSITIS (PSOAS SYNDROME)

 

Iliopsoas muscle tendinitis is caused by frequent repetitive flexions in the hip joint (Figure 7.14).
It is a relatively uncommon and unrecognized cause of anterior hip pain and anterior snapping hip,
but it is common in weight lifters, skiers, oarsmen, football players, long and high jumpers, and
hurdlers.

 

11,44,54,64,69 

 

Bursitis of the iliopsoas is more common in gymnasts, wrestlers, and uphill
runners. The principal clinical sign is pain in the groin region on the anterior aspect of the hip
joint, in the small pelvis, and sometimes in the back as well; this is accounted for by the fact that
tendinitis and bursitis of the iliopsoas develop as a result of hypertonic muscle and prolonged strain.
Overuse or excessive strain may be the consequence of disturbed biomechanical relations in the
lumbar spine and in the hip joint.

Initially, the pain is mild in intensity, but the repetitive strain makes the pain increasingly
intense to the degree that the athletic activity becomes impossible. Often the patient cannot find
the link between the pain and injury. Palpation of the tendinous attachment to the small trochanter
causes pain. If when sitting a patient places the affected leg over the healthy one, i.e., with its heel
touching the knee of the unaffected leg, a painful and tense iliopsoas muscle may be palpated.
During flexion of the upper leg in the hip joint against resistance, pain occurs at the point of the
muscle attachment. The motion should be attempted in a sitting position (Figure 7.15) because
then the iliopsoas muscle is the chief and only flexor of the upper leg in the hip joint. Between
the iliopsoas tendon and the anterior aspect of the hip joint articular capsule, there is a nut-sized
synovial sac; when irritated, it produces a clinical picture of a typical bursitis, reaching its peak
on the fourth or fifth day from the onset of pain during and after the athletic activity. Eventually,
the activity has to be discontinued entirely.

 

1428_C07.fm  Page 166  Wednesday, July 2, 2003  7:56 AM



 

Hip and Thigh

 

167

 

In differential diagnosis, the following should also be considered: tendinitis of the adductor
longus muscle and rectus femoris muscle; rupture and avulsion of the iliopsoas muscle, rectus
femoris muscle, and adductor longus muscle;

 

12

 

 and labrum lesions in the hip joint.

 

37

 

 MR-arthrog-
raphy is recommended in patients with clinical suspicion for labral lesions of the hip joint.37 Rupture
of the iliopsoas muscle is extremely rare. In most cases, the attachment of the muscle to the small
trochanter is the rupture site. The injury most commonly occurs when the upper leg in flexion is

FIGURE 7.14 Insertion of the iliopsoas tendon to the lesser trochanter. Broken lines indicate bursa between
the tendon and joint capsule.

FIGURE 7.15 Test for iliopsoas muscle function.
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forcibly extended. At the moment of injury, the athlete complains of severe pain in the groin region.
After the injury, the upper leg is usually kept in flexion, adduction, and external rotation as this is
the position of least pain.74 Each attempt at extension and internal rotation causes severe pain as
does active contraction of the muscles. At the site of the injury, pain occurs on palpation. In addition
to ultrasound, radiographs should be taken and attention paid to the probability of the avulsion of
the small trochanter.25,91 These studies are especially important for the younger age groups as in
these patients the epiphysis of the small trochanter is not yet united with the bone shaft. In the
case of complete avulsion, surgery is the only recourse available.34,67,72 Tendinitis of the iliopsoas
muscle is treated non-operatively.

When the patient contacts a physician during the initial stage of the disorder, training should
not be completely discontinued but only reduced in intensity. However, if the athlete contacts a
physician at a later stage, a rest period of 3 to 4 weeks is necessary. During this time, the athlete
may engage in substitute activities, such as swimming or riding a bicycle. The site of injury is
treated with ice for at least 15 min, three to four times a day (the ice should not come into direct
contact with the skin), and anti-inflammatory nonsteroidal drugs are administered orally. Renstrom
et al.79 recommend an additional local infiltration of corticosteroids followed by a 2-week rest. At
the very beginning of treatment, stretching and static strengthening exercises without load or weight
bearing should be commenced.36 At a later stage, dynamic exercises for strengthening may be
introduced, although care should be taken that the patient feels no pain. When pain is absent, even
during maximum load, the athlete is ready to resume training at full intensity as required for
participation in competition.

III. TENDINITIS OF THE RECTUS FEMORIS MUSCLE

Tendinitis of the rectus femoris muscle usually occurs as a result of prolonged, repetitive, and
sudden increase in strengthening exercise training or intensive goal-shooting training, e.g., in soccer.
The athlete feels pain in the region above the hip joint at the point where the rectus femoris muscle
attaches anteriorly and inferiorly to the iliac spine. The patient is unable to associate the onset of
pain with an injury. Pain appears on palpation of rectus femoris muscle tendon attachment. The
pain may also be provoked by resisting upper leg flexion and lower leg extension.

In differential diagnosis, the following should be taken into consideration: rupture or avulsion
of the rectus femoris muscle or iliopsoas muscle, tendinitis of the iliopsoas muscle or adductor
longus muscle, stress fracture of the femoral neck, changes in the hip joint (e.g., arthrosis, rheu-
matoid arthritis, osteochondritis dissecans, loose body in a joint, synovitis), and bursitis.74,79 Calcific
tendinitis at the site of origin of the rectus femoris muscle is a rare lesion.76 Presumed to be formed
by deposition of hydroxyapatite crystals, this entity may be confused with other lesions such as os
acetabuli or post-traumatic abnormalities. The characteristic location and appearance of the calci-
fications in a symptomatic patient with no history of trauma should allow diagnosis and subsequent
symptomatic therapy.76 Calcification of the reflected tendon of the rectus femoris muscle often
closely resembles osteoarthritis of the hip.169 Pain in the groin region may develop as a consequence
of the rupture at the attachment point or in the proximal third of the rectus femoris muscle. At the
moment of injury, the pain is so severe that the athlete is compelled to discontinue activity. If
complete rupture takes place, the muscle cannot be contracted. During palpation of the injured site,
pain appears, and often a defect may be palpated on the belly of the muscle. Upper leg flexion
against resistance causes pain at the site of the injury. Pain in the muscle during extension of the
lower leg against resistance is an additional sign of the trauma.

Ultrasound will confirm the diagnosis and enable evaluation of the severity of injury (Figure
7.16). Radiographs should also be taken to rule out bone avulsion.

Complete rupture, especially if in combination with avulsion fracture, is treated operatively.67

Partial rupture is usually treated non-operatively; during the initial stage, rest, cryotherapy, com-
pression, elevation, and nonsteroidal anti-inflammatory medication are prescribed. Rehabilitation
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in terms of strengthening the muscles may begin when pain and swelling disappear.48 Treatment of
rectus femoris muscle tendinitis is very similar to the treatment of overuse syndromes, e.g., tendinitis
of the iliopsoas muscle.

IV. HIP EXTERNAL ROTATOR SYNDROME

Although rare, external hip rotator syndrome presents a complicated problem, with regard to both
diagnosis and treatment.99 It is most frequently found in hurdlers and ballet dancers where the
symptoms consist of a vague pain in the buttocks and the greater trochanter area. The inflexibility
of the hip external rotators (Figure 7.17), primarily the piriformis, gemellus superior, and gemellus
inferior muscles, together with the internal rotation contracture of the hip, is thought to lead to
chronic overuse of these muscles.

To locate the exact area of pain, the upper leg is maximally and externally rotated during
physical examination; pressure is applied to the greater trochanter area, producing intense pain.
Differential diagnosis must take into account the possibility of piriformis muscle syndrome73,104

and trochanteric bursitis, which can be confirmed by ultrasound. Piriformis muscle syndrome is
described in Chapter 13, Nerve Entrapment Syndromes.

Non-operative treatment of short external hip rotator syndrome is based on stretching exercises
for the afflicted muscle groups and neighboring muscles, with the aim of increasing their flexibility
and concurrently the flexibility of the whole hip. Other non-operative measures include rest, ice,
and nonsteroidal anti-inflammatory drugs. Steroid injections can also be administered.

FIGURE 7.16 Sonogram showing rupture with hematoma of rectus femoris muscle. (A) Relaxation;
(B) contraction.
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V. GLUTEUS MEDIUS SYNDROME

Gluteus medius syndrome is characterized by pain involving the buttock, lateral hip, groin, or the
sacroiliac joint. The patient may also report dysestesia and numbness in the buttock or posterior
aspect of the thigh. Prolonged sitting may exacerbate pain. The pain can be caused by overuse and
inflammation of gluteus medius muscle or of the sciatic nerve, which is immediate adjacent.
Kellgren102 in 1938 was the first to report on referred pain from the gluteus medius. Activities with
high hip abductor demand have been associated with gluteus medius syndrome, especially in martial
arts, cycling, aerobics, and dance. Usually, symptoms are elicited only during sports participation,
but gradually these symptoms can become present during the patient’s routine daily activities. Green
et al.98 report on a 24-year-old male amateur cyclist who had numbness and tingling localized to
a small region on the superior portion of the right buttock. The area involved demonstrated
paresthesia to light touch sensory evaluation. Manual-resisted muscle testing created soreness in
the lumbosacral area and buttock. Trigger points were identified in the right gluteus medius. During
physical examination, hip abductor strength should be compared with the contralateral extremity.
A full neurological exam is essential to rule out neurological causes. Palpation in the buttock region
and over the gluteus medius muscle can discover trigger points or tenderness to palpation on or
around the muscle. Regarding trigger points, Njoo and Van der Does103 consider that the clinical
usefulness of trigger points is increased when localized tenderness and the presence of either jump
sign or patient recognition of the pain complaint are used as criteria to establish the presence of
trigger points in the gluteus medius muscle. Other physical findings in gluteus medius syndrome
may include limited stretch range of muscle, presence of a taut, palpable band in muscle, and
referred pain produced by direct palpation of trigger points. Kingzett-Taylor et al.100 performed 250

FIGURE 7.17 External rotator muscles of the hip.
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MRI examinations of the hip for the evaluation of buttock, lateral hip, or groin pain. Examination
revealed that 8 patients had complete retracted tears of the gluteus medius, 14 patients had partial
tears, and MR findings were consistent with tendinosis in 13 patients. The gluteus minimus muscle
was also involved in 10 patients. MRI is the imaging technique of choice in differentiating the
cause of hip pain in athletes.105

Differential diagnosis of the gluteus medius syndrome includes sciatica, radiculopathy, greater
trochanteric bursitis, iliotibial band syndrome, quadratus femoris tendinitis,101 sacroiliac joint dys-
function, and especially piriformis syndrome, but also the pelvic compartment syndrome.97

Stretching exercises of the gluteus medius, gluteus maximus, gluteus minimus, and the pirifor-
mis is recommended in conservative treatment of patients with gluteus medius syndrome. Cold
packs, ultrasound, and other modalities can be incorporated into the physical therapy program. The
physician should try to modify the aggravating movements and elements in the athlete’s sport, for
example, seat size or positioning of cyclist. Injection with anesthetics and corticosteroids has been
diagnostic as well therapeutic. In rare cases, surgical debridement of a chronic tendinosis is an
available option.102

VI. SNAPPING HIP SYNDROME

Snapping hip syndrome is a symptom complex characterized by an audible snapping sensation,
which is usually, but not necessarily, associated with hip pain during certain movements of the hip
joint. A number of different etiologies, both intra-articular and extra-articular, have been
described.117,125,127,130 Intra-articular causes for the snapping hip include loose bodies, osteocartilag-
inous exostosis, osteochondromatosis, and subluxation of the hip.121,128 The most frequent extra-
articular cause of the snapping hip is the snapping of the iliotibial band over the greater trochanter.
For a long time, this was considered to be the only extra-articular cause of snapping hip syndrome,
but further research has uncovered other extra-articular etiologies. These include the snapping of
the iliopsoas tendon over the iliopectineal eminence of the pelvis, the iliofemoral ligaments over
the femoral head, and the tendinous origin of the long head of the biceps femoris muscle over the
ischial tuberosity. Taking into account the localization of the causes for snapping hip, we recognize
three different snapping hip syndromes: medial (internal), lateral (external), and posterior snapping
hip syndrome (Table 7.2).

Medial (internal) snapping hip syndrome is caused either by the snapping of the iliopsoas
tendon over the iliopectineal eminence of the pelvis, as described by Nunziata and Blumenfeld120

in 1951, or by the snapping of the iliofemoral ligaments over the femoral head, as reported by
Howse113 in 1972. This type of snapping hip syndrome is frequently found in ballet dancers.125

When leaving the pelvis, the iliopsoas tendon lies in a groove between the anterior-inferior iliac

TABLE 7.2
Extra-Articular Causes of Snapping Hip

Localization Etiology

Medial (internal) Iliofemoral ligament over femoral head
Iliopsoas tendon over the anterior-inferior iliac spine
Iliopsoas tendon over the iliopectineal eminence
Iliopsoas tendon over the bony ridge on the lesser trochanter

Lateral (external) Iliotibial band over the greater trochanter
Gluteus maximus tendon over the greater trochanter

Posterior Tendinous origin of the long head of the biceps femoris muscle 
over the ischial tuberosity
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spine laterally and the iliopectineal eminence medially. From there, the tendon inserts on the lesser
trochanter passing over an anteromedially placed bony ridge. The snapping of the iliopsoas tendon
occurs when the hip is extended from a flexed, abducted, and externally rotated position. The
snapping can take place over the anterior-inferior iliac spine, the iliopectioneal eminence, or at the
point where the iliopsoas tendon passes over the bony ridge on the lesser trochanter. In addition
to an audible snapping sound, this movement is also, in some cases, accompanied by a painful
sensation in the frontal hip area.

Wunderbaldinger et al.129 evaluated the diagnostic value and significance of various imaging
techniques for demonstrating the underlying causative pathology of clinically suspected internal
snapping hip syndrome. The underlying causative pathology could be established in 37% of patients
by the use of conventional radiographs alone and in 46% of patients by ultrasonography alone, and
in combination in 83% of the patients. When MRI was used, a causative pathology was found in
all patients (100%).

Differential diagnosis includes consideration of psoas bursitis. Frequent movements of the
iliopsoas tendon can lead to irritation of the iliopsoas bursa situated between the iliopsoas tendon
and the anterior hip capsule; communication exists between them in about 15% of adult hips.127

This irritation is accompanied by pain in the frontal hip area, which increases typically with resisted
hip flexion. Psoas muscle syndrome, which consists of psoas bursitis, enthesitis, and tenosynovitis
of the iliopsoas muscle, is therefore a clinical entity that should be differentiated from snapping
hip syndrome.

Treatment of medial (internal) snapping hip syndrome depends on whether the syndrome is
asymptomatic, accompanied only by audible snapping sounds, or whether it is associated with hip
pain. Non-operative treatment consists of reduction of (or temporary cessation of) painful activities
and movements, nonsteroidal anti-inflammatory medication, and stretching exercises.127 Good
results are sometimes obtained by steroid injections. Surgical treatment is indicated in those patients
whose painful symptoms persist after prolonged non-operative therapy. The operative procedure
consists of resection of the lesser trochanter bony prominence, transection of the tendinous slip at
the level of the groove between the iliopectineal eminence and anterior-inferior iliac spine, and/or
partial or total release of the iliopsoas tendon.118,121,127

Jacobson and Allen115 referred 18 patients with 20 symptomatic hips and all patients underwent
lengthening of the iliopsoas tendon. Lengthening of the iliopsoas tendon was accomplished by step
cutting of the tendinous portion of the iliopsoas. All patients, except one, had a marked reduction
in the frequency of snapping after tendon lengthening, and 14 of 20 hips had no snapping postop-
eratively. Gruen et al.112 present 11 patients (12 hips) surgically treated by lengthening of the
iliopsoas tendon through a true ilioinguinal approach. All 11 patients had complete postoperative
mitigation of their snapping hip, and 9 reported excellent pain relief. Although non-operative
measures are usually successful in the treatment of internal snapping hip, surgical tendon length-
ening is a viable approach in cases refractory to non-operative therapy.

Lateral (external) snapping hip syndrome is the most frequent and, consequently, the best-
known snapping hip syndrome. It is caused by the slipping of the iliotibial band over the posterior
part of the greater trochanter (Figure 7.18), and is frequent in runners, dancers, and basketball
players.114,121,125–127 It can be asymptomatic or accompanied by pain, which is especially intense in
those cases that develop trochanteric bursitis. In addition to the audible snapping phenomenon, the
symptomatic form is characterized by pain in the region of the greater trochanter, which sometimes
radiates to the buttocks and/or lateral thigh. The snapping can best be observed by placing the palm
of one’s hand on the greater trochanter area of the patient during walking. Another maneuver that
will consistently reproduce the patient’s symptoms is to have the patient stand on the healthy leg
and imitate running motions on the affected side. In some cases, the snapping can only be dem-
onstrated by having the patient lie on the unaffected side with a large pad under the pelvis so that
the affected hip is in adduction. Keeping the knee in extension, which tightens the fascia lata, the
affected hip is then actively flexed and extended. The iliotibial band can then be felt to flip anteriorly
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over the greater trochanter as the hip is flexed. The most common cause of the slipping of the
iliotibial band over the greater trochanter is its excessive tightness (shortening), which can result
from leg length discrepancies, pelvic tilt, or certain activities such as habitual running on the sides
of roads. In the last case, the disorder occurs on the “downside leg,” because the drainage pitch of
the road causes increased tension in the iliotibial band in this extremity. Tightness of the iliotibial
band is diagnosed using Ober’s test. Excessive tightness of the iliotibial band causes greater friction
between the band, the greater trochanter, and the bursa that is normally located there; this in turn
leads to chronic trochanteric bursitis. Characteristic symptoms of this bursitis include intense pain
in the greater trochanter area and limping.

Conventional sonographic studies can identify signs of tendinitis, bursitis, or synovitis. Dynamic
sonographic studies reveal the cause of snapping hip in most patients.109,123 Snapping hip is char-
acterized on sonography by a sudden abnormal displacement of the snapping structure. Choi et al.109

found that dynamic sonography was helpful in the diagnosis of external snapping hip syndrome;
it showed real-time images of sudden abnormal displacement of the iliotibial band or the gluteus
maximus muscle overlying the greater trochanter as a painful snap during hip motion.

Non-operative treatment of lateral (external) snapping hip syndrome consists of rest, avoidance
of painful movements, iliotibial band stretching exercises, strengthening of the hip flexors, buttocks,
hamstrings, hip rotation muscles, and quadriceps, nonsteroidal anti-inflammatory medication, and
correction of the disturbed biomechanical relationships of the lower extremities (arch supports, ade-
quate shoes, etc.). Injections of local anesthetics and soluble steroids are also sometimes effective.119

In refractory cases that do not respond to non-operative therapy, surgical treatment is indicated.
Numerous operative procedures have been described. Operative procedures include resection of a

FIGURE 7.18 Iliotibial band.
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large portion of the greater trochanter or various surgical alterations of the iliotibial band. The latter
include the simple release of the iliotibial band, the release and fixation of the cut ends of the band
to the greater trochanter, lengthening of the band, and excision of a portion of the band in the
greater trochanter area (Table 7.3).106–108,110,111,123–127 We have successfully used the operative pro-
cedure described by Zoltan et al.130 on our patients (Figure 7.19). The procedure consists of excising
an ellipsoid-shaped portion of the band overlying the greater trochanter; we have termed this
procedure as fenestration of the iliotibial band.122 Kim et al.116 have treated three patients with Z-
plasty of the iliotibial band, but only one of three patients was able to return to full activities.

Posterior snapping hip syndrome is caused by the snapping of the tendinous origin of the long
head of the biceps femoris muscle over the proximal part of the ischial tuberosity. Rask124 has
described cases in which the subluxation of this tendon was accompanied by an audible snapping
sound, a condition that he termed snapping bottom. Differential diagnosis must include consider-
ation of developed bursitis in this area and enthesitis of the tendon, which we classify as part of
the hamstring syndrome. Treatment is usually non-operative.

VII. HAMSTRING SYNDROME

Hamstring syndrome is a condition that affects muscles of the posterior thigh, primarily the
semitendinosus, semimembranosus, and biceps femoris muscles (Figure 7.20). It is frequent in
sprinters, hurdlers, and both long and high jumpers, but can also be found in other athletes, especially
those who engage in rapid acceleration and short intense sprinting, such as baseball players, football
players, tennis players, water-skiers, dancers, and others.131,142,157,158,165,168 Hamstring syndrome is
caused either by the overuse of the muscles at their insertion on the ischial tuberosity or by the
partial or total rupture of an individual muscle. It is a very common sports injury and numerous
studies have been devoted to determining the causative factors and possible preventive measures
of this typical self-induced injury. One of the reasons for this attention is the well-documented
propensity of this syndrome to recur (as epitomized by the old saying “once a strain, always a
strain”). Although hamstring injuries are common in athletes, the distribution and location of such
injuries have not been well defined. De Smet and Best136 used MRI to determine the frequency of
injury by muscle, involvement of one or more muscles, and location of injuries within the muscu-
lotendinous unit. The biceps femoris is the most commonly injured hamstring muscle and the

TABLE 7.3
Operations for Painful Snapping Hip

Author (Year) Operation Ref.

Dickinson (1928) Simple release of the band 48
Orlandi et al. (1981) Incision of the band and suturing of the cut ends 

to the greater trochanter
48

Bruckl et al. (1984) Diagonal notching of the band and fixation of band 
to the greater trochanter

49

Fery and Sommelet (1988) Cruciate incision of the band over the greater 
trochanter and the four flaps produced are sutured 
back on themselves or to adjacent structures

51

Asai and Tonnis (1979) V-Y-plasty 47
Dederich (1983) Z-plasty 50
Brignall and Stainsby (1991) Z-plasty 48
Larsen and Johansen (1986) Resection of the posterior half of the band 54
Zoltan et al. (1986) Excision of an ellipsoid-shaped portion of the band 

overlying the greater trochanter
62
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semitendinosus is the second most commonly injured. Although hamstring injuries often involve
one muscle injured proximally, multiple muscles were involved in 33% of athletes and the injuries
were distal in 40% of athletes. All intramuscular injuries occurred at the musculotendinous junction,
either at the ends of the muscle or within the muscle belly.136

A. ETIOPATHOGENESIS

Numerous authors have tried to determine the predisposing factors that might cause the hamstring
muscle group to become strained.172 O’Neil172 summarizes some of these factors, such as fatigue,
poor posture, improper warm-up, overuse, abnormal muscle contraction, improper conditioning,
magnesium imbalance, sepsis, and anatomical variations, as primary causes leading to hamstring
strain. The results of the study of Hennessey and Watson144 indicate that, while differences in
hamstring flexibility are not evident between injured and noninjured groups, poorer low back posture
was found in the injured group. Regular monitoring of posture in athletes is therefore recommended.
Most authors today agree that the basic causative reason for development of hamstring syndrome
is muscle strength imbalance between the hamstring muscle group and the quadriceps femoris

FIGURE 7.19 Schematic representation of the operative procedure described by Zoltan et al.130 æ fenestration
of the iliotibial band. (A) Area of the greater trochanter projection; (B) skin incision; (C and D) ellipsoid-
shaped excision of the iliotibial band overlying the greater trochanter.
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muscle. The normal biomechanics of the lower extremity depends on smoothly coordinated recip-
rocal action between the quadriceps and the hamstring muscle group. Unusual stress is placed on
the quadriceps and hamstrings mechanism at certain points within the range of motion, which
suddenly precipitates injury. Hamstring syndrome will develop, in various forms, when there is a
relative weakness of the hamstring muscle group in relationship to the quadriceps femoris muscle.
The relationship between the hamstring muscle group and the quadriceps femoris muscle has
changed during evolution. Pilardeau et al.162,163 speculate that the hamstring syndrome is caused by
the still inadequate adaptation of modern humans to an upright position. For this reason, they
classify hamstring syndrome as belonging to Lucy syndrome, as described above. The osseous
remains of Lucy, an Australopithecus who lived approximately 3 million years ago, indicate that
she walked in a semi-crouch with habitually flexed knees. The upright position modern humans
has caused a permanent elongation of the posterior thigh muscles and at the same time has shortened
the quadriceps muscle in relation to the Australopithecus.

Studies have indicated that the hamstring muscles should have at least 60% of the strength of
the quadriceps170 in athletes; this is often not the case with the hamstrings, which have 40%, and
sometimes even less, of the strength of the quadriceps. Unlike the quadriceps, however, hypotrophy
of the hamstring muscles is not readily visible, and unlike the unstable knee syndrome, weakened
hamstring muscles do not cause severe clinical symptoms. This is one of the basic reasons strength-
ening of the hamstring muscle group does not receive enough attention. Hamstring-to-quadriceps
muscle strength ratios change during movements in the hip and knee joint. This is further compli-
cated by the fact that the hamstring muscles are primarily biarticular structures that act on both of

FIGURE 7.20 Posterior thigh muscles æ hamstring muscles.
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these joints. During a 60∞ flexion of the knee, the quadriceps-to-hamstring strength ratio corresponds
to 2:1. A ratio of 3:1 is considered a predisposition to hamstring strain. At a 30∞ knee flexion, the
quadriceps-to-hamstring strength ratio becomes 1:1. During the last 20∞ of this flexion, the mechan-
ical efficiency of the quadriceps muscle in extending the knee begins to decline. However, extension
of the knee is enhanced at this point by the synergistic action of the gastrocnemius and hamstring
muscles, creating a paradoxical extension moment at the knee in a closed kinetic chain. This
example best illustrates the complex relationship existing between the quadriceps and the hamstring
muscle group. Hamstring syndrome can also develop as a result of strength deficit between the
right and left hamstring muscle groups. A 10% or greater muscle strength deficit between the two
sides is also thought to be a predisposition for hamstring strain. According to Yamamoto177 imbal-
ance of the bilateral legs, hamstring strength, and the ratio of the flexor to extensor were shown to
be parameters related to the occurrence of hamstring strains. Sprinters with a history of hamstring
injury differed from uninjured runners, in that they were weaker in eccentric contractions and in
concentric contractions at low velocities.146

In addition to relative or absolute weakness of the hamstring muscles, another and fairly frequent
cause of hamstring syndrome is decreased flexibility of these muscles. The flexibility of the
hamstring muscles is determined by a number of individual characteristics, including sex, age, type
and duration of athletic activity, and the specific types of training programs (during the season and
offseason). Flexibility of the hamstring muscles is commonly measured by the Well’s “sit-and-
reach” test (Figure 7.21). The sit-and-reach test calls for the athlete to bend forward while sitting,
in an effort to reach to or beyond the toes with the ankles supported in a neutral position.
Performance is measured on a ruler placed in front of the athlete’s toes. The basic problem with
this test is that, while it does present a general picture of trunk flexion capability, the results are
dependent on the mobility of multiple joints and the extensibility of various soft-tissue structures.
The test also does not allow for the relative length of body segments (i.e., in the case of basketball
players) or for unilateral conditions. A more appropriate test for the flexibility of the hamstring
muscle group has been described by Wallace (Figure 7.22). The athlete is positioned supine with
both hips and knees extended. The athlete flexes the tested hip and knee to 90∞, stabilizing the
thigh in that position with the hands. From this position, the athlete attempts to straighten the knee
into full extension. Decreased flexibility is demonstrated by the number of degrees the athlete lacks
from completing full extension of the knee. There are several modifications of the classic sit-and-
reach test.145

The speed at which various muscle fibers contract is also a factor that can contribute to the
development of hamstring syndrome. Histochemical studies138 indicate that the hamstring muscles
have a relatively high proportion of type 2 fibers, which are involved with exercises of higher
intensity and force production. Strength at high velocities of movement or power can be measured
by the high-speed stress test. Aided by various types of testing equipment, of which the Cybex II
is most commonly used, the strength of the hamstring muscles and the hamstring-to-quadriceps
muscle strength ratio are isokinetically determined. This test also allows evaluation of the muscle
strength torque curve, which typically decreases in size. Isokinetic studies have shown that the

FIGURE 7.21 Well’s test (sit-and-reach test).
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quicker loss of strength in the hamstring muscles, when compared to the quadriceps, is a factor
that can predispose an athlete to hamstring strain. However, Bennell et al.133 using a Kin-Com
isokinetic dynamometer at angular velocities of 60 and 180 deg/s concluded that isokinetic muscle
strength testing was not able to directly discriminate Australian Rules football players at risk for
a hamstring injury.

In summary, the causes of hamstring strains have been attributed to various factors, the most
important of which are muscle strength. This includes both the quadriceps-to-hamstring muscle
strength ratio and the strength deficit between the right and left hamstring muscle groups. It also
includes the flexibility of both the hamstring muscles and the lower extremities. Generally, when
observing levels of flexibility and strength within an athletic population, attention should be directed
toward individual variation with respect to such factors as age, level of maturity, sex, specific event
or position, and demands that a particular activity place on the individual. An athlete who is below
the standards of a specific group of players in flexibility and muscle strength should not be allowed
to compete with that group of players as this predisposes the individual to hamstring injury. Studies
have shown142,158 that a combination of testing on the Cybex II and moderate training and/or
rehabilitation (also with the aid of Cybex II) can help prevent development of the hamstring
syndrome in athletes or its recurrence in already injured athletes.

B. CLINICAL PICTURE AND DIAGNOSTICS

Clinical features of hamstring syndrome that have resulted from overuse of the hamstring muscles
at the point of their insertion at the ischial tuberosity include constant pain in the lower gluteal
area, which radiates down the posterior thigh to the popliteal area. The pain typically increases
during the performance of forcible or sudden movements, which stretch the hamstring muscles
(i.e., in sprinting or hurdling). Another characteristic complaint is pain felt while sitting, e.g., while
driving a car or sitting during lectures. The pain is often relentless, causing the patient to change
position or stand up for relief.

During physical examination, the pain can be reproduced by applying pressure to the ischial
tuberosity area. In some cases, it is possible to palpate the tautness of the hamstring muscles.
Various clinical tests that cause the stretching of the hamstring muscles also induce pain in the
ischial tuberosity area.147 One of the most common tests has the patient stand by a table and lift
the outstretched affected leg on the table. Bending the body forward produces intense pain at the
site of the ischial tuberosity. Well’s and Wallace’s tests also produce pain in the same area. Pećina161

uses the more exact “shoe wiping” test (Figure 7.23), which consists of having the patient imitate
movements typically used when wiping shoes on a doormat. The hip and knee are in a position of

FIGURE 7.22 Wallace’s test.
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maximal extension while the hamstring muscles are in retroflexion in the hip. While performing
these movements, the hamstring muscles are stretched and, at the same time, in motion, which
gives an additional value to this test; this enables the patient to score positive even when scoring
negative on other tests. A positive score is indicated by pain in the ischial tuberosity area or along
one of the hamstring muscles. Another frequently used test has the patient lie in a prone position
with legs extended in the knees and attempt to flex the knee of the afflicted leg. The examiner
holds the leg by the ankle and applies a gradually increasing amount of resisting pressure to the
flexion, which, at a given degree of flexion and resisting pressure to that flexion, produces pain in
the ischial tuberosity area. Research done at our department indicates that this is a less reliable test
than tests incorporating passive stretching of the hamstring muscles. The best test, in our opinion,
is the shoe-wiping test according to Pećina; this test combines testing the hamstring muscles in a
stretched position and in motion. Any diagnosis of hamstring syndrome should include a neuro-
logical examination because differential diagnosis includes ruling out the possibility of spinal
sciatica. Radiological, electrodiagnostic (EMG), computerized tomographic (CT), and MRI exam-
inations can be used to achieve this. Piriformis syndrome presents a special problem in differential
diagnosis.74,75 Gluteal pain is the most frequent symptom of this syndrome, although in this case,
the tenderness is located more proximally at the buttock, over the belly of the piriformis muscle.
Pain caused by resisted abduction in conjunction with external rotation of the thigh (Pace’s sign)
and the test for piriformis syndrome, according to Pećina et al.,160 are commonly used tests for this
syndrome. The latter test is performed by having the patient stand in an upright position with the
afflicted leg maximally rotated internally and then bending forward. This typically causes pain as
the ischiadicus is stretched over the passively extended piriformis. The test can also be performed
in a lying position with the patient supine with the leg maximally and internally rotated and extended

FIGURE 7.23 Doormat sign.
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in the knee. Pain is produced by trying to lift the afflicted leg from the surface. Ischiogluteal bursitis
also causes buttock pain similar to that of hamstring syndrome. It differs from it in that the pain
is also felt at rest, and patients have difficulties in finding a comfortable position at night. Chronic
compartment syndrome also causes pain in the posterior thigh, especially during exercise, but there
is no gluteal pain while sitting.

Hamstring syndrome, as we have already mentioned, can also be caused by a partial rupture
of one of the hamstring muscles. Most authors agree that the most commonly ruptured muscle is
the biceps femoris. Patients usually remember the exact moment they heard the sound, or felt the
“tearing,” or simply felt a sharp pain in the posterior thigh. Depending on the degree of rupture,
which some authors divide into slight, moderate, and severe, the patient can, in some cases, resume
athletic activities. However, the pain will intensify during the following 3 to 6 h in moderate and
slight ruptures and during the following 30 min in severe ruptures. Careful physical examination
of the patient can reveal the exact location of the injury, which corresponds to the area of greatest
pain. All movements causing greater stretching of the injured muscle typically produce pain along
the whole muscle. In severe cases, visible bleeding on the skin will appear with characteristic
changes in color from blue to brown descending all the way down to the knee. Street and Burks171

reported an unusual case of chronic complete hamstring avulsion causing foot drop.
Ultrasound examination has greatly facilitated diagnosis.137,143,153,155 Detailed ultrasound exam-

ination of the injured muscle, in both the longitudinal and transverse projections, and in a relaxed
and contracted state, can reveal a hematoma in the muscle visible in the shape of a diffusely
limited area of irregular shape (Figure 7.24). Ultrasound examination can also reveal fibrous scar
tissue caused by previous hamstring muscle tear or tears. In younger patients, roentgenographic
diagnosis is also indicated because avulsions of the ischial tuberosity are possible, which manifests
with similar symptoms. MRI is very helpful in detecting injury site, extent, and characteristics
and can also predict the time period an athlete will be disabled and help define the best treatment
planning.134–136,164,176

C. TREATMENT

Treatment of injured hamstring muscles can best be summarized with the old saying “the best
treatment is prevention.” This applies both to injuries resulting from overuse at the insertion of the
muscles on the ischial tuberosity and from rupture of the muscle. Hartig and Henderson141 have
reported that increasing hamstring flexibility decreases lower extremity overuse injuries in military

FIGURE 7.24 Sonogram of the posterior thigh demonstrating hematoma in the biceps femoris muscle.
(A) Relaxation; (B) contraction.
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basic trainees. However, once an injury does take place, the initial therapy is based on the principles
of RICE (rest, ice, compression, and elevation).179 After 24 to 36 h, ice is removed and heat is
applied to the injured area. This quickens the circulation to help the healing process. The results
of the study of Taylor et al.173 suggest that adequate hamstring stretching can occur without the use
of a superficial thermal modality. After a couple of days during which the pain gradually recedes,
the patient begins stretching exercises. The proper execution of these exercises is of the greatest
importance. The patient must remain in the position of greatest nonpainful extension for 15 s. To
date, limited information exists describing a relatively new stretching technique, dynamic range of
motion (DROM). The results of the study performed by Bandy et al.132 suggest that, although both
static stretch and DROM will increase hamstring flexibility, a 30-s static stretch was more effective
than the newer technique, DROM, for enhancing flexibility. Given that a 30-s static stretch increased
range of motion more than two times that of DROM, the use of DROM to increase flexibility of
muscle must be questioned.132 On the other hand, according to Halbertsma et al.140 the increased
range of motion, i.e., the extensibility of the hamstrings, results from an increase in stretch tolerance.
At this stage of treatment, nonsteroidal anti-inflammatory drugs can also be used. Strengthening
of the hamstring muscles is also part of the rehabilitation process. Garrick and Webb139 note that
the greatest mistake is to concentrate solely on stretching exercises. The hamstring muscles, just
as all other muscles, regain their normal functional flexibility only, and at the same time, when
they regain their normal muscle strength. There is no better example for the saying “a weak muscle
is a tightened muscle” than an injured hamstring muscle that has been inadequately rehabilitated.
Another important factor in the rehabilitation process is advising both the athlete and the trainer
that an unnecessarily quick return to full training accompanied by inadequate warm-ups while
ignoring stretching exercises before and after training can, and often does, lead to the recurrence
of a hamstring injury.178 The return to normal training depends on the severity of the injury, and
the final decision can be made only after a careful assessment of the whole rehabilitation program
based on day-to-day examinations.

Treatment of hamstring syndrome that has developed as a result of overuse at its origin on the
ischial tuberosity is usually non-operative. It consists of a rehabilitation program of stretching
exercises and strengthening of the hamstring muscles.154,174 Physical procedures commonly applied
to all chronic overuse syndromes are also applicable, as are nonsteroidal anti-inflammatory drugs.
The study of Reynolds et al.167 does not support the use of nonsteroidal anti-inflammatory drugs
in the treatment of acute hamstring muscle injuries. On rare occasions, corticosteroids are locally
applied. The impression of Levine et al.152 is that intramuscular corticosteroid injection hastens
players’ return to full play and lessens the game and practice time they miss. According to Upton
et al.175 thermal pants may play a role in preventing recurrent hamstring injuries but other factors
such as inadequate preseason training and incomplete rehabilitation after injury are likely to be
more significant risk factors for injury.

Surgical treatment as recommended by Puranen and Orava165 consists of cutting and dividing
the tendinous tissue near the site of origin of the hamstring muscles without loosening the muscles
from the ischial tuberosity. After division, the tendon ends should be completely separated from
each other. The sciatic nerve must also be freed from any tendinous parts of the hamstring muscle.
Puranen and Orava166 reported that 52 of the 59 operated patients were completely relieved following
this operation. According to Kujala et al.149 after first aid with rest, compression, cold, and elevation,
the treatment of hamstring muscle injury must be tailored to the grade of injury. Experimental
studies have shown that a short period of immobilization is needed to accelerate formation of the
granulation tissue matrix following injury. The length of immobilization is, however, dependent on
the grade of injury and should be optimized so that the scar can bear the pulling forces operating
on it without re-rupture. Mobilization, on the other hand, is required to regain the original strength
of the muscle and to achieve good final results in resorption of the connective tissue scar and
recapillarization of the damaged area. Another important aim of immobilization æ especially in
sports medical practice æ is to avoid muscle atrophy and loss of strength and extensibility, which
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rapidly result from prolonged immobilization. Complete ruptures with loss of function should be
operated on, as should cases resistant to conservative therapy in which, in the late phase of repair,
the scar and adhesions prevent the normal function of the hamstring muscle. Urgent surgical
treatment is recommended in cases with total or nearly total soft-tissue hamstring muscle insertion
rupture.148,156 Kurosawa et al.151 reported two cases with complete avulsion of the hamstring tendons
from the ischial tuberosity and in one of these two cases the less satisfactory results of non-operative
treatment were clearly shown in both isokinetic muscle force evaluation and sports activities.
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Knee

 

I. OVERUSE INJURIES OF THE KNEE JOINT

 

The knee is a frequently injured joint in athletic and recreational activities. According to some
statistics, one half, or possibly even more, of all sports-related injuries are incurred in the knee joint.
The precise statistics differ between various athletic activities and depend on the specific movements
habitually performed in these activities. Overuse injuries are also frequent in the knee joint; the
reasons for this are that the knee joint participates in all sports activities (running, jumping, kicking,
etc.) and that its joint area is characterized by numerous attachment sites for muscles and their
tendons as well as by numerous bursae. It is also because of the nature of the specific joint between
the patella and the femur (articulatio femoropatellaris) that constitutes a part of the knee joint.

These reasons amply explain why as much as 40% of all overuse injuries occurring in runners
develop in the knee joint area. Overuse injuries in runners develop significantly less frequently in
the Achilles tendon (15%), in the medial area of the lower leg (15%), in the hip and groin (15%),
in the foot (10%), and in the lower back (5%). The impressive frequency of overuse injuries in the
knee explains the existence of a special term to describe them, 

 

runner’s knee.

 

 The term runner’s
knee, however, is used to describe two different localizations of overuse injuries in the knee.
Recently, this term has been used to describe friction of the iliotibial band over the lateral femoral
epicondyle, whereas today it is applied to the painful patellofemoral syndrome. This syndrome is
also frequently described as chondromalacia, because of the pathological changes in the cartilage
of the joint surfaces of the patella, or as malalignment of the extensor system of the knee (mala-
lignment of the patella). Speaking in general terms, all overuse injuries in the knee can be differ-
entiated, depending on their anatomical localization, into four groups (Table 8.1).

As Table 8.1 shows, there are numerous possible reasons for anterior knee pain. Note, however,
that Table 8.1 primarily consists of chronic causes that lead to the development of anterior knee
pain. The reason for this is that anterior knee pain caused by acute reasons (i.e., meniscus injury)
completely disappears after a certain period of time if correct therapy is applied.

Irregularities in the course of the patella and malalignment of the extensor system of the knee
are all described when discussing pain in the patellofemoral syndrome. Therefore, we feel it is
imperative to clearly define the terms 

 

patellar malalignment, chondromalacia of the patella,

 

 and

 

anterior knee pain.

 

II. PATELLOFEMORAL JOINT

A. P

 

ATELLAR

 

 M

 

ALALIGNMENT

 

Malalignment of the extensor system of the knee is difficult to define, which is not surprising
because it is equally difficult to define a well-aligned extensor system of the knee. Perhaps the
easiest way to define it is to say that malalignment of the extensor system of the knee entails
changes in the architecture of the patellofemoral joint, which in turn change the relationship between
the patellar stabilizers, leading to excessive tightness in some and insufficiency in others. Mala-
lignment of the extensor system of the knee also leads to an incorrect distribution of strain in the
patellofemoral joint, resulting in increased pressure in certain areas of patellofemoral contact
(Scheme 8.1). According to Grelsamer

 

64

 

 patellar malalignment is a translational or rotational
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deviation of the patella relative to any axis, and it can be a major component of patellar pain in
adults. Currently, there are two theories to explain the origin of pain in patients with patellofemoral
malalignment: the neural theory and the mechanical theory. Both theories are not exclusive, but
complementary. Sanchis-Alfonso et al.

 

136

 

 believe it is the neural factor that precipitates symptoms
in patients with certain mechanical anomalies who also subject the knee to overuse. Before the
1980s, malalignment of the knee extensor system was nondynamically investigated, and the rela-
tionship between the patella and the femoral trochlea was studied solely by means of axial radio-
graphic imaging of the patella.

 

TABLE 8.1
Overuse Injuries of the Knee Joint

 

Anterior Aspect

 

Patellofemoral pain syndrome
Jumper’s knee
Osgood-Schlatter disease
Sinding-Larsen-Johansson disease
Stress fracture of the patella
Fat pad syndrome

 

Medial Aspect

 

Plica syndrome
Semimembranosus tendinitis
Pes anserinus tendinitis/bursitis
Breaststroker’s knee
Medial retinaculitis

 

Lateral Aspect

 

Iliotibial band friction syndrome
Popliteal tendinitis
Bicipital tendinitis

 

Posterior

 

Fabellitis
Gastrocnemius strain

 

SCHEME 8.1

 

Classification of patellar instability.
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The first significant contribution to solving the problem of malalignment of the knee extensor
system was made in 1979 by Larson.

 

24

 

 His research indicated that in evaluating the orientation of
the extensor system of the knee, special emphasis must be placed on the patellar stabilizers and
their function, as well as on the orientation of the lower extremity, i.e., anatomical deviations of
the lower extremity. Larson

 

24

 

 differentiated between three groups of causative factors that resulted
in malalignment of the knee extensor system: (1) changed (disturbed) relationships in the patel-
lofemoral joint, (2) irregularities in the patellar stabilizers, and (3) malalignment of the lower
extremity that affects the function of the patellofemoral joint. In the first group of causative factors
resulting in malalignment of the knee extensor system, Larson lists abnormal tilting and/or dis-
placement of the patella in the mediolateral direction, dysplasia and hypoplasia of the femoral
trochlea, and displacement of the patella in the proximodistal direction — patella alta and patella
infera. The second group consists of atrophy and/or high insertion site of the vastus medialis muscle
(“dimple sign”

 

71

 

), excessive looseness of the medial stabilizers of the patella, which can result from
trauma or a generalized laxity of the joints, and excessive tightness of the lateral stabilizers of the
patella (vastus lateralis muscle, lateral patellar retinacul, and patellofemoral ligament). Anatomical
deviations of the lower extremity that, according to Larson,

 

24

 

 have an adverse effect on the function
of the patellofemoral joint include excessive anteversion of the femoral head and neck, internal
rotation of the femoral body, external rotation of the tibia, genu valgum, and lateral insertion of
the patellar ligament. These causative factors can be determined clinically by the presence of an
increased Q angle (Figure 8.1). Larson points out that in the vast majority of cases, a combination
of the previously mentioned causes is present and that malalignment of the knee extensor system
is not always accompanied by pain or other disturbances in the patellofemoral joint. It is also
stressed that during clinical examination of a patient who exhibits the symptomatology characteristic
of patellofemoral joint, the physician should direct attention to defining the underlying causative
factors that have led to the development of malalignment of the extensor system. The basic principle
of therapy consists of correcting these underlying causative factors.

 

FIGURE 8.1

 

Schematic representation of the Q angle.
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Based on the preceding differentiation of causative factors, Gecha and Torg

 

59

 

 reported on
deviations of the knee extensor system most frequently encountered in patients with patellofem-
oral pain:

A. Changed relationships in the patellofemoral joint:
1. Shallow femoral trochlea
2. Hypoplastic lateral femoral condyle
3. Deficient medial patellar facet
4. Chondromalacia of the patella and/or of the femoral trochlea
5. Osteochondral defect of the patella and/or the femoral trochlea

B. Parapatellar soft-tissue support abnormalities:
1. Tight lateral parapatellar soft tissue

a. Tight lateral retinaculum
b. Tight lateral patellofemoral or patellotibial bands
c. Presence of a band between patella and iliotibial or the vastus lateralis muscle

2. Vastus medialis obliquus muscle deficiency
3. Attenuated medial parapatellar soft-tissue structures
4. Hypermobility of the patella

a. Isolated patellar hypermobility
b. Associated with generalized ligamentous laxity
c. Associated with patella alta
d. Associated with genu recurvatum

C. Lower extremity malalignment:
1. Increased Q angle (greater than 15

 

∞

 

)
2. Increased femoral anteversion
3. Increased external rotation of the tibia
4. Increased genu valgum
5. Foot hyperpronation

In 1988, Teitge

 

149

 

 pointed out a number of mistakes made during evaluation of the orientation
of the knee extensor system. His investigation showed that the orientation should be evaluated in
all three planes — both in rest and during active movement. According to Teitge, this is necessary
because the characteristics of some factors that determine the orientation of the knee extensor
system change when placed under stress, when the knee is in a bent position, when changes occur
in the rotation of the femur and/or tibia, and so forth. Teitge reported that in the frontal plane, the
physician should take into consideration the value of the Q angle, the rotation of the patella
(clockwise or counterclockwise), and the orientation of the tibiofemoral joint — genu valgum or
genu varum. An evaluation of the orientation in the sagittal plane should consider the position of
the patella: its height (patella alta or infera), inclination (proximal or distal), and displacement
(anterior or posterior). In addition, a detailed investigation should define the possible presence of
flexion or extension contracture of the knee, which can develop either as a consequence of bony
changes or, more frequently, as a consequence of soft-tissue changes. Excessive tightness, i.e.,
shortening of some tissues such as the hamstrings, iliotibial band, and/or rotators of the hip, causes
excessive strain to the patellofemoral joint. In the horizontal plane, special emphasis must be placed
on identifying the possible presence of anatomical deviations of the femur, tibia, and the upper and
lower foot joints, such as excessive anteversion of the femoral head and neck; internal torsion of
the femur; excessive external rotation of the lower leg; and hyperpronation of the foot. Consideration
should also be placed on the position of the patella, its possible displacement (either medially or
laterally), and the tilt of the patella (medial or lateral) (Figure 8.2). If patellar malalignment can
be detected by clinical examination, then condition-specific treatment interventions may be imple-
mented in patients with patellofemoral pain syndrome.
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However, several clinical tests used to assess patellar mobility have recently been shown to
have poor to fair reliability. Because the lateral pull test and the patellar tilt test, which are widely
used clinically as diagnostic tests for patellofemoral pain syndrome, had not been previously tested
for reliability, Watson et al.

 

157

 

 examined these tests. Repeated lateral pull tests and patellar tilt tests
had fair intrarater and poor interrater reliability. The results suggest that care must be taken in
placing too much emphasis on these tests when making clinical decisions. According to Fulkerson,

 

51

 

standardized office radiographs are sufficient in most cases. Murray et al.

 

110

 

 recommend an axial
view at 30º of knee flexion and lateral radiographs at 30º of knee flexion in evaluating patellofemoral
malalignment. Computerized tomography (CT) of the patellofemoral joint (precise midpatellar
transverse images through the posterior femoral condyles with the knee at 15º, 30º, and 45º of knee
flexion) will provide valuable objective information regarding subtle abnormalities of patellar
alignment. Dong and Zheng

 

40

 

 recommend CT scanning with and without quadriceps contraction
to differentiate between static and dynamic abnormalities. Delgado-Martinez et al.

 

39

 

 suggest that
parameters for measuring lateral patellar tilt should be used from CT scanning only when planning
treatment for patellofemoral malalignment. Biedert and Warnke

 

16

 

 performed clinical and axial CT
evaluation of correlation between the Q angle and the patella position. They concluded that there
is no significance between the Q angle and the position of patella. The diagnostic relevance of the
Q angle could not be established.

Magnetic resonance (MR) imaging, as a noninvasive and non-ionizing modality, has made a
significant contribution to the understanding of musculoskeletal disorders including patellofemoral
malalignment.

 

162

 

 Static images through the patellofemoral joint in different degrees of flexion
reveal only the degree of patellar tilt or subluxation, parameters that can be measured also on the
axial view of conventional radiography. The accuracy of patellar position on static axial MR
images is limited by the absence of muscle contraction, movement, and loading. Dynamic axial
images of patellofemoral articulation can demonstrate the degree of flexion where patellar mala-
lignment is maximal and assess whether or not it reduces. In cases of suspected patellofemoral
malalignment with symptoms that mimic other types of internal derangement of the knee joint,
dynamic MR imaging can be the procedure of choice for detection of transient patellar dislocation,
which a single clinical examination cannot differentiate from other internal knee pathologies.
Harman et al.

 

65

 

 recommend kinematic MR fluoroscopy as an effective method in evaluating
patellofemoral incongruency. Short time duration of investigation, ability to obtain nearly real-
time images, suitable temporal contrast resolution, and investigation from very different angles
of knee flexion are important advantages of the method. Shellock et al.

 

143

 

 performed evaluation
of patients with persistent symptoms after lateral retinacular release by kinematic MR imaging
of the patellofemoral joint and 63% of patients had medial subluxation of the patella. Shellock

 

145

 

investigated the effect of a special patella brace on patients with lateral subluxation of the patella
using kinematic MR imaging. This study provided objective findings that application of the brace
improved or corrected lateral subluxation of the patella in the majority of patients. Shellock et al.

 

144

 

consider that the kinematic MR imaging technique may be used to determine the presence and
severity of patellar malalignment and abnormal tracking patterns. In Witonski and Goraj’s

 

161

 

opinion, patellar motion in the first 30º of knee flexion with thigh muscle contraction, analyzed
by kinematic and dynamic axial MR imaging, is necessary for correct diagnosis in patients with
anterior knee pain syndrome. Fulkerson

 

51–53

 

 considers that by differentiating between rotational
(tilt) and translational (subluxation) components of patellar malalignment, the clinician will be
better able to prescribe appropriate treatment.

 

B. C

 

HONDROMALACIA

 

 

 

OF

 

 

 

THE

 

 P

 

ATELLA

 

The term 

 

chondromalacia patellae

 

 (chondromalacia of the patella) was introduced into the medical
literature by Konig in 1924.

 

62

 

 Dugdale and Barnett,

 

44 

 

however, offer the view that the term was
first used by Aleman

 

6

 

 and that the term chondromalacia of the patella became generally known

 

1428_C08.fm  Page 194  Wednesday, July 2, 2003  7:58 AM



 

Knee

 

195

 

and used only after publication of Aleman’s paper in 1928. Shortly after, in 1933, Kulowski

 

44

 

introduced this term into English-language medical literature.
Budinger

 

55

 

 was the first (in 1906) to notice changes in the patellar cartilage. Budinger, as well
as Ludloff and Axhusen,

 

55

 

 attributed these changes to the effects of trauma. Chondromalacia, the
word that has defined the field of patellar pain during the last century, is now mostly a source of
confusion and should be abandoned.

 

19

 

 The presence of soft cartilage (the literal translation of the
term chondromalacia) is not strongly correlated with patellar pain.

 

1,25,148

 

 Moreover, surgeons often
refer to cartilage changes anywhere in the knee as chondromalacia. The confusion is further
compounded by the use of poorly defined grades (for example, grade III chondromalacia).
Grelsamer

 

64

 

 recommends: “Lesions are best called chondral or cartilage lesions, and they should
be described qualitatively (for example, as blistering or fissuring) and quantitatively (in terms of
size, location, and depth).” Kelly and Insall.

 

87

 

 consider that the term chondromalacia patellae should
not be used to diagnose patellofemoral pain but, rather, to describe lesions of articular cartilage.
The term chondromalacia patellae, although once used as an all-inclusive term for anterior knee
pain, is now widely accepted as a term used to describe pathological lesions of the patellar articular
cartilage found at arthroscopy or arthrotomy.

 

67

 

Numerous authors have investigated the causes leading to the development of chondromalacia
of the patella.

 

12,81,108,112,129

 

 In our opinion, the most concise report is one submitted by Morscher,

 

109

 

according to whom the etiology of chondromalacia of the patella can be classified into six groups:

1. Trauma and mechanical overloading
2. Anatomical variations (Wiberg types 3 and 4 and “Hunter’s hat” form; Outerbridge ridge,

bipartite patella, high riding patella, etc.)
3. Disturbance in alignment of the patella
4. Alteration of the gliding path of the patella
5. Nutritional disturbance of cartilage
6. Hormonal factors

Because changes in the patellofemoral joint cartilage are not always clinically visible, it is
difficult to establish the incidence of these changes. Aleman,

 

6

 

 based on 220 arthrotomies of the
knee in a population of soldiers, reported a 33% incidence rate. In 1926, Heine

 

44

 

 reported an 80%
frequency of patellar cartilage change in his sample of patients between the ages of 50 and 59
years. Owen

 

44

 

 noted an even greater frequency of patellar cartilage change in his sample of patients
belonging to the same age group, and also reported a small incidence of patellar cartilage change
in adolescents. Wiles et al.

 

44

 

 pointed out that patellar cartilage change was, to some degree, present
in all of the adult knees they examined. Contrary to the results obtained by Wiles et al.,
Outerbridge

 

117

 

 has found patellar cartilage change in only 56 of 133 patients who have undergone
open medial meniscectomy. Analysis of the patellofemoral joint of the knee after meniscectomy
showed a decrease of contact surfaces, and altered distribution and magnitude of stresses on the
side of meniscectomy.

 

46

 

 An investigation carried out by Marrara and Pillay, which also deserves
to be mentioned, indicated only a 50% frequency of patellar cartilage change in their group of
patients with a mean age of 68 years.

 

44

 

 Similar results were obtained by Casscells in 1978,

 

25

 

 who
noticed significant patellar cartilage changes in 37% of his patients and slight patellar cartilage
changes in 25% of his patients. The analyzed sample consisted of elderly patients with a mean age
of 70 years.

Numerous different categorization systems of chondromalacia of the patella are found in the
medical literature, depending on the state and characteristics of the change in the cartilage of the
patellofemoral joint and the size and localization of these changes.

 

73

 

 Table 8.2 shows the most
frequent classification systems encountered today. Outerbridge’s classification is most frequently
used.

 

117

 

 The categorizations of Fulkerson and Hungerford

 

55

 

 and Noyes and Stabler

 

115

 

 should also
be mentioned. The arthroscopic categorization, from Johnson,

 

84

 

 is shown in Figure 8.3. Fulkerson
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and Hungerford

 

55

 

 differentiate among closed chondromalacia, open chondromalacia, chondroscle-
rosis, surface changes in the cartilage, and development of tufts.

1.

 

Closed Chondromalacia.

 

 This change is characterized by a slight softening of the joint
cartilage, which begins development in a localized area (usually consisting of a 1-cm
area), and later radiates equally in all directions. The surface area remains intact. In some
cases, small “blisters” appear and represent the first changes. Closed chondromalacia is,
in most cases, localized on the lateral facet of the patella.

2.

 

Open Chondromalacia.

 

 This change is characterized by having two basic types:

 

Fissure

 

 — One or more fissures are encountered, usually on the surface but in some cases
penetrating deep into the cartilage, all the way to the subchondral bone. These fissures
are usually accompanied by greater or smaller areas of softened cartilage.

 

Ulceration 

 

— A term used to describe a loss of cartilage that can be of greater or lesser
degree. In cases of greater cartilage loss, the subchondral bone is usually visible and
has a polished appearance (eburnated).

Open chondromalacia is usually localized on the medial facet of the patella.
3.

 

Chondrosclerosis.

 

 Chondrosclerosis is characterized by the presence of hard cartilage.
This hard cartilage develops in the whole contact area of the joint and is so hard that it

 

TABLE 8.2
Review of Classification Symptoms of Articular Cartilage Lesions

 

Author
Surface Descriptions of Articular 

Cartilage Diameter Location

 

Outerbridge I: Softening and swelling I: None Starts most frequently on medial 
facet of patella; later extends to 
lateral facet “minor” lesion on 
intercondylar area of femoral 
condyles; upper border medial 
femoral condyle

II: Fragmentation and fissuring II: <

 

1

 

/

 

2

 

 in.
III: Fragmentation and fissuring III: >

 

1

 

/

 

2

 

 in.
IV: Erosion of cartilage down to bone IV: None

Bentley I: Fibrillation or fissuring I: <5 cm Most common at junction of medial 
and odd facets of patellaII: Fibrillation or fissuring II: 5–1.0 cm

III: Fibrillation or fissuring III: 1.0–2.0 cm
IV: Fibrillation with or without 

exposure of subchondral bone
IV: >2.0 cm

Casscells I: Superficial area of erosion I:

 

£

 

1 cm Patella and anterior femoral surfaces
II: Deeper layers of cartilage involved II: 1–2 cm
III: Cartilage is completely eroded and 

bone is exposed
III: 2–4 cm

IV: Articular cartilage completely 
destroyed

IV: “Wide area”

Insall I: Swelling and softening of 
cartilage (closed 
chondromalacia)

None I–IV: Midpoint of patellar crest with 
extension equally onto medial and 
lateral patellar facets

II: Deep fissures extending to 
subchondral bone

III: Fibrillation
IV: Erosive changes and exposures of 

subchondral bone 
(osteoarthrosis)

IV: Also involves opposite or mirror 
surface of femur

Upper and lower 

 

1

 

/

 

3

 

 nearly always 
spared (patella); femur never severe
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cannot be indented with a surgical probe. In appearance, the cartilage is yellow, trans-
lucent, and shiny.

 

FIGURE 8.3

 

(Top) Schematic representation of arthroscopically visible development stages of chondromal-
acia of the patella. (a) Bacon strip changes; (b) “bubble” defect; (c) fissuring; (d) fragmentation; (e) chon-
dronecrosis. (Bottom) Arthroscopic representation of the same changes.
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4.

 

Superficial Surface Changes.

 

 Superficial surface changes are characterized by a fur-
rowed appearance of the joint surface of the patella; the furrows are oriented in a
longitudinal direction.

5.

 

Tuft Formation.

 

 Tuft formation is characterized by the appearance of numerous “pro-
jections” of the patellar cartilage, which usually develop on the “odd” border and the
medial facet of the patella; this takes the form of tufts. These tufts leave cracks of varying
length and depth on the joint surface of the patella.

Lindberg et al.

 

94

 

 have shown the need for a more precise and more reproducible classification
system for joint cartilage injury. At present, in our opinion, the best existing classification system
that meets both these criteria and the practical considerations encountered in everyday clinical
examinations, i.e., routine arthroscopy, was devised in 1989 by Noyes and Stabler

 

115

 

 (Table 8.3).

 

C. A

 

NTERIOR

 

 K

 

NEE

 

 P

 

AIN

 

After the first reports of chondromalacia of the patella, which were all based on intraoperatively
visible changes in the patellar cartilage, this principal criterion was gradually abandoned and more
authors diagnosed chondromalacia of the patella clinically, on the basis of some very unreliable
indicators, e.g., Freund’s sign (percussion of the patella). During the mid-1970s interest renewed
concerning the patellofemoral joint, while proof of cessation of pain solely after cutting through
the lateral retinaculum, with the patellar cartilage injured, provoked further investigations con-

 

TABLE 8.3
Noyes and Stabler’s Classification of Articular Cartilage Lesions

 

115

 

Surface Description Extent of Inolvement
Diameter

(mm) Location Degree of Knee Flexion

 

Cartilage surface 
intact

Definite softening with 
some resilience 
remaining

Extensive softening with 
loss of resilience 
(deformation)

<10

 

≥

 

15

 

£

 

20

 

£

 

25
>25

Patella
Proximal 

 

1

 

/

 

3

 

Middle 

 

1

 

/

 

3

 

Distal 

 

1

 

/

 

3

 

Odd facet
Middle facet
Lateral facet

Trochlea
Medial femoral condyle

Anterior 

 

1

 

/

 

3

 

Middle 

 

1

 

/

 

3

 

Posterior 

 

1

 

/

 

3

 

Lateral femoral condyle
Anterior 

 

1

 

/

 

3

 

Middle 

 

1

 

/

 

3

 

Posterior 

 

1

 

/

 

3

 

Medial tibial condyle
Anterior 

 

1

 

/

 

3

 

Middle 

 

1

 

/

 

3

 

Posterior 

 

1

 

/

 

3

 

Lateral tibial condyle
Anterior 

 

1

 

/

 

3

 

Middle 

 

1

 

/

 

3

 

Posterior 

 

1

 

/

 

3

 

Degree of knee flexion 
where the lesion is in 
weight-bearing contact 
(e.g., 20–45

 

∞

 

)

Cartilage surface 
damaged: cracks, 
fissures, condyle 
fibrillation, or 
fragmentation

<

 

1

 

/

 

2

 

 thickness

 

≥

 

1

 

/

 

2

 

 thickness

Bone exposed Bone surface intact
Bone surface cavitation
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cerning the precise localization of the pain. Numerous authors, among them Blazina et al.,

 

18

 

Goodfellow et al.,

 

61

 

 Radin,

 

128 

 

Fulkerson et al.,

 

57

 

 and Dandy,

 

33

 

 noticed other localizations of the
pain, resulting in a new clinical syndrome — anterior knee pain, or dolor peri(para)patellaris. One
of the most influential papers concerning this problem was published in 1985 by Radin.

 

128

 

 The
term 

 

anterior knee pain is suggested to encompass all pain-related problems, excluding anterior
knee pain due to intra-articular pathology.152 Anterior knee pain is a common complaint in the
orthopedic clinic.

The differential diagnosis is wide and the principal goal of initial assessment is to detect
remediable causes.102 A clear understanding of the pathophysiology of anterior knee pain is
inhibited by the use of imprecise, poorly defined, and often interchanged words, such as malalign-
ment, patellar alignment, maltracking, subluxation, dislocation, and congruence.124,125 Although
some physicians compare the diagnosis of anterior knee pain to a “large wastepaper basket,” these
physicians still agree that it is better to begin treatment, even with this “provisory” diagnosis, and
try to determine the precise localization of the injury and/or damaged area while monitoring the
development of the syndrome. The leading symptom of this injury, pain in the anterior knee area,
is included in the term used to describe this syndrome. The term does not, however, answer two
important questions, namely, (1) the precise localization of the pain and (2) the etiology of the
injury. For this reason, different authors use this term to describe numerous and different injuries
within this clinical syndrome. To illustrate the large number of different injuries that “hide” under
the name “anterior knee pain,” we describe a number of classifications currently available in
medical literature.

According to the classification proposed by Ireland,77 when defining anterior knee pain, one
should take into consideration the etiology of the pain. Ireland recognizes mechanical, inflammatory,
and mixed causes of pain (Table 8.4). Contrary to this classification, Dandy33–35 recommends a
classification based on the localization of the injured area that leads to the development of pain
and discomfort. According to Dandy,34 the synovial membrane can be the cause of pain in cases
of traumatic synovitis, while a much more frequent cause of pain is the synovial shelf syndrome,
primarily the medial synovial shelf syndrome (medial plica syndrome). Pain can also be caused by
changes on the patella, principally on the patellar cartilage — chondromalacia, arthrotic changes
(Figure 8.4), osteochondral fractures, chondral flaps, osteochondritis dissecans patellae (Figure 8.5),
and divided patella (patella partita; Figure 8.6). Dandy states that within this group of causative
factors, the most frequent cause of anterior knee pain is the excessive lateral pressure syndrome.
Certain tendon injuries can also cause anterior knee pain, the most frequent, according to Dandy,33–35

is injury to the patellar ligament (jumper’s knee). Reflex sympathic dystrophy is another common
cause of anterior knee pain, and according to Dandy it represents an exceedingly complex diagnostic
and therapeutic problem. In this group, in which pain results from changes in or on the bone, Dandy
also includes Osgood-Schlatter disease, Sinding-Larsen-Johansson disease, and stress fractures of
the patella. Possible causative factors are also so-called internal injuries of the knee, i.e., injuries
of cruciate ligaments and meniscuses. A special group of causative factors consists of less frequently
encountered causes of anterior knee pain such as inflammation or injury of the infrapatellar bursa
and some tumors that develop in the knee area: ganglion, hemangiom, neurinom, etc.

Jacobson and Flandry80 propose a different classification and recommend that, when evaluating
patients with anterior knee pain, the physician should always bear in mind all possible causative
factors. These authors include instability of the patellofemoral joint, synovial shelf syndromes,119

inflammatory changes of the peripatellar tissue, injury to the patellofemoral cartilage, arthrotic
changes in the cartilage of the patellofemoral joint, and trauma.

Anterior knee pain caused by overactivity in an athletic or military population is described by
many authors.2,29,41,43,105,151,164 There are clear differences between men and women regarding ante-
rior knee pain. Anatomic factors including increased pelvic width and resulting excessive lateral
thrust on the patella are primary factors that predispose females to anterior knee pain.54 Effects of
estrogen on connective tissue synthesis have been reported, but no clear mechanism has been
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demonstrated by which this would affect anterior knee pain. Postural and sociological factors such
as wearing high heels and sitting with legs adducted can influence the incidence and severity of
anterior knee pain in women.

Macnicol96 has reported numerous causes of anterior knee pain with regard to the localization
of the injury (Table 8.5). Fulkerson57 has shown that patients with anterior knee pain frequently
localize the area of greatest tenderness in the lateral retinaculum area and at the insertion site of
the vascus lateralis muscle. This phenomenon, according to Fulkerson, results from injury to the

TABLE 8.4
Differential Diagnosis of Anterior Knee Pain77

Inflammatory
Bursitis

Prepatellar
Retropatellar
Pes anserinus

Tendonitis
Pes anserinus
Semimembranosus
Patellar

Synovitis

Mechanical
Hypermobility
Subluxation
Dislocation
Patellofemoral stress syndrome
Pathological plica syndrome
Osteochondral fracture
Arthrosis

Miscellaneous
Reflex sympathetic dystrophy
Osteochondritis dissecans
Fat pad syndrome
Systematic arthritis
Muscle strain
Stress fracture
Meniscal tear
Iliotibial band syndrome

FIGURE 8.4 Axial view showing patellofemoral arthrosis.
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nerve endings in the retinaculum caused by malalignment of the extensor system of the knee.
Johnson84 also considers “retinacular pain” to be a possible causative factor of anterior knee pain.
Fulkerson and Hungerford55 stress that it is equally important, when dealing with patients suffering
from anterior knee pain, to keep in mind other possible localizations of the injury and/or damaged
area, which can manifest as anterior knee pain. These consist primarily of injury or damage to the
hips or spine such as Legg-Calve-Perthes syndrome, epiphysiolysis of the femoral head, idiopathic
aseptic necrosis of the femoral head, osteoarthritis of the hip, protrusion or prolapse of the inter-
vertebral disk, and lumbosichialgia of various etiologies. The etiology of pain in anterior knee pain
syndrome is a matter of controversy.15,32,83,159–161 Witonski159 suggests that anterior knee pain might
be a psychosomatic syndrome associated with subclinical patellar instability and with little if any
relation to levels of physical activity. Witonski et al.160 describe the distribution of substance-P
nerve fibers in the knee joint in patients with anterior knee pain syndrome. The results of this study
provide immunohistochemical evidence suggesting that pain may originate in the fat pad and medial
retinaculum of many patients with anterior knee pain syndrome.

As we pointed out in the beginning of this chapter, a synergistic effect and definite correlation
exist among malalignment of the knee extensor system, instability of the patella, chondromalacia
of the patella, and anterior knee pain; this explains why the terms used to describe these syndromes
are often incorrectly applied (Scheme 8.2). Malalignment of the knee extensor system does not,
for example, necessarily mean that instability of the patella, anterior knee pain, and chondromalacia
of the patella are also present. Malalignment of the knee extensor system, can, however, contribute
to the development of instability of the patella, principally because of the changed relationship

FIGURE 8.5 Osteochondritis dissecans of the patella.

FIGURE 8.6 Bipartite patella.
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TABLE 8.5
Different Pathological Conditions Producing Anterior Knee Pain96

Site Pathology

Patellar Trauma (osteochondral fracture)
Abnormal pressure or stress

Increased or decreased
With or without patellofemoral instability
With or without patellar tilting

Osteodystrophy
Absnormal ossification center
Sinding-Larson-Johansson’s disease
Patellofemoral arthropaty
“True” chondromalacia patellae
Osteoarthritis

Prepatellar Synovial finge lesion
Medial fat padsyndrome
Synovitis
Loose body
Plica syndrome

Quadriceps mechanism Chronic quadriceps weakness
Quadriceps tendon partial rupture
Patellar tendinitis
Ligament laxity

Superficial Prepatellar, infrapatellar, or suprapatellar bursitis
Neuroma (especially of the infrapatellar branch of the saphenous nerve)
Scarring
Skin conditions

Other Referred pain (meniscal tear, ligament rupture, hip pathology, lumbar disk 
herniation)

Psychosomatic
Idiopathic

SCHEME 8.2 Synergistic effect and definite correlation between different etiological factors of anterior
knee pain.
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between the patellar stabilizers characterized in most cases by insufficiency in the medial stabilizers
of the patella. In cases of malalignment of the knee extensor system, the architecture of the
patellofemoral joint is also changed, which results in an incorrect distribution of the strain, increased
pressure in certain areas of patellofemoral contact, and the consequent development of chondro-
malacia in these areas. The synergistic effects of malalignment of the knee extensor system therefore
lead to pain in the anterior knee area. The point we are stressing here, however, is that neither
instability of the patella, nor chondromalacia of the patella, nor anterior knee pain can be considered
to be causes leading to the development of malalignment of the knee extensor system. Malalignment
of the extensor system of the knee results exclusively as a result of anatomical deviations. Instability
of the patella causes pain in the anterior area of the knee due to overuse and excessive strain to
the surrounding tissue. Likewise, it leads to chondromalacia of the patella due to injury to the
cartilage of the patellofemoral joint. Chondromalacia of the patella leads to pain in the anterior
knee area due to the development of secondary synovitis. We also point out that currently a definite
diagnosis of chondromalacia of the patella can only be reached intraoperatively (today, usually
arthroscopically). Direct trauma can also cause pain in the anterior knee area. Anterior knee pain
is primarily a clinical symptom and cannot be a cause of malalignment of the knee extensor system,
or instability of the patella, or chondromalacia of the patella. The reverse, however, is quite possible.

From the material presented thus far, it is obvious that, after a provisory, symptomatic diagnosis
of anterior knee pain, the physician should attempt to diagnose the cause leading to the development
of this syndrome. In diagnosing the cause leading to the development of anterior knee pain, a
detailed and targeted clinical examination is of the utmost importance.22 Specific clinical signs must
also be examined to establish the possible presence of instability of the patella, malalignment of
the knee extensor system, chondromalacia of the patella, patellar tendinitis (jumper’s knee, Osgood-
Schlatter disease), and other syndromes.

Radiological examinations are of great assistance9,17,20,24,26,36,37,42,48,72,76,93,104,106,123 in discovering
anatomical deviations and irregularities in the patellofemoral joint æ excessively high or low placed
patella, inclination of the patella, Wiberg’s angle (Figure 8.7), angle of the femoral trochlea, etc.
A CT examination of the lower extremity is of immeasurable help when evaluating and assessing
rotation deformations in the hip and knee area and the related changed kinematic relations in the
patellofemoral joint38,56,100,140 (Figure 8.8). The usefulness of kinematic analysis in the study of
motion of the patellofemoral joint in vivo is proved by Matijasevic et al.99 The future of functional
examinations of the patellofemoral joint is closely related to the use of MR imaging techniques.
This method allows examination of the femoropatellar joint during movements from 0 to 140∞
(Figure 8.9) and also allows analysis of the state of the joint facet patellar cartilage.79,89,141,142

According to McCauley et al.101 most patients with chondromalacia patellae have focal signal or
focal contour defects in the patellar cartilage on T2-weighted MR images. These findings are absent
in most patients with arthroscopically normal cartilage. In an in vitro study of van Leersum et al.155

a total of 1000 MR, 200 histological, and 200 surface locations were graded for chondromalacia
and statistically compared. The study demonstrates that fat-suppressed routine T2-weighted and
fast spin echo T2-weighted sequences seem to be more accurate than proton density, T1-weighted,
and gradient echo sequences in grading chondromalacia. Good histological and macroscopic cor-
relation was seen in more severe grades of chondromalacia, but problems remain for the early
grades in all sequences studied. Scintigraphic analysis can also be used in the diagnosis of anterior
knee pain, i.e., in cases of reflex sympathic dystrophy of the patella.23 Bahk et al.8 describe a pinhole
scintigraphic sign of chondromalacia patellae in older subjects; that is, the spotty tracer uptake
occurring exclusively in the central retropatellar facet without other knee joint alteration appears
pathognomonic for chondromalacia patellae in older patients. Sympathic reflex dystrophy of the
patella can also be diagnosed with the computerized telethermography method. This method can
objectively determine the presence of anterior knee pain and can also enable the monitoring of the
course of the disease and the results of the applied treatment.156 Arthroscopy of the knee is, of
course ,  o f  u tmost  impor tance  and  i s  bas ica l ly  an  unavoidable  examinat ion
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method.13,33,34,84,94,97,115,134,147 Arthroscopy is also, at present, the only sure way to confirm the
existence of suspected chondromalacia of the patella and other intra-articular causes of anterior
knee pain, such as plica synovialis medialis.

A definite decision about the causes leading to the development of anterior knee pain, despite
the auxiliary input of numerous diagnostic examination methods, can only be reached on the basis
of history and a detailed physical examination.130 A diagnosis of, for example, plicae synovialis
medialis does not as yet mean that we have precisely defined the cause leading to the development
of pain. Similarly, a diagnosis that confirms the presence of pathological changes on the patellar
cartilage does not necessarily mean that these changes are the cause of pain. It is quite possible
that these changes are a side effect and that the real cause of pain is, for example, Hoffa disease
or patellar tendinitis (jumper’s knee). LaBrier and O’Neill92 have described patellofemoral stress

FIGURE 8.7 Wiberg type 4: Alpine hunter’s cap deformity.

FIGURE 8.8 CT image of the patellofemoral joint at 15º of knee flexion.

FIGURE 8.9 MR image of the patellofemoral joint at 0º (left) and 15º (right) of the knee flexion.
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syndrome, a condition of peripatellar pain without anatomic malalignment, history of trauma,
patellar instability, or clinical evidence of patellofemoral crepitus. These patients demonstrate
lateral retinacular and iliotibial band tightness. Frequently, the patient’s pain occurs when sitting
for prolonged periods of time with the knee flexed, and most commonly with sporting events. A
lateral retinacular release is the surgical procedure recommended as a reliable solution in the
majority of patients.

The preceding parts of this chapter illustrate the complexity related to the anterior knee pain
syndrome and likewise explain the complexity present when treating this syndrome.10,35,62,68,70,72,98

After a precise diagnosis, the physician should prescribe treatment of the cause of the pain, which
can be either non-operative or operative. If, for example, the primary cause of pain is excessive
pressure on the lateral part of the patella (the lateral patellar joint facet) caused by malalignment
of the knee extensor system, then the physician can attempt to correct this malalignment with non-
operative treatment such as electrostimulation of the vastus medialis muscle or by having the patient
wear a brace designed for stabilizing the patella (Figure 8.10). The goal of conservative treatment
is pain relief.45 Proprioceptive muscle stretching and strengthening is recommended by Clark et al.,28

and Alaca et al.5 consider that an isokinetic exercise treatment program prevents extensor power
loss due to patellofemoral pain syndrome. It seems clinically important to begin the treatment
program before the anterior knee pain becomes chronic and treatment becomes less effective.164

There is inconclusive evidence to support superiority of one physiotherapy intervention over
others.30,138,139 The study of Naslund et al.111 shows that patients with idiopathic anterior knee pain
benefit from both electroacupuncture treatment and subcutaneous needling. Central pain inhibition,
caused either by afferent stimulation or by nonspecific therapeutic (placebo) effects, is a plausible
explanation for the treatment effects. In a randomized, double-blind study of low laser treatment
of chondromalacia of the patella in 40 patients, no statistical difference was found between real
and sham use of low laser for the symptoms of chondromalacia of the patella.133 Patellar taping
and/or bracing can reduce pain in people with patellofemoral pain syndrome, but it does not do so
by medializing the patella.31,60,113,127

If non-operative treatment does not lead to any appreciable results, the physician can attempt
to resolve the problem of malalignment of the knee extensor system and the syndrome of lateral
hyperpressure of the patella operatively. Today, this usually entails arthroscopic release of the lateral
retinaculum of the patella.19,27,116,153,154 When the pain is caused by plicae synovialis medialis, the
latter can be arthroscopically resected while softened patellar cartilage can be arthroscopically
shaved (shaving of the patella). In patients with normal patellar alignment and isolated chondro-
malacia patellae noted during arthroscopic examination, isolated patellar debridement is recom-

FIGURE 8.10 Two different types of knee braces for patellar instability.
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mended.47 Kasim and Fulkerson86 reviewed the long-term results of 25 patients who had localized
soft-tissue resections for refractory anterior retinacular knee pain. Their results show that specific
soft-tissue excision of painful tissue can often lead to successful clinical outcomes.

In the beginning stages, when the precise etiology of anterior knee pain is not yet known,
immediate treatment consists of ceasing all physical activities that cause pain. This, however, does
not necessarily entail a complete cessation of all athletic activities. If, and when, the symptoms
grow in intensity, which usually occurs when the athlete persists in his or her athletic activities
despite the pain, a complete unburdening and relaxation of the knee, including walking with crutches
for a short period of time, can be recommended. Complete immobilization of the affected knee
with a plaster of Paris cast is rarely necessary. Classical treatment, in the sense of recommending
cryotherapy (ice), nonsteroidal anti-inflammatory drugs, and isometric exercises for the quadriceps
muscle, is a necessary part of any treatment for anterior knee pain. When performing exercises for
the quadriceps muscle, the patient’s knee should be in a position of flexion that is comfortable,
i.e., in a position where contraction of the quadriceps muscle is painless. Electrotherapy, either for
the purposes of stimulation or for its analgesic effect, is another non-operative treatment method
that can be prescribed. Special knee braces that stabilize the patella and prevent its lateral displace-
ment, as well as special bands used when treating patellar tendinitis, are other methods that fall
within the domain of non-operative treatment. Another important step in the treatment of anterior
knee pain is a slow and gradual return to sports activities, beginning at first with fast walking and
progressing gradually to jogging, sprinting, running with sudden changes of direction, and finally
jumping. However, some exercises and procedures routinely carried out during training will have
to be permanently banned. These include lifting weights from a crouched position, performing deep
knee bends, and running up and down a hill. In the treatment of anterior knee pain syndrome, an
important place is reserved for stretching exercises, especially for the quadriceps muscle and
hamstrings. The latter enables complete extension of the knee, which has the effect of decreasing
the pressure in the patellofemoral joint. When all of the aforementioned methods fail to produce
significant results, in the sense of lessening the intensity or alleviating the painful symptoms,
surgical treatment is, perforce, the only remaining option.

Surgical treatment can be complex, and during the course of one intervention, a number of
surgical procedures can be performed. It is not uncommon to perform procedures to release the
lateral patellar retinaculum, to shave the patellar cartilage, to transpose the tibial tuberosity and its
ventralization,121 as well as an apicotomy of the patella, all during one surgical intervention. There
are several surgical techniques for anteromedial tibial tubercle transfer in patients with chronic
anterior knee pain and a subluxation-type patellar malalignment (Maquet-Bandi, Blauth-Mann,
Elmslie-Trillat, modified Elmslie-Trillat procedure, and Fulkerson’s modified Elmslie-Trillat pro-
cedure).4,11,82,131,132 A cadaveric study of articular cartilage contact pressure after tibial tuberosity
transfer documented that medialization of the tibial tuberosity significantly increased the patel-
lofemoral contact pressure and, also, significantly increased the average contact pressure of the
medial tibiofemoral compartment; thus, overmedialization of the tibial tuberosity should be
avoided.91 Lateral patellar subluxation associated with malalignment can be corrected by a distal
realignment procedure such as the anteromedial tibial tubercle transfer, but repair of the medial
patellofemoral ligament in cases of patellar dislocation has considerably lowered the incidence of
recurrent instability.7,66,146,165

Hašpl et al.66 present a new, fully arthroscopic technique for treatment of patellofemoral insta-
bility consisting of plication of the medial patellar retinaculum and release of the lateral patellar
retinaculum (Figure 8.11). The procedure has been performed on 17 patients; 3 patients with patellar
instability, acute patellar luxation in 4, and recurrent patellar luxation in 10 patients. Postoperative
results after follow-up of more than 2 years have been good with no recurrence of subluxation or
luxation. Another valuable contribution to the field of surgical treatment for anterior knee pain
syndrome has been made by Morscher,109 who introduced longitudinal (sagittal) osteotomy of the
patella into clinical practice. In l987, Lippert and Paar95 published an experimental study of sagittal
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patella osteotomy. We have successfully applied longitudinal (sagittal) osteotomy of the patella
since 1980.120,122 As of 1991, we had performed 89 longitudinal osteotomies of the patella, of which
16 were performed on top-level athletes or ballet dancers.122 The mean value of Wiberg’s patellar
angle was 112∞ preoperatively, and 142∞ postoperatively. The results, judged on the basis of criteria
evaluation compiled by Bandi10 and Ficat,48 were excellent. Our successful application of longitu-
dinal osteotomy of the patella is confirmed by the fact that all of the operated athletes, except one
(karate), returned to competitive sports, and that three ballerinas returned to professional dancing.

The experimental results of Graf et al.63 show, that patients with chondromalacia have increased
intramedullary pressure. Schneider et al.138 after measurement of intraosseous pressure of the
patella treated 69 patients (136 knees) with a new method of intraosseous drilling and decom-
pression and 90% of treated patients experienced pain relief. Owens et al.118 present prospective
analysis of radiofrequency vs. mechanical debridement of isolated patellar chondral lesions. This
study presents clear evidence of superior clinical outcome of debridement of patellar grade 2 and
3 chondral lesions with the use of bipolar radiofrequency vs. a mechanical shaver. According to
Bentley and Dowd14 operative treatment of chondromalacia patellae is indicated for patients with
persistent pain and macroscopic involvement of more than half a centimeter of the articular
cartilage surface.

Fulkerson53 concludes that current thinking of diagnosis and treatment of patients with patel-
lofemoral pain emphasizes precise diagnosis, rehabilitation involving the entire kinetic chain,
restoration of patella homeostasis, minimal surgical intervention, and precise indications for more
definitive corrective surgery. After every surgical intervention, an adequate postoperative rehabili-
tation program, including a slow and gradual return to sports activities, must be carried out. In
some cases, however, a complete return to the normal state before the injury (restitutio ad integrum)
will not be obtainable.

According to Jackson78 no discussion of anterior knee pain is complete without alerting the
reader to the existence of the “genupath.” The entire life and being of these unusual individuals
center around their knee symptoms, which become chronic and are blamed for failure both at work
and in their private lives. With consummate skill and patience they can manipulate a succession of
orthopedic surgeons to perform a series of procedures, each more drastic than the last. The disruptive
chain of events invariably commences as “anterior knee pain of unknown cause” in adolescence
and this progresses in stages, which include patellectomy, knee replacement, arthrosdesis, and even
above-knee amputation in just 10 to 15 years. Orthopedic surgeons must be on their guard because

FIGURE 8.11 Schematic representation of the full arthroscopic realignment of the patella (release of the
lateral retinaculum and raphia of the medial retinaculum).
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these patients are deliberately misleading; they need psychiatric help, not surgery. With
the exception of diagnostic arthroscopy, it is wise to make a rule never to operate on the basis of
subjective symptoms alone and to adhere to it.

III. PATELLAR TENDINITIS/TENDINOSIS
(JUMPER’S KNEE)

Patellar tendinitis (jumper’s knee) is an overuse injury characterized by pathological changes in
the distal parts of the extensor system of the knee joint: the quadriceps tendon and its insertion to
the proximal pole of the patella, and the patellar tendon (patellar ligament) and its proximal insertion
to the apex of the patella or distal insertion to the tibial tubercle. Other terms are also found in the
medical literature that apply to the same syndrome: patellar or quadriceps tendinitis, patellar apicitis,
and enthesitis apicis patellae, volleyball’s knee, basketball’s knee.169,170,175 The first description of
patellar tendinitis dates from 1921 when Sinding-Larsen and Johansson first described pathological
changes on the proximal insertion of the patellar tendon. However, only in 1962 did Smillie describe
this clinical entity in adults.169 In 1973, a detailed description of the clinical picture and a form of
therapy were published by Blazina,169 who, at the same time, also introduced in the medical literature
the term jumper’s knee.

Jumper’s knee is a clinical entity most commonly found in athletes who, during their athletic
activities, habitually place excessive strain on the extensory system of their knees with numerous
jumps or long periods of running.187,192,198,271 The high frequency of patellar tendinitis in volleyball
players was first noticed by Maurizio in 1963.192 Ferretti,189 who was himself a volleyball player,
conducted an epidemiological study, the results of which showed that jumper’s knee accounted for
28% of all sports-related injuries in volleyball and that fully 40% of top-level volleyball players
suffer from this syndrome at least once during their athletic career. Volleyball has become an
extremely popular participation sport worldwide and patellar tendinitis represents the most common
overuse injury, although shoulder tendinitis secondary to the overhead activities of spiking and
serving is also commonly seen.172 A high incidence of jumper’s knee was also noticed in other
athletic activities, primarily in the so-called jumping sports, such as the high jump, the long jump,
the triple jump, and basketball.205,207,220,235 Hickey et al.206 found patellar tendinitis in 6.7% of young
elite female basketball players over a 6-year period. Linenger and West225 determined the incidence
of patellar tendinitis as 15.1% among U.S. Marine recruits undergoing basic training. In other
athletic activities, this syndrome is noted in lesser frequencies but is encountered occasionally in
soccer players, weight lifters, and bicyclists.34 Dubravćić-Šimunjak et al. 183,184 reported that
jumper’s knee is also found in top-level figure skaters because of the numerous jumps now being
performed in this athletic activity. Jumper’s knee can also develop in athletes who habitually run
for long periods of time and in hockey players.222 Painful symptoms very similar to patellar tendinitis
can be present during the postoperative treatment of patients who have had various surgical
procedures performed on their knee joints. With these patients, however, the clinical symptoms
disappear as soon as the quadriceps femoris muscle regains its initial strength. Kujala et al.222

reported in their retrospective study that during a 5-year interval in a test sample of 2672 ambulatory
patients with various knee injuries, fully 26.4% suffered from complications related to jumper’s
knee. These findings led them to believe that jumper’s knee is the most common athletic injury to
the knee joint and that it is encountered in higher frequencies than either meniscal or anterior
cruciate ligament injuries.

A. ETIOPATHOGENESIS

Jumper’s knee is usually diagnosed in athletes who have taken part in strenuous athletic activities
that place strong and repeated mechanical strain on the extensory system of their knees. Repeated
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mechanical excessive strain is, without doubt, the basic prerequisite for the development of this
syndrome. However, it should be noted that, of different athletes who participate in the same sport,
play in the same position on the team, and are placed under the same repeated mechanical stresses,
some develop jumper’s knee while others remain free from any symptoms.187,189,221 Thus, it is
necessary to discover the factors that predispose some athletes to develop this syndrome.

The main athletic activity that substantially increases the amount of mechanical strain placed
on the knee extensory system is various types of jumps. These consist of both sudden and strongly
performed jumps from a stationary position (e.g., when performing a block in volleyball), and
jumps taken while running (e.g., in the high or long jump). Both types of jumps are performed
with one or with both feet stationary during take-off. It is important to note that the maximal amount
of mechanical strain is placed on the tendon during the deceleration phase of the landing — on
the landing knee(s) — during the time the quadriceps femoris muscle is overcoming the force of
gravity with eccentric contraction.263,272 In fact, these contractions of the quadriceps femoris muscle
are one of the basic causative factors in the development of jumper’s knee.191 In practice, these
contractions are present, for example, when performing exercises in which the athlete jumps on a
barrier 1 to 2 m in height and then lands from that height on the floor to immediately take off from
the floor in a new jump. It is possible that stress shielding is a more important etiological factor
in insertional tendinopathy as opposed to repetitive tensile loads.166

The development of jumper’s knee is significantly correlated with the weekly amount of strain
placed on the knee during training. The results of a study carried out by Ferretti et al.189,191,192

confirm this: 40% of the top-level volleyball players they have treated who train at least four times
a week develop clinical symptoms due to overstrain of the patellar tendon. At the same time, it
was noted that athletes who train on hard surfaces (e.g., concrete) develop clinical symptoms in
37.5% of the cases, whereas those athletes who train on a floor develop jumper’s knee in only 4.7%
of the cases.191 This difference is attributed to the poor absorptive qualities of hard surfaces, which
place increased strain on the muscle–tendon unit of the knee extensory system. Another character-
istic of jumper’s knee is that it develops with equal frequency in adolescents (beginner athletes)
and in mature athletes.192 Thus, it is believed that the length of time the athlete has been engaged
in a particular athletic activity has little to do with the potential development of this syndrome.
There are, however, some indications that the syndrome has a tendency to develop in the third year
of intensive training.192

An analysis of training methods and procedures has indicated that the type of training method
used has no significant bearing on the development of jumper’s knee. A much more important
causative factor was found to be the amount of training (both the amount of time and the amount
of mechanical strain placed on the knee) that the athlete habitually carries out.190 An interesting
fact noted with regard to the development of jumper’s knee was that the syndrome has a tendency
to develop after relatively longer breaks in the training process, e.g., when renewing intensive
physical activities after the summer holidays. Jumper’s knee has an equal propensity for developing
in both sexes and to develop in ages older than 15 years — in other words, when growth and
development are finished.192 In the younger age groups (younger than 15 years), mechanical
overstrain is more often followed by the appearance of juvenile osteochondrosis of the knee joint.
This is because in those age groups, the bony centers of growth are delicate and therefore prone
to injury through excessive mechanical strain.192

The development of jumper’s knee, to a large degree, also depends on the somatic characteristics
of the athlete, of which the best known and most intensively studied are the anatomic features of
the lower extremities.221 Studies conducted with this in mind have shown that athletes suffering
from patellar tendinitis sometimes also have concomitant genu valga, genu vara, and a varus position
of the proximal tibia.168,190 In a small number of patients, increased anteversion of the femoral neck
and a prominent tibial tuberosity were also noted.192 According to Richards et al.247 the external
tibial torsional moment (during the take-off for the right knee with the spike jump and for the left
knee with the block jump) was a significant predictor of patellar tendinitis. Martens et al.229 have
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shown, by studying the physical height of athletes afflicted with jumper’s knee, that physical height
is not a factor and that there is no physical constitution of the organism that predisposes an athlete
to develop this syndrome. However, Kujala et al.221 report that an unequal length (inegality) of the
lower extremities and patella alta can significantly increase the likelihood of developing patellar
tendinitis. They believe that in these cases, the patella is unable to fully perform its function as a
movable center of force between the quadriceps femoris tendon and the patellar tendon, which
leads to increased mechanical strain on the extensor system of the knee joint. A frequently analyzed
possible causative factor of patellar tendinitis is the orientation of the extensor system of the
knee.187,189,191,234–236 On radiological examination of the knee joint in 30∞, 45∞, 60∞, and 90∞ flexion
in the axial projection, it is possible to analyze the orientation of this system based on the position
tilting or lateralization of the patella and the congruence of the patella and the femoral trochlea.217

From a clinical standpoint, the orientation of this system is determined by the value of the angle
of the quadriceps femoris muscle, or the Q angle. The normal value of this angle is up to 10∞ to
15∞ in males and no more than 15∞ to 20∞ in females. The Q angle is slightly greater in females
because of the width of the female pelvis. Pećina et al.235 reported a significant correlation between
a pathological Q angle and the development of jumper’s knee, while Ferretti et al.191 reported a
50% presence of pathological values for the Q angle in their total sample. Another clinical indication
of a badly oriented extensor knee system is the so-called bayonet symptom. Pećina et al.235 reported
a 70% presence of this symptom in athletes suffering from patellar tendinitis. Tyler et al.266 consider
that an abnormal anteroposterior patellar tilt angle may be a contributing factor to pathological
conditions of the knee. The results of their study demonstrate that patients with patellar tendinitis
have abnormal patellar tilt in the sagittal plane. Although a pathological value of the Q angle and
the bayonet symptom are generally present in athletes afflicted with jumper’s knee, Ferretti et al.192

reported that a badly oriented knee extensor system need not be a risk factor because an athlete
should be encouraged to take up other, nonjumping sports. A badly oriented extensor system is,
however, without doubt an important factor that should be taken into account when prescribing
treatment for this syndrome. Chronic overload is considered the main cause of patellar tendinitis,
but it has been postulated that impingement of the inferior patellar pole against the patellar tendon
during knee flexion could be responsible (Figure 8.12).211 Schmid et al.255 present dynamic and
static MR imaging of patellar tendinitis in an open-configuration system. They compared 19 knees
with patellar tendinitis and 32 asymptomatic knees and the relationship between the patella and
the patellar tendon was identical in both groups. They conclude that chronic overload seems to be
a major cause of patellar tendinitis.

FIGURE 8.12 The impingement of the inferior patellar pole against the patellar tendon during knee flexion.
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The functional imbalance of the muscles that stabilize the pelvis and the lower extremity is
another factor that should be analyzed in the context of predisposing an athlete to developing
jumper’s knee. It is well known that strong and shortened muscles of the posterior part of the
thigh (hamstring muscles) cause significant mechanical overstrain to the extensor system of the
knee joint. A biomechanical and kinematographical analysis of a typical jump performed by a
basketball player260 showed that a weak iliopsoas, gluteus maximus, and rectus abdominis muscle
contribute to increased strain of the extensor musculature of the knee, caused by an inadequate
distribution of force during the jump. Thus, Sommer260 recommends strengthening the abdominal
muscles and stabilizing the muscles of the pelvis in patients suffering from this syndrome. A 2-
year prospective study of Witvrouw et al.274 examining intrinsic risk factors for the development
of patellar tendinitis in an athletic population revealed that the only significant determining factor
was muscular flexibility, with the patellar tendinitis patients less flexible in the quadriceps and
hamstring muscles.

In the study of Sanchis-Alfonso et al.253 pathological neural changes were observed in 17
pathological specimens retrieved during surgery for jumper’s knee. In 8 cases, free nerve endings
showed a histological pattern of “nerve sprouting” in the patellar tendon–bone junction. Vascular
innervation was seen in 7 cases. S-100 positive fibers were observed within the muscular layer
of medium and small arteries. These findings show an increase in vascular innervation. Last,
neuromatous changes were observed in 4 cases, demonstrating a clear relationship with pain.
These observations provide a neuroanatomic basis for pain in active, young patients with jumper’s
knee.

Based on what is reported in the medical literature, we feel confident in concluding the
following. Although most of the studies carried out to date have been less interested in the
external factors causing jumper’s knee, it is quite certain that excessive strain caused by training
and exercising on hard surfaces contributes significantly to the development of this syndrome.
With regard to the group of anatomical changes of the lower extremity, the inegality of the lower
extremities and patella alta are causative factors for the development of jumper’s knee. In spite
of this, it seems that the underlying causes of patellar tendinitis are based not on anatomical or
biomechanical changes in the knee joint, but on the mechanical characteristics of the tendon
and the area of insertion of the tendon into the bone (its elasticity and its ability to stretch).
Therefore, the basic etiopathogenetic course of events leading to the development of overuse
syndrome of the quadriceps tendon and the patellar tendon, i.e., jumper’s knee, can be defined
as the state that arises when mechanical overstrain overcomes the adaptive ability of the
excessively strained tissue.

B. CLINICAL PICTURE AND DIAGNOSTICS

The clinical picture of jumper’s knee is characterized by the presence of pain as the basic symptom,
and a decreased functional ability of the afflicted lower extremity.233,234,252 Patellar tendinitis/tendi-
nosis, or jumper’s knee, is an important cause of anterior knee pain.185 The pain can appear either
in the area of the upper or lower pole of the patella, or in the area of the tibial tuberosity.
Pećina et al.234–241 reported the appearance of pain at the junction of the quadriceps tendon to the
base of the patella present in about 10% of their patients, at the insertion of the patellar tendon to
the tibial tuberosity in 10% of their patients, and at the insertion site of the patellar tendon at the
tip of the patella in 80% of athletes suffering from jumper’s knee (Figure 8.13). The main features
of this pain consist of sharpness of varying intensity that gradually evolves and whose appearance
is not connected with evident trauma.

In the beginning stages of the disease, the pain occurs only after training/competition or after
running down an incline169,207 and disappears after a short period of complete rest (a couple of
hours or 1 day).267,268 In later stages, pain felt at the insertion areas of the quadriceps tendon and
the patellar tendon becomes continuous and is present before, during, and long after athletic
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activities. The appearance of pain is quite frequent after long periods of sitting with the knees in
a flexed position, e.g., when driving a car for long periods of time or when watching a movie at
the theater. The appearance of this pain is sometimes called the movie sign169,192,235 and can usually
be relieved by rubbing the painful area and stretching the leg in the knee with the sole of the foot
in supination. Some patients complain of a feeling of weakness and feebleness in the knee when
this joint is subjected to stronger mechanical strain.222 The functional inability of the afflicted lower
extremity is accompanied by intense pain and shows a range from slight to complete inability to
participate in athletic activities.

In very rare cases, continuation of intensive athletic activities, despite the presence of evident
symptoms of the disease, leads to a complete break (rupture) of the patellar ligament.251,254,258

Ferretti et al.192 describe this state in 3 of 110 patients (2.7%) suffering from jumper’s knee. Although
considerably less frequent, a complete rupture can sometimes be seen at the junction of the
quadriceps tendon to the base of the patella. Kelly et al.216 describe one-sided ruptures of the
quadriceps tendon in 3 patients, and a complete break of the patellar tendon in 11 patients with
jumper’s knee. They also report that, in their opinion, important causative factors leading to the
development of this rupture are the degeneration of the tendon caused by mechanical overstrain,
as well as structural changes in the tendon tissue caused by aging. Tarsney264 reported the appearance
of sudden, bilateral ruptures of the quadriceps tendon and the patellar tendon in athletes while they
were playing basketball. These bilateral ruptures should be diagnostically differentiated from
complete tendon breaks, which develop during the course of rheumatic diseases.226 It has also been
noted that a complete tendon break is very frequently preceded by the local application of corti-
costeroid medication.216,264

Based on histological analysis of tendon tissue of the knee extensor system performed during
the course of the overuse syndrome, Ferretti et al.188 note that the basic pathological changes develop
on the insertion sites of the quadriceps tendon and patellar tendon to the patella and tibial tuberosity.
The changes consist of a thickening of the transition cartilage between the tendon and the bone,
the appearance of cystic cavities, and the loss of the border between the two transition cartilage
(the blue line). Further research has shown that histopathological changes are also evident in the
tendon structure.242 Thus, it is today believed that there exists, during the course of jumper’s knee,
an enthesitis (insertion tendinopathy) as well as a change in the tendon structure (tendinosis) of
varying intensity.

We performed an investigation to document pathological changes in bone, the bone–tendon
junction, and in the patellar ligament in 34 athletes treated surgically because of jumper’s knee.239

In all patients apicotomia of the patella and partial excision of the patellar ligament were
performed (half-open arthroscopic-assisted procedure). Pathological changes in the bone were
found in one third of operated patients and included foci of necrosis, fat-changed cancellous
bone, bone marrow replaced by highly vascularized granulation tissue with scattered mononuclear
inflammatory cells. Abnormality of the bone–tendon junction was found in 75% of the patients
and included microtears of the tendinous tissues, destruction of bone architecture, foci of ossifi-
cation, chronic inflammatory cell infiltration, exaggerated fibrocartilaginous metaplasia, and
mucoid degeneration. Changes in patellar tendon were found in all operated patients and included
cellular proliferation within the tendinous tissue accompanied by prominence of capillary prolif-
eration, chronic inflammatory cell infiltration, hyaline degeneration, mucoid degeneration,
microtears of the tendinous tissue, neovascularization, and tenocyte infiltration, etc. Polarization
microscopy showed loss of clear demarcation of collagen bundles accompanied by a loss of the
normal dense, homogeneous polarization pattern.

The main clinical symptom of jumper’s knee is the presence of a very intense, palpatory pain
in the lower or upper pole of the patella or on the tibial tuberosity. In some cases, a cystic fluctuation
is present in one of three predilected areas.169,220,249,270 Intense pain can be produced by extending
the lower leg against pressure.169 Jumper’s knee is also characterized by the presence of concomitant
ligament or meniscus lesions, but chondromalacia of the patella is very rarely seen.192 Blazina,169
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Krahl,220 and Roels249 have suggested the categorization of jumper’s knee into different stages,
based on the prevalence of the main clinical symptoms — pain and loss of function in the extremity
(Table 8.6). This categorization is, however, based on subjective evaluation and as such does not
represent a sure base on which a definite decision regarding the type and method of therapy to be
employed can be made.

Radiographic analysis of patients suffering from jumper’s knee can reveal bony changes on the
poles of the patella and the tibial tuberosity, as well as ossification in the tendon structure203 (Figure
8.13). The range of possible pathological changes seen in radiographic analysis is described by
Blazina et al.169 and Kelly et al.216 (Table 8.7). The most characteristic radiological indications of
jumper’s knee are elongation of the poles of the patella,202 irregular centers of ossification seen in
the patellas of adolescents, stress fractures of the lower patellar pole, and a marked spiking of the
anterior surface of the patella. Elongation of the lower pole of the patella is referred to as the
“beak” of the patella, and the spiky anterior surface of the patella, which can be seen in axial
radiographic pictures, is called the tooth sign.200

Scintigraphic analysis of patients suffering from jumper’s knee can reveal pathological changes
at the insertion sites of the tendon into the bone, in which there exists increased vascularization and
an accumulation of radionuclides.213 This accumulation of radionuclides is not, however, unique in
jumper’s knee, a fact that should be kept in mind when interpreting the results of the scintigraphic
analysis. In the study of Green et al.199 on 34 patients with intractable symptoms of patellar tendinitis,
bone scintigraphy showed 71% of patients to have abnormalities on the delayed images, 8 with
diffusely increased activity in the patella and 16 with increased activity localized to the lower pole.

There have been reports in the medical literature about the use of CT with the aim of achieving
an objective diagnosis of jumper’s knee.226,229,231 King et al.219 reported that by using this method,

TABLE 8.6
Classification of the Patellar Tendinitis According to Incidence and 
Progression of Symptoms

Stage Symptoms Ref.

Stage 1: Pain after activity only
No undue functional impairment

169

Stage 2: Pain during and after activity
Still able to perform at a satisfactory level

Stage 3: Pain during and after activity and more prolonged
Patient has progressively increasing difficulty in performing at satisfactory level

Stage 1: Pain only after sports activity 249

Stage 2: Pain at the onset of sports activity, disappearing after warm-up and reappearing 
at fatigue

Stage 3: Constant pain at rest and during activity
Inability to participate in sports at previous level

Stage 4: Complete rupture of patellar tendon

Stage 1: Pain only after sports activity 220

Stage 2: Pain at the beginning of sports activity, disappearing after warm-up and 
reappearing after activity

Stage 3: Pain at the beginning, during, and after sports activity

Stage 4: Constant pain at rest and during activity
Inability to participate in sports

Stage 5: Complete rupture of patellar tendon
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they were able to see pathological changes of the real tendon structure such as localized thickening
of the tendon and the presence of cystic cavities within the tendon.

The diagnosis of jumper’s knee is facilitated by the use of ultrasound examination of the
quadriceps tendon and the patellar ligament.177–179,180,193–195,204,209,210,212,223,232,245,248,262,265  Fritschy
et al.196 have used ultrasound examination to analyze the patellar ligament of patients in whom
jumper’s knee was clinically diagnosed. They note that in the beginning stages of this syndrome,
there is swelling of the tendon, usually found in the area of the proximal insertion site of the patellar
tendon. The later stages in the tendon take the form of a heterogeneous tendon structure

FIGURE 8.13 (A) Distribution of the pain and tenderness localization in patients with patellar tendonitis
(jumper’s knee); (B) changes (radiolucency) of the lower pole of the patella in patellar tendonitis (jumper’s knee).

TABLE 8.7
Radiological Signs of the Patellar Tendinitis

Ref.

1. Radiolucency at the involved pole 77

2. Irregular centers of ossification

3. Periosteal reaction at the anterior surface

4. Elongation of the involved pole with an occasional fracture at the junction
of the elongation with the main portion of the patella

5. Stress fracture of the inferior pole of the patella

6. Calcification of the involved tendon

1. Calcification in the quadriceps tendon 106

2. Elongation of the proximal pole of the patella

3. Tooth sign (anterior surface of the patella)

4. Elongation of the distal pole of the patella

5. Calcification in the patellar tendon

6. Osteophytes in the area of the tibial tubercule
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accompanied by an unclear definition of the tendon sheath. Concomitant ultrasound examination
of the knee patellar bursae, which are clearly defined using this technique, is also performed.
Ultrasound examination also enables examination of the tendon structure during contraction of the
muscle, which allows dynamic examination of the knee extensor system.196 The thickening of the
tendon in the area of its insertion, which remains present during muscle contraction, is called a
vacuola and is a characteristic sign of the acute stage of jumper’s knee (Figure 8.14). According
to Kalebo et al.,212 a cone-shaped poorly echogenic area exceeding 0.5 cm in length in the center
of the patellar tendon in combination with its localized thickening has proved to be a reliable
indicator of jumper’s knee. In the tendon, hematoma, degenerative changes, and the beginnings of
ossification (Figure 8.15) can be seen. At this stage of the disease, these changes are not visible
by radiographic examination. For a detailed analysis of the extensor system of the knee, a com-
prehensive knowledge of the clinical picture and the anatomy of the afflicted area is mandatory.
Fritschy et al.196 and Jerosch et al.210 have recommended an ultrasound classification of jumper’s
knee with the aim of facilitating diagnosis and making it more objective and reproducible (Table
8.8). Mahlfeld et al.228 analyzed the sonograms of 87 patients with jumper’s knee and concluded
that visualization of pathological findings of the patellar tendon, such as focal or generalized
thickenings, calcifications, and partial or total ruptures, was possible with ultrasound. They could
classify six different sonopathological stages of the jumper’s knee syndrome. Ultrasound diagnostics
is becoming an important and invaluable tool in diagnosing jumper’s knee because it is noninvasive,
inexpensive, safe, and has a wide range of application.223 However, according to Cook et al.177–179

FIGURE 8.14 Sonogram of the patellar tendon showing the acute form of patellar tendinitis (jumper’s knee).
(A) Relaxation; (B) contraction.
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there is no statistically significant relationship between ultrasonographic patellar tendon abnormal-
ities and clinical outcome in elite male athletes. In our study in a group of 61 athletes with a clinical
diagnosis of jumper’s knee, radiographic findings confirmed diagnosis in 13.1% of patients and
ultrasound examination confirmed the clinical diagnosis in 90.2% of patients.245 Management of
jumper’s knee should not be solely based on ultrasonographic appearance, clinical assessment
remains the cornerstone of appropriate management.

Diagnosis of overuse injury of the knee extensor system can also be achieved by thermogra-
phy.238 Thermographic analysis distinguishes the temperature difference between the affected and
healthy part of the knee (see Figure 1.19 in Chapter 1). This enables the physician to evaluate the
severity of the symptoms and also affords the opportunity to monitor the course and success of the
prescribed treatment.

To date, there have been a number of reports concerning the success of MR imaging diagnostics
of jumper’s knee.171,186,214,230,243,246,256,275 Bodne et al.171 claim that they are able to differentiate
pathological changes, both in the bony and tendinous part of the knee extensor system, by using

FIGURE 8.15 Sonogram of the patellar tendon showing chronic form of patellar tendinitis (jumper’s knee).
P = patella; TT = tibial tubercle.

TABLE 8.8
Ultrasound Classification of the Patellar Tendinitis

Ref.

1. Pure inflammatory stage Initial stage characterized by edema of the tendon 
fibers; tendon is swollen and thickened but still 
presents a homogeneous appearance

196

2. Stage with irreversible 
anatomical lesions

Tendon has a heterogeneous appearance; there are 
hypoechoic and hyperechoic images with or 
without edema; tendinous envelope is more or less 
well defined but may have a variable appearance

3. Final stage of lesion Tendinous envelope is irregular and thickened and 
the tendon fibers appear heterogeneous, but the 
swelling has disappeared

Stage 1: Normal tendon 210
Stage 2: Edema of the tendon at the distal patellar pole
Stage 3: Edema of the whole tendon; normal echogenicity; tendon sheath smooth
Stage 4: a. Edema of the whole tendon; hyperechogenicity; tendon sheath smooth

b. Edema of the whole tendon; hyperechogenicity; irregular tendon sheath
Stage 5: Rupture of the tendon
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this diagnostic method. They feel that based on these results they are better able to objectively
prescribe the most suitable therapy. In the study of Shalaby and Almekinders,256 only Blazina stage
3 lesions were associated with abnormal findings on MR images. In younger patients with relatively
mild symptoms, MR imaging did not show significant changes; in older, active patients changes
may be present in asymptomatic knees. Yu et al.275 concluded that in athletes with chronic patellar
tendinitis areas of abnormal signal intensity on MR imaging corresponded to degenerative patho-
logical changes consistent with angioblastic tendinosis. In nearly all patients, the tendon thickening
occurred eccentrically. Disproportionate medial tendon thickening may be related to unequal tensile
forces across the knee joint, resulting in greater stress on the medial portion of the extensor
mechanism of the knee. Patellar tendinitis demonstrates a consistent spectrum of changes at MR
imaging that can aid understanding of the origin and treatment of damage.230

Davies et al.181 describe the ultrasound, CT, and MR imaging findings in 16 cases of patellar
tendinitis. In all cases tendon enlargement and reduced echogenicity were visible on ultrasound.
CT demonstrated enlargement of the tendon with reduced attenuation of the central portion. MR
imaging showed focal tendon enlargement in all patients with high-signal lesions in 88% of cases.
This study has shown that patellar tendinitis may be identified with all three modalities. Ultrasound
is recommended as the initial investigation in the assessment of patients with this condition.

C. TREATMENT

The basic principles of treating jumper’s knee consist of reducing the local inflammatory process,
encouraging and facilitating tissue healing, and completely rehabilitating the afflicted extremity
with the aim of returning the athlete as soon as possible to normal athletic activities.168,173 In acute
stages of the disease, the physician generally recommends cessation of sporting activities that place
strain on the afflicted extremity. In the first 72 h after injury, cryotherapy is applied, along with a
compressive bandage, and the afflicted extremity is placed in an elevated position. The inflammatory
process facilitates healing during the first 3 days. This time interval is therefore the optimal time
span during which the inflammatory process should be cured.

Inflammatory edemas, which last for longer periods of time, cause hypoxic changes, diminish
tissue vascularity, lower the local pH, and lead to damage of the surrounding healthy tissue. It is
believed that application of cryotherapy reduces the inflammation by diminishing the edema and
hematoma and eliminating pain. There are many different methods of applying cryotherapy. The
safest and most effective method is crushed ice in a damp towel. However, ice-cold bandages, ice
massage of the involved area, immersion in ice water, and application of ethyl chloride are also
very effective. Ice should be applied for a limited time (less than 20 min) and repeated every 1 to
2 h in acute cases because continuous treatment may damage the surface tissue and result in
unwanted consequences.

We have mentioned both the importance of the inflammatory reaction in initiating healing and
the desirability of limiting this reaction if it is prolonged more than necessary. Oral nonsteroidal
anti-inflammatory drugs are prescribed to decrease inflammation. Although local application of
corticosteroids combined with prolonged-effect anesthetics is also recommended in the treatment
of overuse syndrome of the soft tissues of the locomotor system, it is counterproductive when
treating jumper’s knee syndrome. Corticosteroids are not recommended because of the increased
risk of total rupture of the patellar tendon. After the initial treatment to quickly soothe the inflam-
mation, on the fourth day heat therapy or contrast heat–cold therapy, in a ratio of 3:1 or 1:1, is
applied to the knee. Heating facilitates vascularization and increases the speed of the healing
process. The heating effect is produced by different methods, including the application of ointments,
ultrasound, laser, electric stimulation, and many others. When inflammation and pain have been
reduced, a rehabilitation program is introduced. The program consists of stretching exercises and
strengthening of the extensor muscle system of the knee. Smith et al.259 stress the importance of
stretching exercises and the increased flexibility of the posterior area of the upper leg in successful
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non-operative treatment. Apple167 presents a detailed description of a stretching exercise program
for gradual strengthening of the afflicted limb. Exercises are conducted in such a fashion that the
patient repeatedly performs one exercise (150 to 300 times), but with very light weights (1 to 5
kg). This promotes vascularization and the healing process and does not damage the tissue any
further. The exercise program is called Progressive Resistance Exercise (PRE) and is characterized
by fully extending the lower extremity in an elevated position, while burdened with a light weight
(straight leg raising technique). There is also another approach to the strengthening of the extensor
system of the knee joint — concentric and eccentric exercises.208,209 When performing concentric
contraction of the quadriceps femoris muscle, the force performed is antiparallel to the ground
force, and the muscle fibers contract. This causes the muscle tissue to strengthen. An example of
these exercises is when the body, appropriately loaded, is lifted from a semisquatting position to
a standing position. Eccentric contraction, on the other hand, causes the extension of the muscle
fibers as the force is parallel to the ground force. An example of this is when the body slowly
descends from a standing to a semisquatting position. Apple167 and Jensen and Di Fabrio208 reported
that eccentric exercises cause the greatest stress to the tendon tissue, thus preparing it to withstand
further heavy mechanical loads. They concluded that eccentric exercise may be an effective treat-
ment for patellar tendinitis, but that knee pain may limit optimal gains in strength. Proprioceptive
exercises (balance board) are included, depending on the progress of the rehabilitation program.
These exercises stimulate the interaction of the nervous system, sensory receptors, muscles, tendons,
and ligaments.168 Wearing a patellar brace knee strap (Figure 8.16) is also highly recommended.261

To conclude the description of non-operative treatment for jumper’s knee, we must point out
the importance of alternative training constantly performed during the treatment. Alternative training
consists of workouts for uninjured body parts and is critical to maintain cardiovascular abilities,
stamina, and fitness of the body. The exercises include swimming, strengthening, and increasing
the flexibility of the upper body. Non-operative treatment of jumper’s knee syndrome calls for
persistence and commitment and is performed for several months.

Although tendinitis of the knee is relatively easy to diagnose, its treatment is more difficult.182

Of the numerous treatments available, specific physiotherapy and correction of technical errors are
often efficient.

FIGURE 8.16 Knee strap.
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Surgical treatment is indicated only if a prolonged and well-supervised conservative treatment
program fails.176,215 Surgical treatment is needed in cases of irreversible pathological changes of
the knee extensor system appearing in the later stages of patellar tendinitis/tendinosis, but also in
cases of total rupture of the quadriceps tendon and the patellar tendon. The general principle of
surgical treatment consists of removing the devitalized tissue, initiating the healing process, and
correcting the wrongly oriented knee extensor system. Surgical excision of irreversible lesions,
demonstrated on ultrasonography, is a logical procedure, which provides good results.197 Patients
encouraged to undergo surgery are usually highly motivated professional top athletes who will not
give up their athletic careers.

There are numerous different operative approaches. One is reported by Smillie and consists of
drilling the affected patellar apex to improve vascularization and healing of the damaged area.237

Basset describes excision of the degenerate part of the patella tendon, followed by restoration of
the defect.237 Blazina169 outlines an operative technique involving resection of the affected patellar
apex (apicotomy), patellar inspection, relegation of the patellar tendon, and retinacular strengthen-
ing. Ferretti et al.190 suggest the following operative procedure based on their own experience:
releasing the deep tendon fibers, drilling and “cleansing” the tendon insertion, and scarifying and
excising the degenerate tendon tissue. According to Martens et al.229 surgery directed at the tendon,
rather than a bony procedure, yielded favorable results in 27 of 29 patients.

It is necessary to reorient the knee extensor system (if it is incorrectly oriented) by proximal
realignment, lateral retinacular release, and advancement of the vastus medialis obliques muscle.
According to Whitaker,236 total disjunction of the quadriceps tendon and patellar tendon is treated
surgically by nonresorptive tendon stitches, taking care to adequately correct the proximodistal
position of the patella. Shelbourne257 uses the resection of the middle third of the patellar ligament
with a small piece of bone on the apex of the patella; this is similar to the method of ACL
reconstruction (bone–tendon–bone graft).

Verheyden et al.269 present the clinical results of 31 knees in 29 patients treated surgically for
patellar tendinitis. A longitudinal strip of patellar tendon containing the pathological tissue was
resected in all cases without bony procedure. Minimum follow-up time was 3 years. The results
were very good in 26 knees, good in 1 knee, and poor in 4 knees. Persistent patellofemoral pain
was considered the most important cause leading to a poor result. When patellofemoral pain due
to maltracking is associated with patellar tendinitis, it seems logical that both pathologies should
be addressed during surgical treatment. Griffiths and Selesnick201 recommend operative intervention
in patients with chronic patellar tendinitis who do not improve with well-supervised, comprehensive
conservative treatment.

Maffulli et al.227 report the results of surgery in 28 patients reviewed at an average follow-up
of 42 months from surgery for tendinopathy of the main body of the patellar tendon after failed
conservative treatment. Intervention consists of exploration of the affected patellar tendon, stripping
of the paratendon, excision of pathological areas, and multiple longitudinal tenotomies. At follow-
up, 23 patients were completely free of pain and had resumed full sporting activity at the same
preoperative level. In fact, 3 patients were improved enough to have returned to their preoperative
sporting level or just below it. In 2 patients, the initial operation failed. In the patients who resumed
sport, the average time from surgery to resuming full sporting activity was 7 months (range 6 weeks
to 12 months).

Romeo and Larson250 describe the technique and two case reports of the arthroscopic treatment
of infrapatellar tendonitis. A routine arthroscopic examination of the knee is conducted and soft
tissue is debrided from the retropatellar tendon surface for direct visualization of the patellar tendon
as it inserts on the inferior pole of the patella. An 18-gauge needle is advanced through the site of
maximum discomfort as defined clinically and supported by ultrasound and MR imaging studies.
The tip of the needle is visualized arthroscopically to define the proper position of the direct inferior
patellar portal. The portal is made in a position that will allow advancement of the shaver perpen-
dicular to the inferior pole of the patella. The shaver is placed into direct inferior patellar portal
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and the cutting surface of the blade is oriented toward the inferior pole of the patella. The shaver
is then slowly advanced out of the knee joint, removing the soft tissue attachment at the inferior
pole of the patella. An area of approximately 8 to 10 mm is resected. At the completion of the
procedure, the patient is placed into a soft dressing without immobilization.

Coleman et al.174 compared the outcomes in 25 subjects (29 tendons) who had had open patellar
tenotomy and 23 subjects (25 tendons) who had had arthroscopic patellar tenotomy at a mean
follow-up of 3.8 and 4.3 years, respectively. During the arthroscopic patellar tenotomy after the
diagnostic procedure, the arthroscope was transferred to a superolateral portal and the power shaver
was introduced through the anterolateral portal. Part of the infrapatellar fat pad was excised to
reveal normal patellar tendon fibers that were then traced proximally to locate the abnormal
disorganized area of tendinosis. All macroscopically abnormal tissue was debrided. No bone
procedure was performed. At follow-up, outcomes in the open and arthroscopic groups were as
follows: (1) symptomatic benefit was seen in 81% of open and 96% of arthroscopic tenotomy
patients, (2) sporting success was seen in 54% of open and 46% of arthroscopic tenotomy patients,
(3) median time to return to preinjury level of activity was 10 months for open and 6 months for
arthroscopic tenotomy patients, and (4) median Victorian Institute of Sport Assessment score at
follow-up was 88 for open and 77 for arthroscopic tenotomy patients. Both procedures provided
virtually all subjects with symptomatic benefit, but only about half the subjects who underwent
either open or arthroscopic patellar tenotomy were competing at their former sporting level at
follow-up.

The method of surgical intervention we use is determined individually, taking into consideration
the localization of the pain, knee extensor mechanism alignment, ultrasound, MR imaging, and
arthroscopic intraoperative findings. In the past, when the pain was localized at the inferior pole
of the patella, the resection of the nonarticular part of the apex (open apicotomy) was made without
further reinforcement of the ligament fibers (Figure 8.17). On resection (always by saw), we
proceeded with the drilling of the subcortical pole of the patella, depending on the changes of the
patellar cartilage. In cases in which the pain is localized at the superior pole of the patella, multiple
drilling of the affected pole combined with the excision of the degenerated tendon tissue and
sometimes a lateral retinacular release is performed. When extensor mechanism malalignment is

FIGURE 8.17 Lateral roentgenogram of the knee after patellar tendinitis surgery (open apicotomy).
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evident, the proximal (lateral retinacular release and vastus medialis obligmus (VMO) advancement)
or distal realignment (anterior and medial displacement of the tibial tuberosity) of the patella is
attempted. If degenerative changes of the tendon are diagnosed by ultrasonography or during
surgery, the altered part is excised completely. In cases where a totally enlarged and edematose
patellar ligament is discovered, we use the method of longitudinal incision, i.e., decompression of
the patellar ligament. If cartilage of the patella is changed, the damaged area of cartilage is shaved;
when necessary, additional surgical procedures are attempted. Thus, in the case of a patient with
obvious dysplasia of the patella, we effect longitudinal osteotomy of the patella.

Postoperatively, when apical osteotomy is performed, we do not permit any active extension
of the knee during the first 6 weeks following surgery. At 3 months after surgery, the patient starts
with gradual sports training; full sports activity is allowed 6 to 9 months after surgery. The ability
of the athlete to return to sports varies considerably. We analyzed the results of such complex
treatments on 15 top-level athletes surgically treated in our department from 1983 to 1989 for third
stage jumper’s knee.121 The postoperative results were graded according to Ferretti et al.188 criteria:
11 patients’ results were very good, 3 good, and 1 poor, on an average follow-up time of 35 months
(12 to 81 months).

Since 1989, we have preferred the surgical procedure known as arthroscopically assisted
apicotomy of the patella or the so-called half-open method of arthroscopically assisted apicotomy
of the patella. The procedure involves removal of the tip of the patella similar to the Kenneth Jones
method of loose transplantation taken for the reconstruction of the ACL (Figure 8.18). From 1989
to 1997, 36 patients were surgically treated and we present the results of this treatment with a
postoperative follow-up period from 1 to 8 years (mean of 4.7 years). Among the athletes, 11 were
basketball players, 5 were soccer players, 4 track-and-field athletes, 4 handball players, 2 volleyball
players, and 1 hockey player; 6 dancers, 2 soldiers, and 1 policeman complete the group. Postop-
erative results were classified as very good if the athlete returned to sports activity without any
side effects, good if the athlete resumed his or her sports activities with painful sensations present
only at maximum levels of physical exertion, and poor if any reduction of athletic activity was
present. On the basis of this evaluation scale very good results were achieved in 21 patients, good

FIGURE 8.18 The half-open method of arthroscopically assisted apicotomy of the patella and excision of
degenerated tissue from patellar tendon.
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results in 12, and poor results in 3 patients. Since 1999, our surgical treatment of jumper’s knee
has been a modified full arthroscopic technique described by Romeo and Larson250 with abrasion
of the non-articular part of the apex of the patella (Figure 8.19). Early results with this technique
are encouraging.

The results of surgical treatment of jumper’s knee are more than satisfactory,237,238 and we
conclude that surgical treatment of jumper’s knee should not be unnecessarily postponed, as over
90% of the our analyzed samples show good results after surgery, which enabled the athletes to
return to their athletic or professional activities. Nevertheless, let us not forget that the fundamental
strategy is concentrating on intensive non-operative treatment. Stretching exercises are important
as an overuse preventive measure. Surgical intervention is always the last choice of treatment.

IV. ILIOTIBIAL BAND FRICTION SYNDROME

Iliotibial band friction syndrome (ITBFS) results from activity comprising many repetitive flexion
and extension movements of the knee, during which rubbing of the band against the lateral femoral
epicondyle occurs; this produces irritation and inflammatory reactions within the iliotibial band or
the underlying bursa. ITBFS is one of the most common overuse injuries in runners, not only
professional athletes, but also in recreational joggers and in other athletes whose activities entail
a lot of running.

Staff and Nilsson317 were among the first to describe the symptoms of ITBFS in their paper
published in 1971. The term iliotibial band friction syndrome was introduced by Renne in 1975.314

Orava309 diagnosed ITBFS in 6.4% of 1311 athletes with overuse injuries. Sutker et al.318 found a
4.7% frequency of ITBFS in 4173 injured runners, as well as a higher incidence of ITBFS in long-
distance runners than in middle-distance runners and sprinters. In a retrospective case-control
analysis of 2002 running injuries, patellofemoral pain syndrome was the most common injury
followed by ITBFS, plantar fasciitis, meniscal injuries of the knee, and tibial stress syndrome.320

Jordaan and Schwellnus289 have undertaken a study to document the incidence of overuse injuries

FIGURE 8.19 (A) Schematic representation of full arthroscopic technique of patellar apicotomy. (B) Arthro-
scopic view after abrasion of the nonarticular part of the patellar apex (P) and debridement of patellar tendon
(PT).
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sustained during basic military training. The highest incidence (injuries/1000 training hours) of
specific overuse injuries were tibial bone stress reaction (0.33), patellofemoral pain (0.22), and
ITBFS (0.08). The exact incidence of the syndrome has been estimated to range from 1.6 to 52.0%
depending on the population studied.291 In a series of 200 knee injuries in long-distance runners,
Noble307,308 found that 52% of the injuries were secondary to ITBFS. ITBFS is not unique to distance
runners; it has been reported in cyclists, football players, skiers, hammer throwers, racket sports
participants, and ballet dancers.286,292,298,301,309,311–313,315,322

A. ETIOPATHOGENESIS

The iliotibial band or tract is a thickened band of fascia extending from the iliac crest down the
lateral side of the thigh to its attachment on the lateral tibial condyle (Gerdy’s tubercle).290,321 At
the level of the greater trochanter, the iliotibial band receives the insertions of the tensor fasciae
latae muscle anteriorly and superficial tendinous layer of the gluteus maximus muscle posteriorly.
It then attaches to the linea aspera of the femur through the lateral intermuscular septum, while its
distal segment moves freely over the lateral femoral condyle. With the knee in the extended position,
the iliotibial band lies anterior to the lateral femoral epicondyle; in knee flexion of 30∞ it lies behind
the lateral femoral epicondyle (Figure 8.20A). According to Orchard et al.310 friction (or impinge-
ment) occurs near footstrike, predominantly in the foot contact phase at or slightly below 30∞ of
flexion, between the posterior edge of the iliotibial band and the underlying lateral femoral epi-
condyle. Because of its mobility, activities entailing many repetitive flexion and extension move-
ments of the knee cause the band to rub against the lateral femoral epicondyle. This produces
irritation and subsequent inflammatory reactions within the iliotibial band or formation of under-
lying bursae and secondary inflammation.

FIGURE 8.20 Iliotibial band friction syndrome. (A) Mechanism of development; (B) area of pain.

1428_C08.fm  Page 223  Wednesday, July 2, 2003  7:58 AM



224 Overuse Injuries of the Musculoskeletal System

The etiology of ITBFS, similar to other overuse injuries, is a multifactorial process, i.e., there
are many interacting agents that contribute to the development of ITBFS (Table 8.9). Most commonly,
the ITBFS is a result of training errors and anatomical malalignment of the lower extremity.277,279,303

According to Taunton et al.,319 training errors and abrupt changes in intensity, duration, and/or
frequency of training cause ITBFS in 42%, and according to Grana and Coniglione,284 in 35%.
Malalignment conditions of forefoot varus and/or subtalar varus, tibia vara, and genu varum lead to
excessive and/or prolonged forefoot pronation during the support phase of a running cycle; this, as
research results show, seems to cause ITBFS in more than 50% of cases.280,288,293,300,302,318,319 During
forefoot pronation, the tibia rotates inwardly. In the case of excessive and/or prolonged forefoot
pronation, an excessive and prolonged internal rotation of the tibia occurs, producing excessive
irritation to the iliotibial band. Other predisposing factors to ITBFS have been cited: poor iliotibial
band flexibility, leg length discrepancies, increased prominence of the lateral femoral epicondyle,
hard and/or uneven running surface, and inadequate workout running shoes.277,301,307,308,317,318

B. CLINICAL PICTURE AND DIAGNOSTICS

The patient with ITBFS experiences pain at the lateral side of the knee. Pain is stinging in nature,
and is located at the lateral femoral condyle 2 cm above the joint line. In some cases, however, the
pain may radiate downward along the iliotibial band, or upward along the lateral side of the thigh.
As with other overuse injuries, there is characteristic onset and progression of symptoms. Initially,
the pain appears immediately after engagement in activity necessitating repetitive flexion and

TABLE 8.9
Predisposing Factors Leading to Overuse Injuries of 
the Musculoskeletal System in Runners

Training Errors
Abrupt changes in intensity, duration, and/or frequency of training
Poorly trained and unskilled athlete

Muscle-Tendon Imbalance of
Flexibility
Strength

Anatomical Malalignment
Leg-length discrepancy
Excessive femoral anteversion
Knee alignment abnormalities (genu valgum, varum, or recurvatum)
Position of the patella (patella alta or infera)
Excessive Q angle
Excessive external tibial rotation
Flat foot

Footwear
Inappropriate running shoes
Worn-out running shoes

Surface
Hard
Uneven

Other
Growth
Disturbances of the menstrual cycle
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extension movements of the knee (i.e., after running, bicycle riding, skiing) and usually disappears
following a few hours of rest. The next phase is characterized by pain at the very beginning of the
activity, its disappearance after warming up, and appearance again on completion of the activity.
It is common that the athletes do not seek medical attention in that time, but rather continue their
activity at an unchanged intensity. This results in progressive development of the syndrome so that
the pain appearing at the beginning of activity persists throughout the activity and intensifies on
completion. In the final stage, the pain impairs even normal walking.
Lindenberg et al.294 have proposed the following classification of injury grade according to symp-
toms in ITBFS:

Grade 1: Pain comes on after the run but does not restrict distance or speed.
Grade 2: Pain comes on during the run but does not restrict distance or speed.
Grade 3: Pain comes on during the run and restricts distance or speed.
Grade 4: Pain is so severe that it prevents running.

The clinical history data are of great importance in the diagnosis of ITBFS, especially those
concerned with the initiation of pain either during or after athletic activity consisting of many
flexion and extension movements of the knee without previous knee injury, and disappearance of
the pain during walking with a stiff knee in extension.

The most frequent sign is tenderness over the lateral femoral epicondyle of the injured leg
(Figure 8.20B). Various provocative tests for ITBFS have been described. In the Renne test, pain
is provoked by having the patient support all of the weight on the affected leg with the knee in 30∞
or 40∞ flexion.314 A compression test was described by Noble in 1979.307 In this test, the patient
lies in a supine position and the knee is flexed to 90∞. The examiner holds the ankle of the affected
leg in one hand and presses on the lateral epicondyle with the thumb of the other hand. While
maintaining constant pressure, the examiner slowly extends the leg (Figure 8.21). Pain appears
when the knee is flexed to 30∞, and the patient usually reports that it is the kind of pain experienced
when running. The test modification according to Pećina consists of putting the lower leg in varus
position when performing extension.311

In clinical examination, Ober’s test is used to diagnose flexibility of the iliotibial band (Figure
8.22). During the test, the patient lies on the uninjured side with that hip flexed to obliterate any
lumbar lordosis. The affected knee is then flexed to 90∞, and the leg is held with one hand, while
the pelvis is stabilized with the other. The hip is then passively abducted and extended so that the
thigh is in line with the body and will catch the iliotibial band on the greater trochanter, maximizing
its excursion. The leg is brought toward the table in adduction, and if iliotibial band shortening is
present, the knee cannot reach the table. According to many reports and on the basis of our own

FIGURE 8.21 Provocation of pain in ITBFS (Noble’s test).
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experience, in practically all patients with ITBFS, tightness of the iliotibial band takes place,
although in varying degrees.277,294,299,301,308,309,317,318 All patients exhibit normal range of motion of
the affected knee; in some, during extension and flexion movements of the knee and simultaneous
pressure on the lateral condyle, excursion of the band over the lateral femoral epicondyle may be
felt and sometimes even heard.

Bonaldi et al.278 describe sonographic findings in ITBFS, and Ekman et al.,282 Nishimura
et al.,306 and Muhle et al.304 present MR findings in ITBFS. According to Nishimura et al.306 MR
signal alteration predominant in the region beneath the posterior fibers of the iliotibial band supports
the current opinion that the posterior fibers of the iliotibial band are tighter against the lateral
femoral epicondyle than the anterior fibers. MR imaging accurately depicts the compartment-like
distribution of signal intensity abnormalities in patients with ITBFS.304

As part of the differential diagnosis, other injuries of the knee joint and its structures should
be taken into consideration, especially those primarily manifested by pain at the lateral side of the
knee. These are popliteal tendinitis, rupture of the lateral knee joint capsule and/or lateral meniscus,
meniscal degeneration, cyst of the lateral meniscus, lesion of the lateral collateral ligament, patellar
chondromalacia, lateral patellar compression syndrome, patellar subluxation and/or dislocation,
and arthritic changes of the knee joint. However, most often the differential diagnosis should be
made between the ITBFS and popliteal tendinitis.277,288,292

C. TREATMENT

The treatment of ITBFS is usually non-operative, although in some cases surgery may be required.

1. Non-Operative Treatment

Based on the most recent knowledge regarding the etiology of overuse injury syndromes and
evaluation of the applied treatment, a program of non-operative treatment of ITBFS has been
conceived as follows:

• Short-term cessation or modification of athletic activities
• Iliotibial band stretching exercises
• Ice massage of the painful area
• Analgesics/nonsteroidal anti-inflammatory drugs
• Correction of predisposing factors — training errors, anatomical malalignment of the

lower extremity, running shoes, etc.

FIGURE 8.22 Ober’s test; used for assessing the flexibility of the iliotibial band.
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Some authors276,305,314,317 suggest complete rest from athletic activities for 3 weeks;
others277,284,288,294,301,307,309,311,318 consider the period of rest to be from 1 week to 2 months, depending
on the severity of the condition. Our experience has shown that in the initial stages (grades 1 and
2), it is not necessary to completely refrain from athletic activities but that, in addition to other
non-operative treatment methods, it is sufficient to decrease training intensity, especially painful
activities, e.g., running. In more advanced cases (grades 3 and 4), complete rest from athletic
activities is needed for 3 to 4 weeks. Only alternative training activities are allowed to maintain
functional abilities of the athlete — pool running and treading water in the deep end of the pool
with or without a flotation device.

Stretching exercises, especially passive or static exercises, are the basis of ITBFS treatment
(Figure 8.23). Passive stretching exercises necessitate a strictly defined position for each exercise
to be performed, slow movement until the sensation of stretching appears, and maintenance of the
position for a given period of time. In doing these exercises, the idea of “no pain, no gain” should
be disregarded. Prolonged stretching in a painful position decreases the possibility of longer
maintenance of stretching, increases the possibility of reflex muscle contraction, and may sometimes
cause damage of these muscles. On the other hand, remaining at the point of “initial” stretching
enables complete relaxation of these muscles and maintenance of the position for a longer period

FIGURE 8.23 Stretching exercises for the iliotibial band.
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of time. The athlete who is beginning to do the stretching exercises should keep stretching at the
point of initial stretching for 15 s, gradually increasing the time to a maximum of 25 s. According
to the clinical trial of Schwellnus et al.,316 physiotherapy in combination with analgesic/anti-
inflammatory medication is effective early treatment of ITBFS.

In both treatment and prevention of ITBFS, identifying and correcting predisposing factors
play a significant role. It should be pointed out again that the most common predisposing factors
to ITBFS are the following: excessive and/or prolonged pronation of the foot during running,
training errors, genu varum, excessive tightness of iliotibial band, and uneven and hard running
surfaces. Although infiltration of steroids combined with local anesthetic into the site of most
intense pain is recommended as a method of choice by some authors,297,307,318 it is our opinion that
this method should be utilized only in advanced stages. However, it should not be considered as
the last resort, but rather as part of a non-operative treatment program. When formation of a bursa
has been confirmed, the application of steroid injections is also indicated.

2. Surgical Treatment

Surgery is recommended in resistant cases, i.e., when, following a long-term adequate non-operative
treatment, the ITBFS symptoms do not disappear. Only a few authors have reported on surgical
treatment for ITBFS: Noble,307,308 Pećina et al.,277,311 Firer,283 Martens et al.,297 and Drogest et al.281

As a method of choice, Noble307,308 suggests surgery during which a transverse cut is made in
the 2-cm-long posterior portion of the iliotibial band at the level of the lateral femoral epicondyle.
In this way, a V-shaped defect is obtained, which decreases tension in that part of the iliotibial
band, preventing friction between the iliotibial band and lateral femoral epicondyle at knee flexion
of 30∞. Noble has used this surgical method in five athletes and has reported excellent results. All
of the operated patients resumed training activities (running) 2 to 5 weeks following surgery; one
patient completed a 32-km race without pain 3 weeks after surgery. This procedure has been
effective in James’287 experience and usually allows a return to running within 4 weeks.

Firer283 used the same method in 64 athletes. He has also reported excellent results — disap-
pearance of pain during running and the possibility of running an equally long or even longer race
than before ITBFS signs appeared. These positive results were observed in 57 (89.5%) operated
patients; 3 patients (4.70%) reported temporary difficulties when running; and 4 patients (6.25%)
could not continue with athletic activities. Our patients treated by this method (optionally, the
underlying bursa is removed) have also shown excellent results.277,311

Martens et al.297 used a similar (modified) method of surgical treatment in 23 athletes and have
reported excellent results in 19 regularly followed patients. Surgery was done with the knee held
in 60º of flexion and consisted of a limited resection of a small triangular piece at the posterior part
of the iliotibial band covering the lateral femoral epicondyle. The resected part concerns the iliotibial
band fibers, measuring about 2 cm at the base and 1.5 cm in length toward the top of the triangle.

Drogest et al.281 present the results of a retrospective study of 45 patients operated on in
Trondheim. Of the patients, 22 had excellent results, 16 had good results, 6 had fair results, and 1
patient had a poor result.

V. BREASTSTROKER’S KNEE

In 1974, conducting a survey on the incidence of injuries to various parts of the musculoskeletal
system of swimmers, Kennedy and Hawkins327 noticed that a high percentage of breaststroke
swimmers complained of pain in the medial knee. This condition has been termed breaststroker’s
knee, although further studies by Vizsoly et al.334 on a population of 391 competitive swimmers
showed that breaststroker’s knee was diagnosed in 56 of 77 breaststroke swimmers (73%), but also
in 153 of 314 (48%) swimmers who used the freestyle, backstroke, or butterfly stroke. Knee pain
ranks second to shoulder pain as a common complaint in competitive swimmers.330
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Kennedy and Hawkins327 believed that a tibial collateral ligament strain on the proximal femoral
origin of the ligament, resulting from repeated stretching of the origin during breaststroke swim-
ming, was the primary disorder leading to breaststroker’s knee (Figure 8.24). In their opinion, the
stretching of the ligament origin was caused by the extension of the knee during the “whip kick”
phase of breaststroke swimming, accompanied by an excessive valgus stress on the knee joint and
the outward rotation of the leg in the final phase of the stroke. Stulberg and co-workers332 reported
that, in most cases, the pain was localized in the lower area of the medial facet of the patella. The
areas of the medial facet of the patella and the medial collateral ligament were indicated as the
areas of greatest tenderness in 25% of the cases.323 Rovere and Nichols331 cite inflammation,
thickening, and fibrosis of the medial parapatellar plica as potential causes of breaststroke knee pain.

Arthroscopic findings range from localized medial synovitis of the knee328,335 to generalized
synovitis and chondromalacic changes on the medial facet of the patella.332

Slow-motion analysis of the mechanics of the breaststroke showed that the primary cause of
breaststroker’s knee was the incorrect technique used in performing the “whip kick.”324,333 One
group of authors believes that breaststroker’s knee develops as a consequence of the amount of
abduction in the hip joint in the beginning phase of the kick; both insufficient and excessive
abduction lead to a strong valgus stress and excessive rotation of the lower leg in the final phase
of the kick. Another group of authors is of the opinion that the final phase of the kick, characterized
by extension of the lower leg with abducted legs, after which a sudden and strong abduction with
excessive outward rotation follows, is the primary cause of breaststroker’s knee.

Breaststroker’s knee symptoms usually appear after 3 years of competitive breaststroke swim-
ming. In most cases, both knees are affected. In the beginning stages, pain occurs only when
performing the breaststroke. The area of greatest tenderness is localized in the proximal origin of
the medial collateral ligament. The later phase is characterized by pain in the lower medial patellar
facet area; this occurs regardless of swimming and inhibits other athletic and everyday activities,
such as walking up steps and rising from a chair.

As with other overuse injuries, the ideal treatment of breaststroker’s knee is prevention. Many
injuries originate from faulty techniques or mechanisms, and an assessment must be made of the
swimming biomechanics of any injured athlete to identify faults that may contribute to injury.329

According to Jones325 identifying the mechanism of injury and prescribing appropriate management
is not easy unless one has a thorough understanding of proper technique of the four competitive
strokes. Abnormal kick mechanics should be corrected as soon as possible. Proper warm-up
exercises, local applications of ice, and ultrasound can be helpful. The symptomatic breaststroke
swimmer should train infrequently with the “whip kick” and should use other kicks during workouts.
In the early stages, stretching exercises of the hamstring muscles and strengthening exercises for

FIGURE 8.24 Biomechanical explanation of the causes leading to the development of the breaststroker’s knee.
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the medial vastus muscle should also be performed.326 In more advanced stages of breaststroker’s
knee, breaststroke swimming should be stopped. Cryotherapy and nonsteroidal anti-inflammatory
drugs can be prescribed. Surgical treatment is rarely indicated.

VI. OSGOOD-SCHLATTER DISEASE

The most often encountered overuse injuries in children and adolescents are the traction apophys-
itises, among which the most common and best known is Osgood-Schlatter disease,347,392 that is,
traction apophysitis of the tibial tubercle. Often throughout history, the simultaneous discovery of
a disorder is described by two independent researchers, resulting in a hyphenated eponym.398 Such
is the case in the observations made by two physicians, Robert Bayley Osgood402 and Carl Schlat-
ter,409 concerning overuse injuries of the tibial tubercle in adolescents. This disorder subsequently
became known as Osgood-Schlatter disease.

Osgood-Schlatter disease is a traction apophysitis that develops during the adolescent growth
spurt, most often at around 11 years of age in girls (because of their earlier bone growth develop-
ment) and at about 13 years of age in boys.336,339,352,379–381,386,392,399 It occurs slightly more often in
boys; in large series, the ratio is 3:2. Segawa et al.412 report an active 12-year-old boy with a
combination of multiple osteochondroses of bilateral knee joints, including Osgood-Schlatter dis-
ease on one knee and Sinding-Larsen-Johansson disease on the other knee.

The clinical picture consists of pain localized to the area of the tibial tubercle. In some cases,
the tubercle may be swollen and hypertrophied. Most authors agree that rapid adolescent skeletal
growth leads to relative “tightness” of the soft tissues, as skeletal growth is faster than the elongation
of the muscle–tendon units. This in turn creates increased tensile forces on the muscles, tendons,
and their attachment sites (the apophyses), which cause avulsion fractures of the bony part of the
traction apophysis on the tibial tubercle.345,379,380,392,399,410,414

Physical examination reveals pain during palpation of the tibial tubercle. Resisted extension of
the knee from the 90∞ flexed position will usually reproduce pain, but resisted straight-leg raising
is usually painless. The Ely test, which proves excessive tightness of the quadriceps femoris muscle,
is positive in all cases. Radiographic examinations of both knees should always be performed, in
both the anterior-posterior (AP) and lateral (LL) projections, to rule out the possibility of tumors,
fractures, or infections. The lateral radiograph generally shows the characteristic picture of prom-
inent tibial tubercle with irregularly fragmented ossific nucleus, or a free bony fragment proximal
to the tubercle (Figure 8.25).

Non-operative treatment of Osgood-Schlatter disease, as with other traction apophysitises, is
based on the same principles that apply to all overuse injuries.336,339,345,347,379,380,392,415 Today, there
is no need, in fact there is no excuse, for total immobilization, or for totally refraining from athletic
activities. Corticosteroid injections are not indicated because the condition is not primarily inflam-
matory and because of their numerous unwanted side effects. Of vital importance is that the
physician inform the parents, the coach, and the child athlete of the natural course of Osgood-
Schlatter disease. The child, who is an active athlete, should be allowed to continue with normal
athletic activities, to the limit that the pain allows it, but the child should also be advised to take
up, as secondary athletic activities, other sports that do not cause any discomfort, i.e., swimming.
In addition to other non-operative methods of treatment, wearing knee braces is recommended.379,392

The symptoms of Osgood-Schlatter disease will generally decline and disappear in most patients
if non-operative treatment is carried out long enough, especially after bone growth is terminated.
Persistent symptoms are followed by development of loose fragments above the tibial tubercle, or
within the patellar ligaments. In these cases, the symptoms will disappear only after these fragments
are excised.339,340,355,360,393,401,416,426

Orava et al.401 present their experience with surgical treatment of unresolved, painful, late
Osgood-Schlatter disease. In 70 operations performed in 67 patients an ossicle under the distal
patellar tendon was removed in 62 cases. In 8 cases, excision of the prominent tibial tubercle and
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or drilling of the epiphysis was performed. Additional procedures, such as rasping of the uneven
anterior tibial surface, excision of inflamed bursa, and the devitalized portion of the tendon, were
done in 21 cases. The final results were excellent or good in 56, moderate in 9, poor in 3, and
unknown in 2 cases. In our experience in athletes or physically active young people surgical
treatment gives good results in chronic unresolved cases.

VII. SINDING-LARSEN-JOHANSSON DISEASE

Sinding-Larsen-Johansson disease is a traction apophysitis of the inferior pole of the patella (in
rare cases it affects the superior pole, as well), which is in most respects similar to Osgood-Schlatter
disease.345,389,390,392,399 The coexistence of Osgood-Schlatter disease with Sinding-Larsen-Johansson
disease in an adolescent soccer player has been reported.417 Two cases of osteochondrosis of the
superior pole of the patella are reported with histological findings.418 The histological features of
these two cases showed osteonecrosis with reparative changes. These findings support that this
entity is similar to other osteochondroses of the quadriceps mechanism: Osgood-Schlatter disease
and Sinding-Larsen-Johansson disease. Sinding-Larsen-Johansson disease is more common in boys,
generally between the ages of 10 to 15 years, and is characterized by tenderness of the knee and
limping.390 Although it is basically an overuse syndrome, in most cases, some sort of trauma, e.g.,
falling on the knees, provokes the onset of the disease or intensifies the symptoms in cases in which
the disease is already present.

Clinical examination reveals localized tenderness and swelling over the distal pole of the
patella. Lateral radiograph reveals delayed ossification of the inferior pole of the patella (Figure
8.26). Barbuti et al.338 analyzed three patients with Sinding-Larsen-Johansson disease. Ultra-
sound gave complete information about the involvement of bone, cartilage, and patellar tendon.
In these patients the lower pole of the patella appeared irregular, fragmented, with swelling of
the cartilage and thickening at the insertion of the patellar tendon. Ultrasonography is also
suitable for periodic follow-up of the course of the disease. Treatment is the same as with
Osgood-Schlatter disease.336,390,392

FIGURE 8.25 Roentgenogram of Osgood-Schlatter disease in a young gymnast.
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VIII. FAT PAD SYNDROME (HOFFA DISEASE)

Although the etiology of fat pad syndrome (Hoffa disease) is not yet completely understood, most
authors believe that the primary cause of fat pad syndrome is repeated traumatization of the
infrapatellar fatty pad during activities that require constant repetition of maximal extension in the
knee.342,361,368,381,384,397,411 This disease, first described by Hoffa in 1904, has always been fairly
obscure, and it is necessary to distinguish two phases, acute and chronic.385 Duri et al.351 conclude
that fat pad pathology is usually secondary to other knee joint pathology, and its primary involve-
ment is rare.

Diagnosis is usually made by exclusion because there are no specific symptoms characterizing
this disease. Unlike the asymptomatic projecting infrapatellar fatty pad at the patella alta (“camel
back sign”), fat pad syndrome is characterized by contact tenderness of the fatty pad, as well as
during palpation along the edge of the patellar ligament. Fat pad syndrome is further characterized
by the appearance of pain during hyperextension of the knee — in other words, by a positive
Smillie’s sign (appearance of pain during sudden passive hyperextension of the knee), by the
appearance of blockades that are hard to differentiate from meniscal blockades, and by a normal
radiograph. According to many authors337,367,369,394,404,413,420 MR imaging is a useful tool in the study
of Hoffa’s fat pad, whose local and systematic involvement is an often ignored cause of anterior
knee pain. Tang et al.413 describe the MR appearance of fibrous scars in the infrapatellar fat pad
after arthroscopy. Post-traumatic change in Hoffa’s fat pad is a constant secondary MR feature that
can be added to the spectrum of indirect findings in cases of occult patellar dislocation.337 It is
important to be familiar with the various pathological entities that may occur in the area of the
infrapatellar fat pad of Hoffa. Abnormalities that are intrinsic to this fat pad include Hoffa disease,
intracapsular chondroma, localized nodular synovitis, postarthroscopy and postsurgery fibrosis, and
shear injury. In addition, the infrapatellar fat pad may be involved secondarily from extrinsic
processes, including articular disorders (joint effusion, intra-articular bodies, meniscal cyst, ganglion

FIGURE 8.26 Roentgenogram of Sinding-Larsen-Johansson disease in a young athlete.
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cyst, cyclops lesion), synovial abnormalities (pigmented villonodular synovitis, hemophilia, synovial
hemangioma, primary synovial chondromatosis, chondrosarcoma, lipoma arborescens, rheumatoid
synovitis associated with primary arthritis), and anterior extracapsular abnormalities.

In most cases, treatment is non-operative; it involves rest, cryotherapy, nonsteroidal anti-inflam-
matory drugs, and elevation of the heels of the shoes, which reduces, and in some cases, completely
disables hyperextension of the knee. In persistent cases, surgical treatment is indicated — resection
of the fatty pad.405 That is, arthroscopic resection of the fat pad is performed, but different fat pad
injuries may require an arthroscopic approach different from the classic approaches.378,385,394,400

IX. PLICA SYNDROME

Fatty tissue pads located on the anterior wall of the joint capsule of the knee, between the fibrous
and synovial membrane, project from the synovial membrane into the cavity of the joint, forming
plicae, the so-called plicae synovialis (Figure 8.27). Plicae are some of the normal synovial
structures of the knee joint cavity. They are remnants of the mesenchymal tissue that occupies the
space between the distal femoral and proximal tibial epiphyses in the 8-week embryo. Incomplete
resorption leaves synovial pleats in most of the knee.350 The infrapatellar plica is the most constant
of these plicae. It projects from the infrapatellar fatty pad to the intertrochlear fossa and is also
called the mucosum ligament. The suprapatellar plica partially divides the suprapatellar recessus
from the knee joint and is found in about 60 to 80% of cases reported.403 The medial plica, which
can in some cases be joined to the suprapatellar plica, projects along the anteromedial part of the
knee joint to the infrapatellar fatty pad and is found in 18 to 55% of cases reported.403 The medial
plica is present at autopsies in one of every three or four knees.

Arthrography, ultrasonography, CT scan with arthrography, and MR imaging can demonstrate
their presence and measure their size with good accuracy.358,370,396 In the study of Jee et al.370 whose
goal was to evaluate the diagnostic value of MR imaging in plica syndrome, sensitivity and
specificity were 73 and 78% on axial multiplanar gradient, axial T1-weighted, and sagittal T2-
weighted MR images. Kobayashi et al.376 consider that direct MR arthrography enables accurate
diagnosis of plica synovialis medialis and could replace diagnostic arthroscopy. Kosarek and
Helms377 described the MR appearance of the infrapatellar plica as a low-signal-intensity structure

FIGURE 8.27 (A) Schematic representation of plicae synovialis of the knee: (1) suprapatellar; (2) medial;
(3) infrapatellar. (B) Arthroscopic view of the symptomatic plica synovialis medialis. P = patella; F = femur.
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in the intercondylar notch just anterior to the anterior cruciate ligament. The infrapatellar plica is
important to recognize for the following reasons: it can be confused with an intact ACL, it may
pose a problem to the arthroscopist when attempting to move instruments from the medial to lateral
compartments of the knee; it can block clear visualization of the ACL during arthroscopy; and it
can impair retrieval of loose bodies in the intercondylar notch. The infrapatellar plica was found
to be thickened and fibrotic and to have lost its normal elasticity. The pathological plica was
impinged at the intercondylar notch and trochlea, blocking further extension beyond 25º of knee
flexion.375 Arthroscopy allows a very precise assessment of the plica, including dynamic examina-
tion. Arthroscopic findings of the synovial plicae of the knee on 400 knees in 363 patients showed
the following incidences: suprapatellar plica, 86.0%; mediopatellar plica, 72.0%; infrapatellar plica,
86.0%; and lateral patellar plica, 1.3%.374

The symptoms are, in most cases, caused by a chronically changed (fibrotic, enlarged, and
sometimes calcified) medial plica, and only rarely by chronic changes of the suprapatellar
plica.348,363,403,411 While bending the knee, the affected plica strikes the medial facet of the patella;
while extending the knee, it is in contact with the anteromedial part of the femoral condyle. Malacia,
clinically manifested as chondromalacia, develops at the contact points. Anamnestic data of
repeated audible effects described as explosive snaps and occasional blockades help in diagnosing
the plica syndrome. The clinical picture mimics a torn medial meniscus or a maltracking patella.
Clinical examination is extremely helpful if the snapping plica is palpated at the medial edge of
the patella, reproducing the patient’s symptoms. Gerbino and Micheli359 describe a bucket-handle
tear of the medial plica in two patients with medial knee pain and pseudolocking. These cases
show that a medial plica with a longitudinal split can behave in a manner that can be mistaken for
locking. Atraumatic hemarthrosis caused by a large mediopatellar plica has also been described.429

Clinical examination sometimes reveals the plica during palpation, but in most cases the only
symptom is tenderness to palpation of the medial facet of the patella and medial femoral condyle.

Non-operative treatment consisting of rest, use of nonsteroidal anti-inflammatory drugs, stretching
exercises for the hamstrings, strengthening exercises for the quadriceps, and wearing of special knee
braces, generally produces good results. In resistant cases, surgical treatment is indicated — arthro-
scopic excision of the plica.344,348,349,354,363,371,381,403 Arthroscopic excision of a painful medial plica can
provide lasting and satisfactory relief of symptoms.354 Calpur et al.344 recommend arthroscopic medio-
patellar plicaectomy and lateral retinacular release in mechanical patellofemoral disorders.

X. SEMIMEMBRANOSUS TENDINITIS

Semimembranosus tendinitis is not an uncommon entity and is often an overlooked cause of
posteromedial knee pain. This entity is usually associated with other knee disorders caused by
overuse, mostly chondromalacia of the patella, but may occur as an isolated syndrome. The main
symptom is pain located at the very posteromedial corner of the knee just immediately below
the joint line.406 During physical examination, pain is produced by applying pressure to the
anterior medial tendon of the semimembranosus muscle, immediately below the knee joint, and
at the insertion of the posterior medial tendon on the posterior part of the tibial medial condyle
(Figure 8.28). Tenderness is amplified if the knee is in 90∞ flexion and the lower leg in maximum
outward rotation.

Semimembranosus tendinitis is often confused with injury of the medial meniscus. A proper
diagnosis is reached by taking a detailed history and by the absence of pain during clinical tests
for medial meniscus injuries.341 Differential diagnosis includes ruling out the possibility of medial
collateral ligament bursitis, which is characterized by pain and a slight swelling above the medial
collateral ligament immediately below the knee joint.373 According to Rothstein et al.,408 semimem-
branosus-tibial collateral ligament bursitis has a characteristic MR imaging appearance of fluid
draped over the semimembranosus tendon in the shape of an inverted U. This entity can clinically
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mimic internal derangement of the knee, typically causing pain more superior and posterior to that
of pes anserinus bursitis. MR imaging is useful in diagnosis of semimembranosus-tibial collateral
ligament bursitis and avoiding unnecessary knee arthroscopy. The pes anserinus tendons should
also be palpated to rule out the possibility of enthesitis of those tendons and, in some cases, the
inflammation of the pes anserinus bursae.

In most cases, treatment is non-operative and surgical intervention is rarely indicated. Of 115
patients diagnosed and treated for semimembranosus tendinitis by Ray et al.406 over a 5-year period,

FIGURE 8.28 Insertion of the semimembranosus tendon to the posteromedial aspect of the tibia (circle) and
insertion of the sartorius, semitendinosus, and gracilis muscles (pes anserinus) on the medial plane of the tibia
(arrowhead).
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10 patients were refractory to conservative treatment, and in these 10 patients surgical exploration,
drilling of the insertion site, and semitendinosus tendon transfer were performed.

XI. PES ANSERINUS TENDINITIS AND BURSITIS

The tendons of the sartorius, semitendinosus, and gracilis muscles insert on the medial plane of
the tibia, just below the condyle, forming the pes anserinus (goose foot) (Figure 8.28). Pes anserinus
syndrome is frequently found in long-distance runners. Predisposing factors for the development
of this syndrome include incorrect training techniques, excessive tightness of the hamstring muscles,
valgus alignment of the knee, and excessive rotation of the lower leg in the outward direc-
tion.361,381,388,397

Bursitis is more frequent and presents fewer problems, both in diagnosis and treatment. During
physical examination, a slight swelling is usually found on the medial side of the knee joint at the
level of the tibial tubercle. Ultrasound examination facilitates correct diagnosis of bursitis.419,421

Pes anserine bursitis has a characteristic MR appearance of fluid beneath the tendons of the pes
anserinus at the medial aspect of the tibia near the joint line.356

Diagnosing enthesitis presents more problems. In older athletes, medial meniscus injury must
be ruled out as must arthrosis of the medial compartment of the knee.362,372 Pes anserine bursitis
can clinically mimic an internal derangement of the knee, which can result in the performance of
unnecessary arthroscopy. MR imaging can be useful in diagnosing pes anserine bursitis and obvi-
ating surgery. In some cases, scintigraphy is performed to rule out the possibility of stress fractures,
which typically appear on the posteromedial part of the proximal tibia.366

Treatment is usually non-operative.361,405 Kang and Han372 consider that local injection of
methylprednisolone plus lidocaine at the anserine bursa is more effective than noninjection therapy.

XII. POPLITEAL TENDINITIS

Popliteal tendinitis is characterized by localized tenderness in the area above the origin of the
popliteal muscle on the lateral part of the lateral femoral condyle.343 Excessive and/or extended
pronation of the foot during running is considered to be a predisposing factor in developing this
syndrome.381,414 Popliteal tendinitis is one of the many injuries to the knee joint that is characterized
by tenderness in the lateral area of the knee. Meier391 describes popliteal tenosynovitis in 12 athletes.
Werlich425 presents a case of calcific tendinitis of the popliteal tendon. In the course of treatment
the calcium deposit drained spontaneously into the knee joint. Weber et al.422 present one patient
with posterolateral knee pain after a minor contusion. MR imaging revealed a degenerative posterior
horn of the lateral meniscus and a somewhat unclear polypoid structure in the intercondylar region.
As the posterior component of the pain persisted even after an arthroscopic partial meniscectomy,
an operative revision was performed. A small ganglion of the sheath of the popliteal tendon was
found and excised. Knee impingement syndromes in terms of the site of symptom onset were
classified in a study by Faletti et al.353 into medial, lateral, anterior, and posterior. Regarding the
lateral syndromes, the phlogistic involvement of the distal insertional tract of the broad fascia tensor
tendon with bursa reaction is very frequently reported, while the inflammation of the popliteal
tendon and the femoral bicipital tendon is less common. To localize the exact area of greatest
tenderness, the afflicted leg is placed in the so-called figure four position (Figure 8.29), where the
popliteus muscle tendon and the lateral collateral ligament are extended and thus accessible to
palpation (Figure 8.30). Pain is produced by applying pressure with a finger to the area of the
insertion of the popliteus muscle located slightly anteriorly and distally from the origin of the
lateral collateral ligament.

Treatment is usually non-operative and carried out according to the principles set down for
treating enthesitis. Surgical treatment is rarely performed.405
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XIII. FABELLA SYNDROME (FABELLITIS)

The fabella is a sesamoid bone located on the posterior side of the lateral femoral condyle in the
lateral head of the gastrocnemius muscle (Figure 8.31). It is present in 10 to 18% of the
population.395 According to the study of Houghton-Allen365 the fabella was bilateral in 63% of
people, although this percentage is lower than that reported elsewhere (81 to 85%). The fabella
serves as an attachment site for strands from the popliteum arcuatum and popliteum obliquum
ligaments. The anterior side of the fabella is covered in cartilage, which forms a joint with the
lateral femoral condyle.

The presence of the fabella and, more specifically, injuries to the fabella can cause tenderness
and sensations of radiating pain in the lower leg. The causes of this pain are multiple and include
direct trauma to the fabella, overuse syndrome, changes on the fabellar cartilage,383 and arthritic
changes in the fabella. Fracture of the fabella was been described by several authors346,387,428 and
Frey et al.357 have described knee dysfunction secondary to dislocation of the fabella. In athletes,
fabella syndrome is mostly the direct result of long-lasting microtraumas. Moyen et al.395 reported
that fabella syndrome constitutes 1.7% of the pathological changes in athletes’ knees. Excessive
functioning of the lateral head of the gastrocnemius muscle, especially during the beginning stages
of flexion in the knee and during outward rotation of the lower leg immediately before full extension,

FIGURE 8.29 Figure four diagnostic test for popliteal tendinitis.

FIGURE 8.30 Relationship of the lateral collateral ligament to the popliteal tendon.
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are thought to be related to the etiopathogenesis of fabella syndrome. Predisposing factors for
developing fabella syndrome include existence of genu recurvatum accompanied by hypermobility
of the lateral compartment of the knee.

Clinical manifestations are characterized by the gradual onset of pain that radiates into the
lower leg, specifically the peroneus communis nerve dermatoma. The pain is usually moderate in
intensity and associated with knee movements, either due to extension of the muscles during
hyperextension of the knee or due to direct pressure on the fabella, e.g., when sitting with legs
crossed. Weiner and Macnab424 consider that the fabella syndrome is recognized by a sharp pain,
local tenderness, and intensification of pain in the area of the fabella by full extension of the knee.
Pain can be provoked by transverse movement of the fabella when the knee is extended or slightly
flexed. Both the localized tenderness and the radiating pain can be amplified or provoked by applying
pressure to the fabella, in the area posterior to the lateral femoral condyle and above the joint line.
The fabella syndrome appears to be unique to late adolescence, that is 15 to 17 years of age.424

According to Rettori and Boespflug407 in sports pathology one must be able to recognize the painful
fabella syndrome, so that vascular disease is not mistakenly implicated. Radiographic examination
usually does not help, whereas arthroscopy, using the complicated posteroexternal approach, gen-
erally does.

Differential diagnosis must rule out the possibility of rupture of the posterior horn of the lateral
meniscus and also tendinitis of the lateral head of the gastrocnemius muscle, the biceps femoris,
and the popliteus muscle. Hypertrophic and arthritic fabellas that press the peroneus communis
nerve are rarely seen.

If the usual non-operative treatment, including infiltration of anesthetics with corticosteroids,
does not produce improvement, surgical treatment, consisting of extirpation of the fabella (fabel-
lectomy), is indicated.382 Weiner and Macnab424 described 16 adolescents with fabella syndrome:
5 patients responded to conservative measures; 11 patients required surgery, all of whom obtained
immediate relief of symptoms. Extirpation of the fabella must be accompanied by reconstruction
of the posterior wall of the joint capsule.426

FIGURE 8.31 Lateral roentgenogram of the knee with fabella (arrowhead).
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99. Matijasevic, B., Pećina, M., Jelic, M., and Bajraktarevic, T. Kinematic analysis of the patellofem-

oral joint. Orthop. Trauma, 1992; 23: 7–13.
100. Martines, S., Korobkin, M., Fondren, F.B. et al. Computed tomography of the normal patellofemoral

joint. Invest. Radiol., 1983; 18: 249–252.
101. McCauley, T.R., Kier, R., Lynch, K.J., and Jokl, P. Chondromalacia patellae: diagnosis with MR

imaging. Am. J. Roentgenol., 1992; 158: 106–107.
102. McNally, E.G., Imaging assessment of anterior knee pain and patellar maltracking. Skel. Radiol.,

2001; 30: 484–495.
103. Merchant, A.C. Classification of patellofemoral disorders. Arthroscopy, 1988; 4: 235–240.
104. Merchant, A.C., Mercer, R.L., Jacobsen, R.H., and Cool, C.R. Roentgenographic analysis of

patellofemoral congruence. J. Bone Joint Surg., 1974; 56(A): 1391–1396.
105. Milgrom, C., Finestone, A., Shlamkowitsch, N. et al. Anterior knee pain caused by overactivity: a

long term prospective follow up. Clin. Orthop., 1996; 33: 256–260.
106. Minkoff, J. and Fein, L. The role of radiography in the evaluation and treatment of common anathrotic

disorders of the patellofemoral joint. Clin. Sports Med., 1989; 8: 203–260.
107. Moller, B.N., Krebs, B., and Jurik, A.G. Patellofemoral incongruence in chondromalacia and

instability of the patella. Acta Orthop. Scand., 1986; 57: 232–234.
108. Mori, Y., Kubo, M., Okumo, H., and Kuroki, Y. Histological comparison of patellar cartilage

degeneration between chondromalacia in youth and osteoarthritis in aging. Knee Surg. Sports Trau-
matol. Arthrosc., 1995; 3: 167–172.

109. Morscher, E. Osteotomy of the patella in chondromalacia. Preliminary report. Arch. Orthop. Trauma
Surg., 1978; 92: 139–147.

110. Murray, T.F., Dupont, J.Y., and Fulkerson, J.P. Axial and lateral radiographs in evaluating patel-
lofemoral malalignment. Am. J. Sports Med., 1999; 27: 580–584.

111. Naslund, J., Naslund, U.B., Odenbring, S., and Lundeberg, T. Sensory stimulation (acupuncture)
for the treatment of idiopathic anterior knee pain. J. Rehabil. Med., 2002; 34: 231–238.

112. Neusel, E. and Graf, J. The influence of subchondral vascularisation on chondromalacia patellae.
Arch. Orthop. Trauma Surg., 1996; 115: 313–315.

113. Ng, G.Y. and Cheng, J.M. The effect of patellar taping on pain and neuromuscular performance in
subjects with patellofemoral pain syndrome. Clin. Rehabil., 2002; 16(8): 821–827.

1428_C08.fm  Page 242  Wednesday, July 2, 2003  7:58 AM



Knee 243

114. Nimon, G., Murray, D., Sandow, M., and Goodfellow, J. Natural history of anterior knee pain: a
14 to 20 years follow-up of nonoperative management. J. Pediatr. Orthop., 1998; 18: 118–122.

115. Noyes, F.R. and Stabler, C.L. A system for grading articular cartilage lesions at arthroscopy. Am.
J. Sports Med., 1989; 17: 505–513.

116. Ogilvie-Harris, D.J. and Jackson, R.W. The arthroscopic treatment of chondromalacia patellae.
J. Bone Joint Surg. Br. Vol., 1984; 66: 660–665.

117. Outerbridge, R.E. The etiology of chondromalacia patellae. J. Bone Joint Surg., 1961; 43(B):
752–757.

118. Owens, B.D., Stickles, B.J., Balikian, P., and Busconi, B.D. Prospective analysis of radiofrequency
versus mechanical debridement of isolated patellar chondral lesions. Arthroscopy, 2002; 18:
151–155.

119. Patel, D. Plica as a cause of anterior knee pain. Orthop. Clin. North Am., 1986; 17: 273–277.
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meeting, Portoroć, 1999; Abstracts Book, pp. 47–48.
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I. SHIN SPLINTS (RUNNER’S LEG)

 

In the sports medicine literature, the appearance of pain in the lower leg while running is referred
to as shin splints

 

.

 

 The term 

 

shin splints

 

 is commonly used by athletes, coaches, trainers, and
physicians to describe chronic pain in the area between the knee and ankle not involving the triceps
surae muscle and the Achilles tendon. Currently, the term is used widely and variably, with little
consensus on its definition.

 

7

 

 Obviously, the causes leading to the development of this syndrome
are numerous and different in etiology,

 

10,35,40,56,58

 

 but all of them share a common characteristic —
they are a direct consequence of long periods of excessive strain. In other words, they are classified
among the large group of overuse injuries. It is our belief that the best term for this clinical entity
is 

 

runner’s leg.

 

Runner’s leg is most commonly seen in runners and walkers, but can also be found in all other
athletes (professional and recreational) who participate in athletic activities in which running, or
jumping as in classical ballet,

 

15,19

 

 plays an important part.

 

37,49,51

 

 Even before the massive recreational
jogging movement in the U.S., Slocum

 

52

 

 attempted to describe the term shin splints terminologically
and etiologically. According to Slocum,

 

52

 

 the term shin splints describes a complex clinical entity
characterized by the appearance of pain and tenderness in the anterior part of the lower leg, which
occurs as a consequence of repeated excessive strain produced while walking and/or running. With
the advance of knowledge and the development of various diagnostic tools, specific diagnosis and
treatment of shin splints are now possible.

 

4,11,34,48

 

 Because the term is no more specific than
“headache” or “chest pain,” the physician must be able to distinguish the various pathological
conditions that cause lower leg pain in the athlete.

 

22

 

 Thus, shin splints is not a specific diagnosis.

 

6

 

It is merely a descriptive term that describes chronic exertional shin pain in an athlete. The evidence
seems clear that shin splint pain has many different causes and reflects the variation in anatomy.
It would be preferable to describe shin splint pain by location and etiology, for example, lower
medial tibial pain due to periostitis or upper lateral tibial pain due to elevated compartment pressure.
This would aid communication between physicians and also direct therapy more accurately. Pearl

 

42

 

thinks that the term shin splints should be utilized only for pain localized to the posteromedial
border of the tibia at the origin of the posterior tibial muscle.

Benas and Jolk

 

9

 

 cite three possible causes of runner’s leg: (1) stress fracture of the tibia (osseous
origin), (2) myositis, fascitis, and tendinitis of the posterior tibial muscle (soft-tissue origin), and
(3) periositis of the tibia. This belief is shared by a majority of other authors,

 

12,25

 

 so that today the
most common causes of runner’s leg are thought to be the following:

1. Tibialis posterior syndrome
2. Periostitis of the tibia
3. Chronic (exertional) compartment syndrome
4. Stress fracture of the tibia

In addition to these causative factors, other predisposing factors such as popliteal artery entrap-
ment syndrome and soleus syndrome are mentioned in the medical literature,

 

29,33,46

 

 although it is
our opinion that the latter represents a different clinical entity. Further, Garrick and Webb

 

16

 

 report
that today there exist athletes suffering from symptoms characteristic of runner’s leg in whom not

 

1428_C09.fm  Page 255  Wednesday, July 2, 2003  8:01 AM



 

256

 

Overuse Injuries of the Musculoskeletal System

 

even the most sophisticated current diagnostic tools have been able to positively identify the causes
leading to the development of this syndrome. Depending on the localization of the pain in the lower
leg, Kulund

 

27

 

 speaks of anterior shin splints and posteromedial shin splints. We feel, however, that
for didactic and practical reasons (i.e., for purposes of prevention and therapy), it is more useful
to describe the various causative factors leading to the development of runner’s leg individually,
as specific clinical entities of osseous, vascular, and soft-tissue origin. Batt

 

7

 

 proposed that the term
shin splints be recognized as generic, rather than diagnostic, and that specific conditions that
currently exist under this term be differentiated. According to Ashford

 

5

 

 a shin splint is a symptom,
not a diagnosis. This partially contradicts the standard nomenclature of the American Medical
Association, which encourages a more precise definition of the term. It uses the term to describe
the appearance of pain and tenderness in the lower leg resulting from repeated running on hard
surfaces or from strong and excessive use of the dorsal flexors of the foot. The diagnosis in this
case should be limited to musculotendinous inflammation and would not include stress fractures
or ischemic changes. The term 

 

medial tibial stress syndrome

 

 is also encountered in medical literature
(in the terminology selected by Drez

 

36

 

). Medial tibial stress syndrome has been reported to be either
tibial stress fracture or microfracture, tibial periostitis, or distal deep posterior chronic compartment
syndrome.

 

12

 

 According to Mubarak et al.

 

36

 

 the medial tibial stress syndrome is a symptom complex
seen in athletes who complain of exercise-induced pain along the distal posteromedial aspect of
the tibia. Three chronic types exist and may coexist:

Type 1: Tibial microfracture, bone stress reaction, or cortical fracture
Type 2: Periostalgia from chronic avulsion of the periosteum at the periosteal-fascial junction
Type 3: Chronic compartment syndrome

Detmer

 

12

 

 recommends operative treatment for resistant types 2 and 3 with a reasonable chance for
athletes of return to full activity. Abramowitz et al.

 

1

 

 describe five patients whose seven affected
limbs required surgery.

However, in everyday clinical practice and in sports medicine literature, the term shin splints
is deeply rooted and linked with the four most common causes of its development. From an
etiological point of view, it is also correct to include all possible causative factors because, according
to 

 

Webster’s

 

 dictionary, the noun “shin” describes the anterior part of the leg (beneath the knee),
the frontal edge of the tibia, and the lower part of the leg.

Whatever the causes leading to runner’s leg, prevention of this syndrome is based on avoiding
problems in training, in the surface on which the runner habitually runs, in muscle dysfunction and
inflexibility, in athletic footwear, and in the biomechanics of running. According to James et al.,

 

23

 

problems and pain can appear in runners as a consequence of training errors because of anatomical
factors and inadequate athletic footwear and surfaces. Orthotic shoe inserts were most effective in
the treatment of symptoms arising from biomechanical abnormalities, such as excessive pronation
or leg length discrepancy, in a study by Gross et al.

 

20

 

 of 500 long-distance runners. According to
Thacker et al.

 

57

 

 the most encouraging evidence for effective prevention of shin splints involves the
use of shock-absorbing insoles.

The principal symptom of runner’s leg is pain, whatever the etiology. In the early stages, the
pain appears exclusively after running; in later stages, tenderness and pain are present at the
beginning, middle, and end of running and during normal everyday activities, including walking.
Location of the pain is important and helps differentiate the various syndromes. Pain in the medial
area of the distal third of the leg suggests tibialis posterior syndrome, pain along the anterolateral
side of the leg indicates a chronic anterior compartment syndrome, and pain over the anterior
surface of the tibia in the central (middle) leg is characteristic for tibial stress fracture. Pain that
always occurs during a workout suggests a chronic (exertional) compartment syndrome, whereas
pain that appears at the start of a workout and later disappears, only to reappear afterward, indicates
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tibialis posterior syndrome. Tenderness, swelling, and other clinical indicators are characteristic of
specific causes leading to runner’s leg; the specific causes are described in the following subsections.

 

A. T

 

IBIALIS

 

 P

 

OSTERIOR

 

 S

 

YNDROME

 

The tibialis posterior muscle originates at one end of the posterior plane of the tibia below the linea
m. solei. Its muscle fibers converge distally and attach themselves to the aponeurosis, which is
located in the middle of the muscle, and passes into the tendon in the distal part of the leg. The
tendon passes behind the medial malleolus, below the calcaneonavicular ligament, and below the
caput tali. It, to a large degree, holds up the caput tali and inserts into the navicular tuberosity, the
cuneiform bones, the cuboid bone, and to the bases of the first three metatarsal bones (Figure 9.1).
The anatomical description of the muscle indicates the importance of this muscle in maintaining
the arch of the foot. With a pronated foot and a lowered arch, overuse of the muscle, e.g., during
running, appears. This excessive pressure leads gradually to a “separation” of the muscle fibers at
the insertion site of the muscle to the posterior side of the tibia. In other words, partial ruptures
appear. As this is a gradual process, the symptomatology of the syndrome develops gradually.

 

39

 

Tenderness felt along the medial side of the leg, behind the medial edge of the tibia in the middle
and distal thirds of the leg, is characteristic for this syndrome (Figure 9.2).

The diagnosis can be confirmed by palpation. Tenderness is limited to the localization of the
pain, but a noteworthy characteristic of this syndrome is that pressure solely with the finger above
the medial plane of the tibia does not produce pain. To demonstrate tenderness by palpation, the
physician “slips” a finger behind the medial edge of the tibia and continues moving the finger from
the proximal to the distal end of the tibia. Only by this method is tenderness produced — generally
in the middle and distal thirds of the tibia and in length from 8 to 12 cm. Pain is also present during
plantar flexion and inversion of the foot against resistance. Radiographic and scintigraphic exam-
ination rules out the possibility of stress fracture of the tibia, and bone scanning eliminates the
possibility of tibial periostitis.

The initial treatment of runner’s leg, of any etiology, is cessation of painful activities. The
treatment, among other things, depends on the stage of development of the syndrome. If, for

 

FIGURE 9.1

 

Tibialis posterior muscle.
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example, pain is present during everyday activities, the physician should recommend complete rest;
in other words, non-weight-bearing crutch ambulation is indicated. Treatment of tibialis posterior
syndrome in the beginning stages corresponds to the standard treatment for all overuse injuries:
nonsteroidal anti-inflammatory drugs and other procedures such as ultrasound and high-intensity
galvanic stimulation performed with the aim of reducing pain. The most important aspect of the
treatment is, however, performance of stretching and strengthening exercises for the muscles and
correction of static deformation of the foot with adequate arch supports and running shoes. Depend-
ing on the stage of the syndrome, cessation of athletic activities should last for a period of 1 to 2
weeks, after which the athlete is allowed to resume training, slowly increasing the speed of running
and the daily mileage. With adequate stretching exercises and modification of footwear, tibialis
posterior syndrome will not recur. Of course, the patient should continue to avoid the errors that
lead to runner’s leg. As a note of interest, there has been an attempt, in analogy with the treatment
for tennis elbow, to treat runner’s leg with the application of an adhesive tape or bandage that is
wrapped firmly around the leg, 5 to 10 cm proximally from the malleolus.

 

B. P

 

ERIOSTITIS

 

 

 

OF

 

 

 

THE

 

 T

 

IBIA

 

 (T

 

IBIAL

 

 P

 

ERIOSTITIS

 

)

 

This term is often used by athletes and coaches when symptoms of runner’s leg appear, regardless
of the real cause of the syndrome. However, this term should be used only to describe periosteal
changes on the anteromedial plane of the tibia, in the area approximately 10 cm above the ankle,
and 5 to 10 cm in length. The appearance of pain and the development of the syndrome are similar
to tibialis posterior muscle syndrome; it is most often encountered in long-distance runners and in
runners who habitually run on hard, unyielding surfaces such as asphalt.

 

43

 

During physical examination, tenderness immediately below the skin on the anterior side of
the tibia is evident, and in some cases a slight swelling and thickening above the bone can also be

 

FIGURE 9.2

 

Characteristic area of pain/tenderness in cases of tibialis posterior muscle syndrome.
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noticed. Tibial periostitis is approximately ten times less frequently encountered than tibialis
posterior syndrome. The correct etiopathogenetic explanation for its development is not yet known,
although there are some indications that areas of microbleeding immediately below the periosteum
are connected with the development of this injury. Bone scan can help in differential diagnosis
between periostitis and stress fracture (Figure 9.3). The typical image of periostitis shows linear,
vertically oriented increased uptake seen only on the delayed images.

 

2,16

 

 Nielsen et al.

 

38

 

 present a
scintigraphic study of 29 cases of tibial periosteal reactions in soldiers and concluded that radio-
graphs were not as sensitive as scintigraphs for differentiating the periosteal injuries seen in this
study. According to Anderson et al.

 

3

 

 patients with acute shin splints have a spectrum of magnetic
resonance (MR) findings, which suggests this clinical entity is part of a continuum of stress response
in bone. The strong association between chronic symptoms and a normal-appearing MR image
implies that this modality has less utility in these patients.

 

32

 

 A prospective controlled study per-
formed by Batt et al.

 

8

 

 of diagnostic imaging for acute shin splints showed that MR imagining may
be used rather than triple-phase bone scan and radiographs for evaluating acute tibial pain in athletes.
The type of tibial periostitis that is one of the four most frequent causes of runner’s leg is periostitis
on the anterior plane of the tibia. Pathological changes on the periosteum, caused by excessive
pulling of the muscle fibers of the tibialis posterior muscle, are part of the clinical picture of tibialis
posterior syndrome. Periostitis at the insertion site of the medial half of the soleus muscle, on the
posterior side of the tibia (soleus syndrome), is part of the clinical picture and one of the causative
factors of medial tibial stress syndrome.

 

33

 

Treatment of tibial periostitis consists primarily of discontinuing activities that provoke the
symptoms. Icing and nonsteroidal anti-inflammatory drugs usually produce good results. As soon
as the symptoms disappear, the patient is encouraged to continue running on softer, more yielding
surfaces — grass or athletic track made of synthetic materials. Strain (speed of running and daily
mileage) should be increased gradually. Special consideration should be given to everyday and
athletic footwear, particularly to the heel, which must absorb impact from the surface.

 

C. C

 

HRONIC

 

 (E

 

XERTIONAL

 

) C

 

OMPARTMENT

 

 S

 

YNDROME

 

The muscles of the lower leg are enveloped in the lower leg fascia (fascia cruris), from which
extensions in the form of dividing walls (septa) extend deep into the leg and attach to the anterior
edge of the fibula — septum intermusculare cruris anterius 

 

æ

 

 and to the posterior edge of the
fibula — septum intermusculare cruris posterius. This has the effect of dividing the muscle of the

 

FIGURE 9.3

 

Bone scan demonstrating tibial periostitis.
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lower leg into three compartments: anterior, lateral, and posterior. Another fascia, situated between
the posterior edge of the fibula and the medial edge of the tibia, divides the muscles of the posterior
compartment into two layers, a deeper layer and a shallower layer (Figure 9.4).

The etiology for chronic compartment syndrome relates in most instances to a limiting non-
compliant fascia surrounding the affected muscle compartment. Sports activity leads to increased
muscle volume, and if there is a noncompliant fascia, this will result in an excessive intracompart-
mental pressure, which interferes with muscle blood flow. If local blood is reduced to the level
where it no longer meets the metabolic demands of the tissue, functional abnormalities ensue, and
an exercise ischemia or exertional compartment syndrome results.

Chronic (exertional) compartment syndrome causes lower leg pain and tightness, with muscle
weakness and changes in nerve sensation amplified by physical exertion. Overuse injuries trigger
muscular tissue damage, fluid leakage, and increased compartment pressure, as well as ischemic
muscle and nerve dysfunction under exercise stress.

 

45

 

 Rest and cessation of activities typically
relieve the symptoms. However, exercise triggers the process at the next exposure and a chronic
pattern is established. Some athletes experience the so-called second-day phenomenon in which
the amount of exercise that can be performed without pain on one day is less than the amount of
exercise that could be painlessly performed on the previous day. The specific compartment involved
determines the specific site of muscle weakness or paresthesia.

Lateral compartment syndrome is relatively infrequent. Analysis and measurement of intrac-
ompartmental pressure has failed to prove a significant increase in this pressure. Different opinions
exist regarding the importance of posterior compartment syndrome in the development of medial
tibial stress syndrome. Eriksson and Wallensten

 

59

 

 have shown, for example, that normal values for
pressure in the posterior compartment are found in athletes with typical medial tibial stress syn-
drome symptomatology.

 

 

 

There is, however, no doubt that anterior compartment syndrome is a
causative factor of runner’s leg. However, it is important to differentiate between the acute type,
characterized by a sudden development of ischemic changes, particularly in the tibialis anterior
muscle (which is the reason it is called 

 

tibialis anterior syndrome

 

), and the chronic type (chronic
anterior exertional compartment syndrome), which develops gradually and belongs to the large
group of overuse injuries.

 

43

 

1. Chronic Anterior Exertional Compartment Syndrome

 

The etiopathogenesis and pathophysiological changes leading to the development of chronic anterior
exertional compartment syndrome can best be described using the scheme compiled by Styf

 

54,55

 

(Table 9.1).

 

FIGURE 9.4

 

Schematic presentation of compartments. A = anterior; L = lateral; Ps = posterior superficial;
Pp = posterior profundus.
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The main symptom indicating the presence of this syndrome is the appearance of pain felt
during athletic activities, pain that is localized along the anterior side of the lower leg (Figure 9.5),
along the lateral side of the tibia, and usually in the middle third or along the whole leg. The
intensity of the pain increases with time. Another characteristic of this syndrome is that the pain
appears after a certain duration of activity, i.e., after a certain distance has been run. In the beginning
stages of the syndrome, the athlete sometimes continues to run, disregarding the pain, which quickly
worsens the symptoms. The appearance of a swelling, paresthesias in the area between the great

 

TABLE 9.1
Development of the Chronic (Exertional) Compartment 
Syndrome (Styf

 

54,55

 

)

 

Exercise

 

Ø

 

Impaired muscle volume

 

Æ

 

Swelling

 

Ø

 

Increased pressure in muscles 
during relaxation

 

Ø

 

Decreased blood flow in muscles

 

Ø

 

Ischaemia

 

Ø

 

• Pain • Impaired muscle function • Impaired nerve function
• Muscle weakness • Decreased sensibility
• Decreased maximal muscle 

contraction
• Muscle weakness
• Decreased nerve conduction

 

FIGURE 9.5

 

Characteristic area of pain/tenderness in cases of chronic (exertional) anterior compartment
syndrome.

 

1428_C09.fm  Page 261  Wednesday, July 2, 2003  8:01 AM



 

262

 

Overuse Injuries of the Musculoskeletal System

 

toe and the second toe, loss of active muscle strength in the anterior compartment of the lower leg,
and appearance of pain during passive stretching confirm the diagnosis of this syndrome. Another
characteristic of this syndrome is that during rest the symptoms can completely disappear. An
objective criterion for diagnosing this syndrome is measuring the intramuscular pressure, which
can be accomplished using various methods. The measurement can be taken during physical activity,
but is most commonly taken during rest after physical exertion. Increased pressure after physical
activity and a prolonged time for its return to normal values are considered positive indicators of
the presence of chronic anterior compartment syndrome. Today, most authors agree that intramus-
cular pressure above 35 mmHg after physical activity and a return to normal time longer than 6 to
15 min positively confirm the diagnosis of this syndrome. However, a handheld miniature fluid
pressure monitor has been developed that produces reproducible measurements of interstitial fluid,
making testing potentially practical for the clinician.

 

17

 

Non-operative treatment for this syndrome includes icing after athletic activities and reducing
the level of strain. As the latter is difficult to accomplish in active athletes, most authors agree that
surgical treatment (fasciotomy) is, in this case, the best solution.

 

4,16,27,31,41

 

 Their reasoning is that 2
to 3 weeks after surgery, the athlete is able to continue training.

 

24

 

 The fasciotomy is performed
through two to three small skin incisions, through which the fascia is longitudinally cut. The whole
procedure can be carried out under local anesthesia. According to Schissel and Godwin

 

50

 

 the only
appropriate conservative treatment is cessation of the offending activity. Early suspicion of the
condition is paramount, because the definitive treatment is fasciotomy.

 

D. S

 

TRESS

 

 F

 

RACTURES

 

 

 

OF

 

 

 

THE

 

 T

 

IBIA

 

The most common localization of stress fractures of the tibia is in the area between the proximal
and middle thirds of the bone. The symptoms include dull pain, localized in the same place and
in a relatively small area (2 to 3 cm in circumference), and sometimes concomitant swelling.
Palpation confirms the localization of the pain, which is important in differential diagnosis. In stress
fractures of the tibia, the pain, whether spontaneous or caused by palpation, is always strictly
localized and never diffused, which serves to differentiate this syndrome from other possible causes
leading to the development of runner’s leg.

In the diagnostics of stress fractures of the tibia, important auxiliary methods include radio-
graphic examination and radionuclide scanning (Figure 9.6), with the provision that the latter can
confirm the diagnosis of a stress fracture considerably before the fracture becomes radiologically
visible.

 

8,13,14,18,30,38,53

 

 Special emphasis must be placed on a specific type of tibial stress fracture —
stress fractures of the anterior cortex of the mid-third of the tibia (Figure 9.7) — also known as

 

FIGURE 9.6

 

Bone scan demonstrating distal tibial stress fracture.
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anterior midshaft tibial stress fracture.

 

44

 

 This fracture commonly progresses to delayed union or
nonunion and frequently fractures completely. Pozderac

 

47

 

 reports three cases of longitudinal tibial
fatigue fractures in three runners who had exercise-related leg pain and whose clinical symptoms
suggested either stress fractures or shin splints. In contrast to the focal, elliptical, cortex-based
abnormal scintigraphic findings usually seen in the upper or middle tibia in patients with tibial
stress fractures, all the patients had a long area of abnormal diffusely increased tibial activity that
extended from tibiotalar region proximally.

Stress fracture of the fibula, which usually appears in the distal third of the fibula, is also
considered by some authors to be a cause of runner’s leg.

 

E. C

 

ONCLUSION

 

In conclusion, although runner’s leg, or shin splints, in the past has been both a terminological and
a diagnostic problem, at present this is no longer the case. Still, patients presenting with complaints
of chronic exercise-induced lower leg pain can be a diagnostic challenge.

 

21

 

 However, myriad
specialized diagnostic studies and modalities are at one’s disposal, and an emphasis on a local
history and physical usually can identify the underlying cause without exposing the patient to
unnecessary testing. A well-directed history and physical, coupled with an understanding of the
current state of knowledge regarding the pathophysiology and pathomechanics of shin splints, help
meet this challenge effectively.

 

II. OVERUSE INJURIES OF THE ACHILLES TENDON

A. A

 

CHILLES

 

 T

 

ENDINITIS

 

 

 

OR

 

 T

 

ENDINOSIS

 

The Achilles tendon is a common site for the development of overuse injuries. Depending on the
localization of the inflammatory changes, miotendinitis, tendinitis, peritendinitis, or enthesitis can
be present, according to old terminology. The new terminology recommends the following terms
and definitions: 

 

paratenonitis

 

 — an inflammation of the paratenon; 

 

paratenonitis with

 

 

 

tendinosis

 

— paratenon inflammation associated with intratendinous degeneration; 

 

tendinosis

 

 —

 

FIGURE 9.7

 

Roentgenogram demonstrating anterior tibial midshaft stress fracture.
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intratendinous degeneration due to atrophy (aging, microtrauma, vascular compromise, etc.); 

 

ten-
dinitis

 

 — symptomatic degeneration of the tendon with vasular disruption and inflammatory repair
response. Jozsa and Kannus

 

26

 

 prefer to maintain the distinction between “tendinosis” and “tendini-
tis” so that both are considered different entities that may occur independently or together, as is
the case with tendinosis and peritendinitis. Thus, they do not deny the possibility of pure tendinitis.
Achilles tendinitis is the most frequently encountered entity, affecting 11% of runners and having
a high frequency of recurrence.

 

66,89,97,101,105,111,114,117,121,136,140

 

 Apart from runners, Achilles tendinitis
is also found in other athletes, primarily those who participate in sports activities where running
and jumping represent the basic components of the sport. Typical examples include basketball,
handball, soccer, and tennis, as well as ballet.

 

79

 

The Achilles tendon is the common tendon of the gastrocnemius and soleus muscles (Figure
9.8). It is the strongest tendon in the human body. It inserts on the lower half of the posterior side
of the calcaneus. The insertion of the Achilles tendon is protected by two synovial bursae: (1) the
subcutaneus bursa, located between the skin and the tendon, and (2) the retrocalcaneal bursa, lying
between the tendon and the calcaneus. The tendon does not have a true synovial sheath (vagina
synovialis), but is surrounded by a fine connective tissue sheath, the peritenon externum or the
epitenon, which is continuous on its inner surface with the endotenon. In the Achilles tendon, the
epitenon is surrounded by a thin, filmy layer of transparent areolar tissue, the paratenon. The
paratenon functions as an elastic sleeve, permitting force movement against the surrounding tissue
while maintaining continuity with adjacent structures. The epitenon and paratenon are collectively
referred to as the 

 

peritenon.

 

1. Etiopathogenesis

 

The development of Achilles tendinitis is correlated, according to most authors, with placement of
excessive force on the Achilles tendon during walking or running. The force placed on the tendon
can be of different types, including stretching force (contraction of the triceps surae muscle);

 

FIGURE 9.8

 

Muscles of the leg: triceps surae with Achilles tendon (1).
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compression force (the reactive force of the surface), and torsion force (walking on uneven ter-
rain).

 

84,89,97,101,105,111,121,129,136,140

 

 As the result of predisposing factors (flat or pronated foot, highly
arched foot, “tight” Achilles tendon, etc.), the effects of these forces can, either individually or
collectively, be increased.

The etiology of Achilles tendinitis is multifactorial. Numerous internal and external predispos-
ing  fac tors ,  ac t ing  synchronis t ica l ly,  l ead  to  the  development  of  th i s  syn-
drome.

 

28,64,71,72,75,78,80,102,105,119,121,130,134,136,138,144

 

 Among the many internal predisposing factors, the
most frequently cited are anatomical deviations of the lower extremity, which lead to excessive
and/or prolonged pronation of the foot. These include a forefoot varus, flat foot, and highly arched
foot (pes cavus). Another frequently cited predisposing factor is excessive tightness of the Achilles
tendon, i.e., imbalance between the strength and flexibility of the muscles that form the Achilles
tendon. Vascularization of the tendon is another predisposing factor that can lead to the development
of Achilles tendinitis,

 

69,103

 

 because the tendon is supplied with blood at the musculotendinous
junction, the bone–tendon junction, and along its length through the paratenon (small vessels from
branches of the posterior tibial and peroneal arteries). Microangiographic investigations have shown
that blood supply is decreased in the middle third of the tendon (2 to 6 cm above its insertion on
the calcaneus). Recently, this finding has been confirmed by quantitative analysis of the number
of blood vessels in the tendon.

 

100,103

 

 According to many authors, this explains why the tendon is
particularly prone to injury (development of tendinitis), and, accordingly, why the tendon ruptures
(the final stage of Achilles tendinitis) in this area. Degeneration of the fat pad below the calcaneus
is another frequently cited predisposing factor.

 

72,94

 

 In this case, because of lessened impact absorp-
tion when the heel hits the surface during running, excessive force is placed on the Achilles tendon.
Increased Achilles tendon strain has also been proved in individuals with unstable ankle joints. Age
is another factor that plays a role in the development of overuse injury of the Achilles tendon,
because, with aging, the elasticity of the tendon decreases, which increases the potential for injury.

In general, the most common cause leading to the development of overuse injuries in runners,
including the development of Achilles tendinitis, is training errors. These include sudden increases
in training intensity, sudden changes in the duration and/or frequency of training, and an excessively
quick return to full athletic activities after a prolonged interruption in training. Running on steeply
inclined or uneven terrain or hard surface also has implications in Achilles tendinitis. According
to Clement et al.,

 

72

 

 these causes lead to the development of Achilles tendinitis in 75% of the cases
they have investigated, and Nelen et al.

 

121

 

 have reported an incidence of 63% for their patients
suffering from Achilles tendinitis. Inadequate running surfaces, such as hard (e.g., asphalt) or uneven
surfaces, and frequent changes of running surfaces, as well as old or inadequate running shoes,
also significantly increase the risk of injury.

 

2. Clinical Picture and Diagnostics

 

Achilles tendinitis can develop either suddenly, the acute form, or gradually, the chronic form
(which occurs more frequently). Inflammatory changes in the tendon and/or paratenon are situated
2 to 6 cm above its insertion on the calcaneus. The main symptom is the appearance of localized
pain in this area, which is typically felt during athletic activities appearing at the beginning,
decreasing or disappearing during, and increasing after athletic activities. Another characteristic
symptom is the appearance of pain and stiffness in the ankle joint when the patient rises from bed
in the morning; this pain subsides after the first few steps. In later stages, pain impedes normal
walking. Patients frequently complain that they cannot walk barefoot and feel most comfortable in
shoes with higher heels. In some cases, particularly in those that develop suddenly, patients complain
of “creaking” along the length of the tendon, an auditory phenomenon that they describe as similar
to the sound produced when walking on freshly fallen snow.

Physical examination reveals local tenderness directly on the Achilles tendon and a local or
diffuse swelling around the tendon. In some acute cases, crepitus may be felt. Detailed palpation
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along the tendon, performed by squeezing the tendon between thumb and index finger, usually
reveals one small segment that is considerably more tender than the surrounding area. Pain can
also be produced by passive dorsiflexion of the ankle with the knee extended. Pain appears even
more frequently during active plantar flexion against resistance. This is tested by having the patient
stand on tiptoe. Pain typically appears when the patient tries to stand on tiptoe on the injured leg.
Less frequently, pain appears when the physician applies resistance (by pressing down on the
patient’s shoulders) while the patient attempts to stand on tiptoe. In acute cases of Achilles tendinitis,
a localized swelling around the tendon is frequently found, whereas chronic cases are characterized
by the presence of diffuse swelling, which is felt during palpation as a thickening around the tendon.
The latter are, in fact, fibrous extensions, which Pećina

 

83

 

calls 

 

tendon scarf.

 

 Palpable and visible
masses within the tendon (nodular swelling), representing swollen, poorly healed partial ruptures,
can occasionally be observed.

Physical examination should also be directed toward identifying anatomical deviations of the
foot and/or ankle. These include a forefoot varus, a varus position of the heel, a valgus position of
the heel, flat foot (pes planovalgus), and highly arched foot (pes cavus). For these reasons, adequate
footwear is of the utmost importance — old and worn-out running shoes, especially those with
worn-out soles, negatively affect the biomechanics of walking and/or running.

 

66,68,73

 

 An excessively
worn-out outer heel edge, for example, indicates a varus position of the heel.

Radiographic analysis of the foot and distal part of the lower leg can reveal an abnormally
shaped calcaneus, bony spurs on the calcaneus, and ossification of the Achilles tendon. Today,
however, a complete physical examination of the Achilles tendon must also include ultrasound
examination.

 

65,80,83,108,109,118,125

 

 A detailed ultrasound examination of the Achilles tendon, in both the
longitudinal and perpendicular direction, can reveal details in the tendon structure (Figure 9.9) and
the shape of the tendon sheath, and a dynamic examination (one carried out during passive and
active movements of the ankle) enables the physician to precisely diagnose possible tendon damage.
Besides its use in diagnostics, thermography is also useful in monitoring the success of the
prescribed treatment. Recently, MR imaging has also been used to evaluate damage and/or changes
to the Achilles tendon (see Chapter 2).

 

126

 

3. Treatment

Treatment of Achilles tendinitis is directed toward lessening or eliminating pain, controlling the
inflammatory reaction, facilitating the healing process, controlling the biomechanical parameters,
and completely rehabilitating the tendon as well as protecting it from further injury. Treatment is
non-operative in the vast majority of cases; surgical treatment is indicated only in exceptional

FIGURE 9.9 Sonogram of the Achilles tendon demonstrating Achilles tendinosis.
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cases.61,72,81,98–101,105,106,121,131,132,136 It is crucial that treatment begin as soon as possible — ideally as
soon as the first symptoms appear.

a. Non-Operative Treatment
The program for non-operative treatment includes the following:

• Short-term cessation or modification of athletic activities
• Lifting of the heel 1 to 2 cm by inserting a heel wedge
• Ice massage of the tender area
• Application of nonsteroidal anti-inflammatory drugs
• Stretching exercises and strengthening the triceps surae muscle and Achilles tendon
• Correction of predisposing factors

In the beginning stages of Achilles tendinitis, a complete cessation of athletic activities is not
mandatory. Reducing the intensity of training, principally running, along with the application of
other non-operative procedures is sufficient. In later stages of the syndrome, a complete rest from
athletic activities, lasting at least 1 month, is mandatory. During this interval, the functional
capabilities of the athlete can be maintained with alternative training — swimming freestyle and
backstroke and running in deep water without touching the bottom.

Relaxing the Achilles tendon is accomplished by inserting a heel wedge and lifting the heel
for a height of 1 to 2 cm. The patient must be made aware that heel wedges should be worn in all
footwear; in other words, the heel must be lifted in “everyday” activities as well as in athletic ones.
After treatment is completed, the height of the heel wedge is gradually decreased.

Cryotherapy is recommended in the beginning stages of Achilles tendinitis. Tender areas should
be massaged with ice after athletic activities. In later stages of the injury, cryotherapy is performed
two to three times daily during the first week of therapy; following this interval, various physical
procedures are used (laser or ultrasound) to increase the temperature of the injured tendon. Non-
steroidal anti-inflammatory drugs, taken in maximal daily dosages, are recommended during the
first 10 days of therapy.

The principal component of non-operative Achilles tendinitis therapy consists of stretching
exercises. Passive stretching exercises should begin at once and (equally important) the patient
must be taught how to perform them correctly (Figure 9.10). Starting with the seventh day of
therapy, the patient should begin strengthening exercises for the lower leg muscles, particularly the
gastrocnemius-soleus complex.

Recognizing and correcting predisposing factors plays an important part in the treatment, as
well as in prevention of Achilles tendinitis. Achilles tendinitis is an excellent example of how
correctly carried out prevention, targeting predisposing factors, can significantly decrease the
frequency of an overuse injury in athletes. Prevention carried out with the aim of avoiding
mistakes in training (i.e., avoiding sudden increases in the intensity of training), in the choice
of running surface (i.e., avoiding running on uneven and hard terrain), and in the choice of
athletic footwear (i.e., wearing adequate running shoes), as well as orthotic correction of bio-
mechanical irregularities that lead to excessive and/or prolonged pronation of the foot during
running, has during the time decreased the frequency of Achilles tendinitis by more than 50%.
To illustrate this, we cite the results of investigations performed by James et al.89 and Krissoff
and Ferris97 who reported an overall frequency of Achilles tendinitis in athletes suffering from
sports-related injuries of, in the former investigation, 11%, and in the later investigation, 18%.
The frequencies, as reported by Taunton et al.138 and Nelen et al.,121 constitute significantly less,
around 6% of all sports-related injuries.

Corticosteroid injections into and around the Achilles tendon are contraindicated because of
the risk of tendon rupture. Only in some cases of peritenonitis are these injections allowed, but
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only in the area around the Achilles tendon or in its sheath and never in the tendon itself (see
Chapter 1, References 51 and 52).

An important point to stress is that non-operative treatment should be carried out persistently,
over the course of at least a couple of months, and that surgical treatment is recommended only
in resistant cases in which the symptoms fail to disappear after a long-term application of correctly
applied nonsurgical therapy.

FIGURE 9.10 Various stretching exercises for the gastrocnemius-soleus complex.

1428_C09.fm  Page 268  Wednesday, July 2, 2003  8:01 AM



Leg 269

b. Surgical Treatment
Surgical treatment of Achilles tendinitis is based on the location of the pathological changes and on
intraoperatively found changes in and on the tendon and tendon sheath.61,72,81,98–101,105–107,112,121,131–133,136

If only the tendon sheath (peritendon) exhibits pathological changes, which is often the case, an
adhesiolysis of the tendon is performed; the peritendon, in its entire length and circumference, is
completely removed (Figure 9.11). This has the effect both of removing the injured tendon sheath
and of creating a new tendon sheath, which is not pathologically changed. With regard to the latter,
postoperative rehabilitation plays an important role and must strive, by means of functional
adaptation, to form a new tendon sheath, while taking care not to cause irritation of the newly
formed peritendon. Postoperative rehabilitation should immediately begin with the functional
animation necessary for the formation of the new tendon sheath, the so-called neoperitenon of the
Achilles tendon.

If the physician, during surgery, palpates degeneratively changed areas in the Achilles tendon
(which could also have been discovered preoperatively, e.g., by ultrasound examination), these
parts of the tendon are excised. Some authors recommend an “untangling” of that area of the tendon
into fascicles, which, besides performing excision of the degeneratively changed part of the tendon,
has the side effect of producing an intratendon decompression. The same procedure applies to
calcificates in the tendon (Figure 9.12). However, if the calcificates are large, or if they infiltrate
the tendon to such a degree that their excision will result in a significant loss of strength in the
tendon, the tendon should be reinforced with tendon flaps.

FIGURE 9.11 Intraoperative finding of inflamed peritendon sheath.

FIGURE 9.12 Calcificates removed from the Achilles tendon.
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In cases with partial tendon ruptures (which can also develop as an iatrogenous consequence
of corticosteroid injections into the tendon) (Figure 9.13), the injured area of the tendon is excised;
in addition, depending on the size of the newly developed defect, the part is reinforced with tendon
flaps. Total ruptures of the Achilles tendon, which are the result of the final stage of Achilles
tendinitis, are treated surgically96 using different operative techniques (open, percutaneous, percu-
taneous with mini-open, or endoscopy-assisted percutaneous repair of the tendon.67,82,116,127,141,143

B. ENTHESITIS OF THE ACHILLES TENDON

Unlike Achilles tendinitis, enthesitis of the Achilles tendon is characterized by pathological changes
in the tendon–bone junction. For this reason, Achilles enthesitis is regarded as belonging to the
group of insertion tendinopathies.68,81,105,136 As with other insertion tendinopathies, a change in the
tendon–bone junction zones is evident; i.e., the border between the mineralized and nonmineralized
adhesive cartilage is missing (Figure 9.14) and cystic formations frequently develop. Clinically,
enthesitis is differentiated from Achilles tendinitis solely by the localization of the pain; i.e., the
tenderness is localized in the tendon–bone junction area. Treatment follows the same principles as
in Achilles tendinitis; the only difference is that enthesitis is generally more resistant and necessitates
surgical treatment more frequently. Depending on the stage of the enthesitis, various types of
surgical procedures are recommended. In long-term cases with radiologically visible changes on
the bone insertion site (demineralization), drilling of the bone insertion site and longitudinal cutting
into the tendon at the tendon–-bone junction is recommended. The aim of this procedure is to
decompress the tendon and to initiate the healing process. In cases where, as a consequence of
long-term enthesitis, complete tendon rupture has occurred in the tendon–bone junction area,
reinsertion of the tendon through a drilled canal in the calcaneus is indicated.

C. RETROCALCANEAL BURSITIS AND HAGLUND SYNDROME

Retrocalcaneal bursitis is a term used to describe an inflammation of the bursa between the Achilles
tendon and the calcaneus. Two bursae lie near the insertion of the Achilles tendon on the calcaneus
(Figure 9.15A). The retrocalcaneal (subachilleal) bursa is located between the Achilles tendon
insertion and the posterior angle of the calcaneus. The retroachilleal (subcutaneous) bursa is situated
between the skin and the Achilles tendon. Retrocalcaneal bursitis may manifest as an inflammatory
arthropathy (rheumatoid arthritis, seronegative spondyloarthropathies), accompany Achilles ten-
dinitis, or occur as an isolated disorder, usually as a result of repetitive trauma due to athletic
overactivity, particularly in runners. It can develop as a consequence either of irritation caused by

FIGURE 9.13 Intraoperative finding of iatrogenic partial rupture of Achilles tendon.
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inadequate footwear or of a calcaneus with prominent superior and inferior ends (Figure 9.15B).
Calcaneus shaped in this manner are called Haglund’s heel and are easily visible on lateral
roentgenograms.84,85,87,88,123,128,140 If retrocalcaneal bursitis is accompanied by enthesitis of the Achil-
les tendon (this combination is known as Haglund syndrome or Haglund disease), tenderness is
localized somewhat proximally from the insertion site of the tendon to bone and, unlike tendinitis,
increases when pressure is applied. Retrocalcaneal bursitis is associated with posterior heel pain,
worsened by passive dorsiflexion of the ankle. Bursal distention produces tender swelling behind
the ankle with bulging on both sides of the tendon. Initial evaluation of the retrocalcaneal bursa
and Haglund’s heel includes radiography and ultrasonography. The retrocalcaneal and subcutaneous
calcaneal bursa is not demonstrable by ultrasonography in healthy people. Exudation and prolifer-
ation of the bursa, however, facilitate detection by ultrasonography.115 MR imaging can help
establish the diagnosis by showing a bursal collection with low signal intensity on T1-weighted
images and with high signal intensity on T2-weighted and STIR images.120 Retroachilleal (subcu-
taneous) bursitis produces a painful, tender subcutaneous swelling, usually at the level of the shoe
counter. This condition occurs predominantly in women and is generally due to local irritation from
the upper edge of a rigid shoe counter. Diagnosis is essentially clinical.

Along with all the other methods of non-operative treatment that are applied in cases of
tendinitis, corticosteroid injections directly into the bursa are also recommended. Occasionally,
surgical treatment of retrocalcaneal bursitis and Haglund disease is indicated, in which case it
consists of removing the bursa and performing an osteotomy (Figure 9.15C,D) of the prominent
superior pole of the calcaneus.62,84,87,90,91,93,110,122,135,137,140 

From 1986 to 2001, 16 active athletes, 2 of them with a bilateral condition yielding a total of
18 resected calcaneal bones, were operated on in our department in Zagreb.124 During preoperative
treatment, attention was paid to radiological measurements of the superior calcaneal angle, which
is considered pathological if exceeding 75∞ (Figure 9.15E). Parallel pitch lines were also used to
assess abnormal development of the calcaneal tuberosity (Figure 9.15F). The age of the treated
athletes was from 16 to 36 years with one ultramarathon athlete aged 46 years. Two of the athletes
were female. Tenderness and/or pain was present from 1 to 10 years before surgery. The athletes
participated in the following sports: soccer in 5 (two bilateral) cases, basketball in 3, field hockey
in 2, alpinism in 2 cases, and skiing, handball, hockey, and ultramarathon in 1 case each. All patients
were operated with the same method; resection of the calcaneal tuberosity, in other words, osteotomy
of the posterior calcaneus was performed from the anteroproximal to posterodistal direction, with

FIGURE 9.14 Ossification of the insertion of the Achilles tendon.
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the angle of resection of about 50∞. Most commonly we used the lateral paratendinous approach.
The medial approach was used in cases with more prominent superolateral parts of the calcaneus.
In most cases a bursectomy was also performed. The wound was closed over a suction drain that
remained for 24 h. A below-knee cast was left 8 to 10 days until the cutaneous stitches were
removed, after which a below-knee cast with a walking heel was put on and left for 2 weeks. This

FIGURE 9.15 (A) Retrocalcaneal bursa and subcutaneous bursa of the Achilles tendon; (B) Haglund’s heel
in top-level basketball player; (C) preoperative roentgenogram in patient with Haglund disease; (D) postop-
erative roentgenogram after osteotomy of the prominent superior of the calcaneal tuberosity; (E) angles to
describe Haglund’s deformity, x = superior calcaneal angle, y = calcaneal inclination; (F) parallel pitch lines.
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was followed by a period of physical therapy consisting primarily of stretching and strengthening.
A return to full athletic activities was permitted after 2 to 6 months based on individual progress.
All athletes returned to full training programs and continued competing, with some achieving their
best results after surgery. Only one complication arose — in one athlete resection of the tuber was
performed too deep and distal, weakening the attachment of the Achilles tendon and requiring
immobilization for an additional 2 months. In two patients, in which the lateral paratendinous
approach was used, some transitory damage of the cutaneous branches of the sural nerve was
present. Based on our experience, we believe there is no benefit to deferring surgical treatment for
longer than 1 year after the first symptoms of Haglund disease (syndrome) are noted. Adequate
resection of the calcaneus is of primary importance, as is good postoperative rehabilitation. A return
to full athletic activities should be based on each individual’s program and rehabilitation.

Watson et al.142 recommend a retrocalcaneal decompression for retrocalcaneal bursitis and
insertional Achilles tendinitis with calcific spur. Yodlowski et al.145 reported that 90% of patients
had complete or significant relief of symptoms after surgical treatment of Achilles tendinitis by
decompression of the retrocalcaneal bursa and the superior calcaneal tuberosity. Endoscopic cal-
caneoplasty offers access to the retrocalcaneal space, thereby making it possible to remove inflamed
retrocalcaneal bursa as well as the posterosuperior part of the calcaneus in applicable cases of
painful hindfoot.76 In a study by van Dijk et al.,76 endoscopic calcaneoplasty was performed in 21
procedures in 20 patients. One patient had a fair result, 4 patients had good results, and the remaining
15 patients had excellent results. Endoscopic calcaneoplasty is a minimally invasive technique
performed in an outpatient setting and combined with a functional rehabilitation program. The
procedure has low morbidity. Patients have a short recovery time and quickly resume work and
sports. We agree with van Dijk et al.:76 “Whether this operation is performed by endoscopic or
open technique, enough bone must be removed to prevent impingement of the bursa between the
calcaneus and Achilles tendon.”

D. RUPTURE OF THE ACHILLES TENDON

The Achilles tendon is subject to the last stage of overuse injuries — total rupture of the ten-
don.60,65,77,95,139 Most often, this occurs in middle-aged (30 to 50 years) males during recreational
sports activities such as soccer, basketball, or jogging. In about 80% of the patients, the Achilles
ruptures occur 3 to 6 cm above the calcaneal insertion where the poor blood supply may contribute
to rupture. The high incidence of ruptures occurring in this midportion of the tendon could also be
explained by a local variation in strain topography that causes a stress concentration at this
level.121,132 A positive diagnosis is made on the basis of history, physical examination, and ultrasound
examination80,83,118,125 (Figure 9.16 and Figure 9.17). During rupture, the patient, in addition to

FIGURE 9.16 Sonogram of the Achilles tendon demonstrating an acute rupture.
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feeling intense pain, feels “as if a stone has hit him” in the heel area. In some cases, an audible
snapping sound is also heard.

Clinical signs include a painful, palpable “depression” in the Achilles tendon (Figure 9.18) and
a partial or complete loss of plantar flexion. In some cases, active plantar flexion of the foot is
possible, but the patient is always incapable of walking and standing on tiptoe on the injured leg.
A positive Thompson “squeeze” test (loss of plantar flexion of the foot during manual compression
of the lower leg muscles) is a certain indicator of tendon rupture.

The treatment of all types of acute Achilles tendon injuries (tendon strains or partial tendon
ruptures, complete tendon ruptures) consists of two distinct phases, initial management and further
treatment. Initial management, i.e., basic first aid, follows the mnemonic PRICES:74 protection,
rest, ice, compression, elevation, and support. Further treatment depends on injury and opinion of
the surgeon and can be either non-operative or operative. In our opinion, which is shared by the
other authors,70 the best results in treating Achilles tendon rupture in young people and athletes
are achieved by surgical treatment. Overall, studies support the conclusion that a complete rupture
of the Achilles tendon in young active people should be treated with early surgery, whereas people
involved in less strenuous recreational activities or nonathletes, especially those older than 50 years
of age, can be treated primarily without surgery. Zwipp et al.158 present long-term results that may
support the use of functional treatment alone (the use of brace or splint for immobilization for 1
week, followed by a gradual increase in remobilization and rehabilitation) in complete Achilles
tendon ruptures of young people as well.

The rate of Achilles reruptures varies among studies, and seems to depend on the treatment
method used. In the literature, the rerupture rates following surgery have ranged from 0 to 11%,
and with nonsurgical treatment from 0 to 50%.70,104,113 A true comparison can only be made from
a prospective randomized trial using a long-term follow-up study design. The prospective random-
ized studies have been conducted, but with different results and conclusion.70,86 According to Cetti
et al.70 extensive literature analysis of complete Achilles tendon ruptures, 62% of patients treated
surgically and 52% of the patients treated nonsurgically were able to resume sports activities at
the same level as before the injury, i.e., the difference in actual results between treatments was not
very dramatic. McClelland and Maffulli116 recommend percutaneous repair of a ruptured Achilles
tendon as a safe and reliable method of treating such injuries in patients with low sporting
requirements. It has a lower incidence of wound complications compared with open techniques but
a slightly higher incidence of rerupture. On the basis of their results, Rebeccato et al.127 prefer to
perform the combined percutaneous and mini-open repair of Kakiuchi for the repair of acute
Achilles tendon ruptures. According to Webb and Bannister143 percutaneous repair of the ruptured
tendo Achillis is simple to undertake and has a low rate of complications. A comparative study

FIGURE 9.17 Sonogram of the Achilles tendon demonstrating an old rupture of the tendon.
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between percutaneous repair and open surgical repair of acute spontaneous Achilles tendon ruptures
in young athletic patients is presented by Bradley and Tibone.67 After evaluation of both subjective
and objective data they recommend percutaneous repair in the recreational athlete and in patients
concerned with cosmetics. Open repair is recommended for all high-caliber athletes who cannot
afford any chance of rerupture. Endoscopy-assisted percutaneous repair of Achilles tendon ruptures
seems to overcome certain problems of conservative, surgical, or percutaneous repair of the Achilles
tendon ruptures.141

E. SEVER DISEASE (CALCANEAL APOPHYSITIS)

Calcaneal apophysitis (Sever disease) is a common cause of heel pain, particularly in the athletically
active child. Sever disease often occurs in running and jumping sports, particularly soccer.151 Wirtz
et al.157 described calcaneal apophysitis associated with Tae Kwon Do injuries. Patients present
with intermittent or continuous heel pain occurring with weight bearing. Findings include a positive
squeeze test and tight heel cords. Micheli and Ireland153 reviewed 85 children with calcaneal
apophysitis. Both heels were affected in 61% patients. The most common associated foot condition
was pronation, occurring in 16 patients. In the study, 68 patients complained that pain was made
worse by a specific sport, with soccer leading the list. Symptoms of pain in the region of the heel,
local tenderness at the posteroinferior or inferior surface of the heel, and roentgenographic evidence
of disordered ossification of the calcaneal apophysis are the classical criteria for the diagnosis of
Sever disease.152–154 Tenderness over the os calcis apophysis at the insertion of the Achilles tendon

FIGURE 9.18 Characteristic clinical sign of the complete rupture of the Achilles tendon.
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along with a tight gastrosoleus mechanism is usually sufficient to diagnose os calcis apophysitis.
This condition can frequently be bilateral. The syndrome of heel pain and tenderness localized to
the os calcis apophysis in children and adolescents was first described in 1912 by Sever.154 Sever,
in his original paper, hypothesized that this heel pain was due to an inflammatory apophysitis
associated with increased muscular activity in the growing child and he believed it was traumatic
in origin. Roentgenograms of the feet usually show some type of disorderly ossification of the
calcaneal apophysis: fragmentation, incomplete appearance, or complete formation but with
increased sclerosis (Figure 9.19). There is still controversy about the significance of the radiographic
changes in children with heel pain. One of the reasons is that normal children display a considerable
variation in the radiographic aspects of the secondary ossification center of the calcaneus at different
ages.156 Hubbard et al.147 present an MR imaging study of the relationship between the ossification
center and cartilaginous anlage in the normal hindfoot in children. Radiography and computer-
aided analysis of tomography of the os calcis in 35 children with Sever disease and of 52 control
children were concurrently evaluated with histologic appearance of six calcanei of victims of road
accidents, which were radiographically compatible with the same syndrome.149 Computer-aided
analysis of orientation of the “fragmentation” lines and histologic data both support the hypothesis
of stress remodeling process owing to excessive bending forces acting on the calcaneal apophysis.
The natural history of calcaneal apophysitis is spontaneous recovery and remodeling of an irregular
apophysis and its normal fusion with the main mass of os calcis. Lokiec and Wientroub150 reported
a case of osteochondritis of the medial plantar apophysis of the calcaneus presenting as medial
plantar heel pain in a 15-year-old basketball player. The lesion was detected radiographically and
by increased focal uptake on bone scan. Conservative treatment resulted in complete pain relief
and normal calcaneal appearance with union of the osteochondral fragment. Treatment is based on
the hypothesis that the etiology of this condition is related to overgrowth. The relative increased
tightness of the gastrosoleus mechanism and weakness of the dorsiflexors, when associated with
repetitive microtraumas, initiate the occurrence of tiny microfractures at the junction of the apo-
physis with the bone.155

Treatment serves exclusively to modify discomfort and restore function and does not influence
the natural history of spontaneous full recovery.146,148 All children are managed with supervised
therapeutic exercises, which include lower extremity flexibility and dorsiflexion strengthening, as
well as the prescription of heel cups or total foot orthotics. Total foot orthotics are prescribed in
children with associated biomechanical abnormalities of the foot or lower extremities, such as
pronation or forefoot supination; heel cups or lifts are used in children with normal alignment and
discontinued when the child becomes asymptomatic.

FIGURE 9.19 Typical roentgenologic findings of Sever disease.
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Foot and Ankle

 

I. PLANTAR FASCIITIS

 

Plantar fasciitis is an overuse injury manifested by pain at the medial tubercle of the calcaneus
and/or along the medial longitudinal arch. It usually develops when repetitive and prolonged stress
is placed on the plantar fascia, which may cause microtears and inflammation in the fascia at or
near its insertion on the calcaneus, i.e., when the activity of mechanical force overbalances the
healing capacity of the tissue. Plantar fasciitis was first described by Wood in 1812, and its
development was erroneously attributed to complications of tuberculosis.

 

20

 

Plantar fasciitis occurs most commonly in runners, especially in long-distance runners, but may
also be seen in basketball players, tennis players, and dancers. In various studies, the incidence of
plantar fasciitis is about 5% of running injuries seen.

 

26,27,45,54,55

 

A. E

 

TIOPATHOGENESIS

 

Originating as a thick, fibrous band of connective tissue attached to the medial tubercle of the
calcaneus, the plantar fascia (Figure 10.1) spreads distally in a fanlike manner.

 

5,18,21,35,40

 

 It forms
three slips (medial, central, and lateral), which proceed toward the toes where they insert on the
base of each of the proximal phalanx of the toes. In histology, fascia and fibroblasts are arranged
in layers and usually classified in the group of differentiated connective tissue.

 

28,55

 

The analysis of biomechanical events taking place in the foot during walking has made it clear
that the role of the plantar fascia is twofold.

 

16,18,27,33

 

 When the foot touches the ground, the plantar
fascia extends because of plantar dorsiflexion at the ankle joint and simultaneous dorsiflexion of
proximal phalanxes of the toes.

 

18,27

 

 By its extension, the plantar fascia stabilizes metatarsal joints,
thus enabling the foot to be prepared for accommodation of the reactive force of the ground (Figure
10.2). The cushioning role of the plantar fascia is called a 

 

mechanical shock absorbing effect.

 

18,27,33

 

At the same time, it is an active load placed on the plantar fascia, as it is caused by contraction
of extensor muscles of the foot (dorsiflexion of the toes). The second role of the plantar fascia is
displayed during the take-off phase. Because of inertia, the body weight is transferred to the anterior
region of the foot, causing the take-off of the heel and extension of the toes. The movement leads
to passive stretching of the fascia, resulting in its lifting the longitudinal foot arch to prepare it
for take-off (Figure 10.3). This function of the fascia is called the 

 

windlass effect.

 

18,23,27,28

 

 The static
qualities of plantar fascia were identified by mechanical analysis.

 

33

 

 A longitudinal 90-kp extension
force load on the plantar fascia in postmortem specimens yielded the value of 4% of the normal
fascial length as the maximum ability of adjustment to stretching without tearing the fascial tissue.

 

33

 

However, 

 

in vivo

 

 studies have shown that the ability of fascia to adjust to stretching is smaller
than in postmortem specimens, i.e., only 1.7% of its normal length.

 

33 

 

Along the lines of these
findings, it has also been observed that the fascia is relatively nonresistant to strong stretching
force, which is probably why during activity of greater mechanical force overuse injury develops
in the plantar fascia.

 

2,14,22

 

The actions of supination and pronation are essential for the normal functioning of the foot.
Different anatomical and functional alterations in the foot may result in excessive pronation. This
causes the normal force of mechanical load acting on the foot to be supported not by basic structures,
i.e., bones and ligaments, but rather by joint capsules and plantar fascia, thus enabling easy damage
of these structures.

 

23,28,35,37,41,54,55
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FIGURE 10.1

 

Plantar aponeurosis.

 

FIGURE 10.2

 

Action of the plantar fascia: active loading of the foot in the pre-stance phase as a shock-
absorbing mechanism.

 

FIGURE 10.3

 

Action of plantar fascia: passive action in late stance phase producing so-called windlass effect.
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Other commonly stated predisposing conditions of plantar fasciitis are a rigid cavus foot, flat
feet, and a tight Achilles tendon.

 

5,13,18,28,35,40,41

 

 The majority of cases of plantar fasciitis are associated
with training errors.

 

26,45

 

 Occasionally, plantar fasciitis signifies an underlying systemic disorder,
e.g., rheumatoid arthritis, systemic lupus erythematosus, gout, psoriatic arthritis, ankylosing
spondylitis, or Reiter’s syndrome.

 

5,13,18,28,32,35,40,50

 

B. C

 

LINICAL

 

 P

 

ICTURE

 

 

 

AND

 

 D

 

IAGNOSTICS

 

The clinical manifestation of plantar fasciitis is painful heel or, more specifically, painful sensation
in the bottom of the heel bone. Various terms and expressions have been used to describe painful
heel syndrome, such as subcalcaneal pain, subcalcaneal heel pain, stone bruise, bone bruise, runner’s
heel, policeman’s heel, heel pain syndrome, medial arch sprain, medial calcaneal neuritis, fat pad
syndrome, heel spurs, calcaneal periostitis, and calcaneodynia.

 

3,8,19,21,33

 

 Different causes of this
clinical syndrome have also been identified, such as entrapment of the medial calcaneal branch of
the posterior tibial nerve or entrapment of the nerve to abductor digiti quinti.

 

18,35

 

 Painful heel
syndrome is also often described as an inflammation of common origin of plantar fascia and smaller
foot muscles or as a consequence of certain systemic diseases. It has been reported that the calcaneal
stress fracture and calcaneal periostitis may easily be mistaken for plantar fasciitis.

 

5,47,56

 

 For these
reasons, it is very important to determine the exact cause of painful heel syndrome (Table 10.1).
The site and quality of pain are essential to differentiate plantar fasciitis from other possible causes
of painful heel syndrome.

The pinpoint, knifelike pain of plantar fasciitis is localized specifically at the medial tubercle
of the calcaneus, i.e., at the site of the medial plantar fascia origin. There are cases when pain
radiates along the medial longitudinal arch of the foot, but swelling occurs quite rarely. Swelling
is usually localized to the area just anterior to the calcaneus (Figure 10.4).

Similar to other overuse injuries, pain is usually of gradual onset. The pain is usually insidious,
with no history of acute trauma. Initially, the symptoms are noticed only with athletic activity. Pain
is present at the beginning of an activity, becomes bearable after a few minutes, and will recur with
increased severity toward the end of the activity. As the condition progresses, pain may be present
with all activities of daily living. Most patients have severe pain in the morning upon getting up,
which disappears after a few dozen steps. The early morning pain is believed to be related to the
plantary flexed position patients assume while in bed. While the Achilles tendon and plantar fascia
are relaxed, a contracture can develop during the night. On awaking, the first steps will then stretch
these tissues.

Even in this age of modern technology, the diagnosis of plantar fasciitis is based mainly on
the medical history and clinical presentation. Physical examination should include musculoskeletal
examination of the lower leg, pulses, neurological examination, and observation of gait and stance.
Examination of the patient’s footwear is essential. On physical examination, the patient feels
tenderness on firm palpation at the medial tubercle of the calcaneus, as well as diffuse tenderness
along the medial longitudinal arch. Passive dorsiflexion of the great toe (with or without simulta-
neous dorsiflexion of the foot) increases the pain because of the stretching of the plantar fascia.

The usual radiographic findings in plantar fasciitis are more or less limited to imaging a bone
spur on the calcaneus, which is more common in patients with plantar fasciitis, although it was
observed in about 15% of patients without symptoms of the disease.

 

3,5,13,39,40

 

 The spur is thought to
be the result, not the cause, of chronic fascial inflammation. The most recent research has shown
that, on 45

 

∞

 

 medial oblique radiographic examination, changes in the cortex and/or trabecular pattern
in 85% of the patients with painful heel syndrome may be seen, whereas, on lateral roentgenograms,
the majority of the images demonstrated thickening of heel fat pad and subfascial area.

 

3,39

 

Bone scan is used to differentiate calcaneal stress fractures from calcaneal periostitis and plantar
fasciitis. In patients with plantar fasciitis, there is an early increase in the flow of blood through
the damaged area of the fascia, but there is no late accumulation of radionuclides in the calcaneus,
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TABLE 10.1
Possible Causes of Calcaneodynia

 

18

 

Inflammatory
Juvenile rheumatoid arthritis
Rheumatoid arthritis
Ankylosing spondylitis
Reiter’s syndrome
Gout

Metabolic
Migratory osteoporosis
Osteomalacia

Degenerative
Osteoarthritis
Atrophy of the heel fat pad

Nerve entrapment
Tarsal tunnel syndrome
Entrapment of the medial calcaneal branch of the posterior tibial nerve
Entrapment of the nerve to abductor digiti quinti

Traumatic
Calcaneal fractures
Calcaneal malunions
Traumatic arthritis
Rupture of the fibrous septae of the fat pad
Puncture of the fat pad

Overuse injuries
Plantar fasciitis
Stenosing tenosynovitis of the flexor digitorum longus and flexor hallucis longus
Calcaneal apophysitis (Sever’s disease)
Subcalcaneal bursitis
Periostitis
Calcaneal stress fractures
Achilles tendinitis and peritendinitis
Haglund’s deformity

 

FIGURE 10.4

 

Sonogram of the sole of the foot showing bursa at the origin of the plantar fascia. C = calcaneus;
B = bursa.
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otherwise a characteristic feature in stress fracture or calcaneal periostitis.

 

5,13,39

 

 Magnetic resonance
(MR) imaging is rarely indicated but may show thickening of the plantar fascial medial column in
chronic cases and can also be used to evaluate other soft-tissue and bony pathology.

 

17,57

 

Plantar fasciitis is usually unilateral, but it is bilateral in up to 15% of patients. The majority
of patients with plantar fasciitis are between 40 and 60 years of age. Distribution among men and
women is equal.

 

14

 

 The history should include the patient’s general medical condition. Obesity in
patients with plantar fasciitis occurs in 40% of men and 90% of women. A higher tendency toward
plantar fasciitis has been observed in those patients who have engaged in activities requiring
maximum plantar flexion with simultaneous metatarsophalangeal dorsiflexion. Thus, plantar fasci-
itis occurs much more frequently in runners and ballet dancers.

 

C. T

 

REATMENT

 

1. Non-Operative Treatment

 

The first line of treatment is always prevention. In the case of plantar fasciitis patient education is
imperative. Patients must understand the etiology of their pain, including the biomechanical factors
that cause their symptoms. They should learn about therapy (stretching exercises) that may relieve
some discomfort and about recommended changes in daily activities, such as wearing appropriate
athletic shoes with a significant medial arch while walking.

Treatment of plantar fasciitis is directed at relieving the inflammatory process of the fascia and
correcting predisposing factors. Initial management should include local application of ice, admin-
istration of nonsteroidal anti-inflammatory drugs, plantar fascia and Achilles stretching exercises,
use of a plantar fascia night splint, othoses, and cessation of athletic activities. A 15- to 20-min
ice massage applied several times daily is recommended for quickly relieving pain. However, it
has been noted that when cryotherapy is applied for a longer period of time, the results are less
satisfactory.

 

27,47

 

It is often advantageous for patients with no contraindication to take nonsteroidal anti-inflam-
matory drugs, which provide pain relief and are useful in decreasing the inflammation. We believe
that steroid injections should be avoided in the initial treatment of plantar fasciitis. We use them
only as supplemental treatment in patients with refractory symptoms after achieving adequate
biomechanical control. During the application of steroid injections, caution is necessary to avoid
possible adverse reactions such that no more than three injections should be given in any one series.
Atrophy of calcaneal fat tissue, affected nerves, or resistance to applied treatment may accompany
repeated application of steroid injection.

 

1,49

 

 Although there have been reports of dramatic improve-
ments in plantar fasciitis by athletes given steroid injections, these are temporary improvements,
which must be accompanied by correction of training errors, running on appropriate surfaces,
orthotic treatment, and flexibility and strength exercises. To provide immediate relief from plantar
fasciitis symptoms, reduced physical activity or even complete rest is often very useful.

Most patients with plantar fasciitis also have tightness of the Achilles tendon; stretching
interrupts a cycle in which two disorders aggravate each other. Patients should be instructed to
stretch plantar fascia, Achilles tendon, gastrocnemius–soleus complex, and foot muscles.

 

6,43

 

Patients should be encouraged to repeat the gentle, sustained stretches at least ten times, five or
six times daily.

The use of the plantar fascia night splint has been effective in decreasing discomfort. It holds
the ankle fixed in 5% of dorsiflexion and the toes slightly dorsiflexed.

 

29,34,52

 

 When the foot is held
in constant neutral position, the inflamed plantar fascia does not shorten during sleep. As a result,
the vicious cycle of nocturnal contracture and early morning stretching of the plantar fascia with
weight bearing is broken. For most patients this orthosis reduces morning pain considerably; Wapner
and Sharkey

 

52

 

 had a 79% cure rate after patients used the splint for an average of 4 months.
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Ultrasound, high-voltage galvanic stimulation, and deep transverse friction massage are also
used with treatment of plantar fasciitis.

 

5,13,39,44 

 

In addition, alternating use of ultrasound and ice or
contrast bath has shown beneficial effects on the course of plantar fasciitis.

Despite its usefulness, quick alleviation of symptoms has only temporary effects in the treatment
of plantar fasciitis unless it is used in combination with orthotic therapy.

 

5,13,39,44

 

 The purpose of
orthotic therapy is to decrease the stretching of plantar fascia caused by excessive and/or prolonged
foot pronation. Because the plantar fascia is stretched during flattening of the foot, we prefer
orthoses designed to maintain the medial longitudinal arch during ambulation. Correction of
biomechanical foot abnormalities may also be achieved by special technique of fixation of the foot
with an adhesive strapping, the so-called low Dye strapping technique.

 

47

 

 In the treatment of plantar
fasciitis, a variety of orthotic devices may be used, such as heel lifts or ready-made arch supports
(rigid, semirigid, and flexible).

 

11

 

2. Surgical Treatment

 

Although there are numerous non-operative therapeutic measures used for the treatment of plantar
fasciitis, a minority of patients do not exhibit satisfactory improvement. Surgical intervention is
recommended when symptoms last longer than 1 year and do not recede in spite of non-operative
treatment measures and complete rest.

It is well documented that open plantar fasciotomy alone, without inferior calcaneal exostectomy,
is an effective surgical approach to this condition.

 

12,20,24,38,42,48,53

 

 The procedure involves division of
the plantar fascia approximately 1 cm distal from its attachment at the medial tuberosity of the
calcaneus. This release has a beneficial effect on the inflammation of plantar fascia, probably because
afterward the fascia assumes the position at which it possesses weaker internal tension and at the
same time the natural healing process of the fascia is stimulated. During an open plantar fasciotomy,
the patient is placed in a fixed ankle cast and is non-weight-bearing for 2 to 3 weeks. Stretching
and exercises are resumed at this point, and sports are resumed 6 to 8 weeks postoperatively.

Recently, techniques have been described whereby the plantar fasciotomy can be performed
endoscopically.

 

4,5,7,15,25,31,46

 

 The endoscopic procedure has been reported to be less traumatic than
traditional open surgery, to allow patients to return to their daily lifestyles earlier and often with
better functional results. Some authorities consider the technique controversial, but a study of 652
endoscopic plantar fasciotomy procedures, performed by 25 different surgeons, reported a success
rate (resolution of chronic plantar fasciitis) as high as 97%.

 

4

 

Alternatives to surgery such as extracorporeal shock wave therapy are still in their infancy, but
show promise.

 

9,10,30,36,51

 

II. ANTERIOR IMPINGEMENT SYNDROME OF THE ANKLE

 

Repeated maximal dorsiflexion of the foot leads to the development of bony growths (osteophytes,
spurs) on the anterior edge of the tibia, the neck of the talus, and occasionally the navicular bone.
This is caused by the repetitive collisions of the anterior edge of the tibia against the neck of the
talus. The newly developed osteophytes incapacitate maximal dorsiflexion of the ankle, and repeated
efforts to perform this movement lead to pain and swelling limited to the anterior side of the ankle,
i.e., anterior impingement syndrome of the ankle.

 

61,85,99,103,109,118,119,120

 

This syndrome is most often encountered in soccer players, especially older soccer players.
For this reason, some authors refer to this syndrome as soccer players’ exostosis on the neck of
the talus (Figure 10.5). In soccer players, the development of this syndrome is linked with, in
addition to the previously mentioned causes, repeated maximal plantar flexion movements of the
foot performed while kicking the ball. The explanation is that during these movements the joint
capsule is subjected to stress localized at its insertion points. The development of osteophytes in
the anterior ankle area is also described in other athletes and, most frequently, in ballet dancers.
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For ballet dancers, limited dorsiflexion reduces the depth obtained while performing the 

 

plié

 

, and
the patient complains of pain, swelling, and localized tenderness during palpation of the area
between the medial malleolus and the tibialis anterior muscle tendon, and between the lateral
malleolus and the extensor digitorum longus muscle tendon.

Symptoms of anterior impingement syndrome of the ankle are anterior ankle pain and limitation
of dorsiflexion. On examination of the ankle, there is localizing tenderness along the anterior ridge
of the tibia. Tenderness is accentuated with dorsiflexion and relieved with plantar flexion. Forced
dorsiflexion is often painful as a result of the catching of synovium or capsular tissue between a
tibial osteophyte and the talus or between tibiotalar osteophytes. The limited dorsiflexion charac-
teristic of this syndrome is often incorrectly attributed to an excessively “tight” Achilles tendon;
this results in the unsuccessful application of stretching exercises, which are generally extremely
painful to the patient.

The size of osteophytes on the anterior tibia and talus can be estimated on lateral radiographs
of the ankle.

 

70,109

 

 But in early stages of the anterior impingement syndrome of the ankle radiographs
are negative. However, bone scan will show increased uptake along the anterior tibial crest. A
computerized tomography (CT) scan may demonstrate osteophyte formation, which is better seen
with the MR imaging technique.

Scranton and McDermott

 

119

 

 developed the following classification system for tibiotalar
osteophytes:

Grade I: Synovial impingement. Radiographs show inflammatory reaction with spurs as
large as 3 mm.

Grade II: Osteochondral reaction exostosis. Anterior tibial spur formation greater than 3 mm
in size, with no talar spur.

Grade III: Severe exostosis with or without fragmentation. Large anterior tibial spur with
or without fragmentation, accompanied by spur formation on the talar neck, often with
fragmentation.

Grade IV: Plantarocrural osteoarthrotic destruction. Radiographs suggest degenerative
osteoarthritic changes medially, laterally, or posteriorly.

The Scranton and McDermott

 

119

 

 classifications can assist in the treatment plan, as well. At
grade I, modification of activities, the use of a heel lift (1 to 2 cm), and the use of nonsteroidal
anti-inflammatory medication may suffice. If symptoms persist, arthroscopic resection of hyper-
plastic reaction would be the treatment option. At grade II, III, or IV patients are unlikely to improve

 

FIGURE 10.5

 

Soccer player’s exostosis on the neck of the talus.
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with non-operative measures, and thus are candidates for arthroscopic resection of the anterior
tibial and talar spurs. The use of arthroscopic technique vs. open technique for anterior impingement
syndrome of the ankle has been shown to reduce the morbidity following surgery and eliminate
the need for hospitalization.

 

72,73,85,103,110,120

 

 Branca et al.

 

61

 

 noted improvement in all four stages of
disease with arthroscopic management, and reported significant improvement in pain, reduced
limitation in day-to-day activities and joint stiffness, and improvement in ankle function as mani-
fested by limping in all four stages. Van Dijk and colleagues

 

66

 

 demonstrated that the degree of
osteoarthritic changes is a better prognostic factor for the outcome of arthroscopic surgery for
anterior ankle impingement than size and location of the spurs.

 

III. POSTERIOR IMPINGEMENT SYNDROME OF THE ANKLE

 

Repeated maximal plantar flexion may lead to posterior impingement syndrome of the ankle by
virtue of the presence of os trigonum or Stieda’s process on the talus.

 

77,89,105

 

 This syndrome can
also be caused by an exceptionally developed posterior process of the calcaneus, by the presence
of an ankle meniscus, or by the thickening of soft tissues resulting from repeated injuries sustained
during maximal plantar flexion of the foot. The posterior aspect of the talus is grooved by the
tendon of flexor hallucis longus, producing the medial and lateral tubercles. The lateral tubercle is
either short or long. If it is long, it is called 

 

Stieda’s process.

 

 Instead of this process, there may be
an ossicle attached to the body of the talus by a fibrous tissue. This accessory ossicle is known as
the os trigonum and is present in 5 to 20% of individuals, appearing unilaterally in two thirds.

 

99,104

 

Because most individuals who have an os trigonum are not aware of its presence, it is acci-
dentally spotted while radiographing the ankle. Nevertheless, os trigonum or Stieda’s process may
cause trouble. During extreme plantar flexion, Stieda’s process is trapped between the calcaneus
and tibia like “a nut in a nutcracker,” limiting extreme plantar flexion (Figure 10.6). Its entrapment
causes compression and irritation of the adjacent synovial and capsular tissue. With repeated
entrapment and irritation, the soft tissue undergoes inflammatory changes and eventually thickens,
preventing already reduced plantar flexion from flexing any further (Figure 10.7). The pain located
on the posterior side of the ankle is caused by trying to force the foot farther down than it can go.
This syndrome, commonly seen in ballet dancers and therefore called 

 

dancer’s heel,

 

 is also
encountered in soccer players, high jumpers, and pole vaulters.

 

82–84,87,90,91,107,108,112,113,117

 

In differential diagnosis, posterior impingement syndrome must be distinguished from other
conditions that can produce similar posterior ankle pain, especially Achilles tendinitis and
peroneal and flexor hallucis longus tendinitis. These conditions are also common in ballet

 

FIGURE 10.6

 

Lateral roentgenogram of the both ankles taken in a plantar flexed position. Note the limitation
in plantar flexion of the right ankle.
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dancers.

 

74,79,82–84,87,91,108,112,113

 

 The symptoms of Achilles tendinitis occur 2 to 6 cm above the insertion
of the tendon into the calcaneus, or in the tendon–bone junction in the case of insertional Achilles
tendinitis or enthesitis. Symptoms and signs of peroneal tendinitis include pain, swelling, and
tenderness in the posterior lateral malleolar area. The most difficult differential diagnosis is to
distinguish the syndrome from flexor hallucis longus tendinitis whose symptoms include pain,
swelling, and tenderness localized in the posterior medial malleolar region; the most significant
finding on physical examination is functional (pseudo) hallux valgus.

 

 

 

In some patients, flexor
hallucis longus tendinitis may coexist with posterior impingement syndrome.

Initial treatment of posterior impingement syndrome of the ankle involves cessation or mod-
eration of activities that provoke entrapment and irritation of the tissue, physical therapy to increase
flexibility of the ankle, and application of nonsteroidal anti-inflammatory drugs. In cases in which
this therapy does not produce the expected results, infiltration of the tender area with corticosteroids
and anesthetics may be performed. In resistant cases, surgical treatment — excision of the os
trigonum along with the surrounding thickened fibrous tissue — is considered.

 

69,77,95,105

 

 If symptoms
of tendinitis of the flexor hallucis longus muscle are also present, tenolysis, which requires opening
of the ankle, is indicated. The results of surgical treatment confirm the opinion held by many authors
that too much time should not be expended on non-operative treatment especially when dealing
with professional dancers and athletes.

 

IV. FLEXOR HALLUCIS LONGUS TENDINITIS

 

Tendinitis of the flexor hallucis longus muscle is a common entity in ballet dancers; therefore, it
is known as dancer’s tendinitis.

 

74,79,80,82–84,87,91,92,96,112–114,121

 

 Dancers, especially ballerinas, are con-
stantly stressing the flexor hallucis longus tendon in 

 

pointe

 

 work, dancing on the tips of their toes
in hyperplantar flexion of the ankle. The main dynamic stabilizing factor of the medial region of
the foot in this position is the flexor hallucis longus muscle. Because of its functional importance,
the flexor hallucis longus muscle has been referred to as the “Achilles tendon of the foot.”

The flexor hallucis longus tendon is formed above the ankle, crosses behind the medial malleolus
traveling through a groove in the talus, and travels under the sustentaculum tali as it passes into
the foot (Figure 10.8). The tendon, encased in the synovial sheath (vagina synovialis), courses

 

FIGURE 10.7

 

Lack of maximal plantar flexion in the right ankle (R) in 

 

pointe 

 

position.
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through the tarsal tunnel as it passes into the foot and then goes along the lower medial side of the
foot to its origin on the base of the distal phalanx of the great toe. Repeated overuse of the foot
may lead to degenerative changes within the tendon, ranging from characteristic inflammatory
changes to formation of a knot, thickening of the tendon, development of cysts in the tendon, and
even partial rupture of the collagen fibers in the tendon (Figure 10.9).

 

86

 

 Thickening of the tendon
usually develops in the lacuna tendinum, below and behind the medial malleolus and, in rare cases,

 

FIGURE 10.8

 

The flexor hallucis longus muscle (arrowhead).

 

FIGURE 10.9

 

Intraoperative finding of partial rupture of the flexor hallucis longus muscle in a long-distance
runner.
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at the exit of the lacuna tendinum. Development of this thickening can lead to stenosing tenosyn-
ovitis of the flexor hallucis longus muscle with a clinical picture resembling trigger finger.

 

96,121

 

Functional hallux rigidus also develops because of the barrier effect of the thickened tendon. This
disables flexion of the great toe during dorsiflexion of the foot until the resistance of the thickened
tendon passing through the lacuna tendinum is overcome, either passively or actively.

Clinical findings include pain and swelling in the medial aspect of the ankle, behind the medial
malleolar region. If the tendon is inflamed, pain and swelling behind the medial malleolus of the
ankle occur. Physical findings include localized tenderness over the course of the flexor hallucis
longus. Palpation of the sheath with active and passive motion of the hallux will painfully reproduce
the patient’s symptoms. If stenosing tenosynovitis develops, the signs and symptoms are more
dramatic. In these cases, during passive movements of the great toe, crepitations are felt in the
same region, and sometimes the trigger finger phenomenon is also felt. Flexion of the great toe
against resistance will produce pain in the area posterior to the medial malleolus. The pain is blunt
and increases in severity during physical activity while disappearing after rest, depending, of course,
on the stage and severity of the tendinitis. In diagnosing this symptom, tenography was frequently
employed in the past, but today ultrasound examination is generally used. Differential diagnostics
include ruling out Achilles tendon overuse syndrome. Posterior impingement syndrome of the ankle,
however, is the most difficult clinical entity to differentiate, especially because both syndromes
may be present.

 

74,91,95,108

 

The basic non-operative treatment for tendinitis of the flexor hallucis longus muscle consists
of cessation or reduction of athletic activities (especially those involving standing on the toes),
physical therapy (stretching exercises), and use of nonsteroidal anti-inflammatory drugs. Dancers
are encouraged to exercise in a pool because this enables them to imitate exercises done on dry
land but with considerably less pressure. Local applications of corticosteroids with anesthetics are
also indicated in some cases. Surgical treatment should remain as the last option and consists of
tenolysis, whereas in cases of stenosing tenosynovitis freeing of the tendon in the tarsal canal is
indicated.

 

74,91,95,108

 

A rarer, more distal form of flexor hallucis longus tenosynovitis occurs at the point where the
flexor hallucis longus tendon passes through its sheath between sesamoids.

 

115

 

 As a second pulley
system, it is prone to trauma, particularly in runners. The sheath becomes chronically or intermit-
tently inflamed and eventually heals with a constricted area, which impairs passage of the tendon.
It often expresses itself as tenderness and swelling in the region of the sesamoids. Frequently, the
patient has difficulty flexing the interphalangeal joint of the great toe while the metatarsophalangeal
joint is stabilized. Non-operative treatment includes rest, nonsteroidal anti-inflammatory drugs, ice,
stretching exercises, and shoe modification including an inflexible shoe to improve push-off. If the
patient fails to respond to this treatment, tenolysis may be required.

 

V. TENDINITIS OF THE COMMON EXTENSOR MUSCLE

 

The tendons of the long and short extensors of the toes and the long extensor of the great toe stretch
along the dorsal side of the foot (Figure 10.10). Excessive pressure from footwear or too tightly
laced shoestrings can lead to overstimulation of these tendons and/or their enveloping synovial
sheaths, resulting in tendinitis or tendovaginitis.

 

63,65,71,76,94,107

 

 In most cases, the symptoms of ten-
dinitis gradually increase; cases of tendinitis resulting from one episode of excessive irritation are
rare. Pain located on the dorsal side of the foot that increases during running is the most common
and indicative sign of tendinitis. Another very characteristic symptom is the appearance of a
localized swelling on the dorsal side of the foot, which can best be noticed by comparing the
affected foot with the other unaffected foot (bilateral tendinitis of the toe extensors of the foot is
rare). Tendinitis of the extensors of the toes is characterized by pain and tenderness felt when
moving the toes. Later stages of the syndrome are characterized by painful limping during running
and, in long-standing cases, by the inability to walk without a limp. Differential diagnosis should
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take into account the possibility of stress fractures of the metatarsal bones of the foot (marching
fracture), which manifest with similar symptoms.

Tendinitis of the toe extensors is treated according to the principles that apply to all overuse
syndromes of the musculoskeletal system. Athletic activities should be stopped for a period of at
least 7 days, nonsteroidal anti-inflammatory drugs and local cryotherapy should be applied (twice
a day for a period of 20 min), and the way that the shoelaces are laced should be corrected. The
shoelaces should be laced in a steplike manner (not criss-crossed), and in some cases, the tongue
of the shoe should be thickened with a sponge or similar substance. In cases where this therapy
does not produce results, local infiltration of corticosteroids and anesthetics is recommended.

 

VI. TENDINITIS OF THE POSTERIOR TIBIAL MUSCLE AND 
POSTERIOR TIBIAL TENOSYNOVITIS

 

The contribution of the posterior tibial muscle to forming the arch of the foot is of paramount
importance. For this reason, the exertion of that muscle during athletic activities in individuals with
flat-foot deformity is considerable. Excessive exertion of this muscle can manifest either by the
appearance of pain in the region of its origin on the posterior side of the tibia (runner’s leg or shin
splints), or by the development of an overuse syndrome that can appear at two locations. If the
pain is in the region of the muscle tendon unit and its insertion on tarsal bones, then it is called
tendinitis of the posterior tibial muscle, whereas if the pain is in the area behind the posterior part
of the medial malleolus, then it is called posterior tibial tenosynovitis.

Tendinitis of the posterior tibial muscle is rare and usually develops in older athletes who
habitually run for long periods of time. The usual symptoms are a gradually increasing pain localized
in the mid-arch region, i.e., in the area of insertion of tendon; difficulty while pushing off with

 

FIGURE 10.10

 

Anterior muscles of the leg.
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running; and a flattened arch. Differential diagnostics includes ruling out stress fractures. Treatment
is conducted according to the principles that apply to treatment of all tendinitis syndromes (rest,
ice, stretching exercises, nonsteroidal anti-inflammatory drugs), with special emphasis on the static
correction of the foot by using semirigid orthosis. In resistant cases, local infiltration of corticos-
teroids and anesthetics often produces good results. Surgical treatment (tenolysis and decompres-
sion) is rarely needed.

 

76,117

 

Posterior tibial tenosynovitis is most commonly seen during athletic activities requiring quick
changes in direction, such as basketball, soccer, tennis, and ice hockey. It is characterized by diffuse
swelling, pain at the medial aspect of the ankle, tenderness over the tendon course, and frequently
there is associated crepitance (Figure 10.11). On physical examination, pain can be elicited over
the medial aspect of the ankle by active inversion of the foot against resistance. Non-operative
treatment consists of rest, ice, nonsteroidal anti-inflammatory drugs, and a medially posted orthosis
to decrease pronation during the weight-bearing phase. In the young athlete with acute inflammation,
immobilization in a non-weight-bearing short leg cast with the foot in slight inversion for several
weeks often relieves symptoms dramatically. In the event of failure of non-operative treatment,
posterior tibial tenosynovitis can be treated by open surgery or by endoscopic procedure 

 

æ

 

 tendon
sheath endoscopy.

 

67

 

VII. DISLOCATION OF THE PERONEAL TENDONS AND 
PERONEAL TENOSYNOVITIS

 

Monteggia first described dislocation of the peroneal tendons in 1803.

 

124

 

 This entity occurs more
frequently than is usually diagnosed. It is more common in younger athletes, particularly those
participating in such sports as skiing, soccer, ice skating, and basketball. The tendons of the long
and short peroneal muscle pass behind the lateral malleolus in a variably deep groove, which,
together with the retinaculum mm. peroneorum proximale et distale, forms a channel (Figure 10.12).
The most common mechanism of injury includes forceful passive dorsiflexion with a violent reflex
contracture of the peroneal tendons; for example, when a skier catches a tip of his or her skis and
falls forward over the ski, these retinaculs can snap (sometimes audibly) and the muscle tendons
can dislocate.

 

62,102

 

 Another common mechanism is inversion of the slightly plantar-flexed foot, as
would occur with a lateral ankle sprain.

 

62

 

 The patient may report a cracking sensation, accompanied
by an intense flash of pain. The patient will usually have been unable to continue the activity and
often be unable to ambulate.

Physical examination reveals swelling and tenderness to palpation localized in the area behind
the lateral malleolus. After several hours, subcutaneous bleeding appears while the pain diffusely

 

FIGURE 10.11

 

Sonogram of the leg showing posterior tibial tenosynovitis (arrow).
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spreads, which often leads to incorrect diagnosis of dislocation of the ankle. In some cases, the
dislocated peroneal tendons can be palpated. In clinical diagnostics, the eversion and dorsiflexion test
for the sole of the foot is helpful (Figure 10.13). In this test, eversion and dorsiflexion of the sole of
the foot against resistance produces pain in the retromalleolar region if dislocation of the peroneal
tendons is present. These symptoms can be mistaken for anterior impingement syndrome of the ankle.

In cases of acute dislocation of the peroneal tendons, surgical treatment is indicated, although
some authors recommend immobilization and refrain from surgery except in cases where repeated
dislocations of the peroneal tendons develop. In those cases of repeated dislocations, the peroneal
tendons are placed retromalleolarly during plantar flexion, while during dorsiflexion, they dislocate.
These repeated dislocations are extremely unpleasant and lead to instability of the ankle. Numerous
procedures have been described in attempts to hold the peroneal tendons within the retrofibular
sulcus.

 

58,64,97,100,101,116,123

 

The mechanical stress on the peroneal tendons as they ride in the retrofibular sulcus may result
in decreased vascularity, inflammation, and degenerative changes. Symptoms and signs of peroneal
tenosynovitis include pain, swelling, and tenderness in the retromalleolar region over the peroneal
tendons. On physical examination pain may be elicited over the lateral aspect of the ankle with
active eversion against resistance. Most authors report good results with non-operative treatment:
decrease in activity, rest, and orthosis. In milder cases, a lateral heel wedge decreases stress on the
peroneal tendons by limiting their excursion. Casting may be necessary in severe acute cases. When
non-operative treatment fails, tenosynovectomy (release and debridement) can be performed, today
even endoscopically 

 

æ

 

 tendon sheath endoscopy.

 

68

 

VIII. SESAMOIDITIS

 

Two small sesamoid bones of the great toe, medial (tibial) and lateral (fibular), are located within
the tendon of the flexor hallucis brevis on the plantar aspect of the foot. The primary functions of
the sesamoids include absorbing the weight-bearing stress on the medial forefoot, increasing the

 

FIGURE 10.12

 

Peroneal group of muscles of the leg.
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mechanical advantage of the flexor hallucis brevis or increasing its lever arm, and protecting the
flexor hallucis longus tendon. Unfortunately, these small but important bones and support structures
are subject to a variety of acute and chronic injuries in the athlete.

The sesamoid bones are formed from multiple ossification centers and nonunion of the centers,
which appear radiographically as bipartite, tripartite, and quadripartite sesamoid bones. Multipartite
sesamoids occur more frequently in females and are often bilateral. Bipartite and multipartite medial
sesamoid occur in 10 to 33% of all feet.

 

93,98

 

 Differentiating between bipartite sesamoid and sesamoid
fracture is a common clinical problem. Fracture is associated with pain localized at the sesamoid,
sharp radiographic margins, and unilateral involvement. A bipartite sesamoid has smooth radio-
graphic margins and is not painful in the absence of injury. Occasionally, because of repetitive
overloading, stress fractures of the sesamoids occur (described in Chapter 12).

 

122

 

The most common sesamoid problem, termed 

 

sesamoiditis,

 

 in athletes is caused by repetitive
stress on the sesamoids

 

.

 

 The problem occurs most frequently in those athletes who require maximum
dorsiflexion of the great toe, but may also be associated with trauma from direct pressure of the
athletic shoe. Athletes at risk include joggers, sprinters, figure skaters, and basketball and football
players.

 

59,75,78,81,88

 

 In ballet dancers, sesamoiditis results when the sole of the foot is in the 

 

releve

 

position, which creates maximal loading of the head of the first metatarsal bone. There is some
suggestion that the development of sesamoiditis is facilitated by a highly arched (cavus), rigid foot.

 

FIGURE 10.13

 

(A) Peroneal dislocation testing (maximal dorsal flexion and eversion of the foot).
(B) Spontaneous peroneal tendon dislocation during walking.
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The most characteristic symptoms are pain and swelling in the ball of the foot. Rolling through
the foot to stand on the toes is painful, as are running and, eventually, walking. In later stages of
the disease, pain appears on the lateral aspect of the foot because the patient walks in inversion in
an attempt to protect the painful first metatarsophalangeal joint. Physical examination reveals
tenderness to palpation over the involved sesamoid. With dorsiflexion of the great toe, the sesamoids
move distally, as does the area of maximal tenderness. Passive dorsiflexion and resisted plantar
flexion of the great toe often increase the pain. Swelling may be present but is often difficult to
note because of the presence of the subcutaneous fat. Ultrasound examination is generally helpful
in determining the potential presence of swelling. Radiological diagnostics and scintigraphy are
also useful (Figure 10.14).

Sesamoiditis is difficult to treat, primarily because it is hard to avoid placing pressure on the
sesamoid bones when walking. To decrease the pressure, we recommend placing a small sponge,
or other soft material (felt, for example, is particularly good), cut out in the shape of a crescent
below the head of the first metatarsal bone. Taping the great toe in neutral or slight plantar flexion
also may relieve pressure on the sesamoids. Occasionally, a stiff-soled shoe will alleviate the pain
with weight bearing. Nonsteroidal anti-inflammatory drugs and physical therapy can also be applied.
Orthopedic implants can correct the biomechanics of the sole of the foot, thus eliminating the cause
of the sesamoiditis.

 

60

 

 In long-standing cases surgical excision can be performed.

 

106,111

 

 However,
because of the concomitant degenerative changes in the cartilage of the head of the first metatarsal
bone, this procedure can be unsuccessful.
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Bursitis

 

Synovial bursae constitute an integral part of the bone–tendon–joint complex. They are particularly
susceptible to injuries and damage in athletes. Direct acute trauma leads to bleeding into the bursal
space, causing acute swelling and pain with limited motion; this is usually called 

 

acute hemorrhagic
bursitis.

 

 Repetitive microtraumas, such as permanently increased friction of tendon over the bursa
or constant outer pressure on bursa (ill-fitting shoes or athletic equipment), can cause chronic
inflammation clinically referred to as 

 

chronic bursitis.

 

 Bursitis may be infected either primarily or
secondarily, and these cases are referred to as 

 

septic bursitis.

 

65

 

 Overuse injuries include chronic
bursitis as well.

 

4,7,16,33,34,47

 

I. ANATOMY

 

Synovial bursae are either small or large closed saclike structures that lie in continuity with, but
not normally in communication with, a joint. They are found between skin and bone (prepatellar
bursa), tendon and tendon (semitendinosus bursa), bone and tendon (deep infrapatellar bursa),
tendon and ligament (between fibular collateral ligament and popliteus tendon), tendon and capsule
(semimembranosus bursa), and also in the subfascial planes noted under the iliotibial tract.

The structure of the mucous sac membranous wall is similar to that of the joint capsule synovial
membrane; it normally secretes a small amount of fluid, which acts as a lubricant, enabling the
two bursal surfaces to glide easily over one another. The basic function of the mucous sacs is to
improve the gliding motion of two adjoining structures by dissipating friction.

More than 150 synovial sacs are found in a human body, and each may show clinical symptoms.
We emphasize only a few, specifically those most commonly affected in athletes. Although the
shoulder area contains eight synovial sacs (Figure 11.1), only the subacromial bursa is of great
clinical significance.

 

1,9

 

 The subacromial bursa is located between the acromion, coracoacromial
ligament, and deltoid muscle on one side, and joint capsule with coracohumeral ligament and rotator
cuff tendons of the shoulder on the other side (Figure 11.2). Several bursae are found in the elbow
region — the olecranon bursa, the radial and ulnar epicondylar bursae, the radiohumeral bursa, the
supinator bursa, and the bicipital radial bursa. Only the olecranon bursa (Figure 11.3) is of practical
clinical significance.

 

10,60

 

 The wrist region is characterized by frequent synovial herniation or syn-
ovial cyst at the volar or dorsal side of the joint. Due to weak membrane of the joint capsule,
usually resulting from long-term and chronic overuse, part of the synovial membrane herniates
under the skin, forming a relatively hard node that may be either large or small in size. The lesion
is known as 

 

ganglion cyst

 

 and is not to be confused with bursitis.

 

58

 

The hip region is known for many synovial sacs. Specific mention should be made of the great
trochanter bursa, the subgluteal, ischiogluteal, and iliopectineal bursae, and the iliopsoas tendon
attachment bursa.

 

11,19,20,28,50,55

 

 The trochanteric bursa is the most important from a practical and
clinical viewpoint (Figure 11.4). A number of synovial sacs are found in the knee region (Figure
11.5): prepatellar bursa, infrapatellar bursa, suprapatellar bursa, semimembranosus bursa, pes anse-
rina bursa, bursa between the fibular collateral ligament and popliteal tendon, bursa between
popliteal tendon and lateral femoral condyle, bursa of the lateral head of the gastrocnemius, bursa
between the fibular collateral ligament and biceps tendon, medial collateral ligament bursa, and
medial head of the gastrocnemius muscle bursa.

 

8,15,23,24,25,48

 

 Some of the bursae communicate with
the joint space (articular cavity). For example, the bursa between the medial head of the
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FIGURE 11.1

 

Bursae in the shoulder region.

 

FIGURE 11.2

 

Sonogram showing ossification in the subacromial bursa. H = humeral head; O = ossification.

 

FIGURE 11.3

 

(A) Olecranon bursa. Native. (B) Olecranon bursa. Sonogram. O = olecranon.
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gastrocnemius and the semimembranosus muscle communicates through the posterior joint capsule
with the knee joint (Figure 11.6). Frequent swelling of the bursa results in the formation of popliteal
cyst (Baker’s cyst).

 

16,51,64

 

Regarding the ankle and the foot, the bursae located in the region of the heel bone and Achilles
tendon attachment are of greater clinical significance, as are those in the region of the metatar-
sophalangeal joint of the big toe. The retrocalcaneal bursa is located between the posterior plane
of the heel bone and the anterior aspect of the Achilles tendon (Figure 11.7), and the superficial
Achilles tendon bursa is located between the posterior aspect of the tendon and the skin.

 

17,27,49

 

 As
a result of long-term pressure on the foot caused by ill-fitting shoes, bursitis may occur in different
sites, while septic bursitis commonly develops in the big toe region.

 

47

 

II. ETIOPATHOGENESIS

 

A direct blow as either in a collision with an athletic competitor or through contact with a hard
surface may cause an acute hemorrhagic bursitis.

 

4,16,33,34,37,47

 

 Direct trauma causes bleeding into the
bursal space, which results in acute swelling, pain, and limited mobility. Bursae may also be injured
by a less violent but constant repetitive stress, usually occurring during athletic or some other work-
related activities.

 

4,16,33,34,47

 

 The repetitive stress in sports may be caused by artificial surfaces, wrestling
mats, and gymnastic floor exercise mats.

 

26,47

 

 However, repetitive joint motion is the most common
cause. The most characteristic example is the development of chronic bursitis of the shoulder joint

 

FIGURE 11.4

 

Bursae in the hip region.

 

FIGURE 11.5

 

(A) Bursae in the knee region. (B) Sonogram demonstrating prepatellar bursitis. P = patella.
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in throwers because of the repetitive swinging motions of their arm.

 

18,47

 

 The initial physiologic
reaction to repetitive stress is vasodilation resulting from the increased blood flow into the injured
area. The bursa becomes warm and sometimes erythematous. Changes take place in the permeability
of the capillary wall, and extracellular fluid and serum protein accumulate in the bursa. These
processes are clinically manifested as swelling. If the condition persists, the bursal wall thickens
and calcium may be deposited, causing the bursal fluid to acquire a consistency similar to toothpaste.

 

38

 

The condition is referred to as 

 

chemical bursitis.

 

 This type of bursitis causes degeneration and
calcification of tendons, very much like calcification of the supraspinatus tendon. The direct cause
of calcification in tendon and bursa has not yet been fully explained. According to Reilly and
Nicholas,

 

47

 

 changes in the collagen structure of the bursa and its neighboring tendons result in
increased affinity for calcium salts, possibly with a local increase in hydrogen ion concentration.

Chronic subacromial bursitis is caused by repetitive motions in sports requiring a significant
amount of overhead throwing-type motions, such as swimming, gymnastics, baseball, tennis, and
weightlifting.

 

18,40,47

 

 Bursitis may precede rotator cuff tendinitis, although in most cases it is a
secondary sign.

 

18

 

 Bursal reaction and swelling result from the need to decrease friction, i.e., an
effort to create a soft cushion in the area of tendinous lesions.

Acute olecranon bursa injuries have often been noted in athletes participating in such sport
activities as football, hockey, handball, and basketball.

 

10,61

 

 Weight lifters and gymnasts often suffer

 

FIGURE 11.6

 

Sonogram of the posterior part of the knee, demonstrating a large Baker’s cyst.

 

FIGURE 11.7

 

Retrocalcaneal bursa.
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from chronic inflammation of this bursa.

 

61

 

 A specific feature of this lesion is the so-called student’s
elbow

 

,

 

 which is marked by inflammation of the olecranon bursa caused by long-term pressure on
the bursa as a result of a characteristic position when studying (leaning on the elbows on a table).

 

47

 

According to the findings of some authors, bursitis in the hip region may develop as a result
of abductor tendinitis, i.e., dancing activities or gymnastics (bursitis of the medial gluteal muscle
and the piriformis muscle).

 

29,46

 

 The best illustration of bursitis resulting from repetitive friction of
an anatomic structure over the bursa is trochanteric bursitis. In cases when the iliotibial band is
excessively tight, during flexion and extension in the hip joint, the friction of the iliotibial band
against the greater trochanter of the femur and the underlying bursa leads to chronic bursitis.

 

42

 

Bursitis in the knee region most commonly develops as a consequence of overuse. Anatomical
malalignment of the lower leg is often mentioned as a predisposing factor to bursitis. For example,
lower leg valgum alignment predisposes to anserine bursitis, while an increased Q-angle predisposes
to the prepatellar and infrapatellar bursitis.

 

23,47

 

Bursitis in the ankle (retrocalcaneal and superficial Achilles tendon bursitis) is common in
runners and walkers.

 

49

 

 Anatomical malalignment of the lower leg, such as tibia vara, equinus or
cavus feet, and tight calf muscles predispose the athlete to the development of these types of bursitis.
The retrocalcaneal bursitis caused by prominence of the posterior superior portion of the calcaneus
(“hatchet” sign) is considered a separate entity. This type of bursitis is usually accompanied by
insertional tendinitis (enthesitis) of the Achilles tendon, commonly referred to as Haglund syndrome
or disease.

 

14,17,47,49,54,62

 

Brown et al. describe malleolar bursitis in figure skaters.

 

5

 

III. CLINICAL PICTURE AND DIAGNOSTICS

 

In trying to identify the cause of pain in athletes and to treat and prevent injuries occurring in sports
or recreation, bursae are rarely taken into account, although their acute or chronic injury may
significantly diminish the abilities of an athlete. Swelling and pain with a limited motion are signs
of acute bursitis. The major symptom of chronic bursitis is dull pain in the bursal region during
certain motions of the joint. Clinical examination reveals pain when pressure is applied either on
the affected bursa or on the pathologically altered tendon that is the underlying cause of bursitis.

Clinical findings greatly depend on the location of bursitis. Subacromial bursitis is characterized
by pain in the position of the arm above the head and in its abduction above the axillary line. The
impingement sign and test are positive in subacromial bursitis.

 

18

 

 Chronic olecranon bursitis causes
no pain; the patient complains of swelling in the elbow region as a major clinical symptom and
difficulty in elbow flexion above 90

 

∞

 

.

 

47 

 

In contrast to chronic olecranon bursitis, trochanteris bursitis
is usually rather painful and often will cause the patient to limp.

 

42,66

 

 Patients complain of inability
to put on their shoes because of severe pain. Clinical examination shows localized tenderness on
the lateral aspect of the great trochanter and antalgic gait. Straight leg raising and quadriceps
stretching elicit pain, as does Ober’s test. Passive range of hip motion is normal but often weakness
is detected in the hip abductors and flexors.

 

29,42,46

 

 In view of its pathology, iliopsoas bursitis might
be better referred to as iliopsoas syndrome.

 

19

 

 Prepatellar bursitis is characterized by gradual swelling
and pain in the anterior aspect of the knee and slightly limited terminal knee flexion.

 

23,37

 

 Beside
antalgic gait, clinical examination also shows quadriceps hypotrophy and tightness of hamstrings.
As opposed to prepatellar bursitis, in the case of intra-articular effusion, pain is present and range
of motion is markedly decreased. Pes anserine bursitis is manifested by tenderness in the antero-
medial aspect of the proximal tibia (just below the joint line).

 

2,12,23,47

 

 The tenderness may also extend
proximally along the pes anserine tendons to the posteromedial corner of the knee. Pes anserine
bursitis has been encountered more often in athletes with tight hamstrings, lower limb valgus
alignment, increased external tibial torsion, and increased femoral anteversion. Semimembranosus
bursitis causes tenderness at the posteromedial corner of the knee. The pain may be elicited by
passive knee extension and resisted active flexion.

 

23

 

 In retrocalcaneal bursitis, the patient usually
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complains of pain in the morning when getting out of bed and when getting out of a chair after a
shorter period of sitting. Swelling prominence is noted on both sides of the Achilles tendon, although
thickened areas or nodes do not appear and cannot be palpated on the tendon itself. Clinical
examination provokes pain by placing the thumb and index fingers in the space behind the tendon
and in front of the talus. Crepitation may also be noticed in this region. No limping is seen during
normal walking, but it may be clearly noticed during running.

 

47,49

 

In addition to clinical findings, radiographic diagnosis is also necessary. Radiographic findings
show that certain osseous alterations may cause bursitis — enlarged prominence of the posterior
superior portion of the calcaneus, changes in the acromion, abnormal iliopsoas tendon motion, and
intratendinous and intrabursal calcifications.

 

55

 

 By introducing noninvasive ultrasonographic diag-
nostic procedures, bursography (the injection of contrast media into the bursal space) is no longer
of prime importance. Ultrasonography has proved to be of great help in the diagnosis of acute and
chronic bursitis.

 

13,31,35,43,56

 

 Diagnostic ultrasound enables evaluation not only of density and amount
of bursal content but also of alterations in bursal walls. Arthroscopy has recently been used more
extensively both for the diagnosis and treatment of some types of bursitis, e.g., subacromial bursitis,
trochanteric bursitis, prepatellar bursitis, olecranon bursitis, and deep infrapatellar bursitis.

 

3,22,39–41,53

 

Computerized tomography (CT) and scintigraphy are also used, although magnetic resonance
imaging (MRI) is the diagnostic method of choice, and on MRI the inflamed bursa is seen as fluid-
filled distended sac with low signal intensity on T1-weighted images and high signal intensity on
T2-weighted images.

 

6,12,30,32,36,44,51,57,59,60

 

 Laboratory analysis of bursal aspirate is performed when-
ever nontraumatic etiology of bursitis is suspected, e.g., when bursitis could be of septic, tubercu-
lous, rheumatoid, or gouty origin.

 

38

 

When diagnosing sports injuries, one should always consider the possibility of bursitis.

 

IV. TREATMENT

 

Non-operative treatment is the method of choice in acute and chronic bursitis; it entails rest,
reduction of the activity that provokes pain, administration of nonsteroidal anti-inflammatory
medication, and aspiration of bursal content with compression dressing. In chronic bursitis, water-
soluble steroid injections are applied directly into the bursa. It has been noted that in chronic bursitis
the mere aspiration of the bursal content is not sufficient, as effusion tends to recur. Physical therapy
of chronic bursitis is based on stretching exercises with the purpose of increasing muscle flexibility,
thus reducing pressure on the bursa and achieving painless motion. Non-operative treatment pro-
cedures depend on the underlying cause and site of bursitis. It has been observed that in chronic
trochanteric bursitis or subacromial bursitis good treatment outcome is achieved by corticosteroid
injections.

 

52

 

 Orthotic foot corrections are essential in the treatment of retrocalcaneal bursitis.

 

29,47

 

The introduction of an angiocatheter into the bursa followed by compressive dressing of the elbow
for 3 days is the procedure proposed for the treatment of chronic olecranon bursitis.

 

10

 

Surgical treatment is indicated when appropriate non-operative treatment fails. Operative treat-
ment entails removing the bursa but only in terms of space decompression (resection of coracoac-
romial ligament or acromioplasty) or in terms of bursectomy (arthroscopic technique is possible
for bursitis of various localizations).

 

39–41,47,53,66

 

 The cause of bursitis should also be removed surgi-
cally — resection of the prominence of the posterior superior portion of the calcaneus or removal
of the tip of the olecranon.

 

14,27,54,62

 

Following operative treatment, progressive physical therapy is always prescribed, consisting
primarily of stretching exercises to achieve and even increase the active range of painless motion.
After that, and depending on the site of bursitis and type of athletic activity, the patient engages
in gradual exercises to strengthen the affected muscles.
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12

 

Stress Fractures

 

Stress fractures, which are classified among overuse injuries of bone, may be defined as partial or
complete bone fracture that results from repeated application of stress of less strength than the
stress required to fracture the bone in a single loading.

 

179

 

Stress fractures usually occur when excessive, repetitive loads on the bone cause imbalance
between bone resorption and bone formation. There are two theories explaining the etiology of
stress fractures. The first states that muscle weakness reduces the capacity for shock absorption and
allows the redistribution of forces to bone, increasing the stress at focal points in the bone.

 

208

 

 The
second theory states that mere muscle pull across a bone produces enough repetitive force to create
a stress fracture.

 

269

 

 Stress fractures have been described in nearly every bone of the human body.
Most commonly, stress fractures occur in the lower extremity, weight-bearing bones, second most
common are pars interarticularis stress fractures of the lumbar spine, and third most common are
stress fractures of bones of the upper extremity, especially those not bearing a static
load.

 

22,36,47,77,101,106,130,144,182,187,188,213,245,274,280

 

 Thus, both theories of stress fracture occurrence might
be correct. The origins of stress fractures are most likely site specific and depend on the bone density
and geometry, the direction of the load, the vascular supply to the bone, the surrounding muscular
attachments, the skeletal alignment, and the type of athletic activity. In addition to mechanical
influences, systemic factors, including nutritional deficiencies, hormonal imbalances, collagen
abnormalities, and metabolic bone disorders, can contribute to the development of stress fractures.

The first clinical description of stress fracture is credited to Breithaupt, a Prussian military
physician. In 1855, he described the clinical picture and symptoms of metatarsal bone stress
fractures in soldiers.

 

43

 

 Since then, fractures at this specific site have been commonly called a 

 

march
fracture

 

 or 

 

Deutschlander fracture

 

. Only about 40 years later, in 1897, radiographic identification
of these injuries was first delineated by Stechow.

 

270

 

The first stress fracture in an athlete was reported in 1934 by Pirker; it was a transverse stress
fracture of the femoral shaft in an 18-year-old athlete involved in skiing, swimming, and handball.

 

50

 

Runner’s fracture, i.e., stress fracture of the distal fibula, was reported for the first time in 1940.

 

73

 

Since that time, more cases of stress fractures in athletes have been reported, and the first large
series of stress fracture in athletes is the work of Devas. In 1975, he published a monograph series
on stress fractures, the first of its kind in the medical literature.

 

78

 

To some extent, stress fractures in athletes may be considered professional injuries or diseases.
As sports become more popular, both as a profession and as recreation, the number of overuse
injuries is increasing as is the number of medical publications discussing the issue. Running, as
an activity per se, or as an essential part of such sports as football, basketball, soccer, handball,
etc., or as part of preparatory training for almost all athletic activities, contributes to the development
of overuse injuries more than any other physical activity.

 

I. AGE, SEX, RACE, AND TYPE OF ACTIVITY

 

Stress fractures are common problems in sports medicine, comprising between 1.1 and 10% of all
athletic injuries; in the population of runners, they account for

 

 

 

15% of all injuries (although the data
may vary from one medical institution to another).

 

22,24,26,47,77,91,101,106,130,144,182,187,188,198,213,245,274,280,290

 

The average age of patients ranges from 19 to 30 years.
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As a result of the present-day tendency to include children and adolescents in top athletic
activities, the number of overuse injuries in pediatric athletes are increasing. Stress fractures in
pediatric athletes are less common than in adults.

 

67,75,214,292

 

 Hulkko and Orava

 

130

 

 surveyed 368
patients with stress fractures and found an incidence of 9% among children younger than 15 years
of age and 32% among those age 16 to 19 years. In addition, the distribution of stress fractures is
somewhat different in pediatric athletes. The tibia is the predominant site of stress fractures in
pediatric athletes, with an incidence of 51%.

 

130

 

 Other sites, in descending order, are the fibula 20%,
pars interarticularis 15%, femur 3%, metatarsal 2%, and the tarsal navicular 2%.

 

130

 

 Epiphyseal
stress fractures have been reported on the humerus, olecranon, distal radius, distal femur, and
proximal tibia, although when compared to apophyseal overuse injuries (Osgood-Schlatter disease,
Sever disease, etc.) they occur much more rarely.

Various studies have found that women have a higher incidence of stress fractures compared
with men. Identical military conditions and physical training have shown that women are 3 to 12
times more often affected by stress fractures than men.

 

46,144,145,227

 

 This increased risk, ranging from
1.5 to 3.5 times, has also been observed in athletic populations.

 

51,106,205,223

 

 The difference may be
due to biomechanical differences between the sexes and the female athletic triad (disordered eating,
amenorrhea, and osteoporosis).

 

8,48,136,205,206,291,305

 

 Multiple studies have demonstrated that stress
fractures occur more commonly in women with amenorrhea or oligomenorrhea than in eumenor-
rheic women.

 

15,25,147,159

 

 Significant sex differences have been noted in the site distribution of stress
fractures. The tibia is the most common site for stress fractures in men and women who participate
in jumping and running sports. However, studies suggest that women develop more metatarsal and
pelvic stress fractures and fewer fibular fractures than men.

In a questionnaire-based study, the prevalence of stress fractures was much lower among black
athletes than among white athletes.

 

15

 

 Military studies have suggested this as well.

 

46,194

 

 These studies
surmised that the lower stress fracture risk in blacks may be related to their higher bone density
or to different biomechanical features that may protect against stress fracture development.

The site and frequency of stress fractures in athletes depend to a large extent on the type of
activity. Evidence shows that certain stress fracture sites are reported more often in some athletes
than in others, e.g., rib stress fracture in golfers and rowers, tarsal navicular stress fracture in
sprinters and high jumpers, etc. (Table 12.1).

 

II. PREDISPOSING FACTORS

A. B

 

IOMECHANICAL

 

 F

 

ACTORS

 

Research evidence shows that certain anatomical deviations on lower extremities, e.g., genus varum,
tibia vara, forefoot varus, flat foot, and cavus foot, by altering the distribution of load, contribute to
the development of stress fracture.

 

103,132,162

 

 Varus alignments are common in athletes with stress
fractures, especially with femoral and tarsal stress fractures. Cavus foot is found more often in athletes
with stress fracture of the metatarsal bones and the femur, and flat foot with excessive pronation
significantly contributes to the development of stress fractures of the tibia, fibula, and tarsal bones.

 

182

 

In a prospective study, incidences of stress fractures were 10% in flat feet,

 

31

 

 3% in feet with average
arches, and 39% in feet with high arches.

 

290

 

 Leg-length discrepancy may also predispose to the
development of stress fracture.

 

96

 

 For example, stress fractures of the femur, tibia, and metatarsal bone
occur more often in longer legs, whereas stress fractures of the fibula are more common in shorter
legs. In addition, the mediolateral width of the tibia is a factor. Giladi et al.

 

102

 

 found that 31% of
military recruits who sustained femoral, tibial, or foot stress fractures possessed narrower mediolateral
tibial widths than those recruits without stress fractures during identical training. Because bone size
throughout the skeleton is proportional, narrow tibial width may provide an indicator of biomechan-
ically weaker skeletal structures that are more likely to sustain a stress injury to bone.
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B. M

 

USCLES

 

The condition and tone of skeletal muscles, i.e., their strength, are directly related to stress fracture.
During a rapid increase of physical activity, muscular tone also increases, resulting in stresses
stronger than those that the bone can withstand and a stress fracture may occur. In contrast, muscular
weakness may predispose to the development of stress fracture by causing an increase or redistri-
bution of stress to bone.

 

178

 

 Clement et al.

 

65

 

 have reported on the triceps surae muscle weakness in
40 to 56% of patients with tibial stress fractures. Fatigued muscles have decreased contractility
and their ability to absorb shock is diminished, causing altered stress distribution and high com-
pression loads and shear stresses. Increased tightness and poor flexibility of muscles and tendons
have also been regarded as major causes of chronic stress conditions. This is precisely why stretching
and strengthening exercises of muscles are essential.

 

C. T

 

RAINING

 

 E

 

RRORS

 

Training errors are the most frequently encountered cause of stress fractures. There is extensive
research evidence showing that training errors cause stress fractures in as many as 22 to 75% of
cases.

 

51,106,130,182,187,188,213,274

 

 They are characterized by “mileage mania” (excessive mileage),
extremely intensive training, or too rapid changes in both the qualitative and quantitative aspects
of training. Studies in military recruits and athletes have revealed that modification of the training
regimen to include rest periods intermittently with periods of strenuous activity significantly
decreases stress fracture risk by providing time for bone microdamage to be repaired and by
decreasing the load applied to bone.

 

260

 

TABLE 12.1
Sports and Activities Commonly Associated with Various Stress 
Fractures Sites

 

36

 

Site of Stress Fracture Sport or Activity

 

Coracoid process of scapula Trapshooting
Humerus Throwing, racket sports
Ulna 

 

æ

 

 olecranon Javelin throwing, pitching
Ulna 

 

æ

 

 shaft Racket sports
Radius Gymnastics
Ribs (I) Basketball, ballet
Ribs (IV–IX) Rowing, golf
Pars interarticularis Gymnastics, dancing, weight lifting, pole vaulting
Sacrum Long-distance and marathon running
Pubic ramus Long-distance and marathon running
Femur 

 

æ

 

 neck Long-distance running, gymnastics
Femur 

 

æ

 

 shaft Long- and middle-distance running, hurdling
Tibia 

 

æ

 

 shaft Running, ballet
Tibia 

 

æ

 

 midshaft Basketball, volleyball, pole vaulting, high jumping
Tibia 

 

æ

 

 medial malleolus Basketball, high and long jumping, sprinting
Fibula Running, gymnastics, figure skating
Tarsal navicular Sprinting, hurdling, basketball, high and long jumping
Metatarsal 

 

æ

 

 general Running, dancing, gymnastics
Metatarsal 

 

æ

 

 second Ballet
Metatarsal 

 

æ

 

 fifth Basketball, soccer, football, throwing (javelin, hammer)
Sesamoid bones of great toe Running, dancing, gymnastics, basketball
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D. S

 

URFACE

 

The type of ground used for running (tartan, asphalt, grass, etc.), i.e., the surface quality of a playing
area (parquet, concrete, asphalt, etc.), is an extremely important contributor to stress fracture.

 

51,182

 

Running on hard surfaces may be associated with an increased risk of stress fractures because of
the mechanical shock introduced to the bone. Assessment of two groups of runners with stress
fractures revealed that 50% had been running on a hard surface.

 

51,174,293

 

 Further, running on an
uneven surface may increase the risk of stress fracture by causing increased muscle fatigue and
redistributing load to bone. Running along the margin of the road, i.e., on a sloped surface, leads
to short–long leg syndrome, which may cause tibial stress fracture.

 

130

 

E. F

 

OOTWEAR

 

Athletic footwear is designed to reduce impact on ground contact and provide stability by controlling
foot and ankle motion. Shoe age has been shown to be a better indicator of shock-absorbing quality
than shoe cost.

 

95,99

 

 Gardner et al.

 

99

 

 have shown that training in shoes older than 6 months increases
the risk for stress fracture. However, running in new shoes can also lead to the development of
stress fractures. No association has been demonstrated between shoe cost and stress fracture risk.
In fact, increased cushioning, which reduces the body’s sensory-feedback mechanism (originating
in the plantar surface of the foot), can lead to injury during running. Robbins and Gouw

 

246

 

 describe
this sensory disturbance as a pseudoneuropathic condition, a term that also relates to other changes
(running on a different surface, using a different tennis racket, trying a different pitch, etc.).

 

III. PREVENTION

 

To prevent stress fractures and other overuse injuries, it is of utmost importance that the athlete,
the coach, and the physician cooperate. It is essential to identify the group at higher risk of stress
fracture, most commonly, athletes with biomechanical irregularities in lower extremities. These
athletes should be kept under constant surveillance and provided with various orthotic devices. In
extreme cases, surgery may be required to correct biomechanical disorders. Female athletes and
their coaches and parents need to be alerted to the adverse effects of eating disorders and hormonal
abnormalities. Identification of female athletes with “female athlete triad” is especially important
so that early intervention may be initiated. Furthermore, athletic and training activities should be
adapted to age and abilities of individual athletes, i.e., maximum load should be achieved gradually.
As well, rest periods should be incorporated with periods of strenuous activity. Athletic requisites
are also very important for the prevention of stress fractures, especially the condition of the running
shoes and quality of playing surface. An important preventive measure also entails stretching and
strengthening exercises, which also diminish stressful forces on the bone.

 

IV. DIAGNOSTICS

 

Similar to other overuse injuries, when attempting to diagnose a stress fracture, it is essential that
the physician keep the possibility of such condition constantly in mind. Thus, clinical diagnosis is
the basic procedure, followed by other diagnostic methods.

 

A. C

 

LINICAL

 

 D

 

IAGNOSIS

 

The main symptom of stress fracture is pain.

 

19,32,33,36,47,50,77,106,158,176,182,187,188,213,216,239,272,274,280

 

 Classi-
cally, the patient describes a history of insidious onset of pain in the area of the fracture that has
its onset during activity but disappears with rest. If the activity is continued, the pain may begin
earlier at an increasing intensity in the course of that activity and persist after the activity. Later
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on, the pain increases so much that the activity must be stopped. Finally, the pain may be present
even at rest despite cessation of the activity.

A comprehensive history should include a review of the exercise or training program, in
particular any recent changes in the type or level of activity, as well as changes in surface, equipment
(especially shoes), and technique. A history of previous similar injury or any other musculoskeletal
injury should be obtained. In addition, the patient’s general health, medications, diet, occupation,
and personal habits should be assessed. A careful menstrual history should be obtained from all
female patients.

The hallmark of stress fracture is localized tenderness to palpation at the fracture site. Point
tenderness may be best provoked over bones that can be easily palpated, such as the metatarsal
bones or fibula. For bones that are deep, such as the pelvis or femoral neck and shaft, pain may
be elicited through gentle range of motion or specific diagnostic tests. Deformity is usually absent
at the fracture site. Physical examination may also show swelling and erythema. As reported in the
literature, point tenderness has been observed in 66 to 88%, local swelling in 25 to 50%, and
limping has been found in 45% of cases with stress fracture.

 

182

 

 Percussion of the affected bone
distal to the fracture site causes pain. Muscle atrophy, weakness, and limited range of motion are
usually not present. If the diagnosis is still in doubt after palpation, applying stress to the area
involved will help to reproduce a patient’s symptoms. Activities such as walking, walking on toes,
or running in place can reproduce a patient’s symptoms in the physician’s office. Passive stretching
can also elicit pain in the affected area. In this case, muscle pull rather than weight bearing induces
stress on the bone.

 

B. R

 

ADIOGRAPHY

 

Standard radiographic imaging may show bone lesions in only 30 to 70% of stress fracture
cases.

 

32,33,36,47,52,77,101,182,213,216,268

 

 It has also been found that the time, from the onset of pain to the
moment when alterations become visible on a standard radiographic film, is 2 weeks to even 3
months, depending on the fracture site. For certain locations, e.g., tarsal bones, femur, or spine, it
is often not possible to identify any changes whatsoever, even if followed up for a longer period
of time.

The first noticeable radiographic signs of stress fracture in cortical bone are a periosteal reaction
(in diaphyseal fractures) and medullar sclerosis and endosteal thickenings (in metaphyseal frac-
tures). Such stress fractures usually affect only one cortex and only later on (2 to 4 weeks following
the onset of symptoms) may be seen as an oblique or transverse fissure. These changes are not so
easily recognized; i.e., they can be identified with greater certainty only on tangential radiographs
or tomograms. Blickenstaff and Morris

 

30

 

 and Hallel et al.

 

114

 

 have classified stress fractures of cortical
bone with regard to radiological findings into the following three groups:

1. Stress fractures in which endosteal or periosteal callus is visible only on one side of the
bone, without an overt fracture line

2. Stress fractures with a fracture line through one cortex or across the bone and in which
a circumferential periosteal reaction is present

3. Stress fractures with displacement, i.e., fractures with dislocation of the segments

The initial changes of cancellous bone stress fractures, known as trabecular fractures, are
characterized by hardly noticeable flakelike patches of new bone that may be seen 10 to 21 days
following the onset of symptoms.

 

52,182

 

 Later, the patches transform into wider cloudlike areas of
mineralized bone, and then an area of focal linear sclerosis oriented perpendicular to trabeculae
appears within the bone; these are among the most characteristic signs of cancellous bone stress
fracture.
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Plain radiographs are necessary in the initial assessment to rule out other causes of localized
bone pain, such as complete fracture, infection, or malignancy. It is important to remember that
stress fractures are dynamic in nature, and the radiographic appearance is also a continuum. However,
despite a negative radiograph, the diagnosis of a stress fracture should be entertained if the prodromal
signs and symptoms and clinical index of suspicion are still high.

 

 32,33,36,47,50,52,77,101,182,213,216,268

 

C. S

 

CINTIGRAPHY

 

Bone scintigraphy is highly sensitive but has low specificity. On account of higher specificity of
radiographic findings, a bone scan is recommended only when radiographic examination seems
negative in spite of reasonable doubt that stress fracture might be present. Triple-phase technetium-
99m diphosphate bone scan is today the gold standard for the diagnosis of stress frac-
ture.

 

7,72,148,157,166,183,233,253,268,307

 

 Bone scan may demonstrate bony changes within 6 to 72 h following
the appearance of initial stress fracture symptoms.

A typical scintigraphic finding of a stress fracture is characterized by an oval or spindle-shaped,
sharply bordered focus of increased uptake that involves one cortex or, occasionally, extension of
the width of the bone (Figure 12.1). In stress fractures, all three phases (the angiogram phase, the
blood-pool phase, and the delayed image phase) of the triple-phase bone scan are posi-
tive.

 

72,148,157,166,183,184,233,253,268,307

 

 Some other overuse soft-tissue injuries would be positive only in
the angiogram and blood-pool phase, thereby differentiating bony pathology and pathology involv-
ing soft tissue from stress fracture.

 

72,148,184,253,268

 

Routine scintigraphy of the pelvis and lower extremities often shows multiple foci of increased
activity that remain silent, i.e., are not manifested either clinically (as pain) or radiographically.

 

183

 

The asymptomatic accumulation of radionuclide, the so-called stress reaction, only indicates remod-
eling of bone caused by physical stress. As scintigraphic findings may remain positive for several
months, clinical and radiographic findings are used as discriminative tools for follow-up of stress
fracture treatment.

Quite a number of scintigraphic classifications of stress fractures have been reported in the
reference literature, the most common is that of Zwas et al.

 

307

 

 identifying four grades:

Grade 1: A small, ill-defined lesion with mildly increased activity in the cortical region
Grade 2: Larger than grade 1; well-defined, elongated lesion with moderately increased

activity in the cortical region

 

FIGURE 12.1

 

Bone scan demonstrating tibial stress fracture (arrowhead).
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Grade 3: A wide fusiform lesion with markedly increased activity in the corticomedullary
region

Grade 4: A wide, extensive lesion with intensely increased activity in the transcorticomed-
ullary region

 

D. C

 

OMPUTERIZED

 

 T

 

OMOGRAPHY

 

Computerized tomography (CT) may be used in conjunction with scintigraphy to fully delineate
the pathological process. CT is very useful for differentiating conditions that may mimic stress
fracture: various malignancies, osteomyelitis with a Brodie’s abscess, etc. CT scans can show stress
fractures that are not apparent on plain radiographs and may also be used to evaluate healing when
plain radiographs do not adequately demonstrate the fracture. They are particularly helpful in
identifying stress fractures of the sacrum, pelvis, and spine, and in proposing treatment of tarsal
navicular stress fracture.

 

34,36,52,153,156

 

 A disadvantage of CT is that, in many circumstances, scanning
is limited to the axial plane, which does not allow views of transversely oriented fractures. An
alternative, helical or spiral CT, can be used to minimize this limitation.

 

E. M

 

AGNETIC

 

 R

 

ESONANCE

 

 I

 

MAGING

 

Magnetic resonance imaging (MRI) is proving useful in identifying stress fractures.

 

9,94,134,157,166,268

 

It is highly sensitive for the diagnosis of stress injury to bone, and usually allows depiction of
abnormalities several weeks before the development of radiographic alterations. Its sensitivity for
detection of bone abnormalities is comparable with that of bone scintigraphy. Besides having higher
specificity than bone scintigraphy in distinguishing bone involvement from soft-tissue injuries, MRI
is helpful in grading the stage of certain stress fractures and, therefore, predicting the time to
recovery. In addition, MRI avoids exposure to ionizing radiation and requires less time to complete
than triple-phase bone scan. Recent advances in MRI availability, including the increasing avail-
ability of relatively low cost, dedicated extremity scanners, likely will expand further the application
of MRI for detection of bone abnormalities, and could challenge conventional radiography as the
primary diagnostic tool used to detect stress injuries to bone (see Chapter 2).

 

F. M

 

ISCELLANEOUS

 

 T

 

ESTS

 

Sonography and thermography have been used to diagnose stress fracture, especially in bones
located near the surface (metatarsal bones or the fibula).

 

107,125,200

 

 Intentions have also been reported
to use therapeutic ultrasound as a diagnostic test. Moss and Mowat

 

200

 

 have found that, when applied
to the fracture site, therapeutic ultrasound causes pain. Further, the test is of questionable reliability
and the researchers recommend additional radiological assessment for definitive diagnosis.

 

V. DIFFERENTIAL DIAGNOSIS

 

The two major reasons for failure to diagnose a stress fracture are neglect to consider it a diagnostic
possibility and acceptance of negative radiography that has been taken prematurely or examines
the region inadequately. The differential diagnosis for stress fractures is extensive and includes
stress reaction, periostitis, muscle strain, infection, neoplasm, bursitis, exertional compartment
syndrome, and nerve entrapment. In children and adolescents, it is of utmost importance to differ-
entiate stress fracture from osteogenic sarcoma and Ewing’s tumor. A follow-up roentgenogram,
repeated after 2 to 3 weeks, usually solves the problem of diagnosis. Differential diagnosis of stress
fracture and overuse injuries of soft tissue cannot be based solely on clinical findings and radio-
logical diagnosis; it also requires scintigraphy, and sometimes even MRI. The differential diagnosis
between shin splints and tibial stress fracture shown by triple-phase bone scan may serve as a very
good example. The fact is that the difference may be noted only at a delayed image of scintigraphic
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examination. The delayed image of a stress fracture is intense, solitary, and focal, whereas in shin
splints, it is less intense, linear, and longitudinal. Another good example is osteoid osteoma. Osteoid
osteoma is commonly mistaken for a stress fracture because it presents with pain and discrete focal
area of increased uptake on bone scintigraphy. Two distinguishing features of osteoid osteoma are
presence of night pain and relief of pain with use of aspirin.

 

VI. TREATMENT

 

The main treatment of stress fractures is rest from the offending athletic activity; a concept known
as “relative rest.”

 

22,32–34,36,47,50,101,106,119,130,182–188,213,216,239,245

 

 There is a group of stress fractures, called
high-risk stress fractures, that requires additional treatment to relative rest. High-risk stress fractures
include those in the femoral neck (tension side), patella, anterior cortex of the tibia, medial
malleolus, talus, tarsal navicular, fifth metatarsal, and great toe sesamoids.

 

32

 

The duration of treatment may vary according to the individual patient, the bone involved, and
the particular sport. Compliance is critical to the success of treatment. In some cases where the
activities of daily living are painful it may be necessary to restrict the patient to non-weight-bearing
activities or partially weight-bearing activities on crutches for a period of time. Exercise is very
important to prevent detraining in affected athletes. General conditioning can be maintained by
exercising other areas of the body, and by partaking in alternative training, such as water running,
swimming, cycling, etc. The alternative activity must not produce pain or tenderness. When athletes
have been free from pain for 2 to 3 weeks and full weight bearing is normal, they may gradually
return to their sport. The athlete must have no bony tenderness at the time of resumption of the
sport. Furthermore, the athlete must be cautioned to resume the sport at a frequency, an intensity,
and a duration well below the level that previously produced symptoms. In general, increasing the
volume or intensity of training no more than 10% per week will avoid recurrence of the stress
fracture. Patients must be sequentially monitored during recovery. If they develop any pain during
athletic participation or tenderness afterward, they should decrease or modify the activity for an
additional 2-week period.

 

34,36

 

In rare instances, surgical treatment may be indicated if there is a high-risk fracture, if the
stress fracture has progressed to a complete fracture, or if the fracture has become an established
nonunion.

 

VII. DISTRIBUTION OF STRESS FRACTURE

A. U

 

PPER

 

 E

 

XTREMITIES

 

1. Scapula

 

Reports of scapula stress fractures in athletes have included a coracoid stress fracture in a trap-
shooter, a scapular body stress fracture in a gymnast, a stress fracture of the superomedial portion
of the scapula in a jogger who had been jogging with weights in his hands, and a stress fracture
of the base of the acromional process in a professional American football player.

 

39,204,258,289,296

 

Stress fracture of the coracoid process has been described in association with trapshooting.

 

39

 

Development of this type of fracture is linked to repeated hitting of a gunstock on the coracoid
process during shooting. Physical examination reveals point tenderness on the coracoid process,
and tenderness along the bicipital groove. Resistance against adduction and anteflexion of the
shoulder increases pain over the coracoid process. The fracture fissure occurs in the mid-third or
on the base of the coracoid process and may best be seen on axillary view radiograph of the
shoulder. Treatment consists of rest with elimination of trapshooting until the patient is asymptom-
atic (4 to 6 weeks), and then gradual resumption of activity.
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2. Clavicle

 

Stress fractures of the clavicle have been reported in a javelin thrower, a collegiate springboard
diver, a baseball player, a female gymnast, and a female lightweight rower.

 

1,3,87,250,295,303

 

 Athletes
presented with insidious onset of pain over the clavicle and local tenderness. The pain was maximal
when the shoulder was abducted above the horizontal plane. Radiographic examination usually
demonstrated periosteal reaction. Rest from the aggravating athletic activities for 8 to 10 weeks is
sufficient for healing.

 

3. Humerus

 

Stress fractures of the humerus may occur in the shaft in adults or through the proximal humeral
epiphysis in skeletally immature athletes.

 

45,49,267

 

 Stress fractures of the humeral shaft have been
reported in baseball pitchers, tennis players, shot-putters, cricket players, and in a javelin thrower,
a bodybuilder, and a weight lifter.

 

6,16,42,124,231,238,242,271

 

 Signs that should alert the physician to the
presence of a humeral shaft stress fracture include deep aching in a region of the mid-humerus
during activity and at rest. If not attended to, these symptoms may progress to an overt fracture.
Physical examination reveals tenderness over the stress fracture and mild pain on manual resistance
testing of shoulder movements, especially on internal rotation and abduction. Although early
radiographs of the humerus are unremarkable, lately radiographs may demonstrate cortical thick-
ening along the mid-third of the medial cortex or a fracture line, which is either transverse or spiral.

Stress fracture of the proximal humeral epiphysis is called Little League shoulder because it
occurs in children and adolescents, especially in baseball throwers, i.e., the pitchers.

 

45,49,242

 

 This
type of fracture is caused by strong rotational forces during the cocking phase and acceleration
phase of pitching. Radiographs demonstrate widening of the lateral portion of the epiphysis on
external rotation anteroposterior (AP) shoulder radiographs. This widening may be associated with
lateral fragmentation, sclerosis, or cystic changes.

Treatment of humeral shaft and proximal humeral epiphysis stress fractures is avoidance of the
precipitating factor, usually throwing or weight lifting. Early diagnosis and proper treatment is of
utmost importance because continued forces may result in a spiral fracture of the humerus or
premature closure of the epiphysis. The recommended treatment involves a minimum of 8-week
(in adults) and 12-week (in adolescents) absence from the aggravating activity, and then gradual
resumption of activity over another 4 weeks.

 

4. Ulna

 

Ulnar stress fractures may be located on either the olecranon or the diaphysis. Olecranon stress
fractures are rare injuries. There seem to be three types of stress fracture of the olecranon: stress
fracture of the growth plate, stress fracture of the tip of the olecranon, and stress fracture that occurs
in the middle third of the olecranon.

 

119,129,175,209,235,275,284,300

 

 Stress fractures of the olecranon growth
plate have been reported in gymnasts.

 

119,175,300

 

 Gymnasts present with a pain and local tenderness.
Radiographs reveal a radiolucency and/or a widening of the epiphyseal plate. Sclerosis of the
fracture margins, persistent radiolucency, and no relief of pain are signs of delayed union or
nonunion. If the diagnosis is made relatively early, there is a reasonable chance that non-operative
treatment will be successful and that the athlete will resume sport in 8 to 12 weeks. In case of
delayed union or nonunion of the fracture, surgical intervention is unavoidable.

Stress fractures of the tip of the olecranon and of the olecranon itself have been reported in
javelin throwers and baseball pitchers.

 

129,209,235,275,284

 

 Nuber and Diment

 

209

 

 emphasize that these
fractures are not the same entity even though they are both seen in throwers. They state that stress
fractures of the tip are more likely to be seen in throwers who present with a painful elbow after
a particularly strong throw, which Warris called “mal-throw.” Authors think that this type of stress
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fracture could be the result of impingement of the olecranon in its fossa and that this was partly
attributable to the hypertrophy that was present in the pitching arm. Throwers with stress fractures
that occur in the middle third of the olecranon, however, are more likely to present with a longer
history of pain that recurs when they resume throwing. Authors think that this type of stress fracture
results from the repeated violent pull of the triceps muscle on the olecranon during the acceleration
phase of the throw. The stress fracture of the tip of the olecranon can be treated non-operatively,
but the treatment of choice is surgical excision of the tip fragment. Surgical intervention enables
the athlete to return to sport at approximately 8 weeks. Surgical treatment is commonly recom-
mended for olecranon mid-third stress fracture (insertion of bone graft or tension band plus two
Kirschner wires), because non-operative treatment requires prolonged immobilization that might
limit range of motion of the elbow.

 

129,209,279

 

Stress fractures of the ulnar diaphysis have been described in softball pitchers, tennis players,
table tennis players, weight lifters, volleyball players, a bowler, a golfer, and a polo
player.

 

20,37,58,63,80,86,93,115,116,160,203,228,241,279,304

 

 All reported cases of these stress fractures in tennis
players concerned the nondominant forearm of tennis players using a double-handed backhand
stroke.

 

37,93,241,304

 

 These observations suggest that this technique is associated with such fractures.
Stress fractures of the ulnar diaphysis are located at the middle third or at the junction of the middle
and distal third of the ulna. Athletes often complain of pain over the ulna shaft both during and
after athletic activity. Physical examination reveals tenderness over the ulna shaft and pain on
resisted wrist movements. If symptoms have been noted for some time, early callus may palpable
along the subcutaneous ulna shaft. Radiographs show either a crack in the cortex or subtle elevation
of the periosteum at the stress fracture site. A bone scan can be used to confirm the diagnosis when
radiographs are unremarkable. Rest from the aggravating athletic activities for 4 to 6 weeks is
sufficient for healing.

 

5. Radius

 

Stress fractures of the radius have been described in gymnasts, a tennis player, a pool player, and
a cyclist.

 

4,54,55,171,222,236,251,252

 

 The most common stress fracture affecting the radius is that of its distal
epiphysis found in gymnasts.

 

4,55,236,251,252

 

 The main symptom is wrist pain, occurring during or after
athletic activity and relieved by rest. Pain is localized mainly to the dorsal aspect of the distal radius
and carpal area, and occasionally it can be localized on the volar-wrist crease and at ulnar styloid.
Clinical findings include painful limitation at the extreme of forced active and passive dorsiflexion
of the wrist. Tenderness is localized mainly to the distal radial epiphyseal area, particularly the
dorsal surface. This stress fracture is characterized by the following radiographic changes: widening
of the growth plate of the distal radial epiphysis, cystic changes, irregularity of the metaphyseal
margin, or haziness of the distal radial epiphysis. Early diagnosis and non-operative management,
consisting of rest from aggravating activities and immobilization, can enable a young gymnast to
return to normal activity without permanent morbidity, such as chronic pain or disproportionate
growth of the radius, or prolonged interruption of his or her training. It should be emphasized that
this stress fracture may require many weeks or even months to heal.

 

6. Carpal Bones

 

Stress fractures of the scaphoid have been reported in gymnasts, a shot-putter, and a canoeist.

 

85,117,185

 

All the activities involve repeated wrist movements, mainly dorsiflexion. The main symptom of
scaphoid stress fracture is pain within the wrist, appearing in the course of the activity and
disappearing during rest, without any history of a wrist trauma. Physical examination usually shows
a restriction of dorsiflexion and tenderness over the scaphoid bone. Radiographic examination
usually demonstrates a transverse fracture fissure of the scaphoid waist with rather sclerotic margins.
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The method of choice in the treatment of this type of stress fracture is immobilization in a thumb-
spica cast that should be worn for a minimum of 10 weeks.

A stress fracture of the scaphoid combined with distal radial epiphysiolysis has been reported
in a 16-year-old badminton player.

 

133

 

 A stress fracture of the hook of the hamate has been described
in a tennis player.

 

111

 

 The patient had complained of gradual onset of pain on the ulnar aspect of
the wrist after altering his grip for serving. Stress fracture of the pisiform bone has been reported
in volleyball players.

 

135

 

 It seems to be caused by repetitive trauma of the bone occurring during
hitting and blocking the ball with the base of their palm.

 

7. Metacarpal Bones

 

Metacarpal stress fractures have been described in tennis players and in a softball player.146,202,216,294

In cases of stress fracture of the second metacarpal bone, tennis players have described an increase
in training volume and intensity as well as an alteration in technique.202,294 The softball player who
presented with a stress fracture of the fifth metacarpal had increased her training intensity and
altered the grip for her curve ball.146 Rest and avoidance of aggravating athletic activities for 4
weeks is sufficient for healing. Attention must be paid to the errors in technique (poor stroke
technique, improper grip) and training overload, which first precipitate the problem.

B. TRUNK

1. Sternum

Stress fractures of the sternum have been reported in a wrestler, a golfer, and a body-
builder.12,110,152,247 All fractures were associated with a recent increase in athletic activity and gradual
onset of the pain over the sternum. Physical examination revealed exquisite tenderness over the
anterior sternum, about 2 cm distal to the sternal angle. Radiographic examination revealed fracture
fissure and bone scan demonstrated a “hot spot” with increased uptake at the pain site. Discontin-
uation of aggravating athletic activities from 6 to 8 weeks is sufficient treatment for the fracture
to heal.

2. Ribs

Stress fractures of the ribs occur most commonly at the first rib or ribs 4 through 9. The most
plausible explanation for rib stress fractures is the repetitive contraction of muscles, which act in
opposing directions on the ribs. Stress fractures of the first rib have been reported in basketball
players, baseball players, weight lifters, ballet dancers, and tennis players.13,82,113,164,193,196,254 Most
stress fractures of the first rib are located in the thinnest and weakest portion of the bone, i.e., at
the groove for the subclavian artery, just posterior to the scalene tubercle. The typical presentation
for stress fracture of the first rib is gradual onset of pain that is aggravated by overhead activity,
deep inspiration, and coughing. The pain is rarely local but more often radiates along the arm,
into the anterior part of the neck, and sometimes even into the sternum and the pectoral region.
Less commonly, patients are seen with acute pain when a stress fracture progresses to a complete
fracture. Physical examination reveals local tenderness over the first rib. The stress fracture is
often visible on an AP chest radiograph, but it can be confirmed by a bone scan. Usually, these
fractures heal uneventfully with a 4-week rest from the aggravating activity. In cases when an
acute fracture develops, there is a risk of delayed union with healing often requiring 6 to 12
months of activity restriction.

Stress fractures of the ribs have been reported in rowers, golfers, paddlers, tennis players,
gymnasts, squash players, and a swimmer.35,59,60,122,149,172,191,217,219,237,278,297 Often the diagnosis of
stress fractures is delayed due to neglect of the symptoms by the patients, and possibly lack of
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awareness of the existence of stress fractures in the ribs by physicians, and possible confusion with
intercostal muscle strains. The symptoms of rib stress fracture are mainly pain associated with
activity. Physical examination often reveals point tenderness of the affected rib. Radiographs,
including oblique views, should be performed and often can confirm diagnosis. If the radiograph
is negative and there is a clinical suspicion, bone scan should be conducted for identifying stress
fracture (Figure 12.2). Stress fractures of the ribs are treated non-operatively, and discontinuation
of the aggravating activity is recommended for 4 to 6 weeks. No cases of delayed union or nonunion
of lower rib stress fractures have been reported.

3. Lumbar Spine

Stress fractures of the lumbar spine occur most often in the pars interarticularis, although they may
also be located in the pedicle or lamina. The most common vertebral level affected is the L5 segment
followed by the L4 and L3 levels.

Stress fracture of the pars interarticularis is one of the most common stress fractures, and is
especially common in sports that involve repeated hyperextension of the lower back, such as
gymnastics, dancing, weight lifting, hockey, pole vaulting, football, basketball, run-
ning.21,61,68,138,169,197,199,277,301 The basic signs of pars interarticularis stress fracture are absence of
periosteal reaction and great possibility of refracturing, i.e., development of spondylolysis and
sometimes even spondylolisthesis. The patients typically present with localized, unilateral low-back
pain. The pain worsens with sports activities, especially extension and hyperextension, and is
relieved by rest. The one-leg lumbar hyperextension test (commonly called the stork test), in which
the patient is asked to hyperextend the back while standing on the ipsilateral leg of the affected
side, usually reproduces the pain. They also often have diminished straight-leg raising secondary
to hamstring spasm. Radiographic assessment should include AP, lateral, and oblique views of the
lumbar spine. On the oblique radiograph the “Scottie dog” sign can be demonstrated with the pars
interarticularis corresponding to the neck of the dog. Images that resemble a collared dog or a dog
with a broken or elongated neck are diagnostic of a stress lesion or fracture through the pars. Many
stress fractures may be too subtle to detect radiographically, and require nuclear imaging. Bone
scanning with single-photon emission tomography (SPECT) has been particularly helpful in delin-
eating stress injury to the pars interarticularis.21 Advanced imaging with CT or MRI may be needed
to ascertain the acuity of the lesion, assist in identifying a particular pars lesion as potentially
symptomatic, and to exclude other spinal pathology that may be present. Early recognition of the

FIGURE 12.2 Bone scan (AP view) demonstrated focal uptake on the left sixth rib in rower (arrowhead).
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fracture and rest from athletic activities together with thoracolumbar orthosis are essential to good
treatment outcome. When the athlete is pain free, he or she may begin a graduated rehabilitation
program emphasizing a spinal stabilization program consisting of abdominal and paraspinal muscle
strengthening.

Other lumbar spine stress fractures that are reported in the literature include a pedicle fracture
in a ballet dancer, and a laminar fracture in a jogger.2,89

4. Sacrum

Stress fractures of the sacrum have been commonly reported in competitive, long-distance, and
marathon runners.11,38,70,84,88,141,177,190,257,262 They are rare but important to recognize because the
symptoms often mimic sciatica, which can lead to delay in diagnosis and treatment. Patients usually
report the insidious onset of low-back and sacral pain that may radiate into the buttocks. On physical
examination pain and tenderness are localized to the sacral region. Because plain radiographic
findings are typically normal, the diagnosis is best made with bone scintigraphy or MRI. If treated
with rest, most of these fractures heal after 6 weeks and the athlete then can gradually return to
full activity.

5. Pelvis

Stress fractures of the pelvis are relatively uncommon. When discussing stress fractures of the
pelvis, it has been noted that they most often occur in the ischial pubic ramus. The fracture is
usually located in the inferior ischiopubic junction between the sites of origin of adductor muscles
and hamstring muscles. It most frequently affects long-distance and marathon runners, as well as
joggers; incidence of this type of stress fracture is also very high in women.121,207,224,282 This fact
may be due to differences in pelvic geometry and gait biomechanics, or due to the female athlete
triad. The leading symptom is pain in the groin, and sometimes in the buttock or thigh. The pain
appears during running and, after a while, becomes so severe that the activity must be discontinued.
On physical examination, deep palpation reveals painful tenderness localized to pubic ramus and
not to overlying soft tissues. Hip range of motion is usually full. Noakes and co-workers207 report
that the “positive standing sign” (frank pain or an inability to stand unsupported on the affected
leg) is highly suggestive if not diagnostic of pubic rami stress fracture. Radiologically, the fracture
is initially manifested as a transverse fissure or small cloudlike callus in the upper border of the
obturator foramen. If, in spite of the pain, the activity is continued, a massive callus will develop
and should not be confused with malignancy. When a pubic rami stress fracture is clinically
suspected, but the radiographs are normal, a bone scan should be performed to confirm the diagnosis.
Once the diagnosis has been made, cessation of running from 10 to 16 weeks is usually adequate
treatment. The patient is free to walk, although in the case of pain and/or limping during normal
walking, crutches should be used in the first few weeks of treatment. A small risk of nonunion or
refracture is present if an adequate rest period is not enforced.

C. LOWER EXTREMITIES

1. Femur

A stress fracture of the femur may be located in the neck, the shaft, and supracondylar and condylar
regions.

The most common stress fracture of the femur is that of its neck, which is most noteworthy
not for its frequency as much as for the resulting complications: delayed union, nonunion, dislo-
cation of fragments, and avascular femoral head necrosis.10,30,76,83,97,98,142,248,265 Because of this the
primary goal of management should be to prevent complications through early diagnosis and careful
treatment. Stress fracture of the femoral neck most often occurs in military recruits during basic
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training and in long-distance runners. However, it has also been reported in basketball players and
gymnasts. The initial and most frequent symptom is anterior groin (inguinal) pain. The pain is
often exacerbated by weight bearing or activity, resulting in an antalgic gait. Night pain is occa-
sionally present. Physical examination reveals pain at the extremes of gentle passive hip motion
and slight limitation of flexion and internal rotation. Bone tenderness is often minimal owing to
the depth of soft tissue overlying the femoral neck. Axial compression or percussion over the greater
trochanter may also elicit pain. An additional test that has been found to be helpful is “hop test”
in which the patient attempts to hop on the injured leg, inevitably reproducing the pain that these
patients experience if an undisplaced stress fracture is present. If physical findings suggest a femoral
neck stress fracture, it should be considered present until proved otherwise. If the diagnosis is
suspected, radiographs may be obtained, keeping in mind that changes (when present) normally
lag behind the onset of symptoms by 2 to 4 weeks. Bone scan or MRI should be performed to
make an early, definitive diagnosis. Compared with bone scan, MRI has a similar sensitivity but
an improved specificity, and is becoming the diagnostic procedure of choice.266

In 1988, Fullerton and Snowdy97 presented a classification of femoral neck stress fractures
based on a combination of biomechanical factors and degree of displacement, as well as position
of the fracture line: (1) fracture on the inferior aspect of the neck æ compression-side fracture,
(2) fracture on the superior aspect of the neck æ tension-side fracture, (3) displaced fracture of
the femoral neck. Their classification also demonstrated the spectrum of changes: stage 1, a normal
radiograph and a positive isotope bone scan; stage 2, endosteal or periosteal callus without a fracture;
stage 3, a cortical crack without displacement; stage 4, a widening of the cortical crack followed
by displacement. In the case of a normal radiograph and a positive bone scan (stage 1) or of sclerosis
without overt fracture line (stage 2), non-operative treatment (absolute bed rest until the pain
resolves) will suffice for both the “compression” and “tension” type of femoral neck stress fracture.
The patient is then advanced from partial to full weight bearing on crutches as symptoms permit.
Once the patient is free of pain, he or she is allowed to progress to a cane and then to unprotected
weight bearing. A progressive walking, then running program is prescribed, and the patient returns
over several months to full activity. If the patient presents with or develops an undisplaced cortical
crack (stage 3) the type of fracture is important in planning the treatment. In the more common
compression-side stress fractures a complete displacement is extremely rare and non-operative
treatment as noted above is appropriate. Tension-side stress fractures have a greater propensity to
become displaced with continued stress than compression-side stress fractures and, therefore,
require more aggressive treatment, i.e., internal fixation. In those fractures that present with any
widening or with defect in both cortices (stage 4), immediate internal fixation is recommended.
Displaced femoral neck stress fracture is an orthopedic emergency. Early, accurate reduction and
internal fixation are essential.

Stress fractures of the femoral shaft are uncommon in athletes and occur most commonly in
the proximal third of the femur.29,31,53,66,81,105,120,143,168,170 They have been reported in the medial
subtrochanteric region (long- and middle-distance runners, hurdlers, basketball players), in the mid-
shaft (long-distance runners, baseball players, football players), and in the distal femoral epiphysis
in adolescents (basketball players, runners). It should be noted that diagnosis is often delayed due
to scarce clinical signs. In the majority of cases, the only symptom is pain located in the groin and
thigh region. There is often no localized tenderness, and a full range of motion in the hip and knee
is usually present. Occasionally, an antalgic gait is present. The “fulcrum test” may aid in making
the diagnosis of femoral shaft stress fractures.143 In the test, the patient is seated on the edge of
the examining table with lower legs dangling. The examiner’s arm is used as a fulcrum under the
thigh and is moved from distal to proximal thigh as gentle pressure is applied to the dorsum of the
knee with the opposite hand. When the arm is placed under the site of the stress fracture, the patient
experiences pain and apprehension. This test may also be useful in assessing the healing response.
Standard radiographs may be totally within normal limits. The diagnosis of femoral shaft stress
fractures can be confirmed by either bone scan or MRI (Figure 12.3). Treatment is usually
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non-operative and entails rest from athletic activity from 8 to 14 weeks. A brief non-weight-bearing
period on crutches (2 to 4 weeks) is appropriate if athletes have difficulty bearing full weight.
Displacement of femoral shaft stress fracture in athletes is uncommon, although it can occur.

2. Patella

The patella is an uncommon location for a stress fracture, and therefore difficulties and delays in
the diagnosis and treatment may occur. The fractures have been reported in young athletes, bas-
ketball players, volleyball players, soccer players, high jumpers, and runners.44,74,137,139,181,221,229,281

The fracture line may be either transverse or longitudinal. The transverse stress fracture is the
consequence of muscular traction stresses, whereas the longitudinal stress fracture results from
forces that compress the patella against the femoral condyle. Treatment of the so-called longitudinal
patellar stress fracture is non-operative, i.e., rest from athletic activities for 8 to 12 weeks. For
nondisplaced transverse patellar stress fracture 4 weeks of non-weight-bearing cast immobilization
in knee extension is indicated. A displaced transverse patellar stress fracture requires surgical
treatment for open reduction and internal fixation. Untreated or misdiagnosed patellar stress frac-
tures may develop into complete fractures during athletic activity.

3. Tibia

The tibia is the most common stress fracture site among athletes.22,47,91,108,119,130,182,198,216,239,290 Tibial
stress fractures may be located on the posteromedial cortex of the diaphysis either at its proximal
or distal (more often) end, on the proximal epiphyseal-metaphyseal area in prepubescent individuals,
and on the anterior cortex of the tibial midshaft. Stress fracture of the medial malleolus also has
been reported.211,220,240,259,261,264

Stress fractures of the tibial shaft on the posteromedial aspect (compression side of the bone)
are most common in sports that include running, such as distance running, soccer, basketball, and
ballet dancing22,47,91,108,119,130,182,198,216,239,290 (Figure 12.4). The main symptom is pain appearing
during activity and disappearing when resting. With time, pain may be present with activities of

FIGURE 12.3 (A) Roentgenogram demonstrating stress fracture in the proximal third of the femoral shaft
(white arrowhead); (B) bone scan of the same patient (black arrowhead).

1428_C12.fm  Page 329  Wednesday, July 2, 2003  8:07 AM



330 Overuse Injuries of the Musculoskeletal System

daily living, or even at night. Physical examination reveals painful tenderness to palpation and
percussion at the fracture site; at a later stage, callus may be palpated. Occasionally, swelling is
present. Radiological diagnosis is possible only 2 to 5 weeks following the appearance of pain,
when callus as well as the fracture line may be seen (usually oblique radiographs are also required).
Bone scan is useful for early diagnosis and helps to differentiate stress fracture from the posterior
tibialis muscle syndrome, tibial periostitis, and external chronic compartment syndrome. Treatment
is rest, in which a non-weight-bearing period on crutches for pain relief is sometimes required,
until the patient is pain free and has no bony tenderness. Most tibial stress fractures heal within
6 to 8 weeks, with an average time to return to full sports of 8 to 12 weeks. Supplemental use of
a pneumatic brace can allow athletes to return to activity sooner than the above-mentioned
traditional treatment.79,276,299

The atypical stress fracture of the anterior cortex of the midshaft of the tibia (tension side of the
bone) occurs almost exclusively in athletes performing repetitive jumping and leaping activities. This
type of stress fracture has been reported in basketball players, runners, pole vaulters, high jumpers,
volleyball players, handball players, figure skaters, and ballet dancers.14,17,28,41,56,109,173,215,218,230,243

These stress fractures require prolonged healing time. It is quite common for these fractures to
develop delayed union or nonunion and they even fracture completely. The main symptom is diffuse,
dull pain in the leg that is intensified by physical activity. Physical examination reveals point
tenderness over the anterior aspect of the midshaft of the tibia. A characteristic radiograph appear-
ance is that of V- or wedge-shaped defect in the middle third of the anterior cortex of the tibia with
or without hypertrophy of this cortex with the open end of the V directed anteriorly (Figure 12.5).
This defect is termed the dreaded black line and may be single or multiple. Callus formation is
generally absent. Initial treatment consists of rest with or without immobilization for a minimum
of 3 to 6 months. If after 3 to 6 months there is no evidence of healing either clinically or
radiologically, surgical management is indicated. The recommended surgical intervention modalities
vary from surgical excision and bone grafting, transverse drilling at the fracture site, to intramed-
ullary tibial nailing.14,56,109,215,218,230 Intramedullary fixation has become the favored approach for
this type of stress fracture.14,56,230

FIGURE 12.4 Stress fracture of the tibia at the proximal metaphyseal-diaphyseal junction (arrowhead).
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Another variety of atypical tibial stress fracture occurs in the medial malleolus. Stress fractures
of the medial malleolus have been reported in athletes participating in running and jumping
activities, i.e., in basketball players, hurdlers, high and long jumpers, sprinters, and gym-
nasts.211,220,240,259,261,264 Patients with medial malleolar stress fractures present with tenderness over
the medial malleolus and an ankle effusion. They usually have pain during athletic activities for
several weeks prior to an acute episode that results in their seeking medical attention. The fracture
line extends vertically or obliquely upward at the junction of the medial malleolus and the tibial
plafond (Figure 12.6). If there are clinical signs and a clinical history and if the fracture line is not
detected on radiographs, a bone scan should be performed to confirm the diagnosis. CT scan and
MRI are also helpful in early detection of medial malleolar stress fracture. Undisplaced stress
fractures of the medial malleolus should be treated with immobilization for a period of 6 weeks;
displaced fractures require open reduction and internal fixation.

Recently, longitudinal stress fractures of the tibia have been reported.64,140,151,232,263 They occur
more commonly in middle-aged to elderly adults, and are not usually associated with strenuous
activity. They often have an atypical presentation and require CT or MRI for definitive diagnosis.
Non-operative treatment is usually sufficient.

4. Fibula

Stress fractures of the fibula occur most commonly in the lower third of the bone, approximately
3 to 8 cm above the tip of the lateral malleolus (Figure 12.7). In sports medicine, it is commonly
called runner’s fracture.73 However, basketball players, figure skaters, volleyball players, football
players, soccer players, gymnasts, and squash players are also known to be affected by this type
of stress fracture.73,186,226 It has been suggested that fibular stress fractures are caused either by a
combination of compression and torsion forces against the lateral malleolus or by the rhythmic
contractions of flexor muscles of the foot. Pain is usually localized along the affected area, and
swelling is often apparent. The pain, which may last from several days to several weeks, is
aggravated by physical activity and relieved by rest. An antalgic gait is also common. Physical

FIGURE 12.5 (A) Lateral roentgenogram demonstrating anterior midshaft stress fracture; (B) bone scan of
the same patient (arrowhead).
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FIGURE 12.6 Roentgenogram of the medial malleolus with stress fracture in basketball player.

FIGURE 12.7 Stress fracture of the fibula.
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examination reveals localized tenderness at the fracture site and pain by pressing the fibula toward
the tibia. Callus is occasionally palpable. Radiological changes are visible only 3 or 4 weeks
following the onset of symptoms. Initially, only an oblique or transverse fissure may be seen on
radiographs but, later, callus appears. A bone scan can be conducted to confirm the diagnosis.
Discontinuation of the athletic activity for 6 weeks is sufficient for the fracture to heal. If the
inciting activity is not stopped, healing may take 3 to 6 months.

Although most stress fractures are in the lower third of the fibula, proximal fibular stress
fractures have also been described.163,167,273 The predominant symptom is diffuse proximal and
lateral leg pain that is often aggravated by physical activity and/or knee range of motion. Radio-
graphs may reveal a transverse or oblique fracture line at the neck of the fibula with periosteal new
bone formation developing during the healing phase. A bone scan is useful in uncertain cases to
confirm the diagnosis. This stress fracture typically heals with a 6-week period of rest.

In the literature, two unusual fibular stress fractures are reported: a stress fracture that was
associated with distal tibiofibular synostosis161 and delayed union of a fibular stress fracture sec-
ondary to rotational malunion of a lateral malleolar fracture.112

5. Tarsal Bones

Recent research on the incidence of stress fractures in athletes shows that the number of tarsal
navicular stress fractures is increasing, as is the number of reports discussing the possibilities and
results of treatment.22,47,91,108,119,130,182,198,216,239,290 Stress fracture of the tarsal navicular bone is most
common in sprinters, hurdlers, basketball players, high and long jumpers, and middle-distance
runners, in other words in explosive athletic activities that involve sprinting, jumping, and hur-
dling.5,34,92,100,108,128,131,153,155,156,255,256,283,285,287  They generally occur as partial or complete fractures
in the sagittal plane, almost always within the central third of the bone. Because of poor vascular-
ization of that part of the bone, the tendency to delay union or nonunion and to refracture is high.
The patient usually complains of a vague pain along the dorsum of the foot, which increases during
jumping (usually the take-off foot is affected) and sudden starts and which persists for a longer
period of time (according to reference literature, the time span between the onset of symptoms and
the diagnosis is rather long, 4.5 months on average). Physical examination reveals point tenderness
over the tarsal navicular bone, especially at the proximal dorsal border, the “N-spot.” Swelling in
that area occurs quite rarely. Two clinical tests are helpful in the diagnosis: (1) tiptoeing on the
affected leg and (2) attempting to jump from this position, which causes severe pain, thus indicating
the probability of the tarsal navicular stress fracture.34 When, after clinical examination, tarsal
navicular stress fracture is suspected a bone scan is required, because radiographs in most cases
do not reveal the fracture. If clinical indication of tarsal navicular stress fracture is confirmed by
a positive bone scan, CT or MRI is required to distinguish stress reaction from stress fracture, and
to provide information on the extent of the lesion (partial or complete fracture) (Figure 12.8). A
navicular stress reaction (a positive bone scan and a negative CT or MRI scan) would be treated
by rest from weight bearing and close observation. Partial tarsal navicular stress fractures should
be treated by immobilization in a short-leg cast with a non-weight-bearing period of 6 to 8 weeks.
Based on the results of our prospective research, we propose an algorithm of non-operative proce-
dures in treatment of partial tarsal navicular stress fracture34 (Figure 12.9). In the case of complete
fracture, displaced fracture, delayed union, nonunion, and refracture, surgery is indicated æ drilling,
bone grafting, or internal fixation by compression screws æ followed by immobilization and
avoidance of weight bearing until union has occurred.

Calcaneal stress fractures are common in military recruits and quite rare among athletes.33,50

Still, the fracture has been reported in joggers, long-distance runners, and ballet dancers. Patients
present with a history of insidious onset of heel pain that is aggravated by running or jumping.
Physical examination reveals tenderness over the medial or lateral aspects of the calcaneus, and
pain with squeezing the posterosuperior calcaneus from both sides simultaneously. Radiographs
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typically demonstrate a sclerotic line that on a lateral image is parallel to the posterior margin of
the calcaneus. A less common location for calcaneal stress fractures is adjacent to the medial
tuberosity. Treatment is rest (6 to 8 weeks), during which a non-weight-bearing period on crutches
for pain relief is sometimes required, until the patient is pain free and has no bony tenderness.
Then a gradual rehabilitation program is recommended, as well as the use of soft heel pads.

Stress fractures of the talus are very rare. Two types of talar stress fracture are reported. The
first is a vertical lateral body fracture near the junction of the body with the lateral process of the
talus, and the second, less common, is a talar neck stress fracture.27,40,201 The fracture should be
confirmed by way of either a bone scan or MRI (CT), because radiographs often fail to reveal the
lesion. The recommended treatment is immobilization in a short-leg cast and avoidance of weight
bearing for 6 to 8 weeks, followed by gradual rehabilitation.

The literature contains few reported cases of tarsal cuboid stress fractures.18,57 They require a
high index of suspicion to avoid misdiagnosis. A bone scan, a CT scan, or MRI is necessary to
confirm the diagnosis. Treatment consists of a short-leg non-weight-bearing cast for 6 to 8 weeks,
followed by gradual rehabilitation.

Very few cases of the stress fractures of the cuneiform bones are reported. A stress fracture of
the lateral cuneiform bone in a basketball player, a stress fracture of the intermediate cuneiform bone
in a triathlete, and a stress fracture of the medial cuneiform bone in a runner are described.69,154,180

6. Metatarsal Bones

Although both physicians and laypersons seem to be best acquainted with stress fractures of the
metatarsal bones, either as stress fractures primarily affecting soldiers or as “march fractures,”

FIGURE 12.8 Navicular tarsal stress fracture. (A) Bone scan; (B) CT scan (arrowhead).
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FIGURE 12.9 Algorithm of non-operative treatment of tarsal navicular stress fracture in athletes.34
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these fractures rank second among athletes; tibial stress fractures are first. In more than 80% of
metatarsal bone stress fractures, the shaft of the second and third metatarsal bone is affected298

(Figure 12.10). Less common locations include the base of the second metatarsal and the base of
the fifth metatarsal bone.

Metatarsal shaft stress fractures are typical in runners, dancers, basketball players, soccer
players, figure skaters, and gymnasts.298 Diagnosis is very simple once the stress fracture is
suspected. Patients complain of forefoot pain that is aggravated by running, jumping, or dancing
activity. Although the pain is not severe at first, it gradually worsens when activity is undertaken.
Physical examination reveals tenderness over the involved bone and sometimes a mass can be
palpated along the shaft of the involved bone, which represents fracture callus. Radiographic
changes may not be evident for at least 2 to 3 weeks following the onset of patients’ symptoms,
but thereafter a subtle fracture line with periosteal reaction may be present. If radiographs do not
confirm that a stress fracture is present, a bone scan can be conducted. Rest from athletic activities
for 4 to 6 weeks and immobilization in a boot cast with a heel for walking (2 to 4 weeks) yield
good results, i.e., complete bone healing. Patients are observed clinically and allowed to commence
a graduated activity program once the symptoms have resolved and there is no local tenderness at
the fracture site.

a. The Base of the Second Metatarsal Bone
Stress fracture of the base of the second metatarsal is described among female ballet dancers.118,192,212

All dancers presented with midfoot pain that was worse en pointe and with jumps. There was no
pain when standing flat. Physical examination revealed tenderness either at the base of the first
web space or on the proximal portion of the second metatarsal. Radiographs and bone scan should
be used to confirm the diagnosis. Rest from dancing for 6 to 8 weeks is sufficient for healing, and
then this type of stress fracture requires 4 to 6 weeks of gradual resumption of full activity.

b. The Base of the Fifth Metatarsal Bone Distal to the Tuberosity
(Jones Fracture)

Stress fractures of the proximal fifth metatarsal distal to the tuberosity, Jones fracture, should be
discussed as a separate entity, especially because it tends toward delayed union, nonunion, and

FIGURE 12.10 Stress fracture of the third metatarsal bone (arrowhead).
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refracture (Figure 12.11). Jones fracture is most common in basketball players, football players,
soccer players, runners, and throwers (javelin, hammer).62,71,90,126,150,195,210,225,234,249,286,306 The main
symptom is pain in the lateral foot region. Physical examination reveals pain on palpation in the
proximal end of the fifth metatarsal (about 1.5 cm distally from the tuberosity). Pain is exacerbated
by inversion of the foot. Based on radiography, Pećina and co-workers225 divide Jones fracture into
three types and, according to the type, suggest treatment. If the radiograph shows an evident narrow
fissure of the cortex and a passable medullar cavity (type 1), immobilization in a short leg cast
with a non-weight-bearing period of 6 to 8 weeks is suggested. When there is a fissure with an
evident sclerosing of its edges (type 2), they suggest the same treatment with the exception of
active athletes, in whose case they suggest surgery. At the time of cast removal, healing of the
fracture should be assessed both clinically and radiologically. It may be sometimes necessary to
immobilize the foot for another period, as long as 4 weeks. Nonunion may occur, and should be
treated surgically. If radiography demonstrates that sclerosing completely obliterates the medullar
cavity (type 3), they suggest that both athletes and nonathletes undergo surgery. Choices for surgical
intervention include corticocancellous bone grafting and intramedullary screw fixation. Currently,
the most popular choice in athletes is intramedullary screw fixation. Review of the literature shows
favorable results in athletes with early return to activity and rare reports of complications.104,165,302

Early results with the use of electrical stimulation are also promising; however, prospective studies
are needed to better define the role of this modality in managing stress fractures of the proximal
fifth metatarsal distal to the tuberosity.23,123

7. Sesamoid Bones

Sesamoid bones of the great toe located within the tendon of the flexor hallucis brevis beneath the
head of the first metatarsal bone may be sites for stress fractures. Stress fractures are thought to
affect the medial sesamoid bone more often. These fractures have been reported in runners,
basketball players, gymnasts, and dancers.127,189,244,288 The main symptom is pain in the region of
the metatarsophalangeal joint of the great toe, characteristically accompanying the activity (e.g.,
running) and disappearing on resting. Physical examination reveals painful tenderness over the
plantar side of the first metatarsophalangeal joint, and mere passive dorsiflexion of the great toe
provokes pain. Radiographs should include weight-bearing AP and lateral views as well as an axial
view centered on the sesamoids. Sesamoid stress fracture is characterized by a specific fissure form,
i.e., a transverse fracture line (or possibly two lines) that has jagged margins and sharp corners,
but the sesamoid bone can sometimes be splintered into several fragments. When stress fracture
of the sesamoid bone is only clinically suspected but not seen on radiographs, a bone scan should
be performed to confirm the diagnosis and radiographs should be repeated in 3 weeks. In differential
diagnosis of the sesamoid bone stress fracture, the following conditions should be taken into
account: congenital variations and anomalies of the sesamoid bones, sesamoiditis, osteochondritis,
nonunion of previous fractures, metatarsalgia, podagra (gout), and arthritis of the first metatar-
sophalangeal joint. Initial treatment of sesamoid bone stress fracture is invariably non-operative.
Treatment consists of a short-leg non-weight-bearing cast that extends to the distal tip of the toe
to prevent dorsiflexion for 6 weeks. As these fractures show a tendency for delayed union, nonunion,
or recurrence, surgery may often be necessary. Partial or complete excision of the sesamoid is
recommended, although bone grafting without excision also provides satisfactory results.
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36. Bojanić, I., Pećina, H.I., and Pećina, M. Prijelomi zamora. Arh. Hig. Rada Toksikol., 2001; 52:

471–482.
37. Bollen, S.R., Robinson, D.G., Crichton, K.J. et al. Stress fractures of the ulna in tennis players

using a double-handed backhand stroke. Am. J. Sports Med., 1993; 21: 751–752.
38. Bottomley, M.B. Sacral stress fracture in a runner. Br. J. Sports Med., 1990; 24: 243–244.
39. Boyer, B.W., Jr. Trapshooter’s shoulder: stress fracture of the coracoid process. Case report. J. Bone

Joint Surg., 1975; 57A: 862.
40. Bradshaw, C., Khan, K., and Brukner, P. Stress fracture of the body of the talus in athletes

demonstrated with computer tomography. Clin. J. Sport Med., 1996; 6: 48–51.
41. Brahms, M.A., Fumich, R.M., and Ippolito, V.D. Atypical stress fracture of the tibia in a professional

athlete. Am. J. Sports Med., 1980; 8: 131–132.
42. Branch, T., Partin, C., Chamberland, P. et al. Spontaneous fractures of the humerus during pitching.

A series of 12 cases. Am. J. Sports Med., 1992; 20: 468–470.
43. Breithaupt, M.B. Zur Pathologie des menschlichen Fusses. Med. Z., 1855; 24: 169–177.
44. Brogle, P.J., Eswar, S., and Denton, J.R. Propagation of a patellar stress fracture in a basketball

player. Am. J. Orthop., 1997; 26: 782–784.
45. Brooks, A.A. Stress fractures of the upper extremity. Clin. Sports Med., 2001; 20: 613–620.
46. Brudvig, T.J.S., Gudger, T.D., and Obermeyer, L. Stress fractures in 295 trainees. A one-year study

of incidence as related to age, sex, and race. Mil. Med., 1983; 148: 666–667.
47. Brukner, P., Bradshaw, C., Khan, K. et al. Stress fractures: a review of 180 cases. Clin. J. Sport

Med., 1996; 6: 85–89.
48. Brukner, P. and Bennell, K. Stress fractures in female athletes. Diagnosis, management and reha-

bilitation. Sports Med., 1997; 24: 419–429.
49. Brukner, P. Stress fractures of the upper limb. Sports Med., 1998; 26: 415–424.
50. Brukner, P., Bennell, K., and Matheson, G.O. Stress Fracture. Carlton, Victoria: Blackwell Science

Asia, 1999.
51. Brunet, M.E., Cook, S.D., Brinker, M.R. et al. A survey of running injuries in 1505 competitive

and recreational runners. J. Sports Med. Phys. Fitness, 1990; 30: 307–315.
52. Buckwalter, J.A. and Brandser, E.A. Stress and insufficiency fractures. Am. Fam. Physician, 1997;

56: 175–182.
53. Butler, J.E., Brown, S.L., and McConnell, B.G. Subtrochanteric stress fractures in runners. Am.

J. Sports Med., 1982; 10: 228–232.
54. Carek, P.J. and Fumich, R.M. Stress fracture of the distal radius. Not just a risk for elite gymnasts.

Phys. Sportsmed., 1992; 20: 115–118.
55. Carter, S.R. and Aldridge, M.J. Stress injury of the distal radial growth plate. J. Bone Joint Surg.,

1988; 70B: 834–836.
56. Chang, P.S. and Harris, R.M. Intramedullary nailing for chronic tibial stress fractures. A review of

five cases. Am. J. Sports Med., 1996; 24: 688–692.
57. Chen, J.B. Cuboid stress fracture. A case report. J. Am. Podiatr. Med. Assoc., 1993; 83: 153–155.
58. Chen, W.-C., Hsu, W.-Y., and Wu, J.-J. Stress fracture of the diaphysis of the ulna. Int. Orthop.,

1991; 15: 197–198.

1428_C12.fm  Page 340  Wednesday, July 2, 2003  8:07 AM



Stress Fractures 341

59. Christiansen, E. and Kanstrup, I.L. Increased risk of stress fractures of the ribs in elite rowers.
Scand. J. Med. Sci. Sports, 1997; 7: 49–52.

60. Christiansen, E. Rib stress fractures in elite rowers. A case series and proposed mechanism. Am.
J. Sports Med., 2000; 28: 435–436.

61. Ciullo, J.V. and Jackson, D.W. Pars interarticularis stress reaction, spondylolysis, and spondylolis-
thesis in gymnasts. Clin. Sports Med., 1985; 4: 95–110.

62. Clapper, M.F., O’Brien, T.J., and Lyons, P.M. Fractures of the fifth metatarsal: analysis of a fracture
registry. Clin. Orthop., 1995; 315: 239–241.

63. Clark, R.J., Sizer, P.S., Jr., and Slauterbeck, J. Stress fracture of the ulna in a male competitive
polo player. Am. J. Sports Med., 2002; 30: 130–132.

64. Clayer, M., Krishnan, J., Lee, W.K. et al. Longitudinal stress fracture of the tibia: two cases. Clin.
Radiol., 1992; 46: 401–404.

65. Clement, D.B., Taunton, J.E., Smart, G.W. et al. A survey of overuse running injuries. Phys.
Sportsmed., 1981; 9: 47–58.

66. Clement, D.B., Ammann, W., Taunton, J.E. et al. Exercise-induced stress injuries to the femur. Int.
J. Sports Med., 1993; 14: 347–352.

67. Coady, C.M. and Micheli, L.J. Stress fractures in the pediatric athlete. Clin. Sports Med., 1997; 16:
225–238.

68. Congeni, J., McCulloch, J., and Swanson, K. Lumbar spondylolysis. A study of natural progression
in athletes. Am. J. Sports Med., 1997; 25: 248–253.

69. Creighton, R., Sonoga, A., and Gordon, G. Stress fracture of the tarsal middle cuneiform bone: a
case report. J. Am. Podiatr. Med. Assoc., 1990; 80: 489–495.

70. Crockett, H.C., Wright, J.M., Madsen, M.W. et al. Sacral stress fracture in an elite college basketball
player after the use of a jumping machine. Am. J. Sports Med., 1999; 27: 526–528.

71. DeLee, J.C., Evans, J.P., and Julian, J. Stress fracture of the fifth metatarsal. Am. J. Sports Med.,
1983; 11: 349–353.

72. Deutsch, A.L., Coel, M.N., and Mink, J.H. Imaging of stress injuries to bone: radiography, scintig-
raphy and MR imaging. Clin. Sports Med., 1997; 16: 275–290.

73. Devas, M.B. and Sweetnam, R. Stress fractures of the fibula. A review of fifty cases in athletes.
J. Bone Joint Surg., 1956; 38B: 818–829.

74. Devas, M.B. Stress fractures of the patella. J. Bone Joint Surg., 1960; 42B: 71–74.
75. Devas, M.B. Stress fractures in children. J. Bone Joint Surg., 1963; 45B: 528–541.
76. Devas, M.B. Stress fractures of the femoral neck. J. Bone Joint Surg., 1965; 47B: 728–738.
77. Devas, M.B. Stress fractures in athletes. Proc. R. Soc. Med., 1969; 62: 933–937.
78. Devas, M.B. Stress Fractures. Edinburgh: Churchill-Livingstone, 1975.
79. Dickson, T.B. and Kichline, P.D. Functional management of stress fractures in female athletes using

a pneumatic leg brace. Am. J. Sports Med., 1987; 15: 86–89.
80. Dufek, P., Ostendorf, V., and Thormahlen, F. Stress fracture of the ulna in a table tennis player.

Sportverletz. Sportschaden, 1999; 13: 62–64.
81. Dugowson, C.E., Drinkwater, B.L., and Clark, J.M. Nontraumatic femur fracture in an oligomen-

orrheic athlete. Med. Sci. Sports Exerc., 1991; 23: 1323–1325.
82. Edwards, T.B. and Murphy, C. Nonunion of a dominant side first rib stress fracture in a baseball

pitcher. Orthopaedics, 2001; 24: 599–600.
83. Egol, K.A., Koval, K.J., Kummer, F. et al. Stress fractures of the femoral neck. Clin. Orthop., 1998;

348: 72–78.
84. Eller, D.J., Katz, D.S., Bergman, A.G. et al. Sacral stress fractures in long-distance runners. Clin.

J. Sport Med., 1997; 7: 222–225.
85. Engel, A. and Feldner-Busztin, H. Bilateral stress fracture of the scaphoid. A case report. Arch.

Orthop. Trauma Surg., 1991; 110: 314–315.
86. Escher, S.A. Ulnar diaphyseal stress fracture in a bowler. Am. J. Sports Med., 1997; 25: 412–413.
87. Fallon, K.E. and Fricker, P.A. Stress fracture of the clavicle in a young female gymnast. Br. J. Sports

Med., 2001; 35: 448–449.
88. Featherstone, T. Magnetic resonance imaging in the diagnosis of sacral stress fracture. Br. J. Sports

Med., 1999; 33: 276–277.

1428_C12.fm  Page 341  Wednesday, July 2, 2003  8:07 AM



342 Overuse Injuries of the Musculoskeletal System

89. Fehlandt, A.F. and Micheli, L.J. Lumbar facet stress fracture in a ballet dancer. Spine, 1993; 18:
2537–2539.

90. Fernandez Fairen, M., Guillen, J., Busto, J.M. et al. Fractures of the fifth metatarsal in basketball
players. Knee Surg. Sports Traumatol. Arthrosc., 1999; 7: 373–377.

91. Fitch, K.D. Stress fractures of the lower limbs in runners. Aust. Fam. Physician, 1984; 13: 511–515.
92. Fitch, K.D., Blackwell, J.B., and Gilmour, W.N. Operation for non-union of stress fracture of the

tarsal navicular. J. Bone Joint Surg., 1989; 71B: 105–110.
93. Fragniere, B., Landry, M., and Siegrist, O. Stress fracture of the ulna in a professional tennis player

using a double-handed backhand stroke. Knee Surg. Sports Traumatol. Arthrosc., 2001; 9: 239–241.
94. Fredericson, M., Bergman, A.G., Hoffman, K.L. et al. Tibial stress reaction in runners: correlation

of clinical symptoms and scintigraphy with a new magnetic resonance imaging grading system. Am.
J. Sports Med., 1995; 23: 472–481.

95. Frey, C. Footwear and stress fractures. Clin. Sports Med., 1997; 16: 249–257.
96. Friberg, O. Leg length asymmetry in stress fractures. J. Sports Med. Phys. Fitness, 1982; 22: 485–488.
97. Fullerton, L.R., Jr. and Snowdy, H.A. Femoral neck stress fractures. Am. J. Sports Med., 1988; 16:

365–377.
98. Fullerton, L.R., Jr. Femoral neck stress fractures. Sports Med., 1990; 9: 192–197.
99. Gardner, L.I., Jr., Dziados, J.E., Jones, B.H. et al. Prevention of lower extremity stress fractures:

a controlled trial of a shock absorbent insole. Am. J. Public Health, 1988; 78: 1563–1567.
100. Georgen, T.G., Venn-Watson, E.A., Rossman, D.J. et al. Tarsal navicular stress fractures in runners.

Am. J. Roentgenol., 1981; 136: 201–203.
101. Geyer, M., Sander-Beuermann, A., Wegner, U. et al. Stressreaktionen und Stressfrakturen beim

Leistungssportler. Ursachen, Diagnostik und Therapie. Unfallchirurg, 1993; 96: 66–74.
102. Giladi, M., Milgrom, C., Simkin, A. et al. Stress fractures and tibial bone width: a risk factor. J. Bone

Joint Surg., 1987; 69B: 326–329.
103. Giladi, M., Milgrom, C., Simkin, A. et al. Stress fractures. Identifiable risk factors. Am. J. Sports

Med., 1991; 19: 647–652.
104. Glasgow, M.T., Naranja, R.J., Jr., Glasgow, S.G. et al. Analysis of failed surgical management of

fractures of the base of the fifth metatarsal distal to the tuberosity: the Jones fracture. Foot Ankle,
1996; 17: 449–457.

105. Godshall, R.W., Hansen, C.A., and Rising, D.C. Stress fractures through the distal femoral epiphysis.
Am. J. Sports Med., 1981; 9: 114–116.

106. Goldberg, B. and Pecora, C. Stress fractures. A risk of increased training in freshmen. Phys.
Sportsmed., 1994; 22: 68–78.

107. Goodman, P.H., Heaslet, M.W., Pagliano, J.W. et al. Stress fracture diagnosis by computer-assisted
thermography. Phys. Sportsmed., 1985; 13: 114–132.

108. Graff, K.H., Krahl, H., and Kirschberger, R. Stressfrakturen des Os Naviculare Pedis. Z. Orthop.,
1986; 124: 228–237.

109. Green, N.E., Rogers, R.A., and Lipscomb, A.B. Nonunions of stress fractures of the tibia. Am.
J. Sports Med., 1985; 13: 171–176.

110. Gregory, P.L., Biswas, A.C., and Batt, M.E. Musculoskeletal problem of the chest wall in athletes.
Sports Med., 2002; 32: 235–250.

111. Guha, A.R. and Marynissen, H. Stress fracture of the hook of the hamate. Br. J. Sports Med., 2002;
36: 224–225.

112. Guille, J.T., Lipton, G.E., Bowen, J.R., and Uthaman, U. Delayed union following stress fracture
of the distal fibula secondary to rotational malunion of lateral malleolar fracture. Am. J. Orthop., 1997;
26: 442–445.

113. Gurtler, R., Pavlov, H., and Torg, J.S. Stress fracture of the ipsilateral first rib in a pitcher. Am.
J. Sports Med., 1985; 13: 277–279.

114. Hallel, T., Amit, S., and Segal, D. Fatigue fractures of tibial and femoral shaft in soldiers. Clin.
Orthop., 1976; 118: 35–43.

115. Hamilton, B.H., Colsen, E., and Brukner, P. Stress fracture of the ulna in a baseball pitcher. Clin.
J. Sport Med., 1999; 9: 231–234.

116. Hamilton, H.K. Stress fracture of the diaphysis of the ulna in a body builder. Am. J. Sports Med.,
1984; 12: 405–406.

1428_C12.fm  Page 342  Wednesday, July 2, 2003  8:07 AM



Stress Fractures 343

117. Hanks, G.A., Kalenak, A., Bowman, L.S. et al. Stress fractures of the carpal scaphoid. A report of
four cases. J. Bone Joint Surg., 1989; 71A: 938–941.

118. Harrington, T., Crichton, K.J., and Anderson, I.F. Overuse ballet injury of the base of second
metatarsal. A diagnostic problem. Am. J. Sports Med., 1993; 21: 591–598.

119. Hershman, E.B. and Mailly, T. Stress fractures. Clin. Sports Med., 1990; 9: 183–214.
120. Hershman, E.B., Lombardo, J., and Bergfeld, J.A. Femoral shaft stress fractures in athletes. Clin.

Sports Med., 1990; 9: 111–119.
121. Hill, P.F., Chatterji, S., Chambers, D. et al. Stress fracture of the pubic ramus in female recruits.

J. Bone Joint Surg., 1996; 78B: 383–386.
122. Holden, D.L. and Jackson, D.W. Stress fracture of the ribs in female rowers. Am. J. Sports Med.,

1985; 13: 342–348.
123. Holmes, G.B., Jr. Treatment of delayed unions and nonunions of the proximal fifth metatarsal with

pulsed electromagnetic fields. Foot Ankle, 1994; 15: 552–556.
124. Horwitz, B.R. and DiStefano, V. Stress fracture of the humerus in a weight lifter. Orthopaedics,

1995; 18: 185–187.
125. Howard, C.B., Lieberman, N., Mozes, G. et al. Stress fracture detected sonographically. Am.

J. Roentgenol., 1992; 159: 1350–1351.
126. Hulkko, A., Orava, S., and Nikula, P. Stress fracture of the fifth metatarsal in athletes. Ann. Chir.

Gynaecol., 1985; 74: 233–238.
127. Hulkko, A., Orava, S., Pellinen, P. et al. Stress fractures of the sesamoid bones of the first metatar-

sophalangeal joint in athletes. Arch. Orthop. Trauma. Surg., 1985; 104: 113–117.
128. Hullko, A., Orava, S., Peltokallio, P. et al. Stress fracture of the navicular bone. Nine cases in

athletes. Acta Orthop. Scand., 1985; 56: 503–505.
129. Hulkko, A., Orava, S., and Nikula, P. Stress fractures of the olecranon in javelin throwers. Int.

J. Sports Med., 1986; 7: 210–213.
130. Hulkko, A. and Orava, S. Stress fractures in athletes. Int. J. Sports Med., 1987; 8: 221–226.
131. Hunter, L.Y. Stress fractures of the tarsal navicular. More frequent than we realize? Am. J. Sports

Med., 1981; 9: 217–219.
132. Ilahi, O.A. and Kohl, H.W., III. Lower extremity morphology and alignment and risk of overuse

injuries. Clin. J. Sport Med., 1998; 8: 38–42.
133. Inagaki, H. and Inoue, G. Stress fracture of the scaphoid combined with distal radial epiphysiolysis.

Br. J. Sports Med., 1997; 31: 256–257.
134. Ishibashi, Y., Okamura, Y., Otsuka, H. et al. Comparison of scintigraphy and magnetic resonance

imaging for stress injuries of bone. Clin. J. Sport Med., 2002; 12: 79–84.
135. Israeli, A., Engel, J., and Ganel, A. Possible fatigue fracture of the pisiform bone in volleyball

players. Int. J. Sports Med., 1982; 3: 56–57.
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Nerve Entrapment
Syndromes

 

Long-term repetitive microtrauma can lead to nerve entrapment syndromes, which is the reason
they are included among overuse injuries. Contemporary medical literature includes numerous
reports on various nerve entrapment syndromes. Acute trauma and especially long-term repetitive
microtrauma have been indicated as possible instigating agents.

 

12,14,30,40,71,72,110,134,135,144

 

 Certain sports
or physical activities that have been mentioned lead to specific nerve entrapment syndromes, e.g.,
cyclist’s palsy and bowler’s thumb. Nerve entrapment syndromes in athletes are not as rare as they
were once considered to be. It is also evident that when athletes have pain, the possibility of nerve
entrapment syndromes must always be considered. Diagnosis relies on a detailed history and
physical examination with modern diagnostic equipment. In most cases, non-operative treatment
is sufficient, and surgery is therefore seldom recommended. The purpose of this chapter is to present
currently available information about nerve entrapment syndromes in athletes.

 

I. UPPER LIMB

A. S

 

PINAL

 

 A

 

CCESSORY

 

 N

 

ERVE

 

The spinal accessory nerve is the cranial nerve most susceptible to injury (Figure 13.1). The clinical
picture is primarily characterized by loss of power of trapezius muscle and difficulty in lifting the
arm. During sports, the spinal accessory nerve may be injured by blunt stretching trauma.

 

80

 

 Stretch
injuries can also be caused by lifting heavy objects, or by vigorous training programs that include
floor pushups.

 

88

 

 The nerve may be damaged by a direct blow, for example, with a hockey stick or
as a result of direct contact between athletes. Another mechanism that has been described is
depression of the shoulder with the head forced in the opposite direction.

 

80

 

 Such an injury occurs
most commonly in wrestling, the result of a cross-face maneuver.

 

B. T

 

HORACIC

 

 O

 

UTLET

 

 S

 

YNDROME

 

The syndrome of upper limb comprising pain, paresthesias, vascular insufficiency, and motor
dysfunction secondary to compression of the brachial plexus, subclavian artery, or subclavian vein
before their division and separation bears the name 

 

thoracic outlet syndrome.

 

 Thoracic outlet
syndrome has been described in the athletic population, especially with regard to certain sports
such as swimming and other activities that require swing motion of the arm (i.e., throwing).

 

67,68,76,140

 

Compression in the outlet may occur at any one of three levels: (1) interscalene triangle, (2)
costoclavicular space, and (3) pectoralis minor muscle insertion on the coracoid process. Abnormal
structural variations (cervical rib, fibrous band, “abnormal” scalene muscle development) may
compress or cause friction of the plexus or vessels at the level of the interscalene triangle. Com-
pression of neurovascular structures through the costoclavicular space is usually caused by dynamic
changes, especially in shoulder girdle mechanics, i.e., functional anatomy of the shoulder girdle.

 

116

 

The coracoid process and pectoralis minor muscle insertion act as a fulcrum over which the
neurovascular structures change direction when the arm is elevated. This site has been implicated
as a source of neurovascular compression among athletes who repetitively hyperabduct the arm,
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i.e., swimmers, tennis players, and pitchers. In swimmers, neurovascular compression in this area
may develop as a result of the pectoralis minor muscle hypertrophy.

 

66

 

Different patterns of clinical presentations are seen depending on where and which neurovas-
cular structures are compressed. The majority of patients’ symptoms are created by neurological
compression.

 

67

 

 Typical symptoms are pain, numbness, or paresthesias. Sensory loss and muscle
atrophy are rare but can occur. Vascular symptoms of thoracic outlet syndrome are quite rare.
Venous obstruction may cause arm edema, cyanotic discoloration, and venous collateralization
across the shoulder and chest wall, whereas arterial obstruction produces symptoms of coolness,
numbness, ischemic pain, and external fatigue. A very common symptom pattern in thoracic outlet
syndrome is that of “mixed involvement.” In the mixed symptom pattern, patients have symptoms
of both upper and lower trunk compression, along with variable degrees of vascular insufficiency.
Thoracic outlet syndrome remains a clinical diagnosis, based almost entirely on the history and
physical examination.

 

67

 

 Therefore, thoracic outlet syndrome should be a diagnosis of exclusion.
Initial treatment should be non-operative, including rest from athletic activities.

 

67,76,110

 

 Surgical
treatment is indicated in patients with significant neurological or vascular involvement that does
not respond to non-operative treatment.

 

 67,76,110

 

C. B

 

RACHIAL

 

 P

 

LEXUS

 

Compression of the brachial plexus may arise from both intrinsic and extrinsic factors. Both of
these mechanisms may occur in association with athletic activity. The most common external agent
creating compression of the brachial plexus is a knapsack.

 

53,75,150

 

 In Hirasawa and Sakakida’s
series,

 

53

 

 most of the observed brachial plexus lesions were described as 

 

backpack paralysis.

 

 Brachial
plexus compression results when large, heavy backpacks are carried for long periods. The axillary
straps create a compression force around the plexus with the clavicle as a firm strut against which
compression can occur. The shoulder girdle is pulled posteriorly by the heavy pack, adding a
component of traction. Treatment of backpack paralysis consists of avoidance of mechanisms
thought to have caused it and participation in physical therapy. Physical therapy restores the patient’s
strength, allowing complete recovery.

 

FIGURE 13.1

 

The spinal accessory nerve may be compressed at multiple sites along its course from the base
of the skull along the lateral side of the neck to its endings in the region of the trapezius muscle. (1) trapezius
muscle; (2) spinal accessory nerve; (3) internal jugular vein; (4) sternocleidomastoideus muscle.
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D. L

 

ONG

 

 T

 

HORACIC

 

 N

 

ERVE

 

Long thoracic nerve entrapment (Figure 13.2) has been described in a wide variety of sports,
including tennis, golf, cycling, gymnastics, soccer, bowling, weight lifting, basketball, and foot-
ball.

 

49,81,105,133,151

 

 Clinical features may include pain around the shoulder girdle, decreased active
shoulder motion, and a winged scapula (Figure 13.3). Electromyography and nerve conduction
studies can be used to exclude other causes of scapular winging and confirm the diagnosis. Treatment
involves physical therapy and cessation of the instigating activity. Prognosis is quite favorable, but
recovery could take as long as 2 years.

 

49,81,133,151

 

E. A

 

XILLARY

 

 N

 

ERVE

 

Entrapment of the axillary nerve in the quadrilateral space is rare in athletes,

 

5

 

 but has been described
in baseball pitchers.

 

121

 

 Paladini et al.

 

106

 

 described two cases of isolated neuropathy, not consequent
to acute trauma, of the axillary nerve of young volleyball players. The lesion site is thought to be
in the quadrilateral space. The quadrilateral space syndrome also has been seen in tennis players.

 

78

 

F. S

 

UPRASCAPULAR

 

 N

 

ERVE

 

Suprascapular nerve entrapment is an infrequently observed disorder and is often misdiagnosed.
The manner of presentation of this syndrome depends on the anatomical site of compression.
Entrapment usually occurs at the suprascapular notch (Figure 13.4). Patients, mostly throwing
athletes, suffer from poorly localized shoulder pain, intact sensation, weakness of external rotation
and abduction, and atrophy of the supraspinatus and infraspinatus muscle.

 

56,64,79,94,115,126,145

 

 Occa-
sionally, entrapment occurs distally, at the spinoglenoid notch. Patients may be asymptomatic or
may describe mild pain and weakness of the shoulder because of denervation of the infraspina-
tus.

 

13,19,28,39,44,46,98,146

 

 Ferretti et al.

 

39

 

 found 12 top-level volleyball players with an isolated asymp-
tomatic paralysis of the infraspinatus muscle. Sandow and Ilić

 

130

 

describe the suprascapular nerve
rotator cuff compression syndrome in volleyball players. Ganzhorn et al.

 

44

 

 describe the case of a
weight lifter who noted wasting in the region of the dorsal scapula while posing in the mirror. Zeiss
et al.

 

156

 

 and Zuckerman et al.

 

159

 

 also describe suprascapular entrapment neuropathy in weight lifters.
We present a weight lifter with suprascapular nerve syndrome, lateral axillary hiatus syndrome and
syndrome of the musculocutaneous nerve in the shoulder region in Figure 13.5. When the entrap-
ment is localized at the suprascapular or spinoglenoid notch, restraint from athletic activities,

 

FIGURE 13.2

 

The long thoracic nerve (1) runs in the lateral and caudal direction along musculus serratus
anterior, innervating its indentations (2).
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FIGURE 13.3

 

Scapular winging results from paralysis of the serratus anterior because of long thoracic nerve
palsy. Results of the wall test are characteristic clinical signs.

 

FIGURE 13.4

 

Suprascapular notch and pertinent anatomical relationship of the scapula and ligament to the
neurovascular bundle. (1) Transverse scapular ligament; (2) suprascapular nerve; (3) suprascapular artery;
(4) spinoglenoid ligament.
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nonsteroidal anti-inflammatory medication, and local steroid injections may be useful.

 

11,94,115

 

 If such
non-operative measures are unsuccessful, surgical exploration is indicated.

 

G. M

 

USCULOCUTANEOUS

 

 N

 

ERVE

 

Musculocutaneous nerve entrapment in the shoulder region does not occur frequently, but several
cases have been reported among athletes after heavy physical activity.

 

15,70,90,112,113

 

 This syndrome
was initially described by Braddom and Wolfe

 

15

 

 in 1978 who based their experience on two weight
lifters. Musculocutaneous nerve compression leads to biceps brachii muscle wasting and weakness
(Figure 13.6). Sensory complaints are referred to the radial aspect of the forearm. Typically, no pain
is associated. Neurological findings include absent biceps reflex, decreased biceps tone, and hypes-
thesias and paresthesias in the radial aspect of the forearm. This syndrome usually resolves spon-
taneously with cessation of the strenuous activity.

 

112

 

 Compression of the musculocutaneous nerve

 

FIGURE 13.5

 

After intensive weight lifting for a period of several weeks, a 24-year-old athlete noticed a
weakness of the right biceps brachii and hypotrophy of the right shoulder muscles. Clinical and electrographic
tests proved the presence of suprascapular nerve syndrome, lateral axillary hiatus syndrome, and syndrome
of the musculocutaneous nerve in the shoulder region. (A) During external rotation in the shoulder against
force, hypotrophy of the supraspinatus, infraspinatus, teres minor, and the posterior part of the deltoideus
muscles is visible. (B) Hypotrophy of the supraspinatus and the deltoid muscles during abduction of the upper
arm is visible.
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at the elbow, i.e., of the lateral antebrachial cutaneous nerve, may occur when the nerve passes
below the tendon of the biceps muscle before piercing the brachial fascia. According to Bassett and
Numley,

 

4

 

 the lateral free margin of the biceps aponeurosis compresses the nerve against the brachial
fascia with elbow extension, and pronation further increases nerve compression. This entity has
been described in racquetball and tennis players, and in a windsurfer.

 

4,60,81

 

 Symptoms include pain,
paresthesias, and numbness over the radial aspect of the forearm. Treatment consists of rest,
nonsteroidal anti-inflammatory medication, and a posterior elbow splint that prevent full extension.
After 12 weeks of unsuccessful non-operative treatment, surgical decompression is indicated.

 

4,143

 

H. R

 

ADIAL

 

 N

 

ERVE

 

Entrapment of the radial nerve above the elbow is rare in athletes.

 

114

 

 Cases have been described
after throwing a discus and serving in tennis.

 

118

 

 The site of compression is in the region of the
lateral intermuscular septum, which the radial nerve pierces as it enters the anterior aspect of the
arm. It has been reported in weight lifting following strenuous muscular activities.

 

96,139

 

 Patients
develop a complete radial nerve palsy. Treatment is rest and cessation of all strenuous activities.

 

FIGURE 13.6

 

Musculocutaneous nerve entrapment syndrome. (A) Weakness of the biceps brachii muscle.
(B) Return of strength and breadth to the biceps muscle 6 weeks after ceasing strenuous physical work.
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In most cases, the symptoms will disappear within several weeks. Persistent or progressive symp-
toms suggest the need for surgical decompression.

 

82,114

 

I. R

 

ADIAL

 

 T

 

UNNEL

 

 S

 

YNDROME

 

In their study of a group of patients with chronic tennis elbow, Roles and Maudsley

 

128 

 

recognized
the compression of the radial nerve within its tunnel and called it 

 

radial tunnel syndrome.

 

 The
syndrome differs from a posterior interosseous nerve syndrome in which the problem is localized
to compression of the nerve at one particular site, the arcade of Frohse, and results in only a motor
deficit.

 

93,99,122,148

 

 In radial tunnel syndrome, there may be a spectrum of complaints, including pain,
paresthesias, and weakness.

 

100

 

 A motor deficit is not nearly as common as in a posterior interosseous
nerve syndrome. There are five potential sites of compression within the radial tunnel: (1) fibrous
bands at its proximal portion, (2) fibrous medial edge along the extensor carpi radialis brevis, (3)
“fan” of radial recurrent vessels, (4) arcade of Frohse, and (5) fibrous band at the distal edge of
the supinator muscle. The radial tunnel syndrome occurs most commonly in tennis players, but
may also be seen in rowers and weight lifters.

 

114

 

 Non-operative measures should be the first form
of treatment. Such measures include rest of the elbow and wrist from repetitive stressful activity
and a course of anti-inflammatory medication. Surgical exploration with neurolysis is indicated if
non-operative treatment fails.

 

65,114,127

 

J. W

 

ARTENBERG

 

’

 

S

 

 D

 

ISEASE

 

Athletes involved in sports requiring repetitive pronation supination ulnar flexion activities may
acquire Wartenberg’s disease — entrapment of the superficial sensory branch of the radial nerve
in the forearm.

 

31,123

 

 The wearing of wristbands, as in racket sports, has also been implicated as a
cause of this syndrome; this is also known as 

 

handcuff neuropathy.

 

35,89,93

 

 The patient’s main
complaints are burning pain or numbness and tingling over the dorsoradial aspect of the wrist,
thumb, and web space, usually aggravated by wrist movement. If the syndrome occurs from external
compression, non-operative therapy can be successful. It may take several months for the symptoms
to resolve. Surgical exploration is necessary if non-operative therapy fails.

 

31,123

 

K. D

 

ISTAL

 

 P

 

OSTERIOR

 

 I

 

NTEROSSEOUS

 

 N

 

ERVE

 

The distal posterior interosseous nerve syndrome occurs when the nerve becomes compressed or
irritated traveling in the fourth extensor compartment. The repetitive dorsiflexion activities in the
wrist can result in irritation or in compression of the nerve. In the statistics of Carr and Davis,

 

22

 

ten patients were employed in occupations or engaged in vigorous athletic activities, such as
gymnastics, that required repetitive dorsiflexion of the wrist. The patients presented with dull ache,
which could be reproduced by dorsiflexion of the wrist and by pressure over the fourth extensor
compartment.

 

L. U

 

LNAR

 

 N

 

ERVE

 

Ulnar nerve entrapment at the elbow is most frequently encountered by throwing athletes, such as
baseball pitchers, tennis players, and javelin throwers, but is also observed in skiing, weight lifting,
and stick-handling sports.

 

23,32,43,47,124,152,155

 

 Because of its position in the cubital tunnel (Figure 13.7),
the ulnar nerve is vulnerable to repetitive “tension” or “traction” stresses in athletes. This may also
be compounded by subluxation or instability of the nerve. Childress

 

24

 

 reported that 16.2% of the
population demonstrated recurrent dislocation of the ulnar nerve when the elbow was flexed and
extended. Repeated stress and injury may lead to inflammation, adhesions, and progressive com-
pressive neuropathy. The intermittent nature of the athletic endeavors may confuse the presentation
of the athlete with entrapment of the ulnar nerve at the elbow. Sometimes, the first symptom will
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consist of pain along the medial joint line either associated with or exacerbated by overhead
activities. As the inflammation of the nerve progresses, pain and paresthesias will be noted down
the ulnar aspect of the forearm to the hand. Sensory changes definitely precede motor changes;
however, a careful evaluation of the intrinsic musculature of the hand is essential to detect any
weakness. Quite often, recalcitrant ulnar nerve entrapment at the elbow requires surgery. However,
many transient episodes can be treated non-operatively.

 

47

 

 Del Pizzo et al.

 

32

 

 reported 19 baseball
players with ulnar nerve entrapment at the elbow who underwent surgery. The surgery consisted
of anterior transfer of the nerve deep into the origin of the flexor muscles.

 

M. U

 

LNAR

 

 T

 

UNNEL

 

 S

 

YNDROME

 

Entrapment of the ulnar nerve in Guyon’s canal (ulnar tunnel syndrome) is seen in cyclists and
racquetball players as a result of chronic external compression. The first report of ulnar neurop-
athy as a complication of long-distance cycling was published in 1896.

 

33

 

 Several reports have
since described this complication, called 

 

cyclist’s

 

 or 

 

handlebar palsy.

 

20,27,38,42,61,87,137,147

 

 Factors
reported in the literature as contributing to the development of neuropathies in cyclists include
the use of worn-out gloves, unpadded handlebars, prolonged grasping of dropped handlebars,
riding an improperly adjusted bicycle, and vibratory trauma from rough roads. Jackson

 

61

 

 studied
20 cyclists with riding experience of more than 100 miles per week and found that 9 of 20
cyclists complained of either hand or finger numbness during cycling, which disappeared after
completion of the ride. They reported that their hand numbness or pain was reduced after adjusting
their hand position. Conventional treatment for nerve compression syndrome at the wrist consists
of changes in cycling technique, including frequently varying hand position; the use of properly
padded gloves and handlebars; and changes in the bicycle to ensure a proper fit.

 

61,87

 

 These changes
frequently will relieve symptoms in most cases without need for surgical decompression of the
Guyon’s canal.

 

FIGURE 13.7

 

Compression of the ulnar nerve, distal to the elbow, by the heads of the flexor carpi ulnaris
muscle. (1) Humeral head of the flexor carpi ulnaris muscle; (2) ulnar nerve; (3) ulnar head of the flexor carpi
ulnaris muscle.
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N. H

 

YPOTHENAR

 

 H

 

AMMER

 

 S

 

YNDROME

 

Repetitive trauma to the heel of the palm can cause ulnar artery spasm, thromboses, or aneurysms
and thus compromise the ulnar nerve function with a more vascular type of presentation. This
condition, known as 

 

hypothenar hammer syndrome,

 

 has been described in conjunction with several
sports, including karate, judo, tennis, and lacrosse.

 

26,54,103,123

 

 Nonunion of the hook of the hamate
or of the pisiform, which may be fractured during a tennis, baseball, or golf swing, can also cause
entrapment within the ulnar tunnel (Guyon’s canal).

 

93

 

 It is also important to keep in mind the
possibility of a double crush injury of the ulnar nerve with coexistence of the syndrome of the
flexor carpi ulnaris muscle (cubital tunnel syndrome) and ulnar tunnel syndrome.

 

57,61

 

O. M

 

EDIAN

 

 N

 

ERVE

 

Entrapment of the median nerve at the elbow is termed 

 

pronator teres syndrome

 

 and may result
from repetitive exercise and hypertrophy of the flexor-pronator muscle group (Figure 13.8).

 

25,57,149

 

This entity has been seen in baseball players and weight lifters.

 

84

 

 Patients complain of pain and
tenderness in the volar aspect of their forearms over the area of compression, which worsens with
exertional activities. Sensory complaints are common, consisting of numbness and paresthesias in
part or all of the median nerve distribution of the hand. The pronator teres syndrome is often a
difficult diagnosis and must be distinguished from carpal tunnel syndrome. Because the majority
of cases are intermittent and mild, non-operative treatment should be tried first.

 

57,61 

 

Persistent or
progressive symptoms suggest the need for surgical intervention.

 

57,149

 

P. A

 

NTERIOR

 

 I

 

NTEROSSEOUS

 

 N

 

ERVE

 

The anterior interosseous nerve syndrome (Kiloh–Nevin syndrome) has been described in associ-
ation with repetitive activities such as throwing, racket sports, or weight lifting.

 

104,114

 

 It is charac-
terized by a vague feeling of discomfort in the proximal forearm, which may mimic pronator teres
syndrome. However, because the anterior interosseous nerve is a pure motor division of the median
nerve, there are no sensory complaints or deficits as in pronator teres syndrome. The classic finding
is that the patient loses the ability to pinch between his or her thumb and index finger. However,

 

FIGURE 13.8

 

The median nerve can run through the pronator teres muscle or between its heads during its
course into the hand. (1) Pronator teres muscle; (2) median nerve; (3) humeral head of the pronator teres muscle.
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this symptom is not always present. Initial treatment should be non-operative because in many
cases spontaneous improvement will occur. However, if there is no improvement after 8 to 12
weeks, surgical decompression and neurolysis should be performed.57,110

Q. CARPAL TUNNEL SYNDROME

The incidence of carpal tunnel syndrome as a sports-related problem is surprisingly low when
compared with the incidence in the general population. Carpal tunnel may be seen in sports
secondary to gripping, throwing, cycling, repetitive wrist flexion/extension activity, as well as direct
trauma.25,53,57,93,99,110,123,129,147,153 Because carpal tunnel syndrome is so rare in the athlete, unusual
causes must be suspected when the diagnosis is entertained.

R. DIGITAL NERVES

In athletes, digital nerve entrapment syndromes are less common than those occurring at the wrist
level. Digital nerves may be compressed during their course in the distal palm or at the proximal
digit level. Bowler’s thumb is the most common syndrome, involving the digital nerve in the
hand.25,34,37,58,93,95,99,123,136,147,153 Repetitive compression of the ulnar digital nerve to the thumb sec-
ondary to direct pressure on the nerve from the thumb hole of a bowling ball has been implicated
as a cause of bowler’s thumb. Bowler’s thumb has also been reported incidentally in a baseball
player.93 On physical examination, the patients have tenderness over the ulnar volar aspect of the
metacarpophalangeal joint of the thumb and a positive Tinel’s sign in this area with paresthesias
radiating to the ulnar aspect of the tip of the thumb. There is no motor involvement; however, grip
strength may be somewhat diminished secondary to pain. Bowler’s thumb should be treated non-
operatively with rest, cessation of activity, nonsteroidal anti-inflammatory medication, and modi-
fication of equipment and technique.34,123 In advanced cases, a molded plastic thumb guard is
recommended to prevent trauma. Surgical treatment is indicated for those with persistent significant
symptoms.34,95,123 Surgical options include resection of the neuroma and primary repair of the nerve,
neurolysis, and transfer to a new location.

Compression of digital nerves in tennis players has recently been reported.102,104 Symptoms
include numbness along the volar surface of the index finger of the racket hand and an abnormal
sweat pattern, especially in players who have recently started playing or who have recently increased
their amount of playing. Physical findings usually include calluses over the second metacarpal
head, which implies rubbing of the digital nerve between the fixed bone and the racket handle.
Early recognition, improved technique, better equipment, and protective measures are helpful in
treating this problem.102,104 Surgery is very rarely indicated.

II. LOWER LIMB

A. GROIN PAIN

Groin pain in athletes can be a consequence of nerve entrapment syndrome.1,16,17,85 According to
Akita et al.1 chronic groin pain, especially in athletes, has been diagnosed in various ways. In
Europe, recently, the concept of “sports hernia” has been advocated. Entrapment of the ilioinguinal
nerve and the genitofemoral nerve may play a very important role in chronic groin pain produced
by groin hernia. Bradshaw et al.16,17 describe a case of obturator nerve entrapment, a previously
unreported cause of chronic groin pain in athletes. They report 32 cases of “obturator neuropathy,”
a fascial entrapment of the obturator nerve where it enters the thigh. There is a characteristic clinical
pattern of exercise-induced medial thigh pain commencing in the region of the adductor muscle
origin and radiating distally along the medial thigh. Needle electromyography demonstrates den-
ervation of the adductor muscles. Surgical neurolysis treatment provides the definitive cure for this
problem, with athletes returning to competition within several weeks of treatment. The surgical
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findings are entrapment of the obturator nerve by a thick fascia overlying the short adductor muscle.
The role of conservative treatment in the management of this condition is unknown at present.17

Ziprin et al.157 have described the results of surgical exploration in 25 male athletes presenting with
groin pain. According to their findings athletes’ groin pain may be due to nerve entrapment in the
external oblique aponeurosis. An awareness of this injury may reduce delays in operating, leading
to an earlier return to sport. Of 23 evaluated patients, 20 described the operation as good or
excellent.157

B. PIRIFORMIS MUSCLE SYNDROME

Piriformis muscle syndrome is not discussed with specific reference to athletes although athletic
activities may cause changes that significantly contribute to the development of the syndrome.
Basic anatomical relationships of the muscle and sciatic nerve, direct and indirect trauma, muscular
hypertrophy or anatomical nerve variations, inflammation, and local ischemia probably combine
to induce the piriformis muscle syndrome (Figure 13.9 and Figure 13.10).85,109,110,144 The piriformis

FIGURE 13.9 One of the variations in the form of the sciatic nerve. This specimen shows the common
peroneal nerve as it courses between tendinous portions of the piriformis muscle.

FIGURE 13.10 Projection of the piriformis muscle on the surface anatomy of the gluteal region.
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syndrome has many similarities to (and overlaps with symptoms of) low back pain, ischialgias,
vascular disease, and lower extremity pathologies.59,110 Pain in the sacral or gluteal region remains
the most constant symptom. The pain increases with sitting, walking, or running and decreases
with lying supine. Frequently, diagnosis requires eliminating other causes of sciatic pain. Non-
operative treatment includes physiotherapy, nonsteroidal anti-inflammatory medication, and local
steroid injection.30,110 Surgical treatment consists of sectioning the piriformis muscle at its tendinous
origin and external neurolysis of sciatic nerve.110 Kouvalchouk et al.73 report four athletic patients
(two cyclists, two long-distance runners) who have been treated surgically by section of the
piriformis muscle and neurolysis of the sciatic nerve. Pećina treated several athletes (soccer players,
track and field athletes, fencers) with piriformis muscle syndrome conservatively and surgically.

C. PUDENDUS NERVE

Pudendus nerve syndrome is caused by compression of the nerve when it passes through the
foramen infrapiriforme, foramen ischiadicum minus, and especially in the region of Alcock’s canal
situated in the lateral wall of the ischiorectal fossa. Compression of the nerve results in sensitive
disturbances, often of the neuralgic type, in the innervation field of the nerve. The etiology of
pudendus nerve syndrome includes some sports activities, such as bicycling, motor cycling, and
horseback riding or all three, causing pressure, blows, or vibration in the pelvic region.10 Perineal
numbness is well known among cyclists and often is attributable to fixing the saddle in a “nose-
up” position. This can be alleviated by using a softer saddle and placing it either horizontally or
“nose-down.”21 Impotence and nerve entrapment in long-distance amateur cyclists was reported
by Andersen and Bovim.2

D. MERALGIA PARESTHETICA

Meralgia paresthetica is an entrapment syndrome of the lateral femoral cutaneous nerve as it enters
the thigh through or under the superolateral end of the inguinal ligament, causing burning sensations,
paresthesias, and dysesthesias of the anterior and lateral thigh. This entrapment could be due to
direct or repetitive trauma. Among athletes, it has been found primarily in gymnasts.86 Meralgia
paresthetica usually responds to non-operative treatment, including avoidance of repetitive trauma
or pressure sources, nonsteroidal anti-inflammatory medications, and steroid injections.30,86,144

Resistant cases require surgical intervention, neurolysis, or nerve resection.

E. SAPHENOUS NERVE

In athletes, the saphenous nerve may be compressed within the adductor canal (Hunter’s or
subsartorial canal) or where it exits the fascia (Figure 13.11) during strong contraction of the
surrounding musculature, such as may occur with knee extensions or squats.30,36,154 Hemler et al.51

reported saphenous nerve entrapment caused by pes anserine bursitis. Entrapment of the saphenous
nerve causes medial knee pain, dysesthesia, and hypesthesia in the distal distribution of the nerve.
Relief is usually obtained with non-operative measures, but surgical exploration and neurolysis
may be necessary.30,154

F. SURAL NERVE

Sural nerve entrapment may occur anywhere along its course. In the athletic population, it is most
often described in runners.30,131,132 Recurrent ankle sprains may lead to fibrosis and subsequent
nerve entrapment.117 Patients complain of shooting pain and paresthesias along the lateral border
of the foot, sometimes extending proximally to immediately behind the lateral malleolus and up
the posterior lateral aspect of the lower leg. Non-operative treatment usually is successful.30,131,132

Several cases of sural nerve entrapment have been described in athletes who sustained avulsion
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fractures of the base of the fifth metatarsal bone.48 In these cases, persisting symptoms and nonunion
of the fracture made surgical excision of the nonunited fragment and a neurolysis of the sural
nerve necessary.

G. COMMON PERONEAL NERVE

There were only a few case reports about common peroneal nerve entrapment in runners.97,138 Leach
et al.74 reported eight athletes, seven runners, and one soccer player with common peroneal nerve
entrapment. In all reported patients, running induced pain and numbness. Examination after running
revealed muscle weakness and a positive Tinel’s test where the nerve winds around the fibular neck.
As a result of the failure of various non-operative treatments, all of the patients were treated
surgically by neurolysis of the peroneal nerve as it travels under the sharp fibrous edge of the
peroneus longus muscle origin. Leach et al.74 reported that seven of eight operated athletes returned
to their previous level of activity without any further symptoms.

H. SUPERFICIAL PERONEAL NERVE

Superficial peroneal nerve entrapment occurs most commonly in runners, but may also be seen in
soccer players, hockey players, tennis players, bodybuilders, and dancers.69,83,92,141,142 According to
clinical and anatomical studies, the point of entrapment of the nerve is at its exit point from the
deep fascia æ 12 cm above the tip of the lateral malleolus (Figure 13.12). Loss of or disturbances
in sensation during exercise over the outer border or distal calf and over the dorsum of the foot,
including the second to fourth toes, is a common sign of the entrapment. Occasionally, patients
complain of pain only at the junction of the middle and distal third of the leg, with or without the
presence of local swelling. The symptoms typically worsen with any physical activity, including
walking, jogging, running, or squatting. Relief by conservative measures is uncommon. Decom-
pression by local fasciectomy and fasciotomy of the lateral compartment have been reported to
give good results.141,142 One wrestler was successfully operated on in our department in Zagreb.
Daghino et al.29 describe the fascial entrapment of the superficial peroneal nerve in a 16-year-old

FIGURE 13.11 Compression of the saphenous nerve typically occurs in the region shown. (1) Saphenous
nerve; (2) femoral vein; (3) femoral artery; (4) descending genicular artery; (5) infrapatellar branch of the
saphenous nerve.
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female athlete. MR imaging confirmed the diagnosis of this neuropathy. Limited fasciotomy, at the
point where the nerve becomes subcutaneous, relieved all symptoms.

I. DEEP PERONEAL NERVE (ANTERIOR TARSAL TUNNEL SYNDROME)

Entrapment of the deep peroneal nerve (syndrome of the anterior tarsal tunnel) has been described
in runners, soccer players, skiers, and dancers (Figure 13.13).30,131,132 Patients frequently have a
history of recurrent ankle sprains or previous trauma. Tight, high-heeled shoes or ski boots have
also been implicated as inciting factors.45,77 An osteophyte on the dorsum of the talus or of the
intermetatarseum at the tarsometatarsal joint can also press on the nerve.101 Baxter and co-
workers30,101,131,132 described this entrapment in joggers who put keys under the tongue of their
running shoes and in athletes who did sit-ups with their feet hooked under a metal bar. The patients
complained of dorsal foot pain, numbness, and paresthesias over the first web space. The pain
usually occurs during athletic activities. Most patients respond well to non-operative therapy with
local steroid injections, alteration of footwear, and orthotic devices.131,132,158 Occasionally, when
these measures fail, a patient may require surgical decompression.

J. TARSAL TUNNEL SYNDROME

Tarsal tunnel syndrome is an uncommon condition in the athletic population, although it has been
described in runners, ballet dancers, and basketball players.3,62,63,91,119 The most common etiology
is alteration of the normal spatial relationships stemming from space-occupying lesions, such as
lipomas, ganglion cysts, neurilemomas, neurofibromas, varicose veins, and enlarged venous plexus

FIGURE 13.12 Relationship of the peroneal nerves as they reach the foot. (1) Common peroneal nerve;
(2) deep peroneal nerve; (3) superficial peroneal nerve; (4) medial dorsal cutaneous nerve; (5) intermediate
dorsal cutaneous nerve.
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(Figure 13.14). Other causes include severe pronation of the hindfoot, chronic flexor tenosynovitis,
post-traumatic scarring, and inflammatory collagen vascular disease. According to the literature,
many cases are idiopathic. Athletes usually suffer burning, sharp pain at the medial malleolus
radiating into the sole of the foot, the heel, and sometimes the calf. They may also notice numbness
and burning paresthesias on the plantar aspect of the foot and in the toes, which also may radiate
up the calf. Initially, symptoms may be intermittent but may become more constant over time. The
symptoms are accentuated by prolonged standing, walking, and especially prolonged running.
Treatment should be directed toward identifying and correcting the etiology of the syndrome. Non-
operative treatment of the athlete with tarsal tunnel syndrome includes rest, nonsteroidal anti-
inflammatory medication, local steroid injection, flexibility exercises, well-fitting shoes, and

FIGURE 13.13 The deep peroneal nerve may be compressed as it enters the dorsum of the foot under the
extensor retinaculum. (1) Lateral branch of the deep peroneal nerve; (2) deep peroneal nerve; (3) inferior
extensor retinaculum (cruciform ligament); (4) medial branch of the deep peroneal nerve.

FIGURE 13.14 The complex anatomy of the tarsal tunnel. (1) Flexor digitorum muscle; (2) upper (medial)
tarsal tunnel; (3) medial plantar nerve; (4) medial plantar artery; (5) ligamentum lacinatum; (6) posterior tibial
artery; (7) tibial nerve; (8) calcaneal branches of the tibial nerve; (9) lateral plantar artery; (10) lateral plantar
nerve; (11) lower (lateral) tarsal tunnel; (12) flexor hallucis longus muscle.

1428_C13.fm  Page 365  Wednesday, July 2, 2003  8:08 AM



366 Overuse Injuries of the Musculoskeletal System

custom-made foot orthotics to help control abnormal mechanics.3,62,63,91,119 Failure of non-operative
treatment necessitates surgical exploration and decompression of the nerve.

K. FIRST BRANCH OF THE LATERAL PLANTAR NERVE

One of the most commonly overlooked causes of chronic heel pain in athletes is entrapment of the
first branch of the lateral plantar nerve (nerve to the abductor digiti quinti muscle). Although runners
and joggers account for the overwhelming majority of cases, this entrapment has been reported in
athletes who participate in soccer, dance, tennis, and other track and fields events.6,8,41,52,132 Entrap-
ment occurs between the heavy deep fascia of the abductor hallucis muscle and the medial caudal
margin of the medial head of the quadratus plantae muscle. Athletes complain of chronic heel pain
intensified by walking and especially by running. Tenderness over the course of the nerve, maximal
in the area of entrapment, is a characteristic and pathognomonic finding. In plantar fasciitis,
tenderness is localized at the calcaneal origin of the plantar fascia. Infrequently, the patient may
experience paresthesias along the course of the nerve. Park and Del Toro108 describe a case of an
isolated neuropathy of the first branch of the lateral plantar nerve proven with electrodiagnosis.
Treatment is similar to that of other forms of heel pain: rest, nonsteroidal anti-inflammatory
medication, heel cups, stretching programs, and occasionally local steroid injections.6,8,52,132 If 6 to
12 months of non-operative therapy fail to relieve the symptoms and other possible causes of heel
pain have been ruled out, then surgical intervention is indicated.7

L. MEDIAL PLANTAR NERVE (JOGGER’S FOOT)

Medial plantar nerve entrapment, or medial plantar nerve compression syndrome is known as
“jogger’s foot” and occurs in the region of the master knot of Henry (Figure 13.15).101,120,132 The
patients, usually middle-aged joggers, complain of aching or shooting pain in the medial aspect of
their arch during running.9 Most characteristically, the onset of pain is associated with the use of
a new arch support. Physical examination reveals point tenderness of the plantar aspect of the
medial arch in the region of the navicular tuberosity. The pain may be reproduced by everting the
heel or having the patient stand on the ball of the foot. Park and Del Toro107 describe a nerve
conduction technique for study of the medial plantar nerve. Differentiation from posterior tibial
tendinitis should be considered. Non-operative treatment is usually sufficient.101,120,132 At surgery,
the area of maximum tenderness should be addressed by releasing the fascia over the nerve in the
affected zone.132

M. INTERDIGITAL NEUROMAS (METATARSALGIA)

Interdigital neuromas (metatarsalgia) are not uncommon in athletes, especially in runners and
dancers.30,55,81,101,111,131,132 Patients characteristically complain of plantar or forefoot pain associated
with sprints or long-distance running. The pain is described as burning or sharp and frequently
radiates to the toes. Patients may also notice numbness or tingling in the affected toes. They often
give a history of many shoe changes in an attempt to seek relief. Typically, the pain is relieved by
rest, removal of the shoes, and massage of the forefoot. A variety of metatarsal pads and orthotic
devices have been suggested, but they are usually uncomfortable and are rejected by athletes. A
small percentage of interdigital neuromas respond to local steroid injections. Most of them require
surgical excision of the neuroma.30,81,101,111,131,132
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14

 

Overuse Injuries 
in Young Athletes*

 

The past few decades have witnessed a dramatic increase in top-level, world-ranked results achieved
by young athletes between the ages of 8 and 16. Although most notable in swimming and gym-
nastics, the trend of people entering serious training and organized competition at ever-decreasing
ages now pervades most athletic activities. High expectations and the imperative of a good result,
combined with extremely competitive surroundings, often place very young athletes under enor-
mous physical and psychological pressure, driving them not only toward the fulfillment of their
own dreams and ambitions, but often to the point of assuming responsibility for their parents’ and
coaches’ ambitions as well. Consequently, young athletes undertake prolonged and intensive train-
ing schedules, often under the supervision of private coaches.

At the same time, their growing musculoskeletal system is particularly susceptible to injuries,
with the risk of injury peaking during the adolescent growth spurt. Even though acute injuries such
as fractures, sprains, or strains are not uncommon in the general population at this age, heavy
athletic training, coupled with ongoing growth, causes an increasing number of specific problems
that often result in athletic injuries belonging to the overuse group. Although a child subjected to
repetitive training is susceptible to many of the same overuse injuries adults can sustain, there are
several overuse injuries unique to the growing child.

 

4–6,15,17,24–26

 

 This chapter offers an overview of
these specific, growth-related overuse injuries in the young athlete.

 

I. EPIDEMIOLOGY

 

In the U.S., 50% of males and 25% of females between the ages of 8 and 16 engage in some type
of competitive, organized sport activity in the course of the school year. An additional 20% of
children in this age range are involved in community sports programs, and 75% of U.S. primary
and secondary schools have significant competitive sports programs. However, this increased rate
of participation by children and adolescents in organized sports and fitness activities does not come
without risk of injury. Available data show that the incidence of sporting injuries accounts for 36
to 53% of all injuries sustained in childhood and adolescence.

 

51,74,77

 

 Comparison of these data with
statistics on the impact of macrotrauma injuries reveals no clear evidence that organized sports are
in any way more dangerous, or safer, than free play.

However, overuse injuries, such as osteochondroses, stress fractures, patellofemoral stress syn-
drome, and bursitis,

 

40,46,48,50,59,61,64,68,84 

 

are a whole new genre of injuries occurring in children engaged
in organized sports, rarely occurring in the context of free play. It is difficult to estimate the true
magnitude of this problem, as the existing epidemiological data reported in literature vary signifi-
cantly in terms of parameters used in analysis (population, methodology, types of injuries, etc.).

Recent data show that 30 to 50% of all childhood and adolescent sports injuries are due to
overuse.

 

3,19,90

 

 The relative incidence of overuse injuries varies by type of sport and athletic activity.
Participants in contact sports, such as football, soccer, or wrestling, have a much higher overall
probability of sustaining injuries, mostly minor acute trauma. In contrast, young athletes partici-
pating in swimming, running, gymnastics, and figure skating have low overall risk of injury, but

 

* Co-authored by Alan Ivković.
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most of the injuries they sustain are associated with overuse. These athletes lose 54% more time
from training and competition.

 

3,21,82

 

II. SPECIAL CONSIDERATIONS FOR GROWING INDIVIDUALS

 

The process of growth is the key factor that differentiates children and adolescent athletes from
their adult peers. From birth to the end of adolescence, the human body goes through remarkable
changes in terms of height, weight, and proportions. Over this period, body weight will increase
25-fold, body height 3.5-fold, and muscle mass 7-fold.

 

88

 

 Growth is particularly intense during the
adolescent growth spurt that occurs during the ages of 10 to 14 in girls, and 13 to 17 in boys.

It is well known that a certain level of physical activity is necessary for the normal growth
and development of the musculoskeletal system. However, immature musculoskeletal systems
have many unique traits that must be taken into consideration to establish musculoskeletal balance
and prevent overuse injuries in young athletes.

 

37,75 

 

A growing bone is more porous and has lower
trauma tolerance than its adult counterpart.

 

28 

 

Furthermore, an immature bone is characterized by
a comparatively high degree of elasticity and plasticity, so that bone deformation without fracture
may occur. Luckily, the periosteum of a child’s bone is thicker, stronger, and more vascularized
than its adult counterpart, which properties give the immature bone remarkable healing and
regenerative potential.

The most important difference between immature and mature musculoskeletal systems is the
presence of growth cartilage. Growth cartilage presents at three locations (Figure 14.1): the epi-
physeal growth plate, the joint surface, and the apophyseal insertion of the musculotendinous unit
to the bone. Each of these sites may sustain injury, and is particularly susceptible to repetitive
microtraumas. Several reports have shown that growth cartilage is vulnerable to two kinds of stress:
acute macrotrauma or repetitive microtrauma.

 

1,9,16,23

 

 Therefore, it is growth cartilage that is the
“weakest link” in an immature musculoskeletal system.

Longitudinal and appositional growth of long bones occurs between epiphyses and metaphyses.
Owing to its anatomical and biomechanical features, the epiphyseal growth plate is particularly
susceptible to injury during the adolescent growth spurt. However, overuse injuries of the epiphyseal
growth plate are not very common, except for two entities called Little League elbow (medial
epicondyle) and Little League shoulder (proximal humerus). Overuse injuries to physes were also
reported 

 

æ

 

 at the proximal tibia in runners and at the distal radius in gymnasts.

 

12,14

 

FIGURE 14.1

 

Growth cartilage in proximal femur (longitudinal, latitudinal, and appositional growth).
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A growing individual’s articular cartilage contains growth cartilage. Osteochondritis dissecans
is the most commonly encountered disorder, with knee, ankle, and elbow the most frequently injured
regions. Although the etiology of these disorders remains unclear, a strong relationship between
repetitive microtrauma and osteochondral lesions is apparent.

Apophyseal growth plates serve as insertions for muscle–tendon units into the bone. Conse-
quently, they are subjected to strong traction forces. During the adolescent growth spurt, the relative
imbalance in flexibility between musculotendinous structures and the adjacent bone can cause
repetitive tensile microtraumas to the apophyses. When the reparatory mechanisms of the bone are
exhausted, the inflammatory process causes pain, and a clinical picture of traction apophysites
develops. The most frequent entities in this group of overuse injuries include Osgood-Schlatter
disease (the tibial tubercle), Sever disease (the calcaneus), and Sinding-Larsen-Johansson disease
(the lower part of patella).

 

III. RISK FACTORS

 

When assessing the occurrence of overuse injuries in a young athlete, it is of utmost importance
to be aware of the gamut of factors that may contribute to the probability of injury. Forming an
understanding of potential risk factors is also the most effective way to prevent injury. The risk
factors have traditionally been divided into two main groups: extrinsic and intrinsic. Intrinsic factors
(growth-related, anatomical, physiological, psychological, history-related) may be viewed as inher-
ent to the individual in question, and it can be difficult to influence or change them. Extrinsic
factors, on the other hand (schedule and technique, equipment and environment), reflect external
influences and can be modified more easily.

 

A. I

 

NTRINSIC

 

 F

 

ACTORS

 

1. Growth-Related Factors

 

As already mentioned, the growth process is a unique characteristic of a young athlete. There are
two main aspects of this process that need to be taken into consideration: the presence of growth
cartilage and musculoskeletal imbalance.

 

57

 

 Susceptibility of growth cartilage to injury, the first
aspect, has already been discussed above. The second growth-related factor occurs as a result of
rapid changes in the relative length of the long bones, and the resulting strain on the adjacent
musculotendinous unit. During the adolescent growth spurt, long bones grow faster than mus-
cle–tendon units, resulting in inflexibility and dynamic muscle imbalance. Short tendons and
muscles can produce strong traction forces on apophyses (traction apophysites), as well as stress
to the articular cartilage (patellofemoral pain syndrome).

 

2. Anatomic Malalignment

 

Anatomic malalignment commonly occurs in growing individuals and can play an important role
in the development of overuse injuries. Femoral neck anteversion, patella alta, genu valgum or
varum, external tibial rotation, and excessive foot pronation are all shown to be predisposing factors
for overuse injuries.

 

32

 

 The mentioned anatomic malalignments relating to lower extremities are
strongly associated with the occurrence of patellofemoral pain.

 

22

 

 Another example are stress frac-
tures of the pars interarticularis in ballet dancers.

 

31,33,34

 

 To compensate for hip movement reductions
due to femoral neck anteversion, young dancers may exaggerate lumbar lordosis.

 

72,78

 

3. Physiological Factors

 

It is not sufficient to define the maturation process in adolescents only in terms of height, weight,
and body proportions, without taking into account the underlying physiological changes unfolding
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at this time. To develop into a mature individual, a young body goes through a series of significant
changes in its endocrinological status.

 

62

 

 This is particularly true for young girls who are starting
to experience menstrual cycles due to stabilizations of the reproductive hormonal axis. Low calorie
intake coupled with vigorous training may induce amenorrhea or delay menarche in young ath-
letes.

 

89

 

 This may lead to hypoestrogenism and a decrease in bone mineral content, predisposing
these athletes to stress fractures. This syndrome is known as the female athlete triad and is described
in more detail in Chapter 15.

Musculoskeletal maturity is another important factor and should always be assessed in prepar-
ticipation physical evaluation of the young athlete.

 

2,8

 

 Some of the indicators include Tanner staging
criteria for genital development, date of menarche, and secondary sexual development.

 

80,88

 

 This
kind of assessment is useful to ensure that the young individual chooses an appropriate sport and
sporting environment.

 

4. Psychological Factors

 

Participation in competitive sports has a positive influence on personal and social development of
children and adolescents. It provides young athletes with an opportunity to develop self-esteem,
self-discipline, self-confidence, independence, and interpersonal skills. However, professional sport
has come to a point where it is financial interests that dictate the rules of the game. These days,
sport is a highly lucrative business, far removed from Pierre de Coubertain’s idea of Olympic
excellence. Recent studies have shown that that adolescents perceive professional athletes as rich,
famous, and glorified, and rank enhancement of status and financial gain as more important factors
in a decision to become an athlete than pure desire to play sports.

 

85

 

 Furthermore, enormous pressure
exerted by parents, coaches, managers, media, and even peers can have an impact on the young
athlete’s psychological development processes. Some young athletes define their value to their
parents or coaches only in terms of athletic success, and this may cause severe anxiety and
depression. This kind of pressure can induce eating disorders in young female athletes, the first
step of the female athlete triad mentioned earlier. For the same reasons, a young athlete may also
be reluctant to report pain when it first occurs. This may aggravate an injury that would have
otherwise been preventable or treatable. On the other end of the spectrum, demotivated young
athletes may feel that reported injury is a justifiable excuse to discontinue athletic activity, which
leads to instances of hypochondriac behavior.

 

5. Inadequate Conditioning and Prior Injury

 

Poor preparation and inadequate conditioning can substantially increase the incidence of overuse
injuries. First-time introduction of a young individual to organized sporting activity should be
careful and gradual. Warming and stretching prior to any activity are compulsory and must not be
waived under any circumstances. Athletes with a history of prior injury should be checked for
established errors in training approach or technique. Repeated injury may also signal that the
previous injury had received inadequate treatment or rehabilitation.

 

B. E

 

XTRINSIC

 

 F

 

ACTORS

 

1. Training Schedule and Sporting Technique

 

Improper training is probably the most important risk factor for the occurrence of overuse injuries
in young athletes. Fortunately, it is also the one most easily corrected. Intensive, prolonged
training schedules designed with adults in mind are not suitable for immature athletes. Training
programs should be as individualized as possible, and all the risk factors listed above taken into
consideration at the time of design. The usual scenario for the development of overuse injuries
is a steep increase in the intensity of training (“too much, too soon”). This usually occurs during
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summer camps, pre-season training programs, or at the beginning of competition at a higher rank
or league. The frequency and duration of the training should be commensurate with the individ-
ual’s capabilities.

Incorrect technique, especially in contact, racket, and throwing sports, is another important
factor contributing to development of overuse injuries. The syndrome known as Little League elbow
is an example of overuse injury that can be avoided if proper technique is used. Repetitive valgus
stress can injure humeral epiphyses in young baseball or handball players, and much attention
should be devoted to ensure that correct pitching or throwing technique is adopted.

 

2. Sporting Equipment and Environment

 

Faulty and inappropriately fitted individual equipment is another risk factor. Footwear needs to fit
well and have an appropriate sole. Sports shoes should be replaced regularly, as they can lose more
than 40% of their shock-absorbing capacity after 250 to 500 miles.

 

18

 

 The equipment should be of
an appropriate size, especially in upper-limb and kicking sports (tennis, baseball, soccer, football).
Changes in training surface may also trigger overuse injuries. This is particularly true for those
athletes who switch from outdoor surfaces to indoor, artificial facilities.

 

IV. OVERVIEW OF THE MOST FREQUENT OVERUSE INJURIES IN 
CHILD AND ADOLESCENT ATHLETES

 

Overuse injuries occur when tissue is exposed to repetitive submaximal loading. A group of unique
overuse injuries characteristic of the adolescent athlete can be identified. As previously described,
these unique overuse injuries are associated with the presence of growth cartilage and, additionally,
with the growth process itself (Table 14.1).

 

TABLE 14.1
The Most Common Overuse Injuries in Young Athletes

 

Site Overuse Injury Sport

 

Shoulder Little League shoulder
Impingement syndromes

Baseball, handball, water polo

Elbow Little League elbow Baseball, handball, water polo
Hand Distal radial growth plate injury Gymnastics
Spine Scheuermann disease

Spondylolysis
Gymnastics, volleyball, backstroke swimming

Hip and pelvis Iliac apophysitis
Rectus femoris apophysitis
Sartorius apophysitis
Iliopsoas apophysitis
Apophysis of greater trochanter (Mandl)

Soccer, football, weight lifting, skiing, running, 
rowing, track and field

Knee Osgood-Schlatter disease
Sinding-Larsen-Johansson disease
Patellofemoral stress syndrome

Soccer, football, basketball, track and field

Ankle and foot Sever disease
Accessory navicular syndrome
Iselin disease
Medial malleolus apophysitis
Köhler disease
Freiberg disease

Football, soccer, tennis, track and field, figure 
skating, ballet
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A. O

 

STEOCHONDROSES

 

Osteochondrosis is a term used to describe a group of disorders characterized by a disturbance of
enchondral ossification, including chondrogenesis and osteogenesis, in a previously normal enchon-
dral growth region. This process has been observed in virtually every growth center of the skeleton,
and more than 50 locations have been reported in literature. Traditionally, osteochondroses tend to
be named after the first individual who described their clinical and radiological characteristics.

The etiology of osteochondroses remains unclear. Many authors believe that repetitive stress
is the major, or at least one of the major contributing factors.

 

19,36

 

 Vigorous physical activity combined
with growth-related musculoskeletal imbalance in the adolescent athlete may produce excessive
stress at the bone–ligament junctions or articular surfaces. However, hormonal, genetic, and met-
abolic factors also contribute to the vulnerability of certain areas to mechanical stress.

Siffert

 

81

 

 proposed the classification of osteochondroses based on anatomical localization of
involved growth cartilage into three major groups: nonarticular (apophyses), physeal, and articular
osteochondroses (Table 14.2).

 

1. Apophyseal Injuries (Traction Apophysites)

 

This group of disorders is characterized by irritation of apophyses due to excessive tensile forces
at the point of attachment of a musculotendionous unit to the bone.

 

36,44,58,71

 

 They occur during the
adolescent growth spurt as a consequence of musculoskeletal imbalance. Previously believed to be
inflammatory in nature (thus the name apophys

 

ites

 

), they are now considered a series of microa-
vulsions at the bone–cartilage junction, whereas inflammation is the body’s response to trauma. The
process most frequently involves patellar tendon insertion at the tibial tubercle (Osgood-Schlatter
disease), Achilles tendon insertion at the calcaneus (Sever disease) and the insertion of the wrist
pronators and flexors at the medial epicondyle of the humerus (Little League elbow). Other common
localizations include the base of the fifth metatarsal (Iselin disease), pelvis, and olecranon.

 

Osgood-Schlatter disease 

 

(OSD) was first reported in 1903, by Osgood

 

66

 

 in Boston and Schlatter
in Zurich,

 

 

 

respectively and independently. OSD is strongly associated with sporting activity in
adolescent athletes between the ages of 11 and 15, and is predominant in disciplines that involve
jumping, kicking, and running. During the adolescent growth spurt, bones grow much faster than
muscles and tendons. The comparatively slower elongation of the musculotendinous extensor
apparatus of the knee (m. quadriceps) inflicts very strong tensile forces on the relatively small site
of insertion of the patellar tendon to the tibial tubercle. These forces cause microavulsions of the
tibial tubercle, and the prominence of the tibial tubercle occurs as a consequence of the process of

 

TABLE 14.2
Siffert’s Classification of Osteochondroses

 

81

 

I. Articular Osteochondroses
a. Primary involvement of articular and epiphyseal cartilage and subjacent 

enchondral ossification (e.g., Freiberg disease)
b. Secondary involvement of articular and epiphyseal cartilage as a consequence of 

avascular necrosis of subjacent bone (osteochondritis dissecans, Köhler disease)
II. Nonarticular Osteochondroses

a. At tendon attachments (e.g., Osgood-Schlatter disease)
b. At ligament attachments (Little League elbow)
c. At impact sites (Sever disease)

III. Physeal Osteochondroses
a. Long bones (e.g., Blount disease)
b. Vertebrae (e.g., Scheuermann disease)
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healing and ossification of these microavulsions. A clinical examination reveals pain, tenderness,
and, at times, swelling over the tibial tubercle, prominence of the tubercle, and tightness of the
quadriceps muscle (Figure 14.2). Pain is the leading symptom and is typically present several weeks
to months before seeking medical care. It is aggravated during running, jumping, and walking up
and down the stairs, and is relieved by rest. Typically, fragmented or irregular apophysis is shown
on lateral radiographs; however, ossicle separated from the tibial tubercle may also present (Figure
14.3). Treatment should begin with rest, icing, and nonsteroidal anti-inflammatory drugs, and focus
on stretching and strengthening exercises not only for the quadriceps and hamstrings but also for
all lower extremity muscles. Braces, tape, or a slip-on knee support with an infrapatellar pad or
strap may be useful if the athlete proposes to continue with the sporting activity. OSD is self-
limited and will generally improve without any serious consequences or impairment of function.
Rarely, a small ossicle may remain painful and this requires surgical extirpation.

 

Sinding-Larsen-Johansson disease

 

 (described by Sinding-Larsen and Johansson independently
in 1921 and 1922, respectively) resembles OSD, and, at times, these two conditions may coexist.

 

52

 

Osteochondrosis of the lower part of the patella develops as a result of persistent traction from a
tight patella tendon (Figure 14.4). It usually appears in active boys aged 9 to 12, and girls aged 7
to 10 years, especially in those participating in sports requiring stooping, sitting, or squatting. Pain
and tenderness are localized over the lower part of the patella and quadriceps muscle tightness is
usually present as well. Treatment is similar to that used for OSD and prognosis is very good.

 

Sever disease

 

 (first described by Sever in 1912) or calcaneal apophysites develops as a result
of a repetitive force produced by a tight Achilles tendon and plantar fascia, in 61% of cases with
bilateral involvement.

 

60,63

 

 This disorder is frequent in field sports involving running, hiking, jump-
ing, and kicking, presenting in athletes between the ages of 9 and 12. Clinical examination reveals
a point of tenderness at the posterior aspect of the heel, and dorsiflexion of the ankle is limited.
Typically, no tenderness over the plantar fascia is elicited. Tightness of the Achilles tendon may
be noted. Swelling is not common and may indicate bursitis or stress fracture. The onset of Sever
disease is usually associated with the beginning of the season, or with changes in footwear and
training surface. Initially, it is present only during the sporting activity and improves with rest, but
with continued activity it may persist throughout the day. Plain radiographs show some type of
disorderly ossification of the calcaneal apophysis, either as fragmentation, incomplete appearance,
or complete formation with increased sclerosis (Figure 14.5). Differential diagnosis includes other
possible causes of heel pain such as stress fractures, calcaneal cyst, and posterior ankle

 

FIGURE 14.2

 

Prominence of the left tibial tuberosity in a young athlete with Osgood-Schlatter disease.
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FIGURE 14.3

 

Lateral radiograph of the knee demonstrates Osgood-Schlatter disease in a 12-year-old soccer
player.

 

FIGURE 14.4

 

Lateral radiograph of the patella showing Sinding-Larsen-Johansson disease.
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impingement. Treatment depends on the severity of the symptoms and should begin with rest and
icing, followed by stretching and strengthening exercises of the gastrocnemius-soleus muscle.

 

79,83

 

Heel lift (1 to 2 cm) is another important measure to relieve calf muscle tension. The disorder is
self-limiting and generally heals in a period of 12 to 18 months, during which exacerbation of the
symptoms shows a sinusoidal pattern.

 

Iselin disease

 

 (first described by Iselin in 1912) is the osteochondrosis of the base of the fifth
metatarsal. Tightness of the peroneus brevis tendon produces recurrent microtears of the apophyses,
and a low-grade inflammatory response occurs.

 

42

 

 The condition is usually seen in adolescents
participating in sports that involve running, jumping, or skating. Inversion stress is a mechanism
that produces repetitive microstress to the apophyses. The pain over the base of the fifth metatarsal
is the leading symptom, and usually there is no history of trauma. Plain radiographs may show
irregular apophyses, slightly larger and minimally separated from the rest of the metatarsal when
compared with the contralateral side. Bone scan scintigraphy is usually positive. Treatment includes
rest, icing, and physical therapy for stretching and strengthening of the peroneal musculature.
Although the prognosis is good and bony union eventually occurs, bony overgrowth can sometimes
result in slightly larger base of fifth metatarsal that may be a problem for shoe fitting.

 

Little League elbow 

 

(LLE) is a syndrome resulting from lateral compression and medial tension
to the elbow. This group of disorders is frequently seen in athletes participating in throwing sports
such as baseball, handball, water polo, and badminton, and develops as a result of repetitive valgus
strain on the elbow.

 

7,11,20,29,38

 

 The term was first used in 1960 by Brogden to describe a case of
apophyseal avulsion of the medial epicondyle in a young baseball pitcher. Since then, many other
conditions have been included in the general classification of LLE. The most frequently encountered
component of the LLE syndrome is 

 

medial epicondylitis

 

 or Adams disease (named after Adams
who reported it in 1968 as a part of LLE). Strong, repetitive traction forces produced by wrist
pronators and flexors can result in microavulsions and fragmentation of the medial epicondyle
apophyses. Symptoms include pain and tenderness over the medial side of the elbow and are
usually present weeks before medical care is sought. Hypertrophy of the affected arm, valgus
deformity, and flexion contracture are also common findings in LLE. Plain roentgenographs may
reveal fragmentation, sclerosis, and widening of the epicondylar apophysis. Treatment consists of
the cessation of activity, icing, and stretching and strengthening exercises. Lateral compression
injuries of the capitellar ossification center include two entities: 

 

Panner disease

 

 and 

 

osteochondritis
dissecans

 

 (Figure 14.6). Panner disease is a disorder of unknown origin that affects children aged

 

FIGURE 14.5

 

Lateral radiograph of the foot with typical findings of Sever disease in a 11-year-old soccer
player.
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7 to 12 years. It affects capitellar ossification centers in terms of degeneration and necrosis followed
by regeneration and recalcification. Symptoms include dull pain in the elbow, aggravated by
activity, accompanied by swelling and inability to fully extend the elbow. Plain radiography shows
fragmentation, subchondral radiolucency, and sometimes loose body formation. Treatment consists
of rest and immobilization until symptoms have subsided. Throwing activity should not be rein-
troduced before radiographic resolution occurs. Osteochondritis dissecans is described further in
this chapter.

 

2. Physeal Injuries

 

In this group of disorders, repetitive stress causes injuries of the growth cartilage plate or physes.
These types of overuse injuries are not very common but two entities should be mentioned: proximal
humerus physeal injury in throwers and pitchers (also known as Little League shoulder) and distal
radius physeal injury in gymnasts.

 

Little League shoulder

 

 is the condition most frequently seen in young baseball pitchers,
badminton players, and athletes participating in throwing sports (water polo, handball).

 

70,73,91

 

 It
occurs between ages 12 and 15 with gradual or sudden onset of pain in the throwing shoulder.
Clinical examination reveals no abnormalities except tenderness over the proximal humerus.
Diagnosis is based on plain radiography that shows widening of the proximal humeral physis.

 

FIGURE 14.6

 

Osteochondritis dissecans of the elbow in a 15-year-old gymnast. (A) Anteroposterior radio-
graph; (B) coronal T1-weighted MR image; (C) sagittal T1-weighted MR image; (D) arthroscopic removal
of the loose body of the same patient.
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The treatment includes rest and icing, followed by strength, endurance, and flexibility conditioning.
Sporting activity may be resumed after the resolution of the physeal changes has been radiolog-
ically demonstrated.

 

Distal radial growth plate

 

 injuries are common in competitive gymnasts.

 

92

 

 Repetitive compres-
sion forces applied over the distal radial growth plate during training and competition may result
in injury.

 

14,29,41

 

 Clinical examination reveals a point tenderness and pain over the distal radius and
a decreased range of motion in the radiocarpal joint. Plain radiographs show widening and failure
of the proximal radial physes calcification zone. Treatment consists of rest and, if necessary, short-
term cast immobilization for rest compliance. The prognosis is usually very good, although a
decrease in the growth of distal radius with continued growth of ulna might result in relative
overgrowth of ulna with respect to the radius.

 

49

 

3. Articular Cartilage Injuries

 

Osteochondritis dissecans

 

 

 

(OCD) is a condition where focal avascular necrosis occurs in subchon-
dral bone as the primary pathologic process, with secondary involvement of overlying cartilage.
Sometimes the involved osteochondral fragment separates from its bed, forming a loose body. The
etiology of this condition is not yet fully understood. Primary vascular insult of the subchondral
bone was originally thought to be the most important cause of OCD. However, several researchers
recently proposed repetitive microtrauma or acute macrotrauma to be more likely causes.

 

16

 

 There
are three most common localizations where OCD occurs: medial femoral condyle of the knee,
posterior medial surface of the talus, and anterolateral portion of the humeral capitellum (Figure
14.7 and Figure 14.8).

 

43,63,87

 

 Patients typically present with vague, poorly localized symptoms,
which include activity-related pain, catching, swelling, and instability. More often than not, no
single trauma preceding the onset of symptoms is identifiable. Instead, a recent increase in the
intensity of sporting activity is a common anamnestic indicator. Physical examination may reveal
signs of internal derangement with effusion and restricted joint motion. Depending on the stage of
the injury, plain radiography ranges from well-demarcated hyperlucent areas to irregular areas of
ossification representing isolated osteochondral fragments. Bilateral findings occur in 25 to 30%
of cases.

 

51

 

 Computerized tomography (CT) and magnetic resonance (MR) with/without contrast
may delineate the extent of the bony and cartilage involvement, but are not routinely used in
diagnosis of OCD.

 

39

 

 Treatment for OCD may be conservative or surgical. Non-operative treatment
is recommended for young athletes whose articular surface has remained intact, and treatment
should include rest from activity and use of crutches during the acute phase, followed by recreational
cycling and swimming once symptoms subside. Stretching and strengthening exercises should be
introduced in the final phase, as a part of rehabilitation. Surgical treatment is indicated when
conservative treatment fails to show any progression, or when the articular cartilage is damaged.
Operative treatment options include arthroscopic internal fixation with metallic or bioresorbable
pins or screws, filling the defect with a paste of mortilized autologous cartilage and bone taken
from the joint, core autographs harvested with one of the commercially available systems, or
autologous cell culture grafting.

 

10,30,86

 

 The status of the physis is the most important prognostic
factor. If the physis is still open, as is the case in children and young adolescents, there is a higher
probability of healing without degenerative changes.

 

43

 

Köhler disease

 

 

 

is ischemic necrosis of the tarsal navicular.

 

 

 

Repetitive microtrauma is thought
to be the main etiological factor, and there is a large predominance in active, male children ages
4 to 7. The main symptom is activity-related pain over the medial aspect of the foot. Plain
radiography shows collapse and narrowing of the navicular with occasional fragmentation. The
condition is self-limiting and does not require surgical treatment.

 

35

 

 Initial treatment includes
decreased activity and use of orthotics to support the medial section of the foot. A leg cast for a
period of 3 to 6 weeks may be helpful in promoting relief.
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FIGURE 14.7

 

Osteochondritis dissecans of the knee in a 12-year-old track-and-field athlete. (A) Anteropos-
terior radiograph; (B) tunnel radiograph; (C) coronal STIR magnetic resonance (MR) image.
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Frieberg disease

 

 

 

is avascular necrosis of the second metatarsal epiphysis. There is female
predomination and the average age of presentation is 13.

 

63

 

 Repetitive stress and a short first
metatarsal are thought to be main contributing factors. Clinical examination reveals pain and
tenderness over the metatarsophalangeal joint and a decreased range of motion. Plain radiography
shows irregularity and collapse, as well as a narrowing of joint space. The treatment is conservative
and includes rest, application of orthosis, and occasionally a leg cast for a brief period of time.

 

B. S

 

TRESS

 

 F

 

RACTURES

 

Stress fractures occur when repetitive stress overpowers the bone’s ability to repair itself. Repetitive
microstrains produce microdamage to the tissue, and the subsequent reparatory processes induce
the symptoms. Chapter 12 contains a detailed description of the etiology, epidemiology, diagnostics,
treatment, and rehabilitation of stress fractures. The female athlete triad and the strong connection
between eating disorders, amenorrhea, and osteoporosis (resulting in stress fractures) are described
in Chapter 15. Here, we briefly discuss specific aspects of stress fractures in the adolescent athlete.

Stress fractures are less frequent in children and adults, but the incidence increases throughout
late childhood and adolescence. In a series of 368 patients, Orava and Hulkho found an incidence
of 10% in children under 15 years and 32% in adolescents between 16 and 19 years of age.

 

65

 

Furthermore, increased participation of adolescents in top athletic activities contributes to the rise
in the incidence of stress fractures in this population segment. In addition, stress fractures are
distributed somewhat differently in adolescent athletes. As is the case with adults, tibia represents
approximately half of the pediatric and adolescent stress fractures, followed by fibula (20%). Pars
interarticularis of the lumbar vertebrae is the next localization (15%), and this injury is more
common in adolescents, particularly among gymnasts and football players.

 

27

 

 Other localizations
that seem to be more common in children and adolescents are distal femur (Figure 14.9) and
metatarsal stress fractures (Figure 14.10).

 

67,69

 

FIGURE 14.8

 

Anteroposterior radiograph showing osteochondritis dissecans of the posteromedial talar dome
in a 15-year-old basketball player.
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FIGURE 14.9

 

Stress fracture of the distal femur in 15-year-old basketball player. (A, B) Bone scan demon-
strating increased radioisotope uptake; (C, D) AP and LL radiographs taken at presentation; (E, F) AP and
LL radiographs after 6 weeks; (G, H) AP and LL radiographs after 12 weeks before resuming sports activities.

 

1428_C14.fm  Page 386  Wednesday, July 2, 2003  8:10 AM



 

Overuse Injuries in Young Athletes

 

387

FIGURE 14.9

 

Continued.
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C. A

 

RTICULAR

 

 M

 

ALALIGNMENT

 

 

 

AND

 

 I

 

NSTABILITY

 

This group of overuse injuries is characterized by osseous malalignment or imbalance of muscular
and ligamentous soft tissues about the joint. These abnormalities cause biomechanical alterations
that result in pain and instability syndromes. Most frequently affected are patellofemoral and
glenohumeral joints described in more detail in the relevant chapters of this book.

 

V. CONCLUSION

 

With the increasing participation of children and adolescents in organized sporting activity, overuse
injuries in this age group are becoming increasingly common. Of all the factors contributing to
this situation discussed in this chapter, it is training malpractice 

 

æ

 

 particularly a “too much, too
soon” approach 

 

æ

 

 that has the most significant impact.

 

47

 

 Young athletes must never be treated as
undersized adults, and their training schedules must be adjusted to the level of maturity of their
musculoskeletal system.

 

53,76

 

 Prevention is the key word in matters concerning overuse injuries in
this age group, and the most important measures include preparticipation in physical evaluation
and prehabilitation programs.

 

Preparticipation physical evaluation

 

 (PPE) should be carried out 4 to 6 weeks prior to initiation
of athletic activity, and revisited once a year. Its purpose is to determine the young athlete’s general
health and maturity level, as well as to uncover any disqualifying conditions.

 

8,45,54,55

 

 The most
important part of the PPE is the athlete’s history, followed by basic and focused physical examination.

 

Prehabilitation

 

 is a term used to describe the process of pre-season conditioning of young
athletes. Its aim is to address and correct potential strength and flexibility shortfalls, as well as to
prepare the athlete for more intensive and strenuous activity during the upcoming season. Pre-
season conditioning can reduce the injury rate to up to 63%.

 

13

 

In conclusion, a good relationship and understanding among the young athlete, coach, parents,
and the treating physician are essential in the prevention of acute and overuse injuries alike. Physical
and psychological health benefits 

 

æ

 

 the main objective for childhood and adolescent participation
in organized sport 

 

æ

 

 must never be disregarded.

 

FIGURE 14.10

 

Lateral radiograph of the foot demonstrating stress fracture of the second metatarsal in a
13-year-old female basketball player.
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15

 

Overuse Injuries 
in Female Athletes*

 

In ancient Greek society only men were allowed to participate in the Olympic Games; this held
true for the first modern Olympic Games in Athens in 1896, as well. However, some 100 years
later in Sydney 2000, 4096 women from all around the world competed in the majority of the 300
official Olympic events. Apart from top-level and professional sport, there has been also a dramatic
increase of women’s sports participation on the recreational and amateur level. In the U.S., a crucial
turning point was the passage of Title IX of the Educational Assistance Act in 1972, which required
institutions receiving federal funds to offer women equal opportunities in all areas.

 

61

 

 Since that
time, high school and collegiate female participation has increased by >600% to a total of 1.9
million female athletes.

 

95

 

The tremendous increase in female sport participation during the last two decades has offered
scientists and clinicians valuable data concerning the physiologic and pathological issues of the
exercising female. This chapter provides basic information on the most frequent overuse injuries
and syndromes in female athletes in a context of the anatomic, physiologic, and psychological
differences between genders.

 

I. EPIDEMIOLOGY

 

In the past, most studies were male oriented, and the majority of epidemiological data concerning
female sport participation has been gathered in the last 20 years. Since 1982, 

 

National Collegiate
Athletic Association Surveillance System

 

 has been published with detailed injury information in 16
sports, and many other studies have compared male and female incidence of injury in similar
sports.

 

19,76,94

 

 According to the limited available data two main conclusions may be drawn. First, women
appear to suffer the same kind of injuries as men, i.e., athletic injuries tend to be sport and not gender
related, and second, it appears that overuse injuries occur more often in women than in men.

 

80

 

Some overuse injuries such as patellofemoral pain syndrome, stress fractures, or lateral epi-
condylitis are especially prevalent in female athletes. For example, it was reported that the incidence
of lateral epicondylitis in women between the ages of 42 and 46 is 10%, compared with 1 to 5%
in the general population.

 

1

 

 The incidence of patellofemoral pain syndrome in women is 20%,
compared with 7.4% in men, and the incidence of recurrent patellar dislocation is six times higher
in women than in men.

 

19

 

 Several series have reported increased incidence of stress fractures among
female military personnel and athletes.

 

51,59,64,70

 

II. SPECIAL CONSIDERATIONS OF THE FEMALE ATHLETE

A. A

 

NATOMIC

 

 C

 

ONSIDERATIONS

 

Bones and joints.

 

 Women have shorter and smaller limbs relative to body length than men. For
example, men have longer lower extremities, comprising 56% of their total height compared to
51.2% in women.

 

35

 

 Longer bones act as more powerful levers, producing more force when striking

 

* Co-authored by Alan Ivković.

 

1428_C15.fm  Page 393  Wednesday, July 2, 2003  8:11 AM



 

394

 

Overuse Injuries of the Musculoskeletal System

 

or kicking.

 

40

 

 Shorter limbs along with narrower shoulders and elbow valgus can contribute to altered
mechanics when throwing or pitching. Because of their shorter stature and wider pelvis, women
have a lower center of gravity, which gives them substantial advantage in some athletic disciplines
where balance control is essential (e.g., gymnastics).

 

36

 

 Additionally, a wider pelvis can produce
varus of the hips, increased femoral anteversion, and genu valgum, resulting in increased Q angle,
which is known to be a predisposing factor for patellofemoral problems. Abnormal values for Q
angle are considered to be more than 10

 

∞

 

 in men and 15

 

∞

 

 for women (Figure 15.1).

 

45

 

Muscles

 

. Before puberty, muscle mass is pretty much the same in boys and girls, but during puberty,
through the influence of the testosterone, boys accumulate greater muscle mass. In adults, total cross-
sectional area of muscles in women is 60 to 80% that of men.

 

18

 

 Further, there are gender differences
in the balance between muscle groups. Women have decreased muscle strength ratios between the
quadriceps and hamstrings group than men. Also, the quadriceps is the predominant stabilizer of the
knee joint in women, whereas the hamstring group is more important in men.

 

43

 

 However, the importance
of this observation is not fully understood and requires additional investigation.

 

Ligaments.

 

 The widely accepted belief that women have increased ligamentous laxity and are,
therefore, more prone to injuries is only partially true. It is known that increased levels of relaxin
during pregnancy and puerperium increase ligamentous laxity to facilitate changes in sacroiliac
joints and the pubic symphysis. This is important for enlargement of the pelvic outlet during
childbirth. The role of cyclical estrogen and progesterone production is yet to be determined.

 

B. P

 

HYSIOLOGIC

 

 C

 

ONSIDERATIONS

 

During the prepubertal years boys and girls do not differ much in terms of height, weight, heart
size, or aerobic capability. After the onset of puberty, the principal gender differences are due to
stabilization of the reproductive hormonal axis. Proper estrogen serum levels are necessary for
women to obtain maximum peak bone mass during the second and third decade.

Adult females have 22 to 26% fat per body weight and males have 12 to 16%. Androgens are
responsible for greater lean body weight in males, and estrogen contributes to the greater amount
of fat weight.

 

96

 

 Also, women have a higher amount of essential fat (9 to 12%) than men (3%)
because of the fat in sex-specific tissues.

 

60

 

 It was previously thought that there was a critical level
of body fat necessary to maintain normal menstrual function. Although this theory is not supported
in the literature, it should be kept in mind that possibly there is an individual threshold of body fat
necessary for normal menstrual cycle.

For the same body weight, female athletes have smaller heart sizes, lower diastolic and systolic
pressures, and smaller lungs, which decreases female athlete effectiveness in both aerobic and

 

FIGURE 15.1

 

Figures show lower extremity anatomic differences between genders (female, left; male, right)
that may predispose females to certain overuse injuries. Note wider pelvis, femoral anteversion, genu valgum,
external tibial torsion, increased Q angle, less developed musculature, and narrow femoral notch.
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anaerobic activities. Maximum oxygen consumption (VO

 

2

 

 max) reflects the body’s ability to extract
and utilize oxygen and is used as a measure for aerobic metabolism; women have a lower VO

 

2

 

max baseline.

 

17,34,85

 

C. P

 

SYCHOLOGICAL

 

 C

 

ONSIDERATIONS

 

In all Western cultures athletic participation was traditionally considered a man’s thing. Aggres-
siveness, achievement, fortitude, and desire to win and conquer were masculine, not feminine
qualities. Thus, it is sadly true that “the winning male athlete has just proved his masculinity,
whereas the winning female often needs to justify her femininity.”

 

10

 

 This kind of prejudice may
lead to depression and anxiety episodes because the female athlete feels she is not meeting the
perceived expectations of her sex. In addition, women have been found to be lower in dominance
and confidence and higher in impulsiveness, tension, and general anxiety. Outlined characteristics
are known to be contributing psychological factors to development of eating disorders as part of
the female athlete triad syndrome, which is discussed later in this chapter.

 

III. THE FEMALE ATHLETE TRIAD

 

Disordered eating, amenorrhea, and osteoporosis are the main constituents of the syndrome
described in 1992 by the American College of Sports Medicine and termed the 

 

female athlete
triad

 

.

 

100

 

 Although each of the three problems may develop independently, the syndrome is in fact
a cascade of interrelated pathophysiological events, resulting in the clinical picture of the female
athlete triad. By acting synergistically, strenuous exercise and disordered eating induce menstrual
disorders and hypoestrogenism, which is responsible for decreased bone mineral density (BMD)
and osteoporosis.

 

47

 

 The obvious consequence of this vicious circle is greater risk of stress fractures.

 

A. D

 

ISORDERED

 

 E

 

ATING

 

This arm of the triad encompasses a wide spectrum of disorders ranging from occasional meal
skipping and calorie avoiding to anorexia and bulimia nervosa. The main question is: Why do
young female athletes become so obsessed with their physical appearance?

Risk factors for development of disordered eating include 

 

Western sociocultural norms

 

, which
attribute thinness to beauty, power, and control; 

 

psychologic factors

 

 such as poor coping skills, low
self-esteem, general anxiety, and depression; and 

 

gender

 

: 90% of patients suffering from disordered
eating are women.

 

50

 

 Furthermore, it is known that there are certain athletic disciplines, such as
ballet, figure skating, gymnastics, distance running, etc., that emphasize low body weight and
thinness of the competitors (Table 15.1).

 

15

 

 For example, both the age and weight of gymnasts and
ice skaters competing in the Olympics have been decreasing. In 1976, the mean weight of female
gymnasts was 48.1 kg and, in 1992, it was 37.6 kg. The mean height during the same period
decreased from 1.61 m to 1.44 m, as did the mean age, which fell from 18 years to 16 years.

 

79

 

TABLE 15.1
Sports That Emphasize Low Body Weight and Body Image of Participants

 

Sport in which performance is subjectively scored Dance, figure skating, and gymnastics 
Endurance sports favoring participants with low body weight Distance running, cycling, cross-country skiing
Sports in which body contour-revealing clothing is worn for 
competition

Volleyball, swimming, diving, running

Sports using weight categories for participation Horse racing, martial arts, rowing
Sports in which prepubertal body habitus favors success Figure skating, gymnastics, diving
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Engaging in complete fasting, stimulants and laxative abuse, and self-induced vomiting is a con-
sequence of desire to achieve the “degree of thinness” required from judges, coaches, and trainers,
or even parents and peers. The incidence of disordered eating among female athletes is between
15 and 62%.

 

27,28,50,77,92

 

 By contrast, the incidence in the general population is 1%.
Disordered eating may impair athletic performance and increase risk of injury. Decreased

strength, endurance, reaction time, and concentration are just some of the negative consequences
of decreased caloric and mineral intake and fluid and electrolyte imbalance. Inadequate calcium
intake is very common in female athletes and various studies have showed that they consume less
than two thirds of recommended daily allowances (RDA).

 

25,54

 

 Along with strenuous exercise, a low-
calorie diet will induce amenorrhea and potentially irreversible loss of bone mass.

 

B. M

 

ENSTRUAL

 

 D

 

YSFUNCTION

 

Normal menstrual function is dependent on intact function of the pituitary gland, hypothalamus,
ovaries, and endometrium. The cyclic nature of the process is maintained by precise secretion of
both 

 

luteinizing hormone

 

 (LH) and 

 

follicle-stimulating hormone

 

 (FSH) from the anterior pituitary,
in response to 

 

gonadotropin releasing hormone

 

 (GnRH) arising in hypothalamus. The normal
menstrual cycle lasts 25 to 35 days and occurs 10 to 13 times per year. The average age of menarche
is 12.7 years in the U.S. and 13.5 years in some parts of Europe.

Delay of menarche, the time when a female first starts menstruating, is related to athletic
activity. Athletes who begin strenuous training before menarche occurs may experience a later
menarche and have increased incidence of menstrual dysfunction when compared with athletes
who begin their training after menarche.

 

30,63,91

 

 It seems that each year of intensive training before
menarche delays the onset of menarche for 5 months.

 

20

 

 This is very important because bone mass
accumulation is most intensive during puberty and those athletes with delayed menarche will have
lower BMD and increased risk of scoliosis and stress fractures in years to follow.

There are three main types of menstrual dysfunction: 

 

oligomenorrhea

 

, 

 

amenorrhea,

 

 and 

 

luteal
phase deficiency

 

. Amenorrhea is the most frequent type of dysfunction found in athletes and its
prevalence varies from 3.4 to 66%, compared with 2 to 5% in general population.

 

73

 

 Amenorrhea
is the absence of menstrual bleeding and can be classified as either primary or secondary. 

 

Primary
amenorrhea

 

 is defined as an absence of menarche by age 16 and 

 

secondary amenorrhea

 

 is defined
as no menstrual cycles in a 6-month period in a female who has had at least one episode of
menstrual bleeding.

 

Exercise-associated amenorrhea 

 

(EAA) is a subset of hypothalamic amenorrhea and is usually
induced by synergism of low caloric intake and intense training.

 

29,32,69,93

 

 Other factors such as
weight, body composition, fat distribution, and mental stress must be considered as well. Suppres-
sion and disorganization of pulsatile LH release and complete suppression of leptin diurnal rhythm
are thought to be underlying pathophysiologic mechanisms of EEA.

 

55,62

 

 EEA is a diagnosis of
exclusion, and all necessary diagnostic steps must be undertaken before it is made (Table 15.2).
Nevertheless, it remains the most frequent cause of amenorrhea in athletes.

 

TABLE 15.2
Differential Diagnosis of Exercise-Associated Amenorrhea

 

• Pregnancy
• Hyperprolactinemia
• Primary ovarian failure
• Virilization syndromes including misuse of anabolic steroids
• Thyroid disease
• Genetic disorders
• Anatomical abnormalities
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Because of the resulting hypoestrogenic state, amenorrhea may affect many different functions
(cardiovascular, reproductive), and the main concern is premature bone loss and increased risk of
both acute fractures and stress fractures.

 

57

 

 Estrogen seems to affect the mechanism controlling the
balance between the amount of bone formed by osteoblasts and the amount of bone resorbed by
osteoclasts. It is hypothesized that estrogen promotes bone formation by inhibiting the rate of
appearance of new resorption sites in the skeleton.

 

39

 

C. O

 

STEOPOROSIS

 

Osteoporosis, the third part of the triad, is defined as inadequate bone formation and/or premature
bone loss, resulting in low bone mass and increased risk of fracture. Most bone mass is acquired
during the adolescent years, and by the age of 18 most women have reached 95% of their peak
bone mass. After peak mass is achieved, both men and women lose bone at a rate of 0.3 to 0.5%
per year. At menopause, women experience rate acceleration to 3% per year.

When amenorrheic, young athletes may fail to lay down sufficient bone mass or may lose
already accumulated bone mass.

 

56

 

 It is known that an amenorrheic athlete may lose 2 to 6% of
bone mass per year, and develop the bone structure profile similar to that of a 60-year-old woman.
Several studies have shown that, when compared with healthy athletes, amenorrheic athletes have
significantly lower BMD at the lumbar spine, femoral neck, greater trochanter, Ward triangle,
intertrochanteric region, femoral shaft, and tibia.

 

23,24,66,74

 

 This kind of weakened bone places the
athlete at threefold risk of stress fracture.

 

101

 

 Although BMD can be partially restored on resumption
of menses, studies have shown that it still remains lower than in healthy athletes.

 

23,24,58

 

 Because of
this partial irreversibility, it is crucial to identify all athletes at risk as early as possible.

 

D. C

 

LINICAL

 

 E

 

VALUATION

 

 

 

AND

 

 T

 

REATMENT

 

 

 

OF

 

 

 

THE

 

 F

 

EMALE

 

 A

 

THLETE

 

 T

 

RIAD

 

Prevention and early detection are crucial in matters concerning the female athlete triad. The ideal
time to screen for the triad is during the preparticipation physical evaluation (PPE) prior to sports
participation or, in the case of professional athletes, at the beginning of the season.

 

History

 

. The history should be detailed and focused on menstrual, nutritional, and body weight
history, which are the most important aspects. The menstrual history should include age at menarche,
frequency and duration of menstrual periods, the date of the last menstrual period, and use of
hormonal therapy. The nutritional history should include eating habits such as number of meals
per day, 24-hour recall of the food intake, list of any forbidden foods, calorie counting, etc.

 

71,90

 

The body weight history should include the highest and the lowest weights since menarche and
the athlete’s satisfaction with her present weight.

 

Physical examination

 

. General physical examination including basic anthropometric measures
such as weight, height, and subcutaneous fat thickness should be taken. Inspection should be focused
on external signs of androgen excess: hirsutism, male pattern alopecia, and acne; thyroid deficiency:
dry hair and skin; and stigmata for chromosomal abnormalities, e.g., Turner’s syndrome. Fundi,
visual fields, thyroid, breasts, and pelvis should be examined, as well.

 

Laboratory tests.

 

 These are discouraged as an integral part of routine examination, but should
be performed if there is suspicion of the triad.

 

81

 

Imaging studies

 

. The most precise tool for determination of BMD is dual energy x-ray absorp-
tiometry (DEXA). It should be used for determining the amount of bone loss, as well as for
measuring the success of therapy.

 

Treatment.

 

 Treatment should be based on a multidisciplinary team approach and should focus
on weight control and menses restoration,

 

49

 

 which would restore normal serum estrogen concen-
tration and prevent further loss of bone mineral content. The recommended treatment scheme
proposed by Benson

 

8

 

 is as follows: decrease training by 10 to 20%, increase caloric intake, gain
2 to 3% of body weight, add resistance training, supplement calcium (1500 mg/day), and monitor
using bone density scans.

 

84

 

 Estrogen replacement therapy (ERT) in EEA remains a controversial
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issue. From a theoretical standpoint, administration of estrogen makes sense because in EEA
estrogen blood concentrations are lowered, but to date there have been no controlled clinical trials
that have examined the efficacy of ERT in treating athletes with EEA.

 

IV. STRESS FRACTURES IN THE FEMALE ATHLETE

 

Bone is very dynamic tissue, and it remodels in response to various forms of external stress such
as tension, compression, bending, pulling, and torsion.

 

99

 

 The remodeling process begins with
osteoclastic activity and bone resorption, followed by osteoblastic activity and formation of new
bone tissue. Stress fractures occur when the equilibrium between bone resorption and formation is
temporarily disturbed, i.e., when the load placed on bone overpowers its ability to repair. Stress
fractures are considered to be 

 

fatigue fractures

 

 or fractures that occur when abnormal stress is
applied to normal bone.

 

2

 

Stress fractures are described in more detail in Chapter 12, and this section briefly outlines
specific issues related to stress injuries in female athletes. There are two reasons: first, women in
general have a higher incidence of stress fractures and, second, distribution of stress fracture sites
seems to differ between genders.

 

64

 

A. E

 

PIDEMIOLOGY

 

Studies done at West Point in 1976, when women first entered the military academy, showed a
higher number of stress fractures in female than in male cadets.

 

88

 

 Further studies in subsequent
years have consistently confirmed that female recruits are at greater risk for stress fractures than
are their male counterparts; the relative risk ranges from 1.2 to 10.0.

 

6,9,37,51–53,65,70,72,75,78,82,86,97

 

 Rates
for male recruits are approximately 1 to 3%, and for female recruits are much higher, ranging from
1.1 to 21%. Possible reasons for these observations include lower initial level of physical fitness,
endocrine factors, unfavorable biomechanical conditions, lower bone density, and differences in
gait.

 

13

 

Although recent literature reports show a higher incidence of stress fractures in the female
athletic population, gender differences in stress fracture rates are not as obvious in athletes as in
military personnel.

 

4,12,14,16,22,33,38,41,48

 

 These studies showed no differences between male and female
athletes, or a slightly increased risk for women, ranging from 1.5 to 3.5 times that of men. In part,
this can be attributed to methodology issues, especially to the difficulty involved in controlling
confounding factors such as type, volume, and intensity of training.

 

13

 

 Bennel et al.

 

5

 

 suggest that
differences in the stress fracture rate between male and female athletes may not be attributable to
gender per se, but rather to gender-related causal factors such as diet, menstrual history, and bone
density (see above).

 

B. D

 

ISTRIBUTION

 

 

 

OF

 

 S

 

TRESS

 

 F

 

RACTURES

 

 

 

IN

 

 F

 

EMALE

 

 A

 

THLETES

 

Stress fractures are most common in lower-extremity bones, but they also occur in non-weight-
bearing bones such as upper extremities and ribs. The distribution of stress fractures is somewhat
different in female than in male athletes. The tibia is the most commonly involved site for both
men and women, but fractures of the femoral neck, tarsal navicular, fifth metatarsal (Figure 15.2),
and pelvis (Figure 15.3) are seen more commonly in the female athlete.

 

6,11,42,102

 

 Some of these
fractures are particularly troublesome, and may even require operative treatment.

 

V. PATELLOFEMORAL PAIN SYNDROME

 

Patellofemoral pain syndrome (PFPS) is the most common complaint among the female athlete
population, and the term has been reserved to describe a symptom complex of painful but stable
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patella. Other terms used in the literature to describe pain-related problems in the anterior portion
of the knee include patellofemoral arthralgia, patellar pain, patellar pain syndrome, and patellofem-
oral stress syndrome.

 

89

 

 The diagnosis of PFPS is made by exclusion of intra-articular pathologies,
patellar tendinopathy, peripatellar bursitis, the plica syndrome, and Sinding-Larsen-Johansson and
Osgood-Schlatter lesions.

 

31,87

 

The increased incidence of PFPS in females compared to males is thought to be related to
structural, biomechanical, sociological, and hormonal differences between genders.

 

3,31,44,46,67

 

 Despite
its high incidence, the etiology of PFPS remains unclear. There is no single factor causing PFPS;
instead, it is considered a result of numerous different etiologic factors. They are usually classified

 

FIGURE 15.2

 

Jones fracture in an 18-year-old female tennis player.

 

FIGURE 15.3

 

Stress fracture of the ramus superior and inferior of the pubic bone in a senior female runner
(arrowheads).
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as extrinsic and intrinsic, and three major factors contributing to development of PFPS are lower
extremity and patellofemoral malalignment, quadriceps muscle imbalance and/or weakness, and
physical overload of the patellofemoral joint (Table 15.3).

 

7,21,81,98

 

More detailed description of etiology, diagnostics, and treatment of anterior knee pain and
PFPS is given in Chapter 8.

 

VI. OTHER FREQUENTLY ENCOUNTERED CONDITIONS

 

There are several overuse syndromes that may be seen with greater frequency in female athletes,
especially in those unconditioned who are just beginning sporting activities.

 

26

 

 All these conditions
are described in more detail elsewhere in this book; they are just briefly mentioned here.

 

Lateral epicondylitis. 

 

In this condition, commonly called 

 

tennis elbow, the origin of the extensor
carpi radialis brevis is afflicted. It usually manifests between the ages of 30 and 50, and women are
more at risk than men. The main symptoms consist of pain and tenderness over the lateral humeral
epicondyle. Treatment is usually non-operative and consists of pain relief, inflammation control, and
activity monitoring. Operative treatment is required in 5 to 10% of patients (see Chapter 4).

Iliotibial band friction syndrome. This syndrome results from activity comprising many repetitive
flexion and extension movements of the knee, during which rubbing of the band against lateral
femoral epicondyle occurs. The dominant symptom is pain at the lateral side of the knee. The
treatment is usually non-operative and is based on modification of athletic activity, stretching exer-
cises, nonsteroidal anti-inflammatory drugs, and correction of predisposing factors (see Chapter 8).

Tibiotalar impingement syndrome. Repeated maximal dorsal flexion of the foot leads to the
development of bony exostoses on the anterior edge of the tibia, the neck of the talus, and
occasionally the navicular bone. The syndrome occurs most frequently in soccer players and ballet
dancers. Symptoms include pain, swelling, and localized tenderness during palpation of the area
between the medial malleolus and the tibialis posterior muscle tendon, and between the lateral
malleolus and the extensor digitorum muscle tendon. Conservative treatment consists of avoiding
maximal dorsal flexion of the foot, rising the heels of the shoes, physical therapy, and use of anti-
inflammatory drugs. Surgical procedures (which can be performed arthroscopically) are aimed at
removing the bony exostosis (see Chapter 9).

Spondylolysis. Spondylolysis is a term used to describe a break in bone continuity resulting in
a defect in the junction between the superior and inferior processus articularis (the most common
localization is the fourth and fifth lumbar vertebra). It is more common in female athletes, especially
in gymnasts. It is caused by trauma and may also develop as a consequence of overuse æ from
stress fractures. The condition is, in most of cases, asymptomatic and is detected by roentgeno-
graphic examination. Special slanted oblique projections of the spine are taken, which in positive
cases show the figure of a “Scottish terrier” with an abnormally extended neck, indicating a defect
in the isthmus of the vertebral arch (Figure 15.4). Treatment is conservative, and surgical fixation
and bone transplantation of the vertebral arch are very rarely indicated68 (see Chapter 6).

TABLE 15.3
Risk Factors Contributing to Development of the 
Patellofemoral Pain Syndrome

Extrinsic Factors Intrinsic Factors

Excessive exercise Lower limb malalignment
Overtraining Patellofemoral malalignment
Training errors Muscle imbalance and/or weakness
Poor equipment Joint laxity
Ignorance of the condition Leg length discrepancy
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VII. CONCLUSION

The dramatic increase of female sport participation in the last two decades demonstrates that women
can be as competitive and successful as their male peers. Clearly, regular exercise is very important
for general health, positive lifestyle behavior, and positive self-image, and sport teaches such skills
as teamwork, commitment, and goal setting.

Education remains the most important tool for prevention of overuse injury. Female athletes,
both professional and recreational, should be encouraged to learn how their body works and the
nature of the possible health risks of sport participation. In addition, preparticipation physical
evaluation (PPE) is the ideal time to identify athletes at risk and screen for any problems that may
predispose an athlete to injury.

The differences between genders outlined in this chapter represent average values only, and
there is significant variability within each sex. Moreover, these differences should not be used as
means of discrimination or to catalog the abilities of each sex. Instead, they should be used to
design individualized training programs and schedules that will bring health benefits and good
athletic results to each sex.
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Index

 

A

 

Abdominal muscle
overuse, 158
strengthening, 163, 164, 211

Abductor digiti quinti nerve entrapment, 285
Abductor pollicis longus, 107–109, 111
Abductor tendinitis, 309
Achilles tendinitis or tendinosis, 4, 263–270, 290–291

clinical picture, 265–266
diagnostics, 35–36, 266
etiopathogenesis, 264–265
nonoperative treatment, 267–268
prevention, 21–22, 267
surgery, 266, 269–270, 273

Achilles tendon, 264
blood supply, 265
enthesitis, 270, 271
Haglund syndrome, 271–273, 309
impingement syndromes of the ankle, 289
injection, 267–268, 270
plantar fasciitis, 285, 287
retrocalcaneal bursitis, 270–273, 307, 309, 310
rupture, 265, 267, 270, 273–275
sonograms, 17, 18
surgery, 266, 269–270, 273–275
tendinitis, 

 

See

 

 Achilles tendinitis or tendinosis
Acromioclavicular arthritis, 63, 73
Acromioplasty, 70
Acupuncture, 91, 205
Acute hemorrhagic bursitis, 305, 307
Adams disease, 381
Adductor canal, 362
Adductor muscle

strengthening, 163
tendinitis, 153, 155–157, 161, 167, 

 

See also 

 

Groin pain; 

 

specific tendons or syndromes

 

tenotomy, 163, 164
testing, 158

Adolescent growth spurt, 143, 374, 378
Aerobic exercise, 170
Alternative training, 218, 227, 267, 293, 322
Amenorrhea, 316, 376, 396–397
Anaphylatoxins, 6
Angiofibroblastic hyperplasia of the tendons, 61
Ankle, 

 

See also 

 

Foot and ankle
bursitis, 309
dislocation, 296
dorsiflexion restriction, 14
sprains, 362, 364

Anterior acromioplasty, 70
Anterior compartment syndrome, 4, 260
Anterior impingement syndrome of the ankle, 288–290
Anterior interosseous nerve, 90, 359–360
Anterior knee pain, 189–208, 

 

See under 

 

Knee
Anterior midshaft tibial stress fracture, 262–263
Anterior pelvic joint syndrome, 153
Anterior tarsal tunnel syndrome, 364
Apical osteotomy, 219, 220, 221
Apophyseal growth plate, 375
Apophyseal injuries in younger athletes, 378–382 
Apophysitis, calcaneal, 275–276, 375, 379, 381
Apophysitis of the olecranon, 96
Arcade of Frohse, 89–90, 357
Arch support, 258, 366
Arthroscopic evaluation

bursitis, 310
shoulder, 73, 74, 75

Arthroscopic surgery, 17
articular cartilage, 383
elbow, 91, 95–96, 98
foot and ankle, 289–290
knee, 204, 206–207, 219–222, 234, 238
shoulder, 56
subacromial decompression, 71

Articular cartilage pathology, 195–198, 375, 383–385, 

 

See 
also

 

 Chondromalacia of the patella
MRI, 41–44

Articular malalignment or instability, 388
Axillary nerve entrapment, 353

 

B

 

Back brace, 135–136
Back muscles, 132, 

 

See also specific muscles

 

Backpack paralysis, 352
Back pain, 

 

See

 

 Low back pain
Badminton players, 58, 60, 325, 381, 382
Baker’s cyst, 307
Ballet dancers, 129, 169, 171, 207, 223, 264, 287–291, 293, 

297, 325, 327, 330, 333, 336, 364, 375, 

 

See 
also

 

 Dancers
Bandage treatments, 91

elbow brace, 92–93
wrist mobilization, 115

Baseball pitching technique, 86
Baseball players, 64, 71, 96, 97, 114, 175, 308, 323, 324, 

325, 328, 352, 353, 357, 359, 360, 377, 381, 
382
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Basic military training, 4
Basketball players, 58, 165, 172, 264, 273, 283, 295, 297, 

308, 325, 326, 328, 329, 330, 331, 336, 337, 
353, 364

Basketball’s knee, 208
Bayonet symptom, 210
Bennett’s lesion, 64
Biceps brachii muscle, 55, 60, 70–75, 355
Biceps femoris muscle, 34, 171, 175–182, 238
Bicipital tendinitis, 71–74
Bicycling, 

 

See

 

 Cyclists
Blood vessels, 10–11
Body-builders, 323, 325, 363
Bone, gender differences, 393–394
Bone fracture, 315, 

 

See

 

 Stress fractures
Bone grafting, 337
Bone growth, 374–375
Bone hypertrophy, 132
Bone marrow edema, 33, 37–38, 40, 41
Bone mineral density (BMD), 395, 397
Bone scan, 16, 

 

See also

 

 Scintigraphy
foot and ankle, 285, 289
hand/wrist, 115
lower back, 128
runner’s leg, 259
stress fractures, 320–321, 326, 327, 330, 333, 334, 336
upper body, 65

Bone stress fractures, 

 

See

 

 Stress fractures
Botulinum toxin, 91
Bowlers, 85, 158, 324, 353
Bowler’s thumb, 360
Brachial plexus compression, 352
Bradykinin, 6
Breaststroker’s knee, 228–230
Bricklayers, 85
Bursae, 305–307, 

 

See also

 

 Bursitis
Bursectomy, 310
Bursitis, 8, 305–310, 

 

See also specific types

 

abductor pollicis longus, 111
Achilles tendon and retrocalcaneal, 270–273, 307, 309, 

310
acute hemorrhagic, 305, 307
anatomy, 305–307
ankle, 309
chemical, 308
chronic, 305
clinical picture, 309–310
diagnostics, 310
etiopathogenesis, 307–309
groin pain (psoas syndrome), 166–168, 172
medial collateral ligament, 234
MRI, 28, 30, 32–33
olecranon, 305, 308–310
pes anserine, 236, 309, 362
prepatellar, 309
psoas, 166–168, 172
septic, 305, 307
student’s elbow, 309
subacromial, 32–33, 61, 64–65, 73, 305, 309, 310
surgical treatment, 271–272
treatment, 310

trochanteric, 169, 171, 173, 305, 309, 310
Bursography, 310
Bursotomography, 64–65
Butterfly stroke, 146
Buttock pain, 169, 170, 171, 172, 179

 

C

 

Calcaneal apophysitis, 275–276, 375, 379, 381
Calcaneal periostitis, 285
Calcaneal stress fractures, 39, 333–334
Calcaneodynia, 285, 286
Calcaneus, 270–271, 290–291
Calcification, 5, 89

chemical bursitis, 308
Calcific tendinitis, 168
Calcitonin gene-related peptide, 88
Camel back sign, 232
Canoeists, 111, 324
Carpal bone stress fractures, 324–325
Carpal tunnel syndrome, 4, 107, 113, 360
Cartilage, 383–385

chondromalacia of the patella, 4, 189, 194–198, 
201–204, 207, 234

MRI, 41–44
Cavus foot (pes cavus), 14, 265, 266, 297, 309, 316
Cervical radiculitis, 63
Chair test, 88
Chemical bursitis, 308
Chemotactic factors, 6, 7
Chondromalacia of the patella, 4, 189, 194–198, 201–204, 

207, 234, 

 

See also

 

 Knee
Chondrosclerosis, 196
Chronic bursitis, 305, 

 

See

 

 Bursitis; 

 

specific types

 

Chronic compartment syndrome, 180, 255, 259–262
Clavicle stress fractures, 323
Climber’s finger, 115
Closed chondromalacia, 196
Collagen formation, 7–8, 10
Color Doppler ultrasound, 115
Common extensor muscle tendinitis, 293–294
Common peroneal nerve entrapment, 363
Compartment syndrome, 180, 255, 259–262
Compression syndrome, intervertebral disk, 136–137
Computerized telethermography, 204
Computerized tomography (CT), 16

articular cartilage, 383
bursitis, 310
foot and ankle, 289
knee, 194, 213
lower back, 128
shoulder, 65–68
stress fractures, 321, 326, 331, 333

Computer users, 4, 85, 107
Contrast heat-cold therapy, 181, 217
Contrasting arthrography, 65
Cooks, 85
Coracoacromial arch, 31, 58, 60, 70
Coracoid impingement syndrome, 55
Coracoid process, 351
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Coracoid stress fractures, 322
Corticosteroid injection therapy, 20, 

 

See also

 

 Steroid 
injection therapy

Achilles tendon, 267–268, 270, 271
bursitis, 310
elbow, 93–94
foot and ankle, 291, 293, 294, 295
hamstring, 181
hand or wrist, 109, 115
iatrogenic complications, 267–268, 270
knee, 217, 230, 238
pelvis or groin area, 163, 166–168, 171
shoulder, 68
tendon rupture and, 212

Costoclavicular space, 351
Counterforce brace, 92–93
Cricket players, 323
Cryotherapy, 20, 91, 162, 163, 206, 217, 233, 267, 287, 

294, 

 

See also

 

 Icing
Cubital tunnel syndrome, 4, 90
Cuneiform bone stress fractures, 334
Cyclic strain, 8
Cyclists, 114, 170, 208, 223, 324, 353, 360, 362
Cyclist’s palsy, 358
Cyriax physiotherapy, 94

 

D

 

Damage, defined, 3
Dancers, 36, 170, 172, 175, 283, 290–291, 293, 326, 336, 

337, 363, 364, 366, 375, 

 

See also

 

 Ballet 
dancers

Dancer’s heel, 290
Dancer’s tendinitis, 291
Deep peroneal nerve entrapment, 364
Delayed-onset muscle soreness (DOMS), 27
Deltoideus muscle, 59
Dentists, 85
De Quervain disease, 107–109
Deutschlander fracture, 315
Diagnostic tools, 15–17, 

 

See also

 

 Bone scan; Computerized 
tomography; Magnetic resonance imaging; 
Radiology; Scintigraphy; Ultrasonography

Diclofenac, 91
Digital nerve entrapment, 360
Dimple sign, 191
Dislocation of peroneal tendons, 295–296
Distal posterior interosseous nerve entrapment, 357
Distal radial growth plate injuries, 383
Divers, 129, 140, 323
Dorsal radiocarpal impingement syndrome, 107, 114–115
Dreaded black line, 330
Drug therapy, 7, 

 

See also 

 

Corticosteroid injection therapy; 
Nonsteroidal anti-inflammatory drug 
(NSAID) therapy; Steroid injection therapy

Drummer boy’s palsy, 110
Drummers, 107
Dual energy X-ray absorptiometry (DEXA), 397
Dynamic MRI, 194

Dynamic range of motion (DROM), 181
Dynamic strength training, 163

 

E

 

Eating disorders, 318, 395–396
Eccentric contraction, 218
Elbow, 85–99, 

 

See also specific anatomy or syndromes

 

bursae, 305
keyboard-use-related hyperlaxity, 4
lateral epicondylitis, 

 

See

 

 Lateral epicondylitis
Little League elbow, 97–99, 374, 377
medial tension/lateral compression syndrome, 97–99, 

374
nerve entrapment syndromes, 356–359
posterior impingement syndrome, 96–97, 99
pronater teres syndrome, 359
student’s elbow, 309
tennis elbow, 85–96, 

 

See also

 

 Humeral epicondylitis
Elbow brace, 92–93
Elbow splint, 356
Electroacupuncture, 205
Electromyography, 353, 360
Electrostimulation, 205, 206, 337, 

 

See also

 

 Galvanic 
stimulation

Ely test, 230
Endoscopic fasciotomy, 288
Endoscopic herniorrhaphy, 163
Endoscopic surgery of tendon sheath, 295, 296
Enthesis, 4–5
Enthesitis, 5, 23
Enthesitis of Achilles tendon, 270, 271
Enthesitis ossi pisiform, 112
Enthesopathy, 23
Enthesopathy of the groin, 157
Entrapment syndromes, 8, 

 

See

 

 Nerve entrapment 
syndromes

Epicondylar resection, 95
Epicondylitis, 85, 

 

See also specific types

 

Epiphyseal growth plate, 374
Epiphyseal stress fractures, 316
Epitenon, 264
Equinus, 309
Estrogen, 201, 394, 397
Estrogen replacement therapy (ERT), 397–398
Ewing’s tumor, 321
Exercise-associated amenorrhea (EAA), 396
Extensor carpi radialis brevis muscle, 86–87, 95
Extensor carpi ulnaris, 110, 111
Extensor digiti quinti, 111
Extensor digitorum brevis manus, 110
Extensor digitorum communis, 86
Extensor indicis proprius, 110
Extensor pollicis brevis, 107–109, 111
Extensor pollicis longus, 110
Extensor retinaculum, 111
Extensor tendinitis, 293–294
Extensor tenotomy, 95
Extracorporeal shock wave therapy, 70
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F

 

Fabella syndrome (fabellitis), 237–238
Fascia cruris, 259
Fasciotomy, 262, 288, 366
Fat pad syndrome, 232–233, 285
Fatigue fractures, 398, 

 

See

 

 Stress fractures
Female athletes, 393–401, 

 

See also

 

 Gender differences
anatomic considerations, 393–394
epidemiology, 393
iliotibial band friction syndrome, 400
lateral epicondylitis, 400
low back pain in gymnasts, 131–138
patellofemoral pain syndrome (PFPS), 398–400
physiology, 394–395
spondylolysis, 400
stress fractures, 398
tibiotalar impingement syndrome, 400

Female athlete triad, 318, 376, 395–398
evaluation and treatments, 397–398

Femoral canal, 153
Femoral condyle, 237
Femoral cutaneous nerve entrapment, 362
Femoral epicondyle, 222–228, 

 

See also

 

 Iliotibial band 
friction syndrome

Femoral head epiphysiolysis, 201
Femoral neck anteversion, 375
Femoral neck in amenorrheic athletes, 397
Femoral stress fractures, 39, 316, 322, 327–329
Fencers, 85, 140, 158
Fenestration of iliotibial band, 175
Fibrositis, 131
Fibula, stress fractures, 263, 315, 316, 331
Figure skaters, 208, 297, 330, 331, 336, 373
Fingers, 

 

See

 

 Hand and wrist; 

 

specific anatomy,
syndromes

 

Finkelstein’s test, 108
First-degree strain, 27
Fisk view, 73
Flat feet, 265, 285, 294, 316
Flexor carpi radialis tendinitis, 113–114
Flexor carpi ulnaris tendinitis, 107, 112–113
Flexor hallucis longus tendon, 290–293, 297
Fluoroquinolone antibiotics, 91
Fluoroscopy, 64–65
Follicle-stimulating hormone (FSH), 396
Foot and ankle, 283–298, 353, 

 

See also specific anatomy 
or syndromes

 

Achilles tendon, 

 

See

 

 Achilles tendinitis or tendinosis; 
Achilles tendon

anterior impingement syndrome of the ankle, 288–290
bursae, 307
calcaneal apophysitis (Sever disease), 275–276, 375, 

379, 381
flexor hallucis longus tendinitis, 290–293
nerve entrapment syndromes, 362–366
night splint, 287
peroneal tendon dislocation and tenosynovitis, 295–296
plantar fasciitis, 283–288
posterior impingement syndrome of the ankle, 

290–291, 293

posterior tibial muscle tendinitis and tenosynovitis. 
294–295 

pronation, 224, 228, 236, 256, 257, 265, 275, 283, 288, 
316, 366, 375

sesamoid bone stress fracture, 337
sesamoiditis, 296–298, 322
tendinitis of the common extensor muscle, 293–294
tibiotalar impingement syndrome, 400

Football players, 40, 165–168, 175, 223, 297, 308, 326, 
328, 331, 337, 373

Footwear, 

 

See also

 

 Orthotic correction
Achilles tendinitis prevention or treatment, 265, 267
arch support, 258, 366
bursitis and, 307
extensor tendinitis, 293
injury prevention, 377
knee pain and, 201
nerve compression syndromes, 364, 366
runner’s leg prevention and treatment, 256, 258, 259
sesamoiditis treatment, 298
shoe age, 318
shoe cost, 318
shoe lacing, 294
stress fractures, 318

Forefoot varus, 265, 316
Fractures, 

 

See

 

 Stress fractures
Freund’s sign, 198
Frieberg disease, 385
Froment’s symptom, 90
Frozen shoulder, 63
Fulcrum test, 328

 

G

 

Galvanic stimulation, 92, 205, 258, 

 

See also

 

 
Electrostimulation

Ganglion cyst, 305
Gardner’s stress test, 88
Gastrocnemius muscle, 237, 238
Gemellus muscles, 169
Gender differences, 393, 

 

See also

 

 Female athletes
anatomy, 393–394
de Quervain disease, 107
female athlete triad, 318, 376, 395–398
knee pain, 201
low back pain, 129
physiology, 394–395
psychology, 395
repetitive motion disorder incidence, 4
stress fracture risk, 316, 318, 327, 398

Genitofemoral nerve, 360
Genus varum, 316, 375
Glenoid labrum, 31–32
Glucocorticoids, 7
Gluteal pain, 362, 

 

See also

 

 Buttock pain
Gluteus medius syndrome, 170–171
Glycosaminoglycan polysulfate, 91
Golfers, 71, 85, 111, 112, 114, 316, 324, 325, 353
Golfer’s elbow, 33, 85, 

 

See also

 

 Medial epicondylitis
Gonadotropin-releasing hormone (GnRH), 396
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Gracilis muscle tendon, 153, 155, 158, 160, 163, 236
Greater trochanter

amenorrheic athletes, 397
bursitis, 169, 171, 173, 305, 309, 310, 309
iliotibial band slipping, 172–173
resection, 175

Great toe sesamoids, 296–298, 322, 337
Groin pain, 153–166, 360–361

bursitis (psoas syndrome), 166–168
clinical picture, 158
developmental stages, 158
diagnostics, 158–162
enthesopathy classification, 157
epidemiology, 157–158
etiopathogenesis, 155–157
gluteus medius syndrome, 170–171
iliopsoas tendinitis, 166–168
MRI, 33
nerve entrapment syndromes, 360–361
osteitis pubis, 40–41, 153, 164–166
physical training, 163
prevention, 164
relevant muscle systems, 153, 154
sports hernia, 157
stress fractures, 328
treatment, 162–164

Ground substance proliferation, 7
Growth and development, 374–375
Growth cartilage, 375
Guyon’s canal, 358
Guyon’s tunnel syndrome, 107, 

 

See also

 

 Ulnar nerve 
entrapment

Gym cuff, 115
Gymnasts, 107, 114–115, 166, 308, 323, 324, 325, 326, 

328, 331, 331, 336, 337, 353, 362, 373,
383

lower back pain in female athletes, 129, 131–138, 140, 
143

Gymnast’s wrist, 107

 

H

 

Haglund syndrome, 271–273, 309
Hallux valgus, 291
Hamate bone, 112, 325
Hammer throwers, 223, 337
Hamstring(s), 27, 133, 136

knee pathology and, 211
MRI, 34
rupture, 180, 182
stretching, 206
syndrome, 175–182

clinical picture, 178
diagnostics, 178–180
etiopathogenesis, 175–178
prevention and treatment, 180–182

Hand and wrist, 107–116, 

 

See also specific anatomy or 
syndromes

 

carpal tunnel syndrome, 4, 107, 113, 360
de Quervain disease, 107–109

dorsal radiocarpal impingement syndrome (gymnast’s 
hand), 107, 114–115

flexor carpi radialis tendinitis, 113–114
flexor carpi ulnaris tendinitis, 112–113
intersection syndrome (oarsman’s hand), 107, 111
keyboard-use-related hyperlaxity, 4
nerve entrapment syndromes, 107, 359–360, 

 

See 
specific syndromes

 

stress fractures, 323–325
synovial pathology, 305
tenosynovitis, first dorsal compartment, 107–109
tenosynovitis, other dorsal compartment, 109–111
trigger finger, 107, 115–116
trigger thumb, 108

Handball players, 60, 85, 96, 158, 308, 330, 377, 381, 382
Handcuff neuropathy, 357
Handlebar palsy, 358
Hard surfaces, 209, 265, 318
Hatchet sign, 309
Healing process, 7–8

NSAIDs and, 20
surgical vs. non-surgical treatment modalities, 21

Heat therapy, 181, 217
Heel cups, 366
Heel lift, 289
Heel of palm trauma, 359
Heel pain, 366

calcaneal apophysitis, 275–276, 375
plantar fasciitis, 285
Sever disease, 379

Heel spurs, 285
Hemorrhage

acute hemorrhagic bursitis, 305, 307
MRI diagnostics, 34

Heparin ointment, 162
Hernia, inguinal (sports hernia), 162, 163, 360
Hernia repair, 163
Herniography, 162
High or long jumpers, 158, 166, 175, 208, 290, 316, 329, 

330, 331, 333
Hindfoot inversion, 14
Hip, 27

abductor strength evaluation, 170
adductors and flexors, 27
bursitis, 309
external rotator syndrome, 169
gluteus medius syndrome, 170–171
osteoarthritis, 168, 201
rectus femoris muscle tendinitis, 167, 168–169
snapping hip syndrome, 33–34, 171–174, 

 

See also 

 

Iliotibial band friction syndrome
stress fractures, 327
synovial sacs, 305

Histamine, 6
Hitchcock’s procedure, 74
Hockey groin syndrome, 164
Hockey players, 85, 208, 295, 308, 326, 363
Hoffa disease, 204, 232–233
Horseback riding

beneficial effects, 144–145
pudendus nerve syndrome, 362
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Humeral epicondylitis (tennis elbow), 33
affected muscles, 86–87
clinical picture, 88
diagnostics, 33, 88–90
differential diagnosis, 89–90
etiopathogenesis, 86–88
history, 85
medial epicondylitis, 33, 85
non-operative treatment, 91–94
prevalence, 85–86
prevention, 93
resistant tennis elbow, 89
subtypes, 85
surgery, 94–96

Humerus, 

 

See also

 

 Humeral epicondylitis
Little League shoulder, 323, 374, 382–383
medial epicondylitis, 97, 374
stress fractures, 323

Hurdlers, 158, 166, 169, 175, 328, 331, 333
Hydrogymnastics, 124
Hyperlaxity of fingers or elbows, 4
Hyperlordosis, 132, 140, 375
Hypochondriac behavior, 201, 207–208, 376
Hypothenar hammer syndrome, 359

 

I

 

Ice hockey, 40, 158
Ice skaters, 295
Icing, 20, 91, 162, 169, 181, 217, 259, 262, 287, 295, 

 

See 
also

 

 Cryotherapy
Ilioinguinal nerve, 164
Iliopsoas

bursitis, 309
rupture, 167, 168
tendon snapping, 171, 172

Iliotibial band friction syndrome, 34, 189, 171–173, 
222–228, 309, 400

clinical picture, 224–226
diagnostics, 226
etiopathogenesis, 223–224

Iliotibial band resection, 175
Implants, 298
Inferior pubic ramus, 38–39
Inflammation, 6–10, 61, 

 

See also

 

 Bursitis; Tendinitis; 

 

specific inflammatory conditions

 

nomenclature, 23
treatment, 20, 217

Inflammatory cells, 7
Infraspinatus muscle, 58
Inguinal canal, 153
Inguinal hernia, 162, 163, 360
Inguinal ligament, 33, 153, 158
Injury, defined, 3
Insertion tendinopathy, 23
Insertitis, 23
Interdigital neuromas, 366
Interosseous nerve entrapment, 357, 359–360
Interscalene triangle, 351
Intersection syndrome (oarsman’s wrist), 107, 108, 111

Intertubercular groove, 70, 71
Intramuscular pressure measurement, 262
Inversion stress, 381
Ischiogluteal pain, 180
Iselin disease, 381
Isokinetic back testing, 127
Isokinetic evaluation of hamstrings, 177–178
Isokinetic training, 163, 205
Isometric exercises, 92, 163
Isotonic exercises, 92
Isthmic spondylolysis, 41
Isthmus, 128

 

J

 

Javelin throwers, 85, 323, 337, 357
Javelin thrower’s elbow, 85
Joggers, 222, 273, 297, 327, 333, 364, 366
Jogger’s foot, 366
Jones fracture, 336–337
Judo, 359
Jumper’s knee, 35, 201, 204, 208–222, 

 

See also 

 

Patellar 
tendinitis/tendinosis

clinical picture, 211–213
developmental stages, 213
diagnostics, 213–217
etiopathogenesis, 208–211
insertion tendinopathy, 212
ligament rupture, 212
nonoperative treatment, 217–218
surgical treatment, 219–222

Jumping sports, 158, 208, 290, 316, 329, 330, 331, 333, 

 

See also

 

 Basketball players
high or long jumpers, 158, 166, 175, 208, 290, 316, 

329, 330, 331, 333
hurdlers, 158, 166, 169, 175, 328, 331, 333

Juvenile (adolescent) kyphosis, 142–146

 

K

 

Kallikreins, 6
Karate, 359
Keyboard use, 4, 107
Kicking motion, 288
Kiloh-Nevin syndrome, 90, 359
Kinematic analysis, 194, 203
Kinesitherapy, 124, 138
Knapsacks, 352
Knee, 189–238, 

 

See also

 

 Jumper’s knee; 

 

specific anatomy 
or syndromes

 

anterior pain, 189–208
classification, 199–201
diagnostics, 203–204
differential diagnosis, 199
etiopathogenesis, 200–203
psychosomatic syndrome, 201, 207–208
surgical intervention, 205–208
terminology, 199
treatment, 205–208
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breaststroker’s knee, 228–230
bursitis, 309
cartilage, 234
chondromalacia (articular cartilage pathology), 4, 189, 

194–198, 201–204, 207
classification of overuse injuries, 190
diagnostic tests, 194, 203–204
extensor system (patellar) malalignment, 189–194, 

201–203
realignment, 219

fabella syndrome (fabellitis), 237–238
fat pad syndrome (Hoffa disease), 232–233
gender differences, 201, 398–400
iliotibial band syndrome, 

 

See

 

 Iliotibial band friction 
syndrome

medial pain, 228–234
nerve entrapment syndromes, 362
Osgood-Schlatter disease, 201, 230–231, 316, 375
patellar tendinitis/tendinosis, 201, 204, 208–222, 

 

See 
also

 

 Jumper’s knee
developmental stages, 211
enthesitis, 212
pain localization, 211

patellofemoral pain or stress syndrome, 189, 204–205, 
222, 398–400

pes anserinus tendinitis or bursitis, 236
plica syndrome, 233–234
popliteal tendinitis, 236
posteromedial pain, 234–236
reflex sympathetic dystrophy, 201
runner’s knee, 189
semimembranosus tendinitis, 234–236
Sinding-Larsen-Johansson disease, 201, 231, 375, 379
stress fractures, 201, 329
synovial sacs, 305, 307
traction apophysitises, 230–231, 316, 375, 378–379
treatment, 205–208

Knee brace, 194, 205, 206, 218, 230
Knee immobilization, 206
Knee strap, 218
Köhler disease, 383
Kyphosis, 142–146

 

L

 

Labrum lesions, 167
Lacrosse, 359
Lacuna nervorum and vasorum, 153
Laser Doppler imaging, 89
Laser therapy, 91, 205
Lateral (external) snapping hip syndrome, 172–174
Lateral epicondylitis (tennis elbow), 4, 85–96, 400, 

 

See also

 

 
Humeral epicondylitis

clinical picture, 88
degenerative vs. inflammatory process, 88
diagnostics, 33, 88–90
differential diagnosis, 89–90
etiopathogenesis, 86
gender differences, 393
incidence, 85–86

prevention, 93
surgery, 94–96
treatment, 93–94

Lateral femoral epicondyle, 222–228, 237, 

 

See also

 

 
Iliotibial band friction syndrome; Lateral 
epicondylitis

Lateral meniscus pathology, 226
Lateral plantar nerve entrapment, 366
Lateral retinaculum, 191, 198, 201, 205, 206

surgical release, 221
Leg, 

 

See also 

 

Foot and ankle; Knee;

 

 specific anatomy or 
syndromes

 

Achilles tendon, 

 

See

 

 Achilles tendon
cast, 272, 383
nerve entrapment syndromes, 362–366
shin splints, 255–263, 

 

See

 

 Runner’s leg
stress fractures, 327–332
taping, 258

Leg cast, 272
Leg-length discrepancy, 165, 173, 210, 256, 318, 316
Legge-Calve-Perthes syndrome, 201
Lesser trochanter resection, 172
Lifting injuries, 351
Ligaments, gender differences, 394
Little League elbow, 97–99, 374, 377, 381–382
Little League shoulder, 323, 374, 382–383
Long adductor muscle tendinitis, 161
Long-distance runners, 40, 165, 222, 223, 236, 283, 327, 

328, 333, 366
Long- or high-jumpers, 158, 166, 175, 208, 290, 316, 329, 

330, 331, 333
Long thoracic nerve entrapment, 353
Longitudinal patellar stress fracture, 329
Low back pain, 123–146, 

 

See also

 

 Spine
acute or chronic stages, 124
compression syndrome, 136–137
continued physical activities, 138–146
counseling, 127
elite rhythmic gymnasts, 137–138
in gymnasts, 131–138, 140
high-risk sports or activities, 126, 127
hyperextension test, 132–133
iliopsoas tendinitis, 166–168
juvenile (adolescent) kyphosis, 142–146
lumbago, 123
MRI, 41
myofibrositis, 131
possible causes (table), 125–126
prevalence, 123
retroisthmic cleft, 129
Scheuermann disease, 142–146
scoliosis, 123, 138–142, 

 

See also

 

 Scoliosis
sports to avoid, 140

spondylolisthesis, 123, 128, 129–132, 136
spondylolysis, 41, 123, 128–129, 132–136
spondylolysis and female athletes, 400
stress fractures, 326–327
terms, 123
treatment approaches, 124, 135–136

Low back posture, 175
Low Dye strapping technique, 288
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Low laser treatment, 205
Lucy syndrome, 157, 176
Lumbago, 123
Lumbar spine, 

 

See

 

 Low back pain; Spine
amenorrheic athletes, 397
back pain, 

 

See

 

 Low back pain
stress fractures, 326–327

Lumboischialgia, 123, 131, 201
Luteal phase deficiency, 396
Luteinizing hormone (LH), 396

 

M

 

Magnetic resonance imaging (MRI), 17, 27–46
Achilles tendon, 35–36, 266, 271
articular cartilage, 41–44, 383
bursitis, 28, 30, 310
cartilage, 41–44
elbow, 89, 96, 98
foot and ankle, 287
groin pain, 33, 40–41
hamstring, 34, 175, 180
heel pain, 276
hemorrhage, 34
humeral epicondylitis, 33
knee, 34, 35, 194, 203, 216–217, 232–236
lower back or spine, 41, 128, 137
muscle strain, 27–28
nerve entrapment syndromes, 44
osteitis pubis, 40–41
patellar tendinitis/tendinosis, 35
pelvis/groin area, 33–34, 162, 166–168, 171, 172
plantar fasciitis, 36–37
runner’s leg, 259
shoulder, 30–33, 56, 65–68, 75
snapping hip, 33–34
stress fractures, 37–41, 321, 326–328, 331, 333, 334
tendinitis/tendinosis, 28

Malgaignes’s sign, 158
Manual workers, 107
Marching fracture, 294, 315, 334
Martial arts, 114, 170, 275, 359
Master knot of Henry, 366
Medial arch sprain, 285
Medial calcaneal neuritis, 285
Medial collateral ligament bursitis, 234
Medial epicondylitis, 4, 33, 85–89, 97, 374, 381

differential diagnosis, 89–90
surgery, 95

Medial gastrocnemius, 27
Medial knee pain, 

 

See also

 

 Knee
breaststroker’s knee, 228–230
plica syndrome, 233–234

Medial snapping hip syndrome, 171–172
Medial tension/lateral compression syndrome, 97–99
Medial tibial stress syndrome, 255, 

 

See also

 

 Runner’s leg
Media malleolus stress fractures, 322
Median nerve entrapment, 359
Meniscus pathology, 226, 234, 236, 238
Menstrual dysfunction, 316, 376, 396–397

therapy, 397–398
Meralgia paresthetica, 362
Metacarpal bones, 112
Metacarpal stress fractures, 325
Metacarpophalangeal joint, 115
Metatarsal epiphysis avascular necrosis, 385
Metatarsal stress fractures, 40, 294, 315, 316, 322, 

334–337, 363, 385
Metatarsalgia, 366
Military training, 4, 223, 327
Milwaukee shoulder, 62
Mioenthesic apparatus, 4
Miogeloses, 131
Miotendinitis, 5, 23
Morning pain, 285, 310
Motorcycling, 362
Mouse use, 4
Movie sign, 212
Mucosum ligament, 233
Muscle, gender differences, 394
Muscle strain, MRI diagnostics, 27–28
Musculocutaneous nerve entrapment, 355–356
Musculoskeletal system growth and development, 374–375
Musculotendinous junction retraction, 30
Myofibrositis, 131
Myositis ossificans, 34, 161

 

N

 

National Collegiate Athletic Association Surveillance 
System, 393

Navicular bone, 288
Necrotic osteitis pubis, 153
Nerve conduction studies, 353, 366
Nerve entrapment syndromes, 8, 11, 13, 107, 351–367, 

 

See 
also specific nerves, syndromes

 

abductor digiti quinti nerve, 285
anterior interosseous nerve, 90, 359–360
anterior tarsal tunnel syndrome, 364
axillary nerve, 353
brachial plexus, 352
carpal tunnel syndrome, 4, 107, 113, 360
common peroneal nerve, 363
deep peroneal nerve, 364
digital nerves, 360
distal posterior interosseous nerve, 357
groin pain, 360–361
heel pain, 285
hypothenar hammer syndrome, 359
interdigital neuromas, 366
jogger’s foot, 366
lateral plantar nerve, 366
long thoracic nerve, 353
medial plantar nerve, 366
median nerve, 359
meralgia paresthetica, 362
metatarsalgia, 366
MRI, 44
musculocutaneous nerve, 355–356
peroneus tunnel syndrome, 44
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piriformis muscle syndrome, 361–362
posterior tibial nerve, 285
pudendus nerve, 362
radial nerve (radial tunnel syndrome), 89–90, 109, 

356–357
saphenous nerve, 362
spinal accessory nerve, 351
superficial peroneal nerve, 363–364
suprascapular nerve, 353–355
sural nerve, 362–363
tarsal tunnel syndrome, 364–366
thoracic outlet syndrome, 351–352
ulnar nerve, 90, 357–358
Wartenberg’s disease, 357

Nerve injury, 8, 11, 13, 

 

See

 

 Nerve entrapment syndromes
Night splint, 287
Nonsteroidal anti-inflammatory drug (NSAID) therapy, 7, 

20
Achilles tendon, 267
bursitis, 310
foot and ankle, 287, 289, 291, 293–295, 298
hamstring, 181
healing process and, 20
knee, 217, 233
nerve entrapment syndromes, 355–357, 360, 362, 366
pelvis/groin area, 162, 166–169, 172, 173
shin splints (runner’s leg), 258–259
shoulder, 74

 

O

 

Oarsman’s wrist (intersection syndrome), 107, 108, 111
Ober’s test, 225, 309
Obesity, 287
Obturator canal, 153
Obturator nerve entrapment, 360–361
Olecranon

bursa or bursitis, 305, 308–310
impingement syndromes, 96–99
stress fractures, 323–324

Oligomenorrhea, 396
One-leg hyperextension test, 326
Open chondromalacia, 196
Orthopedic implants, 298
Orthotic corrections, 256, 267, 276, 287, 288, 295, 310, 

364, 366
Os calcis apophysis, 275–276
Osgood-Schlatter disease, 201, 230–231, 316, 375, 

378–379
Osteitis pubis, 40–41, 153, 164–166
Osteoarthritis of the hip, 168, 201
Osteochondral lesions, 42, 

 

See also

 

 Articular cartilage 
pathology; Chondromalacia of the patella; 
Osteochondroses

Osteochondritis dissecans (OCD), 97–99, 375, 381, 383
Osteochondroses, 230–231, 378–385

classification (table), 378
Iselin disease, 381
Little League elbow, 97–99, 374, 377, 381–382
Osgood-Schlatter disease, 230–231, 316, 375, 378–379

Sinding-Larsen-Johansson disease, 231, 375, 379
Osteoclastic activity, 132
Osteogenic sarcoma, 321
Osteoid osteoma, 322
Osteophytes, 288–289, 364
Osteoporosis, 395, 397
Osteotomy, 97
Os trigonum, 290
Overhead arm overuse, 60, 71, 308
Overuse injuries, general overview, 3–14, 

 

See also specific 
anatomy, injuries, syndromes

 

bursae, 8, 

 

See

 

 Bursitis
clinical picture, 14–15
gender differences, 

 

See

 

 Gender differences
female athletes, 

 

See

 

 Female athletes
healing process, 7–8
joints and inflammation, 8, 

 

See also

 

 Inflammation; 
Tendinitis

lack of objective standards, 3
lower extremities, 3–4

predisposing risk factors, 14, 15
musculotendinous insertions, 4–5
nerve damage, 8, 11, 13, 

 

See

 

 Nerve entrapment 
syndromes

nomenclature, 22–23
nonathletes and, 4
pediatric, 

 

See

 

 Younger athletes
predisposing risk factors, 14, 15
prevention, 21–22
tendon injuries and inflammation, 5–10, 

 

See

 

 Tendinitis; 
Tendinosis

treatment, 20–22
upper limb, 4

 

P

 

Pace’s sign, 179
Pain, 14–15
Painful groin syndrome, 

 

See

 

 Groin pain
Painful lumbar syndrome, 123, 124
Palm heel trauma, 359
Panner disease, 381
Paratenonitis, 5, 22, 263, 264
Pars interarticularis, 41, 127, 128, 131, 134

stress fractures, 316, 326, 375, 385
Passive stretching, 21, 227, 267
Patella alta, 375
Patella osteotomy, 206–207
Patellar apicitis, 208
Patellar brace, 194, 205, 218
Patellar chondromalacia, 4, 189, 194–198, 201–204, 207, 

234, 

 

See also

 

 Knee
Patellar malalignment, 189–194, 201–203

realignment, 219
Patellar stress fractures, 322, 329
Patellar tendinitis/tendinosis (jumper’s knee), 201, 204, 

206, 208–222, 

 

See also 

 

Knee 
MRI, 35

Patellofemoral instability treatment, 206
Patellofemoral joint, 8, 

 

See

 

 Knee
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Patellofemoral ligament, 191
jumper’s knee, 208–222
rupture, 212, 219

Patellofemoral pain syndrome (PFPS), 189, 398–400, 

 

See 
also

 

 Knee Patellofemoral stress syndrome, 
204–205

Pectoralis minor muscle, 351
Pediatric overuse, 

 

See

 

 Younger athletes
Pediatric stress fractures, 316
Pedicle fracture, 327
Pedobarographic analysis, 17
Pelvic compartment syndrome, 171
Pelvic region, groin pain and, 153, 

 

See

 

 Groin pain
Pelvic stress fracture, 327
Pelvic tilt, 173
Pelvic width, gender differences, 394
Perineal numbness, 362
Periosteal edema, 37–38
Periostitis of the tibia, 255, 258–259
Peripheral muscle weakness, 4
Peritendinitis, 13, 23, 111
Peritenon, 264
Peroneal nerve entrapment, 363–365
Peroneal tendinitis, 290
Peroneal tendon dislocation, 295–296
Peroneal tenosynovitis, 295–296
Peroneus communis nerve, 238
Peroneus tunnel syndrome, 44
Pes anserine bursitis, 236, 309, 362
Pes anserinus tendinitis, 235, 236
Pes cavus (cavus foot), 14, 265, 266, 297, 309, 316
Pes planus, 14
Physical education program, 138–140
Physical examination, 15
Piano players, 107
Pierson syndrome, 153
Piezoelectric effect, 8, 92
Pinching inability, 359
Piramidalis muscle tenotomy, 163
Piriformis muscle syndrome, 44, 169, 171, 179, 361–362
Pisiform bone, 112

stress fractures, 325
Pisotriquetral grind test, 112
Pitcher’s elbow, 85, 97
Pitcher’s shoulder, 55
Plantar fasciitis, 4, 283–288

clinical picture, 285
diagnostics, 36–37, 285, 287
etiopathogenesis, 283–285
non-operative treatment, 287–288
prevention, 287
surgical treatment, 288

Plantar nerve entrapment, 366
Plicae synovialis, 233
Plica syndrome, 233–234
Plica synovialis medialis, 204, 205
Pneumatic brace, 330
Pole vaulters, 326, 330
Policeman’s heel, 285
Polo players, 324
Pommel horse, 114

Pool exercises, 293
Pool players, 324
Popliteal cyst, 307
Popliteal tendinitis, 236
Posterior impingement syndrome of the ankle, 290–291, 

293
Posterior impingement syndrome of the elbow, 96–97, 99
Posterior snapping hip syndrome, 175
Posterior tibial muscle tendinitis. 294–295 
Posterior tibial muscle tenosynovitis. 294–295 
Posterior tibial nerve entrapment, 285
Posture monitoring, 175
Prehabilitation, 14, 388
Preparticipation physical evaluation (PPE), 388, 401
Prepatellar bursitis, 309
Prevention, 21–22
PRICEMM, 94
PRICES, 274
Progressive resistance exercise (PRE) program, 218
Pronater teres syndrome, 359
Pronation (foot), 224, 228, 236, 256, 257, 265, 275, 283, 

288, 316, 366, 375
Proprioceptive exercises, 205, 218
Prostaglandins, 6
Proximal humeral epiphysis (Little League shoulder), 323, 

374, 382–383
Pseuodspondylolisthesis, 129, 130–131
Psoas bursitis, 172
Psoas syndrome, 166–168, 172
Psychological factors, 376, 395
Psychosomatic syndrome, 201, 207–208
Pubalgia, 158
Pubic bone, 165

radiology, 160–161
Pubic chondritis, 153
Pubic osteitis, 40–41, 153, 164–166
Pubic ramus, stress fracture, 38–39, 327
Pubic stress symphysitis, 153
Pubic symphysis, 33
Pudendus nerve entrapment, 362
Pyramidalis muscle, 155, 158

 

Q

 

Q angle, 191, 192, 210
Quadratur femorus tendinitis, 171
Quadriceps femoris, 175–178, 230

jumping injuries, 209
muscle stretching, 206

Quadriceps tendon or tendinitis, 208
jumper’s knee, 208–222
rupture, 212, 219

Quadrilateral space syndrome, 353

 

R

 

Racket sports players, 107, 111, 112, 114, 223, 358, 359, 

 

See also 

 

Tennis players
Radial growth plate injuries, 383
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Radial nerve entrapment (radial tunnel syndrome), 89–90, 
109, 356–357

Radiculopathy, 171
Radiocarpal impingement syndrome, 107, 114–115
Radiology

Achilles tendon, 266
articular cartilage, 385
bursitis, 310
elbow, 97
foot and ankle, 285, 289, 298
hand/wrist, 115
heel pain, 276
knee, 210, 213, 230, 302
pelvic/groin area, 160–161, 165, 172
shoulder, 64
stress fractures, 37, 262, 319–320, 323, 326, 330, 

333–334, 336, 337
Radius stress fractures, 324
Ramus of pubic bone, 33
Raquetball, 358
Rectus abdominus tendinitis, 153, 155, 158
Rectus abdominus tenotomy, 163
Rectus femoris rupture, 168
Rectus femoris tendinitis, 27, 167, 168–169
Reflex sympathetic dystrophy, 201
Repetitive strain injury (RSI), 4, 107, 

 

See specific anatomy 
or syndromes

 

Resistant tennis elbow, 89
Retinacular pain, 201, 205–206
Retroachilleal bursa, 270, 271, 273
Retrocalcaneal bursitis, 270–273, 307, 309, 310
Retrofibular sulcus, 296
Retroisthmic cleft, 129
Retropositio, 129
Rhythmic gymnasts, 137–138
Rib stress fractures, 316, 325–326
RICE, 181
Risk factors, 14, 15
Rock climbers, 85, 107, 115
Roentgenographic assessment, 65
Rotator cuff, 30–31, 55, 58–62, 64, 65, 68, 70–71
Rowers, 107, 111, 166, 316, 323, 325, 357
Rowing, adverse effects, 140, 146
Rugby players, 40, 166
Runners, 36, 172, 264, 265, 270, 287, 294, 326, 327, 329, 

330, 331, 333, 336, 337, 363, 373, 381
joggers, 222, 273, 297, 327, 333, 364, 366
long-distance (or marathon), 40, 165, 222, 223, 236, 

283, 327, 328, 333, 366
sprinters, 175, 297, 316, 331, 333

Runner’s fracture, 331
Runner’s heel, 285
Runner’s leg, 255–263, 294

causes, 255–256
chronic (exertional) compartment syndrome, 255, 

259–262
pain, 256
tibialis posterior syndrome, 255, 257–258
tibial periostitis, 255, 258–259
tibial stress fracture, 255, 256, 262–263
treatment, 257–259

Running shoes, 

 

See

 

 Footwear
Running surface, 173, 209, 265, 267, 318

 

S

 

Sacral pain, 362
Sacral stress fracture, 40, 127, 327
Sacroiliac joint dysfunction, 171
Sacroiliac pain, 170
Saphenous nerve entrapment, 362
Sartorius muscle tendons, 236
Scapular winging, 353
Scapula stress fractures, 322
Scheuermann disease, 142–146
Sciatica, 171
Sciatic nerve, 170
Sciatic pain, 362
Scintigraphy, 161, 

 

See also

 

 Bone scan
bursitis, 310
foot, 298
knee, 204, 213, 236
pelvis/groin area, 165
runner’s leg, 259
stress fractures, 320–321

Scoliosis, 123, 138–142
sports to avoid, 140

“Scottish terrier” sign, 128, 129, 326, 400
Second-degree strain, 27
Semimembranosus bursitis, 309
Semimembranosus muscle, 175
Semimembranosus tendinitis, 234–236
Semitendinosus muscle, 175, 182, 236
Septic bursitis, 305, 307
Serotonin, 6
Sesamoid bone stress fracture, 337
Sesamoiditis, 296–298, 322
Sever disease (calcaneal apophysitis), 275–276, 375, 379, 

381
Shin splints, 4, 255–263, 294, 

 

See

 

 Runner’s leg
differential diagnosis, 39, 321–322

Shock wave therapy, 70, 91
Shoelaces, 294
Shoemakers, 85
Shoes, 

 

See

 

 Footwear; Orthotic corrections
Shoe wiping test, 178–179
Shooting, 322
Short tau inversion recovery (STIR) imaging, 27
Shot-putters, 323, 324
Shoulder, 55–76, 

 

See also specific anatomy or syndromes

 

anatomy, 58–59
bicipital tendinitis, 71–74
chronic bursitis, 307–308
impingement syndrome, 4, 55–59

clinical picture, 61–62
diagnostics, 30–33, 62–68
etiopathogenesis, 59–61
treatment, 58, 68–71

instability complex, 60, 70
Little League shoulder, 323, 374, 382–383
Milwaukee shoulder, 62
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MRI, 30–33
nerve entrapment syndromes, 351–356
rotator cuff impingement, 30–31
SLAP lesion, 31–32, 74–76
stress fractures, 322–323
subacromial bursitis, 32–33
synovial sacs, 305
tendinopathy classification, 55, 56, 61–62

Sign of the step, 131
Sinding-Larsen-Johansson disease, 201, 231, 375, 379
Single-photon emission computed tomography (SPECT), 

128, 326
Sit-and-reach test, 177
Sitting pain, 170
Skaters, 158, 208, 297, 330, 331, 336, 373, 381
Skiers, 142–143, 166, 223, 295, 357, 364

water-skiers, 175
SLAP lesion, 31–32, 74–76
Smillie’s sign, 232
Snapping bottom, 175
Snapping hip, 33–34, 171–174, 

 

See also 

 

Iliotibial band 
friction syndrome

Soccer players, 40, 140, 155, 157, 165–168, 208, 264, 273, 
288, 290, 295, 329, 331, 336, 337, 353, 363, 
364, 366, 373

Soccer players’ exostosis on the neck of the talus, 288
Soccer playing movements, 156
Softball players, 114, 324, 325, 

 

See also

 

 Baseball players
Sonography, 

 

See

 

 Ultrasonography
Speed’s test, 72
Spina illiaca, 33
Spinal accessory nerve entrapment, 351
Spinal fusion, 124
Spinal stress fractures, 326–327
Spine, 123–146, 

 

See also 

 

Low back pain;

 

 specific

 

 

 

anatomic 
structures, syndromes

 

compression syndrome, 136–137
excessive flexibility, 132
exercise effects, 124, 127
in gymnasts, 131–138
healing process, 127
hyperlordosis, 132
intervertebral disk compression syndrome, 136–137
kyphosis, 142–146
low back pain in athletes, 123–128, 

 

See also

 

 Low back 
pain 

myofibrositis, 131
scoliosis and sports, 138–142, 

 

See also

 

 Scoliosis
sports to avoid, 140

spondylolisthesis, 123, 128, 129–132, 136
spondylolysis, 41, 123, 128–129, 132–136
spondylolysis and female athletes, 400

Spinoglenoid notch, 353
Splints, 91, 109
Spondylodesis, 131
Spondylogenic pain diagnosis, 137
Spondylolisthesis, 123, 128, 129–132, 136
Spondylolysis, 41, 123, 128–129, 132–136, 400
Sports hernia (inguinal hernia), 157, 162, 360
Sprinters, 175, 297, 316, 331, 333
Spurs, 288

Squash players, 107, 111, 325, 331
Squeaker’s wrist, 111
Stenosing flexor tenosynovitis, 115
Stenosing tenovaginitis, 107–108
Sternum stress fractures, 325
Steroid injection therapy, 20, 

 

See also

 

 Corticosteroid 
injection therapy

foot and ankle, 236, 287
hand/wrist, 109, 111, 115
knee, 228
nerve entrapment syndromes, 355, 362, 364, 366
pelvis/groin, 169, 172, 173

Stieda’s process, 290
Stone bruise, 285
Stork test, 326
Strengthening exercises, 20, 21, 97, 163, 164, 173, 181, 

211, 217–218, 267, 317, 318, 383
Strengthening training, adverse effects, 168
Stress-activated protein kinases (SAPKs), 8
Stress fractures, 315–338

anterior groin pain, 328
associated activities (table), 317
diagnostics, 318–321
differential diagnosis, 321–322
distribution, 322–328

carpal bones, 324–325
clavicle, 323
femur, 327–328, 

 

See also

 

 Femoral stress fractures
humerus, 323
lumbar spine, 326–327
metacarpal bones, 325
metatarsal bones, 334–337
patella, 329
pelvis, 327
radius, 323–324
ribs, 325–326
sacrum, 327
scapula, 322
sesamoid bones, 337
sternum, 325
tarsal bones, 333–334
tibia, 329–331
ulna, 323–324

dreaded black line, 330
epidemiology, 315–316, 398
femoral diaphysis, 39
femoral neck, 39
foot bones, 294
gender differences, 316, 318, 327, 398
grading system, 38
high-risk stress fractures, 322
inferior pubic ramus, 38–39
Jones fracture, 336–337
lower back, 127
metatarsal, 40
MRI, 37–41
patella, 201
predisposing factors, 316–318

biomechanics, 316
footwear, 318
muscles, 317
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surface, 318
training errors, 317

prevention, 318
proximal humerus (Little League shoulder), 323, 374
radiology, 37
runner’s fracture (distal fibula), 315, 331
talus, 39
tarsal navicular bone, 39
tibia (shin splints), 39, 255, 256, 262–263
treatment, 322
younger athletes, 316, 385–387

Stretching exercises, 20, 68–69, 74, 91, 164, 169, 171, 172, 
173, 181, 206, 217–218, 227–228, 258, 267, 
287, 293, 310, 317, 318, 366, 383

Stretching
elbow, 91
passive, 21, 227, 267
proprioceptive, 205

Stretch injuries, 351
Student’s elbow, 309
Subacromial bursa or bursitis, 32–33, 61, 64–65, 73, 305, 

309, 310
Subacromial compressive syndrome, 55
Subcalaneal heel pain, 285
Subcoracoid impingement, 55
Subscapularis muscle, 58–59
Superficial peroneal nerve entrapment, 363–364
Supinator muscle syndrome, 90
Supracondylar process syndrome, 44
Suprascapular nerve entrapment, 353–355
Supraspinatus, 30, 55, 58–60, 63–64
Sural nerve entrapment, 362–363
Surface quality, 173, 209, 265, 267, 318
Surgeons, 85
Surgical interventions, 20, 21

Achilles tendon, 266, 269, 270, 274–275
articular cartilage, 383
bursitis, 271–272, 310
foot and ankle, 288–291, 293, 296, 298
groin pain, 163–163
hamstring, 181
hand/wrist, 109, 111, 112, 114, 115
knee, 205, 212, 212, 219–222, 228, 230–231, 233, 238
low back pain, 124, 136, 137
nerve entrapment, 352, 356–360, 362–364, 366
pelvis/groin area, 166–168, 171–174
runner’s leg, 262
shoulder, 70–71, 74
stress fractures, 322, 330, 337

Swimmers, 58, 60, 71, 129, 158, 308, 325, 352, 351, 373
Swimming

alternative treatments and beneficial effects, 139, 146, 
166, 267

breaststroker’s knee, 228–230
butterfly stroke, 146

Sympathetic reflex dystrophy of the patella, 204
Symphyseal curettage, 166
Symphysis region injuries, 

 

See

 

 Groin pain
Symphysitis, 153
Synonimes epitrochleitis, 85
Synovial chondromatosis, 61

Synovial sacs, 305–307, 

 

See 

 

Bursae
Synovial shelf syndrome, 200

 

T

 

Table tennis players, 324
Tae Kwan Do injuries, 275
Talus

impingement syndrome of the ankle, 288
nerve compression syndromes, 364
stress fractures, 39, 322, 334
tibiotalar impingement syndrome, 400

Tarsal bone stress fracture, 39, 316, 322, 333–334
Tarsal navicular ischemic necrosis, 383
Tarsal tunnel syndrome, 364–366
Tendinitis, 5, 13, 23, 264, 

 

See also specific anatomy or 
syndromes

 

MRI, 28, 30
terminology, 263–264

Tendinosis, 6, 13, 23, 263–264, 

 

See also specific anatomy 
or syndromes

 

classification system, 30
MRI, 28, 30, 33

Tendon scarf, 266
Tendon sheath endoscopy, 295, 296
Tendons, 

 

See also specific syndromes or systems

 

injuries, 5–8, 

 

See also

 

 Tendinitis; Tendinosis; 

 

specific 
types

 

classification, 13, 22–23, 30
calcification, 5
individual differences in load-bearing capacity, 155
musculotendinous unit, 4–5
pathohistotology, 8
remodeling, 10
terminology, 263–264
vascularization, 10–11

Tennis backhand technique, 86
Tennis elbow, 4, 33, 85–96, 400, 

 

See also

 

 Humeral 
epicondylitis

classification, 85
resistant, 89

Tennis players, 56, 58, 60, 71, 85, 86, 93, 111, 139, 175, 
264, 283, 295, 308, 323, 324, 325, 352, 353, 
357, 359, 360, 363, 366

Tennis racket materials, 85
Tenoperiostitis, 23
Tenoperiostosis, 23
Tenosynovitis, 23, 107

hand/wrist syndromes, 107–111
Tenovaginitis, 23
Tensor fascia lata, 162
Teres minor muscle, 58
Thermal capsular shrinkage, 58
Thermographic analysis, 16, 89, 216, 266, 321
Thigh muscles, hamstring syndrome, 175–182
Thigh splints, 157
Third-degree strain, 27
Thoracic nerve entrapment, 353
Thoracic outlet syndrome, 351–352
Thrombocytes, 11
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Thrower’s exostosis, 64
Throwing injuries, 56, 58, 96, 111, 308, 337, 353, 359, 360, 

 

See also

 

 Baseball players
javelin throwers, 85, 323, 337, 357
scoliosis and, 140
stress fractures, 323

Thumb guard, 360
Thumb spica splint, 109
Tibia

amenorrheic athletes, 397
impingement syndrome of the ankle, 288
posterior tibial muscle tendinitis/tenosynovitis, 

294–295
shin splints and, 255–256, 

 

See 

 

Runner’s leg
stress fracture, 39, 255, 256, 262–263, 316, 317, 318, 

321–322, 329–331, 385
tibiotalar impingement syndrome, 400

Tibial muscle, 255
Tibial periostitis, 255, 258–259
Tibial tubercle, traction apophysitis (Osgood-Schlatter 

disease), 230–231, 316, 375, 378–379
Tibial tuberosity transfer, 206
Tibialis anterior syndrome, 260
Tibialis posterior syndrome, 255, 257–258
Tibia vara, 309, 316
Tibiofemoral joint orientation, 192
Tibiotalar impingement syndrome, 400
Toe extensor tendinitis, 293–294
Toe sesamoids, 296–298, 322, 337
Tooth sign, 213
Trabecular fractures, 319
Traction apophysitises, 230–231, 316, 375, 378–382

calcaneal apophysitis (Sever disease), 275–276, 375, 
379, 381

Iselin disease, 381
Little League elbow, 97–99, 374, 377, 381–382
Sinding-Larsen-Johansson disease, 231, 375, 379

Trapshooting, 322
Triathletes, 158
Triceps surae muscle, 317
Triceps tendinitis, 85, 96
Trigger finger, 107, 115–116
Trigger thumb, 108
Triquetrum bone, 112
Trochanteric bursitis, 169, 171, 173, 305, 309, 310, 309
Trochanter major, 

 

See

 

 Greater trochanter
Trochanter minor, 33
Trochanter resection, 172
Truck drivers, 85
Tuft formation, 196

 

U

 

Ulnar deviation stress test, 108
Ulnar nerve entrapment (ulnar tunnel syndrome), 90, 107, 

357–358, 360
Ulnar nerve protection, 95
Ulnar neuritis, 33
Ulnar stress fractures, 323–324
Ultrasonography

Achilles tendon, 266, 271
bursitis, 310
elbow, 89
foot and ankle, 293, 298
hamstring, 180
hand/wrist, 108, 115
knee, 214–216, 233, 236
leg or foot, 258
pelvic/groin area, 161–162, 173
shoulder, 65, 73
stress fractures, 321

Ultrasound, therapeutic application, 321
Uphill runners, 166

 

V

 

Vacuola, 215
Varus alignment, 165
Vasoactive substances, 6
Vastus lateralis muscle, 191, 201
Vastus medialis muscle, 191

electrostimulation, 205
Vastus medialis obligmus (VMO) advancement, 221
Vertebral compression syndrome, 136–137
Vertebral pathologies, 

 

See

 

 Low back pain; Spine
Vertebrogenic painful lumbar syndrome, 123
Volleyball players, 58, 60, 71, 107, 208, 210, 324, 325, 329, 

330, 331, 353
Volleyball shoulder, 55
Volleyball’s knee, 208

 

W

 

Ward triangle, 397
Wartenberg’s syndrome, 109, 357
Washerwoman’s sprain, 107
Water polo players, 56, 71, 158, 381, 382
Water-skiers, 175
Weight control, 397
Weight lifters, 40, 107, 111, 114, 129, 166, 208, 308, 

323–326, 353, 356, 357, 359
Whip kick, 229
Windlass effect, 283
Wrestlers, 129, 143, 166, 325, 351, 373
Wrist, 

 

See

 

 Hand and wrist; 

 

specific anatomy, pathologies

 

Wristbands, 357
Wrist immobilization, 115
Wrist splint, 91

 

Y

 

Yergason’s sign, 72
Younger athletes, 373–388

articular malalignment or instability, 388
common overuse injuries, 377

apophyseal injuries, 378–382
articular cartilage injuries, 383–385
osteochondroses, 378–385
physeal injuries, 382–383
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epidemiology, 373–374
growth and development, 374–375
heel pain, 276
injury prevention, 388
Köhler disease, 383
osteochondroses

Iselin disease, 381

Little League elbow, 97–99, 374, 377, 381–382
Osgood-Schlatter disease, 378–379
osteochondritis dissecans (OCD), 383
Sinding-Larsen-Johansson disease, 379, 381

risk factors, 375–377
stress fractures, 316, 385–387
training and sporting technique, 376–377
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