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P R E FAC E

he genesis of Sports Medicine Consult: Problem-
Based Approach to Sports Medicine for the Primary
Care Physician came from the realization that there

were no adequate or up-to-date resources that could be used
at the point of care to help the busy clinician bridge the tran-
sition from a chief complaint to an accurate diagnosis and,
finally, to a functional sports-specific treatment plan. The
reason why this text is unique is it not only addresses the
specific diagnosis and treatment but also helps one develop a
rational differential diagnosis and, ultimately, an accurate
diagnosis.

The goal of Sports Medicine Consult is to be a reference at
the point of care. Bulleted sections, icons, and a uniform
 layout allow the reader to quickly find key information to
make a diagnosis, order a test, initiate treatment, recognize
indications for referral, and identify red flags. Evidence-
based references and many exam maneuvers are incorpo-
rated where possible to help assess the evidence to support a
diagnostic test or efficacy of a treatment. 

A final goal of Sports Medicine Consult is to address the
breadth and depth of the issues faced in the treatment of the

athlete. The contributing authors include experts in sports
medicine, orthopaedics, physical medicine and rehabilita-
tion, nutrition, and strength and conditioning. The lead
 authors bring over 25 years of experience teaching sports
medicine to medical students, residents, fellows, and practic-
ing physicians as well as medical providers. It is that experi-
ence that has helped Sports Medicine Consult maintain a
focus on key complaints and conditions for which athletes
commonly present. Nonsurgical treatments and ways to ex-
pedite safe return to play are highlighted. We believe Sports
Medicine Consult: A Problem-Based Approach to Sports Medi-
cine for the Primary Care Physician will be an indispensable
resource for the primary care physician, nurse practitioner,
physician assistant, resident physician, physical therapist,
and athletic trainer.

We thank the many contributing authors who gave their
expertise and time to the development of this book. We also
thank our editors for their guidance and tireless assistance in
the editing process.

T
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xiii

I N T R O D U C T I O N

ports Medicine Consult: Problem-Based Approach to
Sports Medicine for the Primary Care Physician is a
problem-focused, evidence-based approach to sports

medicine for the primary care provider, primary care resi-
dent, orthopaedic resident, physical therapist, and athletic
trainer. The book is intended to assist medical providers
treating athletes at the point of care with concise, practical
keys to the evaluation and functional treatment of their
sports medicine patients. The goal is to be a practical refer-
ence for the diagnosis and management of common sports
medicine conditions found in athletes and active patients.

The book is organized to allow quick and easy access to
the key information needed in the treatment of athletes. It is
organized in three main sections: Approach to Athletes with
Medical Conditions, Approach to Athletes with Musculoskele-
tal Disorders, and Approach to Athletes with Special Condi-
tions or Special Athlete Populations.

The individual chapters have a uniform structure to
 further assist in quick access to specific information. The
chapters have two main sections, with the first being an
 approach to a specific presenting complaint, e.g., Athlete
with Knee Pain. The subsections within the first half of the
 chapters are: Introduction, Pathophysiology/Functional
Anatomy, Epidemiology, Narrowing the Differential Diag-
nosis, History, Evidence-based Physical Exam, and Diagnos-
tic Testing. The first half of the chapter is intended to help
the medical provider develop a rational, organized approach
to a presenting complaint along with an appropriate

 differential. Key pearls on how a thorough history and phys-
ical exam will affect the differential diagnosis are highlighted
along with the sensitivity and specificity of exam maneuvers
when available. Finally, the reader will have the understand-
ing of what tests to order if the diagnosis remains unclear.

The second half of each chapter focuses on the specific
conditions that can result in a common complaint. Each
 diagnosis is reviewed in an organized fashion that is thorough
but concise. Bulleted sections allow quick review of treatment
and return-to-play information. Each diagnosis has subsec-
tions on History and Physical Exam, Diagnostic Testing, Treat-
ment, Prognosis/Return to Play, and Complications/Indications
for Referral.  Finally, each chapter has a Key Points section that
summarizes the most important information for each problem.
Icons are used throughout for quick reference to indicate
 complications/indications for referral and return to play/
 prognosis for the athlete.

The three appendices cover Injection Techniques, Interval
Throwing Program, and Interval Running Program. All
three subjects are extremely helpful in expanding nonsurgi-
cal treatment options and assisting in the safe and progres-
sive return to play for the running or throwing athlete.

Sports Medicine Consult: Problem-Based Approach to
Sports Medicine for the Primary Care Physician is a problem-
focused approach intended to be an efficient, but thorough,
resource for the busy medical provider. It allows rapid access
to the key information needed to assist in the evaluation and
treatment of athletes and active patients.

S

87208_fm.qxd:87208_fm.qxd  8/31/09  12:41 PM  Page xiii



87208_fm.qxd:87208_fm.qxd  8/31/09  12:41 PM  Page xiv



1

1
C H A P T E R

Preparticipation Physical
Examination
Vasilios Chrisostomidis

INTRODUCTION
The preparticipation physical examination (PPE) was designed
with the safety and health of the athlete in mind. Its goal is to
detect the athlete’s injuries, illnesses, or factors that may put
him or her or other athletes at risk. The history is the single
most important factor in determining whether an athlete
has a medical or orthopaedic condition. An effective screen-
ing examination should have a high level of sensitivity and
specificity. In addition it should be cost-effective and practi-
cal. Currently, data supporting the PPE meeting these attrib-
utes are lacking. Despite this the PPE is required at most
high schools and colleges prior to participation.1 The PPE
denies clearance to only 0.3% to 1.3% of all athletes.2 Addi-
tionally, 1.9% to 3.2% require further evaluation prior to
participation.3

Role of PPE

The primary objective of the PPE is to screen for life-
 threatening problems as well as conditions that may predis-
pose an athlete to injury or illness. There is no empirical
evidence that the PPE is able to screen for silent but deadly
illness; however, the consensus panel does recommend it be
performed.4

Secondary objectives include that the PPE often meets
 administrative requirements of a school, college, or governing
body. Currently, most states as well as the National Collegiate
Athletic Association (NCAA) require some form of a prepar-
ticipation examination prior to sports participation. There
may be annual or biannual requirements or an entrance
physical followed by yearly interval history updates. Fre-
quency, appropriate documentation, as well as who is able to
perform the examination vary from state to state and also
from high school to  college athletics. Referencing appropri-
ate requirements is  essential to perform a proper PPE for the
individual athlete. In most settings/states, a physician, nurse
practitioner (NP), or physician assistant (PA) is generally
 acceptable for performing the PPE.

In addition the PPE may serve as an access point for
health care and allow for the discussion of health care main-
tenance topics as well as general health. This may be the only

entry for an athlete into the health care delivery system prior
to an acute issue. It should be stressed, however, in the ab-
sence of the athlete’s primary care provider performing the
examination, the standard PPE should not supplement a
well child or annual physical examination.

Timing and Setting

The PPE should ideally be performed 6 weeks prior to the
start of the athletic season. This allows adequate time to
evaluate and treat any conditions requiring further evaluation,
testing, or treatment. Unfortunately, most athletes do not
present for a PPE until just prior to the commencement of
the season. One way to address this is to screen all returning
athletes to a team/school who will need a PPE in the spring
prior to return to school.

The setting of the preparticipation examination should
ideally be in the athlete’s primary care provider’s office. This
allows for confidentiality and continuity of care as well as
the ability to address nonsports-related medical issues if the
athlete is otherwise healthy to participate in sports. The
main limitation is the time utilized and cost.

In order to reduce costs and improve efficiency, some
schools and teams opt for a mass PPE session utilizing
 multiple health care providers. When the PPE is performed
by a group of physicians, it is often split up into stations. Often
one person will review the medical questionnaire, while
 another performs the physical examination and finally
 another provides clearance. An advantage of this format is
that a multispecialty team is often created (i.e., primary care,
 orthopaedic, dentist, etc.), which may decrease the need
for referral and avoid delay in clearing athletes for participa-
tion. It is important to have separate areas for male and female
athletes as well as privacy for the examination portion of the
physical. Confidentiality should be maintained at all times.

An alternative format for the mass PPE is the “locker-
room” format where the entire examination is performed by
one physician, but there are simultaneous examinations
 performed at the same time in separate examination rooms.
This format requires a large number of physicians capable of
performing the entire examination but can be an efficient
and cost-effective format as well.
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2 Sports Medicine Consult

Standard Preparticipation Examination

The medical history is the most important part of the PPE. It
will identify roughly 75% to 90% of all problems affecting
the athlete. There are roughly 4 million competitive athletes
in high school alone and 30 million athletes under the age of
18 who play organized sports in the United States.4 It is im-
portant to remember that the PPE screens for conditions
that result in unacceptable risk but does not reach a zero-risk
circumstance. An excellent resource for the clinician provid-
ing preparticipation physicals is the most recent joint
 consensus monograph Preparticipation Physical Evaluation,
3rd Edition (American Academy of Family Physicians,
American Academy of Pediatrics, American Medical Society
for Sports Medicine, American Orthopaedic Society for
Sports Medicine, American Osteopathic Academy of Sports
Medicine). The form is composed of standardized history,
physical examination, and clearance sections, which allows
for efficient and thorough evaluation of the athlete. A copy
of this form is shown in Figure 1.1.

HISTORY
Key components to the history that warrant further
 evaluation are highlighted below. For a complete detailed
description of each component, please refer to the most
 recent PPE joint consensus monograph.4

Medical Problems
● Previous disqualification or surgeries
● Recent injuries/illness
● Ever spent a night in a hospital
● May indicate serious condition not highlighted by other

questions

Medication/Supplements
● Prescription/nonprescription (over-the-counter)/herbal

medications
● May clue the physician about medical conditions an

 athlete may have forgotten to mention

Allergy/Anaphylaxis
● Food or insect stings
● Necessity of medications on the sidelines is ultimately the

responsibility of the athlete, though the trainer or medical
provider covering an event or practice may as well choose
to carry them

Cardiovascular
● Syncope, chest pain, shortness of breath (SOB) with

 activity, murmur, or positive family history (sudden death/
myocardial infarction [MI]) should prompt a work-up for

cardiac conditions. Do not forget to ask about illicit drug
(cocaine) or steroid abuse as a causative factor

● Family history of sudden cardiac death under the age of 50
(particularly first-degree relative)

● History of any cardiac testing (ECG [electrocardiogram],
ECHO, stress test, etc.)

● It is difficult to diagnose life-threatening cardiac
 conditions—only 20% are diagnosed prior to sudden
 cardiac death5,6

● The most common cause of cardiac death in athletes under
the age of 35 is hypertrophic cardiomyopathy (HCM),
while coronary artery disease (CAD) is the most common
cause over 35 years5,6

Pulmonary
● Prior history of asthma or exercise-induced asthma (EIA)
● SOB, wheezing, or coughing with exercise
● Family history of asthma
● Prior use of an inhaler or asthma medication

Viral Illness
● Recent viral illness with special attention paid to recent

mononucleosis

Paired Organs
● Presence of any unpaired organs (kidney, eye, testicle)
● Ramifications of absence of one may affect clearance or

 require appropriate risk stratification. Please refer to
“Clearance” section for details

Dermatologic Conditions
● Presence of any rashes, sores, or skin lesions
● Herpes, tinea, methicillin-resistant Staphylococcus aureus

(MRSA) important in contact sports, particularly if active

Neurologic
● History of concussion, burners/stingers, seizures
● History of repetitive concussion or burners/stingers should

prompt further inquiry and possibly a work-up

Heat Illness
● Often recurrent so detailed history may help to prevent

 recurrence
● Consider pre-exercise and postexercise weights as well as

proper acclimatization

Musculoskeletal Injury
● Acute or overuse injuries including but not limited to frac-

tures, sprains, strains, contusions, as well as overuse injuries

87208_ch01.qxd:87208_ch01  8/31/09  5:10 PM  Page 2



FIG. 1.1. Standardized PPE form. Adapted from American Academy of Family Physicians, Ameri-
can Academy of  Pediatrics, American College of Sports Medicine, American Medical Society for
Sports Medicine, American Orthopaedic Society for Sports Medicine, and American Osteopathic
Academy of Sports Medicine. 3
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4 Sports Medicine Consult

FIG. 1.1. (Continued).
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Chapter 1 • Preparticipation Physical Examination 5

● Previous treatments including physical therapy (PT)/
surgery/braces

● Assess the adequacy of evaluation and treatment as the
athlete may need new work-up or treatment

Gastrointestinal (GI)
● Active or recent vomiting/diarrhea predisposes to dehy-

dration as well as heat illness

Genitourinary (GU)
● Testicular masses, hernias, pain
● Female menstrual history including absence of menses,

age of menarche, and frequency may indicate underlying
risk for female athletic triad and energy imbalance

Eyes/Vision
● Best corrected acuity
● Greater than 20/40 considered abnormal
● If “functionally one eyed,” may require mandatory eye

protection7

Nutrition
● Eating disorders, disordered eating
● History of stress fractures, female triad

Psychosocial Concerns
● Drug use/illicit substances
● Tobacco/smokeless tobacco
● Performance-enhancing drugs
● Nutritional supplements
● Depression/anxiety screening
● Safety screening

Immunizations
● Make sure up to date

PHYSICAL EXAMINATION4

Vital Signs/Body Mass Index (BMI)
● Brachial artery blood pressure (BP) in the seated position

(preferably bilateral)
● Make sure to refer age-appropriate normative values for

BP
● If BP elevated, record bilateral BP and readings should be

performed on at least two separate occasions
● It is important to use the appropriate-sized BP cuff as a small

cuff may cause an elevated reading in a large individual

Visual Acuity
● Minimum 20/40 corrected vision in each eye

Head, Eyes, Ears, Nose, and Throat (HEENT)
● Evaluate for anisocoria so that there is a baseline in case of

head injury/concussion

Cardiovascular
● Femoral artery pulses should be checked. If decreased then

BP measurements should be taken from the lower extrem-
ity as well as bilateral upper extremity due to possible
coarctation of the aorta.

● Cardiac auscultation should be performed in the supine
and standing positions (or with Valsalva maneuver) specif-
ically to identify murmurs of dynamic left ventricular out-
flow tract obstruction.

● The examiner should be listening for murmurs, irregular
heartbeats, or extra heart sounds (S3/S4).

● Special attention should be paid to the murmur of HCM.
Systolic murmurs 3/6 or greater, all diastolic murmurs,
and any murmur that increases in intensity with Valsalva
should be evaluated further prior to clearance.

● Examination should be performed for physical stigmata
for Marfan’s due to increased risk for cardiovascular
 complications.

Pulmonary
● This examination should focus on listening for good air

movement with clear lung fields. Findings such as rhonchi,
rales, or wheezes may require further work-up.

Abdomen
● Athlete should be supine and relaxed. Abdominal masses

or organomegaly may require further work-up prior to
clearance.

Genitalia
● A testicular examination as well as a hernia examination

should be performed in males. This is an opportunity to
discuss the self-testicular examination with the male athlete.

● The GU examination is deferred in females. Routine
 papanicolau tests should be encouraged.

Skin
● Examine for any signs of contagious infection including

herpes, carbuncles, fungal infections, impetigo, and scabies.

Musculoskeletal System
● The goal is to determine if there are any injuries (acute or

chronic) that affect safe participation by the athlete.
● Key factors include identifying any strength deficits,

 atrophy, or instability that may require rehabilitation or
further treatment prior to participation.
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6 Sports Medicine Consult

● The physician may perform one of two types of examina-
tions:“general musculoskeletal screening”or“joint specific.”

● A general musculoskeletal screening may be performed
followed by joint-specific examination for those joints
 failing the screening or having an acute or chronic injury
requiring further assessment.

General Musculoskeletal Screening Examination

1. Inspect for any gross deformities or abnormalities
2. Check active neck range of motion (flexion/extension/

side bending and rotation)
3. Have athlete shrug shoulders against resistance to assess

trapezius strength
4. Abduct shoulders against resistance
5. Range of motion of shoulders in internal rotation and

external rotation with elbows flexed
6. Flex and extend elbows
7. Pronate and supinate the wrist
8. Clench the fist and spread the fingers
9. Inspect lumbar spine for asymmetry or scoliosis

10. Check lumbar extension for pain or lack of range of
 motion

11. Check lumbar flexion for pain or lack of range of  motion
as well as scoliosis

12. Assess lower extremities for alignment and asymmetry
13. Perform the “duck walk” which assesses the function of

the hips, knees, ankles, and feet simultaneously
14. Perform toe walk as well as heel walk to assess strength

and stability

Note that any abnormalities should prompt the joint-specific
examination.

Joint-specific Examination
● This examination includes inspection and range of motion

testing of the spine, neck, shoulders, elbows, wrists, hands,
hips, knees, ankles, and feet.

● Appearance and symmetry should be noted. The examina-
tion should be performed in a stepwise fashion in the same
order each time so that no part of the examination is omitted.

● The specific joint examinations/maneuvers, along with
their  respective sensitivities and specificities, are illustrated
throughout the other chapters of this text and as such will
not be reviewed here at this time.

DIAGNOSTIC TESTING
Laboratory
● The routine use of blood or urine tests has not been substan-

tiated and is not currently recommended as part of the PPE.8

● Some institutions screen for sickle cell trait and anemia
given relatively high prevalence in some groups, but there
is no evidence to support this action at this time.8

ECG
● The routine use of ECG to determine HCM, congenital

anomalies, or significant cardiac arrhythmias has not been
substantiated and is not currently recommended as part of
the PPE by the American Heart Association.6

Echocardiogram
● While this tool may be effective in determining if an ath-

lete has HCM, it is not recommended as a routine part of
the PPE. It is considered cost-prohibitive and is not easily
accessible at this time.6,9

CLEARANCE
Clearance is the determination of whether the athlete may
safely participate in sports to the best judgment of the med-
ical provider (physician, NP, PA). Some providers prefer to
consider it a risk assessment rather than clearance. The ath-
lete and family need to be involved when dealing with a
minor. Fortunately, the need to deny clearance is rare, occur-
ring in only 0.3% to 1.3% of all athletes.2 A larger percentage
(1.9% to 3.2%), however, may require further evaluation or
treatment prior to participation.3

There can be different levels of clearance as shown in the
PPE clearance form (Fig. 1.2). The medical provider may
 decide that no athletic participation is allowed, that the
 athlete may participate after certain conditions are met, or
that the athlete may participate in athletics.

The last category may be further broken down into
 participation in events based on classification by contact
or strenuousness of the activity as noted in Tables 1.1
and 1.2.

Regardless of the type of evaluation done, it is important
that coaches and trainers understand restrictions in partici-
pation or further work-up in the athlete. It is also important
to keep the lines of communication open with the athlete to
avoid misunderstandings.

KEY POINTS

• The PPE is designed to detect the athlete’s injuries,
 illnesses, or factors that may put him or her or other
athletes at risk.

• The PPE does not replace the annual physical
 examination.

• The history is the key component of the PPE.

• History and physical examination findings should
guide and work up as well as a clearance decision.

• Currently, the recommendation is not to use routine
labs, ECG, or ECHO for PPE screening.
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FIG. 1.2. Clearance form. Adapted from American Academy of Family Physicians, American Academy
of Pediatrics, American College of Sports Medicine, American Medical Society for Sports Medicine,
American Orthopaedic Society for Sports Medicine, and American Osteopathic Academy of Sports
Medicine. 7
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Classification of Sports by Contact

Contact/Collision Limited Contact Noncontact

• Basketball • Baseball • Archery
• Boxing • Bicycling • Badminton
• Diving • Cheerleading • Bodybuilding
• Field hockey • Canoeing/kayaking (white water) • Bowling
• Football (tackle, flag) • Fencing • Canoeing/kayaking (flat water)
• Ice hockey • Field events (high jump, pole vault) • Crew/rowing
• Lacrosse • Floor hockey • Curling
• Martial arts • Gymnastics • Dancing
• Rodeo • Handball • Field events (discus, javelin, shot put)
• Rugby • Horseback riding • Golf
• Ski jumping • Racquetball • Orienteering
• Soccer • Skating (ice, inline, roller) • Power lifting
• Team handball • Skiing (cross-country, downhill, water) • Race walking
• Water polo • Softball • Riflery
• Wrestling • Squash • Rope jumping

• Ultimate Frisbee • Sailing
• Volleyball • Scuba diving
• Windsurfing/surfing • Strength training

• Swimming
• Table tennis
• Tennis
• Track
• Weight lifting

Adapted from Schepsis AA, Busconi BD. Sports Medicine. Philadelphia: Lippincott Williams & Wilkins; 2006:20. 

T A B L E  1 . 1

Classification of Sports by Strenuousness

High to Moderate Dynamic High to Moderate Dynamic Low Dynamic and High to Low Dynamic and 
and Static Demands and Low Static Demands Moderate Static Demands Static Demands

• Boxing • Badminton • Archery • Bowling
• Crew/rowing • Baseball • Auto racing • Cricket
• Cross-country skiing • Basketball • Diving • Curling
• Cycling • Field hockey • Equestrian events • Golf
• Downhill skiing • Lacrosse • Field events (jumping, throwing) • Riflery
• Fencing • Orienteering • Gymnastics
• Football • Table tennis • Karate or judo
• Ice hockey • Race walking • Motorcycling
• Rugby • Racquetball • Rodeo
• Running (sprinting) • Soccer • Sailing
• Speed skating • Squash • Ski jumping
• Water polo • Swimming • Water skiing
• Wrestling • Tennis • Weight lifting

• Volleyball

Adapted from Schepsis AA, Busconi BD. Sports Medicine. Philadelphia: Lippincott Williams & Wilkins; 2006:20. 

T A B L E  1 . 2
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INTRODUCTION
Head and facial injuries in athletes often create anxiety in the
provider caring for the athlete, as these injuries can be a
source of significant morbidity, disability, disfigurement, or
even death. Types of head injury encountered during sports
activities include concussion, also known as mild traumatic
brain injury (MTBI), second-impact syndrome, postconcus-
sion syndrome, and intracranial hemorrhage. Facial injuries
include dental injury, facial fractures, nasal fractures, epis-
taxis, and ocular injuries.

Concussion is the most common head injury encountered
in sport, with as many as 300,000 concussions occurring
 annually in the United States due to sports participation.1 Ap-
proximately 90% or more of concussions do not involve loss
of consciousness.2,3 Thankfully, the rates of head and  facial
injuries are decreasing in sport due to the implementation of
helmets and facial protectors. Levy et al. (2004) showed a 74%
decrease in fatalities and an 86% decrease in serious head
 injury since 1976 due to the implementation of the  National
Operating Committee on Standards for Athletic Equipment
(NOCSAE) helmet standards as well as the  implementation
of new tackling laws to prevent spearing in football.4

PATHOPHYSIOLOGY
The mechanism of concussion can be a direct blow to the
head, indirect trauma suffered during a fall, or a whiplash-
type injury (Fig. 2.4). The underlying pathophysiology is an
area of active research, with current data drawn largely from
animal models and more severe forms of brain trauma in
humans. The current theory proposes that a concussion re-
sults in a neurometabolic cascade that creates an increased
glucose demand to restore normal cell membrane ionic
homeostasis with a concomitant decrease in cerebral perfu-
sion at the cellular level.5 This can lead to axonal injury and
potential cell death. While the acute onset of ionic changes
occurs over hours, late onset effects can take days to weeks to
resolve with normalization of brain function.5

Other etiologies of altered cognition due to a head in-
jury other than concussion or intracranial bleed include

 second-impact syndrome and postconcussion syndrome.
Second-impact syndrome is defined as a repeat head insult
that occurs prior to the complete resolution of initial con-
cussion, which may not have been recognized or evaluated.
There is currently much debate regarding the prevalence and
etiology of second-impact syndrome, but the most widely
held position is that the brain loses its autoregulatory ability
due to the first concussion, and with onset of the second
 injury, there is rapid onset of cerebral edema, often leading
to significant morbidity and mortality, despite aggressive
and rapid treatment.3 Although second-impact syndrome is
not seen in all athletes that return to play with ongoing con-
cussive symptoms, the severe and devastating nature of this
condition is one of the reasons why it is critical that athletes
are asymptomatic prior to returning to play.

FUNCTIONAL ANATOMY
Given that concussion is the most common traumatic head
injury, it is important to understand the anatomy of the brain
(Fig. 2.2). The brain is a soft tissue structure floating in and
surrounded by cerebrospinal fluid inside a thick, bony skull.
If there is a direct or an indirect injury to the skull, the brain
will move within the skull, colliding with the inner lining of
the skull and causing a soft tissue injury or a concussion. If
there is a severe impact to the skull, often in the temporo -
parietal region, with sheer forces that transect the middle
meningeal artery, there can be an epidural hematoma, which
can be a life-threatening emergency (Fig. 2.3).

The facial bones are anatomically situated to support the
functions of vision, breathing, eating, and smell. Any dam-
age to the facial structures therefore, by definition, can result
in loss of functionality and impairment of these sensory
modalities. Most notably, the inferior bony wall of the ocular
cavity is extremely thin, and direct ocular trauma can result
in a “blow out” fracture (Fig. 2.4). This is actually a protec-
tive mechanism that can spare the actual globe and helps to
prevent blindness. An important anatomic factor regarding
the mandible is that it is a U-shaped structure. Given this
anatomy, any injuries to the mandible often result in frac-
tures in more than one location.

2
C H A P T E R

Athlete with a Head 
or Facial Injury
Peter Hoth and Zachary A. Geidel

SECTION 1 Approach to Athletes with Medical Conditions
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10 Sports Medicine Consult

One important consideration regarding nasal anatomy is
that the nasal septum is covered by a vascular web, Kiesselbach’s
plexus. Any fractures to the nasal septum can cause disrup-
tion of the vascular anatomy and a septal hematoma, which
is an urgent condition requiring intervention to avoid nasal
septal perforation.

The functional anatomy regarding sports-related ocular
trauma is that the eye is a fluid-filled globe sitting in a thin-
walled, bony socket. The medial border of the orbital socket
is the lacrimal bone and the orbital plate of the ethmoid
bone. Superiorly lies the orbital surface of the frontal bone.
Laterally is the orbital surface of the zygomatic arch, and in-
feriorly is the orbital surface of the maxilla as well as a por-
tion of the zygomatic arch. The main structure of this bony
architecture is the orbital surface of the maxilla, which is the

Frontal
lobe

Motor cortex
(control of
voluntary
muscles)

Sensory cortex
(cutaneous and other senses)

General interpretive
area

Temporal lobe

Occipital
lobe

PosteriorAnterior

Visual
area

Taste area

Vestibular
area

Auditory area

Cerebellum

Central sulcus

Brainstem

Lateral sulcus

Motor speech 
area (Broca's area)

Parietal lobe

FIG. 2.2. Neuroanatomy and functional anatomy. Reprinted
with permission from Bear M, Conner B, Paradiso M.
Neuroscience: Exploring the Brain. 2nd ed. Baltimore:
Lippincott Williams & Wilkins; 2000.

FIG. 2.3. Middle meningeal artery injury with epidural
hematoma. Reprinted with permission from Moore KL,
Agur A. Essential Clinical Anatomy. 2nd ed. Philadelphia:
Lippincott Williams & Wilkins; 2002.

Primary injury

Contusions, lacerations, shearing injuries, hemorrhage,
and swelling can occur at the time of impact and

cannot be reversed by treatment.

Contusions typically occur
over the frontal and temporal
poles of the brain regardless
of the cranial impact site.

Lacerations, with or without associated
fractures, are usually located near the

midline, adjacent to the floor of the
anterior or middle cranial fossa, and
often involve the corpus callosum or

pontomedullary junction.

Shearing injuries occur
when the impact is
accompanied by sudden
angular rotation of
the skull.

Hemorrhage can range from small
intracerebral collections to large intra-

or extracerebral clots that cause
deterioration by their "mass" effect on

brain tissue.

FIG. 2.1. Mechanisms of concussions. Reprinted with
permission from McKeag DB, Moller JL. ACSM’s Primary
Care Sports Medicine. 2nd ed. Philadelphia: Lippincott
Williams & Wilkins; 2007.

thinnest of all the surrounding osseous structures and is
most likely to fracture during an episode of blunt trauma to
the globe. This anatomy is protective in that it allows for a
blow-out fracture rather than resulting in globe rupture,
which could cause blindness.

The most relevant ocular structures are the eyelids and
the cornea. The lids are protective structures, which also
have a role in tear production and tear removal through
the lacrimal ducts. The lacrimal ducts exit the eye through
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Chapter 2 • Athlete with a Head or Facial Injury 11

the medial  portion of both upper and lower eyelids; thus,
any  resulting injury or laceration to the region of the medial
 canthus should be thoroughly evaluated to ensure that
lacrimal duct injury has not occurred. Injury to the lacrimal
ducts that is not properly and promptly repaired by oph-
thalmology could result in a tear duct problem, eye water-
ing, or dry eyes.

The cornea is the clear covering over the pupil and iris. It
is an important structure in sport as it is commonly injured,
usually due to a scratch or an abrasion. It usually heals well,
but often needs a protective patch. The deeper structures in-
clude the anterior chamber, between the cornea and the lens;
the posterior chamber, between the lens and the retina; and
the retina itself. The remainder of the structures are all
 necessary for adequate visual acuity.

EPIDEMIOLOGY
Concussions are most often seen in the 12- to 24-year age
range and are more frequently seen in male rather than
 female athletes. Current incidence data shows that there are
0.14 to 3.66 concussive injuries per 100 player-seasons
 versus athlete-seasons at the high school level. At the colle-
giate level, there are 0.5 to 3.0 injuries per 1,000 athlete
 exposures.6 Approximately 90% or more of concussions do
not involve loss of consciousness.2,3

Eye injuries related to sports or recreational activities ac-
count for 40,000 to 100,000 injuries annually in the United
States, most of which may be preventable.7,8 The highest risk
of ocular injuries occurs in sports with sticks, balls, or

 racquets. In relation to ball sports, smaller balls (e.g., rac-
quetball and handball) present higher risk of ocular injuries.
Nonracquet sports that have a higher incidence of ocular
trauma include boxing, basketball, and wrestling.

NARROWING THE DIFFERENTIAL
DIAGNOSIS
On-field Assessment

The first rule for  a head injury is that any athlete who is un-
conscious after an injury is assumed to have a cervical spine
injury, and cervical spine precautions need to be taken with
all further evaluation of the athlete until the cervical spine
has been evaluated and cleared.

Once an athlete has been determined to be stable, they
should be serially evaluated by a trained provider every 10 to
15 minutes. Use of a concussion scale such as the Sideline
Assessment of Concussion (SAC) can assist with monitoring
subtle changes, either improving or declining performance
on any of the cognitive measures (Fig. 2.5).

The safest rule in caring for concussed athletes is that they
should not be allowed to return to game play or practice until
their symptoms have completely resolved. Additionally, the
younger the athlete, the more restrictive the supervising
provider should be in allowing them to return to play. Even if
symptoms have resolved, it is recommended that athletes at
the high school level or younger not return to participation
on the day of injury. This recommendation is meant to protect
the still-developing brain from further injury or insult.9 If an

FIG. 2.4. Blow-out fracture. Reprinted with permission from Harwood-Nuss A, Wolfson AB,
Christopher H, et al. The Clinical Practice of Emergency Medicine. 3rd ed. Philadelphia: Lippincott
Williams & Wilkins; 2001.
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1) ORIENTATION:

Month: _______________________________________ 0   1
Date: _________________________________________ 0   1
Day of week: __________________________________ 0   1
Year: _________________________________________ 0   1
Time (within 1 hr.): ____________________________ 0   1

Orientation Total Score _________________________ /  5

2) IMMEDIATE MEMORY: (all 3 trials are completed regardless
of score on trial 1 & 2; total score equals sum across all
3 trials)

List Trial 1 Trial 2 Trial 3

Word 1 0   1 0   1 0   1

Word 2 0   1 0   1 0   1

Word 3 0   1 0   1 0   1

Word 4 0   1 0   1 0   1

Word 5 0   1 0   1 0   1

Total

Immediate Memory Total Score ___________________ / 15

(Note: Subject is not informed of Delayed Recall testing of
memory)

NEUROLOGICAL SCREENING:

Loss of Consciousness: (occurrence, duration)

Retrograde & Posttraumatic Amnesia:
(recall of events pre- and post-injury)

Strength:

Sensation:

Coordination:

3) CoNCENTRATION:

Digits Backward (If correct, go to next string length. 
If incorrect, read trial 2. Stop after incorrect on both trials)

4-9-3 6-2-9 _____________________ 0  1
3-8-1-4 3-2-7-9 ___________________ 0  1
6-2-9-7-1 1-5-2-8-6 __________________ 0  1
7-1-8-4-6-2 5-3-9-1-4-8 _______________ 0  1

Months in reverse order: (entire sequence correct for
1 point)
Dec-Nov-Oct-Sep-Aug-Jul
Jun-May-Apr-Mar-Feb-Jan ________________________ 0  1

Concentration Total Score _____________________ / 5

EXERTIONAL MANEUVERS
(when appropriate):

5 jumping jacks 5 push-ups
5 sit-ups 5 knee-bends

4) DELAYED RECALL:

Word 1 0   1
Word 2 0   1
Word 3 0   1
Word 4 0   1
Word 5 0   1

Delayed Recall Total Score ________________ /    5

SUMMARY OF TOTAL SCORES:

Orientation ______ /  5
Immediate Memory ______ / 15
Concentration ______ /  5
Delayed Recall ______ /  5

Overall Total Score ________________________ / 30

FIG. 2.5. Sideline Assessment of Concussion (SAC). Reprinted with permission from McCrea M.
Standardized mental status assessment of sports concussion. Clin J Sports Med. 2001;11:
176–181.
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athlete’s condition is deteriorating rather than improving, es-
pecially if their level of consciousness is decreasing or they are
starting to have localized neurologic deficits, such as abnor-
mal papillary response, they need to be transported to an
emergency medical facility immediately for further evalua-
tion and treatment as they may have an intracranial hemor-
rhage, specifically an epidural hematoma that would require
immediate surgical intervention to avoid increased intracra-
nial pressure,brain stem herniation,and possible death.

Office-based Assessment

Concussed athletes presenting to the office may not realize
they sustained a concussion. They may think they just had
their“bell rung”or present with headache, dizziness, memory
disturbances, or mood changes and not correlate it with head
trauma. Furthermore, some symptoms can be delayed in
onset and/or worsen as time progresses. The important point
is to assess whether these were related to head trauma, and if
so, a concussion must be assumed till ruled out. A thorough
history of mechanism, symptoms, change in symptoms, as
well as any evaluation or treatment done to date is essential.
A thorough neurovascular examination with special focus on
cog nition, memory, and cerebella function is important in
the concussed athlete. Any focal neurologic deficit or rapidly
 progressing symptoms imply potential cranial bleed, and
transport to emergency medical facility should occur.

Facial trauma typically presents to the emergency depart-
ment, but patients may present with minor complaints of
double vision (potential orbital blow-out fracture) or tooth
malocclusion (occult mandibular fracture) that may indicate
more significant facial injuries.

Diagnostic Testing

Laboratory

Appropriate laboratory evaluation depends on the underlying
condition but is typically not required with simple concus-
sions or facial injuries.

Imaging

Appropriate imaging can be essential, depending on the
 suspected underlying condition. Most simple concussions
do not require imaging, but complex concussions, presence
of focal neurologic deficits, or progression of symptoms may
warrant imaging studies. In the emergency department or
when there is an acute deterioration of the athlete, emergent
computed tomography (CT) is generally the imaging of
choice. For postconcussion syndrome, chronic symptoms, or
when CT is inconclusive but clinical suspicion remains, a
magnetic resonance imaging (MRI) will provide the most
 accurate imaging of the brain structure for bleeds and cere-
bral hematomas. An MRI angiogram may be considered
if ruling out vascular malformation. Functional MRIs
(fMRIs) and positron emission tomography (PET) scans are

largely used for research at this time but may prove to be
valuable with future research and validation.

X-rays are the initial imaging modality for facial injuries,
with CT scan utilized for better visualization when clinically
indicated. The extent of many facial fractures may not be
 evident until CT imaging is performed.

Other Testing

Neuropsychologic testing (traditional or computer based)
has been advocated by some for the evaluation of the con-
cussed athlete. Unfortunately, at this time, due to lack of in-
dependent validation, expense, and no outcome studies
showing improved management of concussions, its use
should largely be reserved for complex cases and research.
This is the conclusion reached by the most recent 2nd Inter-
national Conference on Concussion in Sport. Its future role
may increase with better independent and outcome-based
research, but currently, inappropriate use of neuropsycho-
logic testing has the potential to give a false sense of security
to athletes, parents, and medical providers. The gold stan-
dard remains management of concussed athletes by a
trained physician.

APPROACH TO THE ATHLETE 
WITH CONCUSSION

The most frequent head injury encountered within athletics
is a concussion or MTBI. There have been multiple defini-
tions of concussion, but overall, a concussion is a complex
pathophysiologic process affecting the brain and induced
by traumatic biomechanical forces.9 As previously discussed,
the mechanism of concussion can be due to direct or indi-
rect trauma, or from a whiplash-type injury (Fig. 2.1).

Concussion severity can be categorized as either simple
or complex only in retrospect, once all of the concussive
 sequelae have resolved. Simple concussions constitute the
 majority of concussions and are those with progressive reso-
lution of symptoms over 7 to 10 days.9 Complex concussion
“encompasses cases where athletes suffer persistent symp-
toms (including persistent symptom recurrence with exer-
tion), specific sequelae (such as concussive convulsions),
prolonged loss of consciousness (more than one minute), or
prolonged cognitive impairment after the injury. This group
may also include athletes who suffer multiple concussions
over time or where repeated concussions occur with pro-
gressively less impact force.”9

HISTORY AND PHYSICAL EXAMINATION

Key components of the history around concussion include
evaluation of cognitive symptoms, somatic symptoms, and
affective symptoms, as seen in Table 2.1.

87208_ch02.qxd:87208_ch02  8/31/09  12:43 PM  Page 13



14 Sports Medicine Consult

It is important to note that concussion symptoms can
fluctuate, with some initial symptoms resolving quickly
over minutes to hours (i.e., confusion, amnesia, ataxia) while
others may take days to weeks to resolve (i.e., headache,
memory disturbances, mood lability).

DIAGNOSTIC TESTING

Further evaluation of the concussed athlete may include
structural neuroimaging such as MRI or CT. However, both
of these modalities are usually normal in the setting of
 concussion and are not needed unless there is concern for
 intracranial hemorrhage or osseous damage, which may be
indicated with prolonged loss of consciousness, focal neuro-
logic deficit, or overall worsening symptoms in the setting of
complex concussion. The role of fMRI is largely experimental
and unvalidated at this time, but it may play a role in the
 future with complex cases.

Neuropsychologic testing (formal or computer based)
may be needed for management of complex concussions
but is not currently regarded as important for the manage-
ment of simple concussions.9 The most recent consensus
statement does note that it may form a cornerstone role for
management of complex concussions.9 When computer-
based  testing is used, it is recommended that all data
 received from computerized testing be reviewed in the
overall context of the concussion, and the final decisions
regarding return to play should be made by a supervising
physician with adequate experience in caring for concussed
athletes.

TREATMENT

General Measures

The current recommendations for care of a concussed ath-
lete include physical and cognitive rest until all of the physi-
cal, cognitive, and somatic symptoms have resolved. Beyond

rest from sporting activity, rest from academic work as well
as video games may facilitate more rapid recovery. It is
 important to note that while there is extensive variability in
the duration and severity of concussions, the typical/simple
concussion requires 7 to 10 days to resolve. Furthermore,
neuropsychologic deficits can persist even after resolution of
symptoms; therefore, a cautious rather than aggressive
 approach is recommended.

Once an athlete has become asymptomatic at rest, they
should go through a progressive exercise challenge test prior
to being returned to game play where they are at risk for sus-
taining another injury.9 The exercise challenge progression
includes light aerobic exercise, such as riding on a stationary
bicycle, sport-specific exercise, noncontact training drills,
full-contact training, and game play. If postconcussive
symptoms occur, most commonly exertional headache, vi-
sual disturbance, or disequilibrium, decrease level of activity
and try to progress again in 24 hours.9 It is generally recom-
mended that there be a 24-hour period in between each pro-
gression in activity level; however, the rapidity of progression
and the final determination should be made by the supervis-
ing physician. Knowing, however, that the average recovery
from concussion requires 7 to 10 days makes return to play
prior to that time period potentially risky. In one study, 91%
of repeat concussions occurred within 10 days and 75%
within 7 days of the initial concussion.11

Pharmacologic Treatment

The role of pharmacologic treatment for concussions is
an area of research with little evidence to support recom-
mendations. Treatment of acute symptoms is largely for
headaches, with over-the-counter Tylenol most commonly
recommended. Non-steroidal anti-inflammatory drugs
(NSAIDs) should be avoided unless underlying cerebral
hematoma, bleed, or bleeding disorder has been ruled out.

In athletes with postconcussive symptoms, pharmaco-
logic treatment may focus on controlling persistent symp-
toms including cognition deficits, mood disorders, and

Categories of Concussive Symptoms

Cognitive Somatic Affective

Confusion Headache Emotional
Posttraumatic amnesia (PTA) Fatigue Irritable
Retrograde amnesia (RGA) Disequilibrium, dizziness
Loss of consciousness (LOC) Visual disturbances
Disorientation Phonophobia
Feeling “in a fog,” “zoned out”
Inability to focus
Delayed verbal and motor responses
Slurred/incoherent speech
Excessive drowsiness

T A B L E  2 . 1
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Chapter 2 • Athlete with a Head or Facial Injury 15

mood lability. There is little data in the area as well, but one
may consider drawing data from consensus statements on
the pharmacologic treatment of traumatic brain injury.12

Prognosis/Return to Play

Overall prognosis for a simple concussion is very good when
it is properly treated. Risks for prolonged recovery or long-
term sequelae include repeat or multiple concussions, pro-
longed loss of consciousness, and retrograde amnesia.13

Whether genetic predisposition is a risk factor is an area of
active research. Some are looking at a potential association
between the apolipoprotein E allele and chronic traumatic
brain injury.14

Return to play is based on asymptomatic graduated re-
turn to play as noted previously for an initial concussion.
The general recommendation is that when an athlete suffers
three concussions during a given season that they should be
restricted from play for the remainder of the season. If there
have been more severe concussions or head injuries, this may
be decreased to two concussions within a given season.

Currently, the best way to prevent concussion is the use of
adequate, properly fitting protective equipment and hel-
mets. Additionally, the use and teaching of proper tackling
and blocking techniques in football can help to minimize
head injury.15 Some authors have suggested use of mouth
guards as a possible mechanism of concussion prevention.
However, the current evidence regarding mouth guards and
concussion prevention is inconclusive.16

Complications/Indications for Referral

Focal symptoms or rapidly progressive symptoms are indi-
cations for immediate emergent referral to a medical center
with appropriate neurosurgical as well as emergent CT or
MRI capabilities. Atypical symptoms or prolonged symp-
toms are indications for referral to a neurologist, neuro -
surgeon, or sports medicine physician with experience
managing complex concussions. Neuropsychologists trained
in assessing concussed athletes may be indicated at the dis-
cretion of the supervising physician.

APPROACH TO THE ATHLETE WITH
EYE INJURIES

Eye traumas constitute common injuries in sports, particu-
larly with ball and stick sports. Eye injuries range from eyelid
lacerations, corneal abrasion, corneal/conjunctival lacera-
tions, and subconjunctival hemorrhage to more severe in-
juries including hyphema induced by blunt trauma, traumatic
iritis, retinal detachment, ruptured globe, and penetrating
 injuries or orbital wall fractures (Fig. 2.6).

HISTORY AND PHYSICAL EXAMINATION

Approach to the patient with ocular injury includes ob-
taining a history of previous eye injury or decreased visual
acuity. The history should include the use of eyeglass or
contact lens or prior history of refractive eye surgery, such
as LASIK. Athletes who have undergone eye surgery, such
as corneal replacement or LASIK surgery, should be aware
that there may be a risk for reinjury or LASIK flap dis-
placement or corneal disruption following blunt trauma,
thus increasing the risk of open globe injuries and indicat-
ing the need for athletes at risk for blunt ocular trauma to
wear protective eyewear during athletic participation.17,18

Mechanism of injury is important in determining possible
injuries.

The preparticipation physical examination is used to
identify athletes with monocular vision or significant de-
creases in visual acuity that would have long-lasting effects if
the athlete suffered ocular trauma resulting in permanent
 vision impairment or disability. The visual examination
should  include a screening examination for equality of
pupils, presence of amblyopia or lazy eye, or decreased visual
acuity. Some people naturally have a degree of anisocoria, or
unequal pupils. It is important to document this fact prior to
injury. If anisocoria is first noticed on examination of a head
injury, it can be  indicative of increased intracranial pressure
or possibly a cerebral hemorrhage.

The acute evaluation of the athlete with eye injury
 includes gross inspection for deformities, palpation for
 associated periorbital fracture, as well as proper inspection
of pupils, sclera and cornea. Proper and equal pupil reflex
should be noted as well as normal funduscopic examination.

FIG. 2.6. Hyphema. Reprinted with permission from
 Harwood-Nuss A, Wolfson AB, et al. The Clinical Practice
of Emergency Medicine. 3rd ed. Philadelphia: Lippincott
Williams & Wilkins; 2001.
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16 Sports Medicine Consult

DIAGNOSTIC TESTING

Plain radiographs or preferably CT of facial bones may be
necessary if there is concern for fracture or hemorrhage.

TREATMENT

General Measures

The most important intervention for eye injuries is pri-
mary prevention. This is best done by the use of properly
fitting protective eyewear for all practices and game play.
The eyewear should be made of polycarbonate lenses and
meet the ASTM (American Society for Testing and Mate -
rials) standards. Rest, cold compresses, and analgesics
should be used for general blunt trauma if no fractures are
suspected.

Pharmacologic Treatment

If a corneal abrasion or superficial corneal foreign body is
present, appropriate antibiotics may be necessary. 

Prognosis/Return to Play

The athlete needs to return to full baseline vision prior to
being allowed to participate in athletic practice or game play.
It is also imperative that there is no evidence of postconcus-
sion syndrome prior to return.

Complications/Red Flags/Indications for Referral

Once an athlete has an eye injury, the more severe eye in-
juries such as hyphema, traumatic iritis, retinal detach-
ment, decreased visual acuity, and new onset diplopia
indicating possible orbital wall fracture or any possibility
of an open globe injury require immediate referral to an
ophthalmologist.

APPROACH TO THE ATHLETE WITH
NASAL INJURIES

The two main nasal injuries encountered in athletics are
nasal fracture and epistaxis, or nasal bleeding. Approxi-
mately 90% of nasal bleeding occurs in the anterior nasal
passages. Kiesselbach’s plexus is located in the anterior
nasal passages, and it is a web of capillaries that is firmly
adhered to the nasal septal cartilage. Given this anatomy,
any damage to the septal cartilage can result in damage to

the vascular plexus, resulting in epistaxis or possibly a sep-
tal hematoma.

HISTORY AND PHYSICAL EXAMINATION

The examination of the nose includes the nasal bone, the
septum, and the cartilage. Discerning pre-existing deformi-
ties from acute injuries is important. Deviation of the nasal
dorsum, epistaxis, and edema should prompt the examiner
to look for septal dislocation and septal hematoma. Failure
to identify a septal hematoma may result in necrosis of the
septal cartilage and subsequent perforation and collapse.
The main considerations necessary regarding nasal fractures
are that if there is significant displacement of the fracture
site, attempts at reduction may be focused at improving
alignment and patency of the nasal airways as well as patient
comfort. If done immediately after injury, reduction can be
attempted without analgesia or sedation.

DIAGNOSTIC TESTING

Often radiologic studies are not necessary, but plain radio -
graphs or facial bone CT may be obtained to rule out
 displaced fractures or hemorrhage.

TREATMENT

General Measures

If epistaxis is present, pressure is the key to treatment. Given
that 90% of all nasal bleeds are in the anterior portion of the
nose, the best initial treatment is constant, firm pressure
while the athlete is leaning forward. This prevents significant
amount of blood from passing into the posterior pharynx
and either into the respiratory or into the gastrointestinal
tract. If simple pressure is inadequate therapy, the nose can
be packed with a simple gauze, nasal packing, or tampon.

Pharmacologic Treatment

The nasal packing can also be soaked with epinephrine to
 induce local vasoconstriction in an attempt to stop the
bleeding.

Prognosis/Return to Play

The athlete should not be returned to play immediately after
a nasal fracture. In general, nasal bones heal within 4 to
8 weeks; however, if the athlete returns sooner, a protective
 facial device is strongly recommended. It is also imperative
that there is no evidence of postconcussion syndrome prior
to return.
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Complications/Red Flags/Indications for Referral

One key with acute nasal fractures is to inspect for a septal
hematoma. If a hematoma is present, it needs to be drained
with a large gauge needle and the nares subsequently need to
be packed to avoid recurrence. Untreated nasal septal
hematomas can put pressure on the septal cartilage, causing
necrosis and possible septal perforation.

APPROACH TO THE ATHLETE WITH
DENTAL INJURIES

Dental and mouth injuries are very common in contact
sports, such as basketball, hockey, football, and lacrosse.
Cohenca (2007) showed that basketball was the sport that
had the highest rate of dental injuries at one collegiate insti-
tution, with 10.6 injuries per 100 athlete-seasons among
men and 5.0 injuries per 100 athlete-seasons among
women.19 The American Dental Association recommends
wearing custom mouth guards for the following sports:
 acrobatics, basketball, boxing, field hockey, football, gym-
nastics, handball, ice hockey, lacrosse, martial arts, racquet-
ball, roller hockey, rugby, shot putting, skateboarding,
skiing, skydiving, soccer, squash, surfing, volleyball, water
polo, weight lifting, and wrestling. Mouth guards have been
worn in sport to prevent maxillofacial injury since they
were first worn by boxers in the 1920s and were mandated
to be worn by high school football players since 1962.
Knapik et al., in a 2007 meta-analysis, showed that the risk
of orofacial sports injury was 1.6 to 1.9 times higher when a
mouth guard was not used.16 There are multiple types of
dental injuries,  including fracture, luxation, impaction, ex-
trusion, and avulsion. Almost all of these injuries are true
dental emergencies if they occur to permanent teeth. True
tooth avulsion is one of the areas of dental injury where a
trained provider acting quickly can help to provide a good
outcome for the patient. The viability of the avulsed tooth
depends on the viability of the periodontal ligament as well
as the length of time the tooth has been avulsed. If the
avulsed tooth is reimplanted within 5 minutes, there is
an 85% to 97% chance of survival of the tooth,
whereas the survival rate approaches 0% if the tooth is
not reimplanted until one hour after injury.20

HISTORY AND PHYSICAL EXAMINATION

The anatomy of the tooth is important to understand for the
appropriate treatment of dental injuries. Each tooth has an
external crown and one or more internal roots. The crown is
essentially made of a hard, protective layer of enamel, which
protects the inner dentin and pulp. The pulp is the vascular
chamber that provides nutrients to the tooth, as well as pro-
viding sensation. The root of each tooth is connected to the

socket via the periodontal ligament. Any major injury to the
periodontal ligament increases the likelihood that an avulsed
or broken tooth will not remain viable.21

One of the most important historical aspects of dental
 injury is the time, both the time of injury as well as time in-
terval between injury and treatment, as they affect treatment
and prognosis. The presence of primary versus secondary
tooth injury also provides important information for diag-
nostic and treatment options. Other important aspects of
the history that may indicate a more severe injury requiring
immediate evaluation include spontaneous onset tooth pain
or temperature sensitivity, which may indicate exposed den-
tal pulp; pain with palpation or pressure, possibly indicative
of a periodontal ligament injury; or malocclusion, which
may indicate a mandibular or facial fracture21 (Fig. 2.7).

DIAGNOSTIC TESTING

Any athlete with suspected dental or mandibular fracture or
possible tooth displacement should undergo radiographs of
the affected areas to rule out the possibility of bony or dental
fracture.

TREATMENT

General Measures

There are a variety of dental fractures, all of which should
undergo immediate evaluation by a maxillofacial surgeon to
determine if urgent treatment is needed to prevent further
morbidity or possibly to save the injured tooth. Basic initial
management of dental or mandibular fractures involves sta-
bilization of the jaw in the case of a mandibular fracture or
stabilization of the portions of the tooth that are displaced.

FIG. 2.7. Malocclusion/mandibular fracture. Reprinted
with permission from Harries M, Williams C, Stanish W, 
et al. Oxford Textbook of Sports Medicine. New York: 
Oxford University Press; 1998.
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18 Sports Medicine Consult

If an avulsed tooth is found, it should be handled by the
crown to avoid contact, and therefore destruction, of the pe-
riodontal ligament. If there is visible debris on the tooth, it
may be rinsed with saline or water. The periodontal ligament
should not be scrubbed as this may lead to damage and in-
ability of the tooth to heal, even if it is rapidly reimplanted. If
the tooth cannot be replanted within 5 minutes, it can be
placed in a variety of solutions. The list of preferred solu-
tions according to the American Academy of Pediatric Den-
tistry is Viaspan, Hanks’ balanced salt solution, cold milk,
saliva, physiologic saline, or water. The tooth should not be
transported in the mouth due to risk of further tooth dam-
age or aspiration or ingestion of the tooth. The tooth should
then be held in place or a splint applied until urgent dental
referral can be made.22

Pharmacologic Treatment

Appropriate antibiotic coverage is necessary if an avulsion or
fracture is present to cover normal oral flora. The patient’s
tetanus status should be updated as well if either of these is
present.

Prognosis/Return to Play

Athletes may return to play once cleared by a dental/
maxillofacial surgeon. Follow-up is necessary within
24 hours of dental fractures. A dental mouth guard is
highly recommended and effective for preventing further
dental injuries.

Complications/Red Flags/Indications for Referral

Luxation injuries of teeth are another important aspect of
dental injuries and were well described by Bernius and Perlin
(2006).21 When these injuries are encountered, prompt and
proper management may allow for the ongoing viability of
the injured tooth. The mildest form of luxation injury is a
subluxation in which the tooth is injured and abnormally
loosened but not displaced. In the majority of cases the
tooth survives, but evaluation by a dentist is important to
help stabilize and splint the tooth to prevent further injury
and also to evaluate for more severe injury. Lateral luxation
occurs when a tooth is displaced laterally. There may be asso-
ciated root fracture or surrounding alveolar fracture or con-
tusion. When these injuries occur in permanent teeth, they
also require immediate dental referral for splinting and pos-
sible relocation. Other types of dental luxation injuries in-
clude intrusion, where the tooth is driven apically into the
bony alveoli, extraction where the tooth is partially pulled
from the socket, or avulsion injuries where the tooth is com-
pletely removed from the socket. The latter two injuries are

serious as urgent reposition and stabilization are critical
to the survival of the tooth as previously described by
 Andreasen (1995).20

APPROACH TO THE ATHLETE
WITH EAR TRAUMA

Ear problems are usually due to direct trauma or infection.
Problems include ear lacerations, auricular hematoma, and
tympanic membrane rupture. Infectious problems include
otitis externa. Ear lacerations can be due to direct ear
trauma such as an elbow to the ear while playing basketball
or a stick injury to the helmeted head such as in hockey or
lacrosse.

HISTORY AND PHYSICAL EXAMINATION

Inspection of the entire outer and inner ear is necessary after
blunt trauma. Inspect the tympanic membrane for hemo-
tympanum and the external canal for CNS leak. If an ear lac-
eration is present, evaluation of the underlying auricular
cartilage needs to be assessed to determine whether there is a
cartilaginous tear present. Careful evaluation of the facial
nerve is also necessary to rule out injury or palsy.

DIAGNOSTIC TESTING

Plain radiographs or CT of the head may be helpful if there
is concern for associated skull fracture and subsequent
 hemorrhage.

TREATMENT

General Measures

All lacerations need to be irrigated and immediately re-
paired; however, if lacerations are complex, often these
will be referred to a plastic surgeon. Hemostasis must be
achieved to prevent subsequent hematoma formation.

Pharmacologic Treatment

If a cartilaginous injury is present, prophylactic antibiotics
should be given to prevent chondritis. The main pathogens
involved with otitis externa are Pseudomonas spp., Proteus
spp., or Escherichia coli; therefore, appropriate antibiotic
coverage would include coverage for these pathogens, with
ciprofloxacin being a good choice if the athlete is not
 allergic.

87208_ch02.qxd:87208_ch02  8/31/09  12:43 PM  Page 18



Chapter 2 • Athlete with a Head or Facial Injury 19

Prognosis/Return to Play

In cases of minor trauma with appropriate treatment and a
compression dressing, the athlete can be returned to play the
same day of the injury with appropriate protective equip-
ment, such as a headgear or a helmet. However, in cases of
severe trauma that requires surgical repair, the athlete may
need to be out for 6 to 8 weeks. It is also imperative that there
is no evidence of postconcussion syndrome prior to return.

Complications/Indications for Referral

Auricular hematomas are due to pressure and sheer forces ap-
plied to the ear and represent a blood collection between the
cartilage and the overlying skin. These lesions can be painful,
and prompt treatment is necessary with drainage with an 18-
to 20-gauge needle and a pressure dressing. If left untreated,
an auricular hematoma can become calcified and disfiguring.
This condition is known as “cauliflower ear.” Overlying skin
avulsion larger than 5 mm, severe crush injuries, complete or
nearly complete avulsions or amputations, auricular
hematoma, cartilage defects larger than 5 mm, wounds that
require the removal of more than 5 mm of tissue, involvement
of the auditory canal, obvious devitalization, and total ear
avulsion all require referral to a plastic surgeon.

KEY POINTS

• Concussions are the most common head injury
 encountered in sports.

• On the field and office assessment are to include evalu-
ation of cognitive, somatic, afferent and neurological
deficits.

• CT scan and MRI are the imaging modalities of choice
but most often are negative in the concussed athlete.
Neuropsychological testing may also play a key role in
evaluation of complex concussions.

• Treatment of concussion consists of physical and
 cognitive rest; most often, resolution occurs within
7–10 days.

• Return to play with gradual increase in exertion/sport
with 24-hour asymptomatic periods in between.

• Eye, ear, nose, and dental injuries can be common and
at times severe and may need specialist referral.
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INTRODUCTION
Syncope is defined as the temporary loss of consciousness
and posture. Near syncope is defined as a prodromal symp-
tom of fainting or near faint. These events can occur before,
during, or after an athletic event and warrant an investiga-
tion. A cause for syncope can be found in up to 50% of
 patients.1 A good patient history may be the single best
 determinant in guiding the clinician to the correct diagno-
sis.1–3 The history is often obtained by interviewing the ath-
lete, but it is paramount to include those who witnessed the
event. This group includes parents, coaches, and trainers
who can be of incalculable value in narrowing the differen-
tial diagnosis. Using the appropriate screening questions in
a preparticipation examination may also be of benefit, as
shown in Table 3.1.2,3

The athlete with syncope presents a diagnostic challenge
due to the large list of potential etiologies ranging from the
benign to the catastrophic. An excellent resource for the cli-
nician caring for athletes is the 36th Bethesda Conference re-
port: Eligibility Recommendations for Competitive Athletes
with Cardiovascular Abnormalities. 

There continues to be a highly visible and defined group
of athletes who suffer a sudden cardiac death (SCD) event.
This chapter includes guidelines for caring for the athlete
with a variety of cardiac conditions including hypertension,
arrhythmia, and syncope.

PATHOPHYSIOLOGY
Syncope occurs secondary to a sudden loss of blood pressure
(BP) to the brain. Etiologies in athletes include both cardiac
and noncardiac types. Hypertrophic cardiomyopathy (HCM)
is a relatively common inherited medical condition, with the
incidence estimated at 1:500 in the general population, and
is inherited in an autosomal dominant fashion.5 It is caused
by mutations in any one of 10 genes that encode proteins
of the cardiac sarcomere.6 Initially thought to be a disease of
white males, recent studies indicate a proportionate inci-
dence among many ethnic groups.6,7 Indeed it is estimated
to be underdiagnosed in these populations as well as among

women.7,8 Sudden death related to HCM also crosses ethnic
lines with similar prevalence rates on autopsy of athletes
after SCD.8

Postexertional syncope, also known as exercise-associated
collapse, is a benign condition caused by venous pooling
upon the completion of exercise. The cessation of normal
muscular contraction of the lower extremity results in
 transient decreased venous return and subsequent cerebral
hypoperfusion. Arrhythmias can occur for a variety of eti-
ologies, with ischemia being the leading cause in the athlete
over the age of 35. A full description of arrhythmias is listed
later in the chapter.

EPIDEMIOLOGY
The rate of syncope among athletes is not known, but car-
diac causes appear more defined. A recent study of 7,500
athletes revealed a syncopal history in 6% of athletes over a
5-year  period.9 This same study also noted that only 1% of
those athletes had exertion-related syncope and no postex-
ercise or nonexercise syncopal event was associated with
structural heart disease.9 The incidence of SCD has been es-
timated to be 1 per 200,000 athletes yearly in the United
States, but true  incidence may be higher.10,11 The rate
among young adults is less than 1% than that of SCDs
among adults with the total number of cardiac-caused
events reaching 10 to 13 per year.1,12 Most causes of syncope
are benign but deserve a workup due to both the potential
for SCD as well as the  disruptive nature of the event.13

The majority of SCDs occur during sports activity or the
immediate period thereafter. However, 20% of SCDs may
occur in the ensuing 24-hour  period post exercise, further
complicating the correct  identification of the true incidence
rate.14,15 Syncope can be recurrent; noncardiac syncope
has a recurrence rate approaching 43% at 5 years.16 The
most common cause of nonexertional syncope among young
competitive athletes  appears to be vasovagal or “situational”
(88% and 12%,  respectively).  Postexertional syncope
 (exercise-associated  collapse) is most commonly associated
with postural hypotension.  Exertional syncope is most com-
monly associated with  exertional- induced neurally mediated

3
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syncope (66%). Cardiac anomalies appear to account for the
rest.9 Sudden death due to cardiac causes is most often
 attributed to HCM; as much as 50% of cardiovascular SCDs
may be attributable to HCM.15,17 HCM is followed by coro-
nary artery anomalies, left ventricular hypertrophy (LVH),
myocarditis, Marfan syndrome, and arrhythmogenic right
ventricular cardiomyopathy in order of prevalence.4,6,17

 Latent coronary artery disease (CAD) dominates the inci-
dence of SCD after the age of 35 with vast majority of causes

(80%).17 Table 3.2 lists the causes of SCD based on order
of frequency.

The Athlete’s Heart 

The athlete’s heart undergoes physiologic changes with
 exercise, which impact diagnostic and therapeutic consider-
ations. Cardiac remodeling and increased ventricular mass
occur as a normal adaptation to prolonged exercise. In addition,

AHA Consensus Panel Recommendations for Preparticipation Athletic Screening4

Family History Personal History Physical Examination

Premature sudden cardiac death Heart murmur Heart murmur (supine/standinga)
Heart disease in surviving relatives Systemic hypertension Femoral arterial pulses (to exclude 

younger than 50 years old Fatigue coarctation of aorta)
Syncope/near syncope Stigmata of Marfan syndrome
Excessive/unexplained exertional Brachial blood pressure measurement 

dyspnea (sitting)
Exertional chest pain

aIn particular, to identify heart murmur consistent with dynamic obstruction to left ventricular outflow. Modified from Maron BJ, Thompson PD, Puffer JC,
et al. Cardiovascular preparticipation screening of competitive athletes. A statement for health professionals from the Sudden Death Committee
 (clinical cardiology) and Congenital Cardiac Defects Committee (cardiovascular disease in the young), American Heart Association. Circulation.
1996;94:850–856.

T A B L E  3 . 1

Causes of Sudden Death in 387 Young Athletes

No. of 
Cause Athletes Percent

Hypertrophic cardiomyopathy (HCM) 102 26.4
Commotio cordis 77 19.9
Coronary artery anomalies 53 13.7
Left ventricular hypertrophy of indeterminate causationa 29 7.5
Myocarditis 20 5.2
Ruptured aortic aneurysm (Marfan syndrome) 12 3.1
Arrhythmogenic right ventricular 11 2.8
Tunneled (bridged) coronary arteryb 11 2.8
Aortic valve stenosis 10 2.6
Atherosclerotic coronary artery disease 10 2.6
Dilated cardiomyopathy 9 2.3
Myxomatous mitral valve degeneration 9 2.3
Asthma (or other pulmonary condition) 8 2.1
Heat stroke 6 1.6
Drug abuse 4 1.0
Other cardiovascular cause 4 1.0
Long QT syndromec 3 0.8
Cardiac sarcoidosis 3 0.8
Trauma causing structural cardiac injury 3 0.8
Ruptured cerebral artery 3 0.8

aFindings at autopsy were suggestive of HCM but were insufficient to be diagnostic.
bTunneled coronary artery was deemed the cause of death in the  absence of any other cardiac abnormality.
cThe long QT syndrome was documented on clinical evaluation. Modified from Maron BJ. Sudden death in young
athletes. N Engl J Med. 2003;349:1064–1075.
Adapted from data from the registry of the Minneapolis Heart Institute Foundation.14
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atrial and ventricular cavity size enlargement, without
 systolic or diastolic dysfunction, is also present  because of
 increased blood volume. This is defined as the athlete’s heart.
These changes may occur within weeks of  beginning a train-
ing program, are probably proportional to the intensity and
duration of training, and resolve with decreasing exercise
loads.18 Electrocardiogram (ECG) findings in athletes can
mimic cardiac injury patterns and may lead to unnecessary
exclusion from participation.4 Conversely, adolescent ath-
letes rarely  exhibit deep T-wave inversions;19 2% of athletes
exhibit increased left ventricular (LV) wall thickness of 13 to
15 mm, thus overlapping the diagnostic criteria for HCM;
and 15% of athletes have LV chamber size greater than
60 mm, which can raise concern for cardiomyopathy despite
normal LV  function.20 Referral for further  diagnostic testing
is warranted, including echocardiogram (ECHO) (Fig. 3.1).
Careful consideration should be given to athletes in this gray
zone, as the risk for SCD is considerable, yet overly strict
guidelines may exclude many athletes not otherwise at risk.
ECG findings in  athletes may return to normal, but ECHO
findings continue to display HCM in those athletes with
the disease.21 Adolescent athletes rarely exhibit chamber size
greater than 12 mm; LV wall thickness greater than 12 mm
should prompt further evaluation for HCM.22 Athletes with
LV wall thickness greater than 15 mm on ECHO should be
referred to a cardiologist.

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

An adequate history of the event must be obtained from the
athlete, coaches, parents, and trainers. It is a necessary but
often time-consuming process. The history will often lead to
the diagnosis and guide further workup and should include
specific details of the event. The timing of the syncopal event
should be noted; did the event occur before, during, or after
the competition? How long after the event? Any prodromal
symptoms such as palpitations or chest pain should be
noted. Prior history and family history should be noted,
 including family history of sudden death. A dietary history
should be obtained, including intrarace nutrition. Any med-
ications, supplements, or ergogenic aids should be discussed
and explored. The overall duration of the event and specific
interventions should also be noted. Any physical stigmata of
note, such as seizure activity, should also be recorded. A
 collapse “mid stride” is ominous as the majority of SCDs in
athletes occur during or just after athletic participation.6,21

Evidence-based Physical Examination

The physical examination of the athlete will be guided by the
history but should include measurement of bilateral BP,
 orthostatic BP, upper and lower extremity pulse, and dy-
namic cardiac examination.23 Cardiac examination should
include inspection of the chest wall for ventricular heave as
well as palpation of the point of maximal impulse.
 Auscultation is facilitated by a quiet room and should
 include a dynamic examination with supine, squat, and
standing maneuvers.23 Respiratory and gastrointestinal ex-
amination as well as appropriate  neurologic examinations
would complete the evaluation.

Diagnostic Testing

Laboratory

Appropriate laboratory studies should be considered based
upon clinical presentation and suspected etiology. Common
tests to consider include complete blood count (CBC), renal
function tests, and liver enzymes and thyroid studies. If in-
fectious etiology considered monospot or Epstein–Barr
virus (EBV) serology may be indicated.

Imaging

Diagnostic imaging may be considered when clinically
 indicated.

Other Testing

Additional workup in the office should include an ECG.
 Further testing will be guided by the history and physical
and may include exercise tolerance test (ETT), and ECHO.
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Cardiomyopathy

Thickened
heart wall

FIG. 3.1. Left ventricular hypertrophy. Modified from
Opie LH. Heart Physiology: From Cell to Circulation.
Philadelphia: Lippincott Williams & Wilkins; 2004. © LH
Opie, 2004.
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Ambulatory Holter/event monitoring, tilt-table testing,
Electrophysiologic study (EPS) testing, and more invasive
cardiac testings such as cardiac magnetic resonance imaging
may be considered based on clinical presentation.4

APPROACH TO THE ATHLETE 
WITH HCM

As with other causes of syncope, HCM represents a diagnos-
tic dilemma to the health care provider. Syncope and/or 
SCD are oftentimes the first-presenting finding for HCM.
Up to 50% of cardiovascular SCDs may be attributable to
HCM,15,17 and the athlete with HCM may be asymptomatic
until outflow obstruction occurs. 

HISTORY AND PHYSICAL EXAMINATION

Symptoms can range from exertional chest pain, palpita-
tions, and dyspnea on exertion to fatigue, syncope, or near
syncope.24 Physical examination findings can range from a
normal physical examination to a clearly abnormal cardiac
 examination. 

The murmur of HCM with outflow obstruction has been
classically characterized as a harsh midsystolic murmur
heard best over the aortic region, which increases with
 Valsalva maneuver and decreases with standing. Physiologi-
cally, Valsalva maneuver and squat to stand decrease venous
return, which in turn creates turbulent blood flow in the
outflow tract. Mitral valve prolapse may also be accentuated
under these circumstances.23 Physical examination findings
may also include a reversal of the normal physiologic split S2 
(a narrowing of the S2 on inspiration).23

Diagnostic Testing

ECG should be obtained and is frequently abnormal. ECG
findings include evidence of LVH as well as Q waves in the
inferior leads and deep T-wave inversions across the

 precordium. However, ECG findings overlap with normal
findings of a normal athlete’s heart. Additionally, the ECG
may be normal in the early stages of the disease (Fig. 3.2).25

HCM is diagnosed on ECHO by end-diastolic asymmet-
ric wall thickening of 15 mm or more in an adult patient.
Genetic testing is available, and HCM has a heterogeneous
presentation. This can lead to a normal ECHO in an individ-
ual with known risk for HCM.7 It is generally accepted that
the diagnosis of HCM in children is made with the same
asymmetric wall thickening as in adults; that is 2 standard
deviations above the mean for that age group in the presence
of asymmetric wall thickening.7 A recent study among
highly trained adolescents helps further define this, as the
vast majority of athletes aged 14 to 18 had LV wall thickness
less than 12 mm in boys and 11 mm in girls.19

Treatment 

General Measures

● Athletes suspected of HCM based on clinical examination
are excluded from athletic participation until evaluated by
an experienced cardiologist.7

● A period of deconditioning may help the cardiologist
 differentiate HCM from the athletic heart.26

Pharmacologic Treatment

● �-Blockers are the most commonly used medication in
HCM. Verapamil may also be useful as a second-line agent. 

● Disopyramide is a useful adjunct in select patients in con-
junction with �-blockers.27

Prognosis/Return To Play

● If an athlete is suspected of having HCM based on physical
examination findings, symptom complex, family history, or
ECG findings,referral to cardiology and ECHO is mandatory.

FIG. 3.2. ECG of left ventricular hypertrophy with long QT syndrome. Reprinted with permission
from Topol EJ, Califf RM, Prystowsky EN, et al. Textbook of Cardiovascular Medicine. 3rd ed.
Philadelphia:  Lippincott Williams & Wilkins; 2006.
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● HCM presents a challenge to the sports provider and
 cardiologist, given its heterogeneous presentation and
 inability to accurately identify risk factors for disease pro-
gression and risk for SCD.

● The 36th Bethesda Conference guidelines recognize this,
but at the present time, given that athletic activity may be a
risk factor for fatal arrhythmia in HCM, the guidelines are
broadly applied to all athletes with the diagnosis.7

● The 36th Bethesda Conference guidelines are as follows:
● Athletes with a probable or unequivocal clinical diagno-

sis of HCM should be excluded from most competitive
sports, with the possible exception of those of low inten-
sity (class IA). 

● This recommendation is independent of age, gender,
and phenotypic appearance, and does not differ for
those athletes who are with or without symptoms, with
LV outflow obstruction, or have had prior treatment
with drugs or major interventions with surgery, alcohol
septal ablation, pacemaker, or implantable defibrillator.

● Although the clinical significance and natural history
of genotype-positive–phenotype-negative individuals
remain unresolved, no compelling data are available at
present with which to preclude these patients from com-
petitive sports, particularly in the absence of cardiac
symptoms or a family history of sudden death.

● The guidelines are also clear on participation in athletics
with implantable cardiac defibrillators (ICDs).

● Athletic participation in any sport other than class IA
 athletics is not recommended at this time, as ICD 
discharge may pose a risk to both the athlete and other
participants. 

● ICDs have not been fully tested under all athletic condi-
tions and thus preclude participation.7

● The presence of an automated external defibrillator (AED)
also does not warrant participation. 

● While AEDs may be effective in aborting ventricular
 arrhythmias, they are not a reliable treatment intervention
for an athlete with HCM.

Complications/Indications for Referral

All athletes suspected of having HCM should be excluded
from participation and referred to an experienced cardiolo-
gist with knowledge of various stages of the disease.

APPROACH TO THE ATHLETE 
WITH ARRHYTHMIA

Arrhythmia may present in athletes with a constellation of
symptoms including palpitations, unexplained dyspnea, or
as syncope. The true incidence of arrhythmia as a cause of
SCD in the absence of cardiac structural anomalies is not
known. Arrhythmia as a cause of syncope is problematic in
that it is usually fleeting and may not affect performance.

The arrhythmia may not exist every time an athlete takes the
field and may not cause symptoms when present. However,
it is important to recognize common arrhythmias among
athletes and guide an appropriate workup to exclude those
disease entities that may predispose athletes to SCD. Addi-
tionally, ECG findings in athletes may exhibit a number of
findings that appear abnormal but in fact are common
among highly trained athletes. These findings include but
are not limited to sinus bradycardia, sinus arrhythmia, first-
degree heart block, second-degree heart block type I, occa-
sional uniform premature ventricular complexes (PVCs),
and wandering atrial pacemaker.1,28 Arrhythmias of atrial
origin include sinus tachycardia, supraventricular tachycar-
dia, atrial fibrillation, atrial flutter, and sinus arrhythmia.
Sinus tachycardia is common, and indeed, the goal of exer-
cise is to elevate the heart rate above resting values. Sinus
 arrhythmia is also common and considered normal among
athletes. Sinus node–generated arrhythmias generally do not
need additional workup unless they are symptomatic in the
athlete and impair performance.1 Atrial flutter is a rare cause
of arrhythmia and syncope in athletes. Atrial fibrillation is
more common and increases with advancing age in athletes.
Master’s athletes, in particular endurance athletes, may be at
an increased risk of atrial fibrillation.29

Supraventricular tachycardia and AV nodal reentrant
tachycardia (AVNRT) (retrograde conduction) can cause
syncope and occasionally require more invasive testing and
intervention. Wolff–Parkinson–White syndrome (WPW)
is a concerning arrhythmogenic cause of syncope as it
may lead in rare instances to SCD.1 Premature ventricular
 contractions are common among athletes. Along with pre-
mature atrial contractions, this is the most common symp-
tomatic presentation of arrhythmia in athletics.13

HISTORY AND PHYSICAL EXAMINATION

In addition to syncope, arrhythmia may present in a variety
of different ways. The history includes fatigue, shortness of
breath, dyspnea, reduced exercise performance, palpitations,
and chest pain. The physical examination may be normal,
 reflecting the fleeting and often paroxysmal nature of most
arrhythmias but may also exhibit irregularities in heart rate
and rhythm. Atrial fibrillation is classically described as an
irregularly irregular rhythm. PVCs may present with infre-
quent irregular beats and may be symptomatic.

DIAGNOSTIC TESTING

In addition to the ECG, ECHO is useful to evaluate structural
anomalies. Risk factors for CAD should be thoroughly re-
viewed and consideration given to ETT in master’s athletes.1,11

Sport-specific participation with a loop recorder, when possi-
ble, can also help elucidate intermittent atrial  arrhythmias.
EPS may also be necessary. Angiography may be necessary in
the master’s level athlete with arrhythmia- induced syncope.
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Lab testing including thyroid function studies may be guided
by the history and physical examination.

The athlete with ECG evidence of WPW requires a manda-
tory workup, including ECHO and exercise treadmill test.
 Additional studies such as 24-hour Holter monitoring during
athletic activity and EPS may be necessary to adequately eval-
uate the patient.1 Because of the rare but real risk of SCD in
athletes with WPW, cardiac consultation including EPS and
possible catheter ablation may be necessary.1 Two recogniza-
ble ECG patterns of the athlete at risk for SCD include long
QT syndrome and Brugada syndrome (see Figs. 3.2 and 3.3).

Short QT syndrome is identified by a corrected QT that is
less than 300 milliseconds. The ECG in patients with Brugada
syndrome displays an accentuated J wave in precordial leads 1
to 3 with ST segment elevation. Additionally, these abnormal-
ities may also be followed by a negative T wave and an
R prime. Athletes with these abnormalities are excluded from
all sports participation except for class IA.1

TREATMENT

Atrial Flutter1

● Athletes with atrial flutter in the absence of structural
heart disease who maintain a ventricular rate that in-
creases and slows appropriately comparable to that of a
normal sinus response in relation to the level of activity,
while receiving no therapy or therapy with AV nodal-
blocking drugs, can participate in class IA competitive
sports with the warning that rapid 1:1 conduction still may
occur. However, full participation in all competitive sports
should not be allowed unless the athlete has been without
atrial flutter for 2 to 3 months with or without drug treat-

ment. Note that the use of �-blockers is prohibited in
some competitive sports.

● Athletes with structural heart disease who have atrial flutter
can participate in class IA competitive sports only after 2 to
4 weeks have elapsed without an episode of atrial  flutter.

● Athletes without structural heart disease who have elimi-
nation of the atrial flutter by an ablation technique or
 surgery can participate in all competitive sports after 2 to
4 weeks without a recurrence, or in several days after an
EPS showing noninducibility of the atrial flutter in the
presence of bidirectional isthmus block. 

● Athletes in whom anticoagulation is deemed necessary
cannot participate in competitive sports where the danger
of bodily collision is present.

Atrial Fibrillation1

● Athletes with asymptomatic atrial fibrillation in the
 absence of structural heart disease who maintain a ventric-
ular rate that increases and slows appropriately and is
comparable to that of a normal sinus response in relation
to the level of activity, while receiving no therapy or ther-
apy with AV nodal-blocking drugs, can participate in all
competitive sports. Note that the use of �-blockers is pro-
hibited in some competitive sports. 

● Athletes with atrial fibrillation in the presence of struc-
tural heart disease who maintain a ventricular rate com-
parable to that of an appropriate sinus tachycardia during
physical activity, while receiving no therapy or therapy
with AV nodal-blocking drugs, can participate in sports
consistent with the limitations of the structural heart
 disease. 

● Athletes who require anticoagulation should not partici-
pate in sports with danger of bodily collision. 

FIG. 3.3. ECG findings of Brugada syndrome. Reprinted with permission from Topol EJ, Califf RM,
Prystowsky EN, et al. Textbook of  Cardiovascular Medicine. 3rd ed. Philadelphia: Lippincott
Williams & Wilkins; 2006.
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● Athletes without structural heart disease who have elimi-
nation of atrial fibrillation by an ablation technique, in-
cluding surgery, may participate in all competitive sports
after 4 to 6 weeks without a recurrence or after an EPS has
confirmed noninducibility.

Supraventricular Tachycardia1

● Athletes without structural heart disease who are asympto-
matic and have reproducible exercise-induced supraven-
tricular tachycardia prevented by therapy and verified by
appropriate testing can participate in all competitive sports.

● Athletes who do not have exercise-induced supraventricu-
lar tachycardia but experience sporadic recurrences should
be treated. 

● Because of the unpredictable nature of the tachycardia, end
points for adequate therapy may be difficult to achieve.

● Once established, these athletes can participate in all activ-
ities consistent with their cardiac status. 

● Asymptomatic athletes who have episodes of supraventric-
ular tachycardia of 5 to 15 seconds that do not increase in
duration during exercise can participate in all sports con-
sistent with their cardiac status. 

● Athletes with syncope, near syncope, or significant symp-
toms secondary to arrhythmia or who have significant
structural heart disease in addition to the arrhythmia
should not participate in any competitive sports until they
have been adequately treated and have no recurrence for 2
to 4 weeks. 

● At that time they can participate in class IA competitive
sports. 

● For those athletes with no structural heart disease who
have had successful catheter or surgical ablation, are
asymptomatic, and have no inducible arrhythmia on fol-
low-up electrophysiologic testing, all competitive sports
are permitted in several days. If no electrophysiologic test-
ing is done, full participation is permitted on condition
that there is no spontaneous recurrence of tachycardia for
2 to 4 weeks after ablation.

Ventricular Pre-excitation (WPW Syndrome)1

● Athletes without structural heart disease, without a history
of palpitations, or without tachycardia (particularly those
of ages 20 to 25 years or more) can participate in all com-
petitive sports. However, in younger age groups, a more  
in-depth evaluation including an EPS may be recom-
mended before allowing participation in moderate- to
high-intensity competitive sports.

● Athletes with episodes of AV-reciprocating tachycardia
should be treated as previously recommended (see section
“Supraventricular Tachycardia”). However, it should be ap-
preciated that they can develop atrial fibrillation with rapid
ventricular rates. Electrical induction of atrial fibrillation to
determine the shortest QRS interval between two complexes

conducted over the accessory pathway during isoproterenol
administration or exercise is recommended. Athletes in
whom the shortest cycle length is less than 250 milliseconds
should undergo ablation of the accessory pathway.

● Athletes with episodes of atrial flutter/fibrillation and
 syncope or near syncope whose maximal ventricular rate
at rest (without therapy) as a result of conduction over
the accessory pathway exceeds 240 beats/min should be
considered for catheter ablation therapy of the accessory
pathway prior to continuing competition. Those whose
ventricular rate during isoproterenol administration is less
than 240 beats/min and who have no episodes of syncope
or near syncope appear to be at low risk for SCD.

● Athletes with no structural heart disease who have had
successful catheter or surgical ablation of the accessory
pathway, are asymptomatic, and have normal AV conduc-
tion and no inducible arrhythmia by follow-up EPS can
participate in all competitive sports in several days. Those
without an EPS and no spontaneous recurrence of tachy-
cardia for 2 to 4 weeks after ablation can participate in all
competitive sports.

Premature Ventricular Complexes1

● Athletes without structural heart disease who have prema-
ture ventricular complexes at rest and during exercise and
exercise testing (comparable to the sport in which they
compete) can participate in all competitive sports. Should
the premature ventricular complexes increase in frequency
during exercise or exercise testing to the extent that they
produce symptoms of impaired consciousness, significant
fatigue, or dyspnea, the athlete can participate in class IA
competitive sports only.

● Athletes with structural heart disease who are in high-risk
groups and have premature ventricular complexes (with 
or without treatment) can participate in class IA competi-
tive sports only. Such athletes with premature ventricular
complexes that are suppressed by drug therapy (as assessed
by ambulatory ECG recordings) during participation in
the sport can compete in only class IA competitive sports.

Prognosis/Return to Play

● Athletes without structural heart disease, palpitations, and
supraventricular tachycardia and with age over 25 may
participate without further workup. 

● Further disposition of athletes who do not fall into this
category should be based upon the 36th Bethesda Confer-
ence guidelines (Task Force 7: arrhythmia). 

● Ventricular tachycardia and syncope caused by ventricular
fibrillation and flutter always require additional workup
and cessation of all activity. 

● Further workup will be defined by underlying risk factors
including CAD, congenital heart disease, and structural
anomalies. 
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● Further athletic participation will be guided by the ability
to permanently ablate the underlying cause for ventricular
tachycardia or fibrillation. 

● At the time of publication of this chapter, ICDs are an
 automatic disqualification for sports participation.1

Complications/Indications for Referral

Referral is indicated in the rare instance of sinus node distur-
bances leading to syncope, all AVNRT, atrial fibrillation/
flutter, WPW, and significant ventricular arrhythmias.1

APPROACH TO THE ATHLETE 
WITH HYPERTENSION

A hypertensive athlete represents a therapeutic challenge to
the clinician. Three recent guideline updates are essential to
the clinician caring for athletes with hypertension. The Joint
National Committee (JNC) VII update in 2003 simplified the
diagnosis and treatment of hypertension in the general popu-
lation. The 36th Bethesda Conference guidelines delineated
specific criteria for treatment for athletes with hypertension.
Finally, the fourth report on the diagnosis, evaluation, and
treatment of high BP in children and adolescents from the
National High Blood Pressure Education Program Working
Group on High Blood Pressure in Children and Adolescents
helps clarify the diagnosis and treatment of hypertension in
young athletes. These guidelines are, as much as possible, evi-
dence based and simplified from earlier renditions. Pediatric
BPs are now based on age, height, and weight.30,31

Adult and pediatric hypertension classifications are
 similarly named: prehypertension and stage I and stage II
hypertension that represent the current classification
scheme.30,32,33 Highlights of each of these recommendations
are delineated in Table 3.3.

HISTORY AND PHYSICAL EXAMINATION

BP should be measured with the athlete in the seated posi-
tion with feet on the floor and with an appropriately sized
cuff. The athlete ideally should be resting comfortably for
5 minutes prior to the reading. This poses considerable delay

with station-based screening of large populations of athletes.
Ideally, no nicotine or caffeinated products should be con-
sumed prior to the measurement. A second measurement
within a reasonable time period should be obtained if the
reading is elevated. A thigh BP measurement should be ob-
tained in pediatric patients with elevated arm pressures;33

bilateral and upper and lower extremity readings should be
obtained to evaluate for possible coarctation of the aorta. An
adequate history and physical must be obtained looking for
end-organ damage and secondary causes of hypertension.
Careful questioning may uncover use of anabolic steroids
and ergogenic aids. 

Diagnostic Testing

It is recommended that all athletes younger than 18 undergo
a workup to exclude secondary causes of hypertension. The
workup may include laboratory analysis and ECHO in
 particular for those athletes diagnosed with stage 2 hyper-
tension. Adults with stage 1 hypertension should undergo
limited laboratory analysis with further workup guided by
a detailed physical examination. Adult athletes with stage 2
hypertension may also need further testing including ECHO
to evaluate for LVH.33

Treatment
● Initial management of hypertension includes lifestyle

modifications and avoidance of medications/supplements
that elevate BP.

● Nonsteroidal anti-inflammatory drugs (NSAIDs) and
nicotine can elevate BP, and athletes need to be counseled
about the use of these agents. Weight reduction may prove
beneficial. When medication is warranted, angiotensin-
converting enzyme (ACE) inhibitors are often the first line
of therapy in the athlete. ACE inhibitors are generally well
tolerated with a low side effect profile and are effective in
lowering BP. 

● Angiotensin receptor blockers (ARBs) act similarly and
may prove as effective.34 There is a paucity of evidence
from clinical trials, but general consensus supports usage
of these agents as first-line therapy in athletes. 

● Calcium channel blockers, in particular the nondihy-
dropiridine class, are also generally well tolerated and do
not have a negative performance effect.34

Stages of Hypertension

Stages of Hypertension Blood Pressure Guidelines Blood Pressure Range

Prehypertension Systolic or diastolic BP reading from the 90th to 95th 121–139/81–8931,32

percentile or if the reading exceeds 120/80 mm Hg even 
if the reading is below the 90th percentile

Stage 1 BP reading from the 95th percentile to the 99th percentile 140–159/90–9931,32

plus 5 mm Hg
Stage 2 Any BP higher than the 99th percentile plus 5 mm Hg >160/10031,32

T A B L E  3 . 3
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Prognosis/Return To Play

● All athletes with stage II hypertension are restricted from
participation until BP is adequately controlled. 

● Athletes with stage I hypertension may participate if no
target organ damage is present including LVH. 

● Athletes with evidence of LVH beyond the normal
 “athlete’s heart” must be restricted from participating in
most sports until BP is controlled,33 recognizing the “gray
zone” between LVH and athlete’s heart.31

● Athletes may participate with prehypertension. 
● The athlete should be followed every 3 months with repeat

BP monitoring until BP is adequately controlled.34

Complications/Indications for Referral

Concern is raised regarding female athletes of childbearing
age, as ACE inhibitors are prohibited in pregnancy. �-Blockers
and diuretics, while the mainstay of initial therapy in the
general population, are not recommended as initial therapy
among athletes. �-Blockers negatively affect performance
and are banned from some sports. Diuretics may pose a risk
to athletes from depletion of certain electrolytes and reduced
plasma volume. Diuretics are also banned in certain sporting
events due to their capacity to mask anabolic agents.31,34

Signs and symptoms of end-organ damage, recalcitrant hy-
pertension, and significant secondary causes of hyperten-
sion should prompt exclusion from participation and
referral to appropriate specialties until controlled.

KEY POINTS

• The athlete with syncope must be excluded from par-
ticipation until a reasonable workup excludes potential
causes of SCD.

• Athletes with HCM must be excluded from participa-
tion in all sports except class IA.

• Athletes with stage 2 hypertension must be excluded
from participation in sports until BP is adequately
controlled.

• ACE-I and ARBs are good first-line antihypertensive
medications in athletes.
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INTRODUCTION
Shortness of breath is a common complaint in athletes and is
a frequent reason for the athlete to seek medical attention.
The potential etiologies range from benign deconditioning to
serious cardiac or pulmonary disorders. Cardiac conditions
that can cause shortness of breath in the athlete are covered
in Chapter 3. The focus of this chapter will be on two com-
mon and similar pulmonary conditions: exercise-induced
asthma (EIA) and exercise-associated bronchospasm (EAB).
In addition, overtraining syndrome and anemia will be
 reviewed as causes for shortness of breath in the athlete.

PATHOPHYSIOLOGY
Asthma is a reversible condition of the tracheobronchial tree
commonly encountered in children and young adults. The key
clinical features include hyperresponsiveness that results in re-
versible narrowing of the airways. In 1995, the National Heart,
Lung, and Blood Institute’s “Global Initiative for Asthma”
 developed the following definition for asthma (Fig. 4.1):

“Asthma is a chronic inflammatory disorder of the airways
in which many cells and cellular elements play a role, in
particular, mast cells, eosinophils, T lymphocytes,
macrophages, neutrophils, and epithelial cells. In
susceptible individuals, this inflammation causes recurrent
episodes of wheezing, breathlessness, chest tightness, and
coughing, particularly at night or in the early morning.
These episodes are usually associated with widespread but
variable airflow obstruction that is often reversible either
spontaneously or with treatment. The inflammation also
causes an associated increase in the existing bronchial
hyperresponsiveness to a variety of stimuli.”1

Asthma is an inflammatory disorder of the airways involving
several different inflammatory cells and mediators (Fig. 4.2).
The inflammatory response causes characteristic structural
changes in the airway, including an increase in airway
smooth muscle. Subsequent airway narrowing results in the
symptoms associated with asthma. 

EIA is the transient narrowing of the airway in an athlete
with chronic asthma following exercise or physical activity.
EAB refers to bronchospasm in the athlete without the

 underlying findings of asthma. A key differentiation with
asthma is the lack of significant inflammation as the under-
lying etiology seen in EAB. 

There are two current theories on the underlying patho-
physiology of EAB. The first is the airway rewarming theory,
which postulates that hyperventilation in exercise leads to
cooling of the airways. Upon cessation of exercise, small
bronchiolar vessels dilate and become congested with the
rewarming of the airways. This results in leakage into the
submucosa of the airway walls stimulating bronchocon-
striction.2,3

The second mechanism, the hyperosmolarity theory, pro-
poses that during hyperventilation with exercise, there is
water loss from the airway surface leading to hypertonicity
and hyperosmolarity within the airway cells. Subsequently,
mediators are released causing bronchoconstriction.2,4 There
is also some evidence that inflammation of the airway may
be involved, similar to chronic asthma.2

A key component of normal lung function is the proper
gas exchange at the alveolar level. Conditions that affect this
process limit oxygenated blood from reaching the muscles
and end organs. The affect on the gas exchange can result in
clinical manifestations of performance decline, fatigue, and
shortness of breath. 

Key to the role of gas exchange is the hemoglobin mole-
cule. In humans, the hemoglobin molecule is an assembly of
four globular protein subunits. Each subunit is composed of
a protein chain tightly associated with a nonprotein heme
group. The heme group consists of an iron (Fe) atom held in
a heterocyclic ring. The iron atom is the site of oxygen bind-
ing. Hemoglobin serves as the iron-containing oxygen trans-
port system in red blood cells (RBCs). It transports oxygen
from the lungs to the rest of the body, such as to the muscles,
where it releases the oxygen load. Therefore, low levels of
 hemoglobin may hinder athletic performance.

Anemia refers to lower levels of hemoglobin than what is
expected, resulting in a drop in one’s hematocrit. Normal
values for hemoglobin levels are as follows:

● Women: 12.1 to 15.1 g/dL 
● Men: 13.8 to 17.2 g/dL 
● Children: 11 to 16 g/dL 

4
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The term “sports anemia” or “athlete’s anemia” is often used
to refer to the lower levels of hemoglobin seen in the athletic
population, especially in elite athletes. This is not a true ane-
mia but a normal physiologic adaptation to exercise that
 results in increased plasma expansion.

In addition to dilutional anemia, other potential causes in
athletes may include (1) excess destruction (i.e., foot strike
anemia), (2) blood loss from gastrointestinal or genitourinary
tract, and (3) decreased production (i.e., iron deficiency). 

Other hematologic conditions that need to be considered
in athletes include sickle cell disease/trait, in which abnor-
mal hemoglobin is produced, or thalassemia, where there is a
decrease in the production of normal hemoglobin chains.

The etiology of overtraining syndrome is controversial and
an area of active research. Proposed pathophysiology includes
the theory that an overactive pituitary gland is primarily

responsible for physiologic responses to overtraining. This
in turn results in elevated cortisol levels and added stress to
the body’s natural response to intense work. There is also an
increase in serum creatine kinase levels and it is proposed
that the body is in a state of catabolism, breaking down
 protein and muscle for energy. Overtraining has also been
associated with overuse injuries, most commonly posterior
tibialis syndrome, lower limb stress fractures, and tendonitis.
It is unclear if this is due to excessive high training loads or
inability of the body to  recover and repair damage from
training. The body’s immune system is also compromised,
possibly from decrease in C-reactive protein levels after in-
tense exercise. Also it has been proposed that an acute phase
response may occur in the overtrained athlete with leukocy-
tosis, fever, decrease in copper and zinc levels, and increase
in erythrocyte sedimentation rate (ESR). This in turn leads
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to an increase in colds, allergic reactions, and other infec-
tions. Psychologic factors are also manifested in overtrained
athletes but much more difficult to detect at times.5

EPIDEMIOLOGY
EIA is seen in 80% to 90% of individuals with underlying
asthma; however, many athletes only have bronchospasm as-
sociated with exercise without underlying chronic asthma.6

There is a variable reported incidence of EIA or EAB in
the literature with range of 7% to 20% in the general popu-
lation.7,8 The variability appears to be related to the overall
low quality of the studies, small numbers, and limited pa-
tient populations. Many studies have been done in certain
subgroups, such as children, and in certain sports, such as
figure skating and ice hockey. It is difficult to sort out which
of these athletes only have bronchospasm associated with
 exercise and which have underlying chronic asthma. It
does appear that certain sports are at higher risk for EIA
or exercise-induced bronchospasm (EIB), including Nordic
skiing, track and field, soccer, hockey, football, water polo,
cycling, etc.

The incidence of anemia in the general public has been
 reported as 4% in males and 8% in females in the United
States. The incidence of iron deficiency in premenopausal
women has been found to be 4% to 8% in the United States.
Regular nonprofessional sport activity does not cause an in-
creased rate of anemia or of iron deficiency in fertile women.
However, physical exercise has an impact on iron status, as it
reduces serum iron and transferrin saturation and elevates
soluble transferrin receptor. Nearly one-fifth of recreational
athletes have anemia and one-third have iron deficit; these
conditions can decrease their physical performance.9 Sickle
cell disease in the United States is estimated to be around 1
in 625 persons at birth; however, in black Americans the
sickle gene is present in approximately 8% of the population.
This reaches upward of 30% in Africa.

NARROWING THE DIFFERENTIAL
DIAGNOSIS
While an exhaustive differential of conditions that might
 result in an athlete with exercise-associated shortness of
breath are beyond the scope of this chapter, common condi-
tions to consider include the following:

● EIA
● EAB (without underlying chronic asthma)
● Vocal cord dysfunction
● Chronic obstructive pulmonary disease
● Restrictive lung disease
● Cardiovascular disorder
● Upper/lower respiratory infection
● Deconditioning
● Anemia

● Overtraining
● Pneumothorax (spontaneous)
● Pulmonary embolism

History

When evaluating an athlete with shortness of breath, a
 thorough history should be obtained regarding the length of
symptoms, precipitating and alleviating factors, and other
associated symptoms. A past medical history of asthma
would certainly make the diagnosis of EIA more likely. If
there have been other associated infectious symptoms such
as fever, sinus congestion, or productive cough, a respiratory
infection may be likely. 

Evidence-based Physical Examination

A thorough examination should be performed with special
focus on the cardiovascular and pulmonary examinations.
Key components of the cardiovascular examination should
 include bilateral blood pressure testing, cardiac auscultation,
and  peripheral pulse palpation. Key components of the
 pulmonary examination should include auscultation for
 expiratory wheezing and prolonged expiratory phase as well
as inspiratory stridor in addition to any audible rales or
rhonchi. 

Diagnostic Testing

Laboratory

If clinically indicated, a complete blood count could help
rule out anemia. Further iron and hemoglobin studies may
be considered based on complete blood count (CBC) result
and clinical scenario, including an athlete with a microcytic
anemia and particularly in females and those of Mediter-
ranean decent. This would include serum iron, ferritin,
transferrin, total iron binding capacity, reticulocyte count,
and possibly hemoglobin electrophoresis.

Thyroid studies, LFTs, and renal function tests may be
considered. Blood tests to consider in the athlete with
overtraining include CBC, cortisol level, luteinizing
 hormone level, testosterone level, creatine kinase level, 
C-reactive protein, and ESR. 

Imaging

If a lower respiratory infection or spontaneous pneumoth-
orax is suspected, a chest radiograph may be considered.
Appropriate imaging studies would be indicated for sus-
pected pulmonary embolism. 

Other Testing

If clinical scenario and examination suggest cardiac findings
ECG, echocardiogram, and exercise stress tests may be con-
sidered. Appropriate indications for cardiac testing are re-
viewed in the Chapter 3. 
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Pulmonary function tests (PFTs) are useful when looking
for obstructive or restrictive lung disease. A full description of
PFTs and spirometry are outlined in the following sections.

APPROACH TO THE ATHLETE WITH
EXERCISE-INDUCED ASTHMA

HISTORY AND PHYSICAL EXAMINATION

Shortness of breath associated with exercise is usually the
first complaint and will often prompt a workup for asthma.
 Athletes and coaches may have the misperception that the
athlete is “just out of shape.” There is often a decrease in ex-
ercise endurance as well. Questions regarding chest tightness,
coughing, or wheezing associated with sports participation
should be asked. Any athlete with shortness of breath should
be questioned with regard to a history of asthma or bron-
chodilator use. 

The symptoms of EIA may develop shortly after the onset
of exercise, then improve after 15 to 30 minutes of exercise
(refractory period), with recurrence after the termination of
exercise. EIA will usually spontaneously resolve 30 to 60 min-
utes after cessation of exercise. Symptoms that begin early in
exercise should be evaluated for other causes such as poorly
controlled chronic asthma or vocal cord dysfunction.

A thorough physical examination should be done after
obtaining a history suggestive of EIA. ENT examination
should  include looking for evidence of sinusitis or nasal
 allergies. A cardiac examination should be done to assess for
murmurs or arrhythmias.  Pulmonary examination should
look for wheezing, rhonchi, rales, or stridor.

DIAGNOSTIC TESTING

Diagnosis of chronic asthma can be made by spirometry
or PFT. Sport-specific challenge testing is the best way to

 diagnose EIA, but this is often difficult, as spirometry is
 usually not available in the exercise setting that triggers the
athlete’s symptoms. 

In the office or training room setting, baseline spirometry
testing should be done before exercise, followed by having the
athlete exercise on a treadmill or cycle ergometer (or maybe
the stairs in an office). Postexercise testing can be done every
10 to 15 minutes after exercise for up to 30 to 60 minutes fol-
lowing exercise. A fall of 10% in the FEV1 is usually consid-
ered diagnostic for EIA10 (Fig. 4.3). If other factors such as
cold air are triggers, then the setting of the testing may need
to be modified to accurately diagnose EIA.10 The sensitivity
and specificity of spirometry has been estimated to be
around 61 and 60, respectively.11

An alternative mode of testing is to use peak expiratory
flow (PEF) measurements. A fall of at least 10% of PEF is
 diagnostic for EIA.12 The sensitivity and specificity for this
form of testing is around 43 and 75, respectively.11 Alterna-
tive methods of testing to evaluate and diagnose asthma also
include the methacholine challenge and sputum eosinophil
count, both of which are more sensitive and specific, with
methalcholine challenge being 90 and 91 with respect to sen-
sitivity and specificity and sputum eosinophil count being
72 and 80.11

TREATMENT

General Measures

● The mainstay of treatment of EIA is prevention and/or
modifying the severity. This includes many nonpharmaco-
logic and pharmacologic treatments.13

● Avoidance of any known triggers is the first-line nonphar-
macologic treatment. 

● Avoidance of cold, dry air by exercising in warmer and
more humid conditions, or by wearing a mask if exercising
in a cold environment, may improve symptoms. 

FIG. 4.3. Spirometry curves in respiratory disorders.
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Pharmacologic Treatment14

● Pharmacologic therapy consists of a variety of medications,
but usually is initially treated with an inhaled �-agonist
prior to exercise. 

● These short-acting bronchodilators can be used 5 to
30 minutes prior to exercise for prophylactic use, as well
as during exercise for any symptomatic relief if needed. 

● Other pharmacologic therapies include inhaled cortico -
steroids, cromolyn compounds, and leukotriene inhibitors.

● Inhaled corticosteroids are the most consistently effective
long-term control medication at all steps of care for per-
sistent asthma. 

● Cromolyn sodium may be used as alternative, but not
 preferred, medication for patients requiring step 2 care
(for mild persistent asthma). They also can be used as
 preventive treatment before exercise or unavoidable expo-
sure to known allergens. 

● Leukotriene inhibitors are alternative, but not preferred,
therapy for the treatment of patients who require step 2
care (for mild persistent asthma). 

● Long-acting �2-agonists are used in combination with in-
haled corticosteroids for long-term control and prevention
of symptoms in moderate or severe persistent asthma (step 3
care or higher in children 5 years of age and adults and step 4
care or higher in children 0 to 4 years of age, although few
data are available for children 0 to 4 years of age).

● A long-acting �2-agonist may be used before exercise to
prevent EIB, but duration of action does not exceed 5 hours
with chronic, regular use. Frequent or chronic use before
exercise is discouraged, because this may disguise poorly
controlled persistent asthma.

Prognosis/Return to Play

● Return of the athlete to sports participation can be done
safely once the symptoms have been adequately treated. 

● Albuterol metered dose inhaler (MDI) should be available
for the athlete, with EIA at practice and at games.

Complications/Indications for Referral

If the athletes do not improve with standard treatment, they
may need further workup for other underlying pulmonary
conditions. Generally, athletes do well with medication ther-
apy. It is important to know the rules of the governing body
that dictates banned substances for the athlete, so as not to
prescribe those medications.

APPROACH TO THE ATHLETE WITH
EXERCISE-ASSOCIATED

BRONCHOSPASM
Initial approach in the workup and treatment of EAB should
include trying to differentiate whether there is underlying

chronic asthma, or if the bronchospasm is only associated
with exercise.

HISTORY AND PHYSICAL EXAMINATION

Shortness of breath associated with exercise, similar to an
athlete with EIA, is the first complaint that often prompts
a workup. Unlike chronic asthmatics, the athlete will not
have symptoms at times other than with exercise-related
 activities. A decrease in exercise endurance, chest tight-
ness, coughing, or wheezing associated with sports partic-
ipation should be asked. It is also important to determine
whether there is a history of asthma, so as to differentiate
from EIA.

The symptoms of EAB, similar to EIA, may develop
shortly after the onset of exercise, but more often will not be
present until shortly after exercise has been terminated. It
will usually spontaneously resolve 30 to 60 minutes after ces-
sation of exercise. Symptoms that begin early in exercise
should be evaluated for other causes such as poorly con-
trolled chronic asthma or vocal cord dysfunction.

Physical examination findings of wheezing will not be
present at times other than with exercise or physical activity.
A thorough examination should be done to rule out transient
causes of shortness of breath, such as upper or lower respira-
tory infections. A cardiac examination should be done to rule
out cardio vascular causes. If you have the benefit of examin-
ing the athletes while they are exercising and experiencing
symptoms, you may hear wheezing on auscultation.

DIAGNOSTIC TESTING

EAB is usually difficult to accurately diagnose due to lack of
availability of testing equipment on the field or sidelines of
most sporting facilities. Because there is not any underlying
asthma, testing without the exercise trigger will be normal.
Diagnostic testing is essentially the same as for EIA but to
exclude an underlying asthmatic pathology. Exercise chal-
lenge testing can be performed as noted earlier in the EIA
section. 

TREATMENT

General Measures

● The mainstay of treatment of EAB is similar to EIA. 
● This includes prevention and/or modifying the severity of

the symptoms in addition to any nonpharmacologic and
pharmacologic treatments.13

● Avoidance of any known triggers, such as cold, dry air, is a
nonpharmacologic treatment that can be done by exercis-
ing in warmer and more humid conditions or by wearing a
mask if exercising in a cold environment. 

● Warming up prior to exercise may also reduce the symp-
toms of EAB. 
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● The athlete should try to warm up at 80% to 90% of their
maximum workload for about 10 minutes before they
compete.15

This allows the athlete to compete during the “refractory
period,” where there is less bronchospasm. This phenome-
non may last up to 2 hours, but is varied widely among
 individual athletes.

Pharmacologic Treatment

● Pharmacologic therapy consists of a variety of medica-
tions, but usually is initially treated with an inhaled �-
 agonist prior to exercise. 

● A short-acting bronchodilator can be used 5 to 30 minutes
prior to exercise for prophylactic use, as well as during
 exercise for any symptomatic relief if needed. 

● Other pharmacologic therapies include inhaled cortico -
steroids, cromolyn compounds, and leukotriene inhibitors.

Prognosis/Return to Play

● Return of the athlete to sports participation can be done
safely once the symptoms have been adequately treated. 

● Albuterol MDI should be available for the athlete with EIA
at practice and at games. 

Complications/Indications for Referral

If the athletes do not improve with standard treatment, they
may need further workup for other underlying pulmonary
conditions. Generally, athletes do well with medication ther-
apy. It is important to know the rules of the governing body
that dictates banned substances for the athlete, so as not to
prescribe those medications.

APPROACH TO THE ATHLETE
WITH ANEMIA

There are numerous causes of anemia in athletes. Every
anemia is caused by at least one of three problems: (1) de-
creased RBC production, (2) loss of RBCs by hemorrhage,
or (3) early death (destruction) of RBCs (Fig. 4.4). Specific
conditions are outlined.

HISTORY AND PHYSICAL EXAMINATION

Athletes who complain of shortness of breath or fatigue, or
have a drop off in performance, should be evaluated for ane-
mia as part of a comprehensive workup. Acute blood loss
should be evaluated by questioning about melena or heavy
menstrual bleeding. Questions about diet may point to
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FIG. 4.4. Causes of anemia.
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 concerns about iron deficiency. Heavy and intense exercise
may increase the likelihood of hemolysis.

As part of a comprehensive physical examination, the
 athlete should be evaluated for paleness of the skin or conjunc-
tiva, epigastric discomfort that may be seen with gastritis asso-
ciated with large amount of non-steroidal anti-inflammatory
drugs use, and a rectal examination for fecal occult blood.
 Pulmonary and cardiac causes should also be evaluated as
part of the complete examination. In addition to the physical
 examination, laboratory studies may be warranted.

DIAGNOSTIC TESTING

Basic laboratory studies should include a complete blood
count, iron studies (iron, ferritin, transferrin saturation, and
total iron binding capacity), and urinalysis.

APPROACH TO THE ATHLETE WITH
DILUTIONAL PSEUDOANEMIA 

Dilutional pseudoanemia is a temporary condition that
 occurs as a result of plasma volume expansion with exercise.

HISTORY AND PHYSICAL EXAMINATION

The plasma volume expansion with exercise does not occur
immediately after exercise. It typically occurs well after exer-
cise is complete and returns to baseline within a few hours.16

When the plasma volume expands, the hemoglobin concen-
tration reduces and results in the appearance of an anemia.
There are no irregular physical findings or underlying med-
ical causes associated with dilutional pseudoanemia.

DIAGNOSTIC TESTING

The hemoglobin will be transiently low, but other lab work
for anemia, such as ferritin, mean corpuscular volume,
 hemoglobinuria, or  haptoglobin should be normal.16

TREATMENT

No treatment is indicated for this benign process.

Prognosis/Return to Play

● There is no adverse effect on physical activity, and the
 athlete does not need to be kept out of participation.

Complications/Indications for Referral 

Once the diagnosis is confirmed, there is no need for referral
and the condition is self-limiting.

APPROACH TO THE ATHLETE WITH
IRON DEFICIENCY ANEMIA

Iron deficiency is a common nutritional deficiency seen in
the general population, as well as with athletes. Occasionally,
there is also an associated anemia.

HISTORY AND PHYSICAL EXAMINATION 

An athlete with shortness of breath or fatigue may need to
be tested for anemia, and questions about dietary habits,
menstrual periods, and gastrointestinal bleeding should be
asked. If there is concern for gastrointestinal bleeding, a
 rectal examination should be done to include a test for fecal
occult blood. Paleness of the skin or conjunctiva may also
be noted.

DIAGNOSTIC TESTING

In stage I iron deficiency, there is an isolated decrease in the
serum ferritin level, but hemoglobin levels will still be
 normal. In stage II, the iron level decreases, the transferrin
saturation decreases, and the iron-binding capacity in-
creases. There will be a mild normocytic anemia. In stage III,
there is further depletion of the iron stores and development
of a microcytic, hypochromic, iron-deficient anemia.16

TREATMENT

● If an athlete is determined to have an iron deficiency ane-
mia and if he or she is not able to improve it with dietary
modifications, he or she should be treated with oral iron
replacement. 

● Most commonly this is done with ferrous sulfate, but
sometimes other choices such as ferrous gluconate may be
used to minimize gastrointestinal side effects. 

● Treatment may take several weeks before there is a notice-
able improvement in the hemoglobin levels. 

● Most show that 40 mg of elemental iron once daily is just
as effective as three times daily dosing.17

Prognosis/Return to Play

● Athletes without any evidence of active bleeding can
 continue to participate without interruption. 

● They may continue to exhibit symptoms of fatigue until
they have been adequately treated.

Complications/Indications for Referral 

If there is no improvement with oral replacement, the athlete
has not been able to tolerate the iron supplements, or the
 etiology is unclear, a hematology consult may be needed.
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If there is an associated menstrual or gastrointestinal bleed-
ing issue, an appropriate referral for further workup may
also be indicated.

APPROACH TO THE ATHLETE WITH
INTRAVASCULAR HEMOLYSIS

(EXERTION HEMOLYSIS) 
Intravascular hemolysis can occur as a result of vigorous
 exercise. Originally it was thought that hemolysis was caused
by the “foot strike mechanism” in which it was proposed that
compression of capillaries was causing rupture of the RBCs,
leading to hemolysis. However, this was also being seen in
athletes such as swimmers and rowers and not specifically
impact sports. It is now thought to be due to intravascular
turbulence, acidosis, and increased temperature within the
muscle tissue. Typically the amount of hemolysis is not sig-
nificant enough to alter the CBC/RBC indices, and treat-
ment is generally not necessary.18

HISTORY AND PHYSICAL EXAMINATION

Intravascular hemolysis is seen most commonly in endurance
sports, such as long distance running.

DIAGNOSTIC TESTING

Testing should be done shortly after the completion of the
workout. Findings include decreased serum haptoglobin and
hemoglobinuria.

TREATMENT

● Alteration in training patterns or decrease in the inten-
sity of training is the main treatment for intravascular
hemolysis. 

● Hemolysis will no longer be seen after a few days away
from the exertion.

Prognosis/Return to Play 

Intravascular hemolysis will not typically produce a signifi-
cant enough anemia to cause the athlete to be removed from
participation.

Complications/Indications for Referral 

Intravascular hemolysis is generally a diagnosis of exclusion,
and other more concerning causes of anemia should be ruled
out first.

APPROACH TO THE ATHLETE WITH
SICKLE CELL TRAIT/DISEASE

Some individuals produce not only the normal hemoglobin
A but also an inherited hemoglobin S, which under physio-
logic stress can lead to sickling and destruction of the RBCs
(Fig. 4.5). Athletes with sickle cell disease (SS) are not able to
participate in intense physical activity due to the risk of de-
veloping a painful crisis, but those with sickle cell trait (AS)
do participate in sports with certain precautions (Fig. 4.6).

HISTORY AND PHYSICAL EXAMINATION

Sickle cell trait is generally a rare trait, but is much more
common in African-Americans. It is estimated that ap-
proximately 8% of African-Americans carry the sickle cell
trait.16,19 There have been reported deaths in young athletes
with sickle cell trait due to rhabdomyolosysis, exertional heat
stroke, and sudden cardiac arrhythmia.16,20

DIAGNOSTIC TESTING

Testing for the presence of hemoglobin S should be consid-
ered in high-risk populations.

TREATMENT

● Treatment in an athlete with a sickle cell trait is aimed at
minimizing the risk of sudden death. 

Sickle cells

Normal blood cells

FIG. 4.5. Sickling of red blood cells. Reprinted with per-
mission from Cohen BJ, Wood DL. Memmler’s The
Human Body in Health and Disease. 9th ed. Philadelphia:
 Lippincott Williams & Wilkins; 2000.
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Cerebral infarcts (strokes)

Retinal infarcts
(retinopathy)

Pulmonary infarcts

Anemia, increased
cardiac output

Cardiomegaly

High-output congestive
heart failure

Gallstones

Pneumonia

Bone marrow
hyperplasia

Vascular occlusions

Infarcts of
fingers

Skin ulcers

Gangrene of
toes or fingers  

Bone deformities

Early splenomegaly

Late splenic
atrophy (infarcts)

Renal infarcts

Hematuria

Bone infarct
(aseptic necrosis)

Infection
(osteomyelitis)

FIG. 4.6. Clinical and pathologic findings in sickle cell disease.
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● The athlete should maintain adequate hydration, espe-
cially in warm conditions. 

● There is also an increased risk of sickling at higher alti-
tudes from lower oxygen concentrations; in these settings
oxygen should be administered.

Prognosis/Return to Play

There is no absolute contraindication to athletic involve-
ment in those athletes with a sickle cell trait, but they should
be monitored closely in high-risk situations such as heat and
altitude.

Complications/Indications for Referral

Dehydration, extreme heat, and altitude are associated risk
factors for an adverse event, so the athlete should be closely
monitored when competing in these conditions.

KEY POINTS

• EIA generally refers to the chronic asthmatic who has
exercise as one of his or her triggers and can be seen in
80% to 90% of asthmatics.

• Diagnosis can be made with exercise and pharmaco-
logic provocative tests. Spirometry and methalcholine
challenge being most useful testing methods.

• Treatment consists of avoidance of triggers and phar-
macologic therapy. Inhaled corticosteroids and short-
acting �-agonists are the mainstay of pharmacologic
treatment.

• Athletes with EIB experience their symptoms only with
the trigger of exercise and do not have evidence of
chronic asthma. Diagnosis is difficult, and treatment
consists of modifying activities to avoid the triggers.

• Anemia is often present in young athletes and needs to
be considered in part of the workup for shortness of
breath or fatigue.

• Anemia can be caused by iron deficiency, dilutional
pseudoanemia, and intravascular hemolysis or by
 genetic causes, that is, sickle cell disease. 
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5
C H A P T E R

Female Athlete
Lee A. Mancini

INTRODUCTION
It has been over 35 years since the passage of Title IX in 1972,
which prohibited sex discrimination in sports. There are
now almost 2.5 million female athletes competing in high
school sports, in addition to nearly 200,000 female athletes
at the collegiate level. With increase in number of female
athletes, there have also come increased examinations into
conditions specific to the female athlete.

The “female athlete triad” is a term used to describe the
combination of amenorrhea, disordered eating, and osteo-
porosis in physically active girls and women. It was first
 defined at the Triad Consensus Conference in 1992 by the
American College of Sports Medicine. More recently, it has
been recognized that energy imbalance likely plays the un-
derlying role resulting in the findings of amenorrhea and
 osteoporosis.1 This is the approach to the female athlete sus-
pected to having the female athlete triad. Other conditions
commonly encountered in female athletes that are addressed
in other chapters include patello–femoral syndrome, stress
fractures, and anterior cruciate ligament (ACL) tears.

PATHOPHYSIOLOGY
Eating Disorders

Anorexia nervosa is an eating disorder characterized by
 restrictive eating in which the individuals view themselves
as overweight and are afraid of gaining weight even though
they are at least 15% below expected weight for age and
height. Amenorrhea is a diagnostic criterion for anorexia
nervosa.2 In this instance, amenorrhea is defined as the lack
of three consecutive menstrual cycles. Anorexia nervosa can
be further divided into restricting or purging subtypes.

Bulimia nervosa is another eating disorder where the
 affected individuals are usually in the normal weight range.
In Bulimia, individuals repeat a cycle of overeating (binge
eating) and then purging. The purging may be from induced
vomiting, restricted eating, excessive exercise, misuse of
 laxatives or medications, or other compensatory behaviors.
An individual must have at least two episodes per week for
3 months to meet the criteria for bulimia. 

The Diagnostic and Statistical Manual of Mental Diseases,
4th Edition (DSM-IV), outlines the criteria for anorexia ner-
vosa and bulimia nervosa. Athletes who do not meet all the
DSM-IV criteria are given the diagnosis of eating disorder
not otherwise specified (EDNOS). Disordered eating in-
cludes any abnormal eating pattern and is not limited to
anorexia nervosa or bulimia. It can include food restriction,
fasting, binging, using laxatives, diuretics, and diet pills, or
excessive exercise.

Menstrual Function

Eumenorrhea is defined as a menstrual cycle that lasts
28 days with a standard deviation of 7 days. This is the me-
dian interval for young adult women. Oligomenorrhea is
 defined as having a menstrual cycle occur at intervals longer
than 35 days.3 Amenorrhea can consist of either primary or
secondary amenorrhea. Primary amenorrhea is defined as
the absence of menarche after the athlete has reached 15.
Secondary amenorrhea refers to the absence of menses for
3 consecutive months or longer.

Bone Mineral Density

With respect to the female athlete triad, there is recognition
of a spectrum of bone mineral density (BMD) ranging from
optimal bone health to osteoporosis.1 Osteoporosis is de-
fined as a skeletal disorder characterized by compromised
bone strength, predisposing a person to an increased risk of
fracture. Osteoporosis is not always caused by accelerated
bone mineral loss in adulthood. It can also be due to not
 accumulating optimal BMD during childhood and adoles-
cence. The World Health Organization (WHO) uses T and Z
scores for defining osteoporosis and osteopenia. The T score
compares an individual’s BMD to the average adult peak BMD.
In the nonathlete population, osteopenia is defined as a T score
between �1 and �2.5. Osteoporosis is defined as a T score less
than �2.5. With a reduction of BMD of 1 standard deviation,
the fracture rate doubles.4 The Z score compares an individ-
ual’s BMD to age and sex-matched controls. The Z score is
a more accurate measure of BMD in athletes, because the
 evidence has shown that weight-bearing sport athletes have a
BMD 5% to 15% higher than nonathletes.5 The American
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College of Sports Medicine (ACSM) position statement on
female athlete triad defines low BMD as a Z score between
�1.0 and �2.0. The term “low BMD” is  defined as a history
of nutritional deficiencies, hypoestrogenism, stress fractures,
and other secondary clinical risk fractures for fractures. With
respect to the female athlete triad, osteoporosis is defined as a
Z score less than �2.0. Low BMD can result from premature
bone resorption, impaired bone formation, or both. Defi-
ciencies in  calcium, vitamin D, and caloric intake lead to
 increased bone resorption.

Low Energy Balance

A low energy balance whether or not the athlete has an eat-
ing disorder affects both BMD and menstrual function.
 Athletes at greatest risk are those who are vegetarians, who
limit the variety of foods they eat, and who exercise for pro-
longed periods of time. Animal models have shown that a
30% reduction in caloric intake causes both infertility and
skeletal demineralization.1 Low energy availability disrupts
the gonadotropin-releasing hormone (GnRH) and luteiniz-
ing hormone (LH) pulsatility. It also increases the rate of
bone resorption and decreases the rate of bone formation.1

EPIDEMIOLOGY
Individuals diagnosed with anorexia nervosa have a six times
greater mortality rate compared with the general popula-
tion.6 One study showed that 5.4% of athletes with eating
disorders had attempted suicide.7 There is an increased risk
of female athlete triad, and it is greatest in endurance sports
emphasizing leanness such as cross-country, in sports em-
phasizing body image such as gymnastics or dance, or in
sports where weight classes are used such as lightweight
crew. Eating disorders are found in 31% of these thin-build
sports compared with 5.5% of the general population.8 An-
other study showed 25% of these thin-build sports athletes
compared with 9% of the general population.9 Disordered
eating occurs in nearly two thirds of all female athletes.10

The prevalence of primary amenorrhea is less than 1% in the
general population, but more than 22% in cheerleading, div-
ing, and gymnastics.11,12 Secondary amenorrhea has been
seen as high as 69% in dancers and 65% in long-distance
runners.2 Overall the female athlete triad is seen in 2.7% of
college athletes and 1.2% of high school athletes.13,14 In both
of these studies, the examiners used more narrow guidelines
than the accepted ACSM position stand guidelines.

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

The preparticipation physical should be used to screen for
the female athlete triad. Female athletes should be asked
about caloric intake, dietary habits, weight fluctuations,

body image, fear of weight gain, and menstrual dysfunction.
Athletes should be asked about a history of stress fractures,
family history of osteoporosis or osteopenia, and family or
personal history of vitamin D deficiency. Any athlete who is
found to have one component of the female athlete triad
should be assessed further. Athletes who are discovered to
have disordered eating should be referred to a mental health
practitioner for further evaluation.1

Evidence-based Physical Examination

Physical examination should include height, weight, and
vital signs. Orthostatic hypotension is a finding often seen in
female athlete triad as is both bradycardia and tachycardia.
Physicians should pay attention to cold or discolored hands
and feet, hypercarotenemia, lanugo hair, and parotid gland
enlargement. Dental examination can evaluate for oral ero-
sions seen with frequent purging.

Diagnostic Testing

Laboratory

Laboratory tests that should be done to work up secondary
amenorrhea should include a pregnancy test, follicle-
 stimulating hormone (FSH) and LH, serum cortisol, estra-
diol, and a progesterone challenge. The FSH/LH ratio is
important for ruling out polycystic ovary syndrome (PCOS).
Also free testosterone and dehydroepiandrosterone sulfate
(DHEA) levels should be done if the female athlete has any
 evidence of androgenic examination findings. A prolactin
test should be ordered to determine if the athlete has a
 lactotrophic- secreting tumor. Other necessary lab work
should include thyroid function tests, urinalysis, erythrocyte
sedimentation rate, calcium, vitamin D, electrolytes, chem-
istry profile, and complete blood count with differential.1

Imaging

If an athlete has had the criteria of the female athlete triad for
6 months or more, then a bone density (dual-energy x-ray
absorptiometry [DEXA]) scan should be ordered. A repeat
DEXA scan is recommended in 12 months.

Other Testing

An electrocardiogram (ECG) should be ordered to assess for
prolonged QT interval or another arrhythmia.

APPROACH TO THE ATHLETE WITH
FEMALE ATHLETE TRIAD

HISTORY AND PHYSICAL EXAMINATION

Physicians should ask about frequent fluctuations in weight.
Look for both weight gain and weight loss. Does the athlete
have a history of stress fractures? Does the athlete have a
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 history of menstrual irregularities? At what age did menar-
che occur? Has the athlete ever gone more than 3 months
without menses? Has the athlete ever menstruated less than
six times in a year?

Physicians should monitor vital signs, including ortho-
static blood pressure readings. The athlete’s height and
weight should be documented. The athlete’s extremities
should be examined to look for circulation issues, including
cold or discolored hands and feet. Additional findings may
include hypercarotenemia, lanugo hair, and parotid gland
enlargement. Dental examination can evaluate for oral ero-
sions seen with frequent purging.

Diagnostic Testing

Laboratory

Lab work should include thyroid function tests, urinalysis,
erythrocyte sedimentation rate, calcium, vitamin D, elec-
trolytes, chemistry profile, and complete blood count with
differential. To further work up amenorrhea, laboratory tests
may include FSH, LH, prolactin test, free testosterone, DHEA,
serum cortisol, estradiol, and a progesterone challenge.1

Imaging

If an athlete has the criteria of the female athlete triad for
6 months or more, then a bone density (DEXA) scan
should be ordered. A repeat DEXA scan is recommended
in 12 months.

Other Testing

An ECG should be ordered to assess for prolonged QT inter-
val or another arrhythmia.

TREATMENT

General Measures

● Treatment of female athlete triad should focus on educa-
tion and prevention

● Treatment should include a physician, a registered dieti-
tian, and a mental health counselor

● Primary goal is to restore normal energy balance via an
increase in caloric intake and/or to decrease energy
 expenditure

● Athletes with the female athlete triad must agree with the
following:
● To comply with all treatment strategies
● To be closely monitored by health care professionals
● To place precedence on treatment over training and

competition

● To modify the type, duration, and intensity of training
and competition

● A written contract may be necessary to specify these
 agreements
● If the athlete does not accept treatment, breaks contract,

eating behavior does not improve, or weight does not
improve then the athlete may be removed from practice
or game participation

● Athletes with eating disorders should meet minimal estab-
lished criteria to continue exercising and competing

● Nutritional recommendations include
● Vitamin D 400 to 800 IU daily (greater if vitamin D

 deficient)
● Calcium 1,000 to 1,300 mg daily
● Protein 1.6 g/kg body weight daily
● Caloric intake between 30 and 45 kcal/kg daily
● Optimization of overall nutritional status

Pharmacologic Treatment

● No pharmacologic agent adequately restores bone loss or
corrects the hormonal or metabolic deficiencies.

● Bisphosphonates should not be used in young female
 athletes because they can remain in a woman’s bone for
many years, causing harm to a developing fetus during
pregnancy. 

● There is no documented benefit to hormone replacement
therapy. 

● Athletes should take the recommended nutritional supple-
ments such as vitamin D, calcium, and adequate protein. 

● Oral contraceptive pills (OCPs) may be considered in ath-
letes with functional hypothalamic secondary amenorrhea,
especially in athletes over the age of 16. 

● Antidepressants are often used for bulimia nervosa,
anorexia nervosa, EDNOS, depression, and anxiety
 disorders.

Prognosis/Return to Play

● An athlete can return to sports participation once the
 following conditions are met:
● If there is no evidence of end-organ injury from the

 female athlete triad—for example:
■ Stress fracture
■ Cardiac arrhythmias
■ Orthostatic hypotension
■ Bradycardia or tachycardia at rest

● Athletes should meet the weight and nutritional guide-
lines set forth in their contract

Complications/Indications for Referral

In severe cases, athletes may need inpatient treatment. If an
ECG shows a cardiac arrhythmia secondary to an eating
 disorder, then the athlete may need inpatient treatment.
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KEY POINTS

• Disordered eating, eating disorders, and amenorrhea
occur more frequently in sports that emphasize
 leanness.

• Menstrual irregularities and low BMD increase the risk
of stress fractures.

• Screening for the female athlete triad should occur at
the preparticipation physical examination (PPE).

• BMD should be assessed after a stress fracture and
after 6 months of amenorrhea, disordered eating, or an
eating disorder.
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6
C H A P T E R

Athlete with Rash
Christopher J. Lutrzykowski 

INTRODUCTION
There are a multitude of exanthems that affect the athlete.
The number and breadth of rashes mimic the general popu-
lation, and the primary care provider must have a sound
foundation in diagnosing and treating those conditions.
There are eruptions, however, that bear specific emphasis for
the provider caring for athletes due to their morbidity and
communicability. The presence of certain rashes may also
exclude the athlete from sports participation unless properly
covered and/or treated. This chapter will focus on four types
of skin infections commonly found in athletes that can affect
their participation: tinea, herpes, cellulitis/furunculosis, and
molluscum contagiosum. Special attention will be addressed
to community-acquired methicillin-resistant Staphylococcus
aureus (cMRSA) due to the recent rise in incidence and sig-
nificant deleterious effects on athletes.

PATHOPHYSIOLOGY
For a variety of reasons, athletes are at risk for particular
skin disorders. The athletes’ dermis is under constant stress
due to their sport exposure as well as microenvironmental
conditions (moisture, heat) and unique macroenviron-
mental conditions (heat, cold, water, sun). Additionally, the
dermis can be affected by systemic stress from exercise, in-
cluding decreased immunity and alterations in blood sup-
ply. The normal skin barrier can be easily compromised
with close skin contact, abrasions, and cuts. Furthermore,
the metabolic stress of exercise may compromise an ath-
lete’s short-term immunity and increase their risk of skin
infections. Team sports also present a risk for athletes in
that they are often sharing space and personal items among
themselves.1–3

EPIDEMIOLOGY
There are no formal data on the incidence or prevalence of
skin disorders or exanthems in athletes as outbreaks can
occur sometimes in sporadic fashion. Prevalence can also
vary by geography and patient population. 

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

It is paramount to obtain an adequate history when an
 athlete presents with a rash. In addition to location, noting
the time of onset and precipitating factors is important in
narrowing the differential diagnosis. Pertinent questions
 include the following: Was there a prodromal symptom
complex? Was there fever? Did any other team member pres-
ent with a rash? Was the rash in a shaved area? Is the rash
painful, itchy, and raised? Were any new creams, detergents,
or topical ointments used? Is there any comorbid medical
 illness? A good history will help the clinician to a narrower
differential diagnosis and streamlined care. 

Evidence-based Physical Examination

With clues taken from a thorough history, the physical exam-
ination guides the clinician to an appropriate diagnosis and
treatment. The athlete may present with multiple types of
rash, and careful skin examination is important. Rashes
 cannot be adequately diagnosed through clothing; thus, ade-
quate visualization is important. Is the rash macular or papu-
lar? Is it red? Where is it located? Are there satellite lesions? Is
it vesicular? Is there a scale? Are there lesions in various states
of healing? Are there areas of central clearing? Does the rash
vary in size and shape? These questions among many also
may help the clinician arrive at the correct diagnosis.

Diagnostic Testing

Laboratory

Lab testing may be appropriate for specific diseases, includ-
ing serologies. While not explicitly listed below, Lyme titers
are helpful in the diagnosis of Lyme disease, in particular if
IgM levels are elevated. 

Imaging

Imaging is rarely useful in the diagnosis of rash. It may prove
beneficial in the presence of a cellulitis if osteomyelitis is a
considered diagnosis.
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Other Testing

Skin scrapings, shavings, and biopsy can prove useful in the
diagnosis and treatment of rashes, in particular in recalci-
trant cases. Polymerase chain reaction (PCR) (see later in the
chapter) may prove a useful adjunct as well. Wound cultures
are always recommended when accessible or clinically indi-
cated. This is particularly true with the rise of cMRSA.

APPROACH TO THE ATHLETE
WITH TINEA

Tinea refers to dermatophyte infections that predominantly
stem from three different genera. Risk factors for tinea in-
clude direct contact with soil, infected humans and animals,
and fomites.3 Dermatophytes invade and proliferate in kera-
tinized tissue, including skin, hair, and nails.3 Tinea clinically
are subdivided and named based on location. Several loca-
tions have been described and include tinea capitis, tinea
corporis, tinea cruris, and tinea pedis. Each will be discussed
separately. 

APPROACH TO THE ATHLETE
WITH TINEA CAPITIS

No incidence data are available for tinea capitis among
 athletes, but it can occur in epidemic form.4,5 Athletes may
present with alopecia, desiring treatment.

HISTORY AND PHYSICAL EXAMINATION

Multiple clinical presentations exist for tinea infections of the
scalp. Black dot type is named after the fractured hair follicles
from tinea infection (Fig. 6.1). Gray patch type, which is most
common, is noted for circular areas of alopecia (Fig. 6.2). A

kerion may be present, which is a slightly erythematous
boggy mass with alopecia that may progress to scarring 
(Fig. 6.3). 

DIAGNOSTIC TESTING

Skin scrapings may be isolated on a slide for microscopic
 examination with 10% potassium hydroxide (KOH). Tinea
have characteristic hyphae with septate branching and when
present can confirm the diagnosis. Scrapings and hair may
also be sent for fungal culture.

FIG. 6.1. Tinea capitis: black dot type. Reprinted with per-
mission from Goodheart HP. Goodheart’s Photoguide of
Common Skin Disorders. 2nd ed. Philadelphia: Lippincott
Williams & Wilkins; 2003.

FIG. 6.2. Tinea capitis: gray patch type. Reprinted with per -
mission from Goodheart HP. Goodheart’s Photoguide of
Common Skin Disorders. 2nd ed. Philadelphia: Lippincott
Williams & Wilkins; 2003.

FIG. 6.3. Tinea capitis: kerion. Reprinted with permission
from Fleisher GR, Ludwig S, Baskin MN. Atlas of Pediatric
Emergency Medicine. Philadelphia: Lippincott Williams &
Wilkins; 2004.
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TREATMENT

General Measures

● Tinea may be spread by fomites, and cleansing mats,
headgear, and clothing may decrease spread among other
athletes.

● Showering directly after practice may help limit the spread
of the disease.6–12

Pharmacologic Treatment

● Topical therapy alone with selenium sulfide and ketocona-
zole shampoos is often not enough to clear infection but
may be used as an adjunct to oral therapy. 

● Mainstay of treatment is oral therapy with griseofulvin,
itraconazole, or terbinafine.3

● Treatment must continue until clinically and microscopi-
cally clear.3

Prognosis/Return to Play

● Overall prognosis is excellent, but recurrence rates are high
in affected individuals. For return-to-play guidelines in
athletes with close skin contact, see the “Approach to the
Athlete with Tinea Corporis (Gladiatorum)” section.

Complications/Indications for Referral

Scar and alopecia may be permanent. Referral is indicated
for recalcitrant cases and treatment failures.

APPROACH TO THE ATHLETE
WITH TINEA CORPORIS

Tinea corporis is a common skin dermatophyte seen in all
age groups. Tinea corporis, common among wrestlers, is also
known as tinea gladiatorum and is discussed in greater detail
in the following sections. 

HISTORY AND PHYSICAL EXAMINATION

This dermatophyte infection starts clinically as a round,
 erythematous plaque that expands radially with eventual
central clearing (Fig. 6.4). The infection may be an isolated
lesion or multiple lesions involving a variety of skin surfaces.
Tinea corporis may have an atypical presentation with vesi-
cles, pustules, or crusts. 

DIAGNOSTIC TESTING

Skin scraping, shaving, or biopsy may be necessary to diag-
nose the rash.

TREATMENT

General Measures

● As listed in the “Approach to the Athlete with Tinea
 Corporis (Gladiatorum)” section.

Pharmacologic Treatment

● Treatment is topical in isolated cases, but oral therapy is
necessary for disseminated cases.3 See later in the chapter
for tinea corporis gladiatorum.

Prognosis/Return to Play

● Overall prognosis is excellent, but recurrence rates are high
in affected individuals. For return-to-play guidelines in
athletes with close skin contact, see the “Approach to the
Athlete with Tinea Corporis (Gladiatorum)” section.

Complications/Indications for Referral

Referral is indicated for recalcitrant cases and treatment
 failures.

APPROACH TO THE ATHLETE
WITH TINEA CRURIS

This is very common among athletes of all sports and ages.
Absolute incidence data are lacking. 

FIG. 6.4. Tinea corporis. Reprinted with permission from
Goodheart HP. Goodheart’s Photoguide of Common Skin
Disorders. 2nd ed. Philadelphia: Lippincott Williams &
Wilkins; 2003.
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APPROACH TO THE ATHLETE
WITH TINEA PEDIS

As with other tinea infections, this common rash presents in
all ages and sports.

HISTORY AND PHYSICAL EXAMINATION

Tinea pedis is a dermatophyte infection of the feet that
presents in various forms. The most common presentation
is in the web spaces between the toes (Fig. 6.6). The skin
appears macerated, scaly, and cracked, and the rash tends
to be intensely pruritic. Bacterial superinfection causes the
classic “athlete’s foot.”3 The infection can also present in a
“moccasin” distribution as well as a pustular pruritic form. 

DIAGNOSTIC TESTING

See the “Approach to the Athlete with Tinea Corporis
 (Gladiatorum)” section.

TREATMENT

General Measures

● Adjunctive agents to decrease sweating and antifungal
powders may be useful. 

● Frequent sock changes and a dry environment may also
prove useful for clearing the infection.

Pharmacologic Treatment

● Topical agents are effective but may need to be used for up
to 4 weeks to achieve eradication.3

HISTORY AND PHYSICAL EXAMINATION

Tinea cruris typically presents as a red, variably pruritic rash
with a raised scaly border (Fig. 6.5). It spares the scrotum,
which helps distinguish this rash from other entities such as
Candida sp.3 and erythrasma. Risk factors for the develop-
ment of tinea cruris include sweating, warm moist environ-
ment, tinea pedis, and toenail onychomycosis.3

TREATMENT

General Measures

● Tinea cruris advances in warm moist environments; thus,
prevention strategies include drying the groin with a sepa-
rate towel than used for the feet, putting on socks before
undergarments, and treating other areas (tinea pedis) in-
fected with dermatophytes. 

Pharmacologic Treatment

● Treatment is usually topical, but oral systemic therapy may
be needed for severe or recalcitrant cases.

Prognosis/Return to Play

● Overall prognosis is excellent, but recurrence rates are
high in affected individuals. No specific return-to-play
guidelines are available, but for athletes with close skin
contact, one may want to refer to the guidelines listed
under the “Approach to the Athlete with Tinea Corporis
(Gladiatorum)” section.

Complications/Indications for Referral

Referral is indicated for recalcitrant cases and treatment
 failures.

FIG. 6.5. Tinea cruris. Reprinted with permission from
Goodheart HP. Goodheart’s Photoguide of Common Skin
Disorders. 2nd ed. Philadelphia: Lippincott Williams &
Wilkins; 2003. 

FIG. 6.6. Tinea pedis. Reprinted with permission from
Goodheart HP. Goodheart’s Photoguide of Common Skin
Disorders. 2nd ed. Philadelphia: Lippincott Williams &
Wilkins; 2003. 
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Prognosis/Return to Play

● Overall prognosis is excellent, but recurrence rates are
high in affected individuals. No specific return-to-play
guidelines are available, but for athletes with close skin
contact, one may want to refer to the guidelines listed
under the “Approach to the Athlete with Tinea Corporis
(Gladiatorum)” section.

Complications/Indications for Referral

Referral is indicated for recalcitrant cases and treatment
 failures.

APPROACH TO THE ATHLETE
WITH TINEA VERSICOLOR 

Tinea versicolor is caused by organisms different from those
that cause other tinea infections. Etiologic species include
Pityrosporum  orbiculare and Pityrosporum ovale. The inci-
dence of this rash is unknown among the athletic population.

HISTORY AND PHYSICAL EXAMINATION

The lesions can present as either hyper- or hypopigmented
macules on the trunk and upper extremities and may be
pruritic (Fig. 6.7). Lesions begin as multiple small, circular
macules of white, pink, or brown color that enlarge radially.13

These may present in various forms and may be nearly indis-
tinguishable in white athletes in the winter. In black athletes
the lesions may appear hyperpigmented. The lesions are
most common on the upper trunk but may appear on any
skin surface.13

DIAGNOSTIC TESTING

The dermatophyte can be obtained from skin scrapings
and identified under microscopy with the characteristic
“spaghetti and meatballs” appearance of budding yeast and
branched hyphae.3 

TREATMENT

General Measures

● Once-weekly application of ketoconazole 2% shampoo,
applied as a lotion to the neck, trunk, and upper extremi-
ties 5 to 10 minutes before showering, may help prevent
recurrences.13

Pharmacologic Treatment

● Hypopigmentation may remain for months despite
 adequate treatment.3

● Treatment is usually topical with selenium sulfide or keto-
conazole shampoo but may occasionally need oral systemic
therapy. 

● Oral therapy does not include griseofulvin, as it has insuf-
ficient activity against tinea versicolor. Recurrence rates
are as high as 40% to 60%.13

Prognosis/Return to Play

● Overall prognosis is excellent, but recurrence rates are
high in affected individuals. No specific return-to-play
guidelines are available, but for athletes with close skin
contact, one may want to refer to the guidelines listed
under the “Approach to the Athlete with Tinea Corporis
(Gladiatorum)” section.

Complications/Indications for Referral

Referral is indicated for recalcitrant cases and treatment
 failures.

APPROACH TO THE ATHLETE WITH
DERMATOPHYTE FOLLICULITIS

P. orbiculare yeast folliculitis (yeast form of malassezia)
may mimic bacterial folliculitis and acne. It is less com-
mon than bacterial infections, although true incidence is
unknown. Risk factors include heat, sweating, and poor
hygiene. 

FIG. 6.7. Tinea versicolor. Reprinted with permission from
Goodheart HP. Goodheart’s Photoguide of Common Skin
Disorders. 2nd ed. Philadelphia: Lippincott Williams &
Wilkins; 2003. 
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HISTORY AND PHYSICAL EXAMINATION

P. orbiculare folliculitis will usually spare the face and has a
predilection for warm moist areas under friction (upper
shoulders under pads in football).3

DIAGNOSTIC TESTING

Yeast forms may be seen on microscopy, further distinguish-
ing it from bacterial infections.

TREATMENT

General Measures

● Good hygiene practices and prompt showering may limit
spread and recurrence. 

Pharmacologic Treatment

● This dermatophyte can be treated with ketoconazole 2%
shampoo or selenium sulfide 2.5% shampoo. 

● Recalcitrant or severe cases may require oral treatment
with antifungal agents. 

● There is a high rate of reoccurrence, and suppressive ther-
apy with ketoconazole shampoo weekly may be necessary.1

Prognosis/Return to Play

● Overall prognosis is excellent, but recurrence rates are
high in affected individuals. No specific return-to-play
guidelines are available, but for athletes with close skin
contact, one may want to refer to the guidelines listed
under the “Approach to the Athlete with Tinea Corporis
(Gladiatorum)” section.

Complications/Indications for Referral

Referral is indicated for recalcitrant cases and treatment
 failures.

APPROACH TO THE ATHLETE WITH
TINEA CORPORIS (GLADIATORUM)

Tinea corporis gladiatorum refers to outbreaks among ath-
letes where there is close contact among participants, most
notably in wrestling. There are three genera that are responsi-
ble for tinea corporis: Trychophyton tonsurans, Trychophyton
rubrum, and Trychophyton mentagrophytes. The most com-
mon etiologic agent for tinea corporis gladiatorum is T. ton-
surans, accounting for the vast majority of outbreaks.14 T.

mentagrophytes has been described as a rare source and may
come from an animal vector.15

Tinea gladiatorum is the second most common skin infec-
tion among National Collegiate Athletic Association (NCAA)
wrestlers and has prevalence rates among wrestling teams
from 20% to 77%.14,16 Wrestling is the most common sport
associated with tinea gladiatorum, but prevalence rates
among other combatant sports such as judo are also high.17

Tinea, unlike other infections, may be isolated from wrestling
mats and can be a source for the infection.14 It can also rap-
idly spread from team participants to nonathletes via close
contact (i.e., sexual partners).17 Outbreaks of tinea capitus
gladiatorum have also been reported, and wrestling boarding
schools are particularly at risk with younger-age
combatants.4,5 Risk factors for developing tinea include heat,
moisture, friction, and close skin-to-skin contact. 

HISTORY AND PHYSICAL EXAMINATION

Diagnosis of tinea gladiatorum is clinical, with the charac-
teristic rash recognizing that the rash presents with the usual
appearance described earlier but also as plaques and scaling
papules.16 Usual locations of involvement are upper extrem-
ities, shoulders, face, and head and neck reflecting areas of
greatest contact among athletes in combat sports. 

DIAGNOSTIC TESTING

Skin scraping or hair follicle KOH prep under microscopy
usually assists in the diagnosis. PCR for rapid detection has
been tested and is highly accurate, but not yet commercially
available.18

TREATMENT

General Measures

● Prevention includes showering directly after practice, re-
fraining from towel/clothes sharing, and bleaching mats
with chlorine. 

● Prophylaxis has been studied and is effective, but no defin-
itive recommendations exist to treat unaffected team
members due to the cost of the medications, potential side
effects of the medications, and the potential development
of resistant organisms.16

Pharmacologic Treatment

● Treatment for isolated lesions is usually topical with the
azole, allylamine, or pyradone class of agents. 

● The cream is applied to the entire lesion plus a 2-cm
perimeter of normal skin twice weekly for a minimum of
2 weeks.19

87208_ch06.qxd:87208_ch06  8/31/09  12:47 PM  Page 50



Chapter 6 • Athlete with Rash 51

● Disseminated disease, tinea capitus, inflammatory lesions,
or failure of clearance with topical agents necessitate oral
systemic therapy. 

● Athletes have been reported to be infectious for up to
3 weeks on treatment and may account for epidemic out-
breaks of tinea gladiatorum.4,14,17,20–23

Prognosis/Return to Play

● Restricting the athlete with active infection is paramount
to limit spread, and included are the recommendations for
NCAA division I wrestling and for high school wrestling. 

● Readers are encouraged to review the specific guidelines
published for the sport in question, but when in doubt, use
of the following restrictions are reasonable. 

● According to the 2006 NCAA division I wrestling hand-
book and National Federation of State High Schools (NFHS)
Sports Medicine Advisory Committee rules, a minimum
of 72 hours of topical therapy is required for skin lesions.24

● A minimum of 2 weeks of systemic antifungal therapy is
required for scalp lesions. The NCAA further stipulates
that “the fungicidal topical antifungals terbinafine or
naftifine are suggested for treatment. 

● Wrestlers with extensive and active lesions will be disqual-
ified. Activity of treated lesions can be judged either by
the use of KOH preparation or by a review of therapeutic
regimen. 

● Wrestlers with solitary, or closely clustered, localized le-
sions will be disqualified if lesions are in a body location
that cannot be “adequately covered.” 

● Covering routine should include selenium sulfide washing
of lesion or ketoconazole shampoo, followed by applica-
tion of naftifine gel or cream or terbinafine cream, and
then gas-permeable dressing such as Op-Site or Bioclusive,
followed by ProWrap and stretch tape. 

● Dressing changes should be done after each match so that
lesions can air dry. The disposition of tinea cases will
be decided on an individual basis, as determined by the
 examining physician or certified athletic trainer.”25

Complications/Indications for Referral

Referral is indicated for recalcitrant cases and treatment
 failures.

APPROACH TO THE ATHLETE WITH
HERPES GLADIATORUM

Herpes infection is the most common skin infection among
combatant sports.14 Multiple documented outbreaks have
been reported in medical literature as well as lay press.26–29

Herpes gladiatorum is caused by herpes virus and is thought
to be transmitted from skin to skin by close contact. No
transmission has been reported from towels, mats, or other
fomites.30 Incidence of new cases may be as high as 47%

among herpes naive wrestlers.29 The incubation period is
problematic in that it ranges from 4 to 10 days, making con-
trol of outbreaks challenging.30 As with any of the infections
in the herpes family, herpes gladiatorum may remain latent
in the dorsal sensory root ganglia and reactivate during peri-
ods of physical or emotional stress.3

HISTORY AND PHYSICAL EXAMINATION

The painful rash appears as grouped vesicles on an erythe-
matous base that will eventually rupture to produce the
characteristic ulcerated base (Fig. 6.8). The eruption also
may present with a straw-colored crust similar to impetigo.
Prior to the presence of the lesions, athletes may have a pro-
dromal symptom complex including systemic symptoms of
fever and chills with new infections.3,29,30 Abrasions or open
wounds may facilitate transfer of the virus. Diagnosis is both
clinical and by culture. 

DIAGNOSTIC TESTING

A culture of a vesicle or a wound may aid in diagnosis.13 A
Tzanc smear may also be used to assist in diagnosis, but
should not be relied upon, as it is insensitive and nonspe-
cific.13 PCR for herpes is available in some centers and may
prove the most accurate. 

TREATMENT

General Measures

● Prophylaxis has been studied and appears effective. 
● Valacyclovir and acyclovir have been studied, and in initial

studies the former appears to be superior.29,31

● This may be used in advance of the season in susceptible
individuals.

FIG. 6.8. Herpes gladiatorum. Reprinted with permission
from Goodheart HP. Goodheart’s Photoguide of Common
Skin Disorders. 2nd ed. Philadelphia: Lippincott Williams &
Wilkins; 2003.
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Pharmacologic Treatment

● Treatment is by antiretrovirals to limit the duration of the
disease. Antivirals should be started early in the course of
the disease, as effectiveness wanes after 48 hours of lesion
presentation.3

● Multiple medications now exist for the treatment of
 herpes outbreaks and include acyclovir, valacyclovir, and
famciclovir. 

● Famciclovir and valacyclovir regimens for primary herpes
infection are of shorter durations than acyclovir, but more
expensive. Usual regimens for primary herpes outbreak
 include acyclovir 200 mg five times a day for 10 days,
 valacyclovir 1,000 mg twice daily for 7 days, or famciclovir
500 mg three times daily for 7 days.30

● Recurrent infections are treated similarly, but with shorter
duration: 7 days for acyclovir, 5 days for famciclovir (twice
daily), and 7 days for valacyclovir.30

● Treatment regimens depend on the most recent out-
break of herpes. If lesions were present less than 2 years
prior to the season, 1,000 mg daily of valacyclovir is
 recommended.

● If more than 2 years has passed since the most recent out-
break, 500 mg appears to be an effective preventative
dose.29,30

Prognosis/Return to Play

National Federation of State High School Associations
(NFHS) Sports Medicine Advisory Committee recommen-
dations for herpes infection are very similar to the NCAA
recommendations listed below. Covering an active herpes le-
sion is inadequate. Skin checks before every match could
provide the best prevention, but are unrealistic, particularly
at the high school level. Many states now require skin checks
before large meets and tournaments.29

NCAA herpes simplex infection guidelines are as follows:

● Primary infection:
● Wrestler must be free of systemic symptoms of viral

 infection (fever, malaise, etc.).
● Wrestler must have developed no new blisters for

72 hours before the examination.
● Wrestler must have no moist lesions; all lesions must be

dried and surmounted by a firm adherent crust.
● Wrestler must have been on appropriate dosage of

 systemic antiviral therapy for at least 120 hours before
and at the time of the meet or tournament.

● Active herpetic infections shall not be covered to allow
participation. See above-mentioned criteria when mak-
ing decisions for participation status.

● Recurrent infection:
● Blisters must be completely dry and covered by a firm

adherent crust at the time of competition, or wrestler
shall not participate.

● Wrestler must have been on appropriate dosage of sys-
temic antiviral therapy for at least 120 hours before and
at the time of the meet or tournament.

● Active herpetic infections shall not be covered to allow
participation. 

● See above-mentioned criteria when making decisions
for participation status.25

Complications/Indications for Referral

Serious sequela with ocular involvement has been reported
and requires prompt attention to avoid corneal injury.32

Early referral is indicated with ocular involvement. 

APPROACH TO THE ATHLETE WITH
CELLULITIS/FURUNCULOSIS

Cellulitis is defined as an inflammatory painful erythema-
tous infection of the skin. Furuncles are follicular-based in-
flammatory nodules that may progress to abscess formation.
Carbuncles are a confluence of multiple furuncles that form
a deep connecting purulent mass. All of these infections
may cause systemic as well as local symptoms. The causative
agents are usually streptococci and staphylococci. Tradition-
ally, these infections were well treated by first-generation
cephalasporins of semisynthetic penicillins. After 2000 the
incidence of cMRSA began to climb. 

MRSA had previously only been recognized as a poten-
tially devastating hospital-acquired infection (hMRSA);
however, recent estimates of 60% incidence of isolates in
metropolitan emergency departments probably undershoot
the true incidence of the infection.33 cMRSA is genetically
distinct from hMRSA, but can be just as devastating. Rapid
recognition with prompt appropriate treatment is essential
in treatment and avoidance of systemic complications. 

HISTORY AND PHYSICAL EXAMINATION

Cellulitis and furunculosis are commonly seen in training
rooms. Lesions may present as furuncles or carbuncles,
may progress rapidly, and rarely can be fatal.34 Multiple out-
breaks have been recorded in the literature.35 Presumed risk
factors include poor hygiene, towel/clothes sharing, open
wounds, shaving, and close contact. Contact may not always
be obvious, as an outbreak did occur among fencers who
were sharing the same sensor.35

As noted, due to the rise of cMRSA with outbreaks
 reported commonly among teams, a high suspicion for
cMRSA should exist for all acute skin infections (Fig. 6.9).
Any skin abscess should be presumed to be cMRSA till
proven otherwise. Prompt recognition and treatment are
paramount in preventing further spread from the affected
host to other  athletes as well as systemic involvement of
the athlete.
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DIAGNOSTIC TESTING

Diagnosis is clinical. Prompt incision and drainage with
 culture should be  obtained for all pustular lesions, abscess,
or fluctuant lesions due to potential risk of cMRSA.

TREATMENT

General Measures

● Cleaning equipment with antibacterial solutions or bleach
is also very effective in limiting outbreaks. 

● Carrier status through nares swab cultures and subsequent
eradication may be necessary, but as yet are not recom-
mended due to limited effectiveness and high rate of
 recurrence.36

Pharmacologic Treatment

● Treatment for cMRSA at the time of publication includes
incision and drainage with culture followed by antibiotics. 

● The combination of a cephalosporin with good Gram-
positive coverage and trimethoprim/sulfamethoxazole until
cultures return is currently recommended. 

● cMRSA in most communities is still sensitive to 
trimethoprim/sulfamethoxazole. If the patient is sulfa
 allergic, alternatives include doxycycline or clindamycin. 

● Questions exist regarding clindamycin due to the cross-
 resistance with erythromycin (microbiology lab must per-
form D-diffusion test) and its ability to penetrate deep
into an abscess.36

● Rifampin may be a helpful adjunct, but is not to be used
alone. 

Prognosis/Return to Play

As cellulitis and furunculosis can be common among
wrestlers, the NCAA and NFHS have guidelines that can be
generally followed for other contact sports:

● NCAA division I wrestling and NFHS both require that
the wrestler be free of new lesions for 48 hours and all
 existing lesions are crusted over. 

● Wrestler must have completed at least 72 hours of antibi-
otics prior to an event with no exudative lesions. 

● NFHS recommends at least 10 days of treatment and all
 lesions crusted prior to participation, whichever comes last.

● Recurrent cases of cMRSA can occur, and close monitor-
ing of affected athletes after resolution is recommended.

APPROACH TO THE ATHLETE WITH
MOLLUSCUM CONTAGIOSUM

Molluscum contagiosum is a viral infection of the skin and
mucous membranes (rare) that is caused by a member of the
poxvirus family. The incidence in the general population is
1.2/100.37 It is aptly named as it is very contagious and is
spread by skin-to-skin contact. Transmission has also been
reported from fomites. Bath sponges, towels, beauty parlors,
and swimming pools have all been reported to be sources of
infection.38 The incubation period ranges from 2 to 50 days,
rendering outbreaks difficult to control.37

HISTORY AND PHYSICAL EXAMINATION

Molluscum usually has a characteristic appearance of flesh-
colored papules with central umbilication, but occasionally
can mimic other skin lesions such as verrucae and basal cell
cancers (Fig. 6.10). The lesions are often in clusters and can

FIG. 6.9. Abscess with cMRSA. Reprinted with permission
from Goodheart HP. Goodheart’s Photoguide of Common
Skin Disorders. 2nd ed. Philadelphia: Lippincott Williams &
Wilkins; 2003.

FIG. 6.10. Molluscum contagiosum. Reprinted with per-
mission from Goodheart HP. Goodheart’s Photoguide of
Common Skin Disorders. 2nd ed. Philadelphia: Lippincott
Williams & Wilkins; 2003. 
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range in size from 1 to 6 mm. The infection is usually self-
limited but may take up to 18 months to clear.3

DIAGNOSTIC TESTING

Diagnosis is usually made clinically, but contents of the
 lesion can be examined microscopically for evidence of
the poxvirus. A recent report for rapid detection uses a
 technique similar to tinea microscopy. Crushed contents are
applied to a KOH-prepped slide and examined microscopi-
cally for Henderson–Patterson bodies.39,40

TREATMENT

General Measures

● Lesions may spontaneously resolve, but can be treated by
curettage, cryotherapy, cantharidin application, or KOH
application.39,40

Pharmacologic Treatment

● Podophylin and imiquimod cream have been used suc-
cessfully to eradicate molluscum.3

Prognosis/Return to Play

● Restrictions for high school and NCAA division I wrestling
are listed and can be applied to other contact sports. 

● According to the NCAA division I wrestling handbook,
“lesions must be curetted or removed before the meet or
tournament.

● Solitary or localized, clustered lesions can be covered with
a gas-permeable membrane such as Op-Site or Bioclusive,
followed by ProWrap and stretch tape.” 

● High school participants must have the lesion removed
24 hours prior to participation.24

KEY POINTS

• Athletes that participate in a contact sport may not
compete until tinea lesions are adequately treated and
covered

• Athletes that participate in a contact sport may not
compete until herpetic lesions are crusted, no appear-
ance of new lesions for 72 hours, treatment has been
initiated for 120 hours, and no systemic symptoms are
present

• The etiologic agent for cellulitis/furunculosis must be
assumed to be cMRSA and treated as such until culture
confirmation

• Cleansing of equipment and wrestling mats may be
useful in preventing the spread of tinea and cMRSA

• Prophylaxis appears to be beneficial in preventing the
spread of herpes gladiatorum in susceptible athletes

• Valacyclovir may be superior to acyclovir in the treat-
ment of herpes gladiatorum

REFERENCES
1. Freeman A, Barankin B, Elpern DJ. Sports dermatology part 1: common

dermatoses. CMAJ. 2004;171(8):851–853.
2. Freeman A, Barankin B, Elpern DJ. Sports dermatology part 2: swim-

ming and other aquatic sports. CMAJ. 2004;171(11):1339–1341.
3. Cordoro KM, Ganz JE. Training room management of sports condi-

tions: sports dermatology. Clin Sports Med. 2005;24:565–598.
4. El Fari M, Gryser Y, Presber W, et al. An epidemic of tinea corporis

caused by Trichophyton tonsurans among children (wrestlers) in
 Germany. Mycoses. 2000;43:191–196.
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INTRODUCTION
Caring for the sick athlete is both rewarding and challenging.
In general your patient is healthier and more motivated to get
well. However, because of training and competition needs,
athletes or their coach may have an unrealistic expectation of
when they can participate in their sport or training routine.

PATHOPHYSIOLOGY
Exercise and the Immune System

Components of the immune system include the innate sys-
tem and the acquired system. Innate components include the
skin, mucous membranes, phagocytes, natural killer (NK)
cells, cytokines, and complement factors. The acquired com-
ponents of the immune system include T and B lymphocytes
and plasma-secreted antibodies. Moderate exercise and in-
tense, prolonged exercise can have different effects on the
 immune system. Persons who engage in regular moderate
physical activity have been shown to have fewer respiratory
illnesses than those who do not exercise.1,2 However, athletes
with a vigorous training schedule or those who overtrain are
at risk for more illness.3 Changes that occur with bouts of
prolonged, intense exercise include a decrease in ciliary ac-
tion, mucosal IgA levels, NK cell count and activity, T lym-
phocyte count, and T helper (CD4�) to T suppressor (CD8�)
ratio. During this period an athlete may be more susceptible
to infection. Endurance athletes may be at an increased risk
for upper respiratory infections (URIs) during peak training
and during the 2-week period after a marathon.4

College athletes in particular can be more susceptible to
illness due to several factors, including high-density living
(dormitories), exposure to sick teammates and classmates,
less sleep than previously experienced, practice and compe-
tition in adverse environmental conditions, and possible
overtraining.

EPIDEMIOLOGY
A 3-year analysis of college athletes’ visits to team physicians
showed that athletes are more likely to seek medical care for
an illness in comparison to injury.5 This chapter will look at

common illnesses that athletes are likely to get and help give
guidelines on return to play.

NARROWING THE DIFFERENTIAL
DIAGNOSIS
The history and physical examination will be tailored to the
affected systems. Appropriate diagnostic testing may be
needed when indicated. Some general factors to consider in
treating the sick athlete are as follows.

Should Athletes Train or Compete 
When They Are Sick?

Athletes should not train when they have a fever greater than
100.5 °F, significant malaise, myalgias, weakness, or shortness
of breath or severe cough, or are dehydrated. Fever has been
shown to compromise aerobic power, strength, endurance
coordination, and concentration.6 Moderate exercise train-
ing during a rhinovirus URI does not appear to affect illness
symptom severity or duration.7

The “neck check”8,9 has been a useful guideline in making
a determination if athletes can participate. The basic premise
is that if symptoms are above the neck (sore throat, nasal
congestion, runny nose) and are not associated with symp-
toms below the neck (severe cough, malaise, gastrointestinal,
or fever), then the athlete can have a trial of exercise at half
intensity for 10 minutes, and if not worse, can continue as
tolerated. When athletes resume training after recovery from
an illness, it is important that they start at a moderate pace
and gradually increase their intensity to the preillness level
over 1 to 2 days of every training day missed.9,10

Nonmedical Factors

Unfortunately, there can be nonmedical factors contributing
to or interfering with the care of the sick athlete. Elite-level
athletes (professional and collegiate) as well as athletes in
high school may feel that they must practice or compete de-
spite their illness. They may feel pressure from their coaches
or peers. Athletes may even underreport their illnesses to
athletic trainers or team physicians because of these factors.

7
C H A P T E R

Febrile/Sick Athlete
Pierre Rouzier
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If athletes believe that you as a provider will return them to
their sport as soon as is safely possible, they will be more
willing to be compliant and honest about their symptoms.

Reducing the Risk of Infection1

1. Keep other life stresses to a minimum
2. Eat a well-balanced diet
3. Avoid overtraining and chronic fatigue
4. Obtain adequate sleep
5. Avoid rapid weight loss
6. Avoid putting the hands to the eyes and nose 
7. Before major competition avoid sick people and large

crowds if possible
8. Get the influenza vaccine 

APPROACH TO THE ATHLETE WITH
UPPER RESPIRATORY INFECTIONS

Viral URIs are the most common medical ailments facing
the athlete. The average adult has one to six episodes of the
common cold each year, with 40% caused by rhinoviruses.
In the United States, URIs are associated with major socioe-
conomic expense, with time lost from work and school,
medical visits, and cost of medications. Though moderate
exercise training may decrease the risk of getting URIs, heavy
exercise may increase the risk of getting a URI. Despite this,
athletes and exercise enthusiasts remain active during bouts
of URI.11

HISTORY AND PHYSICAL EXAMINATION

URIs commonly present with complaints such as nasal con-
gestion, runny nose, sore throat, cough, malaise, and fever.
Physical examination is usually unremarkable except for
 potential rhinorrhea, pharyngeal erythema, and coarse upper
respiratory breath sounds.

Pharyngitis and tonsillitis can be caused by group A strep-
tococcus and viruses, including mononucleosis. The athlete
will present with a sore throat, fever, and cervical lym-
phadenopathy. Tonsils will be enlarged and erythematous
and may have exudate. A full description of mononucleosis
and the athlete is reviewed below. 

DIAGNOSTIC TESTING

Lab tests are rarely needed for viral URIs unless influenza is
suspected. In those situations, a rapid influenza test may be
indicated. For suspected strep pharyngitis, a throat culture or
rapid strep test should be obtained. Patients with clinical sus-
picion of mononucleosis should have a monospot or appro-
priate Epstein–Barr virus (EBV) serology checked, as noted
in the section “Approach to the Athlete with Mononucleosis.”

TREATMENT

General Measures

● The mainstay of treatment for viral URIs is symptomatic,
including fluids, analgesia, decongestants, and cough sup-
pressants, as needed. 

● Where relevant, care must be taken to document medical
indication for decongestant use by athletes, as several are
banned substances by various governing bodies, including
pseudoephedrine.

Pharmacologic Treatment

● Positive throat cultures or high clinical suspicion for
group A strep pharyngitis should be treated with appro-
priate  antibiotic.

● Current recommendation for treatment of group A strep
pharyngitis is penicillin V 500 mg two to three times per
day for 10 days.12

● For penicillin-allergic patients, treatment options include
erythromycin or cephalosporin. 

Prognosis/Return to Play

● Current recommendations for uncomplicated viral URI
are fever less than 100.5 °F, no significant malaise, myalgias,
weakness, shortness of breath or severe cough, or signs of
dehydration. 

● Affected individuals with streptococcus are usually not
 infectious after 24 hours of antibiotic treatment and may
return to sport as tolerated if afebrile and fluid status
 normalized. 

Complications/Indications for Referral

The most common complication from continued activity
during a viral illness is simply feeling and performing poorly
while sick. More significant cardiac complications, my-
ocarditis and pericarditis, can occur as an aftermath of viral
illnesses. Cardiotropic viruses, in particular Coxsackie B virus,
have been implicated as the most common cause of myocardi-
tis in the United States. Myocarditis is an inflammation of the
myocardium accompanied by cellular necrosis. Athletes with
myocarditis can present with chest pain or shortness of breath
on exertion. They may present with congestive heart failure
(CHF), syncope, or sudden death. Physical examination can
show tachycardia, tachypnea, S4 gallop, edema, or other signs
of CHF. An electrocardiogram (ECG) may show ST elevation
and atrioventricular (AV) block. An echocardiogram can re-
veal left ventricular (LV) dysfunction, abnormal septal thick-
ness, or diastolic dimensions.13
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TREATMENT 

General Measures

● Over-the-counter (OTC) analgesia and decongestants will
typically offer symptomatic improvement, as the majority
of cases will resolve on their own.

Pharmacologic Treatment

● Current recommendations for antibiotic treatment are
amoxicillin or amoxicillin–clavulonic acid. 

● Alternative choices for penicillin-allergic patients include
cefdinir, cefpodoxime, cefuroxime, azithromycin, clar-
ithromycin, erythromycin–sulfisoxazole, or trimethoprim–
sulfamethoxazole16.

Prognosis/Return to Play

● The swimmer with OM should remain out of the water
until treatment has been initiated and symptoms begin to
improve.

● The swimmer with a perforated tympanic membrane who
has begun treatment may swim with ear plugs in chlori-
nated water (not fresh or ocean water) and be cautioned to
swim on the surface and not at a depth greater than 3 ft.

Complications/Indications for Referral

Potential complications include perforation and otorrhea.
Rare complications include acute mastoiditis, meningitis,
and hearing loss.

APPROACH TO THE ATHLETE
WITH OTITIS EXTERNA

OE is an infection of the external auditory canal commonly
caused by pseudomonas, but may be due to Staphylococcus
aureus or epidermidis, and rarely fungal or yeast. A variant
may be eczematous OE. OE is a common condition found in
swimmers and divers as well as athletes participating in wet
and humid environments.

HISTORY AND PHYSICAL EXAMINATION

Symptoms of acute OE include ear pain, muffled hearing,
and occasionally drainage. Common physical examination
findings include pain while moving pinna, swelling, and
 erythema of canal and possible purulent discharge (Fig. 7.2).
OE can sometimes be secondary to OM with perforation.

Athletes with pericarditis will frequently have an an-
tecedent viral illness, pleuritic chest pain, hypotension, and a
friction rub on clinical examination. Their ECG can show
tachycardia, ST elevation, PR segment depression, and low-
voltage QRS complex. An echocardiogram should be per-
formed and can show pericardial fluid in sac, decreased
ejection fraction and global hypokinesis, and normal septal
size and diastolic dimensions. Treatment can include anti-
 inflammatory medications, and in some cases, pericardiocen-
tesis may need to be performed.14,15 Concern for myocarditis
and pericarditis warrants a cardiology consultation.

APPROACH TO THE ATHLETE
WITH OTITIS MEDIA

Common ear complaints in athletes include otitis media
(OM) and otitis externa (OE). OM can be a common
 complication of a viral URI. Subclassification of OM in-
cludes acute OM, recurrent OM, OM with effusion, and
chronic OM.

HISTORY AND PHYSICAL EXAMINATION

Symptoms of acute OM include ear pain, muffled hearing,
and occasionally drainage. OM can be associated with a
URI. Physical findings of OM include an erythematous,
bulging tympanic membrane with decreased mobility
(Fig. 7.1).

TESTING

Testing is usually not required in acute cases. Cases of chronic
serous OM may require audiology evaluation to assess for
hearing loss.

FIG. 7.1. Otits media.
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DIAGNOSTIC TESTING

Diagnostic tests are usually not required, but cultures can be
obtained if pathogen remains unclear.

TREATMENT

General Measures

● The athlete needs to avoid swimming and humid or moist
environments.

● The ear canal can be kept dry be using a blow dryer at a
low setting held 1 ft from the ear.

Pharmacologic Treatment

● Topical antibiotic drops such as combination neomycin,
polymyxin B, and hydrocortisone or topical fluoro-
quinolones can be used. 

● Sometimes a wick needs to be inserted in the ear canal to
keep it open and to allow drainage.

● Nonantibiotic drops containing acetic acid and alcohol
can also be effective.

● Athletes prone to OE may use several drops of a prepara-
tion of 50% rubbing alcohol and 50% vinegar at the earli-
est onset of symptoms before seeking medical attention.

Prognosis/Return to Play

● The swimmer with OE should remain out of the water
until treatment has been initiated and symptoms and phys-
ical findings show resolution.

Complications/Indications for Referral

Complications of OE include stenosis of the ear canal,
 cellulitis, chondritis, and persistent disease.

APPROACH TO THE ATHLETE
WITH LOWER RESPIRATORY

TRACT INFECTIONS
Lower respiratory tract infections include pneumonia,
bronchitis, and influenza. They are common conditions
that can result in potential significant morbidity for the
athlete.

HISTORY AND PHYSICAL EXAMINATION

The athlete with a lower respiratory tract infection (pneu-
monia, bronchitis, influenza) will typically present with
cough, shortness of breath, fever, fatigue, and malaise.
 Aerobic capacity and exercise tolerance will be diminished.
Physical examination may reveal rhonchi, rales, or wheeze
and may have a decrease in oxygen saturation or pulmonary
function.

DIAGNOSTIC TESTING

Useful laboratory tests may include a complete blood count
(CBC), rapid influenza test, sputum culture, and Gram stain
and chest x-ray (Fig. 7.3). 

FIG. 7.2. Otitis externa. Reprinted with permission from
Bickley LS, Szilagyi P. Bates’ Guide to Physical Examina-
tion and History Taking. 8th ed. Philadelphia: Lippincott
Williams & Wilkins; 2003.

FIG. 7.3. Chest x-ray with infiltrate. Reprinted with per-
mission from Fleisher GR, Ludwig W, Baskin MN. Atlas of
Pediatric Emergency Medicine. Philadelphia: Lippincott
Williams & Wilkins; 2004.
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TREATMENT

General Measures

● Athletes with lower respiratory tract infections have usually
been ill and attempting to continue their sport for  several
days prior to their presentation.

● Appropriate rest is imperative in their treatment plan.

Pharmacologic Treatment

● Accurate determination of the pathology is important in
deciding if an athlete should be treated with antibiotics.

● It is felt that athletes, especially at the more elite level,
may be treated with antibiotics more frequently than is
necessary.

● Antitussives and bronchodilators may be helpful. 
● Influenza prophylaxis with oseltamivir (Tamiflu) may be

considered for teams with members not properly immu-
nized or at high risk for complications of pneumonia.
Medication must be started within 48 hours of exposure
and given for minimum of 10 days.

Prognosis/Return to Play

● Athletes with lower respiratory infections may need a pro-
longed recovery time for return to play. 

● Their symptoms and clinical examination must return to
normal before resuming training, which may take several
weeks.

Complications/Indications for Referral

Complications from pneumonia can include sepsis and
acute respiratory failure.

APPROACH TO THE ATHLETE
WITH MONONUCLEOSIS

Infectious mononucleosis (IM) is a common illness among
athletes and young adults. Mononucleosis is caused by the
EBV (Fig. 7.4). The peak incidence in the United States is
 between 15 and 24 years of age. Approximately 1% to 3% of
college students become infected each year. Many people
have had subclinical infections to IM at an early age and have
developed protective antibodies.

HISTORY AND PHYSICAL EXAMINATION

The incubation period for IM is 30 to 50 days. The source of
contact is rarely known. Neither roommates nor boyfriends/
girlfriends are commonly the source of infection.17,18 The
presentation of IM can be variable, and there may be times
when very few of the classic findings are present.

Prodromal nonspecific symptoms, such as headache,
malaise, and loss of appetite, usually last 3 to 5 days. Typical
presenting complaints are fever, pharyngitis, lymphadenopa-
thy, and fatigue. Physical examination usually shows erythe-
matous enlarged tonsils (sometimes exudative) and cervical
lymphadenopathy (posterior cervical chain can be indicative
of IM). Splenomegaly may be present (Table 7.1).

DIAGNOSTIC TESTING 

A CBC can show an increase in white blood cells (WBCs)
and a rise in lymphocytes with 10% to 20% atypical lym-
phocytes. A mild rise in transaminases commonly occurs.
The heterophile antibody test (“monospot”) will be positive
after 5 to 7 days of symptoms. In 10% to 15% of cases, the
monospot remains negative and Epstein–Barr serology can
be useful. An EBV panel includes viral capsid antigen (VCA),

Symptoms and Findings in Adolescents and Young Adults with 
Infectious Mononucleosis

Common Less Common

Lymphadenopathy (cervical or generalized) 94% Myalgia 20%
Pharyngitis 84% Hepatomegaly 12%
Malaise 82% Rash 10%
Fever 76% Jaundice 9%
Splenomegaly 52% Arthralgia 2%
Atypical lymphocytosis (�10%) 90% Heterophile negative 10–15%
Mild elevation in transaminases (2–3 times normal) 90%
Heterophile antibody positive 85–90%
Lymphocytosis 70%

T A B L E  7. 1
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FIG. 7.4. Epstein–Barr virus pathway and manifestations. Reprinted with permission from Rubin E,
Farber JL. Pathology. 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 1999.

IgM and IgG antibodies, and EBV nuclear antigen (EBNA)
antibodies. IgM antibodies are present in the acute phase of
illness and remain positive for 1 to 2 months; IgG antibodies
then form and remain positive for life; EBNA appear 6 to
12 weeks after onset of symptoms. The profile of IM within
the first 4 weeks of symptoms should be VCA IgM positive,
VCA IgG positive, and EBNA negative.19

Group A beta strep can be positive in 7% to 30% of patients
diagnosed with mononucleosis and needs to be appropriately
treated.20 Treatment of streptococcus with amoxicillin can
result in a rash.

TREATMENT 

General Measures

● Mononucleosis is a self-limited illness, with full recovery
expected within several weeks. The mainstays of treatment
are rest, hydration, and pain control. 

● Pain control can usually be obtained with acetaminophen
or nonsteroidal anti-inflammatory medication, though
sometimes narcotic medication is needed. 
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● The dehydrated patient may need intravenous fluids. 
● Concomitant illnesses such as beta strep need to be treated.

Pharmacologic Treatment

● Acetaminophen or nonsteroidal anti-inflammatory med-
ication may be used for pain control. 

● Narcotic medication may be needed for more severe pain. 
● Corticosteroids may be indicated for more advanced

 tonsillar enlargement as noted below.

Prognosis/Return to Play

● Athlete must be asymptomatic and have no evidence of
splenomegaly to prevent the uncommon complication of
spleen rupture. 

● Athletes who return to activity too soon often will experience
a relapse with prolonged fatigue and poor performance.

● Most spleens in IM are enlarged, but many are not palpa-
ble, and many studies have documented that the clinical
examination of the spleen is highly variable.21

● Many clinicians advocate imaging the spleen before return
to contact sports. 

● The most commonly used imaging study is ultrasound. 
● The upper limit of normal spleen length is 12 cm, but

spleen size increases with height and body surface area. 
● Eichner has summarized four guidelines: 

● A 3-week rest after diagnosis, then if no splenomegaly,
a 4-week graded return to full activity.22

● If spleen size is normal, return 3 to 5 weeks after onset of
symptoms, beginning with 1 week of graded exercise.23

● If spleen size is normal, return 4 weeks after onset of
 illness.19

● If spleen size is normal, noncontact 3 weeks after illness,
full play after 1 month.24

Complications/Indications for Referral

The most serious complication in mononucleosis is splenic
rupture. Nearly all cases of splenic rupture occur during
the first 21 days of illness; very few have been reported
 beyond 4 to 5 weeks.8 Lymphocytic infiltration of the
spleen distorts its normal tissue anatomy and support
structures, increasing its fragility. Splenic ruptures occur in
0.1% to 0.5% of cases21; 80% of ruptures are under the age
of 25. Most splenic ruptures are spontaneous and not the
result of contact. 

Airway obstruction can occur due to significant tonsillar
enlargement and edema. This can be treated with systemic
corticosteroids. Patients warrant hospitalization and may
 require emergency tracheostomy.

Neurologic complications, such as encephalitis and menin-
gitis, can occur but are not common.

APPROACH TO THE ATHLETE
WITH GASTROENTERITIS

Gastroenteritis (GE) is most commonly caused by viruses
(norwalk, rotavirus, enterovirus) and sometimes by bacteria
(Salmonella, Shigella, Campylobacter, Escherichia coli). If the
athlete has had recent travel to endemic areas, appropriate
etiologies should be considered. This is of particular rele-
vance to athletes involved in international competitions.
The Centers for Disease Control and Prevention (CDC) has
the most up-to-date reference for foreign travel.

HISTORY AND PHYSICAL EXAMINATION

Athletes with GE will present with abdominal pain, diarrhea,
nausea, and vomiting. They may be febrile and be dehydrated.
Physical examination may reveal abdominal tenderness and
increased bowel sounds. Abdominal guarding or high fevers
should warrant consideration of alternative etiology.

DIAGNOSTIC TESTING

Usually diagnostic tests are not needed. If there is travel to
endemic areas, if stools are purulent or bloody, or if diarrhea
remains persistent, stool tests for WBCs, culture, and ova
and parasites may be warranted.

TREATMENT

General Measures

● Viral GE can be treated with fluid and electrolyte
 replacement. 

● If the athlete exhibits signs of dehydration and is unable
to tolerate oral fluids, intravenous rehydration may be
necessary. 

● It is important that good hand washing techniques be used
along with avoidance of shared water bottles and minimal
contact with other athletes to avoid spread of illness.

Pharmacologic Treatment

● Antidiarrheals such as immodium and bisthmuth subsaly-
cylate may provide benefit for the athlete.

● Antibiotic treatment is reserved for cases of traveler’s diar-
rhea and bacteria-induced diarrhea.

● The vomiting athlete may be treated in an office setting with
parenteral medications such as promethazine, prochloper-
azine, and others. 
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Prognosis/Return to Play

● For athletes to return to play, they should be afebrile,
without signs of dehydration, and have resolution of
symptoms.

Complications/Indications for Referral

Severe symptoms, prolonged symptoms, moderate to severe
dehydration may require more intensive therapy. Bloody
stools and/or significant weight loss may require more in-
depth evaluation.

KEY POINTS

• Athletes with a vigorous training schedule or those
who overtrain are at risk for more illness1

• Persons who engage in regular moderate physical
 activity have been shown to have fewer respiratory
 illnesses than those who do not exercise1,2

• Moderate exercise training during a rhinovirus URI
does not appear to affect illness symptom severity or
duration7

• Febrile athlete may be at increased risk of dehydration
and heat illness

• Rare but serious complications from viral illnesses
 include myocarditis and pericarditis

• Return to play 4 to 6 weeks after onset of mononu-
cleosis symptoms with normal spleen
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INTRODUCTION
For patients with both type 1 and type 2 diabetes mellitus,
exercise has been and continues to be an integral component
of disease management. While exercise has shown improve-
ments in comorbidities often associated with diabetes,
 including improved cholesterol profile, reduced blood
 pressure, and weight control or reduction, knowledge of the
effects of exercise on glucose regulation is imperative for
both the physician and the athlete. In high-risk subjects,
lifestyle modifications have been shown to prevent type 2
 diabetes.1 Exercise improves insulin sensitivity and thus may
be of great benefit in most diabetics; however, this increased
sensitivity may also put a diabetic athlete at increased risk of
a hypoglycemic event. While tight glycemic control is para-
mount in preventing long-term complications of diabetes,
caution must be taken during exercise. 

PATHOPHYSIOLOGY
Type 1 diabetes is characterized by insulin deficiency from
destruction of the pancreatic � cells, most commonly from an
autoimmune process. Typical presentation and diagnosis is
before age 30, but this is not absolute. Progression to require-
ment of exogenous insulin is the natural course of type 1
 diabetes. Because of the ultimate reliance on exogenous
 insulin, hypoglycemic events are common, and despite
 aggressive management, such events may place the athlete at
significant risk. While exercise may be of limited benefit in
reducing hemoglobin A1c values, in part due to risk of
 hypoglycemia, in the type 1 diabetic it may provide signifi-
cant benefits, including improved cardiovascular fitness,
 reduced resting systolic and diastolic blood pressures, and
improved lipid profile.2,3

Type 2 diabetes is characterized by insulin resistance, im-
paired insulin secretion, and increased glucose production.
A period of impaired glucose tolerance may be present for
months to years preceding type 2 diabetes. Progression to re-
quirement of exogenous insulin is not always the case in type 2
diabetes. Exercise has been shown in part to prevent or delay
progression from insulin resistance to overt type 2
 diabetes.4,5 A recent Cochrane review on  exercise in type 2

diabetics showed significant improvements in glycemic con-
trol as well as reductions in plasma triglycerides and visceral
fat with exercise programs irrespective of weight loss.6

Serum blood glucose levels in an otherwise healthy
 individual remain tightly controlled through the actions of
both insulin and its counterregulatory hormones including
glucagon, adrenaline, cortisol, and growth hormone. Fatty
acids give greatest fuel contribution to skeletal muscle at rest.
Initial fuel source during exercise begins with glycogen stores
in skeletal muscle, followed by blood glucose and increasing
fatty acid utilization. As serum blood glucose levels fall in re-
sponse to tissue uptake, insulin secretion decreases. As this
happens, there is an increase in the counterregulatory hor-
mones, most notably glucagon and epinephrine. Through
liver gluconeogenesis and glycogenolysis, there is increased
glucose production to maintain serum levels as skeletal mus-
cle continues its glucose uptake. Fatty acid mobilization is
also increased through actions of the counterregulatory
 response, increasing through hepatic production.7

Two concerns that arise in diabetic athletes, type 1 or those
with type 2 on insulin or secretagogue therapy, are of exercise-
induced hypoglycemia and late-onset hypoglycemia. The first
effect may occur as early as 30 minutes with exercise or for
several hours following exercise. This occurs in part due to the
inability to suppress insulin that has already been adminis-
tered and alteration of the counterregulatory response as de-
scribed in the following paragraphs. The second effect may
continue to be realized up to 24 hours following the exercise
activity and is due to enhanced insulin sensitivity. 

GLUT4, a transport protein in skeletal muscle, is upregu-
lated with both exercise and insulin and is responsible for in-
creased uptake of blood glucose, thus improving sensitivity.
Following exercise, glycogen stores need replenishment in
both the liver and skeletal muscle. In this state, there is a pe-
riod of hyperglycemia and hyperinsulinemia. GLUT4 con-
tributes to the increased insulin sensitivity. It is important to
avoid aggressive correction of blood glucose during this time
due to the enhanced action of insulin. Following prolonged
exercise, complete replacement of muscle glycogen may take
up to 24 hours.8 Exogenous glucose is often necessary during
prolonged or moderate–high-intensity exercise and in the
recovery period. 
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Failure of the regulatory system in maintaining eug-
lycemia and preventing hypoglycemia is a common concern
and reality in the diabetic athlete. In type 1 diabetics and
type 2 patients on insulin therapy, there is an inability to
suppress exogenous insulin levels once administered. With
an insulin excess, the body’s initial response of lowering
serum insulin in the setting of falling blood glucose levels
during exercise is lost. On the other hand, insulin deficiency
during exercise may lead to further augmentation of the
counterregulatory response with resultant hyperglycemia.
This, in turn, may lead to precipitating diabetic ketoacidosis
or a hyperosmolar nonketotic state. 

Type 1 diabetics have been shown to lose the counterreg-
ulatory glucagon response to hypoglycemia early in the
course of the disease. However, this glucagon response in
type 1 diabetics is preserved with exercise, but this may also
be lost with recent hypoglycemia prior to exercise.9 With the
loss of the glucagon response to hypoglycemia, an increase
in serum epinephrine becomes the next defense in the set-
ting of decreasing serum glucose levels. This response may
additionally become blunted in the setting of recent hypo-
glycemia. As noted earlier, through exercise with upregula-
tion of GLUT4, insulin’s action is enhanced, and this effect
may last hours after exercise. Two concepts that have been
introduced to explain failed counterregulatory mechanisms
in those with diabetes include hypoglycemia-associated and
exercise-associated autonomic failures. 

Hypoglycemia-associated autonomic failure occurs in re-
sponse to recent hypoglycemia and puts the athlete at signifi-
cant risk of precipitating further hypoglycemia, especially
with repeated exercise. This failure has been shown in clinical
studies in both nondiabetics and type 1 diabetics. The first
failure as noted earlier is the loss of glucagon response to hy-
poglycemia. This may be followed by diminished epinephrine
response to repeated hypoglycemia. With this blunted re-
sponse, there is a decreased manifestation of autonomic
symptoms that may present, and with this an unawareness by
the patient of their hypoglycemia. With repeated exposures
to hypoglycemia, this hypoglycemia unawareness edges to a
lower and lower threshold. This counterregulatory failure has
also been shown in moderate-intensity exercise following a
period of hypoglycemia the previous day.9 Exercise-associated
autonomic failure has been demonstrated with impaired
counterregulatory response following prolonged exercise and
next-day hypoglycemia, with the recent bout of exercise lead-
ing to impaired response to exposure of hypoglycemia.10

Counterregulatory failure may occur as early as 30 minutes
into exercise with recent experience of hypoglycemia.9,10

EPIDEMIOLOGY
The prevalence of diabetes is estimated at 20.8 million in the
United States, with 6.2 million of these being yet undiag-
nosed. Even more staggering is the 54 million estimated to
have prediabetes, or insulin resistance. One in six overweight

adolescents aged 12 to 19 are prediabetic, while 1 in 400 to
600 children and adolescents have type 1 diabetes. For those
aged 60 years and older, roughly one in five have diabetes.11

Athletes with diabetes have successfully competed and suc-
ceeded at the highest levels in their sports. Successes include
Olympic gold medals in swimming, grand slam titles in ten-
nis, heavyweight boxing championships, and competitions
in the Major League Baseball (MLB), the National Hockey
League (NHL), and the National Football League (NFL) to
name a few sports.12

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

History in the diabetic patient should focus not only on
 duration of disease, current level of glycemic control, and
medications but also on potential complications of diabetes.
Neuropathy, retinopathy, and microvascular disease are
 well-known complications of diabetes. Duration of disease is
helpful in the screening of such conditions as is long-term
and current level of glycemic control. Questioning should in-
clude a thorough history of hypoglycemic events including
frequency, setting/timing, associated symptoms, severity, and
level of treatment required, that is, self-administered or re-
liance on another individual. Patients on insulin or insulin
secretagogues are at the greatest risk for hypoglycemic events
with or without exercise. A history of diabetic ketoacidosis or
hyperglycemic nonketotic coma is equally important. Is the
athlete up to date on routine screenings such as ophthalmo-
logic examinations and urine microalbumin? Symptoms asso-
ciated with hypoglycemia may vary from patient to patient and
include palpitations, anxiety, tremor, sweating, hunger, and
possibly paresthesias. Fatigue, behavioral change, seizure,
and loss of consciousness may occur. Additional symptoms
that may be suggestive of hypoglycemia include decreased
 self-confidence, vivid dreams/nightmares, and disturbed
sleep.7,10 These latter symptoms are especially important in
obtaining history for nocturnal hypoglycemic events of which
the athlete may be unaware. Has the athlete noted a change in
or lack of symptoms of hypoglycemia?

When managing a diabetic athlete, an important start is
determining the athlete’s current level of self-monitoring of
blood glucose, exercise, and dietary regimens. Does the ath-
lete have a sugar source readily available when exercising?
Do they keep their glucometer nearby? What other medica-
tions is the athlete taking, including supplements? Medica-
tions such as �-blockers may blunt the adrenergic symptoms
associated with hypoglycemia. What does the athlete know
about foot care? Does the athlete routinely inspect their feet,
preferably daily and before and after exercise? The physician
should inquire about history of callus, ulcerations, blisters,
or fissures. Symptoms of nausea and vomiting or early sati-
ety may indicate underlying gastroparesis.
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Is there a known history of diabetic retinopathy or
nephropathy? Are there symptoms of peripheral or auto-
nomic neuropathy? A well-known complication of microvas-
cular disease is erectile dysfunction, which may give clues to
the presence of other neuropathic diseases. Additionally, co-
morbidities, especially hypertension and hyperlipidemia, and
smoking and family histories should be ascertained. 

Evidence-based Physical Examination

Inspection should include assessment of skin integrity,
 especially at injection sites and the feet. Pay particular atten-
tion to identifying callus, ulcerations, blisters, or fissures.
Acanthosis nigricans (Fig. 8.1) is associated with insulin
 resistance.

Perform a fundoscopic examination looking for microa-
neurysms, deep hemorrhages, or hard exudates that may be
found with nonproliferative stage of retinopathy (Fig. 8.2).

In the proliferative stage, findings may include neovascular-
ization, vitreous hemorrhage, and proliferating fibrous
 tissue13 (Fig. 8.3).

Thyroid palpation should also be routine. A thorough
cardiac examination should be done, including blood pres-
sure and, when indicated, orthostatic testing. Assess neu-
rovascular status, noting strength of peripheral pulses and
presence or absence of sensation via light touch, vibratory
testing, or 10-g monofilament. Proprioception sense and re-
flexes should also be noted.14

Diagnostic Testing 

Laboratory

Laboratory tests include measurement of serum creatinine,
glucose, hemoglobin A1c, urinalysis, urine microalbumin,
fasting lipid profile, liver function, and thryroid-stimulat-
ing hormone.14 Blood glucose monitoring for those ath-
letes on  insulin therapy is recommended before and after
exercise in addition to premeal (includes morning fasting)
and prior to bedtime. With prolonged moderate or vigor-
ous exercise, testing may need to be done during the activ-
ity. An example is in marathon training. Ultimately, an
athlete needs to understand his/her glycemic response to
varying activities and the accompanying duration and in-
tensity. Unplanned activities may require closer monitor-
ing as suggested by the counterregulatory failure described
earlier. In addition, more frequent monitoring is recom-
mended when altering training regimen in both new activ-
ities and/or increasing intensity of exercise training. 

Imaging

Imaging studies are usually unnecessary unless complica-
tions from diabetes arise.
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FIG. 8.1. Acanthosis nigricans. Reprinted with permis-
sion from Goodheart HP. Goodheart’s Photoguide of
Common Skin Disorders. 2nd ed. Philadelphia: Lippincott
Williams & Wilkins; 2003. 

FIG. 8.2. Nonproliferative retinopathy. Reprinted with
permission from Gold DH, Weingeist TA. Color Atlas of the
Eye in Systemic Disease. Baltimore: Lippincott Williams &
Wilkins; 2001.

FIG. 8.3. Proliferative retinopathy with neovasculariza-
tion. Reprinted with permission from Tasman W, Jaeger E.
The Wills Eye Hospital Atlas of Clinical Ophthalmology.
2nd ed. Philadelphia: Lippincott Williams & Wilkins; 2001.
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Other Testing

Consider resting electrocardiogram (ECG) as indicated by
history and physical and underlying comorbidities. Prepar-
ticipation screening ECGs remain controversial in athletes
due to the high rate of false positives and associated costs of
additional testing to explore such findings. Currently, “there
are no evidence-based guidelines for screening the diabetic
patient for coronary artery disease.”14 Exercise tolerance/car-
diac stress testing should be considered for sedentary indi-
viduals older than 35 years who are planning a vigorous
exercise program and those with type 2 diabetes of more
than 10 years or type 1 diabetes of more than 15 years. Addi-
tional consideration is recommended with the presence of
peripheral vascular disease, autonomic neuropathy, mi-
crovascular disease, or additional coronary artery disease
risk factors.15

The American College of Sports Medicine (ACSM) rec-
ommends exercise testing for moderate-risk patients plan-
ning vigorous-intensity exercise (�60% VO2max) and for
high-risk patients planning moderate- or high-intensity
programs. Impaired fasting glucose, hypertension, dyslipi-
demia, obesity, and sedentary lifestyle are all considered
coronary artery disease risk factors, with two or more factors
putting the patient in the moderate-risk category. Men older
than 45 and women older than 55 are considered moderate
risk with recommendations for testing.15

APPROACH TO THE
DIABETIC ATHLETE

HISTORY AND PHYSICAL EXAMINATION 

Please refer to the “History” and “Evidence-based Physical
Examination” sections earlier in text for a thorough ap-
proach to the evaluation of the diabetic athlete.

DIAGNOSTIC TESTING 

Please refer to the “Diagnostic Testing” section earlier in text
for a thorough approach to the evaluation of the diabetic
athlete.

TREATMENT

General Measures 

● During exercise an athlete should have a simple-sugar
source and glucometer available and ensure adequate
 hydration. 

● A medical ID bracelet should be worn. 

● Those on insulin therapy are advised to exercise at the
same time of day, preferably in the morning, for added
 predictability of glycemic response and monitoring for
postexercise and delayed-onset hypoglycemia. 

● Evening exercise is discouraged in type 1 diabetics. Injec-
tion site for insulin should also be considered. 

● The general recommendation is to inject away from major
exercising muscle groups due to increased absorption at
these sites. 

● Monitor blood glucose before and after exercise.7

● If blood sugar is greater than 250 mg/dL with ketones or
greater than 300 mg/dL, then avoid exercise and use
 appropriate pharmocology.7

● Adjust for heat, cold, winds, intense game, weight loss, or
activity.

● If blood sugar is less than 100 mg/dL, then ingest extra
 carbohydrate and avoid prolonged exercise unless there is an
established protocol. Provide readily available  absorbable
glucose.7

● Allow for delayed gastric emptying for glucose absorption
and discomfort.7

Pharmacologic Treatment 

● For moderate- or high-intensity exercise for type 1 diabet-
ics or type 2 diabetics on insulin therapy, either insulin
 reduction or glucose supplementation is necessary to pre-
vent exercise-induced hypoglycemia. 

● There are guidelines for such adjustments, but therapy
must be individualized and will change with duration and
intensity of exercise. 

● Recommended modifications for planned exercise for
those on insulin therapy include reducing long-acting
 insulin by 20% to 50% for most athletes and up to 70% for
elite athletes.7

● Reduce insulin by 50% for moderate-intensity workouts
and 70% to 90% for high-intensity or prolonged exercise.7

● Premeal insulin also should be reduced or even eliminated
prior to planned moderate- or greater-intensity exercise. 

● Carbohydrate source should be available during and after
exercise. 

● Carbohydrate is recommended prior to exercise if blood
glucose is less than 100 mg/dL. If preexercise glucose
is greater than 250 mg/dL with ketosis or greater than
300 mg/dL, exercise should be avoided.15

● For unplanned exercise with insulin already administered,
exogenous glucose supplementation is often needed to
prevent hypoglycemia. 

● Recommended supplementation for moderate-intensity
exercise is 20 to 30 g carbohydrate prior to exercise and
every 30 minutes of continued exercise. 

● A recent study suggests that 40 g carbohydrate 15 min-
utes prior to a 60-minute bout of moderate-intensity
 exercise can be effective without alteration in insulin
regimen.16
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● Ultimately, the glucose supplementation will need to be
individualized and based on known responses to varying
activities and duration of exercise. 

● Hyperglycemia may be present following exercise due to
counterregulatory response, but because of the increased
insulin sensitivity and depleted glycogen stores, insulin
dosing for meals following exercise also needs caution,
with likely reduction in short-acting insulin, as mentioned
earlier (20% to 50%). 

● Further caution is given for nocturnal hypoglycemia,
and an evening snack (complex carbohydrate) may be
necessary. 

Prognosis/Return to Play 

● Prognosis can be quite favorable for those athletes with
frequent blood glucose monitoring and learning to adjust
insulin dosing and glucose supplementation to varying
training schedules. 

● There are diabetic athletes competing in a wide range of
professional sports throughout the world. 

● Caution is advised for participation in setting of recent
 hypoglycemia, as counterregulatory response may be
 impaired. 

● If hypoglycemia unawareness is present, it may take up to
2 weeks of hypoglycemia-free period for recovery to base-
line. In this setting, tolerance of mild hyperglycemia is
 suggested. 

Complications/Indications for Referral

A multidisciplinary approach is recommended, with patient
involvement and education at the forefront. Medical nutri-
tional therapy is an integral component of this care. Specific
complications are addressed in the following sections.

APPROACH TO THE DIABETIC
ATHLETE WITH AUTONOMIC

NEUROPATHY

HISTORY AND PHYSICAL EXAMINATION 

History may vary from asymptomatic to heat intolerance,
symptoms of orthostatic hypotension, gastroparesis, recur-
rent dehydration, diarrhea, constipation, or bladder or erectile
dysfunction. Erratic glucose control can be seen with gastro-
paresis due to impaired carbohydrate absorption. Physical ex-
amination findings may include resting tachycardia, decreased
heart rate variability, and eventual orthostatic hypotension.
During exercise, there may be an exaggerated blood pressure
response and/or decreased maximum heart rate.14 Autonomic

neuropathy may also be associated with a prolonged QT in -
terval.8 Impaired thermoregulation is possible and places the
individual at greater risk for heat illness and hypothermia and
may have an impaired response to dehydration.15

DIAGNOSTIC TESTING 

Exercise tolerance test is recommended for those with
 autonomic neuropathy.14 EPS/tilt-table testing is rarely
needed unless there is an atypical presentation.14 A gastric-
emptying study may be useful to confirm gastroparesis, and
an EGD may be indicated to exclude other pathology.
Colonoscopy may be warranted when further bowel involve-
ment is present, that is, persistent or recurrent diarrhea or
constipation. Urologic studies may also be indicated. 

TREATMENT

General Measures 

● Avoiding exercise in extremes of temperatures. 
● Ensuring proper clothing and maintaining adequate

 hydration. 
● Maintaining tight glycemic control, which is the

 mainstay of therapy to prevent or slow progression of
 disease.14

Pharmacologic Treatment 

● Pharmacologic treatment targets the underlying symp-
toms, but does not alter the course of disease. 

● Maintaining tight glycemic control is imperative to pre-
vent or slow progression of disease. 

Prognosis/Return to Play

● If long QT syndrome is present, return to exercise should
be restricted and the guidance of an experienced cardiolo-
gist may be warranted.

● For other conditions listed earlier, safety of the patient
should be of utmost importance, and the risk of athletic
participation must be minimal to allow participation. 

Complications/Indication for Referral

Complications may ensue as outlined earlier in the “History
and Physical Examination” section. Indications for referral
will be based on presenting symptoms and need for diagnos-
tic testing as outlined earlier. Often, such patients will require
multidisciplinary care. 
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APPROACH TO THE ATHLETE WITH
PERIPHERAL NEUROPATHY 

Diabetic athletes are in general at greater risk of developing
foot complications as a result of peripheral vascular disease
and associated peripheral neuropathy. Both small and large
nerve fibers may be affected. Loss of small fibers leads to
 decreased pain and temperature sensation, while large fiber
loss may alter light-touch sensation and proprioception,
putting the athlete at increased risk of further injury. It is
 interesting to note that up to 50% of patients with diabetic
peripheral neuropathy may be asymptomatic.14 With
 microvascular disease, healing is impaired or delayed. When
autonomic neuropathy is present, the skin loses elasticity
with decreased sweating, and the skin of the foot is prone to
fissures. If a simple blister, callus, or fissure goes undetected,
secondary infection may ensue or progressive damage
may occur. 

HISTORY AND PHYSICAL EXAMINATION 

Symptoms of peripheral neuropathy can vary greatly from
relatively asymptomatic to extremely painful. Loss of or re-
duction in sensation is an early indicator of disease. Is the
patient aware of sensory loss? Important to the history is any
prior or current callus, fissures, or blisters. Physical examina-
tion should search for the same. Testing should also include
10-g monofilament for sensation, as well as vibratory and
position sense, and deep tendon reflexes. Skin findings may
include hair loss due to microvascular disease. Peripheral
pulses may also be diminished in macrovascular disease, and
symptoms of claudication may be present. 

DIAGNOSTIC TESTING 

Electromyogram/nerve conduction study may be  useful in
confirming neuropathy or ruling out separate  conditions. 

TREATMENT

General Measures 

● Education for the patient includes daily and pre- and
 postexercise inspection of the feet. 

● Dry feet should be moisturized with exception of between
the toes (risk of fungal infection). 

● Nails should be trimmed and edges smoothed. 
● Pumice stone or file for callus should be used. 
● Proper footwear is important in maintaining support,

without constricting blood flow or causing abrasive lesions
due to improper fit. 

● Caution is advised for those with peripheral neuropathy
for weight-bearing activities.17

● Endurance or high-impact events receive greatest caution
with suggestion of alternate forms of physical activity in
advanced disease. 

● Optimizing glycemic control is imperative in slowing or
preventing progression of disease. 

Pharmacologic Treatment

For symptomatic diabetic peripheral neuropathy, medica-
tions include:
● Tricyclic drugs such as amitriptyline, nortriptyline, and

imipramine 
● Anticonvulsants including gabapentin, carbamazepine,

and pregabalin duloxitine, a 5-hydroxytryptamine norepi-
nephrine uptake inhibitor 

● Substance P inhibitor, namely, capsaicin14

Prognosis/Return to Play 

● If sensation deficits limit awareness of foot propioception
or other altered sensations, then activity modifications
should be made. 

● Activities such as running, racquet sports, and hiking may
need to be replaced with stationary bicycle, swimming,
and golf.

Complications/Indications for Referral

Recurrent ulcers or nonhealing wounds should be coman-
aged with a foot care specialist. Red flags include any signs or
symptoms of infection. 

APPROACH TO THE ATHLETE WITH
DIABETIC RETINOPATHY 

Diabetic retinopathy is the leading cause of blindness in
adults aged 20 to 74 years. There is strong evidence (level A)
that tight glycemic control and optimal blood pressure con-
trol can reduce risk and progression of diabetic retinopa-
thy.14,18 It is generally recommended for any patient with
proliferative diabetic retinopathy to avoid strenuous activi-
ties, especially those that involve Valsalva, such as heavy
weight lifting, because of potential risk of vitreous hemor-
rhage or retinal detachment.18 Epidemiologic studies of
physical activity in those with insulin-dependent diabetes
have not demonstrated an association of increased or de-
creased risk of developing or progressing proliferative
retinopathy.19,20 The balance appears to lie between the ben-
efits of chronic exercise and physiologic risks of acute exer-
cise, namely, elevated blood pressure. 
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HISTORY AND PHYSICAL EXAMINATION 

Diabetic retinopathy is relatively asymptomatic prior to the
onset of vision loss. Screening and monitoring through oph-
thalmologic examinations remain the mainstay of surveil-
lance. On dilated eye examination, findings may include
neovascularization, macular edema, and retinal thickening
or distortion18 (see Fig. 8.3). 

DIAGNOSTIC TESTING 

Standard of care is dilated funduscopic examination annu-
ally, preferably by an ophthalmologist.

TREATMENT

General Measures

● Ensure proper breathing techniques with weight lifting,
that is, no breath holding. 

● Physicians should stress the importance of maintaining
optimal glycemic and blood pressure control as well as
yearly ophthalmologic examinations.

Pharmacologic Treatment

Proper glycemic control with medications as discussed
 earlier.

Prognosis/Return to Play

For those with proliferative diabetic retinopathy, strenuous/
vigorous activity should be avoided. 

Complications/Indications for Referral 

Refer any patient with macular edema, severe nonprolifera-
tive diabetic retinopathy, or any proliferative diabetic
retinopathy.

APPROACH TO THE ATHLETE WITH
DIABETIC NEPHROPATHY 

Diabetic nephropathy is the leading cause of end-stage
renal disease; 20% to 40% of those with diabetes will de-
velop nephropathy.14 There are limited prospective data
on exercise in the setting of diabetic nephropathy. From

available literature, there is no evidence that exercise in-
duces or leads to progression of nephropathy. While phys-
ical activity may help control other factors associated
with nephropathy such as blood pressure and glycemic
control, high-intensity exercises are generally discouraged21

(level C). There is no consensus for specific limitations.
Screening recommendations include obtaining annual
urine microalbumin in type 1 diabetics starting 5 years after
diagnosis and annually in all patients with type 2 diabetes
(level C). Annual serum creatinine/calculated glomerular
filtration rate (GFR) (level C). 

TREATMENT

General Measures

● Exercise within 24 hours of testing may elevate urinary
albumin excretion, and retesting after 24-hour relative
rest may yield more accurate assessment of proteinuria.

● Treatment is mainly directed at optimizing blood glucose
and blood pressure control14 (level A). 

● Though some studies have shown that protein restriction
helps slow progression of proteinuria and eventual ESRD,
this has not been studied in athletes with diabetic
nephropathy. 

Pharmacologic Treatment

● Angiotensin-coverting enzyme (ACE) inhibitor or
 Angiotensin Receptor Blocker (ARB) is recommended to
slow progression in both micro- and macroalbuminuria14

(level A). 
● For those athletes on ACE/ARB, ensure adequate hydra-

tion, especially with concomitant nonsteroidal anti-
inflammatory drugs (NSAID) use, to avoid precipitating
acute renal failure. 

Prognosis/Return to Play 

● The ACSM position stand on exercise and type 2 dia-
betes recommends for those with nephropathy to avoid
activities that cause the systolic blood pressure to rise to
180 to 200 mm Hg, and exercise testing is recommended
to measure such limits in those with advanced disease
(level C). 

Complications/Indications for Referral 

Nephrology consultation is warranted if GFR is less than
30 mL/min. 
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KEY POINTS

• Duration and intensity of exercise as well as preexer-
cise blood glucose levels and insulin supply are con-
tributing factors to exercise’s effect on serum blood
glucose concentration, both during and after exercise

• Individualized therapy and patient education are
 crucial

• Frequent blood glucose (BG) monitoring (ideally before,
during, and after exercise). An athlete must learn to
adapt insulin-dosing or carbohydrate supplementation
according to varying training schedules and intensities

• For those on insulin therapy, avoid aggressive correc-
tion of blood glucose in period following exercise due
to increased insulin sensitivity

• Appropriate screening prior to initiating exercise
 program

• Consider exercise testing for those with advanced
nephropathy for exercise limits to maintain systolic
blood pressure under 180 to 200 mm Hg
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INTRODUCTION
Acute and overuse neck injuries are common conditions
 encountered among athletes. Approximately 8.7% of all new
cases of spinal cord injuries in the United States result from
sports.1 It is important for medical providers who care for an
athletic population to be familiar with the various causes of
neck pain, which may range from mild cervical strains to
catastrophic spinal cord injuries. This is accomplished by an
understanding of the anatomy of neck, a working knowledge
of the common causes of neck pain, and an understanding
of the signs and symptoms of a serious cervical injury.

When dealing with a possible cervical emergency during
an athletic event, basic cardiopulmonary resuscitation and
trauma management guidelines should be followed. It is
important to keep the injured athlete immobilized until
cervical spine injury is ruled out. Unconscious athletes
should always be assumed to have a cervical spine injury
until proven otherwise. Shoulder pads and helmets should
always be left on in evaluation of football and hockey ath-
letes. The facemask may be cut away if needed for airway
management, and jaw thrust maneuver applied if neces-
sary. The helmet should only be removed if the airway can-
not be maintained or if the helmet prevents cervical
immobilization. Patient should be log rolled on a back-
board and transported to the nearest hospital. If one func-
tions as a team physician, it may be prudent to practice this
type of drill with your athletic training staff so that every-
one is aware of his or her role. 

FUNCTIONAL ANATOMY
The function of the vertebral column is to protect the spinal
cord. The vertebrae of the cervical spine are smaller and
more delicate than those of the thoracic and lumbar spine.
Despite this, they are often required to dissipate a significant
amount of force, especially in collision sports.

The atlas and axis (C1 and C2) work together as a unit to
permit 50% of cervical spine motion. The atlanto-occipital
joint permits flexion and extension, while the atlantoaxial
joint permits the majority of rotation.2 Varying amounts of

flexion, extension, lateral bending, and rotation occur from
C3 to C7.

The vertebral bodies form the anterior aspect of the
spinal column. A bony lip on the lower surface of the ver-
tebral body forms the uncovertebral joint with the adja-
cent vertebrae. There are intervertebral discs below C2 to
provide shock absorption and cushioning for the vertebral
column.

The anterior and posterior longitudinal ligaments pro-
vide stabilization for the vertebral bodies. The posterior
column is made up of the pedicles, laminae, facets, and
spinous processes. The facet joints are the posterior articu-
lations of the vertebrae. The posterior column is stabilized
by the nuchal ligament complex, which is made up of the
sup raspinous, interspinous, and infraspinous ligaments, in
addition to the ligamentum flavum and capsular ligaments.
Damage to these may result in cervical spine instability.

The spinal cord originates from the medulla oblongata
and travels caudally through the vertebral foramina until
it terminates in the lumbar region. The spinal cord is
composed of three tracts, whose function and location
may help to determine the site of an injury. The posterior
columns carry fine touch, vibration sense, propriocep-
tion, and pressure from the ipsilateral side. The corti-
cospinal tract is located in the posterolateral spinal cord
and carries motor fibers to the ipsilateral side. The
spinothalamic tract is located in the anterolateral spinal
cord and carries pain and temperature fibers from the
contralateral side.

Paired spinal nerve roots containing motor and sensory
neurons exit from the spinal cord at each vertebral level via
the intervertebral foramina. There are eight pairs of cervical
spinal nerves named for the vertebral body above which they
exit. Spinal nerves are subject to pressure phenomena from
disc herniation or foraminal narrowing. The sensory cervi-
cal dermatomes are listed (Fig. 9.1).

The biceps and brachioradialis reflexes are mediated by
the C5-6 roots and the triceps reflexes are mediated by the
C6-7 nerves roots (Table 9.1).

The muscles of the neck may be subdivided into anterior
and posterior divisions. The anterior aspect includes the
platysma, sternocleidomastoid, anterior vertebral muscles
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The sternocleidomastoid muscle allows for flexion, lateral
bending, and neck rotation. The anterior vertebral muscles
assist in neck flexion, rotation, and lateral bending. 

The posterior division includes the trapezius, splenius
capitis, semispinalis capitis, and levator scapulae. The poste-
rior group is stronger than the anterior group and is impor-
tant in maintaining posture as well as providing neck
stabilization.

The important vessels in the neck include the common
carotid arteries, vertebral arteries, jugular veins, and verte-
bral veins. The common carotid further separates into the
external and internal carotids. The vertebral arteries join to-
gether to form the basilar artery of the brain. Damage to the
vertebral arteries associated with cervical spine or neck
trauma can result in death.3
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FIG. 9.1. Distribution of dermatomes on the skin. Reprinted with permission from Stedman’s
Medical Dictionary. 27th ed. Baltimore: Lippincott Williams & Wilkins; 2000.

Peripheral Motor Nerve Innervation

Nerve Root(s) Innervation

C3-5 Diaphragm
C5 Deltoid/biceps
C6 Wrist extensors, abductor/extensors 

of thumb
C7 Triceps/wrist flexors/finger extensors
C8 Finger flexors
T1 Intrinsic hand muscles

T A B L E  9 . 1

(longus colli, longus capitis, rectus capitis anterior, and
 rectus capitis lateralis), and the lateral vertebral muscles
(scalene muscles). 
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EPIDEMIOLOGY
It is estimated that 10% to 15% of football players experi-
ence an injury to the cervical spine; fortunately, a majority of
these are self-limited stingers/burners. The overall incidence
of spinal cord injury in the high school and college popula-
tion is around 1 in 100,000.4 Most are incomplete with
preservation of varying degrees of neurologic function. In
an analysis of football players from 1977 to 1989, catas -
trophic spinal cord injuries were secondary to fracture/
dislocations or burst fractures in 33% and 22% of the cases,
respectively.2 Cervical spine injuries are also seen in ice
hockey, rugby, wrestling, gymnastics, and water sports 
(e.g., diving).5

The prevalence of degenerative disc disease is about 10%
in the second decade of life and progresses linearly to 95%
to 100% by age 70 years.6

NARROWING THE DIFFERENTIAL
DIAGNOSES
History

This should include the full characterization of the neck
pain as well as its duration and distribution. Any significant
past medical history should be reviewed, especially any
 previous neck pain or neck surgery. Important questions
 include the following factors:

● Location of pain
● Onset/duration of pain
● Radiation of pain
● Numbness/tingling in extremities
● Decreased motor strength
● Exacerbating/alleviating factors
● Previous examination/treatment/diagnostic tests
● Mechanism of injury

● Flexion injuries (including spearing) compress the ante-
rior elements and disrupt the posterior elements, caus-
ing vertebral body fractures, dislocations, and rupture of
the posterior ligaments or posterior discs.

● Extension injuries compress the posterior elements and
disrupt the anterior elements, causing damage to the spi -
nous process, facets, and anterior ligaments or discs.

● Cervical spine in neutral results in dissipation of energy
into the cervical muscles—if the force is great enough,
compression fractures may result.

Evidence-based Physical Examination

The physical examination plays a crucial role in narrowing
your  differential diagnosis by assessing for structural as
well as neurologic deficits. A thorough and organized
 examination as outlined in the following sections is very
important and will help in  consistency.

Inspection

Perform from anterior, posterior, and lateral views. Note pos-
ture as well as muscle atrophy or deformity. Check for normal
cervical lordosis—its absence may be consistent with cervical
spasm. Inspection may reveal ecchymosis or swelling at the
level of injury.

Palpation

One should evaluate for point tenderness over the spinous
processes and lateral processes. Note any hypertonicity of the
musculature on examination consistent with muscle spasm.
Note for any step off if there was a history of trauma.

Range of Motion

● Perform active range of motion (ROM) prior to passive
ROM. 

● Evaluate flexion and extension by asking the patient to touch
his or her chin to the chest and then look up at the ceiling. 

● Evaluate lateral bending of the neck, with normal being
45 degrees.

● Evaluate lateral rotation, with normal being from 60 to
80 degrees. 

Strength Testing 

Strength should be tested in all planes (flexion, extension,
lateral bending, and rotation).

Special Tests

Spurling Maneuver

Patient’s neck is extended and rotated toward the involved
side as axial compression is applied. If there is pathology at
the root or foramen, symptoms are recreated because this
position narrows the intervertebral foramen on the affected
side. Early studies have shown the sensitivity to be 40% to
60% with a specificity of 92% to 100%.7 More recent studies
have shown Spurling test to have a sensitivity of 92% and
specificity of 95% with positive predictive value of 96.4%
and negative predictive value of 90.9%.8

Distraction Test

Manual vertical cervical traction is applied to confirm the diag-
nosis of radiculopathy. This maneuver temporarily relieves
pressure at the level of the disc and facet joints, which may in
turn temporarily relieve the patient’s symptoms. This test is re-
ported to have a sensitivity of 40% to 43% and sensitivity of
100%.7

Neurologic

Neurologic symptoms may suggest a central lesion, radicu-
lopathy, or peripheral nerve entrapment. A detailed neurologic
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examination includes upper extremity strength testing, deep
tendon reflexes at the triceps, brachialis and brachioradialis,
sensation testing, and cranial nerve evaluation. Sensation
should be evaluated and any deficits correlated with appropri-
ate peripheral nerve distribution or dermatome. 

Diagnostic Testing

Laboratory

Routine laboratory studies are generally not required with
acute or overuse neck pain or injuries. If suspected autoim-
mune etiology for overuse neck pain exists, sedimentation
rate along with rheumatoid factor, antinuclear antibody test,
and human leukocyte antigen B27 may be considered based
on pretest probability and clinical  scenario.

Imaging

Athletes with suspected cervical spine injury often require
radiologic evaluation. Three views, including anteroposte-
rior (AP), open-mouth odontoid, and cross-table lateral, are
usually recommended. In addition, one may consider flexion
and extension radiographs of the spine if instability is sus-
pected and acute fracture excluded. Oblique views may be
included to assess for facet degenerative joint disease in the
appropriate setting/age of athlete. 

Computed tomography (CT) may be indicated when sus-
picion of cervical fracture exits despite negative radiographs.
It may also play a role when area of the cervical and upper
thoracic spine may not be visualized with plain radiographs.

Magnetic resonance imaging (MRI) may be helpful in
evaluation for nerve or disc injury and should be considered
in any athlete that has spinal cord symptoms (transient
quadriplegia, burning hands syndrome, or other bilateral
sensory or motor deficits).

Other Testing

Electrodiagnostic testing may be indicated for evaluation of
peripheral nerve injury. Complete details are outlined in
Chapter 23, “Athlete with Peripheral Nerve Injuries.”

APPROACH TO THE ATHLETE
WITH CERVICAL STRAIN

Cervical strains are the most common type of cervical injury
in athletes and may occur from both acute and overuse
mechanisms. Common mechanisms in athletics include
whiplash force secondary to a fall or being tackled. Cervical
strains can also occur from weight lifting or repetitive strain
to the cervical and trapezius muscle groups. Primary goal is
differentiating simple cervical strain from more serious
 etiologies including cervical disc or cord conditions as well
as occult fractures. 

HISTORY AND PHYSICAL EXAMINATON

Pain is usually localized with some stiffness and decreased
ROM. There are no radicular symptoms and no neurologic
deficits by history or physical examination.

DIAGNOSTIC TESTING

Radiologic studies are usually not indicated in the acute
management unless pain is secondary to trauma. They may
play a role ruling out underlying degenerative changes as
well as occult fractures or instability in the appropriate clini-
cal setting. MRI or electrodiagnostic studies are rarely
needed unless radicular symptoms are present or symptoms
persist despite conservative management.

TREATMENT

Nonoperative

● Management is usually conservative and includes ice, heat,
nonsteroidal anti-inflammatory drugs (NSAIDs), and
 relative rest.

● Manual manipulation and physical therapy are helpful in
resolving symptoms.

Operative

● Operative intervention plays no role for cervical strains.

Prognosis/Return to Play

● Prognosis is generally excellent. The athlete may return to
play when examination reveals painless full ROM and full
strength.

Complications/Indications for Referral

If symptoms persist, consider further evaluation with radio -
graphs, MRI, and specialist referral.

APPROACH TO THE ATHLETE WITH
CERVICAL DISC DISEASE

Cervical disc disease is a common source of neck pain that can
occur from degeneration of the cervical discs (degenerative
disc disease), acute disc herniation, or a combination of both.
The incidence of cervical disease increases with age and is seen
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commonly in sports such as football, wrestling, and rugby.
These sports may actually increase the incidence of cervical
disc problems over the lifetime of the athlete.9 Disc herniation
is more common in the younger athlete. The prevalence of de-
generative disc disease is about 10% in the second decade of
life and progresses linearly to 95% to 100% by age 70 years.6

The challenge for the clinician is in differentiating acute disch-
erniation from degenerative disc disease.

HISTORY AND PHYSICAL EXAMINATION

Acute disc protrusion or herniation will most often result in
sudden onset of pain with radicular symptoms that radiate
down the arm. There is often numbness, tingling, and/or loss
of strength in that extremity. These symptoms may or may
not be preceded by symptoms of degenerative disc disease
with diffuse, dull neck pain, generally without radiculopa-
thy. There often is no history of trauma with acute disc her-
niation, but an inciting event may be noted.

Physical examination reveals decreased ROM, spasm, and
tenderness of the neck. Neurologic examination may reveal
sensory or motor deficits. The Spurling maneuver may be
positive. 

DIAGNOSTIC TESTING

Radiologic examination usually includes radiographs to
evaluate for bony injury and degenerative changes. MRI is
the test of choice to evaluate for cervical disc disease that can
run the spectrum of pathology from disc bulge to protrusion
to  herniation.

TREATMENT

Nonoperative

● Treatment is usually conservative and involves manage-
ment of pain with NSAIDs, ice/heat, massage, manual
 manipulation, and physical therapy.

● A soft cervical collar may help with symptoms.
● Epidural injections may be of benefit if radicular symp-

toms are present and lack of response to first-line conser-
vative measures.

Operative

● Indications for surgical intervention include severe neuro-
logic symptoms, failure to improve with conservative
treatment, or worsening of symptoms. 

● Surgical options include a discectomy/fusion as indicated.
In nonathletes, surgery resulted in better outcomes when

compared with medical management,10 although random-
ized studies have yet to be performed.

Prognosis/Return to Play

● Return to play is dictated by the absence of symptoms and
presence of full strength.

● Most return when they have painless full ROM and full
strength.

● Contact sports: criteria and guidelines are as follows. 
● Athletes who require cervical one-level fusion are permit-

ted to return to activity gradually, with a progression of
walking to floor exercises in the first month. 

● Postoperative weight training and swimming can begin in
the second month. In the third month, treadmill workouts
can be allowed, with progression to aerobic exercises in the
fourth month. 

● Athletes in collision and contact sports should not partici-
pate until the next season after a cervical fusion or laminec-
tomy and in consultation with the orthopaedic surgeon or
neurosurgeon.11

● Athletes with stable two- or three-level fusions are rarely
permitted to return to contact sports. Return to play with
these athletes should be determined in consultation with
an orthopaedic spine or neurosurgery specialist.12

Spinal injuries in sports: criteria and guidelines for
 return/nonreturn to play in contact and other high-risk
sports and recreational activities are as follows.11

Allow return to play under following conditions:

● Neurologic injuries with no persistent neurologic symp-
toms or deficits, which recover to normal, persist related to
root injury only, or single transient spinal cord injury or
spinal cord concussion

● Spinal column injuries that are stable, stability restored by
conservative or operative treatment, minor fracture, or no
instability in flexion and extension radiographs

● Congenital lesions with minor spinal stenosis or congeni-
tal or operative fusion of one motion segment

● Acquired lesions with mild cervical spondylosis or other
arthropathy

● MRI findings show normal cord signal

Disallow return to play under following conditions:

● Neurologic injuries with residual neurologic deficits,
 repeated transient cord injury, or chronic myelopathy

● Spinal column injuries with unstable spinal column,
major fractures, or instability present in flexion and exten-
sion radiographs

● Congenital lesions with major spinal stenosis, atlantoaxial
dislocation, fusion (congenital or operative) of two or
more motion segments

● Acquired lesions with severe cervical spondylosis
● MRI findings with T2 signal changes in cord or syrinx
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Complications/Indications for Referral

Complications can include progression to disc herniation
with nerve root compression with neurologic deficits.

Worsening of pain and neurologic symptoms, severe neu-
rologic symptoms, and failure of conservative management
are indications for referral.

APPROACH TO THE ATHLETE WITH
CERVICAL FRACTURE

Fractures of the cervical spine include but are not limited to
atlas (C1)—Jefferson fractures, axis (C2)—odontoid or
Hangman’s fracture, cervical compression fractures (types I
to IV), and cervical spinous process fractures. 

HISTORY AND PHYSICAL EXAMINATION

The most common finding on history and physical examina-
tion is pain and tenderness with loss of ROM. 

DIAGNOSTIC TESTING

Radiographs should be performed on any athlete in whom
there may be a fracture. CT scan is often utilized to assess for
suspected occult fracture that may not be seen on plain films. 

FUNCTIONAL TREATMENT

Nonoperative

● Nonoperative management is usually a halo brace or semi-
rigid cervical collar. 

● Cervical fractures treated nonoperatively include
● Majority of altas fractures
● Stable and healed odontoid fractures
● Hangman’s fractures
● Types I and II compression fractures 

● Clay shoveler’s fractures usually heal well spontaneously

Operative

● Fractures usually requiring surgery include
● Unstable and nonhealed odontoid fractures
● Hangman’s fractures with nonunion of the C2-3 disc
● Types III and IV compression fractures

Prognosis/Return to Play

Return to play depends on the type of fracture (Table 9.2)
and whether there is any inherent instability. This should
be determined in conjunction with a spine specialist.
 Players may be permitted to return in the following
 situations:12

● Fracture is fully healed with normal alignment
● Single-level fusion has been performed below the level of C2

Spinal Injuries in Sports: Criteria and Guidelines for Return/Nonreturn to Play in Contact and other
High-Risk Sports and Recreational Activities

Allow return to play Advise never to return to play

From Tator CH, Recognition and management of spinal cord injuries in sports and recreation. Neurol Clin. 2008; 26(1):79–88.
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Neurologic injury • No persisting neurologic symptoms or deficit
attributable to cord injury

• Neurologic deficit that recovers to normal
• Persisting neurologic deficit related to root
 injury only

• Single transient SCI or spinal cord concussion

• Residual neurologic deficit related to SCI
• Repeated transient cord injury or spinal cord 
concussion

• Chronic myelopathy

Spinal column injury • Stable spinal column
• Spinal column stability restored by conserva-
tive or operative treatment

• Minor fracture (e.g., spinous process, single
body compression fracture)

• No instability in flexion-extension radiographs

• Unstable spinal column
• Major fracture (e.g., burst fracture with canal
 compromise)

• Instability present in flexion-extension radiographs

Congenital lesions • Minor spinal stenosis
• Congenital or operative fusion of one motion
segment

• Major spinal stenosis
• Atlantoaxial dislocation
• Congenital or operative fusion of two or more
 motion segments

Acquired lesions • Mild cervical spondylosis or other arthropathy • Severe cervical spondylosis or other arthropathy

MRI findings • Normal cord signal • T2 signal changes in cord
• Syrinx
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● There is no residual canal compromise, pain, or neural deficit
● There is no instability on dynamic radiographs

Complications/Indications for Referral

Specialist consultation should be made in any cervical spine
fracture as death, permanent disability, or extreme morbid-
ity could result. In any athlete who loses consciousness, an
unstable cervical fracture or dislocation of the spine should
be assumed.

APPROACH TO THE ATHLETE WITH
LIGAMENTOUS INSTABILITY

Cervical vertebral subluxation may occur when there is axial
compression combined with cervical flexion, which is seen
when a tackler leads with his helmet. This may result in ante-
rior translation of the vertebral body. 

HISTORY AND PHYSICAL EXAMINATION

Patient will usually complain of neck pain and stiffness
 without neurologic deficits. ROM may or may not be limited.

DIAGNOSTIC TESTING

After cervical fracture has been ruled out, dynamic radio -
graphs should be performed with the athlete in active flex-
ion and extension in addition to the standard cervical
radiographs. The patient should be alert and cooperative
and actively flex and extend only to the point of pain.
 Motion of the vertebral body relative to the plain views,
 displacement of the vertebral body, or angulation of the
 vertebral body should prompt urgent MRI and neurosurgi-
cal consultation. 

FUNCTIONAL TREATMENT

Nonoperative

● If ligamentous instability exists, there is little role for non-
operative management, except the proper stabilization in
the acute setting, as with all suspected cervical injuries.

Operative

● The treatment is usually aggressive in the form of cervical
fusion to avoid chronic instability and future risk of injury.

Prognosis/Return to Play

● Return to play is decided on the nature of the injury and
the nature of the activity, though serious consideration
should be given to avoid all contact/collision sports with a
history of this type of injury.

Complications/Indications for Referral

Athlete should avoid all contact/collision sports with this
type of injury. Urgent neurosurgical referral is indicated.

APPROACH TO THE ATHLETE WITH
SPEAR TACKLER’S SPINE

This was originally described in 1993 in football players that
recurrently tackled using the top of the head as an initial point
of contact. The main result is loss of normal cervical lordosis as
a result of axial loading and microtrauma to the spinal struc-
tures. This may or may not be reversible. Prevention involves
teaching appropriate tackling technique. When the straight-
ened cervical spine is subjected to an axial loading force, it be-
haves like a segmented column. This axial force compresses the
intervertebral discs, and the spine flexes with maximum com-
pressive force and then buckles, resulting in fracture, subluxa-
tion, or dislocation. The combination of headfirst tackling
with spear tackler’s spine is extremely dangerous.

HISTORY AND PHYSICAL EXAMINATION

Symptoms usually include pain and stiffness with the  absence
of neurologic signs.

DIAGNOSTIC TESTING

Radiographs reveal developmental narrowing of the cervical
spinal canal, posttraumatic changes, and loss of the normal
cervical lordotic curve. MRI is often ordered to further
 evaluate the cervical spinal canal and the amount of func-
tional reserve space (i.e., amount of surrounding spinal fluid
in  relation to cord diameter).

FUNCTIONAL TREATMENT

Nonoperative

● The athlete is excluded from all contact sports unless the
condition is reversed (i.e., return of normal cervical
 lordosis).

● Physical therapy program involves relative rest, neck and
shoulder ROM stretches, heat and massage, and a progres-
sive neck-strengthening program. 
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Operative

● Surgical methods of correcting abnormal cervical lordosis
of spear tackler’s spine are currently unavailable. 

Prognosis/Return to Play

● Return to play is possible if the condition is reversed
with the use of physical therapy and change in tackling
technique. 

● If the condition is not reversible, then the athlete is
 excluded from all contact and collision sports due to the
risk of catastrophic neurologic damage.

Complications/Indications for Referral

The combination of spear tackler’s spine and headfirst
 tackling is extremely dangerous as fracture, dislocation, or
subluxation may result. Should complications arise, then
cervical stabilization with transport to hospital and urgent
surgical consultation is indicated.

APPROACH TO THE ATHLETE
WITH CERVICAL CORD

NEURAPRAXIA
Cervical cord neurapraxia is a transient neurologic event
that may cause neurologic symptoms in bilateral arms, legs,
all extremities, or the ipsilateral arm and leg from site of
 injury. The key feature that differentiates cervical cord neu-
rapraxia from a cervical burner/stinger is the bilateral
 involvement or the involvement of both upper and lower
 extremity symptoms. 

HISTORY AND PHYSICAL EXAMINATION

Symptoms may be both motor and sensory in nature. An
athlete may describe “burning of the hands,” numbness, or
tingling. Motor weakness may be mild or may include tran-
sient quadriparesis. The usual mechanism of injury is the
axial loading of the spine when flexed or extended. This is
believed to cause transient narrowing of the cervical canal,
which in turn may cause a transient injury to the spinal cord.
By definition, this is transient and symptoms resolved within
48 hours, though often in 10 to 15 minutes. 

DIAGNOSTIC TESTING

Radiographs and MRI should be urgently obtained along
with appropriate specialist consultation. MRI may be nor-
mal or show reversible spinal cord signal abnormalities. 

FUNCTIONAL TREATMENT

Nonoperative

● Nonoperative treatment largely involves stabilization in
the setting of an acute injury per cervical spine injury
protocol. 

Operative

● By definition, cervical cord neuropraxia is transient and
treated nonsurgically. Should MRI show an entity with
 potential for permanent symptoms, then urgent surgical
consultation is indicated, including but not limited to
spinal instability, spinal stenosis, significant disc disease,
spinal cord lesion, or cervical fracture.

Prognosis/Return to Play

● Return to play is determined on a case-by-case basis in
conjunction with the neurosurgeon or spine specialist and
is controversial. 

● Any athlete who has had this should be treated as one with
a serious spinal injury with immobilization and transport
to a local hospital. 

● Restriction from contact sports is recommended in
 athletes who have a documented episode of13

● Cervical cord neurapraxia associated with ligamentous
instability

● Intervertebral disc disease with cord compression
● Significant degenerative changes
● MRI evidence of cord defect or swelling
● Symptoms of positive neurologic findings lasting more

than 36 hours
● More than one recurrence

Complications/Indications for Referral

Because of the symptoms, urgent neurosurgical consultation
is warranted.

APPROACH TO THE ATHLETE
WITH SPINAL STENOSIS

Spinal stenosis or narrowing of the cervical spinal canal may
be congenital or acquired. The stenosis may be caused by
cervical disc protrusion, spondylolisthesis, osteophytic nar-
rowing, or even ligamentous calcification. A correlation
 between spinal stenosis and cervical cord neuropraxia has
been found.14 However, the question of spinal stenosis pre-
disposing an athlete to increased risk for permanent neuro-
logic injury or even transient quadriparesis is unknown.
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HISTORY AND PHYSICAL EXAMINATION

Symptoms and physical examination are variable, but ath-
letes may feel pain, weakness, or numbness on the shoulders,
arms, and legs. Hand clumsiness or gait disturbance may
occur. Physical examination reveals decreased ROM, spasm,
and tenderness of the neck. Neurologic examination may re-
veal sensory or motor deficits. The Spurling maneuver may
be positive. 

DIAGNOSTIC TESTING

Evaluation includes radiographs and MRI of the cervical
spine. Special attention is paid to the sagittal canal diameter
in the lateral view of the radiograph. 

FUNCTIONAL TREATMENT

Nonoperative

● Nonoperative therapies include the following:
● Nonsteroidal anti-inflammatories or epidural steroid in-

jection may be used to treat to reduce pain and swelling 
● Activity modification at times of acute pain 
● Physical therapy to increase strength and flexibility 

Operative

● Operative care is usually determined on an individual
basis, persistent symptoms after conservative therapy 

● Surgery options include anterior cervical discectomy and
fusion, cervical corpectomy, and laminoplasty

Prognosis/Return to Play

● Return to play is determined on a case-by-case basis. 
● The Torg ratio is controversial but calculated as follows:

● This is a ratio comparing the sagittal diameter to the mid-
body diameter of the vertebral body at the same level.15

● This ratio is commonly referred to as the Torg ratio, and
a value of less than 0.8 has been found to be predictive of
spinal stenosis.16

● Although this ratio is considered sensitive by some, it
has some utility when counseling patients who have had
an episode of cervical cord neuropraxia. 

● A Torg ratio of less than 0.5 correlates with an estimated
risk of 75% of recurrence of cervical cord neuropraxia. 

● The term “functional stenosis” has arisen, which denotes
the loss of cerebrospinal fluid (CSF) surrounding the
spinal cord on midsagittal MRI and has been used as a
contraindication to play.17

● Return to play after surgical treatment is discussed in the
section “Approach to Patient with Cervical Disc Disease.”

Complications/Indications for Referral

Team physicians should be aware of functional cervical
spinal stenosis, especially in the setting of normal Torg ratios
in the athlete. Return to play in the setting of severe stenosis,
functional or otherwise, could result in quadriplegia.

APPROACH TO THE ATHLETE WITH
BURNERS/STINGERS (TRANSIENT

BRACHIAL PLEXOPATHY)
This injury is named after the symptoms the athlete experi-
ences upon injury and is one of the most common cervical
injuries sustained in American football. It usually occurs
after the athlete strikes his or her head against another ath-
lete, a wall, or a mat, resulting in a transient brachial plex-
opathy or cervical root compression. This most commonly
occurs at the C5 and C6 levels. Acute brachial plexopathies
in the younger athlete are usually a result of lateral neck de-
viation away from the sight of injury, thus causing traction
neurapraxias. Recurrent or chronic brachial plexopathies,
typically in the older player, result from compression of the
nerve root, causing symptoms on the contralateral side of
the impact.

HISTORY AND PHYSICAL EXAMINATION

The diagnosis is usually made by history and physical exami-
nation. Mechanism of injury reveals trauma to the neck or
shoulder with resultant pain that radiates down the upper
 extremity in addition to numbness, paresthesias, or weakness.
These symptoms do not follow a dermatomal pattern. It is
seen most often in football. Symptoms are usually transient
and related to a brachial plexopathy or cervical root compres-
sion. The true incidence in sports is unknown, probably in
part to underreporting.18 Physical examination will often
show weakness of shoulder abductors and external  rotators as
well as biceps, while athlete is symptomatic. Larger/stronger
athletes may require the examiner to fatigue the affected mus-
cle groups to detect weakness on examination. This can be per-
formed by repeating manual resistance testing several times.

DIAGNOSTIC TESTING

Diagnostic testing is not usually indicated. In select cases,
electrodiagnostic studies may confirm the diagnosis and x-ray
may be indicated to rule out any bony injury. Note that elec-
trodiagnostic studies may demonstrate no abnormalities for
4 to 6 weeks post-injury (refer to Chapter 23 “Athlete with
Peripheral Nerve Injuries” for a complete review). MRI may
be indicated with prolonged symptoms or recurrent symp-
toms to rule out more central etiology, including nerve root,
spinal canal, or cervical disc injury. 
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FUNCTIONAL TREATMENT

Nonoperative

● The management is conservative and involves addressing
predisposing factors, correcting strength deficits, and
 enhancing protective equipment.12

● Improving flexibility and strength are important to
 decrease stiffness and weakness, which may predispose to
injury.12

● Technique in playing style should be evaluated and cor-
rected if it is putting the athlete at risk for repeat injury. 

● Protective equipment such as cowboy collars, neck rolls,
or custom orthoses may limit excess cervical motion and
 prevent recurrence.15

Operative

● In the absence of underlying cervical spine instability or
cervical disc disease, there is generally no indication for
surgical intervention.

Prognosis/Return to Play

● Athletes may return to play when their symptoms have
completely resolved and they have full strength. 

● Abnormalities may persist long term on electromyography
(EMG), so it is not a useful tool in determining clearance
to return to play. 

● Burners have a high rate of recurrence, and the risk of
 permanent nerve injury has not been elucidated.16

Complications/Indications for Referral

Referral to a neurologist may be considered if the athlete’s
symptoms do not resolve with rest or if the symptoms con-
tinue to be recurrent despite the treatment measures listed
earlier. Although rare, symptoms may last up to months, with
muscle weakness supported by EMG.19 Athletes with chronic
burner syndrome should alert the clinician to further imag-
ing, as there is a high incidence of cervical disc disease in these
athletes.20

KEY POINTS

• Cervical injuries occur most commonly in collision/
contact sports

• Unconscious athletes should be suspected to have a
cervical spine injury until proven otherwise

• Helmets and shoulder pads should be left on for spine
boarding transport with a suspected cervical spine–
injured athlete as long as the patient is stable

• Evaluate in emergency department (ED) with radi-
ographs and potential CT if there is any uncertainty
regarding severity of acute  cervical injury

• Cervical burners (transient brachial plexopathy)
 typically resolve within seconds to minutes. Chronic or
 recurrent burners warrant further workup

• Cervical disc disease and other causes of spinal stenosis
are contraindications to play. Be wary of functional
cervical spinal stenosis

• The combination of spear tackler’s spine and contact
sport is an absolute contraindication to contact/
collision sports
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INTRODUCTION
The shoulder is the least constrained joint in the body, which
affords it an incredible range of motion but also leaves it vul-
nerable to instability. Shoulder stability is dependent both
on static stabilizers, including the glenohumeral articula-
tion, the glenoid labrum, the capsule, and its associated
glenohumeral ligaments, and on dynamic stabilizers consist-
ing of the rotator cuff and the periscapular musculature.
 Instability itself should be thought of as a continuum of
 abnormal motion ranging from joint laxity to subluxation to
frank dislocation. It is important to remember that just
 because a shoulder demonstrates excess motion does not
mean that this motion is pathologic; on the contrary, it may
be requisite for performance in certain sports.

Clinical presentation can be highly variable from com-
plaints of vague shoulder pain to acute dislocation, and it
is imperative to perform an in-depth history and physical
examination to rule out other sources of shoulder pain. If
 instability is present, these will also be essential in guiding
the choice of treatment options.

FUNCTIONAL ANATOMY
Static stabilizers in the shoulder consist of bony articulations,
labrum, and capsuloligamentous structures (Fig. 10.1). The
bony conformity of the glenohumeral joint alone generally
does not play a large role in gross shoulder stability but rather
works in concert with other static and dynamic stabilizers
to keep the humeral head centered and compressed into the
glenoid (adhesion–cohesion, concavity–compression, finite
joint volume). The exception to this is when bone deficiency
(either traumatic or dysplastic) of the glenoid or humeral
head exceeds 20%, which can result in decreased force
 required for dislocation and lead to primary and recurrent
subluxation and dislocation1–4 (Fig. 10.2).

The importance of soft-tissue restraints for recurrent
shoulder instability was first described in the early 1900s,
with Bankart describing detachment of the anteroinferior
labrum as the “essential lesion.”5–7 More recently, in-depth
biomechanical studies have further elucidated the synergistic
roles of the labrum, capsule, and the associated glenohumeral
ligaments in maintaining shoulder stability.

The labrum is a fibrocartilaginous ring that is attached to
the glenoid rim and to which the glenohumeral ligaments
insert. The labrum assists in stability by adding up to 50%
to the glenoid depth and to the conformity of the gleno-
humeral articulation. This allows the labrum to act as a
bumper to glenohumeral translation, resisting translational
forces by as much as 60%.3 It is important to remember that
there is considerable natural variability to the labral attach-
ment, particularly superior where it is attached much more
loosely versus inferiorly where it is nearly confluent with the
glenoid cartilage surface. Inability to recognize normal
 variants such as a sublabral foramen or Buford complex can
result in inappropriate treatment. Labral lesions in isolation,
though, have not been demonstrated to be sufficient to cause
dislocation without a concomitant injury to the shoulder
capsule and/or glenohumeral ligaments.1,8,9

The stabilizing action of the capsule and the associated
glenohumeral ligaments is dependent on the position of the
humerus in space and the force going through the gleno-
humeral joint. The superior glenohumeral ligament in con-
cert with the coracohumeral ligament and rotator interval is
the primary restraint to inferior translation when the arm is
adducted and externally rotated. The middle glenohumeral
ligament becomes the major anterior stabilizer as the arm is
moved into increasing abduction and elevated to 45 degrees.
The inferior glenohumeral ligament serves a wide variety of
functions as a stabilizer since it spans like a hammock from
the anteroinferior glenoid through the axillary pouch to the
posteroinferior glenoid. As the humerus is abducted to
90 degrees, the inferior glenohumeral ligament becomes the
major restraint to inferior translation. The anterior band
tightens as the arm is placed in abduction and external rota-
tion, resisting anterior translation, while the posterior band
tightens with abduction and internal rotation, providing
posterior instability.1,9

Dynamic stability is primarily provided by the rotator
cuff, which compresses the humeral head into the glenoid
and through coordinated contraction assists in keeping the
humeral head well located on the glenoid face.8 The biceps
also contribute to shoulder stability by resisting excessive ro-
tatory forces, tending to stabilize anteriorly with the arm in
external rotation and posteriorly in internal rotation.8,10,11

The other periscapular muscles that cross the glenohumeral
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Biceps 
tendon

SGHL

MGHL

AIGL

PIGL

FIG. 10.1. The labrum serves as an attachment for the
biceps tendon and also as the attachment point of vari-
ous stabilizing ligaments, including the superior glenoid
humeral ligament (SGHL), the middle glenohumeral
 ligament (MGHL), the inferior glenohumeral ligament
(IGHL) and its bands, the anterior band of the inferior
glenohumeral ligament (AIGHL), and the posterior band
of the inferior glenohumeral ligament (PIGHL). Reprinted
with permission from Burkhart SS, Lo IKY, Brady PC.
Burkhart’s View of the Shoulder: A Cowboy’s Guide to
Advanced Shoulder Arthroscopy. Philadelphia: Lippincott
Williams & Wilkins; 2006.

Subscapularis m.

Head of humerus

Infraspinatus m.
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Head of humerus
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FIG. 10.2. Typical pathology of traumatic anterior gleno-
humeral instability. A: A traumatic dislocation. B: Anatomic
defects persisting after reduction. 

joint may also play a significant role in the maintenance of
stability, but this has yet to be demonstrated scientifically.
What has been demonstrated is that shoulder laxity and
 instability are associated with rotator cuff weakness and
 fatigue, and this may put the capsulolabral complex at risk.8,12

When the circumferential capsulolabral complex is dis-
rupted and the delicate balance between static and dynamic
restraints is altered, instability can result. The classic Bankart
lesion is an anteroinferior capsulolabral injury, while a re-
verse Bankart is similarly located in the posteroinferior
 glenoid. If there is capsulolabral detachment without rup-
ture of the periosteum of the glenoid, the complex can dis-
place medially and scar down, resulting in an ALPSA
(anterior labral periosteal sleeve avulsion) lesion.8,13 More
recently, injuries superiorly on the glenoid known as SLAP
(superior labral anterior to posterior) lesions have been im-
plicated in shoulder instability, but  before considering such
lesions as pathologic, it is important to remember that there
is significant natural variability of the labral anatomy in this
area.8,14 Recent biomechanical studies have demonstrated
that lesions in the 1 to 3 o’clock region typically showed no
increase in instability, but when the lesion extended across
the entire superior rim (10 to 3 o’clock), there was signifi-
cant translation.8,14 Even without actual labral detachment,

the capsule and ligaments can become elongated and attenu-
ated and result in functional instability. Finally, the function
of the capsuloligamentous complex can be compromised
in a much less common avulsion of the ligaments from
the humeral attachment site known as a HAGL (humeral
avulsion of glenoid labrum) lesion.

EPIDEMIOLOGY
The vast majority (96%) of shoulder dislocations are the re-
sult of acute traumatic events such as a fall on an out-
stretched hand/arm (FOOSH), a forceful wrenching of the
arm, or a direct collision. Only 4% are atraumatic in origin,
typically secondary to genetically increased capsular laxity or
to recurrent traumatic dislocation.9,15 Patients with capsular
laxity secondary to genetic factors are much more likely to
have multidirectional instability (MDI) and may experience
more microinstability or subluxation versus frank disloca-
tion. This distinction can be very useful in deciding on a
treatment plan and determining the likelihood of recurrence.
In fact, this has led to the TUBS (traumatic unidirectional
Bankart surgery) versus AMBRI (atraumatic multidirectional
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bilateral rehabilitation inferior capsular shift) classification,
which combines diagnosis and treatment.

Age is also a critical factor in both the type of injury
 sustained during primary dislocation and the development of
recurrent dislocation with nonsurgical management. A study
by Rowe demonstrated that shoulder dislocations occur with
a bimodal distribution with peaks in the 20s and 60s.15 In pa-
tients under age 40 years with primary dislocation, the most
common injury is to the capsulolabral attachments (intra-
capsular), while in those above 40 years the most common
injury is a tear of the rotator cuff (extracapsular).9,15 The
 development of recurrent dislocation has been widely
demonstrated to be highly age dependent. In patients 
20 years or younger with primary dislocation, the recurrence
rate approaches 90%; in those between 20 and 40 years, this
drops to around 60%; and in those over 40 years, this drops
even further to 10% to 16%. This is a very important factor
when deciding on options for management.9,15,16

NARROWING THE DIFFERENTIAL
DIAGNOSIS
The differential diagnosis of an athlete presenting with
shoulder instability may include traumatic dislocation,
 voluntary dislocation, glenohumeral subluxation, MDI,
glenoid or humeral bone loss, HAGL lesion, and ALPSA lesion.

History

A thorough history is crucial to defining the etiology of
 instability and planning treatment. The history can often be
directed by using a simple classification that divides instabil-
ity into four major categories: (1) degree of instability—
 microinstability, subluxation, or dislocation; (2) frequency of
instability—primary versus chronic; (3) etiology—traumatic,
atraumatic, or acquired; and (4) direction of instability—
 unidirectional, bidirectional, or multidirectional.17

It is important to assess whether there is a history of a
 specific traumatic event or is the description more consistent
with generalized laxity and repetitive microtrauma resulting
in instability. The patient may complain of a “dead-arm
 syndrome,” the sensation that the arm went “dead” during an
episode of contact, abduction, and external rotation or dur-
ing throwing secondary to stretch of the brachial plexus as
the humeral head subluxes. Determining the position of the
extremity during instability events and location of pain
about the shoulder can also provide important information
about the direction of instability and the probability of asso-
ciated pathology.

Important questions include the following: (1) What was
the magnitude of trauma? (2) Was a reduction required?
(3) How long was the disability after the event? (4) What ac-
tivity or arm positions does the patient avoid? (5) How many
episodes has the patient had? These questions will assist the
surgeon in determining the direction of instability, whether

the patient had a true traumatic episode with capsulolabral
disruption, whether bone deficiency is likely, or whether the
patient has generalized laxity as the primary etiology for the
instability.18

The patient’s age, activity level, and arm dominance as well
as direction and frequency of  dislocation should be assessed.
Younger age (�25 years) has consistently been demonstrated
to be a risk factor for developing recurrent  dislocation with
conservative management alone. High rates of recurrence
have been observed in collision and contact sports, but the
exact correlation has not been defined. It is also important to
ascertain whether the patient has previously tried a rehabilita-
tion protocol and how successful this conservative manage-
ment was in controlling instability events.19,20

Evidence-based Physical Examination 

As with all shoulder complaints, physical examination should
begin with a complete general shoulder examination, includ-
ing assessment of the cervical spine, inspection of the shoul-
der to identify altered contour or muscular atrophy,  location
of  tenderness (e.g., glenohumeral joint, acromioclavicular
joint), neurologic evaluation, and assessment of shoulder
motion (passive and active) and strength compared to the
opposite shoulder. In acute dislocation, the normal shoulder
contour can be lost. Anterior dislocations tend to exhibit a
hollow in the deltoid, with the humeral head medially and
 inferiorly displaced. The arm is held in an abducted and
 externally rotated position. Posterior dislocations can be
more difficult but may show posterior prominence with the
humerus held in adduction and internal rotation. After reduc-
tion, neurologic deficit may be present, particularly of the axil-
lary nerve.This can manifest acutely as weakness and decreased
sensation in the axillary distribution and chronically with
 muscular wasting and weakness. Weakness, loss of motion, or
dyskinesis can also  indicate disruption of the rotator cuff.

There is also a group of specific tests to evaluate laxity and
 instability in the shoulder. These include the sulcus sign,
 anterior/posterior load shift, apprehension, and relocation
(Jobe) tests. It is also important to examine other joints to  assess
for generalized ligamentous laxity; for example, thumb to
 forearm flexion, elbow recurvatum, and knee hyperextension.

Diagnostic Testing

Sulcus Sign

This test was first described by Neer and Foster as an assess-
ment of inferior instability and can be performed with the
patient seated, standing, or supine (most commonly seated)
by applying inferior traction to the humerus.21 The test is
considered positive if a dimple appears between the lateral
acromion and the humeral head. Grading has been described
by several authors as follows: grade I � 1 cm, grade II � 1 to
2 cm, and grade III � 2 cm.1,22,23 A sulcus sign of 2 cm or
more has been shown to have a high likelihood of instability
(likelihood ratio 6:1).9,24
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Anterior/Posterior Load and Shift

Descriptions as to how to perform this test vary – for exam-
ple, seated versus supine, varying degrees of abduction, flex-
ion, and rotation from 0 to 90 degrees – but the general
principles are the same.1,24–28 The examiner grasps the pa-
tient’s arm and humerus and applies a force into the glenoid
to center the humeral head. The examiner then applies an
anterior and posterior force in an attempt to shift the
humeral head on the glenoid surface. Grading for this test
has also undergone evolution with time, but is generally de-
scribed as follows: grade 0 � humeral head does not move
to glenoid rim; grade 1 � humeral head moves to glenoid
rim but not over it; grade 2 � humeral head goes over
 glenoid rim, but spontaneously reduces; and grade 3 �
humeral head goes over glenoid rim, but does not sponta-
neously reduce.27,29 This test has been shown to have a high
specificity (98% to 100%) but low sensitivity (41% for uni-
directional instability and 26% for multidirectional). This
may be due to the high level of intra- and interobserver
variability observed. Levy et al. demonstrated that this vari-
ability is improved when grades 0 and 1 are combined
(agreement of 74% to 78%), and this is further improved if
the examination is performed under anesthesia.30,31

A variation of this test can be performed with one hand
stabilizing the scapula while the other grasps the humeral
head and attempts to shift it anteriorly or posteriorly over
the glenoid. A similar grading system is applied.

Apprehension and Relocation (Jobe)

This test can be performed with the patient either standing
or supine. The patient’s shoulder is then passively brought
into maximal external rotation with the arm abducted,
traditionally to 90 degrees. An anterior force is then ap-
plied to the humerus. A positive test elicits sudden appre-
hension with or without pain in the patient’s shoulder.32,33

In a modification of this test proposed by Jobe and Kvitne,
after eliciting apprehension a posterior force is applied
to the humeral head, “relocating” it into the glenoid and
relieving the patient’s apprehension and pain.34 With this
modification and use of apprehension as the diagnostic
criterion rather than pain, sensitivity was found to be
68%, specificity 100%, and a positive predictive value of
100%.32,35

Another version of this test is known as the anterior re-
lease. In this test, the humeral head is stabilized with a poste-
rior force as the shoulder is brought into abduction and
maximal external rotation. The pressure on the humeral
head is then released, and the test is positive if the patient ex-
periences pain and apprehension. In a series of 82 patients,
the sensitivity of this test was 92%, specificity was 89%, and
positive predictive value was 87%.23,32,36 Apprehension is
the key criterion for instability, and this may or may not be
accompanied by pain. Pain alone is more indicative of rota-
tor cuff pathology.32,36

SLAP Tests

Clinical evaluation of SLAP lesions is controversial at this
time. At least eight tests have been described for the diagno-
sis of SLAP lesions (e.g., active compression, biceps load,
Kim and Crank tests), but no test or combination of tests
have been shown to be consistently reliable. Although the
primary authors have reported high sensitivity and speci-
ficity, their results have not been reproducible by other clini-
cians, and no anatomic studies have been performed to
assess their ability to test the biceps/labral complex.32

Imaging

Radiographic examination should include the standard
shoulder trauma series with a true anteroposterior (AP)
view of the shoulder (beam aimed 30 degrees from the
sagittal plane), scapular Y, and axillary lateral. The axillary
lateral is useful in assessing head location on the glenoid
surface (concentric vs. eccentric) and any bony glenoid de-
ficiency.37 Other specific views that may prove useful in-
clude the apical oblique view, the West Point view, and the
Stryker Notch view. The apical oblique view is a true AP
view with the beam tilted 45 degrees caudally. The West
Point view is taken with the patient prone, arm 90 degrees
abducted, and the beam aimed from inferior, 25 degrees
from medial, and 25 degrees from the horizontal. This view
is useful for visualizing bony Bankart lesions. The Stryker
Notch view is taken supine with the arm 90 degrees
 forward elevated (hand on head), with the beam directed
10 degrees cephalad and  centered over the coracoid. This
view provides good visualization of Hill–Sachs lesions on
the humerus.

Magnetic resonance imaging (MRI) with or without
arthrography can be useful to further define soft-tissue
pathology, including labral injury, rotator cuff tears, and
HAGL lesions. Noncontrast MRI is most useful in  evaluating
rotator cuff lesions and bony abnormalities (e.g., Hill–Sachs
lesions), but MRI arthrography has been shown to have in-
creased sensitivity (88% to 90%) in identifying labral lesions
and increased joint volume associated with capsular attenu-
ation. This is improved even further with  positioning the
upper extremity in abduction and external rotation during
the scan.38 Computed tomography (CT) scanning, particu-
larly with three-dimensional reconstruction, can also be
 useful in further defining bony deformities, especially the
extent and location of glenoid deficiency and/or Hill–Sachs
lesions.

The question arises when the adjunctive imaging modali-
ties are required in evaluating symptomatic patients.
 Multiple instability events and those that occur with lower
degrees of abduction and external rotation may indicate sig-
nificant bone loss. Instability during sleep, history of seizure
disorder, and failed previous stabilization procedures are
also useful indications that a bone defect is present. During
the physical examination, marked apprehension in less
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 abduction and external rotation typically indicates bone
loss. These imaging studies can be very important for preop-
erative planning and proper selection of procedure includ-
ing potential bone grafting or transfers.

APPROACH TO THE ATHLETE
WITH INSTABILITY 

(DISLOCATION, SUBLUXATION,
MULTIDIRECTIONAL INSTABILITY)

HISTORY AND PHYSICAL EXAMINATION

It is important to take a comprehensive approach for the
athlete with instability. Major areas to be addressed when
taking the history are as follows: (1) degree of instability—
microinstability, subluxation, or dislocation; (2) frequency of
instability—primary versus chronic; (3) etiology—traumatic,
atraumatic, or acquired; and (4) direction of instability—
unidirectional, bidirectional, or multidirectional.17 Demo-
graphics such as age, hand dominance, level of athletic
participation, timing in the season, presence of any neuro-
logic symptoms (e.g., axillary nerve deficits), demands of
the work environment, and perhaps most importantly,
 patient demands and expectations all affect the treatment
protocol. 

Craig et al. suggested a series of useful questions to be
 addressed when considering shoulder instability in the ath-
lete.39 First, it is important to determine whether the affected
shoulder is truly unstable. Patients’ descriptions of instabil-
ity can often describe other shoulder disorders, so particular
attention must be paid to the history and whether pain or
apprehension is the predominant symptom. Also, laxity is
not necessarily pathologic and in fact is often requisite for
sports performance. Objective laxity may be observed in
both shoulders while only one may be symptomatic. It is
 important to assess whether this is generalized or traumatic
laxity and what level of energy is required to produce insta-
bility (e.g., was there a single forceful collision vs. repetitive
microtrauma). It is also important to recognize whether the
laxity is unidirectional, bidirectional, or multidirectional,
and from there what is the source of instability (e.g., trauma,
ligamentous laxity, glenoid dysplasia).

Lastly, it is important to consider who the patient is. As
has been discussed, patients under the age of 20 have a
near 100% probability of having a repeat dislocation, so
treatment of traumatic instability in young, active individ-
uals is frequently recommended, whereas conservative
treatment can frequently be successful in patients over the
age of 40. Level of activity is also an important considera-
tion. Participation in high-level and in a particular action
or contact sport increases the risk of recurrence. At the

same time an athlete in midseason may be a candidate for
a trial of conservative management and bracing prior to
proceeding to surgical management. It is important to
thoroughly discuss with the athlete the risks and benefits
of nonoperative and operative management, including all
the available options.

The patient’s history will help direct a focused physical
examination and development of a differential diagnosis.
A witnessed primary and/or recurrent dislocation will
have a strong influence on clinical evaluation and in the
acute setting may significantly limit the ability to assess
the shoulder. In these cases, it is frequently necessary to
allow the shoulder to “cool down” with short-term sling
immobilization and gentle range-of-motion exercises
until pain and range of motion are improved. Once the
shoulder is ready to be assessed, the anterior and poste-
rior load and shift tests can be useful to determine the di-
rection and extent of instability. This is frequently
important in cases of recurrent instability where labral
damage and possible bone loss (bony Bankart) can be pro-
gressive. Jobe apprehension and relocation tests can also
be useful in this situation of acute and/or recurrent dislo-
cations. Frequently, in this acute situation, it is difficult or
impossible to perform the apprehension test directly,
 because the patient will not allow the shoulder to be
brought into a position of instability. In these cases the an-
terior  release is very useful, since the humeral head is sta-
bilized with a posteriorly directed force while the shoulder
is brought into a position of abduction and external rota-
tion. As the stabilizing force is released, the patient experi-
ences apprehension with or without pain.

Complaints by patients that are more consistent with
subluxation can be of either traumatic instability or MDI.
Athletes with MDI will often present with chronic recur-
rent mild subluxation or gradual-onset diffuse shoulder
pain. MDI largely affects the young and adolescent over-
head (baseball, softball, tennis, swimming) or tumbling
athlete (gymnastics, cheering) under the age of 25. Pain is
described as diffuse in the deltoid region and exacerbated
primarily with overhead sporting activities (throwing, ten-
nis serve, gymnastics, tumbling). Athletes with MDI will
often demonstrate signs of generalized joint laxity on ex-
amination, including elbow or knee recurvatum as well as
thumb-to-forearm sign. The differentiation of MDI from
acute traumatic instability is important because the surgi-
cal treatment of instability in these individuals is much
less successful. The anterior and posterior load and shift
tests and the sulcus sign can be useful in determining the
direction and extent of subluxation, or in some cases dis-
location. Any neurologic deficit should also be noted since
not only injuries to the brachial plexus and in particular
the axillary nerve can occur with shoulder dislocation but
also disorders of the cervical spine can affect the shoulder
and upper extremity and confound assessment of shoulder
disorders. 
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DIAGNOSTIC TESTING

Imaging

● Radiographic evaluation: A true AP, scapular lateral 
(Y view), and axillary view are essential
● Can provide the direction of dislocation and can fre-

quently demonstrate bony injuries to the glenoid and
humeral head 

● Can demonstrate the size of any bony Bankart or
Hill–Sachs lesion

● Can evaluate glenoid dysplasia 
● West Point—visualizes bony Bankart lesions
● Stryker Notch—better elucidates Hill–Sachs lesions 

● MRI
● Valuable for identifying type, location, and extent of

capsuloligamentous injuries 
● MRI arthrography generally provides the clearest visual-

ization of these capsulolabral lesions 
● CT scanning 

● Useful when bony injury to the glenoid rim and/or
humeral head is present 

● Better for surgical planning, and must weigh risks versus
benefits, given the relatively large radiation exposure

TREATMENT

Nonoperative

● Acute dislocations require
● Expeditious reduction
● Gentle maneuvers to avoid further damage

■ Traction is applied inferiorly to the humerus, with the
arm in slight abduction 

■ Countertraction is applied by a sheet around the body
● Performing open reduction if closed reduction fails 
● Immobilization ranging from 3 to 6 weeks40

● Immobilization in external rotation, which may decrease
the risk for recurrent anterior dislocation37,41,42

● Passive range of motion and pendulum, after the initial
period of immobilization 

● A following rehabilitation program focusing on dynamic
rotator cuff and periscapular strengthening
■ Limiting external rotation beyond neutral for 6 weeks
■ Limiting abduction to beyond 90 degrees for 6 weeks

after an anterior dislocation
● Rotator cuff strength and endurance, which are essential

for maintaining dynamic stabilization of the shoulder
● Advancing the strength gradually with the goal to attain

full range of motion by week 1020,43

● MDI
● Nonoperative management is mainstay of treatment

● Focus of treatment involves strengthening the rotator
cuff and supporting periscapula muscle groups

● Progression to upper-extremity propioception (balance/
stability) as well as plyometric (explosive change of di-
rection) exercises recommended for the athlete involved
in overhead (throwing sports, tennis) or upper-extremity
weight-bearing sports (gymnastics, wrestling)

Operative

● Indication for operative management is irreducible or
fixed acute shoulder dislocation
● Timing and procedure are less clear

● Risk of recurrent dislocation is inversely related to age9,15,16

● Active patients in their early 20s or younger have a very
high risk of redislocation, with a low probability to be able
to return to the same level of activity, and they generally
have poor outcome44

● Primary early repair in young, active patients is done with
clinical and MRI evidence for a Bankart lesion19,20

● Better functional outcome than rehabilitation
● Surgical management is suggested for middle-aged  patients 

● Failed rehabilitation
● Recurrent dislocation 

● Patients over the age of 40 are less likely to develop recur-
rent instability
● Injury is more often to the rotator cuff 
● Patients do much better with rehabilitation alone or

with primary treatment of their rotator cuff pathology
● Goal of surgery

● Repair the labral lesion and restore the bumper effect
● Address stretching of the capsulolabral complex
● Perform capsular shift with imbrication with or without

rotator interval closure, which has proved to be success-
ful for MDI45

● Examination under anesthesia
● Range of motion, sulcus sign, and anterior/posterior load

and shift should be tested
● Increases the sensitivity and specificity of these tests, and

it is a useful adjunct for surgical planning46

● Diagnostic arthroscopy can also be useful 
● Most instability repairs can be done either arthroscopically

or open 
● Outcomes for arthroscopic and open repairs have

 become comparable40

● Arthroscopic repair has the advantage of not necessitat-
ing taking down the subscapularis

Prognosis/Return to Play

● A recent study suggests that many athletes with acute
shoulder dislocation/subluxation may be able to return
and finish the season following a dislocation.47
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● After a very brief period of immobilization, early range of
motion, and cuff strengthening, most athletes  returned to
play in an average of less than 2 weeks.

● Use of a brace or harness to limit external rotation is rec-
ommended when the player returns. 

● More than half underwent operative stabilization at the
end of the season.

● Athletes with chronic subluxation or MDI who have failed
conservative management may often defer surgical treat-
ment till the end of their competitive season based on
symptoms and function.

Complications/Indications for Referral

The most common complication associated with unstable
shoulders is continued episodes of subluxation and disloca-
tion, leading to further damage to the structures within the
shoulder joint. Axial nerve and brachial plexus injuries
should also be considered in the setting of shoulder disloca-
tions. Postsurgical degenerative joint disease secondary to
overconstraint of the glenohumeral joint has been reported
with open procedures.

KEY POINTS

• Surgical repair recommended for shoulder dislocations
in patients under the age of 25 to prevent further
episodes of anterior dislocation and arthritic changes

• If there is a Hill–Sachs defect, then surgical treatment
is recommended

• MRI arthrography is the most appropriate study to 
visualize the soft-tissue damage associated with acute
and recurrent shoulder instability

• Arthroscopic Bankart repair may have higher redislo-
cation rates when compared with open procedures
(7% to 17% versus 5%)

• Midseason athletes may return to sport after a brief
period of immobilization with the use of a brace or
harness for acute subluxation or dislocation

• Physical therapy focused on strengthening exercises is
mainstay of treatment for athletes with shoulder MDI
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INTRODUCTION
Shoulder pain is a common complaint found in the athlete
involved in throwing/overhead motions. The throwing mo-
tion seen in baseball, softball, and football is an unusual
 action that places tremendous stress on the shoulder joint
complex. This overhead motion is also seen in swimmers,
volleyball players, javelin throwers, and tennis players and in
a repetitive nature can result in overuse shoulder pain and
injury. The spectrum of pathology may range from shoulder
multidirectional instability (MDI) with secondary impinge-
ment to rotator cuff and/or labral tears. While acute shoul-
der dislocations, subluxations, and labral tears can occur in
the throwing/overhead athlete, the approach is reviewed in
Chapter 10 Athlete with Shoulder Dislocation and Instabil-
ity. The approach to overuse shoulder pain in the general or
older athlete is reviewed in Chapter 12 Athlete with Overuse
Shoulder Pain. The focus of this chapter is on the evaluation
and management of shoulder pain in the throwing or over-
head athlete, with center of attention being chronic shoulder
instability and superior labral (SLAP) tears.

FUNCTIONAL ANATOMY
The shoulder joint is actually a complex of four articula-
tions: the sternoclavicular joint, the acromioclavicular joint,
the glenohumeral (GH) joint, and the scapulothoracic joint
(Figs 11.1 and 11.2).

The GH joint has the widest range of motion of any joint
in the body. It is a product of the incongruous nature of the
GH joint and surrounding soft tissue envelope. This pro-
vides dynamic stability as well as varying degrees of passive
stability with minimal restriction of motion (Fig. 11.3).

The static constraints of the GH joint include the labrum,
the shoulder capsule, the coracohumeral ligament (CHL),
the superior glenohumeral ligament (SGHL), the middle
glenohumeral ligament (MGHL), and the inferior gleno-
humeral ligament (IGHL). The shoulder capsule has twice
the surface area as the humeral head. All sides of the capsule,

except the inferior portion, are reinforced by the rotator
cuff.1 The CHL is a thin capsular fold that stretches from the
base of the coracoid process to the transverse humeral liga-
ment. It works together with the SGHL. The SGHL extends
from the supraglenoid tubercle to the lesser tuberosity of the
humerus. It works with the CHL to prevent inferior instabil-
ity of the shoulder when the arm is adducted. A secondary
role is to assist the shoulder capsule in resisting posterior
 instability when the shoulder is in the flexed, adducted, and
internally rotated position. The MGHL goes from the mid
anterior labrum to the lesser tuberosity. It functions as a sec-
ondary restraint to anterior translation of the humeral head.
The IGHL is the major stabilizer of the GH joint. It is com-
posed of anterior and posterior bands with an interposed
axillary pouch. When the shoulder is abducted and exter-
nally rotated, the anterior band of the IGHL prevents ante-
rior translation. When the shoulder is internally rotated, the
posterior band prevents posterior translation. Which static
constraint serves to prevent anterior dislocation depends on
the degree of abduction in the shoulder. At 90° abduction it
is the IGHL, at 45° it is primarily the MGHL with assistance
from the subscapularis and the IGHL, and at 0° it is the sub-
scapularis. The IGHL is the primary anterior stabilizer in
throwing athletes.

In the GH joint, the humeral head has a surface area two
to four times greater than that of the glenoid and a diameter
two times greater than that of the glenoid. The glenoid
labrum is a cartilage ring that appears triangular when seen
in cross-sectional area. The labrum doubles the anterior–
posterior (AP) depth of the glenoid from 2.5 to 5 mm2 and
deepens the concavity of the glenoid. This increase in depth
enhances the stability of the GH joint by increasing the con-
tact surface area for the humeral head. A torn labrum results
in a 20% loss in resistance to translation from a compressive
load. The inferior labrum is a rounded fibrous structure
which is firmly attached to the glenoid and is also continu-
ous with the articular cartilage.2 The superior labrum can
have a meniscal appearance and is attached loosely and is
mobile. It is also the attachment site of the MGHL and
SGHL. The long head of the biceps tendon originates from
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FIG. 11.1. Shoulder anatomy, anterior view. Asset provided by Anatomical Chart Co.

Greater tuberosity

Articular capsule

Humerus

Coracoid process

Acromioclavicular l.

Acromion

Coracohumeral l.

Superior transverse
scapular l.

Spine of
scapula

Left Shoulder
(Posterior) Clavicle

Scapula

FIG. 11.2. Shoulder anatomy, posterior view. Asset provided by Anatomical Chart Co.

the superior labrum and the supraglenoid tubercle. The
 Bufford complex, first described by Williams and Snyder in
1994, is a rare anatomic finding where a cord-like MGHL
originates directly from the superior labrum at the base of
the biceps tendon. The vascular supply of the labrum is bet-

ter peripherally than centrally. The anterior, anterosuperior,
and superior portion of the labrum have a decreased blood
supply relative to other parts of the labrum.3

Detachment of the superior labrum (superior labrum an-
terior to posterior) SLAP lesion rarely causes frank instability.
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SLAP lesions often occur in association with an anterior
labral lesion known as a Bankart lesion. SLAP lesions are clas-
sified as type I, II, III, and IV primarily.4 This classification
system is based on Snyder’s classification system  described in
1990 (Table 11.1). A type I SLAP lesion has fraying of the
edge of the superior labrum. Type II is the most common
type of SLAP lesion. In a type II lesion, there is fraying of the
edge of the superior labrum as well as a  detached biceps ten-
don anchor from the superior glenoid tubercle. Type III le-
sions consist of a bucket-handle tear of a meniscoid superior
labrum with an otherwise normal  biceps tendon attachment.

Type IV lesions also contain the bucket-handle tear as well as
an extension of this tear into the biceps tendon. Combined
lesions have also been described usually as type II and III or
type II and IV. These are cases where there is a significantly
detached biceps tendon anchor, a type II lesion, in addition to
either a type III or a type IV lesion3 (Fig. 11.4).

The dynamic constraints of the shoulder include the ro-
tator cuff, the long head of the biceps tendon, and the scapu-
lar rotators. The rotator cuff and long head of the biceps are
the most important stabilizers of the GH joint. The GH liga-
ments serve as passive stabilizers at extremes of motion.
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FIG. 11.3 A, Coronal section of the shoulder region illustrating the articulating bones, the articular capsule and carti-
lage, and the subacromial bursa. B, Drawing of an anterior view of a dissection of the acromioclavicular (AC), coraco-
humeral, and glenohumeral ligaments. The glenohumeral ligaments strengthen the anterior aspect of the capsule of
the glenohumeral joint, and the coracohumeral ligament strengthens the capsule superiorly. C, Coronal MRI of the
right glenohumeral and AC joints. A, acromion; C, clavicle; Gr, greater tubercle of the humerus; H, head of humerus;
G, glenoid cavity; N, surgical neck of humerus. (From Moore KL, Dalley AF II. Clinically Oriented Anatomy. 4th ed.
Philadelphia: Lippincott Williams & Wilkins; 1999.)
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The rotator cuff consists of four muscles: the subscapu-
laris, the supraspinatus, the infraspinatus, and the teres
minor. The subscapularis arises from the anterior aspect of
the scapula and attaches over the lesser tuberosity. It is
 innervated by the upper and lower subscapular nerves
(C5, C6). Its function is internal rotation. The supraspinatus
arises from the supraspinatus fossa of the posterior scapula,
under the acromion, and attaches to the superior aspect of
the greater tuberosity. It is innervated by the suprascapular
nerve (C5, C6). The function of the supraspinatus is
humeral head depression. The infraspinatus originates from
the infraspinatus fossa of the posterior scapula and inserts
on the posterior lateral aspect of the greater tuberosity. It is
innervated by the suprascapular nerve (C5, C6). The func-
tion of the infraspinatus is external rotation. The teres minor
arises from the lower aspect of the scapula and attaches to
the lower aspect of the greater tuberosity. It is innervated
by the axillary nerve (C5, C6) and its function is external
 rotation. Six different arteries supply the rotator cuff: the

posterior humeral circumflex, the suprascapular, the anterior
humeral circumflex, the acromial branch of the thoracoacro-
mial, the subscapular branch of the axillary artery, and the
suprahumeral branch of the axillary artery (Fig. 11.5).

The long head of the biceps tendon adds to the anterior
stability of the shoulder by resisting excessive external rota-
tion forces when the shoulder is abducted and externally ro-
tated. The long head of the biceps tendon helps to decrease
the stress on the IGHL. The scapula rotators are a collection
of muscles that serve to manipulate the scapula in different
directions. The middle division of the trapezius and the
rhomboids major and minor promote scapular retraction.
The trapezius and the serratus anterior create upward rota-
tion of the scapula. Protraction of the scapula is caused
by the serratus anterior. Depression of the scapula is caused by
the lower division of the trapezius and the inferior serratus
anterior. The levator scapulae and the upper division of the
trapezius provide postural support.

Scapulohumeral rhythm is the 2:1 ratio between GH and
scapulothoracic motion at the shoulder joint. For every two
degrees of motion at the GH joint, there is one degree of
 motion at the scapulothoracic joint. In the pitching motion,
the angular velocity of the shoulder reaches 6,100 degrees/
sec. Internal rotation torque is 14,000 inch-pounds prior to
the release of the baseball. The kinetic energy generated is
27,000 inch-pounds. The pitching motion is divided into six
phases: wind-up, early cocking, late cocking, acceleration,
deceleration, and follow through. The first three phases
make up 80% of the pitching motion and in these phases the
ball does not move forward. In the early cocking phase, the
shoulder is flexed and abducted. In the late cocking phase,
the shoulder is abducted 90°, extended 30°, and externally
rotated 90° up to even 160°. In the acceleration phase, there
is derotation of the shoulder (Fig. 11.6).

EPIDEMIOLOGY
Problems with the shoulder joint, specifically impingement
and tearing of the rotator cuff tendon, tend to increase with
patient age. A study done in 1995 found that only 4% of
asymptomatic patients between the ages of 19 and 39 had a
partial-thickness tear of the rotator cuff and there were no
full-thickness tears. This is in comparison to 28% incidence
of full-thickness tears and 26% incidence of partial-thickness
tears in asymptomatic patients over the age of 60.5

Types of SLAP Tears: Snyder’s SLAP Lesion Classification System

Type I Type II Type III Type IV

Fraying of the edge of the Fraying of the edge of the Bucket-handle tear of a Bucket-handle tear of a 
superior labrum superior labrum meniscoid superior labrum meniscoid superior labrum

Detached biceps tendon Normal biceps tendon Tear extends into biceps 
anchor from the superior attachment tendon
glenoid tubercle

T A B L E  1 1 . 1

FIG. 11.4. Labral tear, SLAP lesion picture. Reprinted with
permission from Bucholz RW, Heckman JD. Rockwood &
Green’s Fractures in Adults. 5th ed. Philadelphia:
 Lippincott Williams & Wilkins; 2001.
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FIG. 11.5. Muscles of the shoulder and rotator cuff. Asset provided by Anatomical Chart Co.
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Any sport that involves overhead activity, including tennis,
volleyball, baseball, golf, football (quarterbacks), and swim-
ming, is at increased risk of tendinopathy or rotator cuff tear.
Over 50% of elite tennis players have had shoulder pain from
rotator cuff or biceps tendon injuries. Nearly 80% of swim-
mers have reported shoulder pain. Fifty-seven percent of
pitchers suffer some form of shoulder injury during a season.6

NARROWING THE DIFFERENTIAL
DIAGNOSIS
The challenge in evaluating the throwing or overhead athlete
with shoulder pain is differentiating pain coming from func-
tional weakness and chronic instability seen in MDI from
structural injury including SLAP tears or rotator cuff tears
(generally undersurface tears). Primary external impingement
causing rotator cuff tendinosis (RCT) and tears are more fre-
quent in older athletes. Secondary external impingement is
the most frequent cause of pain in overhead athletes. Microin-
stability is the term used when overhead athletes have no per-
ceptible instability of the GH joint. In athletes with
microinstability, it is an overuse injury caused by weakness in
rotator cuff and periscapular musculature. Microinstability
can lead to injuries of the anterosuperior labrum.

History

Shoulder pain is a common complaint in the throwing ath-
lete. Often the athlete will have minimal to no pain when not
involved in his or her sport. The patient may complain of

vague shoulder pain made worse by the overhead or throw-
ing motion. Pain is typically distributed in the deltoid region
but may also involve the anterior or posterior aspects of the
shoulder joint.

In overhead throwing athletes, the throwing motion can be
divided into several stages: wind-up, cocking, acceleration, de-
celeration, and follow through. Sometimes the cocking phase
may be divided into early and late phases. The wind-up is the
first part of the pitching motion; it has the most variability
from pitcher to pitcher and the there is minimal stress on the
shoulder. The early cocking phase starts when the pitcher’s
hands break and the arm is abducted. The late cocking phase
starts when the pitcher’s stride leg is planted on the ground
and the arm is maximally abducted and externally rotated. In
the late cocking phase, there is increased stress on the
supraspinatus, infraspinatus, and teres minor. In the accelera-
tion phase, the arm rotates at speeds greater than 7,000 de-
grees/sec in an explosive action. The late cocking and
acceleration phases are the parts of the pitching  motion where
athletes tend to complain of pain the most. The deceleration
phase begins when the ball is released and is the most violent
phase of the throwing cycle, with maximal forces on the
shoulder joint. The final phase is the follow through where the
body moves forward until the arm motion stops.6 GH joint
microinstability causing secondary  external impingement
 occurs during the late cocking and early acceleration phases.

Important Questions

What sport of sports does the athlete play? Participating in
any overhead sport such as volleyball, tennis, swimming,
javelin, baseball, or softball increases the risk of shoulder
pain and rotator cuff pathology. Overhead athletes are more
prone to repetitive overuse injuries such as MDI, impinge-
ment syndromes, and subluxations. Is your dominant or
nondominant shoulder affected? If the athlete is a baseball
player, which position does he play? Pitchers are at greater
risk than other players, with catchers and shortstops the next
most likely positions to develop pain. For pitchers, their age,
pitch selection, and arm angle are important. Skeletally
 immature pitchers throwing breaking pitches such as curve-
balls and sliders are at increased risk of injury. Pitchers
throwing with a three-quarter arm angle instead of straight
over the top have an increased risk for shoulder injuries.
 Previous treatments such as physical therapy, corticosteroid
injections, and operative treatments will dictate how best to
proceed in this situation.

Evidence-based Physical Examination

The challenge for most providers in evaluation of the shoul-
der is the large number of examination maneuvers available.
 Additionally, the overall sensitivity and specificity of each
maneuver is generally low. Most maneuvers are better at
 ruling out a specific condition than ruling it in. Of note,
most tests gain greater significance when several tests point
toward a specific condition rather than a single isolated test.

FIG. 11.6. Side view of throwing motion. MediClip image
copyright © 2003 Lippincott Williams & Wilkins. All rights
reserved.
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The shoulder examination should progress in an organized
and  coordinated fashion as detailed below to minimize the
above issues and arrive at an accurate diagnosis. A thorough
neck and neurologic examination should be performed to
rule out any potential referred or neurologic source of pain.

Inspection

The first part of the shoulder examination should be inspec-
tion of the injured athlete. This should take place with the
male athlete’s shirt removed or the female athlete in a tank
top or sports bra. Inspect the deltoid for lateral flattening
which is a sign of atrophy. Inspect the athlete from behind to
look for atrophy of the rotator cuff muscles and atrophy of
the periscapular muscles. Also look for asymmetry of scapu-
lar alignment.

Palpation

Palpate the acromioclavicular joint, subacromial space, biceps
tendon, and the shoulder joint capsule for any tenderness.

Range of Motion (ROM)

Normal ROM of forward flexion of the shoulder is from 0°
to 170–180°. Normal ROM for shoulder abduction is from
0° to 170–180°. External and internal rotation is evaluated
in neutral position. From the posterior view of the patient,
observe scapulohumeral rhythm and symmetry of scapular
movement (Fig. 11.7).

Strength Testing

The empty can test is a test for supraspinatus weakness.
The athlete forward flexes his or her shoulder to 90°, then
abducts 30° to the plane of the scaula, and finally internally
rotates until his or her thumbs are pointing at the ground.
Weakness in the infraspinatus and teres minor is tested in
external rotation in neutral against resistance. Internal rota-
tion in neutral against resistance tests for weakness in the

subscapularis. Other tests for subscapularis injury/pathology
include the lift-off or belly-press tests.

Laxity Tests

Load and Shift Test

The load and shift test is used to confirm anterior and poste-
rior shoulder laxity as well as the amount of translation of the
humeral head on the glenoid. This test can be performed with
the athletes in the seated or supine position. In the seated po-
sition, the athlete places his or her arm on the examiner’s hip.
The examiner places one hand on the posterior shoulder GH
joint and provides an AP force on the humeral head. The ex-
aminer’s other hand is placed on the athlete’s axilla. In the
supine position, the patient is placed on the examining table
with his or her scapula on the edge of the bed. The humeral
head is off the bed to facilitate GH rather than scapulotho-
racic translation. In either position, the examiner grabs the
athlete’s arm with both hands—one near the humeral head
and one on the forearm near the elbow. The distal hand loads
the humeral head. The proximal hand applies an AP force to
shift the humeral head. Athletes are given a grade based on the
amount of humeral head movement. The modified Hawkins
grading is the most common grading method.7 Grade 0
means there is little or no humeral head movement. Grade 1 is
when the humeral head rides up onto the glenoid rim. Grade
2 is when the humeral head can be dislocated but sponta-
neously relocates. Grade 3 is when the humeral head does not
relocate when pressure is removed. It is rare for athletes with
stable shoulders to have a positive result of Grade 2 or higher.
It is the only test that has been validated to assess anterior and
posterior laxity.7 The load and shift test has a specificity of
100% and a sensitivity of 8% to 50%.7 It has poor sensitivity
in clinical setting, only 41% with unidirectional instability
and 26% with bilateral multidirectional instability.8

Sulcus Sign

The sulcus test was initially described by Neer and Foster.7

This test is an indicator of shoulder capsule laxity and laxity
of the SGHL. The athlete is in seated position with his or her
arm relaxed down the side. The examiner grabs the athlete’s
elbow and pulls it inferiorly. In a positive test, a dimple
 appears beneath the acromion as the humeral head moves
inferiorly. If the sulcus size is greater than 2 cm, it means the
athlete is highly likely to have MDI of shoulder. If the sulcus
sign is greater than 1 cm, this test has a sensitivity of 72%
and a specificity of 85%. If the sulcus sign is greater than
2 cm, it has a sensitivity of 82% and a specificity of 97%.7

The likelihood ratio of shoulder instability is 6:1.8

Impingement Tests

Neer Impingement Test

The Neer impingement test is a test for impingement of the
rotator cuff. The athlete is in seated position and the athlete’s
arm starts in full internal rotation and in 0° of forwardFIG. 11.7. Abduction of the shoulder from posterior view.
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 flexion. The examiner passively forward flexes the athlete’s
arm while in full internal rotation. A positive test produces
pain with this motion. A positive test can indicate impin-
gent. It has a low specificity, however, as it can also be posi-
tive with tears of the rotator cuff, other rotator cuff
pathology, as well as a SLAP lesion (Fig. 11.8).

Hawkins Test

The Hawkins test is primarily a test for impingement of the
rotator cuff. The athlete is in seated position with his or her
arm forward flexed to 90° and elbow flexed to 90°. The ex-
aminer passively internally and externally rotates the ath-
lete’s arm while in this position. A positive test produces pain
with internal rotation. A positive test indicates impingement
of the rotator cuff, other rotator cuff pathology, or a SLAP
lesion (Fig. 11.9).

Instability Tests

Apprehension Test

The apprehension test is also known as crank test, fulcrum
test, and Feagin maneuver. It was originally described by
Rowe and Zarins in 1981.7 It is used to confirm anterior
shoulder instability. The athlete can be sitting or supine.
In the starting position, the athlete’s shoulder is in 90° of
shoulder abduction with elbow bent in 90° of flexion. The
examiner places stress on the GH joint by applying an ante-
rior force or an externally rotary force. The examiner pro-
gressively externally rotates the shoulder. A positive test is
one where the athlete feels the shoulder coming out of the

joint. A positive test is also if the athlete feels pain with this
maneuver, which is also a sign of anterior instability.9 This
is a better test for anterior instability when examiner uses
apprehension than pain.10 The sensitivity of this test is 53%.
The specificity is 99%. The positive predictive value (PPV) is
98% and the negative predictive value (NPV) is 73%.9 If the
apprehension test is positive for pain, it has 50% sensitivity,
56% specificity, 14% PPV, and 88% NPV.11 However, if
the apprehension test is positive for apprehension, it has
72% sensitivity, 96% specificity, a PPV of 75%, and an NPV
of 96%.10

Relocation Test

The relocation test is used to differentiate pain secondary
to instability and pain for other reasons. It is used to test
for  anterior shoulder stability. The relocation test was orig-
inally described by Jobe in 1989. The athlete can be either
seated or supine. It is the second of three instability tests
performed after the apprehension test and before the sur-
prise test. The examiner keeps the shoulder in the abducted
and maximally externally rotated position. A posteriorly
directed force is then applied to the proximal humerus. A
negative test is one where the athlete has no difference in
symptoms with or without posteriorly directed force. A
positive test causes the athlete to have pain prior to applica-
tion of force and a decrease in the pain or apprehension
and tolerance to increased external rotation after applica-
tion of force.9 The relocation test fails to differentiate
 between anterior instability and RCT. The relocation test
has a higher specificity or high PPV if the athlete has a pos-
itive apprehension test.10

The relocation test is a better test for anterior instability
when examiner uses relief of apprehension than relief of
pain.10 If the relocation test is positive for relief of pain, it
has 49% sensitivity, 90% specificity, a PPV of 19%, and an

FIG. 11.8. Neer impingement test. From Koval KJ,
 Zuckerman, JD. Atlas of Orthopaedic Surgery: A
 Multimedia Reference. Philadelphia: Lippincott Williams
& Wilkins; 2004.

FIG. 11.9. Hawkins impingement test. Reprinted with
permission from Berg D, Worzala K. Atlas of Adult Physical
Diagnosis. Philadelphia: Lippincott Williams & Wilkins;
2006.
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NPV of 94%. If the relocation test (Fig. 11.10) is positive for
relief of apprehension, it has 85% sensitivity, 96% specificity,
a PPV of 53%, and an NPV of 98%.8

Surprise Test

The surprise test is also known as release test and is the third
part of the apprehension/relocation/surprise test series. It
was originally described by Silliman and Hawkins in 1993.
This test is used to test for anterior shoulder instability. The
athlete starts in the same position as that during the end of
the relocation test. The examiner quickly removes the poste-
riorly directed force from the relocation test. It is considered
a positive test if the athlete reports pain or apprehension
after sudden removal of posteriorly directed force. It is con-
sidered to be the most accurate individual examination
 maneuver.9 It has 64% sensitivity, 99% specificity, 98% PPV,
and 78% NPV. When all three instability tests, apprehension,
relocation, and surprise tests, are positive this is highly
 specific for anterior GH instability.

Shoulder Anterior Drawer Test

The anterior drawer test of the shoulder tests for shoulder
laxity. It can be used as a provocative maneuver for anterior
shoulder instability. The athlete starts in supine position
with the examined shoulder being placed over the edge of
the table. The examiner places one hand on athlete’s wrist
and the other hand on the athlete’s proximal humerus. The
athlete’s shoulder is abducted to 80° and 0° of rotation. An
axial load is applied to the arm and the humeral head is
translated anteriorly over the glenoid rim. Amount of
translation of the humeral head over the glenoid rim is
then measured. Translation of the humerus to the glenoid
rim but not over it is classified as Grade I. Grade II is trans-
lation of the humerus over the glenoid rim that sponta-
neously reduces. Translation of the humerus over the
glenoid rim and the humeral head remaining dislocated
when the hand on the humerus is removed is Grade III. A
positive test is a Grade II or III translation with reproduc-
tion of symptoms of instability.8 If the test is positive for
pain only, it is 28% sensitive, 71% specific, and has a 13%
PPV and an 86% NPV for shoulder instability. If the test is
positive for Grade II or III laxity, then it is 60% sensitive,
74% specific, and has a 26% PPV and a 92% NPV for ante-
rior shoulder instability.8

Shoulder Posterior Drawer Test

The posterior drawer test of the shoulder tests for shoulder
laxity (Table 11.2). It is used as a maneuver for posterior
shoulder instability. The athlete starts in supine position and
the examiner grabs the athlete’s forearm with one hand. The
athlete’s arm is abducted 80° to 120° and the elbow is flexed
to 120°. The examiner’s other hand is placed on the athlete’s
scapula. The athlete’s arm is flexed to 60° to 80° while the
 examiner tries to sublux the humeral head posteriorly.
Amount of translation of the humeral head over the glenoid
rim is then measured. Translation of the humerus to the gle-
noid rim but not over it is classified as Grade I. Grade II is

FIG. 11.10. Relocation test.

Accuracy of Shoulder Tests for Instability

Sensitivity Specificity PPV NPV
Test Name (%) (%) (%) (%)

Load and shift test 8–50 100
Sulcus sign test � �1 cm 72 85
Sulcus sign test � �2 cm 82 97
Apprehension test 53 99 98 73
Apprehension test – positive for apprehension 72 96 75 96
Apprehension test – positive for pain 50 56 14 88
Relocation test – relief of pain 49 90 19 94
Relocation test – relief of apprehension 85 96 53 98
Surprise test 64 99 98 78
Anterior drawer test – positive for pain only 28 71 13 86
Anterior drawer test – Grade II or III laxity 60 74 26 92

PPV, positive predictive value; NPV, negative predictive value.

T A B L E  1 1 . 2
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translation of the humerus over the glenoid rim that sponta-
neously reduces. Translation of the humerus over the gle-
noid rim and the humeral head remaining dislocated when
the hand on the humerus is removed is Grade III. A positive
test is a Grade II or III translation with reproduction of
symptoms of instability.8

SLAP Tear Tests

Active Compression/O’Brien’s Test

While there are numerous tests in the literature, the
O’Brien’s test is one of the most technically easier tests for
labral pathology. The athlete starts in seated position and the
athlete’s arm is positioned in 90° of forward flexion, 10–20°
of adduction, and the thumb pointed down in internal rota-
tion. The examiner applies downward pressure on athlete’s
arm testing for pain in this position. The athlete’s arm is then
externally rotated until his or her palm is facing upwards.
Again the examiner applies downward pressure testing for
pain in this position. A positive test produces pain in initial
internally rotated position and reduction or elimination of
pain in externally rotated palm-up position.7 Initially, the
test was believed to be very accurate for labral pathology and
the sensitivity was 100% and specificity was 98%.7 However,
more recent studies have shown that the O’Brien’s or active
compression test (Fig. 11.11) is only about 40% to 60% sen-
sitive and 50% to 60% specific.11 This has a better correla-
tion with type II SLAP lesions than with other types of SLAP
lesions.3

Biceps Tendon Tests

Speed’s Test

The Speed’s test (Fig. 11.12) is a test for biceps tendon
pathology as well as a SLAP lesion. The athlete starts in
seated or standing position with his or her arm forward

flexed to 90° with the elbow fully extended and forearm
supinated. The examiner provides downward pressure on
the arm. A positive test produces pain at the proximal
 shoulder where the biceps tendon attaches to the superior
labrum. A positive test is more suggestive of biceps tendon
inflammation or damage; it also can show that there has
been damage at the anchor site on the superior labrum.3

Putting the tests together, one can start to see patterns
consistent with specific conditions found in the overhead or
throwing athlete:

SLAP Tears

A positive O’Brien’s test indicates a high likelihood of SLAP
lesion. A positive Speed’s test indicates the possibility of
SLAP lesion and biceps tendon damage.

Anterior Instability

The examination indicates anterior instability if there is a
positive load and shift test, a positive apprehension test, a
positive  relocation test, a positive anterior drawer test, and if
in the acute presentation the athlete has the arm in abduc-
tion and external rotation. With anterior instability also look
for  axillary nerve injuries.

Posterior Instability

The examination indicates posterior instability if in the
acute presentation, the athlete has his or her arm in external
rotation, there is posterior joint line tenderness on palpa-
tion, there is posterior rotator cuff weakness, there is positive
posterior drawer test, there is positive load and shift test for
posterior popping and displacement, and there are negative
apprehension and relocation tests.FIG. 11.11. O’Brien’s test.

FIG. 11.12. Speed’s test.
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Multidirectional Instability

The examination indicates MDI if there is evidence of gener-
alized ligamentous laxity, there is rotator cuff weakness,
there is posterior rotator cuff weakness, there is a positive
sulcus test, there are positive anterior and posterior drawer
tests with displacement in both directions, and there are pos-
itive load and shift tests in both directions.

Diagnostic Testing

Laboratory

Laboratory tests are not indicated in the routine evaluation
of shoulder pain in the throwing athlete unless systemic or
infectious etiology is suspected.

Imaging

Standard plain radiograph views of the shoulder include a
true AP film, an axillary film, and a supraspinatus outlet view
or scapular Y view (Fig. 11.13). In the absence of trauma,
most radiographs will be normal.

Magnetic resonance imaging (MRI) is indicated when
 alternative diagnosis is not evident and plain films are neg-
ative. A plain MRI will often miss labral injuries or partial
 rotator cuff tears that can occur in throwing/overhead
 athletes. A plain MRI has been shown to have a sensitivity
 between 30% and 50% and a specificity of around 70% to
80% for labral pathology.12 Therefore, an MRI arthrogram
(MRA) is the imaging test of choice in the throwing or

overhead athlete with shoulder pain. An MRA involves the
injection of contrast agent intra-articularly to better visu-
alize labral pathology. An MRA is 89% sensitive and 91%
specific for detecting labral pathology. It also has a 90%
PPV for  detecting labral pathology.3

Other Testing

Examination of shoulder under anesthesia is the ultimate
“gold standard” for assessing shoulder laxity. Under anesthe-
sia, the passive stabilizers of the shoulder are tested in isola-
tion. Arthroscopy is the gold standard for assessing labral
pathology. Electrodiagnostic testing may be indicated in sus-
pected cases of peripheral nerve injuries about the shoulder
as detailed in Chapter 23 Athlete with Peripheral Nerve
 Injuries.

APPROACH TO THE THROWING
OR OVERHEAD ATHLETE WITH

A ROTATOR CUFF TEAR
Rotator cuff tears in the throwing/overhead athlete are most
commonly seen in older athletes over the age of 40 or ath-
letes participating in collegiate/professional sports. These
can be a diagnostic challenge as most are partial or under-
surface rotator cuff tears. A high degree of clinical suspicion
is necessary in the appropriate population as they may be
missed even on MRA. The evaluation and treatment of rota-
tor cuff tears in the athlete is detailed in Chapter 12 Athlete
with Overuse Shoulder Pain.

APPROACH TO THE ATHLETE WITH
THROWING OR OVERHEAD
INTERNAL IMPINGEMENT

Internal impingement is an overuse injury seen almost ex-
clusively in the throwing or overhead athlete. It results from
the compression of the articular side of the rotator cuff ten-
don between the greater tuberosity and the posterosuperior
edge of the glenoid. This typically takes place when the
shoulder is abducted and is in maximally externally rotated
position as seen in the late cocking and early acceleration
phase of the throwing cycle. The result of repetitive internal
impingement can be undersurface tears of the rotator cuff as
well as posterior SLAP fraying and tears. Internal impinge-
ment is more closely related to other injuries associated with
overhead athletes, such as SLAP lesions (SLAP tears) and
 anterior laxity/instability, than to subacromial impingement
or acromial-sided cuff tears as seen in older patients with
overuse syndromes. The evaluation and treatment of inter-
nal impingement is reviewed in Chapter 12 Athlete with
Overuse Shoulder Pain.

FIG. 11.13. Scapular Y x-ray. Reprinted with permission
from Bucholz RW, Heckman JD. Rockwood & Green’s
Fractures in Adults. 5th ed. Philadelphia: Lippincott
Williams & Wilkins; 2001.
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APPROACH TO THE THROWING OR
OVERHEAD ATHLETE WITH

CHRONIC INSTABILITY

HISTORY AND PHYSICAL EXAMINATION

If the overhead or throwing athlete complains of chronic
 instability, it should be asked if there was a history of trau-
matic dislocation or subluxation in the past. The athlete
should report insidious onset of shoulder pain. The direc-
tion of instability can be unidirectional, bidirectional, or
multidirectional. Often the athlete does not need to stop
participating in his or her sport because the pain is not sig-
nificant enough. Laxity is not necessarily pathologic and in
fact is often requisite for sports performance. Objective lax-
ity may be observed in both shoulders while only one may be
symptomatic. It is important to assess whether this is gener-
alized or traumatic laxity and what level of energy is re-
quired to produce instability. The patient’s history will help
direct a focused physical examination and development of a
differential diagnosis.

Athletes with microinstability often have a normal physi-
cal examination. These athletes only have GH translation
during high-velocity overhead or throwing motions. If there
is some secondary impingement of the rotator cuff, the ath-
lete may have a positive Neer or Hawkins impingement test.
One should also perform the laxity tests: sulcus test, load and
shift tests, and apprehension, relocation, and surprise tests.

Athletes with MDI will often present with chronic recur-
rent mild subluxation or gradual onset diffuse shoulder
pain. MDI largely affects the young and adolescent overhead
(baseball, softball, tennis, swimming) or tumbling athlete
(gymnastics, cheering) under the age of 25 years. Pain is de-
scribed as diffuse in the deltoid region and exacerbated pri-
marily with overhead sporting activities (throwing, tennis
serve, gymnastic tumbling). Athletes with MDI will often
demonstrate signs of generalized joint laxity on examination
including elbow or knee recurvatum as well as thumb to
forearm sign. The anterior and posterior load and shift and
sulcus tests are used to determine the direction and extent of
instability. Apprehension, relocation, and surprise tests are
also important for determining the degree of MDI. Neer and
Hawkins impingement tests should be performed to see if
there is any secondary impingement of the rotator cuff.

DIAGNOSTIC TESTING

Imaging

● Radiographic evaluation
● A true AP, scapular lateral (Y view), and axillary view are

essential

● MRI – not usually necessary for microinstability and MDI
● Valuable for identifying type, location, and extent of

capsuloligamentous injuries
● Helpful in determining rotator cuff impingement
● MRI arthrography generally provides the clearest visual-

ization of these capsulolabral lesions

TREATMENT

Nonoperative

● Athletes do not need to be placed in a sling for treatment
of shoulder MDI or microinstability

● MDI and microinstability have better success with
 shoulder-strengthening protocols for nonoperative
 treatment

● Focus on progressive strength and flexibility reconditioning

Rehabilitation Plan

● Four phases
● Phase I

■ Rest
■ Nonsteroidal anti-inflammatory drugs (NSAIDs)
■ Ice

● Phase II
■ Isometric strengthening
■ Isotonic strengthening
■ Begin exercises with shoulder in adduction and

 forward flexion and progress
● Phase III

■ Muscular endurance building along with strengthen-
ing exercises

■ Goal to progress shoulder strength to 90% of unin-
jured shoulder

● Phase IV
■ Increase activity to sport-specific activities

● Strengthen dynamic stabilizers in the shoulder
● In the transverse plane, strengthen

● Subscapularis
● Infraspinatus
● Teres minor

● In the coronal plane, strengthen
● Anterior head of the deltoid
● Rotator cuff

● Theraband exercises have been shown to strengthen the
rotator cuff

● Improve reactive neuromuscular control
● Exercise shoulder in positions that maximally challenge

the dynamic stabilizers
● Shoulder in 90° abduction and 90° external rotation
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● This position allows for enhanced recruitment of the
 infraspinatus and teres minor

● Plyometric exercises are one method of achieving this
● Strengthen the periscapular stabilizers such as the trapez-

ius and serratus anterior
● Four key exercises in scapular strengthening

■ Rowing exercises
■ Scapular plane elevation exercises
■ Press-up with accentuated scapular protraction
■ Push-up with accentuated scapular protraction

● Many overhead athletes also have tight posterior shoulder
capsule so rehab should also focus on restoring capsule
length by increasing posterior capsule ROM

● For throwing athletes, see Appendix C Interval Throwing
Program

Operative

Multidirectional Instability

● Anterior capsular shift – most commonly performed and
most successfully reported surgical procedure for MDI
● Open procedure that involves imbricating the capsular

interval between the subscapularis and supraspinatus
tendons

● Has been reported to be successful in small series of
 patients with subluxation8

● Capsular shrinkage
● Thermal denaturation of collagen
● Mixed results

● Studies have shown 15% to 40% reduction in length 
of collagenous tissue when subjected to heat in 65 to
72°C range

● Studies have also shown a loss in load-to-failure strength
in thermally denatured collagen fibers
● Complications

● Transient axillary nerve palsies
● Capsular disruption

● Long-term evaluation necessary to evaluate this
 technique8

● Most instability repairs can be done either arthroscopically
or open
● Outcomes for arthroscopic and open repair have

 become comparable
● Arthroscopic repair has the advantage of not necessitat-

ing taking down the subscapularis.
● Examination under anesthesia

Prognosis/Return to Play

● Good prognosis with compliance to physical therapy and
home exercise program

● Athletes with MDI who have failed conservative man-
agement may often defer surgical treatment till the end

of their competitive season based on symptoms and
function

● When athlete has pain-free full ROM
● When athlete has strength at least 90% of uninjured shoul-

der if unilateral symptoms

Complications/Indications for Referral

The most common complication associated with unstable
shoulders is continued episodes of subluxation and dis -
location, leading to further damage to the structures
within the shoulder joint. Chronic MDI can lead to labral
pathology.

APPROACH TO THE THROWING
OR OVERHEAD ATHLETE WITH

SLAP TEARS

HISTORY AND PHYSICAL EXAMINATION

The throwing athlete with a SLAP tear complains of pain
during the acceleration phase of the throwing motion. The
pain may have flared up from one specific pitch or may
have been more gradual in onset. Athletes with SLAP tears
do not complain of pain at rest or at night. The athlete
complains of pain moving the arm through the entire
ROM.

On examination the athlete tends to have a positive
O’Brien’s test or active compression test which increases the
likelihood of SLAP lesion. The examiner should also per-
form the tests for laxity and impingement.

DIAGNOSTIC TESTING

Imaging

Plain radiographs are the initial radiograph of choice and
should include the AP views with the shoulder in internal
and external rotation. The modified axillary view is impor-
tant in ruling out posterior dislocation. It is also known as
the “West Point” view. It has a better visualization of glenoid
rim. A fracture of anterior glenoid is bony Bankart lesion.
The Stryker notch view is good at showing the presence of a
Hill–Sachs defect.

An MRI is indicated when alternative diagnosis is not
 evident and plain films are negative. A plain MRI will often
miss labral injuries or partial rotator cuff tears that can
occur in throwing/overhead athletes. A plain MRI has been
shown to have a sensitivity between 30% and 50% and a
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specificity of around 70% to 80% for labral pathology.12

Therefore, an MRA is the imaging test of choice in the
throwing or overhead athlete with shoulder pain. An MRA
involves the injection of contrast agent intra-articularly to
better visualize labral pathology. An MRA is 89% sensitive
and 91% specific for detecting labral pathology. It also has a
90% PPV for detecting labral pathology.3

FUNCTIONAL TREATMENT

Nonoperative

For athletes with a documented SLAP tear

● Focus on progressive strength and flexibility reconditioning
● Avoidance of aggravating factors

Rehabilitation Plan

● Four phases
● Phase I

■ Rest
■ NSAIDs
■ Ice

● Phase II
■ Isometric strengthening
■ Isotonic strengthening
■ Begin exercises with shoulder in adduction and for-

ward flexion and progress
● Phase III

■ Muscular endurance building along with strengthen-
ing exercises

■ Goal to progress shoulder strength to 90% of unin-
jured shoulder

● Phase IV
■ Increase activity to sport-specific activities

● Strengthen dynamic stabilizers in the shoulder
● In the transverse plane, strengthen

● Subscapularis
● Infraspinatus
● Teres minor

● In the coronal plane, strengthen
● Anterior head of the deltoid
● Rotator cuff

● Theraband exercises have been shown to strengthen the
rotator cuff

● Improve reactive neuromuscular control
● Exercise shoulder in positions that maximally challenge

the dynamic stabilizers
● Shoulder in 90° abduction and 90° external rotation
● This position allows for enhanced recruitment of the

 infraspinatus and teres minor
● Plyometric exercises are one method of achieving this

● Strengthen the periscapular stabilizers such as the trapezius
and serratus anterior
● Four key exercises in scapular strengthening

■ Rowing exercises
■ Scapular plane elevation exercises
■ Press-up with accentuated scapular protraction
■ Push-up with accentuated scapular protraction

● Many overhead athletes also have tight posterior shoulder
capsule so rehab should also focus on restoring capsule
length by increasing posterior capsule ROM

● For throwing athletes, see Appendix C Interval Throwing
Program

Operative

Labral Pathology/Tears

● Type I SLAP lesions – conservative debridement of frayed
labrum

● Type II SLAP lesions – single-anchor, double-suture
 technique

● Type III SLAP lesions – initial resection of unstable bucket-
handle labral fragment and insertion of biceps  anchor
 attachment for stability

● Type IV SLAP lesions– initial resection of unstable bucket-
handle labral fragment and insertion of biceps anchor
 attachment for stability
● If biceps tendon slip is severe, more than 30% of tendon

included with displaced labral tear
● May need to consider either

■ Repairing the tendon
■ Releasing the tendon and repairing the labral
■ Performing a biceps tenodesis

● Decision depends on the age and activity of the patient3

Prognosis/Return to Play

● Prognosis – fair with nonoperative treatment
● Prognosis – good with surgical intervention
● When athlete has pain-free full ROM
● When athlete has strength at least 90% of uninjured shoul-

der if unilateral symptoms
● When postsurgical patient has progressed through reha-

bilitation protocol

Complications/Indications for Referral

Complications are rare but may include numbness and tin-
gling with weakness of deltoid—make sure to evaluate for
axillary nerve injury.
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KEY POINTS

• Apprehension and relocation tests are more accurate
when the definition of a positive test result is appre-
hension and not pain

• Positive sulcus test is indicative of MDI

• Physical therapy focused on strengthening exercises is
mainstay of treatment for athletes with shoulder MDI

• MRA has better sensitivity and specificity than plain
MRI for assessing SLAP tears
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C H A P T E R

Athlete with Overuse
Shoulder Pain
Michael Brown

INTRODUCTION
Shoulder pain is one of the most common complaints
 encountered in a sports medicine clinic. Subacromial or in-
ternal impingement and tears of the rotator cuff are the
most common causes for shoulder pain. Isolated acromio-
clavicular (AC) joint degeneration may also cause shoulder
pain similar to that of impingement syndrome or rotator
cuff tendonopathy. There are many factors that may be
 related to the development of shoulder pain in the athlete,
including anatomy, repetitive motion, fatigue, or altered
 mechanics of the shoulder.

FUNCTIONAL ANATOMY
At the most basic level, the shoulder is composed of the
humerus, the clavicle, and the scapula, which is further di-
vided into the acromion, the coracoid, and the glenoid. The
shoulder consists of four different articulations: the sterno -
clavicular (SC), the AC, the glenohumeral, and the scapulo -
thoracic. The combination of motion at these articulations
allows for the greatest range of motion of any joint in the
body, with the majority of the stability of the joints coming
from the surrounding soft-tissue elements.

The clavicle serves to connect the upper extremity with the
axial skeleton. The SC joint is the only true synovial joint
in the shoulder complex and lacks bony stability. The AC
joint also has a combination of capsular and ligamentous sta-
bilizers, consisting of the joint capsule to prevent anterior/
posterior translation, with the named AC ligaments being
thickenings of this capsule. The trapezoid coracoclavicular
ligament prevents posterior translation and contributes to
 superior stability with the conoid coracoclavicular ligament.1

The scapula has many muscular attachments that secure
its position on the thorax and is otherwise only held in posi-
tion by the AC and coracoclavicular ligaments. The muscles
involved include the trapezius, levator scapulae, serratus an-
terior, pectoralis minor, and the rhomboids. The motion
achieved by these muscles allows the scapula to be positioned
for maximal stability of the glenohumeral joint during upper
extremity motion, namely maintaining the glenoid under

the humeral head. The scapulothoracic rhythm is defined as
the relative motion between the scapulothoracic articulation
and the glenohumeral joint during abduction of the arm.
Over the entire arc of abduction, the glenohumeral joint
moves more, but the difference is far greater at the beginning
of abduction than at the end.2

The glenohumeral joint is surrounded by the rotator cuff
muscles, which are the primary dynamic stabilizers of
this joint (Fig. 12.1). The supraspinatus originates in the
posterior–superior scapula, just superior to the scapular
spine, and runs under the acromion to insert onto the
greater tuberosity of the humerus.

It is active throughout scapular-plane abduction of the
arm, and loss of innervation by the suprascapular nerve will
lead to a 50% loss in abduction torque.3 The infraspinatus
and teres minor run together from their origination on the
posterior scapula, just inferior to the scapular spine, to their
insertion on the posterior aspect of the greater tuberosity.
They work together during external rotation and extension
of the humerus. The infraspinatus is primarily involved
when the arm is at the side, and the teres minor is the major
muscle for external rotation when the shoulder is elevated
90 degrees.4 The tendinous insertions of these three muscles,
the supraspinatus, infraspinatus, and teres minor, are not
separate at the level of the greater tuberosity. The subscapu-
laris is the fourth rotator cuff muscle. It originates on the
 anterior surface of the scapula and inserts on the lesser
tuberosity of the humerus. Contraction leads to internal
 rotation and flexion of the humerus.

The deltoid is the largest of the glenohumeral muscles. It
has a tripennate origin from the clavicle, acromion, and
scapular spine and inserts midway down the lateral humerus
on the deltoid tubercle. The anterior portion of the deltoid
performs forward flexion and contributes to abduction. The
posterior portion extends and adducts the humerus, while
the middle portion abducts the arm. It is possible for the del-
toid to fully abduct the arm without supraspinatus involve-
ment. Loss of the deltoid through paralysis of the axillary
nerve results in a 50% loss of abduction torque.3

The biceps brachii originate from the scapula, with the
long head originating from the superior articular margin of
the glenoid, where it joins with the labrum within the
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 synovial sheath; the short head originates from the coracoid,
where it joins with the tendon of the coracobrachialis to
form the conjoined tendon. Because the muscle extends
from the scapula to the elbow, it traverses both the shoulder
and the elbow and can therefore have effects at both joints.
At the elbow, the biceps are the primary supinators and have
a large role in flexion as well. The long head of the biceps
serves as an active stabilizer of the glenohumeral joint as it
passes along the bicipital groove on the humeral head and
onto the glenoid.5 This position allows it to act as a restraint
to superior migration of the humeral head as well as anterior
migration of the head.6 This action becomes extremely im-
portant in the presence of a massive rotator cuff tear.

The bony anatomy of the glenohumeral joint itself is
what allows for such a large range of motion, but it provides
only minimal stability. The humeral head is slightly elliptical
and is larger in the vertical dimension. The articular surface
typically forms a 150- to 160-degree arc; it is 45 degrees from
the shaft and is retroverted 30 degrees relative to the
transcondylar axis of the distal humerus.7–9 The glenoid is
also larger in the vertical dimension and is angled slightly
 superiorly and posteriorly to the plane of the scapula.

The glenohumeral capsular and ligamentous structures
provide the majority of the static stability for the gleno-
humeral joint. The joint capsule has nearly twice the surface
area of the humeral head, which allows for a large range of
motion.10 Depending on the position of the arm, selective
portions of the capsule become taut to provide support for

the humeral head; when the arm is by the side, the superior
capsule is tight and the inferior capsule is loose. There are
three anterior glenohumeral ligaments (GHLs), which pro-
vide  reinforcement for the anterior capsule; they are named
for their humeral insertions: superior, middle, and inferior.
The superior GHL prevents inferior subluxation when the
arm is at the side.11 The middle GHL resists anterior transla-
tion with the arm in 45 degrees of abduction and external
rotation.12 The inferior GHL acts as a sling for the humeral
head; with the arm abducted and externally rotated, the
 anterior band limits anterior translation as well as inferior
subluxation; the posterior band becomes helpful in limiting
inferior subluxation when the arm is abducted more than
45 degrees.11,13

The labrum is the final soft-tissue structure important for
glenohumeral joint stability through its wide range of mo-
tion. It is positioned on the periphery of the glenoid and is
the insertion point for the capsuloligamentous structures
discussed earlier.14 Through its position, it increases the sur-
face area of the glenoid and deepens the socket by 50%.15

EPIDEMIOLOGY
Problems with the shoulder joint, specifically impingement
and tearing of the rotator cuff tendon, tend to increase with
patient age. A study done in 1995 found that only 4% of
asymptomatic patients between the age of 19 and 39 had a

FIG. 12.1. Structures of the shoulder and their relationships. Note the acromion and coracoacromial
ligaments, which may impinge on the supraspinatus tendon on abduction of the arm. Note the
location for subacromial injection into the bursa and about the rotator cuff tendons. Adapted
from Pansky B. Review of Gross Anatomy. New York: Macmillan; 1979.
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partial-thickness tear of the rotator cuff and there were no
full-thickness tears. This is in comparison to 28% incidence
of full-thickness tears and 26% incidence of partial-thickness
tears in asymptomatic patients over the age of 60.16

Patients at increased risk of developing impingement
 syndrome and rotator cuff tendonopathy include both ath-
letes and laborers. Any sport that involves overhead activity
will place a player at risk; these include tennis, volleyball,
baseball, golf, football (quarterbacks), and swimming. Labor-
ers, such as carpenters, mechanics, or painters, who perform
the  majority of their work overhead are also at increased risk.

NARROWING THE DIFFERENTIAL
DIAGNOSIS
The differential diagnosis of shoulder pain includes rotator
cuff disorders (tendonopathy, partial-thickness or full-
 thickness tears), glenohumeral instability (more common in
younger overhead athletes), cervical radiculopathies, calcific
tendonitis, adhesive capsulitis, degenerative joint disease of
the glenohumeral or AC joints, and peripheral nerve com-
pression.17

History

Common complaints related to the shoulder will include
feelings of stiffness, weakness, pain (typically anterolateral or
posterolateral), or sleep disturbance. Pain is typically exacer-
bated by any sort of overhead activity, such as putting things
away in overhead cabinets/shelves. Decreased endurance, ac-
curacy, or speed is a common complaint among overhead
athletes. Many women will report difficulty styling their hair.
Any or all of these symptoms may be found in patients with
AC joint arthritis, subacromial impingement, internal im-
pingement, or tears of the rotator cuff tendon.

Patients with isolated AC joint arthritis present with
symptoms that are consistent with all of the most common
shoulder pathologies: dull ache over the deltoid area and pain
with motion of the shoulder. Reaching for something in front
of the opposite shoulder (cross-body adduction) is the most
irritating to patients with as yet isolated AC joint arthritis.

In subacromial impingement, patients typically complain
of pain, generally in the anterior/superior aspect of the shoul-
der. Depending on the time course, they may also report weak-
ness and/or stiffness of the affected shoulder. Subacromial
impingement is typically insidious in onset. However, some
patients may report an acute event that led to traumatic bursi-
tis that eventually develops into a chronic impingement syn-
drome. A complete history will be helpful in the diagnosis:
location of pain, timing of pain (day or night), activities that
exacerbate/alleviate pain, treatment modes already attempted
(therapy, medications, injections, activity modifications,
 operations). Remember, true subacromial impingement is
typical in patients over the age of 40. In younger patients, other
diagnoses, such as glenohumeral instability, labral pathology,
or internal impingement, should be considered.

Internal impingement is a source of posterior shoulder
pain and can mimic both subacromial impingement as well as
rotator cuff tears. However, internal impingement most fre-
quently occurs in overhead athletes younger than 40 years of
age. Symptoms of internal impingement are similar to those
of subacromial impingement, with a slow, insidious onset of
shoulder pain eventually leading to subjective weakness and
stiffness of the affected shoulder. The major difference, how-
ever, is the location of the pain. Internal impingement typically
presents with posterior shoulder pain, as opposed to anterior
pain associated with subacromial impingement. Pain is usually
associated only with the specific activity that brings the shoul-
der into the offending position of external rotation, abduction,
and extension. Pitchers may specifically report an increase in
the time required for warm-up or decreased endurance.18

Tears of the rotator cuff may be partial- or full-thickness.
Interestingly, a recent study found that 73% of patients with
partial-thickness tears reported significant and severe pain
at night, as compared to only 50% of patients with full-
 thickness tears. Comparing preoperative patients’ complaints
with intraoperative findings, this same study also found that
bursal-sided tears tended to cause more pain than intratendi-
nous or articular-sided tears.19 Patients over the age of 40
who suffer a traumatic dislocation are at high risk for having
an acute rupture of the rotator cuff. Typically, however, rota-
tor cuff tears are more indolent and chronic in  nature, with a
progression from subacromial or internal  impingement to
partial tears to full-thickness tears. Patients may have waxing
and waning symptoms depending on their activity levels, and
many patients will have made lifestyle adaptations to avoid
the pain associated with the pathology.

Evidence-based Physical Examination

Examination of the shoulder should always include examina-
tion of both shoulders and begins with simple inspection.
The shoulders should be exposed as much as possible while
maintaining patient modesty. Standing behind the patient,
 inspect the scapula and periscapular muscles. Look for any
evidence of scapular winging or muscle atrophy in the
supraspinatus or infraspinatus fossa. Obvious muscle atro-
phy in the rotator cuff muscles can be helpful in the diagnosis
of a full-thickness tear of the tendon but may also be linked to
peripheral nerve compression syndromes, such as the infra-
spinatus wasting seen in patients with glenoid notch cysts. In
a study of 400 patients, it was found that patients who had
supraspinatus weakness, weakness in external rotation, and a
positive impingement sign had a 98% probability of having a
rotator cuff tear.20

Ask the patient to raise his or her arms over the head and
observe the motion of the scapulae in relation to each other
as well as in relation to the glenohumeral joint—is it a
smooth motion or does the patient have to manipulate his or
her shoulder to be able to achieve maximal elevation? Notice
if any local muscles, such as the trapezius, have been re-
cruited to help with shoulder motion. During this time you
should also examine the skin for any overlying lesions or
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changes or any obvious masses. In AC joint arthritis, a
painful arc will be noted in a range that is higher in elevation
(120 to 180 degrees) compared to the painful arc noted with
cuff impingement (60 to 120 degrees).21

Next, palpate potential areas of pain and inflammation to
see if this will recreate or elicit the patient’s pain. These areas
include the long head of the biceps as it passes along the
 anterior humeral head in the bicipital groove, the tendinous
insertion of the rotator cuff muscles on the greater tuberos-
ity, the AC joint, and the posterior shoulder. Leaving a hand
over the shoulder while passively or actively moving the
shoulder will allow the examiner to assess for crepitus re-
lated to degenerative joint disease, which will often accom-
pany shoulder impingement to some degree. This is again an
important time to rule out any underlying masses or abnor-
malities that would need to be investigated further.

There are multiple tests described to attempt to diagnose
shoulder impingement or to highlight weakness in the vari-
ous rotator cuff muscles. However, they are not all equal in
terms of their sensitivity and specificity and, therefore, their
clinical usefulness. In 2005, Park et al.22 tested eight different
common examination techniques in patients with varying
degrees of rotator cuff pathology: bursitis without a tear,

A

B

C

FIG. 12.2. Provocative maneuvers for rotator cuff pathol-
ogy. A. Neer impingement test performed by forward
flexing the arm, with the scapula stabilized, until pain is
experienced or full flexion is achieved. B. Hawkins–
Kennedy sign performed with the arm flexed to 90 degrees
and then being forcibly internally rotated. C. Supraspinatus
strength testing performed with the arm elevated to
90 degrees within the scapular plane and being in
 internal rotation or neutral. Forced abduction is resisted
by the physician.

partial-thickness cuff tear, and full-thickness cuff tear. There
have been a few studies to compare the accuracy of these
tests in patients with simple bursitis versus any  degree of cuff
tear, but Park’s study is the only one that  divided the cuff tear
group into partial or complete tears based on intraoperative
findings. The tests, described in subsequent paragraphs,
 include the Neer impingement sign, Hawkins impingement
sign, painful arc sign, supraspinatus muscle strength test,
Speed test, cross-body adduction test, drop-arm sign, and
infraspinatus  muscle strength test (Fig. 12.2).

The Neer impingement sign (Fig. 12.2A) is defined as
pain with passive forward flexion of the arm until either full
elevation is reached or the patient expresses pain in the ante-
rior/lateral shoulder. It is considered a positive test if the
pain arises during forward flexion of 90 to 140 degrees.23

The Hawkins–Kennedy impingement sign (Fig. 12.2B)
starts with the arm at 90 degrees of forward flexion and the
elbow bent. The arm is then brought into internal rotation
until either the patient describes pain or rotation of the
scapula is observed. This test is considered positive when the
patient expresses pain during the maneuver.

The painful arc sign asks the patient to actively elevate the
arm in the scapular plane until full elevation is achieved and
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then lower the arm in the same plane. It is considered positive
if the patient notices pain or catching between 60 and
120 degrees of elevation.

Next, the supraspinatus muscle test (Fig. 12.2C) attempts
to isolate this muscle from the other cuff muscles. The
 patient is asked to elevate his or her arm to 90 degrees and
either maintain neutral or slight internal rotation. The
 examiner then attempts to resist the patient’s active abduc-
tion of the arm. This test is positive if the patient is unable to
sustain the contraction due to pain/weakness.

The Speed test starts with the patient fully extending his
or her elbow and then elevating the arm to 90 degrees of for-
ward flexion. The forearm is maintained in full supination
while the examiner applies a downward force. Again, pain, or
inability to resist the downward force, is considered positive.

The cross-body adduction test brings the arm to 90 degrees
of forward flexion and then adducts the arm across the body.
A positive test is defined by pain during this maneuver.

The drop-arm sign begins with the patient elevating the
arm to full forward flexion and then slowly reversing the same
arc against gravity. If the arm drops abruptly or, again, the pa-
tient expresses pain during this maneuver, the test is positive.

The infraspinatus muscle strength test tries to isolate out
a specific cuff muscle. The arms are left down by the side and
the elbows are flexed to 90 degrees. The patient is asked to
externally rotate his or her forearms against the examiner’s
resistance, while keeping the elbows locked at his or her
side. Again, weakness against resistance or pain during the
 maneuver defines a positive test. Alternatively, the patient
may be asked to keep his or her elbows bent at the side as
 described and then to maximally externally rotate the fore-
arms and hold this position. It is also a positive test if the
 patient is unable to hold this position.

The results of Park’s study show that for patients with
tendonitis or bursitis, but no cuff tear, the Neer impinge-
ment sign was most sensitive (85.7%); it also had the highest
positive predictive value at 20.9% and the highest negative
predictive value at 95.7%. The cross-body adduction test had
the best overall accuracy, 73.1%, and the highest specificity,
79.7%.

In patients with a partial-thickness rotator cuff tear, the
Neer and the Hawkins–Kennedy signs had the best sensitivity
at 75.4%, but poor overall specificity at 48% and 44%,
 respectively. The Neer sign also had the highest positive pre-
dictive value (18.1%) and the highest negative predictive
value (92.6%). Again, however, the cross-body adduction test
had the highest specificity (78.5%) and the best overall accu-
racy at 70.8%. All of the positive predictive values were below
20%, but the negative predictive values were all above 86%.

Finally, in the patients found to have full-thickness rota-
tor cuff tears at the time of surgery, the drop-arm sign was
the most specific test, with a specificity of 87.5%. The
painful arc sign remains very helpful, with a sensitivity of
75.8% and a high negative predictive value of 76.4%. The
specific tests for the supraspinatus and the infraspinatus had
the highest positive predictive values, 68.0% and 69.1%,

 respectively, as well as the best overall accuracy in this group,
both around 70%.

Regression analysis helped the authors to determine that
if a patient has a positive Hawkins–Kennedy impingement
sign, a painful arc sign, and a positive infraspinatus muscle
test, the posttest probability of the patient having any degree
of impingement syndrome was 0.95. If these tests are all neg-
ative, the likelihood of that patient having any degree of
 impingement syndrome is less than 24%. If a patient has a
positive painful arc sign, drop-arm sign, and infraspinatus
muscle test, the likelihood of the patient having a full-
 thickness rotator cuff tear was greater than 91%. If these
three tests are negative, then the likelihood of the presence of
a full-thickness tear is less than 9%.

Diagnostic Testing

Imaging

There are multiple studies available to aid in determining the
etiology of shoulder pain. Evidence of fracture or dislocation
can be seen on plain radiographs, and these are critical diag-
noses to rule out before proceeding with the development of
treatment plans. Plain radiographs are also helpful to deter-
mine the type of acromion present or to diagnose an os
acromiale, which may predispose patients to subacromial
impingement. A diagnosis of calcific tendonitis can also be
made on plain x-ray.

Magnetic resonance imaging (MRI) is a common imag-
ing modality currently used for evaluation of shoulder pain
(Fig. 12.3). A recent meta-analysis looked at 29 different

FIG. 12.3. Rotator cuff tear. Coronal oblique MRA image
demonstrating shredding and atrophy of the supraspina-
tus tendon (*) with extravasation of contrast into the sub -
deltoid bursa. Reprinted with permission from Daffner
RH. Clinical Radiology: The Essentials. 3rd ed. Philadel-
phia: Lippincott Williams & Wilkins; 2007.
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Ultrasound has also been described in the diagnosis of
partial-thickness and full-thickness rotator cuff tears 
(Fig. 12.4). It can offer an inexpensive alternative but does
not provide the same amount of information regarding pos-
sible concomitant pathologies of the shoulder. Results using
 ultrasound have also been found to be extremely dependent
on the skills of the operator.26 A 2005 study found that the
preoperative accuracy of ultrasound was similar to that of
MRI, with 70% and 73% accuracy, respectively.27 Ultra-
sound does offer the unique ability to perform functional
imaging of the rotator cuff to assess for impingement.

APPROACH TO THE ATHLETE
WITH ARTHRITIS OF THE

ACROMIOCLAVICULAR JOINT

HISTORY AND PHYSICAL EXAMINATION

The AC joint is a diarthrodial joint, with the concave articular
surface of the acromion articulating with the convex distal
clavicle. There is an intra-articular disc, but this is frequently
incomplete or absent.28 Degeneration of this joint is a natural
consequence of aging and has been found to begin as early as
in the second decade.29 Also, the inferior surface of the joint
directly contacts the subacromial bursa and rotator cuff and
can therefore play a role in the development of subacromial
impingement.21 Biomechanical studies have demonstrated
that at 60 degrees of shoulder abduction, the rotator cuff
 begins to contact the undersurface of the AC joint, and by
70 degrees, it is directly underneath the joint.30 It is easy to un-
derstand, then, why inferior osteophytes resulting from degen-
eration of the AC joint will cause pain when elevating the arm
and irritation and tearing to the supraspinatus tendon.

DIAGNOSTIC TESTING

● Radiographic evaluation
● Subchondral cysts, sclerosis, osteophyte formation, and

joint-space narrowing consistent with degeneration of
the joint

● Findings may also be present in asymptomatic patients
● Weighted stress views for acute injury are helpful to

 diagnose and classify an injury to the AC ligaments and
resulting joint instability

● MRI
● AC joint arthritis presents as capsular hypertrophy,

 effusions, and subchondral edema on an MRI
● Interventional testing

● Injection of local anesthetic can be used as a diagnostic
aid. If AC joint arthritis is the source of the pain, the
 patient’s symptoms are completely alleviated within
minutes of the injection

FIG. 12.4. Ultrasound of the rotator cuff. A. Transverse scan
of full-thickness supraspinatus tear. Tear margins (white
 arrows) are irregular but well defined. The edge of the artic-
ular cartilage (thin curved white line) deep to the defect.
B. Partial-substance tear (thin arrow) of supraspinatus.

A

B

 cohort studies and found that for a full-thickness rotator
cuff tear, MRI had a sensitivity of 0.89 and a specificity of
0.93. For partial-thickness tears, however, the sensitivity
dropped to 0.44, and specificity remained high at 0.90.24

However, the use of MR arthrography (MRA) increased the
sensitivity to 0.84 and the specificity to 0.96 in another study
on partial-thickness tears.25 MRI, including arthrogram,
should be used when a tear of the rotator cuff tendon is sus-
pected or when there is concern of additional pathologies,
such as superior labral (SLAP) tears or Bankart lesions,
based on history and physical examination. However, MRI
are not necessary in the setting of isolated degenerative dis-
ease or impingement syndrome.
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● It is most important to remember that the patient needs
to be symptomatic at the time of the injection for it to
be useful

TREATMENT

Nonoperative

● Anti-inflammatory medication
● Activity modification
● Physical therapy—strengthen surrounding musculature
● Correct joint mechanics

● Corticosteroid injections—indicated if relief provided by
local anesthetic injection
● Evidence suggests bridging solution31

● 93% initial relief
● 67% ultimately required surgical intervention

Operative

● Both open and arthroscopic distal clavicle excision have
proven successful at relieving AC joint arthrosis

Prognosis/Return to Play

● Pain is the only impediment to return to activity

Complications/Indications for Referral

Alterations in joint mechanics related to pain may lead to
 increased risk for other injuries.

APPROACH TO THE ATHLETE WITH
SUBACROMIAL IMPINGEMENT

SYNDROME

HISTORY AND PHYSICAL EXAMINATION

Subacromial impingement is understood to be the patho-
logic or painful contact between the rotator cuff, the
 subacromial bursa, and the undersurface of the anterior
acromion. It is typically a combination of overuse and early
degenerative changes and therefore is typically a disease of
patients over the age of 40. It is one of the most common
causes of shoulder pain and is one of the most frequent rea-
sons patients seek medical attention. 

Subacromial impingement syndrome is thought to be the
beginning of a continuum of disease states that ultimately
ends with a complete tear of the rotator cuff tendon. Neer
described three different stages of impingement: (i) edema
and hemorrhage of bursa and tendon found in younger

 patients; (ii) irreversible changes of fibrosis and tendonitis
found in patients 25 to 40 years of age; and (iii) partial or
complete tears of the rotator cuff tendon, typically in pa-
tients greater than 40 years of age.32 Neer felt that 90% to
95% of rotator cuff tears resulted from a narrowing of the
supraspinatus outlet due to a hooked acromion or spur for-
mation at the acromion or AC joint that forced this patho-
logic contact between bone and tendon. Bigliani described
three different types of acromion based on lateral radio -
graphs and direct observation of cadaveric dissections. A
type I acromion (17%) is flat, type II (43%) is curved, and
type III (40%) is hooked. His group found a substantially
higher number of full-thickness rotator cuff tears in the
shoulders with a type III acromion.33

It has also been proposed, however, that in the setting of a
repetitive motion/activity, subacromial impingement has a
multifactorial etiology, including patient age, work condi-
tions, and shoulder mechanics, in addition to patient anatomy
as described by Neer. Work-related factors are always impor-
tant to consider when entertaining a diagnosis of subacromial
impingement syndrome. Things to investigate are the arm
 position during work, the amount of weight lifted on a regular
basis, and the number of daily repetitions.34

Biomechanical studies have demonstrated that in a
shoulder with impingement syndrome, active elevation of
the arm causes greater superior migration of the humeral
head, which contributes to the propagation of the disease.
Between 60 and 90 degrees of elevation, the humeral head is
most likely to migrate superiorly due to contraction of the
deltoid. This is the range, therefore, where the rotator cuff
muscles/tendons must work the hardest to prevent superior
migration and are therefore at greatest risk for injury.35

Repetitive overhead activities require a significant amount of
endurance from the scapular rotators/stabilizers to maintain
efficient glenohumeral mechanics. Fatigue of these muscles
may cause increased force transmission to the rotator cuff
muscles and therefore contribute to the development of
 tendonitis/bursitis and resultant subacromial impingement
syndrome. Dysrhythmic scapulothoracic motion also com-
pounds the issue by failure of the acromion to rotate with
the humerus, which causes further diminution of space
available in the subacromial area.36 Repetitive overhead
 activities, either work- or sport-related, will likely produce
soft-tissue inflammation, particularly in the setting of poor
mechanics or inappropriate conditioning. This decreases the
amount of space available for the cuff tendon and con-
tributes to friction and increasing wear and microtrauma to
the tendon; this is the most likely etiology of impingement
syndrome in a younger patient/athlete.33

A complete examination of the affected and unaffected
shoulder should be performed as described previously in
this chapter. As mentioned, there are multiple tests to help
differentiate the diagnosis from the spectrum of impingement
through rotator cuff tears, but none are especially sensitive or
specific. The result of each test, considered in concert, helps to
formulate the diagnosis. A specific examination of the neck
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and associated nerve roots should be carried out to rule out a
cervical etiology for shoulder pain or a concomitant prob-
lem. The Neer impingement sign and cross-body adduction
 maneuver have the best statistical results for diagnosing bur-
sitis/tendonitis and the absence of a cuff tear. The pain asso-
ciated with impingement syndrome can sometimes cloud
the picture and mimic the weakness typically found in rota-
tor cuff tears. In addition, patients typically avoid activities
that cause pain, and this can lead to stiffness and loss of
range of motion in the affected shoulder.

DIAGNOSTIC TESTING

● Radiographic evaluation
● Complete plain radiographs of the shoulder should be

performed and the type of acromion identified on the
lateral projection

● An axillary view may demonstrate an unfused acromial
epiphysis, or os acromiale, which can be a cause of im-
pingement syndrome

● MRI
● An MRI will be useful to ensure that a rotator cuff tear is

not missed
● Interventional testing

● An injection of local anesthetic can be helpful in the
 diagnosis of subacromial impingement

● Alleviation of the patient’s pain and, possibly, improve-
ment in his or her strength after injection of lidocaine
into the subacromial space can be diagnostic

● Alternative imaging
● Ultrasound and CT arthrography can be used as alterna-

tive imaging studies if MRI is not tolerated or is con-
traindicated

TREATMENT

Nonoperative

● Initial treatment
● Activity modification
● Anti-inflammatory medication
● Physical therapy
● Scapular stabilization
● Rotator cuff strengthening

● Corticosteroid injection
● 6 to 7 months relief37

● Pain control
● Improved range of motion

Operative

● Surgical consultation recommended if nonoperative mea -
sures fail at 6 months

● Subacromial decompression
● Removal/flattening of the anterior acromion
● Excision of subacromial bursa
● Creation of more space for the rotator cuff tendon
● Predictable return to activities38

Prognosis/Return to Play

● Pain-free full range of motion
● Full strength

Complications/Indications for Referral

Untreated or undertreated impingement syndrome can
 potentially lead to shoulder stiffness, recurrence or chronic
pain, and ultimately progression to a full rotator cuff tear.

APPROACH TO THE ATHLETE WITH
INTERNAL IMPINGEMENT

HISTORY AND PHYSICAL EXAMINATION

Internal impingement occurs when the articular side of the
rotator cuff tendon is compressed between the greater
tuberosity and the posterosuperior edge of the glenoid. This
typically takes place when the shoulder is abducted 60 to
90 degrees and in maximal external rotation and horizontal
extension, as in the cocking/acceleration phase of the pitch-
ing cycle.39 With improper conditioning of the antagonizing
subscapularis and laxity of the anterior stabilizers, namely
the inferior GHL and anterior capsule, or with simple over-
use and fatigue, this contact between the glenoid and the
 articular surface of the rotator cuff becomes pathologic.40

Because of this, internal impingement is more closely related
to other injuries associated with overhead athletes, such as
SLAP lesions (SLAP tears) and anterior laxity/instability,
than with subacromial impingement or acromial-sided cuff
tears as seen in older patients with overuse syndromes. It has
also been suggested that subtle instability is actually a major
contributing factor to the development of internal impinge-
ment and articular-sided rotator cuff lesions.41

Physical examination and radiographic studies are car-
ried out as usual for shoulder pain. However, the most spe-
cific sign of internal impingement is eliciting the same pain
experienced by the patient by bringing the arm into the po-
sition of injury. By observing scaption, the abduction of the
arms in the scapular plain, the examiner may notice signifi-
cant alteration in the motion of the affected shoulder. The
patient with more advanced internal impingement will com-
pensate for pain/weakness of the rotator cuff muscles by
“hiking” the shoulder and using more scapular motion than
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normal to  elevate the arm. The Jobe relocation test may also
be positive, suggesting that anterior laxity and instability are
leading contributors to the pathogenesis of internal im-
pingement.40 The history and symptoms described by the
patient are very useful in diagnosing internal impingement.

DIAGNOSTIC TESTING

● See section “Approach to the Athlete with Subacromial
 Impingement Syndrome”

TREATMENT

Nonoperative

● Initial treatment
● Activity modification
● Anti-inflammatory medication
● Intra-articular glenohumeral cortisone injection

■ Useful in initial management in inflammation
 reduction42

● Physical therapy
● Initiated once pain and inflammation under control
● Restoration of normal shoulder mechanics
● Synchronization of scapulothoracic and glenohumeral

motion
● Rotator cuff strengthening—subscapularis and periscapu-

lar muscles
● Posterior capsule stretching of critical importance40

Operative

● Reserved for patients who have failed rigorous nonopera-
tive management

● Examination under anesthesia40

● Diagnose instability as underlying cause for internal im-
pingent

● Guide postoperative rehabilitation
● Arthroscopic evaluation and possible debridement of

pathologic structures

Prognosis/Return to Play

● Completion of the rehabilitation program
● Full range of motion and strength

Complications/Indications for Referral

Similar to external impingement, untreated internal im-
pingement can lead to stiffness, pain, and full-thickness rota-
tor cuff tears.

APPROACH TO THE ATHLETE
WITH TEARS OF THE ROTATOR

CUFF TENDON

HISTORY AND PHYSICAL EXAMINATION

Next, in this spectrum of disease states that affect the shoul-
der of an athlete is a rotator cuff tear, either partial or com-
plete. Ellman developed a classification and grading system
for  partial-thickness tears based on findings at the time of
arthroscopy. He classified partial tears as bursal, articular, or
interstitial depending on their location and assigned a grade
based on the depth of the tear. A grade I tear is less than 3 mm
deep, a grade II tear is 3 to 6 mm deep, and a grade III tear is
greater than 6 mm deep.43

At this time, it is typically accepted that there are intrinsic
and extrinsic factors that lead to partial rotator cuff tears. The
first is the extrinsic etiology as described by Neer, where pa-
tients with subacromial narrowing and impingement eventu-
ally develop tearing in the supraspinatus tendon.32 Recently,
the increased understanding of internal impingement has led
many to believe that there are specific intrinsic factors that
lead to the articular-sided tears. In older patients, this would
be related to osteophyte formation and degenerative changes
of the glenohumeral joint; and in younger patients, this is re-
lated to the pathologic association between the tendon and
the superoposterior glenoid associated with excessive exter-
nal rotation, extension, and abduction.26

The current understanding of partial rotator cuff tears is
that they typically do not heal and will likely progress over
time. A study evaluating articular-sided partial tears with
arthrography found that 53% of the tears grew bigger, while
28% became complete full-thickness tears. Surprisingly, 10%
of patients had a decrease in the size of the tear, and an addi-
tional 10% had their tear “disappear.”44

Physical examination of a patient with a rotator cuff tear
will reveal weakness in the rotator cuff muscles, specifically
the supraspinatus, with associated weakness of external rota-
tion. Patients also typically have positive impingement signs.
It is often difficult to distinguish between a partial-thickness
and full-thickness tear. Atrophy of the rotator cuff muscles is
one sure sign of disuse of these muscles related to a chronic
full-thickness tear of the tendon. Frank inability to actively
raise the arm above the level of the shoulder is also indicative
of a full-thickness tear in the setting of normal passive
 motion.

DIAGNOSTIC TESTING

Radiographic Imaging

● Anteroposterior (AP), lateral, axillary, and supraspinatus
outlet views are recommended
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● MRI should be obtained in all patients suspected of having
a rotator cuff tear (Fig. 12.3)
● Provides the most information about the shoulder joint

● Ultrasound can be helpful if MRI is not possible due to
implantable devices in diagnosing rotator cuff pathology
(Fig. 12.4)

● CT arthrogram is an alternative if MRI and ultrasound are
unavailable

TREATMENT

Nonoperative

● Initial treatment
● Activity modification
● Anti-inflammatory medication
● Physical therapy

■ Scapular stabilization
■ Rotator cuff strengthening
■ Regain/retain full range of motion

● Partial-thickness tears may require 12 to 18 months of
therapy for a completely successful outcome26

● Nonoperative modalities yield unpredictable results for
full-thickness tear
■ Should be considered for initial management in all

 patients
■ Less likely to succeed in long-standing disease45

● Corticosteroid injection
● No evidence-based indication for management in rota-

tor cuff disease46

Operative

● Surgical consultation recommended if nonoperative
measures fail or pain worsens

● Surgery should be considered in the face of objective
weakness and substantial functional limitations

● Arthroscopic evaluation
● Debridement of tear

● Repair if tear is complete or felt to be nearly complete
● Subacromial decompression with acromioplasty

● If external impingement thought to be a factor

Prognosis/Return to Play

● Postoperative rehabilitation will depend largely on the
findings at surgery
● 6 weeks to 6 months

● Phase I (0 to 6 weeks)
● Protecting the repair
● Gradually increasing passive range of motion
● Pendulum exercises

● Phase II (week 6 to week 12)
● Progress to active range of motion
● Avoid strengthening exercises

● Phase III (week 12 to week 16)
● Strengthening exercises can begin
● Weights less than 5 lb
● Scapulothoracic motion and shoulder stability are

 emphasized
● Return to functional activities is encouraged

● Phase IV
● Sport-specific exercises
● Improve strength and endurance
● Return to full activity assuming successful pain-free

completion of each phase47

Complications/Indications for Referral

Prognosis for patients whose symptoms have been present
for greater than 1 year, who have large full-thickness tears,
and who present with functional weakness or significant dis-
ability in the affected shoulder will be poor. Therefore, in the
setting of objective weakness and substantial functional lim-
itations, surgical repair is indicated sooner rather than later
regardless of the duration of symptoms to achieve the best
possible outcome. Unlike the results for surgical interven-
tion in subacromial impingement, workman’s compensation
status appeared to have a negative impact on the results of
surgical repair of rotator cuff tears.

KEY POINTS

• Internal impingement occurs in overhead athletes
younger than 40 years of age due to pathologic contact
between the articular surface of the rotator cuff tendon
and the posterosuperior glenoid (intrinsic)

• Subacromial impingement is an overuse injury associ-
ated with overhead activity in patients older than 40
years of age that causes a narrowing of the subacromial
space related to chronic bursitis and inflammation as
well as acromion morphology (extrinsic)

• Management should begin with conservative mea -
sures: rest, activity modification, physical therapy, and
anti-inflammatory medications, with or without
 corticosteroid injection

• Presentation with objective weakness, significant disabil-
ity, and symptom duration of greater than 1 year pre-
dicts poor prognosis in the repair of rotator cuff tears

• Restoration/maintenance of full range of motion and
normal joint kinematics are the mainstays of treatment
for shoulder pain

• Results and recovery from rotator cuff repair involve
intensive physical therapy and effort on the part of the
patient, and it can often take up to a year before return
to full activity
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INTRODUCTION
Elbow pain is a common complaint among athletes that can
result from acute or chronic conditions. From a diagnostic
standpoint, the majority of elbow injuries in athletes occur
from chronic processes with an insidious onset; however,
some may be acutely exacerbated by a distinct insult. Build-
ing a differential diagnosis will depend on the site of the
elbow pain and what activities the patient is involved in. A
significant proportion of throwing athletes may experience
elbow pain, which must be taken seriously and expands the
differential significantly. Athletes involved in racquet or
stick-based sports are also prone to overuse injuries, while
contact and collision sports see the majority of acute elbow
injuries.

FUNCTIONAL ANATOMY
Osteology of the Elbow

The elbow joint is a hinge (ginglymus) joint formed by
the articulation of the distal humerus and the two bones of
the forearm, the radius, and the ulna. The trochlea of the
humerus, medially, forms an intrinsically stable hinge joint
with the trochlear notch of the proximal ulna. The olecra-
non process proximally and the coronoid process distally
form the trochlear notch. Laterally, the radioulnar joint is
made up of the articulation of the capitellum of the
humerus and the radial head. This joint is important for
supination and pronation of the forearm. The elbow has a
slight valgus configuration (5 to 7 degrees), referred to as the
“carrying angle.” 

Ligaments of the Elbow

Although the bony structures of the elbow confer an inher-
ently stable joint, the collateral ligaments account for
roughly half of the elbow’s varus–valgus stability. The medial
(or ulnar) collateral ligament (MCL or UCL) contains a
strong anterior bundle and is important in resisting valgus
deformation at the elbow (Fig. 13.1). The lateral (or radial)
collateral ligament (LCL or RCL) stabilizes against varus

force at the elbow and contains the lateral UCL, important
for rotational stability of the elbow (Fig. 13.2).

Muscles at the Elbow

The muscles responsible for flexion of the elbow are anterior
and include the brachialis, biceps brachii, and brachioradialis.
Elbow extension is controlled by the triceps and anconeus,
posteriorly. Supination of the forearm is accomplished by
the extensor–supinator complex, arising from the lateral
 epicondyle of the humerus. This muscle group includes the
extensor digitorum, extensor digiti minimi, extensor carpi ul-
naris, and the “mobile wad of three” (extensor carpi radialis
longus [ECRL], extensor carpi radialis brevis [ECRB], and
brachioradialis). The flexor–pronator mass arising from the
medial epicondyle includes the flexor carpi radialis, flexor
carpi ulnaris, flexor digitorum superficialis, and pronator
teres and is important in pronation of the forearm.

Vasculature at the Elbow

The arterial supply to the hand and forearm passes anterior
to the elbow. The brachial artery travels anterior to the
brachialis muscle and branches into the ulnar and radial
 arteries in the cubital fossa. The ulnar artery enters the fore-
arm deep to the pronator teres, while the radial artery fol-
lows underneath the medial border of the brachioradialis. 

Nerves at the Elbow

The radial nerve lies between the brachialis and the brachio-
radialis along the anterolateral aspect of the elbow. It divides
into the posterior interosseous nerve (PIN) and the superfi-
cial radial nerve as it crosses the elbow. The PIN dives be-
tween the two heads of the supinator, or arcade of Frohse, and
the superficial radial branch follows the undersurface of the
brachioradialis distally. The median nerve lies anterior to the
elbow joint and enters the forearm by diving between the two
heads of the pronator teres. The ulnar nerve lies posterior to
the elbow joint, along the medial aspect of the humerus, in
the cubital tunnel. It enters the anterior compartment of the
forearm by passing posterior to the medial epicondyle and
through the two heads of the flexor carpi ulnaris.
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FIG. 13.1. Ulnar (medial) collateral ligament. Reprinted with permission from Moore KL, Dalley
AF II. Clinical Oriented Anatomy. 4th ed. Baltimore: Lippincott Williams & Wilkins; 1999.
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FIG. 13.2. Radial (lateral) collateral ligament. Reprinted with permission from Moore KL, Dalley
AF II. Clinical Oriented Anatomy. 4th ed. Baltimore: Lippincott Williams & Wilkins; 1999.

EPIDEMIOLOGY
Elbow injuries are becoming more common as more people
participate in throwing and racquet sports. The type of injury
that is encountered depends, to some extent, on the type of
athletic pursuit. The injuries can be roughly grouped into

the enthesopathies/tendinopathies (lateral and medial epi-
condylitis and other rarer similar conditions), valgus stress
injuries from repetitive throwing, and peripheral nerve in-
juries (from repetitive compression or tension). The epidemi-
ology and incidence of specific conditions are detailed under
the particular diagnosis in the second half of the chapter.
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NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

The hallmark of an athletic elbow injury is pain at the elbow.
The pain frequently radiates distally and is accentuated by
 palpation over the area of maximal tenderness. Those affected
typically may complain of a “cramping” pain in the dorsal
forearm over the flexor or extensor muscles. In addition, neu-
rologic symptoms may be present. Weakness may be present
in the muscles innervated by the posterior interosseous, in-
cluding the digital, thumb, and wrist extensors. A throwing
athlete with UCL instability will present with a history of me-
dial-sided pain often associated with the late-cocking and ac-
celeration phase of throwing. Pitchers may report a loss of
“pop” on the ball. A history of grinding, catching, or locking
may indicate the presence of loose bodies, posterolateral im-
pingement, or chondromalacia. Ulnar nerve symptoms have
been associated with chronic medial instability.

Evidence-based Physical Examination

Inspection

The elbow should first be inspected for any gross abnormali-
ties or deformities. The entire upper extremity should be ex-
posed to search for any signs of previous trauma, deformity,
muscular tone, and skin changes. The carrying angle is the
angle made by the upper arm and forearm when the patient
stands with palms facing forward. This should be a valgus
angle of roughly 11 degrees in men and 13 degrees in women.
Overhand pitchers may have a significant increase in this angle
as compared to the nondominant arm.1 A decrease in this
angle is referred to as cubitus varus or a “gunstock” deformity,
while an increase in the angle is called cubitus valgus.

Palpation

The four major bony landmarks should be palpated to look
for tenderness, swelling, and crepitus. The medial epicondyle
is found along the medial aspect of the distal humerus and is
the insertion of the flexor–pronator mass as well as the UCL.
The olecranon is a subcutaneous bony process at the poste-
rior aspect of the ulna. Check this structure for any overlying
swelling or bogginess that would suggest an inflammation in
the overlying bursa. Posterior to the medial epicondyle and
lateral to the olecranon, the ulnar nerve can be palpated in
its groove known as the cubital tunnel. In addition, palpate
the olecranon fossa just proximal to the olecranon as well as
the proximal border of the olecranon for osseous irregulari-
ties. Along the lateral border of the distal humerus, the lat-
eral epicondyle can be palpated. This is the site of insertion
of the extensor–supinators including the “mobile wad of
three.” Two to three centimeters distal to the lateral epi-
condyle, the radial head can be palpated. The examiner can
ask the patient to pronate and supinate the forearm to pal-
pate most of its surface.

Range of Motion

The normal range of motion of the elbow is as follows: flexion
of 135 degrees or above, extension to at least 0 degree, supina-
tion to 90 degrees, and supination to 90 degrees.2 Strength
testing should be employed in all planes of motion at the
elbow, in addition to at the wrist, hand, and digits to examine
for the presence of neurologic deficits or muscular weakness.3

Special Tests

There are several examination maneuvers that are important
in diagnosing specific injuries to the elbow joint. These 
will be explained in order to construct a more thorough
 examination.

Tinel Test

The ulnar nerve can be assessed at the cubital tunnel. Tapping
over the nerve along the groove of the cubital tunnel resulting
in distal conduction of pain, paresthesias, or numbness is
considered a positive test. A positive test suggests nerve irrita-
tion and/or inflammation from compression at the elbow.4

Valgus Stress Test

The valgus stress test is important in assessing the compe-
tency of the UCL of the elbow. The elbow must be placed at
15 to 25 degrees of flexion in order to unlock the olecranon
from the olecranon fossa. The test is performed by cupping
the patient’s elbow with one hand, while holding the distal
forearm/wrist with the other hand and applying a valgus-
producing force across the elbow. A positive test is con-
firmed when gapping is detected along the medial aspect of
the elbow, as compared to the unaffected side. Medial-sided
pain without excessive gapping may be elicited when a UCL
sprain is present.2,5

Test for Tennis Elbow

The test for the presence of lateral epicondylitis involves
 attempting to reproduce the discomfort of this elbow injury.
Stabilize the patient’s elbow and proximal forearm while pal-
pating the lateral epicondyle with one hand. With the other
hand, resist wrist extension. The test is considered positive
when pain is reproduced at the lateral epicondyle approxi-
mately 0.5 cm distal, medial, and anterior to the midpoint of
the condyle.6,7 Medial epicondylitis can be tested for in a
similar way, by palpating the medial epicondyle while resist-
ing wrist flexion/pronation.

Valgus Extension Overload Test

The valgus extension overload test is employed to determine the
presence of an olecranon osteophyte impinging on the olecra-
non fossa. With the elbow in full extension, a valgus-directed
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force is imparted across the elbow. Posteromedial pain signifies a
positive test. In addition, tenderness or crepitus along the pos-
teromedial olecranon suggests the presence of osteophytes or
loose bodies in this area.6

Diagnostic Testing

Laboratory

Routine serology is not required unless an autoimmune
 etiology is suspected. Lyme titers should be considered for
an atraumatic effusion in endemic areas. Fluid analysis in-
cluding cell count and cultures is often indicated in the set-
ting of a suspected intra-articular infection. Fluid analysis
for crystals should be obtained if clinical presentation is
 suspicious for gout.

Imaging

Plain radiographs are the initial imaging test, particularly in
the setting of potential acute fracture and dislocation. X-ray
may also show evidence of bony ligament avulsion on the
anterior, medial, or lateral sides. The lateral radiograph lends
information about the congruency of the joint. Radiographs
may show osteophytes or calcific bodies.

Computerized topography (CT) is also very useful in the
evaluation of the acute elbow injury. It gives very fine defini-
tion of the bony structures of the elbow and can confirm
 evidence of an effusion. It is also helpful for the evaluation of
an occult fracture.

Magnetic resonance imaging (MRI) has shown to be use-
ful in many acute elbow injuries. MRI gives outstanding de-
tail and the precise location of ligament and chondral
injuries. It is useful in delineating the presence of a discrete
macroscopic tear versus the presence of microscopic dam-
age and inflammation, as evidenced by high signal intensity
on T2 images. MRI study can be helpful in preoperative
planning. MRI examination can be helpful in identifying a
space-occupying lesion, can show mass effect on the nerve
atrophy and diffuse hyperintensity of the muscles affected
on T2 imaging.

MRI arthrography is the test of choice in evaluating for
potential UCL injury, articular cartilage injury, or presence
of a loose body.

Musculoskeletal ultrasound is growing in popularity due
to its high resolution of tendon and ligament structures
about the elbow. It can be used in a dynamic fashion to as-
sess for UCL injury. Its high resolution of superficial struc-
tures allows for superior imaging of the tendons about the
elbow, including the diagnosis of tendinosis and partial ten-
don tears. Its use is limited by access to trained physicians
and sonographers.

Other Testing

Electromyography (EMG) studies may confirm the diagno-
sis of a peripheral nerve injury about the elbow, although

neurodiagnostics early in the course of the disorder are
 frequently normal.

APPROACH TO THE ATHLETE
WITH MEDIAL EPICONDYLITIS

(GOLFER’S ELBOW)
Medial epicondylitis, or “golfer’s elbow,” is a tendinosis of the
origin of the flexor–pronator mass at the medial epicondyle
of the distal humerus. It is the most common cause of me-
dial elbow pain, with an annual incidence of four to seven
cases per 1,000 patients.8,9 It is twice as common in men as
women, has a typical age range of 35 to 54 years, and has a
propensity to occur in throwers, racquet sport athletes,
golfers, swimmers, and bowlers.5

HISTORY AND PHYSICAL EXAMINATION

Athletes will typically complain of pain over the proximal,
medial forearm, centered at the medial epicondyle. Grip
strength may be reduced. Onset is usually insidious. Palpa-
tion just distal and anterior to the medial epicondyle will
elicit pain. In addition, resisted wrist flexion and pronation
will reproduce the patient’s symptoms.

DIAGNOSTIC TESTING

Diagnostic imaging is typically unnecessary.Plane radiographs
are usually normal, although traction spurs at the medial epi-
condyle can be seen on rare occasions. MRI findings include
thickening and increased signal intensity of the common flexor
tendon and soft tissue edema around the common flexor ten-
don.10 Musculoskeletal ultrasound is excellent at demonstrat-
ing tendon thickening and hypoechoic areas consistent with
tendinosis as well as tendon partial tears.

TREATMENT

Nonoperative

● Conservative measures are commonly reported to be
 successful in 85% to 90% of cases

● Splinting
● Activity modification
● Nonsteroidal anti-inflammatory drugs (NSAIDs)
● Counterforce bracing
● Physical therapy
● Corticosteroid injections (care must be taken to avoid the

ulnar nerve)11

● Ultrasound (not shown to be effective)12

87208_ch13.qxd:87208_ch13  9/1/09  4:20 AM  Page 119



120 Sports Medicine Consult

● Shock-wave therapy (not shown to be effective)12

● Laser therapy (early results are promising)13

Operative

● Surgical referral should be considered if conservative
management is unsuccessful after 6 months.

● Surgical treatment involves removing the diseased portion
of tendon, repairing the defect, and securing the tendon to
its insertion at the medial epicondyle.

Prognosis/Return to Play

● Most athletes with medial epicondylitis will recover with
nonoperative methods of treatment.

● If surgical treatment is needed, most patients can expect a
full recovery and a return to sport. Most authors report
successful surgical results in over 85% of cases.14,15

Complications/Indications for Referral

It is important not to miss a more serious derangement of
the elbow such as an UCL injury or an ulnar nerve entrap-
ment at the elbow. Ulnar nerve pathology at the elbow can
be concomitant with medial epicondylitis. 

APPROACH TO THE ATHLETE
WITH LATERAL EPICONDYLITIS

(TENNIS ELBOW)
Lateral epicondylitis, commonly known as “tennis elbow,”
is a tendinosis at or near the origin of the extensor–supinator
muscles at the lateral epicondyle. Tennis elbow is the most
common cause of lateral elbow pain and typically has an
incidence reported to be one to three per 100. The ECRB
insertion is usually cited as the culprit and may be dam-
aged by abrasion against the lateral capitellum.16 This
damage in the form of microscopic tears to the ECRB re-
sults in fibroblastic and vascular proliferation and disor-
dered repair of the tendon.17 Lateral epicondylitis has a
high incidence in racquet athletes (up to 50%), equal fre-
quency among men and women, and a typical age range of
35 to 55 years.

HISTORY AND PHYSICAL EXAMINATION

The hallmark of lateral epicondylitis is pain at the lateral
elbow, usually 5 mm distal and anterior to the lateral epi-
condyle. The pain frequently radiates distally and is accentu-
ated by palpation over the area of maximal tenderness.

Extending the elbow and resisting the wrist extension and/or
supination reproduces the discomfort.

DIAGNOSTIC TESTING

Radiographs are typically normal, but may show osteophytes
or calcification at the lateral epicondyle in one fifth of pa-
tients.5 MRI is useful in delineating the presence of a discrete
macroscopic tear in the common extensor insertion versus
the presence of microscopic damage and inflammation at the
origin, as evidenced by high signal intensity on T2 images.
MRI study can be helpful in preoperative planning and can
identify the presence of a tear in the extensor origin,  although
the significance of this finding has not been established in the
literature. Musculoskeletal ultrasound is excellent at demon-
strating tendon thickening and hypoechoic areas consistent
with tendinosis as well as tendon partial tears.

TREATMENT

Nonoperative

● Conservative measures are successful in approximately
90% of cases

● Rest
● Ice
● Activity modification
● NSAIDs18

● Counterforce bracing19

● Physical therapy20

● Acupuncture (short-term benefit in pain improvement)21

● Shock-wave therapy22

● Autologous blood injection or platelet rich plasma
 injection

Operative

● If nonoperative treatments fail after 6 months, surgical
 referral should be considered.

● Operative management typically involves excision of the
diseased area of tendon, with or without a limited lateral
epicondylectomy (Fig. 13.3).

● Rehabilitation should include an active physical therapy
regimen, similar in nature to the nonoperative protocol.
Results from case series show success in roughly 80% of
cases, although there are currently no controlled trials
comparing surgical intervention to another treatment
available in the literature.23

Prognosis/Return to Play

● Return to sport is determined on a case-by-case basis.
● Athletes may return to their respective sports when they

can actively grip a racquet or similar object.
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● The vast majority of athletes are able to return to their
sports after completing a conservative course of treatment.

● Most authors suggest a gradual return to sport after an ini-
tial 12-week postoperative recovery phase is complete.

Complications/Indications for Referral

It is important to recognize a more serious problem con-
comitant with tennis elbow. PIN entrapment syndrome may
mimic or occur simultaneously with lateral epicondylitis. In
addition, radiocapitellar pathology can account for symp-
toms similar to tennis elbow.

APPROACH TO THE ATHLETE
WITH POSTERIOR INTEROSSEOUS
NERVE ENTRAPMENT SYNDROME

PIN syndrome is caused by compression of the PIN as it passes
the proximal edge of the supinator muscle, at the arcade of
Frohse (Fig. 13.4). This peripheral nerve entrapment is un-
common and can be found to occur in athletes who perform
repetitive supination and pronation cycles of the forearm,
such as racquet athletes, discus throwers, and rowers.24

HISTORY AND PHYSICAL EXAMINATION

PIN entrapment can often be confused with lateral epicondyli-
tis. To further cloud the picture, the two disorders can occur
concomitantly in up to 5% of patients. Those affected typically
complain of a “cramping” pain in the dorsal forearm, over the

extensor muscles. The pain is usually significantly distal to the
lateral epicondyle and lacks the classical maximally tender
pressure point seen in tennis elbow. In addition, neurologic
symptoms may be present. Weakness may be present in the
muscles innervated by the posterior interosseous, including
the digital, thumb, and wrist extensors. The ECRL is always
spared, while the extensor carpi  ulnaris is always affected.25

DIAGNOSTIC TESTING

Plain radiographs are generally normal. MRI examination
can be helpful in identifying a space-occupying lesion that
could account for a PIN entrapment, but usually shows mass
effect on the nerve atrophy and diffuse hyperintensity of the
muscles affected on T2 imaging. EMG is of limited utility
due to the deep location of the PIN.25

TREATMENT

Nonoperative

● Rest
● NSAIDs
● Activity modification
● Physical therapy

Operative

● If symptoms persist without improvement for 3 months or
if motor symptoms worsen, referral should be made to an
upper extremity surgeon.

FIG. 13.3. Tennis elbow release. Reprinted with permission from Koval KJ, Zuckerman JD. Atlas
of Orthopaedic Surgery: A Multimedial Reference. Philadelphia: Lippincott Williams & Wilkins;
2004.
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● A recent surgical release of the radial nerve/PIN at the
elbow resulted in excellent outcomes in 77% of patients,
while recovery was considered good in 20%.26

Prognosis/Return to Play

● Duration of symptoms, and therefore avoidance of
sports, can be somewhat unpredictable in nonoperative
patients.

● It is common to allow a graduated resumption of activities
after symptoms have ceased.

● A return to sport after surgical release is typically accept-
able after the affected extremity regains 80% strength as
compared to the unaffected side.

● Eight to twelve weeks is a reasonable time period to expect
this return of strength and should include a brief period of
immobilization, restoration of range of motion, followed
by strengthening. 

Complications/Indications for Referral

A patient with motor weakness of the wrist and digital
 dorsiflexors should be taken seriously, and close clinic

 follow-up is important. Progression of motor symptoms
and/or the presence of a PIN palsy are indications for surgi-
cal  referral.

APPROACH TO THE ATHLETE
WITH CUBITAL TUNNEL

SYNDROME
Ulnar nerve entrapment at the elbow, commonly referred
to as cubital tunnel syndrome, occurs from pressure placed
on the ulnar nerve as it crosses the medial side of the elbow.
The ulnar nerve becomes compressed at the cubital tunnel,
which is  located between the medial epicondyle and the
 olecranon. The arcuate ligament, or Osborne’s ligament,
forms the roof of the tunnel. Flexion at the elbow narrows
the cubital tunnel by 55% and subsequently increases intra-
neural pressure.27 Cubitus valgus increases the risk of cu-
bital tunnel syndrome because the extra length the nerve
must travel places increased stretch on the ulnar nerve. This
disorder is associated with overhead throwing and is pro-
duced by traction injury to the nerve during valgus defor-
mation of the elbow during the late-cocking and early
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FIG. 13.4. Posterior interosseous nerve. Reprinted with permission from Moore KL, Dalley AF II.
Clinical Oriented Anatomy. 4th ed. Baltimore: Lippincott Williams & Wilkins; 1999.
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acceleration phases. Cubital tunnel syndrome is the second
most common nerve compression syndrome of the upper
extremity, behind carpal tunnel syndrome. Men are more
likely to be affected. Throwers with UCL injury/insuffi-
ciency will often present with symptoms of cubital tunnel
syndrome. It is essential, therefore, in throwing athletes
with cubital tunnel syndrome to rule out coexisting UCL
injury.

HISTORY AND PHYSICAL EXAMINATION

Patients with cubital tunnel syndrome will typically com-
plain of numbness and/or paresthesias in the ulnar-most
digits (small and ring fingers) and medial elbow pain. On
 examination, sensory changes in the ring and small digits
and weakness of the intrinsic muscles may be detected, espe-
cially with finger abduction.4 Tinel test at the cubital tunnel
is frequently positive. It is also important to palpate for
 subluxation of the ulnar nerve at the elbow during flexion–
extension cycles. Careful ligamentous examination is also
important to rule out any valgus laxity, which increases the
incidence of ulnar neuropathy at the elbow.

DIAGNOSTIC TESTING

Plane radiographs are helpful in identifying any structural
abnormalities or osteophytes at the cubital tunnel. EMG
studies may confirm the diagnosis, although neurodiagnos-

tics early in the course of the disorder are frequently
 normal.

TREATMENT

Nonoperative

● Rest.
● Activity modification.
● Avoidance of inciting events (prolonged periods of elbow

flexion, throwing) is important in conservative manage-
ment. Overhead athletes such as baseball pitchers, racquet
athletes, and volleyball players must avoid these activities
temporarily.

● NSAIDs.
● Splinting (especially at night) in near extension.
● Physical therapy.

Operative

● Surgical release of the cubital tunnel is indicated.
● Open or endoscopic decompression in situ.
● Subcutaneous transposition of the ulnar nerve, intramus-

cular or submuscular transposition, and submuscular
transposition with medial epicondylectomy (Fig. 13.5).

● In situ decompression has a higher incidence of recur-
rence, while transpositions are associated with a greater
chance of secondary instability.27

FIG. 13.5. Ulnar nerve transposition. Reprinted with permission from Doyle JR. Arm. In: Doyle JR,
Botte MJ, eds. Surgical Anatomy of the Hand and Upper Extremity. Philadelphia: Lippincott
Williams & Wilkins; 2003:389.
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Prognosis/Return to Play

● Duration of symptoms is somewhat unpredictable in non-
operative management protocols, but generally results in a
return to the patient’s sport of choice.

● In patients managed surgically, good to excellent results
are typical, with a return to activity following a brief pe-
riod of immobilization and physical therapy regimen.

● Usual return to sports is 8 to 12 weeks. Patient satisfaction
rates after surgery, regardless of technique, are commonly
reported to be greater than 80%.

Complications/Indications for Referral

A patient with a physical examination consistent with cubital
tunnel syndrome in addition to valgus laxity or frank instabil-
ity should be referred to an appropriate surgeon, as conserva-
tive management is unlikely to allow return to previous
activities, especially baseball pitching. In addition, the physical
examination findings of constant paresthesias, intrinsic weak-
ness, and muscle atrophy suggest a severe and/or long-stand-
ing nerve compression and may be best managed by surgical
decompression. Coexisting UCL injury must be ruled out in
the overhead or throwing athlete.

APPROACH TO THE ATHLETE
WITH DISTAL BICEPS
TENDON RUPTURE

Rupture of the distal biceps was once thought to be an un-
common injury but is being seen with increasing frequency.
However, a distal biceps rupture is still significantly less
common than proximal biceps ruptures and makes up only
3% of all biceps tendon ruptures. This injury is most likely to
occur in the dominant arm of middle-aged men during
heavy work or lifting. 

Avulsion typically occurs during a heavy lift with the
elbow flexed approximately 90 degrees and is the result of a
sudden or prolonged contracture of the biceps against high
load resistance.28 In most instances, a single traumatic event
is recalled by the patient.28 Prodromal or prerupture symp-
toms are uncommon.29 The tear usually occurs at the tendo-
osseous insertion and notably leaves no distal tendon at the
tuberosity.28 The lacertus fibrosus attachment is damaged to
a varying degree but is usually left intact. In fact, the distal
biceps tendon may rupture in stages, first with avulsion of
the distal biceps tendon proper from the radial tuberosity
and then by a second tearing from the lacertus fibrosus.

Pre-existing degenerative changes within the distal ten-
don at the radial tuberosity are thought to predispose the
tendon to rupture. It is unusual to see radiographic changes
in the radial tuberosity before tendon avulsion, but Davis
and Yassine30 did identify degenerative changes at the volar

aspect of the radial tuberosity. They postulated that these
 hypertrophic changes could cause tears in the tendon during
pronation and supination of the forearm.

HISTORY AND PHYSICAL EXAMINATION

A distal biceps rupture occurs when an unexpected force is
applied to the flexed elbow. A patient usually reports a history
of lifting or catching a heavy object with a flexed elbow. They
may have an audible pop or tearing sensation in the elbow
and develop swelling and ecchymosis in the antecubital fossa.
Further physical examination will demonstrate tenderness
over the antecubital fossa and pain with resisted flexion and
supination. Palpation of the distal biceps may be difficult, but
the hook test has been described by O’Driscoll as a reliable
way to detect a complete distal biceps rupture.31 The hook
test is performed by asking the patient to actively supinate
with the elbow flexed 90 degrees while the examiner attempts
to hook his or her index finger under the intact biceps tendon
from the lateral side. The inability to hook your finger around
the cord-like structure indicates distal biceps avulsion.31

DIAGNOSTIC TESTING

A good history and physical examination are all that is usu-
ally needed to diagnose a distal biceps tendon rupture. Plain
radiographs of the elbow may be beneficial in showing hyp -
ertrophic bone formation at the radial tuberosity. An MRI is
usually ordered to further delineate between partial and com-
plete tears. The MRI will also allow for operative planning if
there is significant retraction. Musculoskeletal ultrasound
may also be utilized to rule out a distal biceps tendon tear.

TREATMENT

Nonoperative

● There are reports of satisfactory results with nonoperative
treatments.32

● Partial tendon ruptures are more amenable to conservative
management, but most would agree that complete tendon
ruptures should have a surgical repair of the distal biceps
to the radial tuberosity.

● This will allow the patient to regain the strength and
 endurance in supination and flexion of the elbow.

● Nonoperative intervention should be reserved for elderly,
sedentary patients, and patients who are too ill to undergo
surgery.

● Patients who do not wish to have surgical intervention
should be informed that they will lose some strength in
supination and flexion.

● These patients may also have activity-related forearm pain.
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Operative

● Surgical fixation is the recommended treatment for com-
plete biceps tendon ruptures and yields superior results to
conservative treatment.

● This should be done within 2 weeks of the injury. Earlier
intervention will allow for an easier repair.

● There are many techniques described to repair a distal
 biceps tendon rupture.

● A single- or two-incision technique may be used, and the
tendon may be repaired using bone tunnels, anchors,
 buttons, or screws.

● All of these techniques have the same objective of return-
ing flexion and supination strength.

Prognosis/Return to Play

● Distal biceps ruptures diagnosed early are easily treated
surgically with predictably good results.

● Rehabilitation will vary depending on technique and sur-
geon preference. Most rehab protocols begin with a short
7 to 10 days of immobilization after surgery followed by
gradual increase in range of motion.

● Gentle strengthening is usually begun at 8 weeks with return
to unrestricted activities at 3 to 5 months after surgery.

Complications/Indications for Referral

Complications of surgical repair of the distal biceps tendon
include nerve and vessel injury, heterotopic bone formation,
and elbow stiffness. Nerve injuries usually involve the radial
nerve or lateral antebrachial cutaneous nerve. Fortunately,
most nerve injuries are the result of traction injury and usu-
ally resolve completely. Synostosis of the radius and ulna is
less common but more debilitating as it usually  prevents ro-
tation of the forearm. All suspected distal biceps ruptures
should be referred to a specialist for surgical  intervention.

APPROACH TO THE ATHLETE
WITH VALGUS EXTENSION

OVERLOAD INJURIES (UCL AND
ASSOCIATED INJURIES)

Valgus extension injuries of the elbow are common in
throwing athletes and can range from inflammatory changes
to incompetence of the UCL. The medial structures of the
elbow are subjected to significant valgus stresses during
overhead throwing activities, which result in a specific pat-
tern of injuries. The repetitive valgus forces during throwing
can exceed the tensile strength of the UCL and allow sublux-
ation of the elbow and subsequent posteromedial impinge-
ment and bony changes. Throwers may also have a more
acute injury to the UCL.

HISTORY AND PHYSICAL EXAMINATION

A throwing athlete with UCL instability will present with a
history of medial-sided pain often associated with the late-
cocking and acceleration phase of throwing. Pitchers may
 report a loss of “pop” on the ball as well as a loss of control.
A history of grinding, catching, or locking may indicate the
presence of loose bodies, posterolateral impingement, or
chondromalacia. Ulnar nerve symptoms have been associ-
ated with chronic medial instability.

In addition to a routine elbow examination, the physical
examination of valgus extension injuries should include val-
gus stress testing of the elbow as well as evaluating the shoul-
der range of  motion. Often overhead throwers will have
shoulder tightness that can lead to increased stresses across
the medial side of the elbow. Identifying this shoulder tight-
ness is important as this should be addressed in the treat-
ment. Valgus instability can be assessed by a number of
described examinations. With the patient’s elbow flexed to
about 30 degrees to unlock the olecranon from the fossa, a
valgus stress can be applied to the elbow by bracing the pa-
tient’s forearm between the examiner’s forearm and torso.
Increased joint space opening and loss of a firm end point
when compared to the contralateral side is consistent with
UCL incompetence.

More subtle findings of instability may be picked up by the
“milking test” or moving valgus test. During the milking test,
the patient externally rotates and flexes the affected arm and
using the contralateral arm supports the humerus while using
the contralateral hand to pull on the affected thumb and
recreate a valgus stress. O’Driscoll described the moving val-
gus stress test, which replicates the dynamic valgus torque
that the UCL must resist during throwing. The patient’s
shoulder is abducted to 90 degrees with the elbow hyperflexed
and then the examiner applies a valgus stress to the elbow
while extending the arm. Reproducible medial elbow pain in
the range of 120 to 70 degrees of flexion is considered a posi-
tive test.33 Lastly, any loss of motion, catching, or crepitation
may indicate chondromalacia, arthritis, or loose bodies.

The valgus extension overload test can help determine
the presence of an olecranon osteophyte impinging on the
olecranon fossa. With the elbow in full extension, a valgus-
 directed force is imparted across the elbow. Posteromedial
pain signifies a positive test. In addition, tenderness or crepi-
tus along the posteromedial olecranon suggests the presence
of osteophytes or loose bodies in this area.6 The test will
often recreate medial elbow pain similar to the milking test
suggestive of a UCL injury or chronic  insufficiency.

DIAGNOSTIC TESTING

Plain radiographs will offer some clues to the stresses the
elbow has seen in a throwing athlete. Traction spurs on the
medial side of the elbow and calcification within the UCL, as
well as radiocapitellar joint space narrowing and osteophyte
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formation may be seen on an anteroposterior  radiograph.
Osteophytes may also be seen on the posteromedial olecra-
non as part of the valgus extension overload syndrome and
are best visualized on the hyperflexion lateral and oblique
radiographs.34 Stress anteroposterior radiographs of the
elbow may demonstrate gapping along the medial ulno-
humeral joint line. A gap of greater than 0.5 mm may indi-
cate complete UCL tear,35 but stress  radiographs have a
reported sensitivity of only 46%.36 MR arthrography is
much more sensitive at detecting UCL injuries, with a re-
ported 95% and 86% sensitivity for complete and partial
tears, respectively.37 MR arthrogram will also identify any
chondral injury or loose bodies that may be present. Muscu-
loskeletal ultrasound adds the benefit of directly visualizing
the UCL while placing a dynamic  valgus stress as well as the
ability to measure joint space narrowing.

TREATMENT

Nonoperative

● The goal of conservative treatment is to relieve pain and
inflammation and to increase the functional strength of
the elbow.

● The throwing athlete needs specific attention to strength-
ening the flexor–pronator muscles in the forearm, as well
as capsular stretching and scapular stabilizer strengthening
in the shoulder.

● Pitchers need to limit the number of pitches or even rest
from pitching for up to 6 weeks.

● NSAIDs.
● Interval Throwing Program (see Appendix B).38

● Proper throwing mechanics are imperative to rehabilita-
tion and prevention of future injury.

Operative

● Arthroscopy can be useful in patients that have chondro-
malacia with loose bodies or for debridement of postero-
medial osteophyte formation of the olecranon.

● UCL incompetence in high-level throwing athletes can be
reconstructed using palmaris longus autograft or allograft
tendon.

Prognosis/Return to Play

● There is a wide spectrum of valgus extension injuries, and
prognosis depends on the specific injury and severity.

● Overuse inflammatory conditions and partial UCL tears
may improve quickly with conservative measures with
 return to throwing by 6 weeks.

● Patients usually have excellent results following arthro-
scopic removal of loose bodies and debridement and can
usually return to play by 3 months.

● Elbow pain is usually relieved by removal of posteromedial
osteophytes.

● UCL reconstruction has good results, but rehabilitation
and return to play may take up to 1 year.

● Prior to beginning any sport-specific training or throwing
program, the patient should have a pain-free joint with
functional range of motion and strength of the shoulder
and elbow.

Complications/Indications for Referral

Complications of valgus extension injuries are usually
 related to the surgical intervention. Ulnar nerve paresthesias
can occur after UCL reconstruction. Elbow arthroscopy
 carries a risk of neurovascular injury, and debridement of
osteophytes and adhesions should be done with caution to
avoid destabilizing the elbow. Patients who fail conservative
measures should be evaluated by a surgeon.

KEY POINTS

• Medial epicondylitis is the most common cause of
 medial elbow pain, with an annual incidence of four to
seven cases per 1,000 patients8,9

• Tennis elbow is the most common cause of lateral
elbow pain and typically has an incidence reported to
be 1 to 3 per 100

• In posterior interosseous nerve (PIN) syndrome, the
 extensor carpi radialis longus (ECRL) is always spared
while the extensor carpi ulnaris is always  affected25

• In cubital tunnel syndrome, sensory changes in the
ring and small digits and weakness of the intrinsic
muscles may be detected, especially with finger
 abduction4

• Palpation of the distal biceps may be difficult, but the
hook test has been described by O’Driscoll as a reliable
way to detect a complete distal biceps rupture31

• The repetitive valgus forces during throwing can
 exceed the tensile strength of the UCL and allow
 subluxation of the elbow and subsequent posterome-
dial impingement and bony changes
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INTRODUCTION
Chronic overuse injuries in the upper extremity are com-
monly seen in competitive or recreational athletes. It has
been reported that 25% to 50% of all sports-related injuries
can be attributed to overuse.1 Overuse is defined as repeti-
tive microtrauma damage to the tissue that exceeds its ability
to adapt. The term has been used in a broad spectrum of
 diagnosis that includes occupational, recreational, activity,
or sports-related injuries. Handball, rowing, gymnastics,
racquet sports, and volleyball are common sport activities
involved in this injury pattern.2

FUNCTIONAL ANATOMY
Extensor Tendons

There are six dorsal compartments at the wrist level where
extensor tendons gain entrance to the hand and are sur-
rounded by a retinaculum (Fig. 14.1):

First compartment: Abductor pollicis longus (APL) and
 extensor pollicis brevis (EPB)

Second compartment: Extensor carpi radialis longus (ECRL)
and extensor carpi radialis brevis (ECRB) wrist extensors 

Third compartment: Extensor pollicis longus (EPL)
Fourth compartment: Extensor digitorium communis (EDC)

and extensor indicis propius (EIP) lying ulnar to the EDC
Fifth compartment: Extensor digiti minimi (EDM)
Sixth compartment: Extensor carpi ulnaris (ECU)

Another important structure is the juncturae tendinae (JT),
which are interconnections between the EDC tendons that
will allow finger extension in the event of extensor tendon
laceration proximal to its insertion. Although there are sev-
eral variations in the pattern of JT origin and insertion, the
most common is from the extensor tendon of the ring finger
proximal to the metacarpophlangeal (MCP) joint and inserts
onto the middle and little finger extensor tendons.

Also, at this level, extensor tendons are covered by
 synovium. From the metacarpal heads lies the extensor
hood, which blends with the common tendon and lateral

bands (medial and lateral) to form the central tendons that
insert into the base of the middle phalanx; this in turn affects
proximal interphalangeal (PIP) joint extension. The lateral
bands join together distally with fibers from the common
extensor to form a triangular aponeurosis and attach to the
base of the distal phalanx as the terminal tendon.

Flexor Tendons

The carpal tunnel at the level of the wrist comprises nine
tendons and the median nerve: four tendons from the flexor
digitorum profundus (FDP), four from the flexor digitorum
superficialis (FDS), and the flexor pollicis longus (FPL),
which is the most radial structure (Fig. 14.2).

The brachialradialis (BR) originates on the lateral supra-
condylar ridge of the humerus and attaches to the distal
 radial styloid. The flexor carpi radialis (FCR) and flexor
carpi ulnaris (FCU) are both wrist flexors and important
during procedures involving tendon transfers or basal joint
arthroplasty.

A series of annular (A1–A5) and cruciform (C1–C3) pul-
lies envelop the tendons beginning slightly proximal to the
metacarpal heads to maximize lever arm and minimize bow-
stringing. The odd-numbered pullies arise from the joint,
while the even-numbered pullies are associated with the
shaft. Preservation of the A2 and A4 pullies during surgery is
essential in preventing bowstring of the flexor tendon. A syn-
ovial sheath envelops the FDS and FDP tendons to allow easy
gliding as well as provide a source of nutrition. The FDS and
FDP insert at the volar base of the middle and distal phalanx,
respectively. The lumbricals are derived from the tendons of
the FDP in the palm and insert on the radial lateral band of
each finger. They are prime flexors of MCP joint and princi-
pal extensors of the interphalangeal joints. Laceration of the
FDP tendon distal to the lumbrical insertion will result in
paradoxical extension termed the “lumbrical plus” finger.

Bony and Ligamentous Anatomy

The radius articulates with the ulna via the sigmoid notch
(distal radioulnar joint) at the wrist joint with a normal arc of
motion ranging between 150 and 180 degrees of supination/
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pronation. The normal arc of wrist flexion is 79 degrees,
with wrist extension of 59 degrees, radial deviation of
21 degrees, and ulnar deviation of 38 degrees. The triangu-
lar  fibrocartilage complex (TFCC) is the primary stabilizer
of the distal radioulnar joint (DRUJ). The dorsal (Fig. 14.3)
and volar (Fig. 14.4) radiocarpal and ulnocarpal (extrinsic)
ligaments stabilize the wrist. In addition, multiple inter-
carpal and interosseous ligaments provide further stability
to the wrist and aid in intercarpal motion. The MCP joints
as well as the PIP and distal interphalangeal (DIP) joints
are CAM shaped with varying degrees of collateral liga-
ment tightness correlating flexion from 0 to 90 degrees

(under maximum stretch with full flexion). A palm/volar
plate as well as radial and ulnar collateral ligaments provide
ligamentous stability during dorsal/volar and varus/valgus
stresses, respectively.

Triangular Fibrocartilage Complex

The TFCC stabilizes the distal radial ulna joint and provides
stability at the ulnotriquetral joint. It can be prone to injury
with repetitive weight-bearing activities involving ulnar
 deviation. The TFCC consists of a triangular cartilage disc
known as the meniscus homolog as well as the dorsal and

Extensor digiti minimi (6)

Extensor carpi ulnaris (4)

Tendon sheath for:

Extensor digitorum (5)

Extensor indicis

Plane of section of (B)

Extensor retinaculum

Extensor pollicis brevis (2)

Abductor pollicis longus (2)

Extensor pollicis longus (1)

Brevis

LongusExtensor carpi

radiales (3)

Intertendinous
connection

Dorsal radial tubercle

FIG. 14.1. Transverse section dorsal compartments. From Moore KL, Dalley AF II. Clinical 
Oriented Anatomy. 4th ed. Baltimore: Lippincott Williams & Wilkins; 1999.
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volar ulnoradial ligaments, the ulnotriquetral and ulnolu-
nate ligaments, and the tendon sheath of the ECU. The vas-
cularity of the meniscus homolog is limited to the peripheral
15% to 20% and therefore prone to chronic tears.

Neurovascular Supply

The median nerve runs inside the carpal tunnel superficial
and radial to the FDS for the ring and middle fingers and
provides motor innervation to the thumb via the recurrent
motor branch of median nerve and sensation to the radial
three and one half digits. The ulnar nerve traverses the
Guyon canal and supplies motor fibers to the hand intrinsics
as well as sensation to the ulnar one and a half digits. It also
gives a dorsal sensory branch to the dorsum of the hand. The
superficial sensory branch of the radial nerve innervates the
thumb, index, and occasionally middle fingers, dorsally.
Blood supply is via the ulnar and radial arteries.

EPIDEMIOLOGY
Overuse hand and wrist injuries are common injuries sus-
tained in athletes. The repetitive nature of many sports as
well as the high degree of force transmitted through the
hand and wrist make it particularly vulnerable. Common
overuse injuries include de Quervain disease, intersection
syndrome, TFCC tears, ECU tendonitis or subluxation,
carpal tunnel syndrome, scaphoid fractures that may lead to
nonunion, hook of hamate or pisifom fractures, and carpal
instability. In the adolescent, overuse injuries may present as
apophyseal inflammation. Sports associated with overuse to
the hand and wrist include golf, racquet sports, gymnastics,
rowing, and activities that require repetitive hand and wrist
contact with a ball such as handball or volleyball.2 It has
been estimated that 50% of all athletes will sustain an injury,
with 25% to 50% secondary to overuse.1

FIG. 14.2. Hand ligaments.

FIG. 14.4. Ligaments volar. From Bucholz RW, Heckman
JD. Rockwood & Green’s Fractures in Adults. 5th ed.
Philadelphia: Lippincott Williams & Wilkins; 2001.

FIG. 14.3. Ligaments dorsal. From Bucholz RW, Heckman
JD. Rockwood & Green’s Fractures in Adults. 5th ed.
Philadelphia: Lippincott Williams & Wilkins; 2001.
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Furthermore, a total of 703 golfers were retrospectively
reviewed; 83% of them reported injuries involving overuse
and 54% reported injuries involving the upper extremity.3

Over 85% of 518 recreational cyclists reported injury associ-
ated with overuse and 31% reported injury that involved the
hand and wrist region.4 There is also a significant increase in
the incidence of overuse injuries in the elite male volleyball
players from 16% to 47% over a 10-year period.5 A recent
epidemiology study of injury patterns in recreational rock
climbers showed that 33% of 201 active climbers had suf-
fered chronic overuse injuries.6

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

A thorough but focused history plays a crucial role in the
 diagnosis of overuse hand and wrist injuries. Key compo-
nents include the age of the athlete, mechanism of injury,
 exacerbating and alleviating factors, as well as any associated
symptoms. The age of the athlete is important, as more
number of younger patients present with symptoms related
to overuse. Also knowledge of the age of growth plate closure
is important, as adolescent athlete may present with apophy-
seal injury. The mechanism and the acuity of onset of symp-
toms can also help in differentiating between overuse versus
acute injuries. Asking about exacerbating and alleviating fac-
tors is essential in making the diagnosis, as pain tends to im-
prove with rest in injuries related to overuse. The location of
the presenting symptoms along with any neurologic com-
promise can also help in making the diagnosis. Moreover,
acute pain related to a particular event/injury may be able to
rule out overuse as a mechanism of injury. 

Another important part of the history is asking about the
level and practice time the patient spends each week on
his/her respective sport. Also knowledge of factors during
his/her sports activity that exacerbate his/her symptoms and
which factors relieve them will be essential in making the di-
agnosis and direct treatment. Overuse injuries of the hand
and wrist are also associated with more elite-level sports par-
ticipation and prolonged training time. 

Evidence-based Physical Examination

The physical examination plays a key role in the diagnosis of
overuse hand and wrist injuries. The progression of one’s ex-
amination should include the following components as well
as special tests:

Inspection

Inspection of the wrist and hand should first focus on visual
examination. Particular attention should be paid to the area
of the pain and inspection of the skin for lacerations/
abrasions, chronic changes/swelling, or any deformities that

will help in making the diagnosis. Furthermore, muscle
 atrophy in a particular region of the hand (thenar or
 hypothenar) may indicate chronic nerve impingement. A
mass seen on the dorsal or volar surface may represent a gan-
glion cyst, which can indicate an underlying overuse injury
to the tendon. It is also important to rule out infection with
signs of erythema or warmth over the skin or joint.

Palpation

Palpation of the hand and wrist for overuse injuries involves
assessing for deformities, point tenderness, swelling, and
crepitus. Attention should be paid to the location of the
pain, as ulnar- versus radial- or dorsal- versus volar-sided
pain can help narrow the differential diagnosis. Point ten-
derness directly over a tendon or palpable crepitus can indi-
cate chronic inflammation due to overuse. Tenderness over
the hamate or the scaphoid may indicate an acute or stress
fracture. Subluxation of the tendon with direct palpation
may indicate chronic instability or overuse.

Range of Motion

Normal range of motion at the wrist is 79 degrees of flexion,
59 degrees of extension, 38 degrees of ulnar deviation,
21 degrees of radial deviation, and 80 degrees of forearm
supination/pronation. A loss in the range of motion can indi-
cate chronic inflammation of the tendon, restricting its abil-
ity to glide smoothly. Arthritis of the wrist or carpal bones
due to scaphoid nonunion or lunate advance collapse may
also restrict range of motion of the wrist secondary to pain.

Strength Tests

Strength testing should be performed as part of the evalua-
tion with weakness possibility associated with muscle atro-
phy secondary to chronic nerve entrapment.

Special Tests

Numerous special tests exist in the evaluation of overuse
hand and wrist injuries:

● The Finkelstein test is a test for de Quervain tenosynovitis
and involves adduction of thumb with maximal ulnar
 deviation of wrist which reproduces symptoms. It has
61% sensitivity and 83% specificity.7

● The piano key sign involves the examiner performing a dorsal/
volar motion of the distal radius and ulna with the wrist in
neutral and compares for instability and pain with the con-
tralateral side. This test is mainly for complete tears of the
TFCC. It has a sensitivity of 59% and specificity of 96%.8

● Ulna grind test involves passive ulnar deviation with axial
loading by the examiner while the wrist is in neutral
 position. Pain �/� click may indicate a TFCC tear
(chronic or acute).
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● The TFCC shear test or ulnomeniscotriquetral dorsal glide
test involves the examiner to stabilize the patient’s radius
with one hand and glide the pisotriquetral complex dor-
sally and the ulna volarly. A positive test is when this ma-
neuver reproduces the patient’s symptoms and indicates a
TFCC tear or lesion. This test has a sensitivity of 66%,
specificity of 66%, positive predicative value of 58%, and
negative predictive value of 69%.9

● The Watson shift test for scapholunate dissociation (SLD)
involves putting pressure over the scaphoid tubercle while
the wrist is brought from ulnar to radial deviation. A
painful clunk is felt suggesting a tear of the scapholunate
ligament. This test has a sensitivity of 69%, specificity of
66%, positive predictive value of 48%, and negative pre-
dictive value of 78%.9

Diagnostic Testing

Laboratory

The majority of overuse hand and wrist injuries in athletes
do not require laboratory analysis. If an autoimmune etiol-
ogy is in the differential diagnosis, then sedimentation rate,
C-reactive protein (CRP), antinuclear antibody (ANA), and
rheumatoid factor may be considered.

Imaging

The majority of overuse hand and wrist injuries can be diag-
nosed by a thorough history and physical examination.
When the diagnosis remains unclear, an understanding of
appropriate diagnostic imaging studies is crucial.

Plain radiographs will often be the first imaging modality
utilized in the setting of overuse hand and wrist injuries.
Plain radiographs play a crucial role by demonstrating any
degenerative changes, occult fractures, or bony abnormali-
ties. Ulnar variance is important to assess in the presence of
lateral wrist pain and can be associated with ulnar impaction
syndrome as well as TFCC injuries. It is a measurement of
the relative length of the ulna with respect to the radius.
Neutral variance indicates equal length, with negative ulnar
variance indicating shorter ulna and positive variance occur-
ring when the ulna is longer than the radius. The mean ulnar
variance is 0.9 mm, measured in posteroanterior (PA) radio -
graph, with the wrist in neutral supination/pronation. A 2.5-
mm increase in positive ulnar variance will increase the load
bearing of the ulnocarpal joint from 18% to 42%.

Computed tomography (CT) is generally reserved for
evaluation of complex fractures or bone pathology (cysts,
tumors, etc.) and rarely required in the setting of overuse
wrist and hand pathology.

Magnetic resonance imaging (MRI) is often the test of
choice with soft-tissue injuries or when the diagnosis remains
unclear. Common indications include fullness in the wrist or
palm with a history of slowly progressing neurologic deficit
without intermittent fluctuations, point bony tenderness
without evidence of fracture on plain radiographs to rule out
occult or stress fractures, and ligamentous injuries or chronic

wrist pain without specific diagnosis. Occult ganglions, soft-
tissue tumors, tendonitis, joint effusions, as well as vascularity
of the carpal bones can be accurately visualized with MRI.

Musculoskeletal ultrasound is an excellent modality for
many overuse hand and wrist injuries due to the high resolu-
tion it provides of superficial soft-tissue structures as well as
the dynamic/real-time imaging. Tendonosis, tenosynovitis,
tendon nodules (trigger finger), and joint synovitis are com-
mon indications that are visualized to a greater degree with
ultrasound than on MRI. Musculoskeletal ultrasound’s lack
of ionizing radiation and relatively quick scanning time
make it a good option for pediatric patients. While used
 extensively worldwide, musculoskeletal ultrasound’s utiliza-
tion is currently limited in the United States by the availabil-
ity of trained operators.

Other Testing

Electromyogram (EMG) studies may be considered in the
setting of suspected peripheral nerve injury or cervical spine
radiculopathy.

APPROACH TO THE PATIENT WITH
DE QUERVAIN DISEASE

de Quervain disease is a tenosynovitis with inflammation in
the first dorsal compartment of the wrist involving the APL
and EPB, most often at the radial styloid. It is common in
sports with repetitive wrist movements (weight lifters,
 racquet sports, handball). de Quervain disease tends to
 correlate with other disorders such carpal tunnel syndrome,
trigger digits, epicondylitis, and subacromial bursitis, impli-
cating a more systemic and undefined rheumatic process
or predisposition. de Quervain has its highest prevalence
among women in the fifth and sixth decades of life.10

HISTORY AND PHYSICAL EXAMINATION

There is gradual onset of radial-sided wrist pain exacerbated
by ulnar deviation. Patients may complain of associated
crepitice. Physical examination is notable for localized ten-
derness and swelling over the radial styloid as well as pain
elicited by stretching of the first dorsal compartment 
(Fig. 14.5). Finkelstein test with adduction of thumb with
maximal ulnar deviation of wrist will often reproduce symp-
toms and has 61% sensitivity and 83% specificity.7

DIAGNOSTIC TESTING

Mainly a clinical diagnosis, but may differentiate between
arthritis at the carpometacarpal and scaphotrapezial–
trapezoid joints by plain radiographs. Also bone scanning
may show increased uptake deep to the first dorsal compart-
ment. MRI and ultrasound may show fluid around the
 tendons (APL and EPB), and MRI can detect tears on the
tendon itself as well as tendinosis.
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TREATMENT

Nonoperative

● Rest, ice, activity modification, and/or improvement in
technique (different bar width, oar size, etc.). Cock-up
wrist splint with abducted thumb and nonsteroidal 
anti-inflammatory drugs (NSAIDs) may also be
 beneficial.

● For recalcitrant cases, steroid injection may be considered
(50% to 60% success between one to two injections).10

Operative

● Release of the first dorsal compartment. Of note, the APL
has occasionally multiple slips, and the EPB may travel in a
separate septa that must be released.11 The overall success
rate has been uniformly excellent, approaching 91%.7,12

Prognosis/Return to Play

● Overall prognosis is good, with majority of cases respond-
ing to nonoperative treatments. 

● Return to activity once symptoms have resolved or signifi-
cantly improved.

● Splint alone may not be very helpful, and symptoms may
return after inciting activity is resumed.

● Proper technique and appropriate gripping should be
 reviewed with the athlete. 

Complications/Indications for Referral

Continued pain despite steroid injections. Steroid induced
fat atrophy and skin discoloration following injections (may
be seen in 5% to 10% of cases). Radial artery and the super-
ficial branch of the radial nerve can be injured. Tendon sub-
luxation as well as thumb triggering can also occur.13

APPROACH TO THE PATIENT WITH
INTERSECTION SYNDROME

Intersection syndrome is swelling and entrapment of the
second dorsal compartment (ECRL and ECRB). This oc-
curs at about 4 cm proximal to the wrist joint, dorsally
characterized by swelling, pain, and crepitice with wrist
flexion and extension (Fig. 14.6). This more commonly

1st extensor
compartment

Sensory branches
of radial nerve

Radial artery

APL

EPB

FIG. 14.5. Relevant anatomy for de Quervain’s teno -
synovitis. The APL and EPB ordinarily share a common
 fibroosseous canal, but in 33% of cases a separate canal
may be present that contains the EPB. Failure to recog-
nize and release this second compartment will result in
an incomplete release. Note the relationship of the radial
artery and radial nerve to the first extensor compartment.
Reprinted with permission from Doyle JR, Tornetta P,
 Einhorn TA. Hand and Wrist. Philadelphia: Lippincott
Williams & Wilkins; 2005.

EPB
APL

ECRB

ECRL

4 cm

Site of physical
findings

Site of
tenosynovitis

FIG. 14.6. Intersection syndrome. Although the symptoms
of swelling and tenderness present in the crossover area 4 cm
proximal to the radial styloid, the true pathology is distal in
the second extensor compartment. Reprinted with permis-
sion from Doyle JR, Tornetta P, Einhorn TA. Hand and Wrist.
Philadelphia: Lippincott Williams & Wilkins; 2005. 
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 occurs in athletes who perform repetitive wrist motion
such as weight lifters and rowers.14,15 Other conditions to
consider with dorsal wrist pain are de Quervain tenosinovi-
tis and neuroma of the superficial branch of the radial
nerve.

HISTORY AND PHYSICAL EXAMINATION

This may present with redness, swelling, crepitus, and pain
proximal to the wrist. Pain is more proximal (4 cm) than
with de Quervain (over the radial styloid). On examination,
palpable crepitance may be present as well as pain with resis-
ted extension of the wrist. It is usually brought up by repeti-
tive wrist flexion and extension seen in racquet players.

DIAGNOSTIC TESTING

Diagnosis is usually based on physical examination. Antero-
posterior (AP) and lateral radiographs of the wrist including
the forearm are indicated, but additional testing including
MRI or ultrasound is rarely required.

TREATMENT

Nonoperative

● Majority of intersection syndrome can be treated conser -
vatively. Rest, anti-inflammatory medications, splinting,
and occasionally steroid injection may alleviate symptoms.

● A supervised program of physical or occupational therapy
can aid in tendon stretching as well as modality imple-
mentation.

● Once symptoms are controlled, proper technique especially
during “sweep rowing” (excessive and repetitive radial to
ulnar deviation as well as wrist extension on the outside
hand) and progressive increment in volume (sessions) or
amount of weight may aid in prevention of injury.

● Sixty percent to 75% of the patients respond to nonopera-
tive therapy.16

Operative

● Release of the second dorsal compartment from the wrist to
the level of swelling without repairing the retinaculum.16

Prognosis/Return To Play

● Many remain asymptomatic with nonoperative measures.
● The remaining population not responding to conservative

measures do improve with surgery.16

Complications/Indications for Referral

Complications are rare. Referral for recalcitrant cases unre-
sponsive to nonsurgical management should be considered.
If nerve entrapment is believed to be the cause of pain,
then EMG studies followed by referral to a specialist is
 appropriate.

APPROACH TO THE PATIENT WITH
TRIANGULAR FIBROCARTILAGE

COMPLEX TEARS 
TFCC tears are a relatively common source of lateral wrist
pain found in athletes with repetitive axial loading or repeti-
tive ulnar deviation at the wrist. These injuries are most
commonly found in gymnastics and racquet-based sports.
TFCC tears can be acute or chronic and can be associated
with ulnar impaction syndrome particularly if there is a his-
tory of prior wrist fracture or trauma.

HISTORY AND PHYSICAL EXAMINATION

Athletes with TFCC tears will generally report a history of
lateral wrist pain exacerbated by ulnar deviation. There may
be a history of an acute event, but more often there may be
no history of any specific trauma. Joint swelling, numbness,
tingling, or weakness is generally not found with TFCC
overuse injuries. History of clicking may point toward carpal
instability; a painful click from ulnar to radial deviation may
point toward SLD.

On examination, tenderness can often be elicited about
the dorsal depression distal to ulnar head and at level of
ulnar styloid. Pain is caused by passive motion of the
wrist  toward ulnar deviation. Also discomfort or pain is
noted with resisted radial deviation as well as pain with
repeated pronation and supination and strong gripping.
A positive piano key sign may indicate a complete tear of
the TFCC.

DIAGNOSTIC TESTING

Plain radiographs of the wrist should be obtained. This can
provide evidence of positive ulnar variance as well as ulnar
styloid fracture or nonuion. A widening of the interval
greater than 3 mm between the scaphoid and lunate may
point toward SLD. MRI can help determine tears at this
 location. Arthrography may miss peripheral tears but can
also be used (Fig. 14.7). Most physicians use MRI due to the
high resolution and anatomic soft-tissue detail that can be
visualized.
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TREATMENT

Nonoperative

● NSAIDs
● Immobilization in slight flexion and ulnar deviation for 4

to 6 weeks
● Long arm cast is advocated by some
● Physical therapy can aid with FCU excursion and inflam-

mation as well as range of motion strength and use of
modalities

Operative

● Failure of nonoperative measures warrants surgical eval-
uation. Techniques vary from percutaneous k-wire fixa-
tion to open repair as well as arthroscopic debridement
and repair. Ulnar-shortening osteotomy is reserved for
cases with continued pain and positive ulnar variance.
Careful evaluation should be paid to the DRUJ for signs
of instability.

Prognosis/Return to Play

● With positive ulnar variance and traumatic TFCC tears,
two thirds (66%) worsen over time symptomatically and

radiologically. It appears that neutral variance reduces the
severity of deterioration. 

● For chronic problems, modification of activity focusing on
avoiding repetitive wrist pronation/supination may help.
Splinting also may force the athlete to rest and allow heal-
ing to take place.

● A great deal of pain relief may be obtained with a steroid
injection. 

● Pain-free range of motion with full strength is a good indi-
cation to return to play. 

● Surgical outcome depends on the type and location of the
tear, with traumatic tears having better outcomes than
chronic tears.17

Complications/Indications for Referral

Failure to diagnose or unrecognized instability of the DRUJ
can lead to arthritis, decreased strength, and persistent pain
especially with pronation and supination. Surgical complica-
tions include infection, nonunion, nerve damage, and hard -
ware failure.

APPROACH TO THE PATIENT WITH
EXTENSOR CARPI ULNARIS
TENDONITIS/SUBLUXATION

ECU tendonitis is second most common sports-related
closed tendon injury at the wrist. It is seen most com-
monly in racquet sports, basketball, baseball, and rowing.
The ECU lies in the six dorsal compartments of the wrist,
and at this level it contains a synovial sheath. Inflamma-
tion can cause a tenosynovitis. Tear of the ECU sling from
repetitive wrist rotation can result in subluxation of the
ECU tendon.

HISTORY AND PHYSICAL EXAMINATION

Athletes with ECU tendonitis will complain of dorsal/lateral
wrist pain, exacerbated by wrist extension or ulnar devia-
tion. They may also note associated crepitus. Athletes with
ECU recurrent subluxation will note a painful pop with
forearm rotation. 

On examination, tenderness to palpation is noted over
the ECU, pain elicited with passive wrist flexion and radial
deviation or resisted ulnar deviation and wrist extension.
Bony tenderness could indicate traquetrium–pisiform bone
or tendon injury; also, one must check for possible ulnar
collateral ligament injury as well as potential tear of the
TFCC.

FIG. 14.7. Triangular fibrocartilage complex. Reprinted
with permission from Daffner RH. Clinical Radiology: The
Essentials. 3rd ed. Philadelphia: Lippincott Williams &
Wilkins; 2007.
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DIAGNOSTIC TESTING

X-ray is invaluable to detect a possible fracture, degenerative
changes, or possible anatomic congenital anomaly. Ultra-
sound or MRI can detect tears in the tendon as well as
 potential tears of the ECU sling that leads to subluxation of
the ECU tendon.

FUNCTIONAL TREATMENT

Nonoperative

● In acute setting, rest, ice, splinting, and modification of
 activity may be sufficient. 

● NSAIDs may help diminish swelling and inflammation
 especially if combined with physical therapy modalities. 

Operative

● For chronic conditions that have failed nonoperative treat-
ment, surgical decompression may be an option

● Release of the sixth dorsal compartment
● After surgery, a period of immobilization followed by

range of motion and progressive return to play by 6 to
12 weeks

Prognosis/Return To Play

● In acute cases where nonoperative intervention allowed
the tendon to heal, 6 to 8 weeks may be all that is needed.

● Near-full strength and range of motion are required for
 return to play. 

● If subluxation is noted, it may require surgical reconstruc-
tion of the sling to prevent recurrence of inflammation
and pain.

Complications/Indications for Referral

Tendon subluxations as well as tendon rupture are potential
complications, particularly with chronic cases.

APPROACH TO THE PATIENT WITH
NONUNION SCAPHOID FRACTURES
Nonunion of a scaphoid fracture generally occurs due to a
fall on an outstretched hand (FOOSH) with subsequent
fracture of the scaphoid that failed to heal or was unrecog-
nized. The blood supply to the scaphoid is mainly retro-
grade, and fractures often render the waist to proximal pole

susceptible to developing a nonunion or avascular necrosis
(AVN).

HISTORY AND PHYSICAL EXAMINATION

History of a previous wrist injury with continued pain local-
ized to the snuffbox. Pain often exacerbated with wrist
 motion and stiffness and tenderness to palpation over the
snuffbox (100% sensitivity) may be noted. Reputations and
a sense of instability may be noted.18

DIAGNOSTIC TESTING

X-rays may demonstrate an area of sclerosis and/or AVN of
the proximal pole of the scaphoid (Fig. 14.8). Depending on
the stage, radial styloid arthrosis may also be present. In later
stages, scaphocapitate arthrosis may be seen along with the
radiolunate joint scaphoid arthrosis. 

A bone scan may also detect an area of increased uptake;
CT may delineate the fracture area if unable to see on
plain radiographs. MRI will show bone edema in acute in-
juries and may show the area of AVN in chronic cases.19 It
is the consensus that continued pain despite a course of

FIG. 14.8. Scaphoid facture. Reprinted with permission
from Bucholz RW, Heckman JD. Rockwood & Green’s
Fractures in Adults. 5th ed. Philadelphia: Lippincott
Williams & Wilkins; 2001.
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nonoperative treatment should alert the provider to the
potential of AVN and/or scaphoid nonunion. An MRI is
 indicated at this point.

TREATMENT

Nonoperative

● Prolonged immobilization – 8 to 10 weeks initially,
 followed by gentle range of motion. Radiographs should
be taken with cast removed. No fracture line should be
seen on x-rays. 

● No contact sports for 12 weeks. 
● In cases of nonunions, a bone stimulator utilizing ultra-

sound or electrical stimulation may be beneficial.20

● Once clinically healed, a course of physical therapy may be
indicated to restore strength and range of motion.

Operative

● The approach to the athlete with scaphoid nonunion for
the most part is prolonged immobilization, and surgery
remains the mainstay treatment after all conservative
methods have been exhausted. The gold standard surgical
procedure is percutaneous screw fixation with a vascular-
ized pedicle bone graft.

Prognosis/Return to Play

● Prognosis is guarded with majority of nonunion scaphoid
fractures requiring surgery. 

● Ninety-five percent will heal with vascularized surgery. A
repeat procedure may produce only 75% healing. 

Complications/Indications for Referral

Pain after closed treatment of a scaphoid fracture even if
nondisplaced should be referred to a specialist. During oper-
ative intervention, potential complications include failed re-
vision of nonunion, AVN, pain, neurovascular damage,
stiffness, infection, and continued nonunion.

APPROACH TO PATIENT WITH
NONUNION FRACTURE OF THE

HOOK OF THE HAMATE 
Hook of the hamate fractures can be a common source of
chronic volar/lateral wrist pain, as they can commonly be
missed in the acute setting. This type of injury is seen in

sports like baseball, golf, tennis, and squash that involve
swinging of a club/bat/racquet that abuts the hook of the
 hamate.21 If left untreated, some of these fractures progress
into nonunion. 

HISTORY AND PHYSICAL EXAMINATION

There is generally a previous injury from batting or missing
a swing with a golf club hitting the grass. Pain may recur
with swinging of a club as well as flexion and ulnar deviation
of the wrist. Pain and tenderness occur at the hypothenar
eminents 1 cm radial and distal to the pisiform. This pain is
also aggravated by grasp. Anatomic location will point
 toward a hook of the hamate fracture.

DIAGNOSTIC TESTING

Carpal tunnel view x-rays as well as multiple oblique views
until a complete profile of the hamulus is obtained are 72%
sensitive and 88% specific. A CT scan has 100% sensitivity
and 94% specificity.22

TREATMENT

Nonoperative

● Ultrasound may alleviate symptoms, initial immobiliza-
tion, and electrical stimulation. Unfortunately, it is rare for
these fractures to heal with conservative management.

Operative

● Excision is usually reserved when continued pain is pres-
ent despite nonoperative measures. Open reduction and
internal fixation offer little advantage over excision.

Prognosis/Return to Play

● Most individuals return to preinjury level with surgical
 excision. 

● Some athletes are able to complete their season with pain
control measures and opt for surgery in the off-season. 

Complications/Indications for Referral

Continued pain on the hook of hamate and persistent weak-
ness should prompt referral for surgery. Injury to the deep
branch of the ulnar nerve can be a complication of surgical
excision.
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APPROACH TO PATIENT WITH
CARPAL INSTABILITY

Unrecognized or undiagnosed injuries to the carpel
 ligaments can be a cause of a chronic wrist pain in the
athlete. The primary mechanism is a FOOSH as well as
fall from repetitive weight bearing across the wrist in
sports like gymnastics. There are two rows: the proximal
row involving the triquetrium, lunate, and pisiform and
the distal row involving the trapezium, trapezoid, capi-
tate, and hamate. Bridging the two rows is the scaphoid.
These carpal bones are interconnected to each other by a
series of ligaments that allow motion to take place. A dis-
ruption of these ligaments may produce abnormal
 kinematics, instability, and pain. The most common
 interosseous carpel ligament injured is the scapholunate
ligament.

HISTORY AND PHYSICAL EXAMINATION

Common complaints in athletes with carpel instability
 include wrist pain, clicking, or crepitice. Weight bearing or
stress to the wrist will often aggravate symptoms. Acute cases
will often present with swelling over the dorsum of the wrist.
Chronic cases will often result in stiffness and loss or range
of motion. 

Tenderness with wrist motion, translation, and crepitus
may be indicative of ligamentous injury. The Watson shift
test for SLD involves putting pressure over the scaphoid
 tubercle while the wrist is brought from ulnar to radial devi-
ation. A painful clunk is felt, suggesting a tear of the scaphol-
unate ligament. Examination should focus on location of
pain and recognize that there are eight carpal bones with
multiple  interconnecting ligaments.

DIAGNOSTIC TESTING

Radiographs should include PA, lateral, ulnar deviation, and
PA clenched-fist views. Additional views may include radial
deviation and carpal tunnel views. The clenched-fist view
may show widening of the scapholunate joint space
(Terry–Thomas sign is �3 mm of widening), while lateral
view may show an increased scapholunate angle with tears of
the scapholunate ligament.

CT arthrogram may detect ligamentous tears if there is a
contraindication to MRI. MRI arthrogram has surpassed CT
arthrogram in not only detecting tears but also delineating
the extent of these tears.

TREATMENT

Nonoperative

● Splinting may be of moderate benefit, as only 40% of pa-
tients remained satisfied with nonoperative treatment.23

NSAIDs may provide symptomatic relief.

Operative

● Depending on which carpal bones are affected as well as
the chronicity, operative intervention may range from pin
fixation and immobilization to fusion, carpectomy, and
radial or ulnar-shortening osteotomy.

Prognosis/Return to Play

● With closed treatment only 40% of patients remained sat-
isfied.23 Depending on what procedure was performed,
the athlete may return to sports as early as 8 to 12 weeks
versus 6 to 9 months for fusions.

Complications/Red Flags/Indications for Referral

Beware of unrecognized perilunate dislocations. Unim-
proved wrist pain should be referred to a hand specialist or
orthopaedic surgeon.

APPROACH TO EPIPHYSEAL
INJURIES IN THE WRIST

(GYMNAST WRIST)
Chronic injuries to the distal radius epiphysis (gymnast
wrist) can commonly occur in skeletally immature gymnasts
with repeated axial loading at the wrist. This condition can
lead to premature closure of the distal radius epiphysis and
subsequent ulna impaction syndrome from resultant posi-
tive ulnar variance.24 Prevalence of positive ulnar variance
has been found in 46% to 79% of gymnasts, with 45% of
gymnasts having chronic wrist pain for more than 6 months.
Anatomically, the radius bears 80% of the load, while the
ulna the remaining 20%. Changes in ulnar variance can sig-
nificantly alter the normal weight-bearing loads across the
wrist joint. A positive ulnar variance of 2 mm, for example,
will increase the load on the ulna from 20% to 40%. Older
gymnasts with dorsal wrist pain may suffer from a distal
 radius stress fracture or “wrist capsulitis,” commonly found
in gymnasts. 
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HISTORY AND PHYSICAL EXAMINATION

The young athlete with chronic epiphyseal injury will com-
plain of dorsal wrist pain exacerbated with weight-bearing
activities. Age, activity-related pain (weight bearing vs.
 torsional), and location are critical questions to narrow the
diagnosis. Intersection syndrome, de Quervain tenosynovi-
tis, ulnar impaction syndrome, wrist capsulitis, and wrist
stress fracture need to be considered in the differential. Type
of activities as well as amount of repetitions and symptoms
produced are keys to the diagnosis. The types of mats being
used may play a role; if they are too soft, they can cause
 excessive wrist hyperextension. Examination will reveal ten-
derness at the distal radius at the level of the physis with
dorsal  palpation.

DIAGNOSTIC TESTING

X-rays may show widening of the distal radius physis as well
as cystic changes of the metaphysic. In chronic cases, radio -
graphs may show premature closure of the distal radius
 physis with positive ulnar variance and possible ulna im-
paction syndrome. CT, bone scan, and more importantly
MRI may be utilized to detect subtle metaphyseal
 fractures.25

TREATMENT

Nonoperative

● Rest from wrist weight-bearing and aggravating activities
● Splint or short-term casting for symptoms not alleviated

with relative rest

Operative

● If ulnar abutement or impaction syndrome is developed,
ulnar-shortening osteotomy may be needed.

Prognosis/Return to Play

● Overall prognosis is good if caught early and before phy-
seal changes occur.

● Gradual return to activity once pain free. Typically patient
can initiate bar exercises prior to full weight-bearing wrist
activity (floor, vault, balance beam).

● Mild cases may return to sport in 3 to 6 weeks.
● Advanced cases may require up to 6 months.

Complications/Indications for Referral

Physeal arrest, continued pain, and decreased range of
 motion should be indications for referral.

APPROACH TO MALLET FINGER 

HISTORY AND PHYSICAL EXAMINATION

Mallet finger is also known as "drop finger" or "baseball fin-
ger" and is commonly seen in softball, baseball, basketball,
and football receivers.26 The termination of the extensor
tendon attaches to the base of the distal phalanx on the dor-
sal side. At this point, the tendon narrows and it may be
 susceptible to ruptures or avulsions. There is weakness or
 incomplete active extension of the DIP joint.

Axial load on the finger or forced flexion on an extended
finger is caused by the ball or collision against another
player. It is localized to DIP joint. Weakness in extension is
caused by an axial load with forced flexion at the DIP.

DIAGNOSTIC TESTING

If the patient has already had x-rays and this is a chronic
case, no need for repeat x-rays.

FUNCTIONAL TREATMENT

Nonoperative

● For the most part nonoperative, as long as no subluxation
is present. Extension splint with reported success up to
3 months from the day of injury.27

Operative

● If unstable and subluxates, fusion may be the best alterna-
tive. Repair may offer return of motion, but may be limited.

Prognosis/Return To Play

● Most return to play without difficulties even with neglect.

Complications/Indications for Referral

Intra-articular fragment and instability should be indica-
tions for referral.
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APPROACH TO BOUTONNIERE
INJURIES

HISTORY AND PHYSICAL EXAMINATION

Chronic untreated disruption of the central tendon more
commonly occurs as a consequence of a volar dislocation.
The central extensor tendon attaches to the dorsal base of

the middle phalanx and provides extension to the PIP. With
the wrist and MCP joints flexed, at least to 20 degrees, active
extension of the PIP is attempted. Even in acute injuries,
 extension loss may not be fully appreciated. There is history
of previous trauma/dislocation to the digit with loss of
 extension and weakness at the PIP joint (Fig. 14.9). Progres-
sive decreased range of motion may be a presenting prob-
lem. Weakness is seen with PIP joint extension and flexion
 contracture. Differentiate between a joint contracture from
Dupuytren’s.

FIG. 14.9. Boutonniere. Reprinted with permission from Strickland JW, Graham TJ. Master Tech-
niques in Orthopaedic Surgery: The Hand. 2nd ed. Philadelphia: Lippincott Williams & Wilkins; 2005.
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Haines–Zancolli test: Positive if unable to passively flex
the DIP with an extended PIP.

DIAGNOSTIC TESTING

X-rays and CT may be utilized if considering possible frac-
ture.

FUNCTIONAL TREATMENT

Nonoperative

● Depends on the functional impairment. 
● Splinting usually is sufficient. Splint in extension for 6 to

8 weeks. 
● In chronic contractures, serial casting may be necessary

and for the most time sufficient. 
● If nonoperative treatment is followed, then the athlete may

return to play as long as the splint is worn at all times.28

Operative

● Two-stage procedure, one for a release and the second for
repair or reconstruction. 

● Haines–Zancolli test can aid in deciding to operate.

Prognosis/Return To Play

● After 6 weeks of treatment, most recover without signifi-
cant sequelae and can function without impediment. 

● Continued incomplete extension may require extension
splinting for another 6 weeks versus operative interven-
tion.

Complications/Indications for Referral

Recurrent extension loss or incomplete extension gain, 
rerupture, and joint instability should be indications for 
referral.

FIG. 14.9. (Continued).

G H

JI

87208_ch14.qxd:87208_ch14.qxd  8/31/09  1:01 PM  Page 141



142 Sports Medicine Consult

9. LaStayo PC, Howell J. Clinical provocative tests used in evaluating wrist
pain: a descriptive study. J Hand Ther. 1995;1:10–17.

10. Weiss AP, Akelman E, Tabatabai M. Treatment of de Quervain’s disease.
J Hand Surg [Am]. 1994;19:595–598.

11. Harvey FJ, Harvey PM, Horsley MW. De Quervain’s disease: surgical or
nonsurgical treatment. J Hand Surg [Am]. 1990;15:83–87.

12. Lapidus PW, Fenton R. Stenosing tenovaginitis at the wrist and fingers:
report of 423 cases in 369 patients with 354 operations. AMA Arch Surg.
1952;64:475–487.

13. McMahon MS, Posner MA. Triggering of the thumb due to stenosing
tenosynovitis of the extensor pollicis longus: a case report. J Hand Surg
[Am]. 1994;19:623–625.

14. Wood MB, Dobyns JH. Sports-related extraarticular wrist syndromes.
Clin Orthop Relat Res. 1986;202:93–102.

15. Pantukosit S, Petchkrua W, Stiens SA. Intersection syndrome in Buri-
ram Hospital: a 4-yr prospective study. Am J Phys Med Rehabil.
2001;80:656–661.

16. Grundberg AB, Reagan DS. Pathologic anatomy of the fore-arm: inter-
section syndrome. J Hand Surg [Am]. 1985;10:299–302.

17. Minami A, Ishikawa J, Suenaga N, et al. Clinical results of treatment of
triangular fibrocartilage complex tears by arthroscopic debridement.
J Hand Surg [Am]. 1996;21(3):406–411.

18. Grover R. Clinical assessment of scaphoid injuries and the detection of
fractures. J Hand Surg [Br]. 1996;21:341–343.

19. Trumble TE. Avascular necrosis after scaphoid fracture: a correlation of
magnetic resonance imaging and histology. J Hand Surg [Am].
1990;15:557–564.

20. Rykman GK, Taleisnik J, Peters G, et al. Treatment of nonunited
scaphoid fractures by pulsed electromagnetic field and cast. J Hand Surg
[Am]. 1986;11:344–349.

21. Carter PR, Eaton RG, Littler JW. Ununited fracture of the hook of the
hamate. J Bone Joint Surg Br. 1977;59:583–588.

22. Andresen R, Radmer S, Sparmann M, et al. Imaging of hamate bone
fractures in conventional x-rays and high-resolution computed tomog-
raphy: an in vitro study. Invest Radiol. 1999;34:46–50.

23. Wright TW, Dobyns JH, Linscheid RL, et al. Carpal instability non-
 dissociative. J Hand Surg [Br]. 1994;19(6):763–773.

24. Albanese SA, Palmer AK, Kerr DR, et al. Wrist pain and distal 
growth plate closure of the radius in gymnasts. J Pediatr Orthop.
1989;9:23–28.

25. Shih C, Chang CY, Penn IW, et al. Chronically stressed wrists in
 adolescent gymnasts: MR imaging appearance. Radiology. 1995;195:
 855–859.

26. McCue FC, Garroway RY. Sports injuries to the hand and wrist. In:
Schneider RC, ed. Sports Injuries: Mechanisms, Prevention, and Treat-
ment. Baltimore: Williams & Wilkins; 1985.

27. McMaster PE. Tendons and muscle ruptures: clinical and experimental
studies on the causes and location of subcutaneous ruptures. J Bone
Joint Surg. 1933;15:705–722.

28. Souter WA. The boutonniere deformity: a review of 101 patients with
division of the central slip of the extensor expansion of the fingers.
J Bone Joint Surg. 1967;49B:710.

KEY POINTS

• de Quervain tenosinovitis generally responds well to
nonoperative measures

• Have a high suspicion for missed scaphoid fracture
with snuffbox tenderness and a history of a FOOSH
injury

• Hook of the hamate fractures can be common source
of volar wrist pain in sports utilizing a bat or raquet

• Scapholunate ligament tears may be seen with misdi-
agnosed "wrist sprains". If unrecognized and treated
acutely, these ligamenteous injuries can lead to
scapholunate instability that may result in persistent
pain and disability.

• Distal dorsal radial pain in skeletally immature gym-
nasts should be suspected for physeal injury

• Mallet finger can be successfully treated with extension
splint of the DIP joint. If there is presence of instability/
subluxation, then fusion of the DIP joint may be an
 alternative treatment option
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INTRODUCTION
Hand and wrist injuries are common in athletes, making up
between 3% and 9% of all athletic injuries. Athletic injuries
to the hand and wrist can range from simple sprains to se-
vere fractures. Many injuries of the hand and wrist are obvi-
ous, but subtle injuries can be missed and may require a high
index of suspicion with a systematic examination and diag-
nostic imaging. Often injuries to the hand and wrist may be
dismissed as trivial; however, delay in diagnosis and treat-
ment may lead to significant and possible permanent dis-
ability. Overtreatment or inappropriate treatment can be
just as problematic. Swanson appropriately said, “Hand frac-
tures can be complicated by deformity from no treatment,
stiffness from over-treatment, and both deformity and stiff-
ness from poor treatment.”1 In this chapter, we will discuss
the diagnosis, treatment, and rehabilitation of common
hand injuries to the athlete.

FUNCTIONAL ANATOMY
A basic understanding of the complex anatomy of the finger,
hand, and wrist is necessary to properly diagnose and treat
acute injuries. There are 27 bones that act dynamically to allow
oppositional grip: eight carpal bones, five metacarpals, and
fourteen phalangeal bones. In general, the radial nerve
 accounts for wrist and finger extension, the ulnar nerve pro-
vides finger flexion on the ulnar side and power grip, and the
median nerve provides thumb opposition and circumduc-
tion to allow for fine control. Vascularity to the hand is pro-
vided by the radial and ulnar arteries, which join together in
the palm to make up the deep and superficial palmar arches.
Each digit has two neurovascular bundles, which travel
volarly on both the radial and ulnar aspects of the digit.

Bony anatomy of the hand includes the five metacarpals,
with first, fourth, and fifth metacarpals having increased
mobility at their corresponding carpometacarpal (CMC)
joints. In contrast, the second and third metacarpals are held
rigid at the CMC joint by stout ligaments and congruent
 articulation with the trapezoid and capitate. The transverse
metacarpal ligaments interconnect the second through the

fifth metacarpals adding to their internal support. The
thumb metacarpal is positioned on the trapezium in an ab-
ducted and pronated position to allow for its prehensile
function.

Each finger is an individual skeletal unit made up of a
proximal, middle, and distal phalanx (Fig. 15.1A). The prox-
imal and middle phalanges can be divided into the base,
shaft, neck, and head, whereas the distal phalanx has a base,
shaft, and tuft. There are three ginglymus (hinged) joints in
each finger: distal interphalangeal (DIP), proximal interpha-
langeal (PIP), and metacarpophalangeal (MCP). The inter-
phalangeal (IP) joints in the fingers are bicondylar, providing
a great arc of motion as well as bony stability for lateral and
rotatory forces. The collateral ligaments, volar plate, and ex-
tensor mechanism offer additional stability to the joint, and
injury to these structures may compromise function signifi-
cantly. The thumb CMC joint is unique with its reciprocally
biconcave saddle joint allowing for opposition with the
other digits.2 The thumb is made up of the first metacarpal
and only two phalanges with a single IP joint.

The most complex anatomy of the hand includes the
 extensor mechanism of the fingers. The extensor digitorum
communis (EDC) splits into four separate tendons, one to
each finger. As the extensor tendon passes over the MCP
joint, there is some adhesion to the joint capsule, but no for-
mal insertion. The tendon is anchored over the MCP joint by
the sagittal bands that arise from the volar plate. In addition
to keeping the extensor tendon centralized over the MCP
joint, sagittal bands also function to extend the proximal
phalanx. At the MCP joint, the extensor tendon splits into
three slips. The middle slip, which connects to the proximal
phalanx by sagittal bands, inserts on the base of the middle
phalanx. The two lateral slips unite more distally on the
base of the distal phalanx after receiving contributions from
the interossei on both sides and the lumbrical on the radial
side (Fig. 15.1B). On the radial side of each digit, the lumbri-
cal unites with the lateral slip to form the lateral band. The
 interossei also insert into the lateral slips to form the lateral
bands in addition to the base of the proximal phalanx and
joint capsule.

The flexor tendons on the volar side of the finger include
the flexor digitorum superficialis (FDS) and the flexor
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 digitorum profundus (FDP). The FDS tendon travels volar
to the FDP and splits to form two slips that attach to the base
of the middle phalanx and function to flex the PIP joint. The
FDP tendon is located dorsal to the FDS and inserts into the
base of the distal phalanx and flexes the DIP joint.

The anatomy of the wrist comprises one of the most
complex joints in the body. The eight wrist carpal bones
 articulate with the radius and ulna and allow for a large arc
of motion in three degrees of freedom. The proximal row of
carpal bones includes the scaphoid, lunate, triquetrum, and
pisiform, which are closely approximated to the distal ra-
dius. The triangular fibrocartilage complex, an articular
disk located between the proximal row of carpals and the
ulna, completes the concave surface on which the carpals
move. The distal row of carpal bones includes the hamate,
capitate, trapezium, and trapezoid, which articulate with
the metacarpals. The scaphoid is the common link between
the proximal and the distal row of carpals. 

EPIDEMIOLOGY
Injuries to the hand and wrist are common in athletes of all
levels. The two main types of injuries suffered by athletes
include soft-tissue injury (tendon and ligament) or bony
injury (fracture and/or dislocation). Thumb injuries
should be considered a discrete group of injuries compared
with the other digits as the anatomy and function differ
significantly.

The hand is usually out in front of the athlete and used to
catch a ball in motion, brace any falls, and block opponents.
The middle finger is a commonly injured finger because it
extends most distally, allowing it to be vulnerable to jam-
ming, catching, and torsion. Thumb injuries are more com-
mon in falls to the side or reaching behind to brace a fall,
such as during skiing. The small finger can also easily be in-
jured as it gets caught on a jersey. An axial load to a closed
fist or a misdirected punch may cause a metacarpal fracture
or CMC injury. Any fall on an outstretched hand can cause a
hyperextension injury and lead to fracture or ligamentous
injury in the wrist.

Injuries to flexor and extensor tendons can occur during
athletics, but injuries to the extensor mechanism are more
common because they are weaker when compared to the
flexors. The common injuries of the extensor mechanism in-
clude the mallet finger, acute boutonniere, and sagittal band
injuries. The main injury to the flexor tendon suffered dur-
ing sporting events is an FDP avulsion injury, also known as
jersey finger. Whereas most of the extensor injuries seen are
easily treated with splinting and observation, all flexor ten-
don injuries should be referred to a hand surgeon urgently
for surgical fixation.

Extensor tendon injuries such as mallet finger and acute
boutonniere injuries are common injuries in ball sports
such as basketball, when the athlete’s fully extended finger
is struck by the ball. In a mallet finger, the result is a
stretching or disruption of the terminal tendon, which is
responsible for active extension of the DIP joint. An acute

FIG. 15.1. Functional anatomy of the hand and wrist. A: Palmar view, bony anatomy of the hand
and wrist (metacarpal bones labeled with Roman numerals). B: Lateral view of the retinacular
 ligaments in a flexed digit.
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boutonniere injury ranges from a sprain to complete dis-
ruption of the central slip that can result from a volar PIP
dislocation. An avulsion fracture is possible with both of
these injuries, so x-rays need to be done to evaluate for this
variant of injury.

Injury to the sagittal bands can result in pain and exten-
sor tendon subluxation during finger flexion. These injuries
may occur from blunt trauma, forced flexion of the MCP
joint, or sometimes even minor insults. These injuries usu-
ally involve a sagittal hood tear of the radial side of the long
finger.

An FDP avulsion/rupture results from a forceful hyperex-
tension of the DIP joint while the FDP is contracting. A clas-
sic example is catching the middle finger on a competitor’s
jersey. The tendon may rupture from its insertion or avulse a
small bone fragment from the distal phalanx. The tendon
may retract into the finger or palm.

Fractures of the metacarpals and phalanges are the most
common fractures of the upper extremity.3 The thumb and
small finger are the most frequently fractured.4 The majority
of these fractures can be managed nonoperatively, but unsta-
ble fractures need to be recognized and referred to a hand
surgeon for operative management. Regardless of treatment,
the goal is to restore hand function and prevent stiffness or
deformity.

The most commonly dislocated joint in the body is the
PIP joint of the finger. Injury to the PIP joint can range from
a jammed finger to a complex irreducible fracture disloca-
tion. The severity of these injuries is often underestimated,
and improper treatment may cause long-term disability. The
direction of dislocation is usually dorsal, but volar and lat-
eral dislocations may occur. 

The DIP and MCP joints are less commonly dislocated.
Dorsal dislocations are the more common variant of these
IP dislocations. DIP dislocations are usually related to a
crushing-type injury and are more prone to open injuries
because of the tissue attachments distally. It is important to
realize that MCP joint dislocations can be either simple
subluxation injuries that can easily be reduced or a com-
plex complete dislocation that usually requires surgery to
 relocate.

All IP dislocations are associated with some ligamentous
injury. The most common soft-tissue injury with joint dislo-
cations is avulsion of the volar plate. Collateral ligament and
tendon avulsions are also possible at the time of injury.
Intra-articular fractures can occur and range from small,
 insignificant avulsions to larger triangular or comminuted
fractures that make up a significant portion of the joint.

Injuries to the thumb MCP joint are quite common. The
most common injury to the MCP joint is an ulnar collateral
ligament (UCL) disruption. This injury occurs when an ath-
lete falls on an outstretched hand with the thumb abducted,
as might occur when a skier falls while holding a pole.

The wrist is a complex anatomic structure made up of
eight carpal bones, the distal radius, distal ulna, and multiple
tendons and ligaments. It is beyond the scope of this chapter

to discuss every injury that can occur to the intricate wrist,
but the more common athletic injuries should be recognized.
Appropriate treatment of wrist injuries can prevent future
disability. Scaphoid fractures are by far the most common
carpal fracture. Other acute sporting injuries to the wrist
 include hamate fractures and scapholunate ligament tears.

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

A good history and detail of the mechanism of injury may
help you focus on a diagnosis prior to the examination and
help guide your decision-making. Some injuries are more
prevalent in specific sports, such as jersey finger in rugby and
football or hook of the hamate fractures in golf and baseball.
Also a history of refractory pain in an initial negative assess-
ment should prompt further examination and diagnostic
imaging as a more subtle diagnosis may be present.

Evidence-based Physical Examination

Start with the basics of inspection, palpation, and a thor-
ough neurovascular examination. Inspect for swelling, de-
formity, ecchymosis, and possible open injuries. Palpate for
point tenderness, stepoffs, and crepitation. The patient
should be able to actively extend all of their fingers and
thumb. An  inability to actively extend a finger should
prompt further examination. Examination of finger flexion
should include isolating the FDP and the FDS function. The
FDP can be tested by holding the PIP straight and asking the
patient to flex their DIP joint. Evaluation of rotational defor-
mity may be picked up by observing that the plane of the
fingernails lines up. If a rotational deformity is present, there
will be finger crossover with flexion. Varus and valgus testing
will help determine joint laxity. MCP joints should be
stressed with the joint flexed to 90 degrees.

Diagnostic Testing

Imaging

Routine radiographs of the hand or wrist should begin with
PA, lateral, and oblique views. If you are suspicious of a spe-
cific injury or need better visualization of a fracture, other
views should be considered. Individual fingers should have a
true lateral of the injured finger. A true AP of the thumb
(Roberts view) is obtained by having the patient hyper-
pronate the hand and rest the dorsum of the thumb on the
x-ray cassette. A true lateral of the basal joint is obtained by
pronating the hand 20 degrees with the thumb flat on the
x-ray cassette and the x-ray tube angled 10 degrees in a distal-
to-proximal direction. A 30-degree pronated lateral will help
visualize the second and third metacarpals, and a 30-degree
supinated lateral will help visualize the fourth and fifth
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metacarpals. Suspicion of an easily missed CMC fracture
dislocation should prompt careful inspection of these
oblique views.

MRI may be utilized to better visualize soft-tissue in-
juries, while CT may be required to assess complex fractures
and bony anatomy not visualized on plain radiographs.
Musculoskeletal ultrasound is gaining popularity due to
its excellent soft-tissue visualization of superficial struc-
tures along with the dynamic capabilities. Its relatively
low cost and lack of ionizing radiation also make it a good
option.

APPROACH TO THE ATHLETE
WITH A TENDON INJURY

HISTORY AND PHYSICAL EXAMINATION

A mallet finger and acute boutonniere injuries are both
caused by forced flexion of extended DIP and PIP joints,
 respectively. The history of a mallet injury often involves a
ball striking the tip of the finger. The athlete may have only
minimal pain and may even continue playing. The patient
usually presents after the game or in the office with inabil-
ity to actively extend the injured finger. Examination will
confirm this flexion deformity, but passive extension
should be  possible.

Central slip injuries are usually from a jamming-type
 injury to the finger, and the patient will complain of pain at
the PIP joint. The examination may demonstrate an acute
boutonniere deformity, making the diagnosis easy, but this
deformity usually takes several weeks of no treatment to de-
velop. The patient should be tested for active PIP extension.
Weak active PIP extension, with intact passive extension, is
indicative of an acute central slip injury.

Patients with sagittal band injuries at the MP joint can
present with a history of a direct blow or a more mundane
activity such as flicking their finger. Boxers can suffer from
this injury after repetitive trauma. Symptoms vary from pain
and loss of motion at the MP joint to actual extensor tendon
snapping during finger flexion. Ulnar deviation of the finger
may also be apparent in severe cases. In order of frequency,
these injuries are most common in the long, small, index,
and ring fingers.

FDP avulsion injuries are an injury not to be missed, as
surgical intervention is needed promptly to restore full finger
function. The history usually involves catching or jamming
the tip of the finger on an opponent or a ball. The DIP joint
will be swollen and painful, and a painful fullness may also
be appreciated more proximally along the volar aspect of the
finger or in the palm. To test the integrity of the FDP, ask
the patient to actively flex the DIP joint while immobilizing
the PIP joint. Inability to do so should prompt immediate
 referral to a hand surgeon for surgical repair of the FDP
 tendon.

DIAGNOSTIC TESTING

Imaging

● AP and lateral x-rays
● Evaluate for any avulsion fractures of the phalanges
● Evaluate lateral x-ray for volar subluxation joints (bony

mallet or central slip disruption)
● Large fragment may be an indication for surgery (FDP

avulsion)
■ Identify the level of retraction for operative planning.

TREATMENT

Nonoperative

● Most are able to be treated nonoperatively
● Six to eight weeks of continuous extension splinting
● Followed by 2 weeks of splinting at night and sporting

 activities5

● Lightly padded aluminum splint, stack splint, or ring splint
● Applied to dorsal aspect of the DIP joint
● Avoid immobilizing the PIP joint
● Treatment can be initiated up to 6 months after the injury
● Success rate with splinting approximately 80%6

● Avoid pressure breakdown of skin with splinting
● Acute central slip injuries with a supple joint

● PIP joint splinting for 6 weeks
● Followed by night splinting for another 6 weeks
● DIP and MP joints are left free and DIP flexion

 encouraged
● Older patients immobilized for a shorter time to prevent

PIP joint stiffness
● Sagittal band injuries not causing extensor tendon

 subluxation
● Treated with buddy taping. 

● Symptomatic subluxing extensor tendon and is diagnosed
less than 3 weeks from injury
● Hand-based MP extension splint7,8

● Continued for 6 weeks
● Block MP flexion, and allow for PIP motion.

Operative

● Surgical indications include
● Open injuries
● A large avulsion fracture with a volar subluxation of the

distal phalanx
● Closed injuries in patients who may not be able to work

with a splint (i.e., surgeon)
● Surgical treatment recommended for

● Closed boutonniere injuries with a large avulsion  fracture9
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● Repair of the sagittal band in a patient with a sympto-
matic subluxing extensor tendon
■ Diagnosed more than 3 weeks from injury
■ Or if they failed splint treatment

● All open injuries to tendons and flexor tendon injuries
● FDP tendon avulsion, which is usually repaired  primarily
● Protected immobilization of the repair for 6 to 8 weeks

Prognosis/Return to Play

● Prognosis is excellent in a closed mallet or boutonniere
 injury

● Diligent in continual splinting for 6 to 8 weeks
● If the finger falls into flexion, must start from the

 beginning
● Return to play varies with the severity
● Most can return with an appropriate splint
● Sagittal band injuries have a good prognosis
● If no tendon subluxation, may return to play with buddy

taping
● Surgery may delay return to play until full range of motion

and grip strength returns
● Prognosis of flexor tendon injuries prognosis depends on

early recognition and treatment
● FDP avulsion injuries require surgical intervention
● May restrict activities for 3 to 4 months

Complications/Indications for Referral

Complications of extensor tendon injuries are not common,
but can occur with insufficient treatment or noncompliance.
An extensor lag deformity may persist and secondary defor-
mities may develop. A persistent mallet injury will develop
into a swan-neck deformity, and the central slip injury will
fall into a boutonniere deformity. Complications of sagittal
band injuries are rare, but operatively repaired sagittal band
injuries may become stiff.

There are specific findings in tendon injuries that should
prompt referral to a hand surgeon. Any open tendon injury,
unstable joint, lack of passive extension, or avulsion fracture
involving greater than 30% are indications for referral and
possible surgical intervention. It is also imperative to diag-
nose the FDP avulsion injury early and refer promptly. A
delay of 7 days will make repair difficult and may compro-
mise the outcome of the finger function.

APPROACH TO THE ATHLETE
WITH A HAND FRACTURE

HISTORY AND PHYSICAL EXAMINATION

Phalangeal and metacarpal fractures can range from nondis-
placed stable fractures to displaced, comminuted fractures.
Often the type of fracture is directly related to the mechanism

of injury. A direct blow usually causes a transverse  fracture.
Rotational forces, such as those that occur when an athlete
grabs an opponent’s jersey, cause spiral fractures. Axial load-
ing to the finger usually causes intra-articular fractures and
may be associated with joint dislocation as previously dis-
cussed. An axial load on a closed fist is the common mecha-
nism of a fourth or fifth metacarpal neck fracture, commonly
referred to as a “boxer’s fracture.”

Physical examination should include a routine neurovas-
cular examination, range of motion of each joint, inspection
of the skin for potential open fractures, and evaluation for
any deformity. Every phalangeal and metacarpal fracture
should be evaluated specifically for rotational deformity.
This can be accomplished by asking the patient to flex all
digits and evaluate for any rotation or overlap of the injured
finger in comparison with the other digits. All fingers should
point toward the scaphoid.

DIAGNOSTIC TESTING

Imaging

● Radiographs – PA, lateral, and oblique views
● Identify fractures and define the severity of the injury
● Semipronated view will allow optimal visualization of

the index metacarpal
● Semisupinated view will allow optimal visualization of

the ring and small finger metacarpal
● Individual finger radiographs to assess for phalangeal

fractures

TREATMENT

Nonoperative

● Most phalangeal and metacarpal fractures can be managed
nonoperatively

● Distal phalanx fractures are divided into tuft and trans-
verse fractures

● Tuft fractures
● Associated with an open nail bed injury or subungual

hematoma
● If a subungual hematoma that involves greater than 50%

of the nail bed is decompressed 
● Dorsal aluminum splint 

■ Rarely indicated for more than 3 weeks
■ Should not include the PIP joint3

● Nondisplaced and stable middle and proximal phalangeal
fractures
● Buddy taping or splinting
● Can be reduced to convert to a stable fracture
● Wrist-based splint, MP joints flexed to 70 degrees and

the digits in extension
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● Follow up radiographs weekly until bony union is  evident
● Spiral and oblique fractures have a tendency to redis-

place and shorten and often require internal fixation
● Metacarpal fractures

● Ring and small fingers can tolerate up to 40 degrees of
dorsal angulation

● Index and middle fingers can tolerate only 10 to 15 de-
grees of dorsal angulation

● Reduction by flexing the MP joint to 90 degrees and
using the proximal phalanx to exert an upward pressure
on the flexed metacarpal head10

● Held in place by plaster or fiberglass
● X-ray is done weekly to confirm satisfactory reduction
● Nondisplaced metacarpal neck fractures can be treated

with simple buddy taping
● A functional brace is an option in treatment of stable

metacarpal fractures
● Spiral or oblique fractures are more likely to cause a

malrotation deformity and need to be corrected to re-
store normal hand function. If the rotation is not cor-
rected after reduction, surgical intervention may be
necessary.

Operative

● Unstable fractures that should be recognized and referred
for surgical intervention

● Displaced transverse distal phalanx fracture
● Disruption of the overlying nail matrix
● Requires internal fixation and debridement of nail

 matrix
● Stabilization is accomplished with a longitudinal

Kirschner pin or with a small screw11

● An intra-articular fracture of the phalangeal condyle
● Usually requires surgical intervention
● If nonoperative treatment should be followed very closely

● Phalangeal shaft fractures with angulation, rotation, or
shortening that cannot be corrected by reduction and
splinting 

● Metacarpal neck and shaft fractures 
● Open reduction or percutaneous pinning
● Ring metacarpal fractures with angulation greater than

20 degrees
● Small finger metacarpal fractures with angulation

greater than 30 degrees12

● Others have accepted much more angulation with no sig-
nificant disability with up to 70 degrees of angulation13–15

● Metacarpal base fracture (Fig. 15.2)
● Often associated with a CMC dislocation
● Usually requires closed reduction and percutaneous fix-

ation to maintain the joint reduction
● Other indications for surgical fixation of phalangeal and

metacarpal fractures 
● Open fractures, segmental bone loss, and multiple hand

and wrist fractures.

Prognosis/Return to Play

● Intra-articular fractures will have a poorer prognosis than
extra-articular fractures16

● Fracture patterns associated with poor outcomes
● Extensive comminution, bone loss, and unstable fractures

with significant deformity
● Extensive soft-tissue injury and extended splinting are both

associated with decreased range of motion and poorer
 outcomes

FIG. 15.2. A: 25-year-old male professional baseball player who sustained a closed car-
pometacarpal (CMC) fracture dislocation of the left hand after a diving catch. B: Note the dis-
placed fracture of the small finger metacarpal base. Reprinted with permission from Strickland JW,
Graham TJ. Master Techniques in Orthopeadic Surgery: The Hand. 2nd ed. Philadelphia:
 Lippincott Williams & Wilkins; 2005.
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● When immobilization exceeded 4 weeks, total active mo-
tion declined to 66% of normal17

● Metacarpal fractures are inherently stable and may be
treated with minimal or no immobilization with good
outcomes

● In minimally or nondisplaced fractures in athletes, the av-
erage time lost from practice or competition was 14 days18

● Displaced metacarpal fractures that require a reduction
may return to sports and unrestricted activity as early as
4 to 6 weeks.

Complications/Indications for Referral

Common complications of phalangeal and metacarpal
 fractures include stiffness and malunions. Nonunions are
uncommon, but delayed union may be seen. Malunions can
cause angular deformity, rotational deformity, or shortening.
These need to be referred for possible corrective osteotomy.
Stiffness is fairly common and has a higher likelihood with
associated soft-tissue or joint injury. Treatment of this com-
plication should start with an aggressive hand therapy pro-
gram and may require dynamic splinting. Failure to regain
full motion with conservative measures should prompt re-
ferral for possible tenolysis. Phalangeal and metacarpal frac-
tures with extensive comminution, bone loss, and unstable
fractures with significant deformity are beyond the scope of
nonoperative treatment. These fractures are prone to resid-
ual disability regardless of the method of treatment, so they
should be referred to a hand surgeon early.

APPROACH TO THE ATHLETE
WITH AN INTERPHALANGEAL

JOINT DISLOCATION

HISTORY AND PHYSICAL EXAMINATION

The usual mechanism of injury in a dorsal PIP dislocation is
a hyperextension injury combined with axial compression.
This often happens in ball-handling sports such as football.
An athlete with a dorsal dislocation will have a fixed defor-
mity, swelling, and tenderness over the volar plate. Volar and
rotatory PIP dislocations are rare and are usually the result
of a rotatory axial compression force while the PIP joint is
flexed. These dislocations will also have diffuse tenderness,
swelling, and a fixed deformity, which may have a rotational
component.

DIP and MCP joint dislocations are less common but
usually present with a fixed deformity at the respective joint.
Both usually dislocate dorsally, and flexion of the joint is im-
possible. MCP joint dislocations occur predominately in the
index and small fingers from a hyperextension-type injury.
An MCP joint subluxation (simple dislocation) is usually

locked in about 60 degrees of hyperextension. In contrast,
the patient with a complete (complex) MCP joint disloca-
tion presents with the proximal finger held in slight hyper -
extension with inability to flex the MCP joint, and the
metacarpal head is palpable in the palm.

After a reduction, the collateral ligaments should be
 examined, and active flexion and extension should be
 evaluated to ensure the integrity of tendons.19,20 Functional
stability of the joint is determined by checking both active
and passive stability.21 Active stability is tested by having the
patient move the digit through its normal range of motion.
Full active range of motion is an indication of joint stability
despite ligament disruption. Passive stability is assessed by
applying lateral stress to each collateral ligament at both full
extension and 30 degrees of flexion. The dorsovolar stability
of the joint is tested by attempting to translate the joint both
dorsally and volarly to detect any laxity. Laxity in any plane
should be compared to an uninjured joint. The laxity can
then be graded I–III, depending on the amount of opening,
with I being pain and minimal instability and III being gross
instability and complete tearing of the collateral ligament.
More than 20 degrees of laxity with lateral testing indicates
complete collateral ligament disruption plus injury to at
least one other secondary stabilizer.19

DIAGNOSTIC TESTING

● Three views (PA, true lateral, oblique) of the are required.
● Hand x-ray or fanned-out four-finger x-ray is not

 acceptable
● Subtle dislocations may be missed. The PA and true

 lateral x-rays should be carefully evaluated for the
 direction of the dislocation and any associated fractures

● CT is occasionally for complex intra-articular fracture

TREATMENT

Nonoperative

● On-the-field reduction, if suspected IP dislocation
● Splint and follow up x-rays to confirm joint congruity
● Stable PIP dislocation

● Reduction and splinting
● Postreduction examination of the joint is key
● Reduction of a dorsal PIP joint by gentle traction and

volar-directed pressure to the middle phalanx
● May need to reproduce the hyperextension injury to

 unlock the dislocated digit
● Volar PIP dislocation

● The condyle is often buttonholed through the extensor
mechanism between the lateral band and the central slip

● Traction will tighten lateral bands and prevent reduction
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● Reduce with flexion of the MP and PIP joint while
 applying traction

● Splint dorsal PIP dislocation in 30 degrees of flexion
● Splint volar PIP dislocation in extension
● Splint simple dislocations with no ligamentous laxity for

7 to 10 days and then begin protected range of motion
with buddy taping

● Ligamentous injury; splinted for 3 weeks
● DIP dislocations reduced with simple traction and direct

pressure
● Uncomplicated DIP splinted for 7 to 10 days
● Early range of motion

● MCP subluxations treated with closed reduction
● Reduction by applying distal and volar-directed pressure

to the proximal phalanx with the wrist flexed to relax the
flexor tendons

● Hyperextension and traction should be avoided in these
injuries because these reduction techniques could con-
vert the injury to a complete (complex) dislocation

● Early range of motion is encouraged with an extension
block

● Complete MCP dislocations require open reduction

Operative

● All irreducible dislocations should be referred
● Unstable fracture/dislocation should also be referred for

surgical intervention (Fig. 15.3)
● Articular fracture greater than 40% of the size of the

 articular surface
● Any condylar fracture
● Incongruency of the joint

● Any complete MCP joint dislocation by definition has
some interposed soft tissue and requires an open
 reduction

● Primary repair of complete collateral ligament tears
● Decrease the time of disability and provide predictable

stability of the joint20

● An option in high-demand athletes
● Instability is rarely a long-term sequelae of this injury,

and stiffness is much more common

● Repair of collateral ligaments reserved for subacute or
chronic joint instability

Prognosis/Return to Play

● Most patients with uncomplicated IP dislocations have a
good outcome

● Simple dislocations that are reduced and verified to be
 stable by x-ray and physical examination; the athlete may
return to play early

● If any surgical intervention is needed, return to play may
be delayed for 4 to 6 weeks.

Complications/Indications for Referral

After joint reduction, you should be able to determine if an
IP joint is stable or unstable by physical examination and
 radiographic evaluation. It is key to identify any residual
joint subluxation, joint laxity, and fractures that involve
more than 40% of the articular surface. These unstable frac-
tures should be referred to a hand specialist for further treat-
ment. Less common volar PIP dislocations and complete
(complex) MCP dislocations should be recognized as more
technically difficult injuries. Both are difficult to reduce and
often need referral for an open reduction. Most long-term
complications are related to stiffness or instability and
should be referred to a hand specialist if these arise.

APPROACH TO THE ATHLETE
WITH A THUMB INJURY

HISTORY AND PHYSICAL EXAMINATION

The common presentation of an UCL injury is an injury
causing forced abduction of the thumb. The athlete will
present with tenderness, swelling, and possibly ecchymosis
along the ulnar border of the MCP joint. The integrity of the
UCL can be assessed for instability by testing for any laxity
and an end point to valgus stress in extension and 30 degrees

FIG. 15.3. Evidence of incongruent reduction ranges from (A) the radiographically obvious full
subluxation of the major dorsal fragment away from the volar lip to (B) extremely subtle evidence
of slight dorsal opening and lack of absolute congruence on the lateral view. Reprinted with
 permission from Bucholz RW, Heckman JD. Rockwood & Green’s Fractures in Adults. 5th ed.
 Philadelphia: Lippincott Williams & Wilkins; 2001.
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of flexion.19 A grade I sprain will have pain without laxity. A
partially torn ligament (grade II) will have laxity with stress-
ing, but in contrast to a complete UCL tear, it will have an
end point. Local anesthesia may be necessary to accurately
evaluate for any joint laxity. Occasionally, if the injury is a
complete tear, the patient will present with a tender palpable
nodule proximal to the MCP joint. This is known as a Stener
lesion and is the result of the UCL retracting beyond the
 adductor aponeurosis.

Injuries of CMC joint are usually caused by axially load-
ing force across a partially flexed thumb. This injury usually
results in a two-part intra-articular fracture at the base of the
thumb metacarpal known as a Bennett fracture. A Bennett
fracture is the most frequent fracture of the thumb and by
definition is a fracture dislocation of the thumb CMC joint.
The volar–ulnar fragment is held in its anatomic position
against the trapezium by the volar beak ligament, but the
metacarpal shaft and base displace dorsally and rotate into a
supinated position. A Rolando fracture is a comminuted
intra-articular fracture of the base of the thumb metacarpal.
Rolando fractures can either be a basic three-part Y or T
configuration or have further comminution. Patients with
an injury of their CMC joint will have localized pain,
swelling, and diminished thumb motion.

DIAGNOSTIC TESTING

Imaging

● Radiographs
● MCP injuries: standard PA, lateral, and oblique radio -

graphs22

● Stress radiographs are rarely needed23,24

● CMC injures: lateral view with hand palm down,
pronating the wrist 15 to 35 degrees and directing x-ray
tube obliquely 15 degrees25

● Alternative modalities
● Ultrasound
● CT may be necessary for Rolando fractures
● MRI angiography

FUNCTIONAL TREATMENT

Nonoperative

● Acute partial UCL injuries
● Four weeks of immobilization in a thumb spica
● Followed by 2 weeks of immobilization with active range

of motion exercises
● Strenuous thumb activity avoided for 3 months

● Complete ligament tears are less predictable
● Exploration and repair of the ligament
● Immobilization in a thumb spica for complete tears as

long as there is no Stener lesion26

● Bennett fractures
● Thumb spica cast immobilization effective with ade-

quate reduction maintained
● Reduction by traction and metacarpal extension, prona-

tion, and abduction
● Reduction difficult to maintain due to pull of APL

Operative

● Complete UCL tear/avulsion: operative treatment com-
monly necessary
● Stener lesion indicates complete tear
● Indication for surgery: greater that 30 degrees of laxity

or no firm end point
● Open repair has good results in many studies and com-

plications are infrequent27–29

● Surgical repair should be done early30

● MCP immobilized for approximately 4 to 6 weeks
postop

● Range of motion exercises initiated after 4 weeks
● By 10 weeks postoperatively, the athlete should have

 regained nearly full active range of motion and have at
least 60% of normal pinch strength.3

● CMC fracture surgical indication: 1 mm of articular in-
congruity or persistent CMC joint subluxation after closed
reduction (Fig. 15.4)
● Closed reduction and casting of Bennett fractures leads

to diminished mobility and strength, as well as degener-
ative arthritis and joint subluxation31

● Closed reduction with percutaneous fixation.
● Immobilized for 4 to 6 weeks before pins are removed

● Open reduction with internal fixation (ORIF)
● Early active range of motion

● Rolando fracture: ORIF versus external fixation and
bone grafting versus arthrodesis

Prognosis/Return to Play

● If the injury is identified early and treated appropriately,
most athletes have an excellent outcome.

● In partial UCL tears (grade I and II) the athlete can return
to play early in a well-padded splint or cast to protect the
injury during healing.

● In certain sports that require ball handling, the athlete may
need to wait for 6 to 8 weeks for complete recovery from
this injury.

● Complete UCL tears (grade III) usually require surgery
and take 8 to 12 weeks to recover; return sooner is possible
with splint or cast protection.3

Complications/Indications for Referral

Complications are rare after UCL injury treatment. In non-
operatively treated UCL injuries, the patient may have
residual stiffness of the MCP joint, but is likelier to have
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continued laxity or diminished pinch strength in incom-
pletely healed ligaments. Operative complications include
injury to the crossing branches of the dorsal sensory branch
of the radial nerve or stiffness from over-tightening of the
repaired ligament. These two complications can be avoided
by careful surgical technique. Patients with complete UCL
tear and no Stener lesions are a relative indication for
 surgery, and complete UCL tear with a Stener lesion is an
absolute indication for surgery. Both should be referred to a
hand surgeon for consultation.

It is important to recognize fractures of the thumb CMC
joint and understand the Bennett fracture is also a disloca-
tion and requires anatomic reduction. Complications of a
missed or incorrectly treated thumb CMC fracture can lead
to degenerative arthritis and diminished thumb function.
All CMC  injuries should be referred to a hand surgeon for
evaluation.

APPROACH TO THE ATHLETE
WITH A WRIST INJURY

HISTORY AND PHYSICAL EXAMINATION

A scaphoid fracture usually occurs from a fall on an out-
stretched hand but can also occur from a punch. An athlete
will usually present with radial-sided wrist pain at the base
of the thumb with tenderness over the snuffbox and/or volar
scaphoid tubercle. On the dorsum of the wrist, the anatomic

snuffbox can be identified easily as the patient abducts and
extends the thumb. There is usually no deformity and only
minimal swelling. A fall on an outstretched hand can also
 result in a distal radius fracture, which usually has more
swelling and deformity or a scapholunate ligament disrup-
tion. A scapholunate ligament tear can be detected on
 physical examination by tenderness dorsally just distal to
Lister’s  tubercle and provocative maneuvers that cause a
painful clunk. If the thumb is placed on the scaphoid tuber-
cle, four fingers can wrap around the distal radius while the
wrist is held in ulnar deviation. The patient is then asked to
radially deviate his or her wrist. As the patient does this, the
scaphoid tubercle will volar flex into the physician’s thumb.
If pressure is directed dorsally with the thumb, pain may be
elicited and an associated clunk may indicate scapholunate
instability. This maneuver is termed the Watson or scaphoid
shift test.32

Scapholunate dissociation (SLD) is the most common
carpal instability. An SLD may be easily missed, especially
when it is an isolated injury or masked by a more obvious
 injury such as a fracture. Any history of a fall on an out-
stretched hand with presenting wrist pain is possibly an SLD
injury. Continued radial-sided wrist pain with a negative
workup for scaphoid fracture may be an occult or partial SL
tear. SLD may also occur in conjunction to distal radius or
scaphoid fractures.

A hook of the hamate fracture usually occurs in athletes
that use a club, bat, or racquet. This injury can easily be
missed because it is not apparent on standard radiographs,
so clinical suspicion should prompt further diagnostic

FIG. 15.4. Bennett’s fracture of the base of the thumb metacarpal. A: Prereduction fluoroscopic
image. B: Postreduction fluoroscopic image. Reprinted with permission from Strickland JW,
 Graham TJ. Master Techniques in Orthopeadic Surgery: The Hand. 2nd ed. Philadelphia:
 Lippincott Williams & Wilkins; 2005.
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 imaging. This injury may occur when an athlete falls while
 holding an object, such as a racquet. A hard hit  baseball or a
golf club striking the ground may also cause a hamate frac-
ture. The patient will present with pain in the volar and
ulnar sides of the wrist. Loss of grip strength may also be
 another symptom. To locate and palpate the hook of the
 hamate, place your thumb IP joint over the easily identified
pisiform and direct your thumb toward the patient’s index
finger. With the patient’s wrist flexed, the hook of the hamate
can be felt with the tip of your thumb. Direct tenderness
should raise suspicion of a fracture.

DIAGNOSTIC TESTING

Imaging

● Radiographs (Fig. 15.5)
● PA, lateral, oblique, and ulnar deviated views
● PA view is best obtained with a clenched fist
● Clenched fist view will accentuate scapholunate gap31

● Increased SL joint space of greater than 5 mm is diag-
nostic of SLD

FIG. 15.5. X-ray findings in scapholunate dissociation. A: In ulnar deviation, increased scapholu-
nate gap with incomplete radial translation of the lunate. B: In radial deviation, the scapholunate
gap closes, and the lunate partially rotates and shows a triangular profile. C: The gap between
scaphoid and lunate exceeds 3 mm; note the trapezoidal shape of the lunate secondary to the
volar pole of the lunate rotating under the capitate. Also note foreshortening of the scaphoid due
to its palmar flexed position. A ring sign is produced by the cortical outline of the distal pole of the
scaphoid. D: Lateral view: the scaphoid is palmar flexed and the lunate extended. The capitate is
displaced dorsally relative to the radius. Reprinted with permission from Bucholz RW, Heckman JD.
Rockwood & Green’s Fractures in Adults. 5th ed. Philadelphia: Lippincott Williams & Wilkins; 2001.
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● Fragment angulation
● Abnormal carpal alignment
● Proximal pole scaphoid fractures should be treated

 operatively3

● Other surgical indications for scaphoid fractures include
high-demand athletes and scaphoid fractures associated
with ligamentous injury or other fractures40,41

● Surgical techniques
● Percutaneous fixation
● ORIF

● Acute SL ligament tears treated with closed reduction
and percutaneous pinning or acute ligament repair and
capsulodesis

● The wrist is usually immobilized for 6 to 8 weeks following
surgery

● Partial tears of the SL ligament complex are best treated
with arthroscopic debridement3

● Hook of the hamate fractures diagnosed late, or in those
that have progressed to a painful nonunion
● Excision of the fragment is recommended42

● Osteosynthesis may be considered for delayed union and
nonunion in a high-performance athlete such as a pro-
fessional golfer or baseball player43

■ Offers little benefit over excision in terms of func-
tional outcome.

Prognosis / Return To Play

● The vast majority of scaphoid fractures will heal if diag-
nosed promptly and treated appropriately.

● Early rigid fixation may allow for early active motion and
earlier return to sports.44,45

● Athletes may be able to return with a cast in some sports,
but full unrestricted activities should be restricted until
evidence of radiographic healing and return of full range
of motion.

● SLD treatment results are more unpredictable and immo-
bilization is needed for at least 8 weeks and athletic restric-
tions may last 6 to 12 months.

● Hook of the hamate fracture excision has good results.
● Most patients are able to return to full athletic activities

shortly after excision with only mild pain and weakness.

Complications/Indications for Referral

Nonunion is the most common complication after scaphoid
fracture treatment. Nonunion rates may be as high as 10%
of cases despite proper treatment and, if left untreated, will
progress to osteoarthritis.46 All proximal pole fractures and
displaced fractures should be referred for a hand surgery
consultation as they are at a higher risk of complications
and usually require surgical intervention. SLD can lead to
changes in the wrist kinematics that increase load concen-
tration across the radioscaphoid joint and progressive de-
generative changes. These SLD injuries are often diagnosed
weeks to months after the injury but before any evidence of

● Lateral projection of an SLD may demonstrate an
 increased flexion of the scaphoid or extension of the  lunate

● Greater than 60 degrees indicates disruption of the
scapholunate ligament

● Ulnar deviated PA view will allow better visualization of
scaphoid waist fracture

● Radiographs repeated in 1 to 2 weeks if initial series
equivocal

● Hamate fractures difficult to visualize on radiographs
■ Carpal tunnel projection view33

■ Oblique radiograph obtained in 45 degrees of supina-
tion, slight radial deviation, and dorsiflexion34

● MRI if x-ray questionable35

● MRA useful for defining SL ligament disruption
● CT if x-ray questionable36

● Sensitivity of 100%, specificity of 94%, and accuracy of
97.2% in detecting hook of the hamate fractures37

● Bone scan at 48 to 72 hours following injury
● Imprecise at localization of the fracture38

● Arthroscopy is gold standard for SL disruption

TREATMENT

Nonoperative

● Nondisplaced scaphoid fractures treated with a thumb
spica cast

● Usually heals between 8 and 12 weeks but differs based on
the location of the fracture
● Hundred percent of distal scaphoid fractures heal in 6 to

8 weeks
● Sixty to seventy percent of proximal scaphoid fractures

will heal
■ May take up to 24 weeks

● Ninety percent waist fracture heals by 12 weeks
● Presentation later than 4 weeks requires longer immobi-

lization to achieve union39

● Scapholunate disruption
● Nonoperative treatment only recommended for dynamic

instability
● Activity modification, wrist splinting, and anti-

 inflammatory medications
● Hook of the hamate fractures

● Cast immobilization for 6 weeks
● Injuries diagnosed late or left untreated will progress to

nonunion
● Displaced and proximal pole scaphoid fractures require

surgical intervention
● The length of cast and duration of treatment are debatable

Operative

● Surgery is recommended for unstable scaphoid fractures
and proximal pole fractures3

● Displacement of 1 mm or more
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degenerative changes. These injuries are difficult to both di-
agnose and treat, and all suspected SLD should be referred
to a hand surgeon. Hook of the hamate fractures may result
in a painful nonunion, but this can be treated by excision of
the fragment.

KEY POINTS

• X-rays are needed to evaluate for joint subluxation and
avulsion fractures

• Nondisplaced scaphoid waste fractures are best treated
in a cast for 12 weeks

• Most phalangeal and metacarpal fractures can be
 managed nonoperatively

• Splinting for 6 to 8 weeks is appropriate for most
 extensor tendon injuries

• Indication for surgical referral includes flexor tendon
injuries, open tendon injuries, intra-articular fractures,
complete MCP dislocations, and CMC fractures

REFERENCES
1. Swanson AB. Fractures involving the digits of the hand. Orthop Clin

North Am. 1970;1:261–274.
2. Kuczynski K. Carpometacarpal joint of the human thumb. J Anat.

1974;118:119–126.
3. Kaplan EB. Anatomy, injuries and treatment of the extensor apparatus

of the hand and fingers. Clin Orthop Relat Res. 1959;13:24–41.
4. Abouna JM, Brown H. The treatment of mallet finger: the results in a

series of 148 consecutive cases and a review of the literature. Br J Surg.
1968;55:653–667.

5. Araki S, Ohtani T, Tanaka T. Acute dislocation of the extensor digito-
rum communis tendon at the metacarpophalangeal joint. J Bone Joint
Surg Am. 1987;69:616–619.

6. Inoue G, Tamura Y. Dislocation of the extensor tendons over the
metacarpophalangeal joints. J Hand Surg [Am]. 1996;21:464–469.

7. Tubiana R. Surgical repair of the extensor apparatus of the fingers. Surg
Clin North Am. 1968;48:1015–1031.

8. Green DP, Hotchkiss R. Green’s Operative Hand Surgery. 5th ed.
Philadelphia: JB Lippincott; 2005.

9. Hove LM. Fractures of the hand. Scand J Plast Reconstr Surg. 1993;27:
317–319.

10. Jahss SA. Fractures of the metacarpals: a new method of reduction and
immobilization. J Bone Joint Surg. 1938;20:178–186.

11. Richards RR, Khoury G, Young MC. Internal fixation of an unstable
open fracture of the distal phalanx with a Herbert screw. J Hand Surg
[Am]. 1988;13:428–432.

12. Amadio PC, Beckenbaugh RD, Bishop AT, et al. Fractures of the hand
and wrist. In: Jupiter JB, ed. Flynn’s hand surgery. Baltimore: Williams &
Wilkins; 1991:122–185.

13. Holst-Nielsen F. Subcapital fractures of the four ulnar metacarpal
bones. Hand. 1976;8:290–293.

14. Hunter JM, Cowen NJ. Fifth metacarpal fractures in a compensation
clinic population. J Bone Joint Surg Am. 1970;52:1159–1165.

15. Kuokkanen HOM, Mulari-Keranen SK, Niskanen RO, et al. Treatment
of subcapital fractures of the fifth metacarpal bone: a prospective ran-
domised comparison between functional treatment and reposition and
splinting. Scand J Plast Reconstr Surg. 1999;33:315–317.

16. Stark HH. Troublesome Fractures and Dislocations of the Hand. St. Louis,
AAOS Instructional Course Lectures. Vol. 19. St. Louis: CV Mosby;
1970:130–149.

87208_ch15.qxd:87208_ch15  8/31/09  1:02 PM  Page 155



156

INTRODUCTION
Back pain is a symptom often encountered by athletes of all
ages and levels of sports participation. Chronic back pain is
the most common reason for missed playing time.1 Although
certain sports such as gymnastics, wrestling, and rowing have
a higher prevalence of low back pain due to repetitive me-
chanical loads placed on the spine, any athlete is at risk. Other
factors such as position played, level of training, and gender
may also play a role.1–3 The majority of back pain among
 active individuals is self-limited and is usually not associated
with underlying structural abnormalities; however, back pain
may be a symptom of a more serious disease process. An
awareness of sport-specific demands, age-related conditions,
risk factors, and warning signs can help narrow the wide
 differential diagnosis, guide the evaluative process, and lead
to proper treatment and return-to-play  decisions.

FUNCTIONAL ANATOMY
Bony and soft-tissue elements are integral components of
the spine that provide strength and stability, and both are
vulnerable to injury. Coordinated movement of the spine is
highly complex and is governed by neurologic and biome-
chanical processes. Any disruption in the process can lead to
injury, altered function, and may generate a pain response
due to mechanical or chemical sources. A fundamental
knowledge of the anatomy of the spine and the biomechani-
cal demands of each sport can help to correctly identify the
etiology of back pain in active individuals.

The functional unit of the thoracolumbar spine is the ver-
tebrae and intervertebral discs and is located in the anterior
column of the thoracolumbar spine. The intervertebral discs
separate two vertebrae and are composed of an inner nucleus
pulposus and an outer annulus that is attached to the verte-
bral endplate. The annulus has sensory innervation, while the
nucleus pulposus does not. The nucleus pulposus acts as a
shock absorber between adjacent vertebrae. Although it is
composed primarily of water at birth, age- related desiccation
makes the disc increasingly vulnerable to degeneration or
failure caused by acute or chronic mechanical forces. The
connection between low back pain and degenerative disc

 disease is somewhat unclear but is believed to be caused by
leakage of inflammatory factors within the nucleus pulposus
through annular tears where it comes in contact with noci-
ceptive nerve fibers (Fig. 16.1).

Radicular back pain is often generated from the spinal
nerves which exit through the intervertebral foramina. While
the lumbar spinal nerves increase in size descending down
the spine, the intervertebral foramina become smaller. Any
process that causes additional narrowing of the intervertebral
foramen including loss of disc height and osteoarthritis can
lead to symptomatic compression of the spinal nerve roots
(Table 16.1).

The posterior column of the thoracolumbar spine con-
sists of the bony vertebral arch, including the pedicles, lam-
ina, pars interarticularis, transverse and spinous processes,
and the facet joints (zygapophyseal). The spinal cord is con-
tained within the vertebral arch. The pars interarticularis is
particularly vulnerable to injury in young athletes playing
sports that involve repetitive trunk rotation and lumbar
 hyperextension due to the presence of ossification centers in
the posterior region of the spine until age 25 and ongoing
 remodeling and bone growth (Fig. 16.2). A facet joint is

16
C H A P T E R

Athlete with Back Pain
Peter Hoth and Katherine Riggert

Cauda equina Lamina

Spinous process

Herniated nucleus pulposus
compresses nerve root

FIG. 16.1. Lumbar disc herniation. From Chaffee EE,
Greisheimer EM. Basic Physiology and Anatomy. 3rd ed.
Philadelphia: J.B. Lippincott; 1974.
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posterior longitudinal ligament, which helps to prevent
 hyperflexion. The posterior longitudinal ligament narrows
as it approaches the lumbar region, providing only central
support and an area of relative weakness in the posterolat-
eral aspect overlying the lumbar disc, therefore accounting
for the higher prevalence of posterolateral lumbar disc her-
niations in the lumbar spine. Both the anterior and posterior
longitudinal ligaments have nociceptive fibers.

EPIDEMIOLOGY
Although low back pain is a common complaint in the gen-
eral population with a prevalence of 85% to 95%, compari-
son studies between athletes and nonathletes indicate that
athletes had significantly higher rates.1 Low back pain, how-
ever, was found to be less common among former elite
 athletes compared to nonathletes, suggesting that sports
 involvement is not a risk factor for chronic back pain and
may even be protective.4 Muscle strain is the most common

A B C

FIG. 16.2. Lumbar radiographs demonstrate pars interarticularis defect (spondylolysis) at L4. 
A: Pars defect (arrows). B and C: Classic Scotty dog sign (asterisks).

Spinal Nerve Roots

Root Motor Reflex Sensory

L4 Tibialis anterior/dorsiflexion Patellar Lateral thigh, medial leg, and foot
L5 Extensor hallicus longus None Lateral leg, dorsum of foot
S1 Peroneus longus and brevis/plantar flexion Achilles Posterior thigh and leg, lateral foot

T A B L E  1 6 . 1

formed by the inferior articular process of the vertebrae
above and the superior articular process of the vertebrae
below. This region is innervated with proprioceptive and
 nociceptive fibers.

Supporting soft-tissue structures include paraspinal mus-
cles, ligaments, and thoracolumbar fascia. Maintenance of
posture and functional spinal movement depends on the
strength and integrity of the intrinsic muscles of the back.
The erector spinae muscle group is the predominant exten-
sor of the lumbar spine and includes the spinalis, semi-
spinalis, longissimus, and iliocostalis muscles. The deepest
layer includes the multifidus, semispinalis, and the rotatores
that act to extend, rotate, and control deceleration of forceful
spinal flexion. The intertransversarii and interspinalis inter-
segmental muscles allow for ipsilateral side bending and
 extension, respectively.

Other important supporting structures include the ante-
rior longitudinal ligament that covers the anterior aspect of
the spine throughout its course and prevents hyperexten-
sion. It is twice as strong as its posterior counterpart, the
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cause of back pain among athletes.1,5 The most common
structural etiologies associated with low back pain in ath-
letes are degenerative disc disease and spondylolysis.1

The incidence and anatomic location of back pain vary
not only with each sport but also with gender, position
played, and level of training.1–3 Divers (63%), wrestlers
(54%), gymnasts (32%), and rowers have the highest preva-
lence of severe low back pain.1,5 Female rowers (25%) having
a higher prevalence of back pain compared to males.1 Athletes
involved in sports requiring repetitive trunk rotation such as
golf and racquet sports also frequently experience back pain.5

Pars interarticularis stress fractures of the spine (spondyloly-
sis) comprise 45% of all stress fractures in female gymnasts.6

Football lineman have a high prevalence of spondylolysis and
spondylolisthesis. Among college and professional players
with spondylolisthesis, lineman accounted for nearly 50% in
both groups.5

The incidence of spondylolysis seems to be bimodal. The
first peak is somewhere from age 3 to 7 years. The majority of
cases go undetected, are asymptomatic, and are likely due to
normal childhood activity. The prevalence in this age group
may be as high as 6% to 10% of all children. The second peak
of spondylolysis is in early adolescence. It is most frequently
seen in athletes participating in sports that involve repetitive
lumbar loading in hyperextension and trunk rotation such as
gymnastics, diving, wrestling, weight lifting, and rowing,
with a prevalence ranging from 23% to 47%.1,7

Lumbar disc herniation is a common cause of acute,
chronic, or recurrent low back pain, and most frequently
occurs at the L5–S1 level.1 A comparison study of lumbar
disc degenerative changes in elite gymnasts versus nonath-
letes showed a prevalence of 75% and 35%, respectively.1

Among Olympic athletes studied, 58% had lumbar disc
bulging. In contrast, clinically significant thoracic disc her-
niations comprise less than 1% of all disc ruptures.8 The
prevalence and level of disc degeneration are influenced by
the age of the  athlete, and type and intensity of the sport.4,5

Soccer players have degenerative changes almost exclusively
at L4 to S1 levels, whereas weight lifters have more severe
degenerative changes in the upper lumbar spine.4 Among
weight lifters older than 40 years, 65% of women and 80%

of men demonstrated disc degeneration.5 The association
between radiographic degenerative changes and the preva-
lence of back pain is unclear.1 Decreased disc space height
was the radiographic finding most strongly associated with
low back pain and was more strongly correlated with the
greater number of levels involved (Table 16.2).1

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

A detailed history should include the acuity of onset, charac-
teristics and location of the pain, aggravating and alleviating
factors, as well as history of previous injuries. Pain exacer-
bated by forward flexion may indicate potential disc pathol-
ogy or muscle strain, while pain with extension may suggest
spondylolysis, spondylolisthesis, or facet arthropathy. Pres-
ence of radicular symptoms suggests nerve impingement
most commonly from disc bulge/herniation or neuroforam-
inal narrowing from spondylosis/degenerative disc disease.
The athlete’s age, gender, sport, level of competition, posi-
tion played, training patterns, and recent changes in training
type, volume, or intensity should be elicited. A nutritional
and menstrual history should be obtained in female athletes
with a history of low back or sacral pain to assess for stress
fracture risk. Table 16.3 highlights common symptoms with
potential associated conditions.

Evidence-based Physical Examination

Observation

The examiner should begin by inspecting the spine, shoul-
ders, torso, and abdomen looking for any asymmetry, atro-
phy, or evidence of traumatic injury, such as ecchymosis or
swelling. The shoulder heights should be equal, but in a
throwing athlete the dominant shoulder may be slightly
lower.13 Observe for any loss of any of the physiologic spinal
curves—cervical lordosis, thoracic kyphosis, and lumbar lor-
dosis that may indicate localized paraspinal muscle spasm.

Risk Factors Associated with Low Back Pain/Injury in Athletes

Risk Factor Comment

Previous back injury or low back pain One of the strongest predictors of subsequent low back pain or injury1,2,9,10

Training :15 hr/wk Higher incidence of back injury5

Sudden changes in training intensity or duration Increased risk of low back pain or injury5

Overtraining Increased risk of degenerative changes in weight lifters1

Improper technique Increased risk of degenerative changes in weight lifters1,5

Collision sports Increased risk of low back pain11

Warm-up exercises Little evidence for decreased risk of injury or prevalence of low back pain1

Age � 40 years Increased risk of disc disease in weight lifters5

Strength and flexibility imbalances of Increased risk of low back pain11

hamstrings and hip flexors
Flexibility Conflicting evidence regarding relationship with low back pain1

T A B L E  1 6 . 2
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Look for asymmetry in scapular appearance, such as scapular
winging or scapular height, which may indicate nerve  injury
or scoliosis. The iliac crest heights should be equal and any
differences may indicate a functional leg length  discrepancy.

Palpation

The exam is performed in the standing and prone positions.
Palpate each spinous and transverse process to ascertain any
point tenderness. Point tenderness over one spinous process
could indicate an acute bony injury such as vertebral body
compression fracture, spinous or transverse process fracture,
spondylolysis, or fracture of the posterior bony vertebral
arch. Palpate the paraspinal muscles for tenderness and
spasm. Note any step-off of the spinous process that may
suggest possible spondylolisthesis. Overall, soft-tissue palpa-
tion and bony tenderness have poor specificity and repro-
ducibility in determining the etiology of low back pain.12

Range of Motion (ROM)

Assess lumbar flexion by having the patient bend forward
(normal 40 to 60 degrees), noting whether this maneuver re-
produces his/her pain. Assess lumbar extension (normal 20
to 35 degrees), noting whether this reproduces the patient’s
pain. Flexibility of the hamstrings should also be assessed.
ROM is usually normal except for limitations in lumbar
spine extension and hamstring flexibility that may occur in
pars interarticularis defects.7 As a general rule, pain with for-
ward flexion is more likely to be anterior column pathology
(disc) and pain with extension is most likely posterior col-
umn pathology (facets, pars intra-articularis).

Special Tests

Stork test (single-legged hyperextension test): This test is
performed by having the patient stand on one leg, followed

by flexing the contralateral hip and knee while extending the
lumbar spine. The test is then repeated on the opposite leg.
The test is positive if it reproduces the athlete’s pain. Stork
test has a low sensitivity and specificity in detecting spondy-
lolysis and should not be used to exclude the diagnosis
(Level B).14 Stork test may be positive with facet degenera-
tive joint disease (DJD).

Straight leg raising test: This test is performed by slowly
raising the leg from the examining table while the patient is
supine keeping the knee in full extension. A positive test
 reproduces the radicular pain and/or paresthesias between
30 and 70 degrees of leg elevation. Ipsilateral straight leg
raise (SLR) at 60 degrees is moderately to highly sensitive for
herniated lumbar discs but is not specific.13 Crossed straight
leg raising performed on the contralateral leg is less sensitive
but highly specific.13

Neurologic testing: Muscle strength testing in patients with
lumbar radiculopathy should include hip flexors (L1–L3),
quadriceps (L2–L4), tibialis anterior (L4–L5),  extensor hallu-
cis longus (L5), and gastrocnemius (S1).  Decreased strength
in ankle dorsiflexion and plantar flexion had a low sensitivity
but a moderately high specificity for diagnosis of L4 to S1
disc protrusions.13 Sensory exam of the lower extremities has
a sensitivity ranging from 16% to 66% and specificity 51% to
86% in the diagnosis of lumbar disc herniation.13

Reflex testing: Absent ankle reflex had a sensitivity of 0.5
and specificity of 0.6 for L5–S1 disc herniation.12

Imaging

Radiographs

Imaging is not warranted in every athlete with back pain but
certain signs, symptoms, and mechanisms of injury necessi-
tate further evaluation. Plain radiographs (anteroposterior,
lateral, and oblique views) are often the appropriate initial
imaging study (Table 16.4). Loss of disc space height is the

Key Pain Patterns/History and Associated Conditions

Key Pain Patterns/History Differential Diagnosis

Low back pain exacerbated by activity, relieved by rest, all age groups Lumbar strain, myofascial pain, spondylosis
Sharp unilateral radicular pain down posterior or lateral aspect of leg Lumbar disc disease
to ankle or foot with associated paresthesias12; insidious or acute 
in onset

Adolescent athlete, insidious onset axial low back pain exacerbated Spondylolysis, spondylolisthesis, facet pain, ring 
by sports, improves with rest, may be severe, radiate to buttocks, apophyseal injury
posterior thighs, exacerbated by extension, often unilateral, involved 
in sports with repetitive hyperextension

Low back or sacral pain, female athlete, low bone mineral density, Sacral or pars interarticularis stress fracture
decreased caloric intake, menstrual irregularity, track or marathon Nonspinal diagnoses: ovarian cysts, renal disease
runner

Radicular pain, weakness, low back pain, saddle anesthesia, urinary Cauda equina syndrome
retention, urinary or bowel incontinence

Night pain, unexplained weight loss, fever Neoplasm, infection (osteomyelitis, epidural 
abscess, discitis) 

T A B L E  1 6 . 3
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most strongly associated radiographic finding with low back
pain, and correlation increases with the number of  levels in-
volved.1 If initial radiographs are negative and there is a high
clinical suspicion, further imaging studies are  warranted
(Table 16.5).

Computed Tomography (CT)

To diagnose spondylolysis, some authors recommend a
 single-photon emission computed tomography (SPECT)
bone scan followed by CT if the bone SPECT scan is positive
(Level A).14,15 Because of the relatively large amount of radi-
ation exposure, many will defer a CT unless it would change
management.

Magnetic Resonance Imaging (MRI)

The role of MRI in diagnosing pars stress fractures appears
to be growing with advances in MRI resolution and the use
of fat-saturated image sequences. The advantages include
the absence of ionizing radiation and the ability to image
lumbar bony as well as disc pathology. These advantages
need to be weighed against lower sensitivity and specificity
compared with SPECT and CT imaging.16

APPROACH TO THE ATHLETE 
WITH LUMBAR STRAIN

Muscle strain is the most common cause of back pain in ath-
letes and may be acute or chronic in onset.1,5 Strains are
caused by a disruption of muscle fibers. In addition, there
may be injury to the ligaments (sprain) or fascia.

HISTORY AND PHYSICAL EXAMINATION

Pain has an insidious onset and becomes worst 24 to
48 hours after inciting activity.1 The patient may recall a
twisting episode or particular activity when pain began, such
as weight lifting, which is usually not associated with
trauma. The patient may report sudden increase in training
intensity, duration, or type.5 The exam is typically  signif-
icant for paraspinal muscle spasm and tenderness. It may
demonstrate hypertonicity of the entire posterior chain,
 including the lumbar paraspinal musculature, gluteal mus-
culature, hamstrings, and calves. Radicular pain should be
absent in lumbar strain.

DIAGNOSTIC TESTING

Imaging is not necessary for diagnosis but may be used to
rule out other potential etiologies including disc space nar-
rowing seen with disc disease, facet DJD, or spondylolysis/
spondylolisthesis.

TREATMENT

Nonoperative

● Brief rest (24 to 36 hours) after injury. Prolonged inactiv-
ity discouraged.

● Pain control with ice and nonsteroidal anti-inflammatory
drugs (NSAIDs).

Common Radiographic Findings 
on Plain Radiographs

Finding Associated Condition

Loss of intervertebral disc Disc disease
space

Vertebral endplate changes Disc disease
Intervertebral foramina Nerve root impingement
changes

Vertebral wedging/fracture Compression fracture
Pars defect (“Scotty dog Spondylolysis
collar sign”)

Anterior movement of one Spondylolisthesis
vertebral body on the one 
beneath it

Osteophyte formation Degenerative disease
Spina bifida occulta Spondylolysis

T A B L E  1 6 . 4

Circumstances Requiring Further Imaging

Sign/Symptom/Mechanism of Injury Imaging Study

Acute trauma Plain radiographs
Hyperextension mechanism injury in adolescent athlete Plain radiographs to assess for spondylolysis. If nondiagnostic— 

a single-photon emission computed tomography (SPECT)
bone scan is indicated

Neurologic deficit MRI
Severe pain unresponsive to a trial of appropriate Plain radiographs, MRI
conservative treatment

Night pain and constitutional symptoms MRI, bone scan, appropriate lab studies

T A B L E  1 6 . 5
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● After acute pain has subsided (usually 48 to 72 hours),
begin stretching exercises with emphasis on hamstrings,
lumbar flexors, and extensors.

● Core stabilization exercises to improve strength, endurance,
and neuromuscular control of spinal and trunk stabilizing
muscles are initiated when ROM has improved, usually
after 1 to 2 weeks.

● Progression to pain-free sports-specific activities allowed,
when full strength and ROM are regained.

Operative

● Usually responds well to conservative therapy. 

Prognosis/Return to Play

● Full strength, ROM, and pain free with sport-specific
 activities.

● Encourage ongoing participation in strength and flexibil-
ity exercises.

Complications/Indications for Referral

Pain out of proportion to the injury and persistence of pain
despite appropriate conservative treatment warrant further
evaluation. Radicular pattern of pain may indicate underly-
ing disc pathology or nerve injury.

APPROACH TO THE ATHLETE WITH
LUMBAR DISC DISEASE

Lumbar disc disease involves a spectrum of pathology from
disc desiccation (drying of the disc), disc bulging, disc pro-
trusion, to frank disc herniation. The precise relationship
between degenerative disc disease and low back pain is un-
clear, given high rates of radiographic evidence of degenera-
tive discs in asymptomatic athletes.

Repetitive microtrauma or acute trauma can lead to tears
in the annulus fibrosis. Circumferential tears occur first, fol-
lowed by radial tears if the stress continues. The nucleus pul-
posus may herniate through the annulus leading to radicular
pain and paresthesias and low back pain. Disc herniations
occur most frequently at the L5–S1, followed by L4–L5.

HISTORY AND PHYSICAL EXAMINATION

Sharp unilateral radicular pain down the posterior or lateral
aspect of leg to ankle or foot with associated paresthesias is
suggestive of lumbar disc herniation.12 Pain may be de-
scribed as burning or shooting. Onset may be insidious or

acute. Pain is often exacerbated in lumbar flexion and
 improved with extension. Periods of prolonged sitting,
coughing, and sneezing may also exacerbate the pain. Physi-
cal exam may show paraspinal muscle spasm with associated
tenderness to palpation, positive straight leg raising test, sen-
sory and motor deficits, and asymmetrical reflexes associ-
ated with a lumbar nerve root distribution.

DIAGNOSTIC TESTING

Plain radiographs may show loss of disc space height and
vertebral endplate changes. MRI is superior for soft-tissue
evaluation. Disc degeneration and herniation, annular tears,
and foraminal impingement can be appreciated on an MRI.
Electrodiagnostic studies should be considered when clinical
findings and imaging studies are inconclusive.

TREATMENT

Nonoperative

● Brief rest (24 to 36 hours) after injury. Prolonged inactiv-
ity discouraged.

● Pain control with ice and NSAIDs.
● After acute pain has subsided (usually 48 to 72 hours),

begin stretching exercises with emphasis on hamstrings,
lumbar flexors, and extensors.

● Core stabilization exercises to improve strength, endurance,
and neuromuscular control of spinal and trunk stabilizing
muscles are initiated when ROM has improved, usually
after 1 to 2 weeks. Extension exercises (McKenzie) may be
beneficial.

● Progression to pain-free sports-specific activities permitted,
when full strength and ROM are regained.

● Maintenance core stabilization program should be
 encouraged.

Operative

● There are no randomized controlled trials comparing
 return to sports using conservative versus surgical treat-
ment of symptomatic lumbar disc herniation in an athletic
 population.17

● A comparison of short-term outcomes of conservative
(discontinuing “aggravating activities”) versus surgical
management of symptomatic lumbar disc herniation
demonstrated that nearly 80% of athletes returned to their
prior sports activities following conservative treatment in
an average time of 4.7 months.17

● Athletes with more severe symptoms are less likely to
 respond to conservative treatment.17
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● Surgical intervention may be considered in athletes if
symptoms persist or worsen after 6 weeks of appropriate
conservative care and MRI findings are consistent with
physical exam findings.18

● Surgery to excise or partially excise the disc may provide
symptom relief.18

● Percutaneous discectomy has been studied in athletes with
return to play 2 months post-procedure.19

● A comparison of percutaneous discectomy versus standard
discectomy, or discectomy with spinal fusion demonstrated
that return to play was significantly shorter (7.5 weeks)
with percutaneous discectomy.18

Prognosis/Return to Play

● Return to play begins with resolution of symptoms and
adequate return of core and lower extremity strength.

● If an athlete is pain free and able to perform all of the
 activities required to participate in his or her sport, then he
or she may safely be returned to participation, even if an
underlying disc bulge or other pathology is in place.

● After microdiscectomy, pain-free full ROM is required for
return to play, usually 3 months for collision sports and
6 to 8 weeks for noncollision sports.18

● After percutaneous discectomy/nucleotomy, 2 to 3 months
of rest and rehabilitation are usually required prior to
 return to play.

Complications/Indications for Referral

Progressively worsening radicular pain, weakness, low back
pain, saddle anesthesia, urinary retention, urinary or bowel
incontinence are possible signs of Cauda equina syndrome
and require prompt referral for neurosurgical evaluation.

APPROACH TO THE ATHLETE 
WITH SPONDYLOLYSIS 

AND SPONDYLOLISTHESIS
Low back pain is a common complaint among adolescent
athletes, with female gymnasts appearing to be at greater risk
for spine stress injuries.1,7 Stress reaction of the pars interar-
ticularis, spondylolysis, and spondylolisthesis represent a
continuum of bone stress injury. Spondylolysis is a term
used to refer to a stress fracture, either new or old in the pars
interarticularis, most commonly at L5.1 This condition may
be unilateral or bilateral. A stress reaction to the pars interar-
ticularis is a milder form of overuse bone stress injury with a
microfracture pattern. 

These injuries are caused by repetitive flexion, hyperex-
tension, and rotation of the lumbar spine. The stress injury/
fracture itself may be responsible for the low back pain
 experienced by the athlete, or it may account for abnormal

function/wear at the facet joints in the posterior aspect of
the spine that may also account for the patient’s pain.

Spondylolisthesis refers to vertebral body slippage due to
an underlying bilateral pars defect. The direction of slippage
is anterior in relation to the underlying vertebral body at the
affected level. The fifth lumbar vertebra is the most com-
monly affected level, followed by L4 and L3, respectively.
Spondylolisthesis is graded based on the percentage of slip of
one vertebral body over the one below it. Grade 1 is less than
25% slippage, grade 2 is 25% to 50%, grade 3 is 50% to 75%,
and grade 4 is greater than 75%.20

HISTORY AND PHYSICAL EXAMINATION

Pars interarticularis stress fractures may present as persistent
nonradicular low back pain that becomes worse with activ-
ity, particularly extension of the lumbar spine. On exam,
spinous process point tenderness may be elicited at the
 affected vertebrae, most commonly L5. ROM may be limited
or painful in lumbar extension.7 A history of pain radiating
into the thighs or buttocks or during straight leg raising is
usually due to hamstring tightness rather than radiculopathy
and does not extend below the knee. Hamstring tightness
was found in 80% of patients with spondylolysis.7 Stork test
(single-legged hyperextension test) has low sensitivity and
specificity in detecting spondylolysis and should not be used
to exclude the diagnosis (Level B).14

DIAGNOSTIC TESTING

Plain radiographs (AP, lateral, and oblique views) are the
 initial imaging study. Positive findings include the Scotty dog
sign in spondylolysis and anterior displacement of one verte-
bral body on the one below it in spondylolisthesis (Fig. 16.3).
If initial x-rays are negative and there is a high clinical suspi-
cion, further imaging studies are warranted. Establishing
that an identified pars defect is the source of pain can be
challenging given that pars defects are evident on plain
 radiographs in 6% of general adolescent population and in
8% to 14% of elite athletes prior to age 18 years.21

CT provides detailed bony anatomy of the lumbar spine;
however, it cannot show the chronicity of the lesion (new or
old) and exposes the patient to a significant amount of radia-
tion. Some authors recommend a SPECT bone scan followed
by CT if the bone SPECT scan is positive (Level A).14,15

SPECT scan has the highest sensitivity and specificity for
 diagnosis of acute pars stress injury, particularly a painful
pars lesion; however, there is still a significant radiation expo-
sure.16,21 Bone scans alone are helpful in determining the age
of the lesion, but are not overly anatomically specific.

The role of MRI in diagnosing pars stress fractures ap-
pears to be growing with advances in MRI resolution and the
use of fat-saturated image sequences. The advantages include
the absence of ionizing radiation and the ability to image
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lumbar bony as well as disc pathology. These advantages need
to be weighed against lower sensitivity and specificity com-
pared with SPECT and CT imaging.16

TREATMENT

Nonoperative

● Most athletes, even without bracing, can return to their
sport once they have become pain free and have full
strength and ROM, even without evidence of healing of
the pars defect.22

● Treatment involves discontinuation of all painful activities
that cause hyperextension and impact loading of the
 thoracolumbar spine.

● Rehabilitation with emphasis on neutral to flexion-based
core strength training; hamstring flexibility should begin
within a few weeks with re-evaluation in 4 to 6 weeks,
 especially to observe for pain-free extension.

● When the athlete is pain free, a gradual increase in activi-
ties may begin.

● Reintroduction of hyperextension activities may commence
if the athlete remains pain free with activity  progression.

● The role of bracing is an area of controversy and debate as
good outcomes have been shown to occur with rigid brac-
ing, soft bracing, and no bracing.21,23 No head-to-head
 trials of bracing versus nonbracing exist.

Operative

● Surgical stabilization with lumbar fusion is performed in
cases of failed conservative therapy with persistent pain
with sports and activities of daily living.7 This is a very rare
complication.

● Indications for earlier surgical repair include neurologic
deficit, a progressive lesion, or grade 3 or 4 slip.20

Prognosis/Return to Play

Return to play allowed after progression to pain free with hy-
perextension activities. Healing may take as long as 6 months
with conservative measures. No sports until 12 months after
fusion.7 Overall prognosis appears to be excellent in long-
term studies with incidence of back pain comparable to
 general population.24 

Complications/Indications for Referral

Spondylolisthesis and cord compression may present as
radicular pain, saddle numbness, and loss of bowel or blad-
der control with prompt referral recommended. High-grade
slips (III–IV) at initial presentation should be referred due to
risk of further progression.20

(A) (B)

Defect

Sacral
canal

Anterior
displacement
of L5 vertebra

L3

L4

L5

S1

S2

S3

5

Dotted line follows posterior vertebral

margins of L5 and the sacrum

FIG. 16.3. Anterior spondylolisthesis of L5 on S1 represented by diagram (A) and radiograph (B).
From Moore KL, Dalley AF II. Clinical Oriented Anatomy. 4th ed.  Baltimore: Lippincott Williams &
Wilkins; 1999.
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KEY POINTS

• Knowledge of sport-specific demands, age-related
 conditions, and risk factors can help narrow the
 differential diagnosis, and guide evaluative, treatment,
and return-to-play decisions in athletes with low 
back pain

• Muscle strain is the most common cause of low back
pain in athletes1,5

• Athletes who participate in sports involving repetitive
lumbar loading and trunk rotation are at risk for par
interarticularis stress fractures1–7

• Warning signs that may indicate a more serious disease
process and require prompt evaluation include pro-
gressively worsening radicular pain, weakness, saddle
anesthesia, and changes in bladder or bowel function

• Stork test (single-legged hyperextension test) has low
sensitivity and specificity in detecting spondylolysis
and should not be used to exclude the diagnosis14

• When spondylolysis is suspected, the diagnostic imag-
ing modality of choice is bone SPECT scan followed by
CT if bone SPECT scan is positive14,15

• Core stabilization exercises to improve strength,
 endurance, and neuromuscular control of spinal and
trunk stabilizing muscles are the mainstay of treatment
for low back pain

• There are no randomized controlled trials comparing
return to sports using conservative versus surgical
treatment of symptomatic lumbar disc herniation in
an athletic population17

• Athletes with more severe symptoms are less likely to
respond to conservative treatment17

• Surgery may be considered in athletes with persistent
symptoms after 6 weeks of appropriate conservative
care and if MRI and physical exam findings are
 congruent18
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17
C H A P T E R

Athlete with Hip Pain
Agam Shah and Jonathan Fallon

INTRODUCTION
Athletic hip pain is a common complaint among athletes that
historically has been hard to diagnose and treat. The vague
nature of hip pain along with the complex anatomy has made
it a diagnostic and therapeutic challenge. The advent of mag-
netic resonance imaging (MRI), improved exam techniques,
and better understanding of the pathology surrounding the
hip, including the bony, ligamentous, neurovascular, muscu-
lar, and intra-articular diseases, have allowed for the diagno-
sis and treatment of athletic hip pain to become more
manageable and an area of active research. This chapter will
focus on the overall approach to hip pain in the athlete based
on a sound understanding of anatomy and the physical exam.
The second half of the chapter will focus on the diagnosis and
treatment of common conditions found in athletes that can
cause hip pain. 

FUNCTIONAL ANATOMY
The hip joint consists of the articulation of the acetabulum
with the proximal femur, including the overlying muscula-
ture, ligamentous and other soft-tissue structures, and asso-
ciated neurovascular structures.

The acetabulum serves as the fusion point of the three
parts of the innominate bone: the ilium, the ischium, and
the pubis. The ilium is located posterior-laterally and articu-
lates with the sacrum at the sacroiliac joint and gives rise to
a broad expansion termed “the iliac crest.” The ischium is
 located posterior-inferiorly and is bordered by the ilium su-
periorly and pubis anteriorly. The pubis forms the third part
of the innominate bone and is found in the anterior aspect
of the pelvis. All three bones meet at the center of the acetab-
ulum. The acetabulum is a dome-shaped structure that ap-
proximates a hemisphere, with the concave portion covered
by articular cartilage. 

The proximal femur comprises the bony elements of
the thigh and articulates with the pelvis at the hip joint. The
femur is a diaphyseal structure that broadens proximally
to form the trochanteric ridge, greater trochanter, lesser
trochanter, and femoral neck. The neck forms an average

angle with the shaft of approximately 130 degrees (neck
shaft angle) and is found to have an average anteversion angle
of 15 degrees. Deviations from normal anatomic geometry
can lead to improper mechanics and injury, that is,
femoroacetabular impingement (FAI) or stress fracture.1

The femoral head forms two thirds of a sphere and is cov-
ered with articular cartilage. The ligamentum teres arises
from the fovea of the femoral head and attaches to the center
of the acetabulum in the pulvinar fossa. 

Unlike the shoulder joint, the hip joint is a highly con-
strained ball-and-socket joint, with motion limited predom-
inantly by its bony configuration. Additionally, the joint is
surrounded by three strong ligaments: the pubofemoral liga-
ment inferiorly, the ischiofemoral ligament posteriorly, and
the iliofemoral ligament anteriorly (also known as the liga-
ment of Bigalow). These three ligaments integrate to form
the hip joint capsule. The capsular attachments are from the
intertrochanteric line on the femur to a few millimeters
 superior to the acetabular rim. 

The labrum is a fibrocartilagenous structure that is at-
tached to the acetabular margin. The labrum serves to deepen
the hip socket and contributes to the normalization of joint
reactive forces across the hip joint. Although the labrum’s
function remains controversial, studies show that the labrum
does not participate in direct load transmission.2

The muscles around the hip can be divided into two lay-
ers, superficial (Table 17.1) and deep (Table 17.2). Although
injury can occur to any of these muscles, there is a general
agreement that muscles that cross two joints are more likely
to sustain a strain injury than muscles that cross a single joint
for two reasons. First, muscles that cross two joints have been
found to be less flexible and experience a greater strain per
applied force when compared to single-joint muscles. 

Second, muscles that cross two joints have a higher ratio
of type II fast-twitch fibers, leading to more violent contrac-
tions.3 Special attention should be given to four muscles that
are more commonly injured. The gluteus maximus and the
tensor fascia lata are superficial posterior lateral structures
that combine to form the iliotibial band (ITB), which has
been implicated in the etiology of trochanteric bursitis and
external snapping hip syndrome. The iliopsoas muscle can
be associated with internal snapping hip syndrome and is
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Superficial Muscles Surrounding the Hip Joint

Name of Distinguishing
Muscle Origin Insertion Nerve Supply Action Characteristics

T A B L E  1 7. 1

Anterior Group
Sartorius Anterior–superior 

iliac spine
Anteromedial 

surface of 
proximal tibia

Femoral nerve Flexes, abducts, 
laterally rotates 
thigh at hip joint

Longest muscle in the body
One third of pes anserine

Lateral Group
Tensor fascia lata Iliac crest Iliotibial band and 

then Gerdy 
tubercle

Superior gluteal 
nerve

Assists in 
extending the 
knee joint and 
abducting the hip

Can be responsible for 
external snapping hip

Gluteus medius Outer surface of 
ilium

Greater trochanter Superior gluteal
nerve

Abducts hip joint Injury to this muscle leads 
to trendelenburg gait

Posterior Group
Gluteus maximus Surface of ilium, 

sacrum, and 
coccyx

Gluteal tuberosity 
of femur and 
iliotibial band

Inferior gluteal 
nerve

Extends and 
externally rotates 
the hip and 
extends the knee

Termed the “pelvic deltoid” 
by Henry 

Largest muscle in the body

Adductor longus Body of pubis Linea aspera of 
femur

Obturator nerve Adduct hip —

Medial Group
Gracilus Inferior ramus Anteromedial 

surface of 
proximal tibia

Obturator nerve Abducts hip and
flexes knee

One third of pes anserinus

Deep Muscles Surrounding the Hip Joint

Name of Distinguishing
Muscle Origin Insertion Nerve Supply Action Characteristics

T A B L E  1 7. 2

Anterior Group
Rectus femoris Anterior inferior 

iliac spine and 
ilium

Quadriceps tendon
into patella

Femoral nerve Flexes hip and 
extends knee

Only quadriceps muscle
that crosses the hip joint

Iliopsoas Iliac fossa and 
T12–L5 vertebral
bodies 

Lesser trochanter Lumbar plexus Flexion, 
adduction, and 
external rotation 
of hip joint

Associated with internal 
“snapping hip 
syndrome”

Lateral Group
Gluteus minimus Surface of ilium Greater trochanter Superior gluteal 

nerve
Abduction of hip 

joint
—

Posterior Group
Piriformis Anterior sacrum Greater trochanter First and second 

sacral nerves
Externally rotate 

the hip joint
Most proximal of the 

short external rotators

Medial Group
Adductor brevis Inferior ramus 

of pubis
Linea aspera 

of femur
Obturator nerve Adduct the hip 

joint
—

Adductor magnus Inferior ramus of 
pubis and ischial 
tuberosity

Posterior femur 
and adductor 
tubercle

Obturator and 
sciatic nerve

Adduct the hip 
joint

Muscle has dual innervation

Inferior Gemellus Ischial tuberosity Greater trochanter Sacral plexus Externally rotate 
the hip joint

—

Superior gemellus Spine of ischium Greater trochanter Sacral plexus Externally rotate 
the hip joint

—

Quadratus femoris Ischial tuberosity Quadrate tubercle 
of femur

Sacral plexus Externally rotate 
the hip joint

Most distal of the short 
external rotators

Obturator internus Obturator 
membrane and 
spine of ischium

Greater trochanter Sacral plexus Externally rotate 
the hip joint

—
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the most common muscle involved with hip flexor strain.
Lastly, the adductor longus muscle is the most commonly
 involved muscle in adductor strains. Free body analysis
demonstrates that the adductor longus has the least mechan-
ical advantage on adduction of the hip, making it susceptible
to the most strain. 

EPIDEMIOLOGY
Muscle strain injuries are fairly common and occur as the re-
sult of forceful contraction of a stretched muscle. Eccentric
contraction, or muscle contraction during elongation, is the
most frequent type of contraction that causes this injury.4 A
strain is the result of partial tearing of a muscle, generally
at the myotendinous junction. Repetitive microtrauma can
lead to chronic strains. Historically, soccer and hockey
 players are most prone to adductor strains. Poor adductor
strength and conditioning has been found to be a risk factor
for adductor strains.5 Some authors have concluded that de-
creased preinjury flexibility leads to muscle strain, but recent
literature suggests that the two are unrelated.6 Strains to
the iliopsoas muscle are an infrequent cause of hip pain. The
mechanism of injury is usually a sudden resistance to hip
flexion, that is, a collision while attempting to perform a
kick. Patients with suspected strain will exhibit pain in the
front of the proximal hip that radiates into the groin. Often,
there will be a sharp pain in the groin, which increases with
resisted hip flexion or passive external rotation. Patients with
iliopsoas strains will not have pain or weakness with resisted
knee extension, helping distinguish it from strains of the
 rectus femoris and gracilis muscles. 

Apophyseal injuries and avulsion fractures typically
occur in sprinters, jumpers, and soccer and football players.
Once thought to be rare, these injuries are more common
among the athletic population and comprised greater than
13% of pediatric pelvic fractures in one series.7 Typically,
avulsion injuries are caused by a sudden eccentric contrac-
tion of a muscle; however, chronic overuse syndromes can
present as apophysitis in the skeletally immature athlete
(e.g., Sinding–Larsen dx and Osgood–Schlatter dx).3

Osteitis pubis is a painful inflammation of the pubic
 symphysis. This pathology occurs most commonly in the
adolescent and early-adult athletic population. Causative
mechanisms are not well understood, but investigators
 believe that the underlying feature involves overuse of
the adductors and gracilis muscles.8 Alternative causes are
 hypothesized to include microstrains at the origins of
these muscles, avascular necrosis (AVN) of the symphysis,
osteochondritis desiccans at the symphysis, or fatigue frac-
ture. Some believe that an imbalance between abdominal
wall musculature and hip adductor strength can be a risk
factor.8

Athletic pubalgia, also termed “Gilmore’s groin” or
“sports hernia,” is a broad spectrum of injuries involving
the inguinal ligament, conjoined tendon transversalis fascia,

 internal oblique muscle, external oblique muscle, and rectus
abdominus insertion. There is thought to be an imbalance
between the adductor muscle group of the thigh and the ab-
dominal musculature, leading to a weakening and possible
tearing of the structures of the pelvis floor. The pathology is
noted to occur more frequently in males versus females.

Coxa sultans, more commonly known as “snapping hip,”
is a term used to describe several different disease entities.
Although these entities can occur in patients of any age,
 external and internal snapping hip tends to occur in patients
in the late teens or early 20s.9 The common feature of all
 patients with snapping hip syndrome is that there is a repro-
ducible audible or palpable “snap” with certain hip motion.
There are three main categories of coxa sultans: external
snapping hip syndrome, internal snapping hip syndrome,
and intra-articular snapping hip syndrome. External snap-
ping hip is the most common and is most often caused by
thickening of the ITB or gluteus maximus snapping over
greater trochanter.10 In contrast, internal snapping hip, often
seen in ballet dancers,11 is most often caused by the iliopsoas
snapping over the iliopectineal eminence of the pelvis or
over the femoral head.10 Intra-articular causes of snapping
hip can be labral tears, loose bodies, or osteochondral
 injuries. Most patients with intra-articular causes have a
 history of trauma.

Acetabular labral tears have been reported as the most
common form of intra-articular pathology in the hip.
 Increased shear forces in the hip joint have been suggested as
a cause for labral tears. Five distinct pathologic entities have
recently been linked to this condition: FAI, hip dysplasia,
trauma, capsular laxity, and joint degeneration.12

FAI in the athletic population is thought to be caused by
a combination of subtle morphologic variants in the acetab-
ulum and/or proximal femur and use of the hip through
an extreme range of motion.13 Posttraumatic deformities,
deepened acetabulum (protrusion or coxa profunda), and
acetabular retroversion are thought to be the most common
anatomic variants that cause the femoral neck to repeatedly
abut against the rim of the acetabulum. This pathologic
 impingement, either cam (femoral neck based) or pincer
(acetabular based), causes chondral and labral damage that,
if left untreated, can lead to early joint degeneration.14

AVN of the femoral head in the athletic population is an
incompletely understood pathology that frequently affects
patients in the third to fifth decade.15 Interrupted vascular
supply secondary to lipid circulation and coagulation path-
ways are the most commonly cited mechanisms of sub-
chondral bone death. Approximately 80% of cases have a
predisposing risk factor, systemic steroid use, hypercoagula-
ble states, and alcoholism, which is the most common.
There have also been reports of AVN after traumatic sub-
luxations of the hip in football players.16

Degenerative joint disease (DJD) can be the final common
pathway of many disease processes that affect the hip, includ-
ing osteoarthritis, traumatic arthritis, congenital hip dyspla-
sia, systemic inflammatory diseases, and AVN (Table 17.3).
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All of these entities result in the destruction of cartilage
within the hip joint, increased friction with hip motion, and
irritation of the surrounding synovium. 

NARROWING THE DIFFERENTIAL
DIAGNOSIS
Discerning the cause of hip pain in the athlete can be daunt-
ing due to the complex anatomy and large number of poten-
tial etiologies. The following is a list of common causes of
hip pain in the athlete followed by appropriate history and
physical exam findings that can help narrow the differential
diagnosis:

● Strain or avulsion injury
● Osteitis pubis
● Athletic pubalgia
● Snapping hip syndrome (external and internal)
● Labral tear
● FAI
● AVN
● DJD
● Stress fracture (femoral neck or pubic ramus – see Chap-

ter 22, “Athlete with Stress Fracture”)
● Referred pain from lumbosacral spine or gastrointestinal/

gastrourinal process

History

As with any patient, significant diagnostic information can
be gained from the injured athlete’s history. Physicians
should discuss onset, duration, character, intensity, location,
exacerbating factors, prior history, and quantification of the
athlete’s pain. Use of a visual analog scale can provide consis-
tent comparison throughout the treatment process. Infor-
mation should also be gathered about the athlete’s training
regimen, noting any recent changes in intensity, frequency,
or equipment. Relevant medical and surgical history should

also be gathered, including obstetric, gynecologic, and uro-
logic. Any prior history of hip pain should be thoroughly ex-
plored, obtaining old records, films, or test when applicable
and available. Finally, prior treatment modalities should be
noted along with a measure of their success. 

Location of hip pain will often be useful in arriving at an
accurate diagnosis. Lateral hip pain associated with snapping
or popping may suggest ITB friction syndrome, while
painful snapping in the inguinal crease region may indicate
iliopsoas tendonitis/bursitis or a labral tear. Diffuse deep
groin pain that is gradual onset may suggest a femoral neck
stress fracture in the appropriate setting. Diffuse hip pain in
the older athlete that improves as the day progresses may
 indicate underlying hip osteoarthritis.

Pain that radiates past the knee or has any paresthesias
or dysthesias may indicate referred pain from the lumbar
spine.

Evidence-based Physical Exam

The physical exam of the hip and pelvis should begin with
a general inspection of gait, posture, and pelvic and limb
alignment. Normal and symmetric anatomic contours
should exist when comparing the injured hip to the con-
tralateral hip. In the setting of an acute injury, gross defor-
mity, tenderness, inability to bear weight, ecchymosis,
edema, or erythema may be present. Chronic or subacute in-
juries are more likely to be manifested in altered gait, limited
range of motion, or persistent restrictive pain altering the
athlete’s ability to participate in desired activities. Regions of
tenderness, limited range of motion or strength, relevant
neurologic findings, and muscle atrophy should all be docu-
mented on initial examination. Palpable landmarks that de-
serve attention include the greater trochanter, the superior
and inferior iliac spines, and the femoral pulse. 

When evaluating muscle strains and tears, regions of ten-
derness and rarely identification of palpable defects can iso-
late involved musculotendinous units. Active and passive
range of motion should be tested in all planes. Strength and
resistance testing should also be performed focusing on the
specific action of the involved muscle. Although strains
occur most commonly at the musculotendinous junction,
points of origin and insertion should be palpated if an avul-
sion injury is suspected.4 Loss of strength in certain planes
can be diagnostic in strain injuries, nerve damage, and avul-
sion injuries. Tenderness in the region of the superior pubic
ramus and symphysis is suggestive of ramus stress fractures,
osteitis pubis, or athletic pubalgia. Reproduction of this pain
with passive abduction and resisted adduction is highly sug-
gestive of osteitis pubis. Athletic pubalgia can have associ-
ated tenderness along the conjoined tendon, inguinal ring,
or adductor origin. If a hernia is suspected, thorough exami-
nation of the abdominal wall, inguinal canal, scrotum, and
testicles is indicated. Provocative testing for hernias include
pain with resisted sit-ups and with resisted adduction with
the hip externally rotated.17

Common Etiologies of Hip Arthritis

Osteoarthritis
Trauma
Rheumatoid arthritis
Infection
Reiter arthropathy
Psoriatic arthropathy
Avascular necrosis
Gout
Pseudogout
Ankylosing spondylitis
Hemophilia
Paget disease
Legg–Calvé–Perthes disease
Slipped capital femoral epiphysis
Developmental dysplasia of the hip

T A B L E  1 7. 3
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The standing sign, the hop test, and the fulcrum test are
well-described provocative maneuvers designed to repro-
duce the pain associated with stress fractures about the
hip.18 A more thorough discussion is provided in the section
of this text dedicated to stress fractures. 

External and internal snapping hip syndrome can often
be delineated by the position of the leg while reproducing
the snapping sensation. With internal snapping hip, the
symptoms can be reproduced by placing the patient supine,
flexing and abducting the hip, followed by an extension and
adduction maneuver. Pressure applied over the iliopsoas ten-
don at the level of the femoral head should block the snap-
ping, thereby corroborating the diagnosis. The snapping
sensation associated with external snapping hip can be re-
produced by having a supine patient actively flex the  affected
hip with the examiner’s hand over the region of the greater
trochanter. As with internal snapping hip, pressure at the
point of snapping should block the event. Although there
are no scientific data to delineate the specificity or sensitivity
of these tests, they are generally considered the most  effective
test available. Ober’s test is helpful in confirming a diagnosis
of external snapping hip. The test is performed with the pa-
tient in the lateral decubitus position with the affected hip
up. With the knee flexed and the hip maximally extended,
the hip is brought from a maximally abducted position to an
adducted position. If the patient’s hip cannot be adducted
beyond the midline, then the test is positive, indicating a
tight ITB associated with external snapping hip.9

The “log roll” is thought to be the most specific indicator
of intra-articular pathology. The passive rotation of the leg
of a supine patient through maximal internal and external
rotation allows for motion of the femoral head relative to the
acetabulum and capsule without stressing the surrounding
structures.20

Physical exam tests suggestive of labral pathology include
the flexion abduction external rotation test as well as the
 anterior–superior impingement test. The FABER test is per-
formed with the patient supine; the involved hip is flexed,
abducted, and externally rotated by the examiner while sta-
bilizing the anterior superior iliac spine. The  impingement
test involves flexing, internally rotating, and adducting the
hip of a supine patient. If the original pain is reproduced,
these tests are considered positive. These tests are thought to
be more sensitive for intra-articular pathology; however,
 recent studies have questioned their accuracy.20–22 Both the
FABER and impingement tests have demonstrated good in-
terrater reliability and remain the best physical exam tests
available to screen for labral pathology. 

Diagnostic testing

Laboratory

Routine laboratory analysis is not generally indicated in the
athlete with hip pain. If an autoimmune condition including
spondyloarthropathy is considered, then appropriate serol-
ogy would be indicated. If pain is felt secondary to a septic

joint, a hip joint aspiration with cell count as well as culture
and sensitivities would be indicated.

Imaging

A radiographic pelvis series including anterior–posterior (AP)
of the pelvis and lateral of the affected hip is standard when a
bony injury is considered. This may allow for immediate di-
agnosis of an  injury such as fracture or avulsion or suggest a
diagnosis as in the case of decreased joint space or osteophyte
formation in DJD, coxa vara associated with snapping hip, or
a crossover sign in FAI.14,23 Often the radiographic features
of a pathology will not be distinguishable immediately (e.g.,
stress fx, AVN, apophyseal avulsion, osteitis pubis) and may
require inlet/outlet views or Judet oblique views of the pelvis.
These alternate views are most helpful in characterizing
apophyseal avulsion fractures. Single-limb stance flamingo
views can be useful in identifying symphysis instability asso-
ciated with  osteitis pubis24 (Fig. 17.1). Harris and Murray
have described three common features of athletic osteitis
pubis: bone resorption at the pubis symphysis, widening at
symphysis, and  rarefaction along the pubic rami.25

Computed tomography (CT) scans are a useful adjunct
for providing more detail for bony lesions such as avulsion
injuries and fractures. 

FIG. 17.1. Single-leg stance radiographs of pelvis. Each
patient was assessed with three radiographs: one stan-
dard anteroposterior view (A) with dual-leg stance to
show the baseline translation, one flamingo view with
weight borne on the left leg (B), and one flamingo view
with weight borne on the right leg (C); (D) is a magnified
view of the pubic symphysis region seen on (B). The total
translation is the sum of the translations on the right and
left flamingo views or, in this case, 5 mm. Reprinted with
permission from Garras DN, Carothers JT, Olson SA.
 Single-leg-stance (flamingo) radiographs to assess pelvic
instability: how much motion is normal? J Bone Joint
Surg. 2008;90(A):2114–2118.
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A technetium bone scan may also provide useful infor-
mation in narrowing the differential diagnosis, providing a
lower cost indicator of bone metabolism. Three-phase bone
scan will show a broad area of bone uptake centered on the
symphysis in osteitis pubis and possibly in athletic pubalgia.

Recent research and attention has focused on the use of
MRI with and without arthrogram for the diagnosis of hip
pathology. MRI using 1.5 T magnets allows for soft-tissue
definition around the hip and can often diagnose the under-
lying cause. MRI is excellent for identifying soft-tissue disor-
ders such as an abdominal hernia or adductor tearing;
however, it shows limited findings associated with athletic
pubalgia.26 This imaging modality will show a quantifiable
area of injury associated with muscle strains and tears, but is
not predictive of the level of disability.3 Regional edema as
well as increased signal within the symphysis is suggestive of
osteitis pubis.27 MRI is the current standard for diagnosing
AVN, demonstrating a 99% sensitivity and specificity.28 The
presence of an effusion or sublabral cyst has shown to be a
good indicator of intra-articular pathology.20 Unfortunately,
the reliability of MRI or MR arthrogram (MRA) to delineate
the nature of this pathology is uncertain. Recent studies
using a 3 T magnet report greater than 92% sensitivity at
discovering labral tears in contrast to a 42% false-negative
rate by MRI and a 20% false-positive rate by MRA in a dif-
ferent series.20,29,30

The utility of ultrasonography is growing, but it is highly
user dependent. The dynamic nature of the test provides for
useful information in the diagnosis of snapping hip, allowing
the sonographer to delineate between internal and external
snapping hip syndromes. Its utility has also been suggested in
the diagnosis of apophyseal avulsion injuries.31

Other Testing

Diagnostic injections are a highly effective tool in athletic
hip pain. Injection of local anesthetic along the external
oblique at the point of maximal tenderness can assist in
the diagnosis of athletic pubalgia. Intra-articular injec-
tions, usually concomitant with MRAs of the hip, are 90%
accurate in predicting intra-articular pathology.20,32 Anes-
thetic injections in association with bursography can be
useful in differentiating internal and intra-articular snap-
ping hip.13,33

APPROACH TO THE ATHLETE WITH
STRAIN OR AVULSION INJURIES

HISTORY AND PHYSICAL EXAMINATION

Diagnosis of muscle strain injury can be through careful his-
tory and physical exam. A history of eccentric muscle injury
is usually elicited. Although rare, complete rupture can

 result in a palpable musculotendinous defect. Muscle strains
are graded upon severity. Grade I strains are classically
thought of as “muscle pulls” and generally involve less than
5% of the musculotendinous junction. A strain injury in-
volving greater than 5% and less than 100% is classified as
grade II strains. Grade III strains involve complete tear and
discontinuity between the muscle origin and insertion.3 De-
fects palpable at the bone–tendon interface should alert the
clinician to a tendon avulsion injury.

DIAGNOSTIC TESTING

● Plain radiographic evaluation
● Indicated for suspicion of avulsion injury (Fig. 17.2) 
● Oblique views often helpful
● May be nondiagnostic if apophysis not ossified

● Adjunct imaging
● CT scan may better visualize avulsion fragment but not

commonly necessary
● MRI can show a quantifiable area of injury 

■ Not predictive of the level of disability
■ Ultrasound rarely used as an alternative to MRI 

FIG. 17.2. This 14-year-old boy felt a “pop” in his hip
while running during a baseball game. The radiograph
shows the avulsion fracture (arrowheads) of his anterior
inferior iliac spine. Reprinted with permission from
Fleisher GR, Ludwig S, Baskin MN. Atlas of Pediatric
Emergency Medicine. Philadelphia: Lippincott Williams &
Wilkins; 2004.
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TREATMENT

Nonoperative

● Five-phase protocol for the treatment of muscle strain
 injuries has been advocated (Table 17.3)33

● Modification of Metzmaker and Pappas’ descriptive proto-
col for treating avulsion fractures34

● Emphasizes a reduction in pain and inflammation (24 to
72 hours) 

● Followed by gradual range-of-motion exercises (days 3
to 7)

● Increases strength, flexibility, and endurance (weeks 1 
to 3)

● Sport-specific training and return to sport (weeks 4 to 6)
● Apophyseal avulsion

● Rest/protected weight bearing for 3 weeks or until early
callus

● The progress to strain protocol

Operative

● Painful nonunion
● Symptoms greater than 6 months despite appropriate con-

servative management35,36

● Displacement greater than 3 cm
● High-level athlete

Prognosis/Return to Play

● Return to sports is dictated by complete healing of the
 injury (avulsion or tear)

● Completed rehabilitation is assessed by therapist-
supervised isokinetic testing (at least 90% of strength)

Complications/Indications for Referral

Premature return to play can lead to reinjury and further
damage. 

APPROACH TO THE ATHLETE 
WITH OSTEITIS PUBIS

HISTORY AND PHYSICAL EXAMINATION

Osteitis pubis presents as pain that has an insidious onset
but can be acute in traumatic causes. Although vague, pain
begins at the level of the symphysis pubis and may radiate
into the groin, medial thigh, or abdomen. History may reveal
that the patient is involved in kicking and running-type ac-
tivities such as soccer, football, and long-distance running.37

Physical exam will reveal tenderness along the symphysis.
Pain can be elicited by passive abduction and resisted adduc-
tion. This disease is easily confused with hernias; therefore, a
thorough exam and palpation of the patient’s inguinal canal
should be performed. 

DIAGNOSTIC TESTS

● Radiographic evaluation
● Negative early
● Resorbtion, widening, and rarefaction evident late

● Three-phase bone scan 
● Broad area of bone uptake centered around the pubis

● MRI
● Increased T2 edema at pubic symphysis including sur-

rounding bone edema
● Advantages include lack of ionizing radiation, better

anatomic detail, and ability to assess surrounding soft-
 tissue structures. Main disadvantage is cost 

TREATMENT

Nonoperative

● Ninety percent to 95% success rates37

● Activity modification, nonsteroidal anti-inflammatory drugs
(NSAIDs), therapeutic modalities 

● A progressive rehabilitation program (core strengthening,
adductor stretching, and balance control) 

● Complete recovery may take 2 to 3 months
● Corticosteroid injection at the point of maximal tenderness37 

Operative

● Symptomatic after more than 3 months of nonoperative
management

● Surgical debridement, curettage, wide resection, or
arthrodesis17 

● Recovery from these procedures may take up to a year17,25

Prognosis/Return to Play

● Patients may return to play once symptoms allow. 
● Early return or overly aggressive rehabilitation may exac-

erbate symptoms.

Complications/Indications for Referral

Continued pain secondary to missed or inappropriate
 diagnosis is the most likely complication of this condition.
Athletic pubalgia or labral tear may mimic symptoms of
osteitis pubis.
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APPROACH TO THE ATHLETE 
WITH ATHLETIC PUBALGIA

HISTORY AND PHYSICAL EXAMINATION

The primary complaint with athletic pubalgia is exertional
pain in the pubic area. The pain may radiate into the ad-
ductor region, inguinal ring, or the testicles. History often
reveals the occurrence of a specific aggravating injury. The
proposed mechanism of injury is described as a hyperex-
tension injury pivoting around the pubic symphysis, seen
frequently in hockey and soccer players.25 There is an in-
sidious progression of pain, usually only while performing
the offending activity. It is not uncommon for these
 patients to have referrals to multiple specialists in search of
a diagnosis. 

Meticulous physical exam is necessary because findings
for athletic pubalgia are subtle. Inspection and general
range-of-motion exam will not reveal any abnormalities, ex-
cept for decrease motion on hamstring testing. Palpable ten-
derness along the conjoined tendon or inguinal ring may
exist. Patients may also be tender to palpation at the pubic
tubercle, symphysis, and adductor origin. Examination of
the abdominal wall is essential to rule out abdominal hernia.
Neurologic exam will be normal. Provocative testing in-
cludes pain with resisted sit-ups and with resisted adduction
with the hip externally rotated.25

DIAGNOSTIC TESTING

● Radiographic imaging
● Negative but necessary to rule out other causes of pain

● Three-phase bone scan
● Results similar to osteitis pubis

● MRI
● May show abdominal hernia, rectus tear, or symphyseal

edema

TREATMENT

Nonoperative 

● First-line treatment
● First-time episodes and pre- or midseason athletes

● Rest, ice, NSAIDs (2 weeks)
● Corticosteroid injection may facilitate recovery
● After 2 weeks, progressive physical therapy started

■ Range of motion, modalities, and stretching
● Strengthening

● Recurrent episodes
● At least 4 weeks of rest

Operative

● Symptoms lasting greater than 6 weeks, despite conserva-
tive management

● Herniorrhaphy25 

● Ninety-five percent success rate38

Prognosis/Return to Play

● Pre- and midseason athletes treated nonoperatively can
 return to play when pain free and range of motion and
strength have fully returned. 

● Recovery from the repair takes approximately 4 to 6 weeks.
● Restrictions on strenuous activities continue for 6 weeks

total, and patients can usually return to play at 8 weeks.38

Complications/Indications for Referral

Major pitfalls associated with this condition can be caused
by missed or inappropriate diagnosis causing continued
pain and decreased performance level. Osteitis pubis and
labral tears may mimic the symptoms of athletic pubalgia in
the athlete. 

APPROACH TO THE ATHLETE WITH
SNAPPING HIP SYNDROME

HISTORY AND PHYSICAL EXAMINATION

Patients with snapping hip often describe a “snap” that may
feel as though “the hip is popping in and out.” The snap can
usually be reproduced by the patient. The history is generally
insidious with onset of pain prior to snapping over the region
of the snap. Patients with external snapping hip will have
pain along the greater trochanter that may radiate distally
and proximally. Patients with internal and intra-articular
snapping hip generally have pain along the anterior of the
hip with radiation into the groin. Physical exam helps con-
firm the diagnosis and may give insight into the underlying
cause. Patients with external snapping hip have the greatest
amount of tenderness over the greater trochanter, and the
pain can be reproduced with repetitive flexion and exten-
sion.10 The snap can be reproduced when the patient moves
from a standing to sitting position. Ober’s test is helpful in
establishing a diagnosis. 

Internal and intra-articular snapping hip causes pain
along the anterior thigh, inguinal crease, and medial thigh.
In patients with internal snapping hip, the snap can be sim-
ply reproduced with patient supine and flexing and extend-
ing the hip. The snap can be amplified if the hip is ranged
from an abducted, externally rotated, and flexed position to
an adducted, internally rotated, and extended position.
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 Gentle pressure over the femoral head will prohibit the snap
from occurring.10

Intra-articular injuries should be considered when exter-
nal and internal causes have been ruled out. Patients present
with pain in the groin and a history of trauma. Often pa-
tients will have “clicks” on ranging of the hip, but the clicks
are not necessarily reproducible. Most likely causes include
loose bodies, labral tears, and osteochondral lesions.39

DIAGNOSTIC TESTING

● Radiographic imaging
● Standard AP and frog leg lateral
● Femoral neck angle should be noted (coxa vara common

with internal snapping hip)40

● Dynamic ultrasound may differentiate internal or external
snapping
● Technician experience dependent

● Bursography 
● Differentiates between intra-articular and internal causes9

● Therapeutic injection of the bursa (lidocaine and/or
steroids) may be useful 

● MRA for suspected intra-articular pathology 

TREATMENT

Nonoperative 

● First-line therapy for internal and external snapping hip
● NSAIDs, therapy, activity modification
● Corticosteroid injection into the trochanteric bursa

 (external)
● Corticosteroid injection into the iliopectineal bursa

 (internal) 
● Requires fluoroscopic or ultrasound guidance

● Intra-articular snapping hip not amenable to nonopera-
tive therapy

Operative

● Indicated for failed nonoperative treatment (up to 1 year) 
● Surgically released tension of the ITB as it crosses over the

greater trochanter4

● Z-plasty–lengthening techinique41 or an elliptical incision
with bursa removal42

● Surgical release of the iliopsoas tendon (open or endo-
scopically)43,44

● See subsequent text on treatment for intra-articular
pathology

Prognosis/Return to Play

● A complete return to activity is based on resolution of
symptoms.

Complications/Indications for Referral

Postoperatively, patients may complain of continued pain
over the incision and return of snapping sensation second-
ary to scarring. Iliopsoas release requires postoperative limi-
tation on active flexion.

APPROACH TO THE ATHLETE 
WITH A LABRAL TEAR

HISTORY AND PHYSICAL EXAMINATION

Patients with labral tears complain of pain in the groin with
certain motions of the hip. Sudden pivoting or twisting mo-
tion often reproduces the pain. They may also have a clicking
or catching sensation, known as intra-articular snapping
hip. Physical examination may reveal decreased range of
motion of the affected hip. Dependent on the location of the
labral tear, certain provocative tests can be performed. Rang-
ing the hip from a fully flexed, externally rotated, and ab-
ducted position to a position of extension, internal rotation,
and adduction will cause pain if an anterior-based labral tear
is present.44 Posterior tears can be painful if the hip is
brought from a flexed, adducted, and internally rotated posi-
tion to one of abduction, external rotation, and extension.
Although both of these maneuvers are very sensitive, they
have not been found to be specific.46

DIAGNOSTIC TESTING

● Radiographic imaging
● Indirect diagnosis
● Evidence of hip dysplasia, trauma, joint degeneration,

and FAI23

● MRI
● Soft-tissue definition around the hip
● Questionable accuracy for identification of specific

pathology
● Arthrogram adds to sensitivity but may lead to frequent

overreads 
● Diagnostic/therapeutic injection

● Preformed in conjunction with arthrogram
● Improves diagnosis and potentially treats symptoms

TREATMENT

Nonoperative

● Limited long-term success with labral tear
● Physical therapy, activity modification
● Intra-articular corticosteroid injection

● Provides temporary relief
● May allow to continue to play on limited basis
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Operative

● Indicated if failure of nonoperative modalities23

● Arthroscopic repair or debridement highly successful47–49

Prognosis/Return to Play

● For simple debridement of labral tears, postoperative re-
covery usually takes 6 to 8 weeks. 

● Poor surgical outcomes if coexisting hip osteoarthritis or
significant articular cartilage injury.

● Return to play is allowed once the patient has full motion
and full strength.

● Postoperative rehabilitation for arthroscopic labral repair
is more protracted and less predictable; however, no long-
term data are available.12

Complications/Indications for Referral

Debridement of labral tears caused by underlying disorders
such as DJD or FAI may provide unpredictable or temporary
solution if the causative factors are not completely ad-
dressed. Failure to address coexisting FAI, chondral lesions,
or loose bodies may result in poor surgical outcome.

APPROACH TO THE ATHLETE 
WITH FEMOROACETABULAR

IMPINGEMENT

HISTORY AND PHYSICAL EXAMINATION

Athletes with FAI typically report a vague intermittent groin
pain, brought on by minor trauma and exacerbated with in-
creased demand placed on the hip. Pain may also be present
with extended periods of sitting and may be referred to the
knee and medial thigh. Examination of the patient often re-
veals limited internal rotation and reproduction of pain with
the impingement test described earlier.13 If a deep groin pain
is produced with forced external rotation, posteroinferior
impingement should be suspected.14

DIAGNOSTIC TESTING

● Radiographic imaging
● Slight bony prominence on the anterolateral head and

neck junction of the proximal femur suggests “cam
 impingement”

● “Crossover sign” suggests acetabular retroversion that
can be associated with “pincer-type impingement”

● MRA with diagnostic injection of anesthetic
● Highly sensitive for intra-articular and labral pathology
● Important to assess pre- and postanesthetic pain using

visual analog scale with provocative exam maneuvers
(impingement, FABER, or forced external rotation test)

TREATMENT

Nonoperative 

● NSAIDs, activity modification temporarily successful 
● Range-of-motion therapy counterproductive

Operative

● Progressive pathology – early surgical intervention war-
ranted

● Arthroscopic and open treatments
● Femoroacetabular osteoplasty to address pathology
● Labral repair/joint debridement

Prognosis/Return to Play

● Return to all activities depends on symptomatic control. 
● Analgesia and anti-inflammatories can aid the patients to

return to sports quickly. 
● Exacerbations are likely to recur until the underlying

problem is addressed surgically. 
● Studies have demonstrated 75% resolution of pain by 

5 months postoperatively and 95% complete resolution by
1 year with arthroscopic intervention.50

Complications/Indications for Referral

If left untreated, the chondral and labral damage can propa-
gate, leading to early joint degeneration and osteoarthritis.

APPROACH TO THE ATHLETE 
WITH AVASCULAR NECROSIS 

OF THE FEMORAL HEAD

HISTORY AND PHYSICAL EXAMINATION

Athletes with AVN of the femoral head typically present
with insidious onset, nonspecific hip or groin pain. Early in
the disease process, range of motion and strength should re-
main within normal limits. There are no provocative signs
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specific to this pathology; however; pain elicited with pas-
sive internal rotation has been shown to be the most effec-
tive predictor.51

DIAGNOSTIC TESTING

● Radiographic imaging
● Standard radiographs are the first step in management
● Radiographic changes lag 3 months behind symptoms
● Osteopenia, mottled subchondral bone in femoral head
● Subchondral collapse indicates advanced disease

● MRI
● Obtain if radiographs are normal yet suspicion remains

high (Fig. 17.3)

TREATMENT

Nonoperative

● Limited weight bearing, symptomatic treatment

Operative

● Immediate referral appropriate
● Core decompression/vascularized fibular graft

● Provides predictable relief15,28

● Joint arthroplasty for advanced disease

Prognosis/Return to Play

● Full weight bearing is resumed at a minimum of 6 weeks
after surgical intervention. 

● Therapy focuses on range of motion and strength. 
● Return to sport is based on radiographic evidence of heal-

ing as well as full resolution of symptoms.

Complications/Indications for Referral

Because radiographic evidence is delayed and early surgical
intervention is the best chance to preserve the native joint,
diagnosis is initially based on a high index of suspicion.
Missed diagnosis can lead to advanced degenerative disease.
With core decompression, there is the threat of femoral neck
fractures with premature weight bearing after surgery.

APPROACH TO THE ATHLETE 
WITH CHONDRAL DAMAGE OR
DEGENERATIVE JOINT DISEASE

HISTORY AND PHYSICAL EXAMINATION

Patients with cartilage disease of the hip present with an in-
sidious onset of pain localized to the groin that may radiate
to the buttocks, thigh, and knee. Rarely, patients will present

FIG. 17.3. Avascular necrosis of the femoral head. A: Early signs of an osteonecrotic lesion (arrow)
are shown on the plain radiograph. B: A normal or “cold” bone scan of both hips. C: Evidence of a
subchondral osteonecrotic lesion (arrow) is seen on the magnetic resonance image. Reprinted
with permission from Mont MA, Jones LC, Hungerford DS. Nontraumatic osteonecrosis of the
femoral head: ten years later. J Bone Joint Surg. 2006;88(A):1117–1132.
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with vague knee pain. History may reveal stiffness that is re-
lieved by activity, that is, “start-up pain.” Depending on the
severity of the disease, patients will have trouble with activi-
ties of daily living such as donning socks, climbing stairs,
and walking distances. 

Physical exam is essential in ruling out other causes of hip
pain. Inspection may reveal muscle atrophy, but is often nor-
mal. Tenderness to palpation in the groin or along the lateral
aspect of the hip should alert the examiner to possible hernia
or trochanteric bursitis, respectively. Because the hip is a
deep joint, palpation should not cause pain. With the hip
flexed 90 degrees, the external and internal rotations should
be checked. Patients with DJD of the hip often have side-to-
side differences in internal rotation or pain with the hip in-
ternally rotated to maximum. Pain with log rolling or axial
load is present in severe forms of the disease. 

DIAGNOSTIC TESTING

● Radiographic imaging
● Plain radiographs are often diagnostic for advanced DJD
● Joint space narrowing, osteophyte formation, subchon-

dral cysts, and sclerotic bony margins 
● MRA

● Diagnostic anesthetic injection
● Loose bodies, labral pathology, or AVN may be  identified

TREATMENT

Nonoperative 

● NSAIDs/analgesics, therapy, activity modification
● Weight loss
● Intra-articular cortisone injection

Operative

● Arthroscopic removal of loose bodies
● Joint arthroplasty—high patient satisfaction rate

Prognosis/Return to Play

● The patient’s level of activity will be determined by the
 adequacy of pain control. 

Complications/Indications for Referral

DJD is a progressive condition with no known cure.

KEY POINTS

• There are multiple pathologies that can present as hip
pain in the athlete. Consider all possible causes includ-
ing the bones, joints, muscles, and surrounding soft
tissue

• Location of pain can be very helpful in narrowing the
differential diagnosis, remembering that intra-articular
pathology radiates to the groin

• Careful physical exam is essential to determining the
underlying cause of the pain, with special attention to
pathology-specific maneuvers and contralateral range
of motion

• All patients with hip pain should have plain radiogra-
phy performed to rule out fracture or malignant causes
of hip pain

• If ordering an MRI of the hip to assist in diagnosing
the cause of pain, consider MRI with intra-articular
contrast as well as concomitant steroid injection, as
this will greatly aid in diagnosis and can also be
 therapeutic

• Treatment should proceed in a stepwise fashion, in-
volving the physician, therapist, trainer, coach, and
most importantly the athlete. Premature return to
sport could result in more severe or recurrent injury
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INTRODUCTION
The knee plays a distinct role in a multitude of athletic
 activities. With the growing participation in competitive and
recreational sports, injuries of the knee can affect a broad
range of individuals. The general approach to the knee and
its associated injuries is best accomplished in a systematic
way using a proper history, physical exam, and diagnostic
evaluation. 

This chapter will review the functional anatomy of the
knee as well as the pathophysiology behind various common
acute knee injuries in the athlete. With this knowledge, prac-
titioners should have a solid foundation for the diagnosis,
initial treatment, and proper reasons for referral, which will
best serve and help guide an athlete down the path of a
timely recovery. 

FUNCTIONAL ANATOMY
The knee is an exceedingly complex hinged (ginglymus)
joint, and its anatomy lends to its sophisticated biomechani-
cal function. Bony and ligament balance provide joint stabil-
ity in a range of knee motions. In the simplest understanding,
the bony architecture of the knee consists of three articula-
tions: the patellofemoral, the medial, and the lateral joint
space. The medial compartment contains the medial femoral
condyle, the medial tibial plateau, and the medial meniscus.
The lateral compartment contains the lateral femoral condyle,
the lateral tibial plateau, and the lateral meniscus (Fig. 18.1).

The four primary ligamentous stabilizers of the knee
 include the anterior and posterior cruciates and the medial
and lateral collateral ligaments. Combined, these four liga-
ments give stability in multiple planes of motion (Figs. 18.2
and 18.3). 

The medial collateral ligament (MCL) is divided into
three distinct layers. The most superficial layer consists of
the deep fascia of the patellar tendon anteriorly and the
popliteal fascia posteriorly. The second layer is the superfi-
cial MCL, and the third layer is the deep MCL or the medial
capsular ligament. The medial structures of the knee are the
primary stabilizers for valgus force and act as secondary

 stabilizers to anterior translation. The MCL contributes 78%
to the restraining force on the medial side of the knee.1 It
also works in concert with the anterior cruciate ligament
(ACL) to allow for external rotation stability. An injury to
the MCL increases the stress on the ACL in valgus forces, and
thus, ACL-deficient knees rely on the MCL as a secondary
stabilizer to anterior translation.2

The ACL is the primary restraint to anterior tibial transla-
tion throughout the arc of knee motion. The ACL also is a
secondary restraint to varus and valgus stress. The tibial in-
sertion of the ACL is along the anterior portion of the lateral
tibial plateau—medial to the anterior horn of the lateral
meniscus anteriorly and 2 mm anterior to the posterior cru-
ciate ligament (PCL) posteriorly (Fig. 18.4). On the femoral
side, it attaches on the posteromedial aspect of the lateral
femoral condyle. The ACL contains two bundles—the an-
teromedial and the posterolateral. The anteromedial bundle
is tight in flexion, while the posterolateral bundle is tight in
extension. 

The PCL originates along the lateral border of the medial
femoral condyle and inserts on the posterior cortical surface
approximately 1 to 1.5 cm inferior to the articular surface.
Along with the PCL are two meniscofemoral ligaments,
the ligament of Humphrey and the ligament of Wrisberg
(Fig. 18.5). The PCL is the primary restraint to posterior
 tibial translation. 

The lateral structures of the knee include the lateral col-
lateral ligament, the popliteus muscle and tendon, the popli-
teofibular ligament, the popliteomeniscal attachment, the
iliotibial tract, and the arcuate ligament (Fig. 18.1). Com-
bined, these lateral structures comprise the posterolateral
corner (PLC) of the knee and are responsible for a variety of
knee restraints, namely, posterior, lateral, and rotatory. The
lateral collateral ligament is the knee’s primary restraint
to varus load. Injuries to the lateral collateral ligament in
 isolation are rare, and therefore, other injuries should be
 suspected when a lateral knee injury occurs. 

The menisci, made of predominantly type I cartilage,
are semicircular or C-shaped structures that have multiple
functions in the knee. The medial meniscus covers less
space over the plateau than its lateral counterpart. Both have
attachments to the tibial plateau as well as soft-tissue
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FIG. 18.2. Right-knee ligaments anterior labeled.

FIG. 18.1. Knee anatomy. Reprinted with permission from Harwood-Nuss A, Wolfson AB, et al.
The Clinical Practice of Emergency Medicine. 3rd ed. Philadelphia: Lippincott Williams & 
Wilkins; 2001.

87208_ch18.qxd:87208_ch18  8/31/09  1:05 PM  Page 179



180

Popliteal surface of tibia
Fibula

Tibia

Lateral epicondyle
 of femur 

Anterior cruciate ligament
Fibular collateral ligament
Wrisberg ligament
Lateral meniscus

Capsule of proximal
tibiofibular joint

Head of fibula

Right Knee
(Posterior)

Intercondyloid notch

Medial epicondyle
of femur

Femur

Medial meniscus

Posterior
cruciate ligament

Tibial collateral ligament

Medial condyle
of femur

(articular surface)

FIG. 18.3. Right-knee ligaments posterior labeled.

Femur

Anterior cruciate ligament

Lateral meniscus

Fibular collateral ligament

Fibula

Patellar surface of femur

Posterior cruciate ligament  

Medial meniscus

Tibial collateral ligament

Tibial tuberosity

Tibia

Normal Knee Anatomy
(Patella removed)

FIG. 18.4. Knee anatomy anterior view.

87208_ch18.qxd:87208_ch18  8/31/09  1:05 PM  Page 180



Chapter 18 • Athlete with Acute Knee Injuries 181

 structures within the knee. They derive their blood supply
from a perimeniscal capillary plexus as branches from the
genicular arteries. Only the outer 10% to 25% of the lateral
and 10% to 30% of the medial menisci have direct blood
supply; the inner two thirds of the menisci receive nutrition
via diffusion. The menisci, in the simplest of senses, function
as shock absorbers to the knee. They also participate in load
sharing, passive stabilization, reduction in contact stresses
within the joint, proprioception, and joint congruity via
 increased contact surface. 

Muscular attachments about the knee also lend to the
 stability of the joint. The quadriceps musculature anteriorly
in conjunction with the patella and patellar tendon, known
as the extensor mechanism, is responsible for extension of
the knee (ability to straight leg raise). The posterior muscu-
lature, and particularly the hamstrings complex, is responsi-
ble for flexion of the knee (bending) (Fig. 18.6). 

The neurovascular bundle runs along the posterior mar-
gin of the knee and can be injured acutely. The blood supply
to the knee consists of a network of genicular branches from

Me n i s c u s
The meniscus is a crescent-shaped piece of cartilage that lies between
the femur and tibia. Each knee has two menisci, one medial and one
lateral. Together, they cushion the joint by distributing downward
forces outward and away from the central anchor points of the menisci.
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FIG. 18.5. Meniscal Anatomy demonstrating meniscal attachment points and relationship to
the cruciate ligaments.
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FIG. 18.6. Thigh musculature. Reprinted with permission from Bickley LS, Szilagyi P. Bates’ Guide to
Physical Examination and History Taking. 8th ed. Philadelphia: Lippincott Williams & Wilkins; 2003.
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the popliteal system. The tibial and peroneal nerves, which
innervate the lower extremity and foot, also course posterior
to the knee and are at risk at the time of initial injury to the
knee (Fig. 18.7). 

EPIDEMIOLOGY
The potential morbidity of knee injuries has led many physi-
cians, trainers, coaches, and athletes themselves to attempt
to identify the factors predisposing to these injuries in the

hope of minimizing risk. Injuries are categorized by bony,
ligamentous, or meniscal involvement. The type of injury
that is encountered depends, to some extent, on the type of
athletic pursuit. The majority of studies on preventing in-
jury have centered around football in the United States and
soccer  internationally. 

The most significant trend in acute knee injuries over the
past 20 years has been the rise of ACL tears, with a dispropor-
tionately higher rate among female athletes. The incidence of
ACL injuries is estimated at approximately 200,000 a year
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FIG. 18.7. Nerves of the popliteal fossa. Reprinted with permission from Moore KL, Dalley AF II.
Clinical Oriented Anatomy. 4th ed. Baltimore: Lippincott Williams & Wilkins; 1999.
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with upward of 100,000 ACL reconstructions a year. Recent
studies have shown a difference between the rates of ACL in-
juries in women compared to men. Speculation as to the rea-
sons for this is unclear. Some authors account for a decreased
protective role of dynamic stabilizers (quadriceps and ham-
strings) in women, while others note the smaller-diameter
ACL and narrower intercondylar notch as reasons for the
 increased incidence.3 In any event, an ACL injury can be a
devastating injury for the competitive and recreational
 athletes alike.

PCL injuries have historically been underdiagnosed be-
cause these are often asymptomatic. Some studies have shown
an incidence of up to 44% of all acute knee injuries.4

The overall incidence of posterolateral injuries of the
knee is rare and has been reported to be less than 2% of all
acute ligament knee injuries.5 Approximately 40% of all pos-
terolateral knee injuries occur during sports activities.6

The annual incidence of meniscal tears is 60 to 70 per
100,000.7,8 Injuries occur more commonly in men, with the
male-to-female ratio of 2.5:1 to 4:1.9 Meniscal injuries are
also highly associated with other injuries within the knee.
Lateral meniscal tears are more common acutely with an
ACL tear,10 whereas chronic ACL tears are associated with
medial meniscal tears. Meniscal tears also have been re-
ported frequently in the setting of an acute tibial plateau
fracture. 

The incidence of osteochondritis dissecans (OCD) of the
knee has been estimated at between 0.02% and 0.03% based
on knee radiographs and 1.2% based on arthroscopy.11,12

The highest rates are among children aged 10 to 15, and the
male-to-female ratio approaches 2:1. Approximately 15% to
30% of cases reported are bilateral.13 A history of trauma is
reported in as many as 40% of OCD lesions, although this
has recently been challenged.14

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

In the initial approach to the acute knee injury in the athlete,
it is imperative to obtain a detailed history. This coupled
with a thorough physical exam will significantly narrow the
differential and ultimately the diagnosis (Fig. 18.8). 

Important questions to ask include a complete descrip-
tion of the mechanism of injury and localizing symptoms.
This includes the onset, location, severity, and intensity of
the pain as well as the alleviating and modifying factors.
 Specific questions to ask if not given in the overall descrip-
tion of the mechanism include the following:

1. Position of the knee at the time of injury (i.e., extension
vs. flexion)

2. Anterior versus posterior symptoms; medial versus
 lateral symptoms

3. Twisting/rotational injury versus axial load injury
4. Varus stress/valgus stress
5. Catching or locking of the knee
6. An initial “pop” or later “clicking”
7. Presence of an effusion 
8. Ability to range
9. Ability to weight bear

10. Presence of a deformity

Certainly the position of the knee can play a role in the
injury process. An extended knee has more inherent stabil-
ity than a flexed knee but could be subject to axial loading
forces with the end result in fracture. These patients will be
very uncomfortable with weight bearing. The location of
symptoms often helps narrow the differential by assigning a
compartment of injury, be it on the medial or the lateral
side, where one can have an injury to the collateral liga-
ment, meniscus, or plateau. The presence of an effusion
helps to depict between intra-articular and extra-articular
pathology, while catching or locking of the knee is often
present in meniscal injuries. If the patient complains of a
varus or valgus load, meniscal and collateral ligament
pathology is brought to the forefront of the differential.
Twisting injuries are suspicious for anterior cruciate tears,
and the patient can often account for an audible or sensible
“pop.” Some very common injuries in the athlete will be dis-
cussed later in this chapter with keys to the history and
physical outlined. 

Evidence-based Physical Exam

After a through history has been elicited, physical exam of
the knee is an important step to narrow the differential diag-
nosis. The general exam techniques as well as injury-specific
exam techniques described later in this chapter can help to
differentiate between the most common diagnoses for each
particular compartment, or area, of the knee. Location of
tenderness, ligament laxity, presence of an effusion, and
range of motion (ROM) are keys to the physical exam that
will always be helpful to narrow the differential. It is impor-
tant to remember that possibly the greatest and most morbid
knee injury in an athlete is a frank dislocation. This should
be clearly evident by gross deformity, severe pain, an inabil-
ity to range or weight bear, and sometimes neurovascular
compromise. Knee dislocation is an emergency, and failure
to recognize a knee dislocation may lead to devastating
residual injuries and even amputation. These patients
should be evaluated at the nearest emergency department
for radiographic confirmation, prompt reduction, and fur-
ther treatment, as necessary. 

Once a proper history is taken, attention can then turn
toward the physical exam. A systematic approach to the knee
should be preformed with particular attention paid to differ-
ences between the affected and unaffected sides. This state-
ment, although true in any athletic extremity injury, is
particularly important with the knee exam. 
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KNEE INJURIES

9872 ©1993, 2000, 2003 Anatomical Chart Company, Skokie, Illinois. In consultation with Mark R. Hutchinson, MD, University of Illinois at Chicago.

A n t e r i o r  Vi e w  o f  N o r m a l  K n e e
(Patella removed)

M e n i s c u s
The meniscus is a crescent-shaped piece of cartilage that lies between
the femur and tibia. Each knee has two menisci, one medial and one
lateral. Together, they cushion the joint by distributing downward
forces outward and away from the central anchor points of the menisci.

With your hand on your knee,
you may feel roughness during a
range of motion. This commonly
occurs when the femur is gliding
across degenerative fraying of the
menisci or patella.

Locking usually occurs when a
piece of torn cartilage or bone
becomes wedged between the
femur and tibia during a range
of motion. This causes the joint
to suddenly “lock.”

Hyperextension of the
knee joint can damage the
anterior cruciate and tibial
collateral ligaments.

Sudden posterior movement of the
tibia while the knee is flexed at 90
degree may damage the posterior
cruciate ligament.

A lateral blow to the knees while
the feet are firmly planted may
cause damage to the tibial and
fibular collateral ligaments.

Forcible external rotation of the foot in the “whip-kick”
causes the lower leg to twist at the knee, putting excessive
strain on the tibial collateral ligament. It can also cause
plical irritation or exacerbate patellar instability.
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FIG. 18.8. Knee injuries.
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Inspection

The overall position of the knee can lend some insight into
the injury process. Ecchymosis or edema can lead an exam-
iner toward a particular area of injury. Evidence of an
 effusion helps to differentiate between intra-articular and
extra-articular processes. An effusion often presents as
swelling about the knee, with the knee held in mild flexion
and pain with full extension or moderate flexion. A gross de-
formity can also be present, and knee dislocation needs to be
ruled out immediately because of the associated devastating
consequences. 

Palpation

Palpation over the three compartments of the knee can help
differentiate injuries in each particular location. Anterior or
posterior tenderness to palpation may include injuries to the
extensor mechanism and/or hamstrings musculature, re-
spectively. Pain along the medial or lateral portions of the
knee is suspicious for collateral ligament injuries. Finally,
pain along the joint line, especially the medial joint line, is
indicative of meniscal pathology. 

Evidence of an Effusion

Presence of an effusion in the setting of an acute knee injury
signifies an intra-articular injury and is a key part of the
knee exam. The effusion is a red flag for a potential signifi-
cant knee injury that needs to be identified for proper man-
agement. A minimal effusion is best tested by milking down
any fluid from the suprapatellar area with the knee held in
extension. The fluid can then be concentrated into either the
medial or the lateral compartment by gentle pressure over
the opposite compartment. Once the fluid is concentrated in
one area, gentle pressure over that area will force the fluid to
traverse the joint, and it will be felt in the opposite compart-
ment. Presence of an effusion in the setting of an acute knee
injury signifies an intra-articular injury and generally indi-
cates a more significant knee injury that needs to be identi-
fied for proper management. 

Range of Motion

The normal ROM of the knee is from 0 degrees (full exten-
sion) to approximately 135 degrees of flexion and 10 degrees
of internal and external rotation. Acutely, a decreased ROM
is a nonspecific sign of knee injury but may be helpful when
associated with other exam findings. A mechanical “block”
to ROM may be indicative of a bucket-handle tear of the
meniscus and should not be forcefully reduced. It is impor-
tant to note that with many acute knee injuries, it is com-
mon to have a limited ROM. This is usually secondary to
pain and/or presence of an effusion. 

Strength

Strength should be accessed in the acute injury as well. This
will often be difficult secondary to pain associated with the
injury. The strength both of the hamstrings and of quadri-
ceps should be accessed and documented. The patient
should also be asked to perform a straight leg raise. This ma-
neuver entails keeping the knee extended and lifting the
lower extremity off the bed/ground straight in the air. If the
patient is able to straight leg raise, or can at least hold eleva-
tion of the leg for a short period of time, the extensor mech-
anism (quadriceps, patella, patella tendon) is intact.

Ligaments

The most important component to the ligament exam of the
knee is the comparison to the opposite (unaffected) knee.
This is the best way to gauge an abnormal test. The most
basic of approaches to the ligament exam will be discussed
here. A more detailed exam will also be outlined with the
specific injuries to follow. 

Collateral Ligaments

To test the MCL, a valgus stress (knee is stabilized, and pres-
sure is applied on the lateral side of the knee and the medial
side of the ankle) is applied with the leg in full extension and
in 30 degrees of flexion. To test the lateral collateral liga-
ment, a varus stress is applied with the leg again in full ex-
tension and 30 degrees of flexion. Any laxity of these
motions with respect to the unaffected side is suspicious for
an injury. 

Cruciate Ligaments

The Lachmann’s examination is the preferred method for as-
sessing the integrity of the ACL. With the femur/thigh stabi-
lized with one hand, take the leg in the opposite hand near
the tibial tubercle and attempt to translate the tibia forward
with respect to the femur. A positive test will exhibit in-
creased laxity and no firm “end point” in comparison to the
unaffected knee.

The posterior cruciate is best tested with the patient lying
down with the hip flexed and the knee at 90 degrees. A pos-
terior force is applied to the proximal tibia with respect to
the femur. If the subluxation is greater than the other side,
and there is no stiff end point, then a PCL injury is sus-
pected. This is called the posterior drawer test.

Diagnostic Testing

In the workup of knee injuries in the athlete, there are many
imaging modalities that will aid in the narrowing and, some-
times, confirmation of the diagnosis. 
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Laboratory

Routine laboratory analysis is generally not required in the
setting of an acute knee injury. If infectious or autoimmune
etiology is suspected, then appropriate serology and/or cul-
tures should be obtained.

Imaging

Plain radiographs are usually the initial test that can show
any associated fractures and dislocations. Any fracture or
dislocation should be seen promptly by an orthopedist.
X-ray may also show evidence of bony ligament avulsion ei-
ther on the medial or on the lateral sides. The lateral radio -
graph lends information about the congruency of the joint
as well as evaluation of the patella. A high- or low-riding
patella (patella alta or baja) could be an indication of a patel-
lar or quadriceps tendon tear, respectively. 

Other Testing

Computerized tomography (CT) is also very useful in the
evaluation of the acute knee injury. CT gives very fine defini-
tion of the bony structures of the knee and can confirm
 evidence of an effusion. It is also helpful for the evaluation of
an occult fracture.

Magnetic resonance imaging (MRI) has shown to be
 extremely useful in many acute knee injuries. MRI gives out-
standing detail and the precise location of ligament and
menisci injuries. 

APPROACH TO THE ATHLETE
WITH MEDIAL COLLATERAL

LIGAMENT INJURIES 

HISTORY AND PHYSICAL EXAMINATION

The diagnosis of MCL injuries is related to the mechanism
of injury. The typical injury is one of a valgus moment to the
knee. Patients typically present with tenderness along the
medial portion of the knee from femur to tibia. They some-
times note a sense of instability with weight bearing.

On physical exam the MCL should be tested at both full
extension and 30 degrees of flexion. It is imperative for an
adequate exam that the patient be completely relaxed. The
exam at full extension tests both the MCL as well as the asso-
ciated capsular and cruciate ligament injuries. Exam at flex-
ion isolates the MCL complex. A difference of only 5 to
8 mm is indicative of significant injury.1 Palpation along the
course of the ligament is helpful in determining the location
of the injury. A proximal MCL tear is more common than
a distal avulsion. After injury to the MCL is determined, a
complete exam of the knee is warranted to rule out con-
comitant injuries. 

MCL injury classification:

● Grade I is a primary sprain and signifies stretching of the
fibers with localized tenderness, but no laxity on exam.

● Grade II is more severe injury indicating partial tear with
mild to moderate laxity noted on valgus stress at 30 degrees. 

● Grade III sprain indicates a complete MCL with gross in-
stability and laxity on exam. There will generally be laxity
both with valgus stress at 30 degrees of flexion as well as in
full extension.

DIAGNOSTIC TESTING

Plain radiographs may be helpful in the evaluation of an
MCL injury by identifying a bony avulsion or associated
fractures of the knee. The most useful diagnostic test is MRI,
which localizes the area and the extent of injury but may not
be indicated in milder cases, particularly in the absence of an
effusion. Musculoskeletal ultrasound can also clearly visual-
ize the MCL and assess the extent of the MCL injury. 

TREATMENT

Nonoperative

● Grade I– and grade II–isolated MCL injuries usually can
be treated successfully in a conservative manner.

● Rest, ice, compression, elevation (RICE)
● Hinged knee brace (to resist valgus stress)
● Weight bearing as tolerated
● ROM exercises
● In one study, collegiate football players with grade I and II

injuries showed return to full, unprotected participation at
an average of 10.6 and 19.5 days, respectively.15 Grade III
injuries, if present in isolation, can be treated with an
 aggressive rehab protocol after initial swelling subsides.
Protected weight bearing in conjunction with a hinged
knee brace has been advocated for these patients.2

Operative

● In the past, primary repair of complete MCL injuries was
encouraged, but recently the pendulum seems to have
swung toward nonoperative treatment. 

● Controversy still exists whether MCL repair is needed with
combined ACL–MCL injuries.16

● Typically, athletes with a grade III injury that is interfering
with return to sport or has failed nonoperative manage-
ment should be considered for operative management. 

● Those patients with persistent instability also should be
considered for surgery. 

● Currently there are no well-defined guidelines or indica-
tions for the operative treatment of these injuries. 
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Prognosis/Return To Play

● Isolated MCL injuries overall hold a good prognosis.
● Athletes with grade I and II injuries typically can return to

full activity after 2 to 3 weeks or after participation in
practice is not limited. 

● For athletes with grade III injury, the return to sport is less
predictable. They may benefit from a few more weeks of
rest and rehabilitation before returning to activity, usually
at 6 to 8 weeks, as long as instability is absent.

Complications/Indications for Referral

In general, athletes who fail conservative treatment, although
uncommon, should be referred to an orthopedist for consid-
eration of surgical treatment. Athletes with gross instability
or a type III tear should also be evaluated by an orthopedic
surgeon. Beware of the patient with a suspected MCL injury
and an associated lateral tibial plateau fracture. The latter
will exhibit lateral tenderness to palpation as well as signifi-
cant edema and instability. These patients should be seen
immediately by an orthopedist for consideration of  surgical
management of the fracture. 

APPROACH TO THE ATHLETE
WITH ANTERIOR CRUCIATE

LIGAMENT INJURIES

HISTORY AND PHYSICAL EXAMINATION

An ACL injury is oftentimes a noncontact injury while
changing direction or landing from a jump. Patients will give
a history of a sudden “pop” with swelling and hemarthrosis
within a few hours. Many athletes will feel a sense of instabil-
ity and often report an inability to weight bear.

The acute evaluation of an athlete with a suspected ACL
injury should begin with a general physical exam as for any
knee injury. Special tests that can help confirm an ACL in-
jury include the anterior drawer, Lachman, and pivot shift
tests.17 Of these, the Lachman is the most sensitive and spe-
cific for ACL injury with rates reportedly as high as 93% and
99%, respectively.18 This test is preformed with the patient
completely relaxed. The leg is held at 30 degrees of flexion,
and as the femur is stabilized, an anterior force is applied to
the posterior calf attempting to translate the tibia forward
with respect to the femur. Displacement should be measured
in millimeters and compared to the opposite side. It is also
useful to distinguish an end point—firm (normal), mar-
ginal, or soft. The pivot shift test is extremely helpful, if pres-
ent, to rule in ACL injury, but is very difficult to elicit in the
acute setting. This test is preformed with the patient supine
and the knee extended. The lower extremity is mildly inter-
nally rotated at the ankle, and a soft valgus stress is given at

the knee as the knee is flexed slowly. In an ACL injury the
tibia translates anterior in mild flexion, and as more flexion
is obtained, the iliotibial tract reduces the tibia posterior
onto the femur. This reduction is the “clunk” that is felt
by the examiner and is graded 0 (absent), 1� (pivot glide),
2� (pivot shift), and 3+ (momentary locking). The anterior
drawer is preformed with the knee at 90 degrees. An anterior
force is then applied to the tibia. This test is difficult to per-
form secondary to spasm and is the most inconsistent of
ACL exams in determining injury.17

DIAGNOSTIC TESTING

Plain radiographs of the knee can aid in the evaluation of an
ACL injury and should be the first imaging study ordered to
rule out associated osseous injuries. The lateral knee and
tunnel views can show an acute avulsion fracture of the
 anterior tibia spine suggesting ACL injury. The anterior–
posterior (AP) view can show a lateral tibial plateau avulsion
fracture (Segond fracture), which has also been associated
with ACL injuries.

MRI has also been widely incorporated in the evaluation
of ACL injuries. The overall accuracy of MRI in accessing
ACL injuries is approximately 95%. The ACL is best seen in
the sagittal images through the intercondylar notch. MRI
will also sometimes show increased signal intensity (bone
bruising) over the lateral femoral condyle and posterior
 lateral tibial plateau.

TREATMENT

The treatment of an acute ACL injury is reliant on many
 factors. The goal of treatment is return to play with restora-
tion of normal function. Among the factors to be considered
are the presence of concomitant injuries, age of the patient,
 activity level and type of sport, and degree of instability.17

Nonoperative

● Bracing
● Partial weight bearing (crutches)
● ROM exercises
● Closed kinetic chain exercises
● Weight-bearing strengthening (quadriceps/hamstrings)
● Reinjury prevention education
● Knee orthoses

Operative

● The primary candidates for ACL reconstruction are those
patients with an active lifestyle in which instability would
lead to further knee damage.

● Multiple surgical techniques have been described with no
clear consensus as to the best mode of reconstruction.
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● Currently, the three major options are bone–patellar
 tendon–bone autograft, semitendinosus and gracilis bun-
dled autograft, and various allograft choices.

● The initial rehab begins with preoperative ROM exercises
with the goal to match the unaffected side (phase I).

● Immediate postoperative ROM from full extension to
90 degrees of flexion as well as complete wound healing is
the goal in the first 2 weeks (phase II).

● From weeks 3 to 5, extension should be maintained and
gradual increase to full flexion should be reached (phase III).

● Six weeks postop and beyond is considered the safe point
for strengthening programs with emphasis on closed-chain
weight-bearing exercises.17

Prognosis/Return To Play

● The return to play after an ACL tear is less predictable than
that after an MCL tear. Most patients will be able to return
to some activities, but often at a decreased level as com-
pared to preinjury. 

● Patients that elect nonoperative treatment should undergo
an extensive rehabilitation protocol and likely could return
to sport at around 6 months if return is capable. 

● Most high-level athletes elect to have a reconstruction, and
this is associated with intensive perireconstructive rehabil-
itation. Return for such athletes is usually 6 to 9 months,
with some requiring up to a year. 

● Long-term studies have shown that early arthritic changes
are not necessarily prevented by joint stabilization by
 surgical means. This should be discussed with the patient
before surgical intervention.17

Complications/Indications for Referral

Athletes that are diagnosed with an acute ACL injury and
want to return to their prior activity will likely need referral
to an orthopedist. Acute management including the initia-
tion of a comprehensive rehabilitation program can be
started by the primary physician, which will help to effi-
ciently manage these athletes. Beware of the patient with as-
sociated fractures or multiple ligamentous injuries. Prompt
evaluation of these patients is crucial for timing of appropri-
ate surgical procedures. 

APPROACH TO THE ATHLETE
WITH POSTERIOR CRUCIATE

LIGAMENT INJURIES

HISTORY AND PHYSICAL EXAMINATION

The most common cause of PCL injury is via a mechanism
in which the tibia is forced posterior with the knee bent. This
is frequently the case in a motor vehicle accident when the

tibia is struck by the dashboard. In sports, this mechanism
can be the result of a direct blow to the proximal tibia anteri-
orly or with a fall onto the tibial tubercle with the knee bent
and the ankle plantarflexed. Acutely, the athlete may describe
a sense of instability. Typically there is only minimal pain
and effusion. Inspection may reveal abrasion and/or ecchy-
mosis over the anterior proximal tibia. There are many spe-
cific exams that may aid in the diagnosis of a PCL injury. The
most sensitive exam for an isolated PCL injury is the poste-
rior drawer test. This is preformed with the knee bent at
90 degrees. The examiner then applies a posterior force over
the proximal tibia. The amount of laxity is measured against
the opposite knee. The posterior sag test is preformed with the
patient supine and the hip and knee flexed at 90 degrees. In
an injured PCL the tibia will noticeably “sag” as compared to
the uninjured knee. The quadriceps active test is preformed
with the patient supine and the hip at 45 degrees and knee at
90 degrees. The ankle is stabilized and the patient is asked to
fire their quadriceps. With a PCL injury the examiner can
observe reduction of the tibia from the original  posterior
subluxation after quadriceps contraction. 

Classification of Acute Injuries

Classification of PCL injuries can be graded during exami-
nation and is based on the posterior drawer test. In a grade I
injury, the tibial plateau remains proudly anterior to the me-
dial femoral condyle; in a grade II tear, the tibial plateau is
palpated flush with the condyles; and in a grade III tear, the
tibial plateau is posterior to the femoral condyles. 

DIAGNOSTIC TESTING

Plain radiographs can help in the acute evaluation of PCL
injuries by ruling out associated osseous injury. The lateral
knee view may also show clear evidence of posterior transla-
tion of the tibia or acute avulsion fractures. The posterior
subluxation can be accentuated by obtaining gravity-assisted
stress radiographs. MRI is extremely useful in the evaluation
of PCL and associated injuries and is easily seen on sagittal
views. 

TREATMENT

Nonoperative

● The initial treatment of acute grades I and II PCL tears can
be conservative with a brief period of splinting and pro-
tected weight bearing.

● Early ROM and quadriceps strengthening can usually be
initiated soon after injury, and recovery of strength and
ROM generally occurs quickly.

● Most athletes can return to sports within 4 weeks.19
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● Acute treatment of grade III tears can also be treated suc-
cessfully nonoperatively, but this is more controversial.

● The current recommendation is to splint the knee in full
extension for 2 to 4 weeks followed by early ROM and
strengthening.

Operative

● Surgical treatment is indicated for acute bony avulsion
fractures and combined PCL injuries with other ligament,
meniscal, or bony lesions.20

● Patients who fail conservative management should also be
considered for surgical treatment. Some orthopedists rec-
ommend surgical management of grade III tears as well as
combined injuries in the athlete. 

Prognosis/Return To Play

● The prognosis for PCL injuries overall is excellent when
presenting in isolation. 

● Natural History: In 1986, Parolie and Bergfeld reported that
approximately 2% of college senior football players at the
National Football League (NFL) predraft examination were
found to have chronic asymptomatic PCL-deficient knees.
There have been  numerous studies that document good to
excellent results for return to play in acute PCL tears.21

● Most athletes return to sport between 4 and 6 weeks—
those with grade I and II injuries returning earlier than
their grade III counterparts. 

● If nonsurgical management fails, surgical treatment is
considered and may extend the duration away from sport.
The athlete should not return to sport with an unstable
knee as reinjury can occur. 

Complications/Indications for Referral

Patients with an isolated PCL injury are likely to function
with minimal disability. Referral should be made when con-
servative measures fail or instability is significant enough to
limit daily activities and sport. Beware of associated liga-
mentous injuries, especially injuries of the PLC. These in-
juries are complex and difficult to treat and should be
evaluated by an orthopedic specialist. 

APPROACH TO THE ATHLETE
WITH LATERAL KNEE

LIGAMENTOUS INJURIES

HISTORY AND PHYSICAL EXAMINATION

The usual mechanism for posterolateral knee injuries
 involves knee hyperextension with a varus moment com-
bined with a twisting force. The most common mechanism

is a posterolateral-directed blow to the medial tibia, but
 injury can also occur with sudden deceleration of the upper
leg and torso with the lower leg fixed. Patients usually report
pain along the lateral and posterolateral knee. Some may have
associated motor or sensory changes secondary to peroneal
nerve injury/irritation. After the acute swelling resolves,
 patients typically note instability in extension. They typically
have trouble with lateral cutting maneuvers as well as ascend-
ing and descending stairs.22 On examination, patients may
exhibit hyperextension of the knee as well as a varus thrust in
the stance phase of gait. Examination of the knee may reveal
ecchymosis or abrasion over the anteromedial proximal tibia
and/or varus alignment of the knee not evident on the oppo-
site side. Few specific physical exam tests are highly sensitive
or specific for posterolateral injuries, so a high index of suspi-
cion is needed in the diagnosis of these injuries. In general,
the lateral collateral ligament should be examined with a
varus stress at full extension and 30 degrees, and laxity should
be compared to the unaffected knee. The dial test helps to
discern posterolateral injuries from combined posterolateral
and PCL injuries. To perform this test the patient should be
relaxed and in the prone position on the examination table.
The knee is fixed and the tibia is  externally rotated at both
30 and 90 degrees of knee flexion. Posterolateral subluxation
of the lateral tibial plateau at 30 degrees only suggests PLC
 injury, whereas subluxation at both 30 and 90 degrees indi-
cates both PLC and PCL injuries.

DIAGNOSTIC TESTING

Plain radiographs of the knee may show acute avulsion frac-
ture of Gerdy’s tubercle (indicating iliotibial band injury),
fibular tip avulsion, or fibular head fracture. MRI is an excel-
lent diagnostic tool in the evaluation of the PLC and other
associated injuries. The soft-tissue detail heavily aids in the
diagnosis of these difficult injuries.

TREATMENT

Nonoperative

● It is difficult to predict the natural history of isolated PLC
injuries, as significant long-term studies have yet to be
published.

● It has been postulated that early degenerative changes can
occur as with most other ligament injuries about the knee.
Studies have shown that professional and recreational
 athletes who sustained isolated PLC injuries did not have
evidence of impaired function initially.22,23

● Initial treatment of the acutely injured athlete with mild
instability and minimal to no symptoms or functional
limitations should include a period of immobilization
(2 to 4 weeks) followed by a rehabilitation program  focused
on ROM and quadriceps strengthening.6
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Operative

● Indications for surgical treatment include symptomatic
instability with functional limitations.

● In general, surgical repair is recommended within 2 weeks
of injury.

● The diagnosis and treatment of combined ligament injury
(ACL/PCL � PLC) as well as knee malalignment are
 important for long-term functional status.

● Knee malalignment is typically treated surgically via a prox-
imal tibial valgus osteotomy or some other bony  procedure.

Prognosis/Return To Play

● The effect of the acute PLC injury in the athlete has not
yet been clearly defined. Most patients do not exhibit
 functional disability or impaired function. 

● It has been postulated that these injuries predispose the
athlete to early degenerative disease. 

● Nonoperative treatment of these injuries can be associated
with return to full preinjury activities. After the initial 2 to
4 weeks of immobilization, rehabilitation and gradual
 return to sport-specific drills can typically start at 6 to
8 weeks as strength increases. 

● Operative patients typically require a well-supervised
 rehabilitation program for 9 to 12 months. 

● The most severe injuries, especially those with associated
ligamentous injuries, typically result in an inability to
 return to vigorous activities postoperatively.6

Complications/Indications for Referral

PLC injuries that are associated with frank instability should
be referred to an orthopedic surgeon. It is important to rec-
ognize combined injuries, especially those of the ACLs or
PCLs, as prompt surgical treatment of these combined in-
juries has been shown to yield better long-term outcomes.

APPROACH TO THE ATHLETE WITH
MENISCAL TEARS OF THE KNEE

HISTORY AND PHYSICAL EXAMINATION

Acute injury to the meniscus can occur both alone and in the
setting of other injuries. When isolated, the most common
mechanism is a twisting injury or hyperflexion event.
 Oftentimes, the athlete notes immediate pain and swelling.
Pain with squatting is also sometimes a sign of meniscal
pathology. Loss of motion with a mechanical block to exten-
sion is frequently due to a displaced bucket-handle tear of
the meniscus and usually requires surgical management.
 Examination for meniscal pathology begins like any other
acute knee injury. Inspection for an effusion followed by
 palpation, ROM, and ligament laxity should be initially

accessed. Joint line tenderness has been shown in one study
to be the best clinical sign of a meniscal tear with a sensitivity
of 74% and positive predictive value of 50%.24 This was not
true in the setting of acute ACL pathology.25 The McMurray
test has been shown not to be as sensitive. This test, though,
in combination with history and other physical exam find-
ings may aid in the diagnosis. To perform the McMurray test
the patient is positioned supine on the examination table.
The knee is flexed, and the medial joint space is palpated
with the examiner’s thumb. A valgus force is applied to the
knee with the lower leg in external rotation, and the leg is
 extended. If this maneuver causes a palpable or audible
“click,” there is a probable meniscal tear.26

DIAGNOSTIC TESTING

Plain radiographs will be unlikely to show evidence of
meniscal injury, but they will help to rule out associated os-
seous injury. Standard AP, lateral, and weight-bearing views
at 30 or 45 degrees should be preformed. These views will
allow for the diagnosis of fracture and early joint space nar-
rowing, which may change treatment strategies. In a recent
study, MRI was shown to accurately detect meniscal pathol-
ogy in approximately 95% of cases.27 The criterion standard
for confirmation of meniscal tears is direct visualization
through arthroscopy. The types of meniscal tears are beyond
the scope of this chapter, but include oblique, transverse
 (radial), horizontal, vertical–horizontal (can be a displaced
bucket-handle tear), or degenerative. 

TREATMENT

Nonoperative

● A common misconception is that all meniscal tears need
surgical management. 

● Short, stable vertical tears (�10 mm); stable  partial-
thickness tears; and small radial tears (�3 mm) may heal
spontaneously or remain asymptomatic. 

● It is difficult to know how prevalent these types of tears are
since most are likely not reported or imaged. 

Operative

● It is rare for an athlete to be treated nonoperatively for
an acute meniscal tear, given their symptomatology and
activity level. 

● The surgical indications for arthroscopic treatment of
meniscal tears are given in Table 18.1. 

Commonly accepted criteria for meniscal repair include the
following:

● A complete, vertical, longitudinal tear greater than 10 mm
in length
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● A tear within the peripheral 10% to 30% of the meniscus
or within 3 to 4 mm of the meniscocapsular junction

● An unstable peripheral tear
● The absence of secondary degenerative changes
● A tear in an active patient
● A tear associated with concurrent ligament stabilization 

Prognosis/Return To Play

● Prognosis of meniscal tears depends on the injury type
and treatment. 

● For stable tears treated nonoperatively or partial menisec-
tomy athletes, there have been no studies to recommend
time away from sport. 

● The return to play depends on pain, ROM, and strength,
when the standard criteria for return to sport are met. 

● Following meniscal repair, athletes are typically able to re-
turn to all activities three to four months post-operatively.28

Complications/Indications for Referral

In general, because successful nonoperative management is
rare in athletes, most patients with a confirmed acute
meniscal tear should be evaluated by an orthopedist for
consideration of operative management. The patient who
presents with a displaced bucket-handle tear may be unable
to fully extend the lower extremity. It should be recognized
that many of these injuries will need acute surgical inter-
vention. Meniscal repair in the setting of ACL reconstruc-
tion yields better meniscal healing than repair without ACL
reconstruction. 

APPROACH TO THE ATHLETE WITH
OSTEOCHONDRITIS DISSECANS

OF THE KNEE
Numerous theories have been proposed, but the etiology of
OCD is unclear. The three major mechanisms are hereditary,
vascular, and traumatic. This chapter reviews those lesions
precipitated by trauma. 

HISTORY AND PHYSICAL EXAMINATION

There is a distinction between adult and juvenile forms of
OCD. OCD with open physes is known as the juvenile form.
Some authors note that the adult form is likely an unrecog-
nized juvenile form that later becomes apparent on radio -
graphs. Early presentation often consists of poorly defined
complaints. Anterior knee pain may be present, as well as in-
termittent swelling. Periods of increased activity closely re-
late to pain and increased swelling. In more advanced cases,
persistent edema/effusion may be accompanied by catching,
locking, or giving way. In late-stage disease the sensation of a
loose body is sometimes described.14

Exam of the knee begins with a systematic approach, as
discussed earlier in this chapter, to identify concurrent
pathology. Wilson described an external rotation mecha-
nism of the tibia during the gait cycle signifying compensa-
tion for impingement of the tibial eminence on an OCD
lesion of the medial femoral condyle.29 Wilson’s test involves
reproduction of pain on exam with internal rotation of the
tibia during extension of the knee from 90 to 30 degrees.
Once pain is elicited, external rotation usually alleviates the
pain. This test has a poor predictive valve but may be helpful
in following the disease for resolution. 

DIAGNOSTIC TESTING

Plain radiographs are the primary tools in initial diagnosis
of an OCD lesion. Standard anterior/posterior, lateral, axial,
notch, and weight-bearing views should be obtained. Occa-
sionally OCD lesions can be missed on standard anterior/
posterior views in full extension because of its location—
flexion views may allow visualization. The classic location
for an OCD lesion is the lateral aspect of the medial femoral
condyle. Plain radiographs provide insight into lesion size,
location, and sclerosis. 

MRI has also been shown to aid in the workup by
 attempting to characterize stability. Typically, lesions are
identified as fluid behind the cartilage, as shown on
T2-weighted images. This is indicative of a partial or total
breech of the cartilage. Criteria for fragment instability
 include (1) an area of increased homogenous signal 5 mm
or greater in diameter beneath the lesion, (2) a focal defect
5 mm or greater in the articular surface, and (3) a high-
signal line traversing the subchondral plate into the lesion.
The criterion standard for diagnosing stability is direct
 visualization—as with arthroscopy. 

Classification

The classification system described by Cahill and Berg30 is
the one most commonly used. In this system, anteroposte-
rior and lateral radiographic views are divided into multiple
regions. Anteroposterior zones are signified by numerical
values ranging from 1 to 5 (1 medial to 5 lateral). The lateral

Indications for Surgical Management
of Meniscal Pathology

1. Symptoms of meniscal injury that affect activities of daily
living or sports

2. Positive physical findings such as joint line tenderness,
joint effusion, limitation of motion, pain with squatting,
or positive McMurray test

3. Failure to respond to nonsurgical treatment including ac-
tivity modification, NSAIDs, and a rehabilitation program

4. Absence of other identifiable causes of knee pain

T A B L E  1 8 . 1
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radiograph is divided by lettered zones A through C
 (Blumensaat’s line anteriorly and the posterior cortical line
posteriorly).

TREATMENT

Nonoperative

● The goal of treatment is to promote healing of the lesion
and prevent further displacement or propagation. 

● Stable lesions on radiographs and MRI can usually be
treated nonsurgically with activity modification and
 restricted weight bearing for a 3-month period with re-
evaluation following that course. 

● Nonsteroidal anti-inflammatory drugs (NSAIDs) can be
used.

● ROM exercises can be performed to maintain flexibility.
● In some cases in which a patient cannot be compliant with

non–weight bearing, a brace or cast can be used. 

Operative

● Transchondral drilling
● Chondrocyte transplantation
● Osteochondral grafts14

Prognosis/Return to Play

● The approach to return to play of an athlete with an OCD
lesion sometimes can be a difficult task. Oftentimes it is
unclear as to the healing stage of the lesion. 

● Conservative management entails observation with no
weight bearing for 3 months, and depending on symptoms
and radiographs, return to sport-specific activities can
usually commence shortly thereafter. 

● Return to play after surgical treatment is dependent on the
type of procedure preformed. Return after microfracture,
periosteal grafting, and osteochondral autogenous transfer
typically begins at 3 to 6 months postoperatively. 

● Some advocate repeat MRI to evaluate the amount of
 incorporation for osteochondral transfers. 

● Recommendations for return to play following osteochon-
dral allografts and autologous chondrocyte implantation
approach 6 months and 14 to 16 months, respectively.28

Complications/Indications for Referral

Osteochondral lesions that are unstable or become unstable
need prompt referral to an orthopedist for consideration of
surgical management. Stable lesions that do not respond to
conservative management can also be referred, or if other
 injuries are suspected to contribute to the clinical picture.

APPROACH TO THE ATHLETE WITH
A TIBIAL PLATEAU FRACTURE

Tibial plateau fractures are injuries associated with a high-
energy mechanism. The majority of tibial plateau fractures
are secondary to high-speed motor vehicle accidents and falls
from heights. They are typically axial compressive injuries
with either a valgus (more common) or a varus moment.
When a single plateau is involved, it is usually the lateral
plateau. Although it is uncommon for these injuries to occur
in the athlete, it is essential to diagnose and treat them ap-
propriately, as a delay in diagnosis can lead to a devastating
long-term outcome. 

Tibial plateau injuries are associated with a variety of
 ligamentous injuries, which include (1) collateral ligament
injuries (7% to 43%), (2) ACL tear (23%), and (3) meniscal
injuries (50%). These injuries may be difficult to diagnose
acutely secondary to the pain and swelling associated with
plateau fractures. In the case of a bicondylar tibial plateau
fracture, frank knee dislocation must also be suspected and
evaluated.31

HISTORY AND PHYSICAL EXAMINATION

The typical patient with a tibial plateau fracture complains of
moderate to severe pain in the knee. The knee is often visually
swollen, with the most severe injuries at risk for compart-
ment syndrome secondary to the swelling. Pain out of pro-
portion to injury and pain with passive flexion or extension
of the ankle and toes are the most sensitive history and phys-
ical exam findings indicative of compartment syndrome.
This, if present, is a surgical emergency. Most patients will be
unable to weight bear secondary to pain and/or instability.

A complete physical exam of the knee is warranted as
outlined earlier in this chapter. A comprehensive ligamen-
tous examination may be exceedingly difficult with a very
painful and swollen knee and may be misleading if gross dis-
placement of a tibial plateau fracture is present. A careful
neurovascular exam should also be preformed. The peroneal
nerve is in proximity to the lateral tibial plateau and thus can
be injured acutely. 

DIAGNOSTIC TESTING

Plain radiographs are the initial diagnostic test that will aid
in the diagnosis of a tibial plateau fracture. Anteroposterior,
lateral, and oblique views should be obtained in the acute
setting. Injuries can include stress, nondisplaced, displaced,
and impacted fractures. For the highly displaced fracture, a
traction view may be helpful to delineate fracture pattern.
Classification of these injuries is based on plain radiographs
and has been described by Schatzker. 

CT has highly increased the diagnostic accuracy in the
evaluation of tibial plateau fractures and is useful in
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 preoperative planning. CT with sagittal and coronal
 reconstructions should be obtained in the majority of these
injuries.

TREATMENT

Nonoperative

● Completely nondisplaced or very minimally displaced
fractures can usually be managed successfully without
 surgery. 

● These patients are placed in either a knee immobilizer or a
hinged knee brace and made non–weight bearing for a
 period of 8 to 12 weeks. 

● During this time, fracture displacement is an indication
for operative management. 

● Early knee ROM to prevent stiffness is essential and
 encouraged as soon as acute swelling subsides. 

Operative

● High-energy traumatic tibial plateau fractures are serious
injuries and will require surgical management.

● Varus or valgus instability greater than 10 degrees in full
 extension is usually an indication for operative treatment.32

● A displaced or unstable fracture is usually best treated
acutely with external fixation to stabilize the fracture and
allow for an adequate soft-tissue envelope for delayed
open reduction and internal fixation.

● The main goals of surgical treatment are reconstruction
of the articular surface and re-establishment of tibial
alignment.32,33

Prognosis/Return To Play

● The athlete with a tibial plateau stress fracture has a rela-
tively good prognosis. 

● The guideline for return to activity is reliant on the healing
of the fracture. This can be accessed by plain films, CT
scan, or MRI—MRI being the most sensitive in assessing
occult fractures. 

● Once healing has occurred, weight bearing can be ad-
vanced, and a slow return to sport-specific activities is
begun with the emphasis that bony architecture is weak-
ened secondary to disuse. 

● Weight bearing is usually advanced to as tolerated at the
6- to 8-week point. If there is no pain associated with
normal gait, the slow progression into sport is initiated.
Please refer to Appendix C, “Interval Running Program,”
for details on a graduated return to running program. 

● Those athletes with more severe bony injuries that warrant
surgery should expect to be away from sport for at least
6 months to a year.

Complications/Indications for Referral

In general, any patient with an acute tibial plateau fracture
should be referred to an orthopedic surgeon. Beware of any
knee injury that incurs large amounts of swelling or defor-
mity, as this may be a sign of a displaced tibial plateau
 fracture or dislocation. These injuries can be surgical emer-
gencies if compartment syndrome ensues or a dislocation is
found. The amount of long-term bony, chondral, and soft-
tissue damage of a dislocation or gross deformity is directly
related to the time from initial injury to the time of reduc-
tion or stabilization. 

KEY POINTS

• Knee injuries are common in the athlete, can lead to
major disability, and can decrease the athlete’s ability
to return to prior level of play

• Medial collateral ligament (MCL) injuries, in general,
can be treated nonoperatively with great success

• Most athletes who engage in pivoting sports and want
to return to such activities will benefit from surgical
reconstruction of anterior cruciate ligament tears

• The majority of posterior cruciate ligament injuries
can be treated conservatively

• OCD lesions are difficult to diagnose and treat, but
there are well-defined surgical indications

• Tibial plateau fractures, when associated with a high-
 energy mechanism of injury, should be evaluated and
treated by an orthopedic specialist for consideration of
operative management
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C H A P T E R

Athlete with Knee Pain
Carolyn Saluti

INTRODUCTION
Running is an excellent activity to keep a person healthy.
Many people choose to run because of its convenience and
affordability. It has many health benefits, but along with
the benefits, there are also injuries. Knee pain is a common
symptom seen in runners with up to 50% of running in-
juries occurring at the knee.1 There are many etiologies of
knee pain, but a good history and physical exam can differ-
entiate between the causes.

FUNCTIONAL ANATOMY
The tibiofemoral joint is the largest joint in the body (see
Figs. 18.1 and 18.2). The femur sits on the articular surface
of the tibia with the meniscus acting as a cushion between
the two bones. The menisci are essential parts of the knee
joint for weight bearing, stabilization, energy absorption,
and joint lubrication. The capsule of the tibiofemoral joint is
continuous with the capsule of the patellofemoral joint. The
patellofemoral joint is comprised of the femoral trochlea in
which the patella glides. The patella lies within the quadri-
ceps tendon. The quadriceps tendon becomes the patellar
tendon distal to the patella, which inserts onto the tibial
tuberosity. Smooth hyaline cartilage covers the undersurface
of the patella, which protects the patella during weight bear-
ing. This is actually the thickest articular cartilage in the
body. The iliotibial band (ITB) originates in the lateral hip
region, crosses the knee joint, and attaches on the lateral
tibia at Gerdy’s tubercle. The pes anserinus lies just medial to
the tibial tuberosity and is the insertion site of the semi-
tendinosus, sartorius, and gracilis tendons. There is a bursa
located at this area known as the pes anserine bursa.

EPIDEMIOLOGY
The knee is the most common site for injury in a runner.
Studies have shown that the predominant site of lower ex-
tremity injury in runners is the knee, with the incidence
ranging from 7.2% to 50%.1 Females have a greater inci-
dence of lower extremity injuries compared to males.1

Greater training distance per week (more than 64 km/wk) is
a risk factor for lower extremity injury in men, while an in-
crease in training distance per week is a protective factor
against knee injuries in both men and women.1 History of
previous injuries is a risk factor for future injuries while run-
ning. High endurance strength in adolescence is a predictor
of knee injury in men.2

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

A thorough history may give enough information for the
 diagnosis. Important questions to ask are if the athlete has
had any changes in training surface, intensity of exercise,
mileage, or footwear. Inquire if the athlete has had an injury
in the knee before, how long they have had pain, what the
pain inhibits them from doing, and if they have done any re-
habilitation. Find out if they have any joint swelling, locking
or giving out of the knee, any night pain, systemic symp-
toms, or pain in joints other than their knee.

The location of the pain can help focus the differential to
particular conditions (see Fig. 18.9).

Anterior knee pain may be caused by patellofemoral pain
syndrome (PFPS), patella subluxation, chondromalacia patel-
lae, osteochondral defect, patellar tendinopathy, Osgood–
Schlatter disease (OSD), Sinding-Larsen–Johansson syn-
drome, prepatellar bursitis, quadriceps tendinopathy, fat pad
syndrome, or degenerative joint disease (DJD). Lateral knee
pain may be due to ITB friction syndrome, lateral meniscus
tear, or lateral collateral ligament sprain. Medial knee pain
may be secondary to plica, medial collateral ligament (MCL)
sprain, medial mensical injury, or pes anserine bursitis.
 Posterior knee pain can be from popliteal cyst, hamstring
strain, or posterior horn meniscal cyst.

Evidence-based Physical Exam

It is important to examine the asymptomatic knee so that a
comparison can be made between the two. While examining
the knee, keep in mind that knee pain can be referred from
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other areas, such as the hip, particularly with young children.
Description of specific knee exam maneuvers as related to
overuse knee injuries is listed later in the chapter. Examina-
tion of acute injuries is reviewed in Chapter 18, Athlete with
Acute Knee Injuries. Key point to remember is that the pres-
ence of an effusion in overuse knee pain strongly suggests
intra-articular pathology including a degenerative meniscal
tear, osteoarthritis (OA), osteochondritis dissecans (OCD),
articular cartilage injury, or occult intra-articular fracture.
Majority of overuse knee injuries, however, do not result in
knee effusion as the structures are extra-articular (patella
tendon, ITB) or are functional in nature (patellofemoral
syndrome). Pain that radiates down the leg, dysthesias, or
paresthesias is typically secondary to lumbar spine etiology.
The following is a systematic approach to the knee exam
with focus on overuse etiologies.

Inspection

The exam can begin with observation of the patient stand-
ing. Focus should be on any evidence of genu valgum or
varum (Fig. 19.1). Genu valgum can be associated with
patellofemoral syndrome, while genu varum is most often
associated with medial compartment knee OA. While stand-
ing, observe for any quadriceps atrophy by having the pa-
tient contract their quadriceps. Note the position of the
patellae, whether they face in or out. Patellae that face in are
a sign of femoral anteversion or increased medial femoral
torsion and can be seen in patients with PFPS. The examiner
should also observe the patient’s gait for signs of a painful or

antalgic gait. Once supine, observe the knee for any swelling,
erythema, or ecchymosis of the knee.

Palpation

After observing the knee, the examiner should palpate it for
signs of an effusion, warmth, or tenderness. An effusion
tends to signify an intra-articular injury such as anterior
cruciate ligament, posterior cruciate ligament, or mensical
injury, none of which are common in straightforward activ-
ities such as running.

Tenderness at the distal pole of the patella is found in
patellar tendinopathy and also in Sinding-Larsen–Johansson
syndrome. Tenderness in the patellar tendon itself can also
be found in patellar tendinopathy. OSD will exhibit tender-
ness and prominence at the tibial tuberosity. Palpate the me-
dial and lateral patella facets by displacing the patella
medially and laterally to feel the undersurface of the patella.
Tenderness is seen in PFPS, chondromalacia, plica syn-
drome, and patella joint OA. Palpate for the pes anserinus,
which is located medial and slightly distal to the tibial tuber-
cle. Tenderness is seen in pes anserine tendonitis and bursi-
tis. Moving lateral from the tibial tubercle, the insertion of
the ITB can be felt at Gerdy’s tubercle. Palpate along the
 entire ITB. Tenderness may indicate ITB friction syndrome.

Palpate the medial and lateral joint lines with the knee
flexed to 90 degrees. Athletes with mensical injuries will have
tenderness along the joint line. Tenderness at the medial or
lateral tibial plateau or along the distal femur could indicate
a stress fracture.

Genu varumNormal alignment Genu valgum

FIG. 19.1. Knee alignment: normal, genu varum, genu valgus. From Moore KL, Dalley AF II.
Clinical Oriented Anatomy. 4th ed. Baltimore: Lippincott Williams & Wilkins; 1999.
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Range of Motion

Normal range of motion is 0 to 140 degrees. It is common to
be able to extend into 3 to 5 degrees of hyperextension. Loss
of passive range of motion may be due to effusion, loose
body, or mensical injury.

Strength

Having the patient perform a single leg squat is another
method to look for quadriceps atrophy and weakness. Pa-
tients with PFPS tend to have quadriceps atrophy and weak-
ness especially of the vastus medialis oblique.3

Special Tests

Examine the mobility of the patella. It should move about
half of its width medially and laterally with the knee in ex-
tension. A tight ITB may cause the patella to track laterally.
Assessment of the ligaments and menisci can be done via
joint line palpation and McMurray’s test. Meniscal tears and
their exam are fully reviewed in Chapter 18, Athlete with
Acute Knee Injuries.

Special tests found to be helpful in the assessment of knee
pain in the runner include the patella grind test, the patella
apprehension test, Ober’s test, and Noble’s test. The sensitiv-
ity and specificity of these tests have not been documented
in the literature.

The patellar grind test assesses for patellofemoral dys-
function. It is performed by pressing on the area just proxi-
mal to the upper pole of the patella and having the patient
contract their quadriceps. If they have pain with this maneu-
ver, it is a positive patella grind test.

The Ober’s test examines the flexibility of the ITB. The
patient should lie on their side with the affected leg facing
up. The lower hip and knee should be straight. Standing be-
hind the patient, place one hand on the hip to stabilize it and
the other hand on the patient’s knee of the upper leg. The
hip of the upper leg is then passively abducted and extended
to about 40 degrees while the knee is in a flexed position.
 Finally, lower the leg into adduction as far as gravity will
allow. If the ITB is tight, the leg will remain abducted, or not
fall below horizontal, which results in a positive Ober’s test.

The Noble’s test assesses for ITB friction syndrome. While
the patient is in the supine position, flex the knee to 90 de-
grees. The examiner should place their thumb on the lateral
femoral epicondyle and move the leg into extension. Pain
with this maneuver (a positive Noble’s test) is caused by the
ITB rolling over the lateral femoral epicondyle.

Diagnostic Testing

Laboratory

Laboratory work is usually not required when diagnosing
the etiology of knee pain. If the patient has systemic or infec-
tious symptoms, then there may be a need for appropriate

serology or cultures. A knee effusion without history of
trauma should raise suspicion for possible autoimmune or
infectious etiology and prompt serologic evaluation includ-
ing lyme titers in endemic regions.

Imaging

X-rays should be the initial study when attempting to diag-
nose knee pain. Anteroposterior (AP) and lateral views
should be obtained. AP weight bearing of the knees in 30 de-
grees of flexion (tunnel view) should be assessed for joint
space narrowing if concerned about OA; this will also show
evidence of an osteochondral defect if one is present. The
lateral view should be obtained to evaluate for OSD. An axial
view (also known as sunrise, skyline, or merchant view) will
show the position of the patella in relation to the femur. It is
common to see laterally displaced patellae in patients with
patellofemoral syndrome.

Magnetic resonance imaging (MRI), computed tomogra-
phy (CT), and bone scintigraphy may be needed if patient
requires further evaluation. MRI is the preferred study for
soft-tissue structures, while a CT can delineate bony struc-
tures including cortical defects not appreciated on plain ra-
diographs. Due to the relatively high radiation exposure
with CT, its use should be limited to cases where imaging re-
sults would significantly alter management. Bone scintigra-
phy (bone scans) may be utilized to rule out metabolically
active bone lesions or bone stress injuries.

Other Testing

Other diagnostic testing is generally not required in the rou-
tine evaluation of overuse knee injuries.

APPROACH TO THE ATHLETE WITH
PATELLOFEMORAL PAIN

SYNDROME (RUNNER’S KNEE)
PFPS, also called “runner’s knee,” is the most common cause
of overuse anterior knee pain in athletes, and studies have
shown it to be the most common cause of knee pain in run-
ners.4,5 PFPS is pain localized to the patellofemoral joint with
unaffected articular cartilage. Among adolescents and young
adults, patella disorders are the most common knee problems
seen.6 Incidence has been reported to be as high as one in
four in athletes. PFPS is typically an overuse injury, but can
be a traumatic injury as well. PFPS affects 15% to 33% of
adults and 21% to 45% of adolescents, being more common
in female adolescents. The exact etiology of pain is un-
known, but the syndrome is felt to be secondary to abnormal
tracking of the patella in the femoral groove. Contact
stresses on the patellofemoral joint are higher than any other
weight-bearing joint. Predisposing factors have been suggested
to be a lateral tracking patella,7 tight lateral retinaculum, tight
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ITB, hip musculature weakness, abnormal vastus medialis
oblique/vastus lateralis reflex timing, or an excessive Q angle
(�20 degrees).8 PFPS should be differentiated from other
causes of anterior knee pain including chondromalacia,
patellar tendinopathy, and patellofemoral joint OA.

HISTORY AND PHYSICAL EXAM

Patients will complain of anterior knee pain, or pain behind
the patella. They may isolate the pain to the medial or lateral
aspect of the patella. When asked where the pain is, patients
often draw a circle around the patella with their finger. Run-
ning, jumping, and walking up- and downstairs tend to ex-
acerbate PFPS. They may also have pain after prolonged
periods of sitting (theater sign), getting up from a chair, and
squatting. The onset of pain is insidious and will often stop
the athlete from participating in activity when severe.

On physical exam, conditions such as femoral antever-
sion and external tibial torsion should be noted as they may
lead to patellofemoral joint pain. Increased patella mobility
may play a role in PFPS.6 A tight ITB or lateral retinaculum
may cause a lateral tracking patella and create pain. Palpate
the medial and lateral patella facets for tenderness by medi-
ally and laterally deviating the patella and palpating its un-
dersurface. Patella grind test will generally recreate patients’
pain with PFPS. Check the flexibility of the quadriceps and
gastrocnemius muscles because decreased flexibility has
been shown to be a risk factor for PFPS.6 A single leg squat
performed by the patient enables the examiner to evaluate
the quadriceps strength, in particular the vastus medialis
oblique. Also, patients with PFPS tend to have pain with
squats. Studies have shown that runners with higher knee
abduction impulses are at increased risk for PFPS.9

DIAGNOSTIC TESTING

For athletes with chronic knee pain or history of trauma, im-
aging helps to rule out more serious conditions. Radio -
graphs, especially the sunrise or merchant view, of the knees
may show lateral tracking of the patella. The presence of
patella spurring indicates patellofemoral OA rather than
PFPS. If symptoms persist, consider an MRI to look for
 osteochondral defects, chondromalacia, or occult intra-
 articular pathology.

TREATMENT

Nonoperative

● Nonoperative treatment is the mainstay of therapy.
● Activity modification involves limiting bending, kneeling,

squatting, or excessive stairs.

● Physical therapy (PT) to increase strength of quadriceps,
 especially the vastus medialis oblique, and the gluteus
 muscles.

● One study showed that by strengthening hip flexors,
stretching the ITB, and improving iliopsoas flexibility,
 patients were able to decrease their knee pain.10

● A randomized placebo-controlled study found a 6-week,
once weekly program significantly reduced PFPS symp-
toms compared with a sham PT program.11 The program
consisted of quadriceps muscle retraining, patellofemo -
ral joint mobilization, patellar taping, and daily home
 exercises.

● Nonsteroidal anti-inflammatory drugs (NSAIDs) help al-
leviate the pain of PFPS on a short-term basis, but have
not been proven to help in the long term.12

Operative

● Surgery is rarely required and reserved for recalcitrant
cases that have not responded to a prolonged course of
conservative treatment.

● The type of surgical procedure depends on the character-
istics of patellar maltracking.

● Patients with a tight lateral retinaculum associated with a
rotational tilt of the patella may benefit from a lateral re-
lease surgery, usually done by arthroscopy. Side effect of
the surgery is medial patellar subluxation.

● Arthroscopic patellar debridement alone may be enough
for some patients to decrease their pain.

● Other surgeries are proximal realignment or distal realign-
ment: both procedures are often done with anteromedial-
ization of the tibial tubercle.13

● One study of patients with chronic PFPS concluded that
when arthroscopy was used in addition to a home exercise
program, there was no better outcome compared to when
a home exercise program was used alone.14

Prognosis/Return to Play

● Patients generally have a good prognosis and respond well
to conservative treatment.

● Athletes may return to play on an as-tolerated basis as pain
improves.

Complications/Indications for Referral

Prolonged symptoms, progressively worsening symptoms, or
failure of conservative measures are indications for referral to
a sports medicine physician. Consider surgery when the ath-
lete has completed a thorough rehabilitation program for 6 to
12 months, yet pain persists. Indications for surgery include
inability to perform activities of daily living. Complications
are rare, but include patella dislocation if PFPS is associated
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with patella instability. A large knee effusion or signs of infec-
tion are red flags warranting immediate attention.

APPROACH TO THE ATHLETE WITH
ILIOTIBIAL BAND FRICTION

SYNDROME
ITB friction syndrome is an overuse injury and is the second
most common overuse injury in runners.5,9 It is the most
common running injury of the lateral knee and has an inci-
dence of 1.6% to 12%.15 The ITB originates in the lateral hip
region, crosses the knee joint, and attaches on the lateral
tibia at Gerdy’s tubercle (Fig. 19.2).

Pain is caused by friction between the ITB and the lateral
femoral epicondyle; friction is maximized when the knee is
flexed to 30 degrees. Contact with the epicondyle occurs
near foot strike, and in runners, the repetitive contact may
cause inflammation of the ITB, which then leads to degener-
ative changes or bursitis.

HISTORY AND PHYSICAL EXAM

ITB friction syndrome causes pain in the lateral aspect of the
knee. Pain is often worse with running downhill. The pain
will tend to resolve once the athlete stops running; however,
chronic ITB friction syndrome may cause pain with activi-
ties of daily living. The pain may stop them from running
when severe. A history of an increase in running distance or
weakly mileage is a risk factor but should also raise concern
for potential stress fracture.

On physical exam, patients will exhibit tenderness over
the lateral femoral epicondyle, 3 cm proximal from the lat-
eral joint line. The runner will often have a positive Ober’s
test indicating a tight ITB. Noble’s test is considered diagnos-
tic of the condition, but may be absent in milder cases.

DIAGNOSTIC TESTING

Imaging is not necessary for diagnosis but may rule out
 coexisting pathology. Plain radiographs will be normal. An
MRI will show thickening of the ITB over the lateral femoral
epicondyle and occasionally a small bursa inferior to the ITB
in chronic conditions; however, MRI is generally not needed
for diagnosis.

TREATMENT

Nonoperative

● The athlete needs to rest from running.
● Cross-training by swimming using arms only is a good

way to remain active.
● PT should be initiated with emphasis placed on stretching

the ITB, in particular with a foam roller. Additional focus
is on core, hip, and knee strengthening.

● PT helps reduce daily pain and treadmill running pain.15

● Deep transverse friction massage (DTFM) is a technique used
to break up myofascial tissue restrictions in ITB friction syn-
drome. DTFM combined with other physiotherapy modali-
ties has not shown consistent benefit over PT alone.15,16

● Running modification should also be a part of the treatment:
● Decrease mileage
● Refrain from hills
● Alternate which side of the street they run on to avoid a

sloped surface

Iliotibial band

Tensor muscle
of fascia lata

FIG. 19.2. Iliotibial band.
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● The athlete may return to running when they can perform
strengthening and stretching exercises without pain; up to
6 weeks is common.

● The athlete should start with running every other day and
then slowly increasing their distance (about 10% per
week) until they are able to run their previous routine
without pain.

● Corticosteroid injection just under the ITB at the lateral
femoral epicondyle can be very effective, especially in the
acute phase of ITB friction syndrome.15 Patients occasion-
ally need more than one injection. Allow 4 to 6 weeks to
see improvement prior to reinjecting.

● NSAIDs can help alleviate the pain and reduce inflamma-
tion, especially if used while participating in PT.

Operative

● Surgery may be an option if the patient is having pain after
6 months of conservative treatment.

● The surgery entails resecting a triangular piece of the pos-
terior half of the ITB at the lateral femoral epicondyle.

Prognosis/Return to Play

● Overall prognosis is excellent with conservative treatment.
● Graduated return to running as symptoms resolve will re-

duce risk of reinjury.

Complications/Indications for Referral

Prolonged symptoms, progressive worsening of symptoms,
and failure of conservative measures are indications for refer-
ral to sports medicine physician. Complications are rare but
may include occult stress fracture. Large knee effusion, lock-
ing, or signs of infection are red flags warranting attention.

APPROACH TO THE ATHLETE WITH
PATELLAR TENDINOPATHY

(JUMPER’S KNEE)
Patella tendinopathy is an overuse tendon injury caused by
repetitive overloading of the extensor mechanism. Previ-
ously, it was believed to be an inflammatory process and
called tendinitis; however, it is now believed to be mostly a
degenerative condition (tendinosis). The term tendinopathy
encompasses both tendinosis and tendinitis and better de-
scribes the underlying pathology.17 The tendon changes are
most commonly at the proximal insertion of the patellar
tendon; however, they can also occur at the distal portion or
within the tendon itself (Fig. 19.3).

Patella tendinopathy is also known as “jumper’s knee”
 because it occurs more commonly in athletes who partici-
pate in sports that involve explosive jumping, such as basket-
ball and volleyball. Estimated incidence is between 13% and
20% in athletes.18 As many as 40% to 50% of athletes who
participate in volleyball, basketball, and soccer have patellar
tendinopathy.19 Predisposing factors are felt to include OSD,
patella alta, chondromalacia, leg length discrepancy, or
 abnormal tracking of the patella. Sinding-Larsen–Johansson
syndrome is a traction apophysitis at the distal pole of the
patella that may present similarly and is found in the skele-
tally immature runner (see Chapter 24, Pediatric Athlete).

HISTORY AND PHYSICAL EXAM

The patient will complain of pain in the anterior knee,
specifically at the proximal end of the patellar tendon. The
pain is described as a dull ache during or after activity. The
pain may exist with walking up- and downstairs or after sit-
ting for long periods of time (theater sign). If they have had
pain for some time, it may start to interfere with their run-
ning. It is often an insidious onset and can occur after an in-
crease in activity.

On palpation, they will be tender at the inferior pole of
the patella and may also exhibit swelling in that same area.
There may be bogginess in the tendon. The runner may have
pain in the main body of the tendon with the knee in exten-
sion. Resisted knee extension and squatting tend to cause
pain in the patient.

Tendinitis

Quadriceps tendinitis 

Patellar tendinitis 

Osgood–Schlatter
disease

FIG. 19.3. Patellar tendinopathy.
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DIAGNOSTIC TESTING

A diagnosis of patella tendinopathy can be made clinically.
Occasionally, plain radiographs display osteopenia at the dis-
tal pole of the patella, calcification of the tendon, or a traction
osteophyte. MRI and ultrasound, although not needed for di-
agnosis, will show thickening of the tendon. Structural ten-
don changes seen on ultrasound and revascularization seen
on power Doppler are associated with a clinical diagnosis of
patellar tendinopathy and may also indicate a risk for devel-
oping tendinopathy when seen in asymptomatic athletes.20

TREATMENT

Nonoperative

● Resting or minimizing running/jumping should be the
initial treatment.

● Apply ice after exercise.
● PT should focus on strengthening and stretching of

quadriceps, hamstrings, and calf muscles.
● Eccentric strengthening has been shown to be 50% to 70%

successful in improving knee function and pain.20 A de-
cline board should be involved in the eccentric training
program, and the program should be performed with
some level of discomfort.19

● An eccentric drop squat program and a concentric leg ex-
tension/curl program have been shown to be effective
strengthening techniques.21

● Other modalities that may help are taping, massage, elec-
trotherapy, and ultrasound, though outcome studies are
lacking.

● Some athletes’ pain is alleviated with an infrapatellar strap
or band.

● NSAIDs help to reduce the pain, but have not been shown
to enhance healing.

● Other new techniques such as prolotherapy, autologous
blood, and platelet-rich plasma injections are currently
being studied for efficacy.

● Corticosteroid injections are contraindicated due to high
risk of tendon rupture associated with injection of a
weight-bearing tendon.

Operative

● Patients with chronic tendinopathy who have not re-
sponded to conservative methods after 3 to 6 months may
benefit from surgery.

● The objective of surgery is to excise the degenerative area
and then promote tendon restoration. Different tech-
niques to promote tendon repair include:
● Drilling of the inferior pole of the patella
● Removing the inferior pole of the patella and suturing of

the paratenon.

● Success rate of surgery has been found to be 70.9% to
91.5% depending on the surgical method used; however,
there is not enough evidence in the literature to assure a
full return to activity after surgery22 (level of evidence
(LOE) � 4).

Prognosis/Return to Play

● Overall prognosis is good; however, some athletes may
have prolonged mild symptoms. In one study, patients had
mild pain 15 years after the initiation of the study.23

● Return to running should be done in a graduated and
 progressive manner as pain improves.

● Recovery is slower if patients run while performing
 rehabilitation.

Complications/Indications for Referral

Prolonged symptoms, progressive worsening of symptoms,
and failure of conservative measures are indications for re-
ferral to sports medicine physician. Complications are rare
but may include potential tendon rupture in chronic severe
cases. Knee swelling, effusion, or signs of infection are red
flags warranting immediate attention.

APPROACH TO THE ATHLETE WITH
CHONDROMALACIA PATELLAE

Chondromalacia is an overuse condition causing anterior
knee pain secondary to softening and fissuring of the patella
femoral joint articular cartilage. Chondromalacia has been
used in the past to describe all causes of anterior knee pain,
but its current usage should be applied only to softening and
fissuring of the articular cartilage noted either on MRI or on
arthroscopy. It is not known whether chondromalacia is pro-
gressive or a predisposing risk factor for OA. Etiologies in-
clude trauma, malalignment, biomechanical, or metabolic. It
is seen in young adults and more commonly in females.

HISTORY AND PHYSICAL EXAM

On history, the runner may state that they have pain with
walking up- and downstairs, squatting, sitting for prolonged
periods of time (theater sign), or rising from a chair. It is
usually an insidious onset and presents as a dull ache in the
anterior knee.

On exam, observe for femoral anteversion, external tibial
torsion, foot pronation, and genu varum or valgum, as these
conditions may predispose patients to chondromalacia
patella. Palpate the medial and lateral patella facets for ten-
derness. The athlete may also have a positive patellar grind
test (pain with contraction of the quadriceps as pressure is
held on the patella).
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DIAGNOSTIC TESTING

MRI will show the articular cartilage thinning and fissuring.

TREATMENT

Nonoperative

● Initial treatment is activity modification.
● Rehabilitation includes stretching of the hamstrings and

strengthening of the quadriceps and gluteus muscles along
with single-leg proprioception exercises.

● NSAIDs may be used to decrease the pain and inflammation.
● Corticosteroid injection may temporarily decrease pain

and inflammation.

Operative

● Occasionally, surgery is needed to correct malalignment in
patients that do not respond to conservative treatment.

Prognosis/Return to Play

● Overall prognosis is good with conservative measures.
● Running may need to be modified to limit hills.
● Athletes may run on an as-tolerated basis.

Complications/Indications for Referral

Prolonged symptoms, progressive worsening of symptoms,
or failure of conservative measures are indications for refer-
ral to a sports medicine physician. Complications are rare

but may include loose body formation from articular carti-
lage degeneration. Knee swelling, effusion, or signs of infec-
tion are red flags warranting immediate attention.

APPROACH TO THE ATHLETE WITH
OSGOOD–SCHLATTER DISEASE

OSD is a traction apophysitis of the tibial tuberosity caused
by repetitive stress. It is a common cause of knee pain sec-
ondary to running in females of ages 11 to 13 and males of
ages 13 to 15. The full description of the evaluation and
treatment of OSD can be found in Chapter 24, Pediatric
 Athlete.

APPROACH TO THE ATHLETE WITH
KNEE OSTEOARTHRITIS

Knee OA is a progressive degenerative condition affecting
the articular cartilage and meniscus of the knee (Fig. 19.4).

Knee OA may affect the medial or lateral femorotibial
compartment and/or the patellofemoral compartment of
the knee. It can vary from mild to severe and can be associ-
ated with a degenerative mensical tear. Knee OA incidence
rates rise over the age of 30 or with a history of trauma. Knee
OA is the most common cause of overuse knee pain in the
running athlete over the age of 40.

The beneficial or detrimental effects of running on knee
OA have been an area of active debate and research. The
 beneficial effects include an increase in articular cartilage
thickness and a decreased risk of obesity.24,25 Additionally,
physical activity has been shown to increase diffusion of
nourishing substances from joint fluid through the avascular
articular cartilage matrix.26 One study found running did
not accelerate OA in the hands, knees, or lumbar spine over a
5-year period.27

Bone

Cartilage
Degeneration
of cartilage Loss of

cartilage

Bony
outgrowth

Cartilage
particles

FIG. 19.4. Osteoarthritis: normal joint, early stages of OA, late stages of OA. From Cohen BJ.
Medical Terminology. 4th ed. Philadelphia: Lippincott Williams & Wilkins; 2003.
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The main risk factors for OA are age, family history, de-
velopmental conditions that affect joint growth or shape, in-
juries to the joint, certain occupations, muscle weakness, and
obesity.28 High levels of physical activity may be a risk factor
for symptomatic OA among men under age 50, but it has not
been shown to be a risk factor for women or men over the
age of 50.26 There may be a correlation with anterior knee
pain as an adolescent and patellofemoral arthritis because a
significant number of athletes with patellofemoral arthritis
have a history of anterior knee pain in their adolescence and
early adult years.29

HISTORY AND PHYSICAL EXAM

Activity-related knee pain, stiffness, and/or swelling are
common complaints in an athlete with knee OA. Walking
up- and downstairs will often exacerbate their symptoms,
particularly if the patellofemoral joint is involved. Runners
may present with pain on the medial, lateral, or anterior as-
pect of the knee depending on where the degeneration is.
Unlike a mensical tear, significant locking should not be
present.

Exam may reveal decreased range of motion of the knee,
crepitus, or mild joint effusion. Joint line tenderness or
patellofemoral joint tenderness is commonly found depend-
ing on the compartments affected. The pes anserinus will
often be tender to palpation if an associated pes anserine
bursitis/tendonitis is present. Moderate or severe knee OA
will often exhibit a varus or valgus deformity. Varus defor-
mity is associated with medial compartment OA, while a val-
gus deformity is associated with lateral compartment OA.
Pain with compression of the patella against the femur dur-
ing quadriceps contraction (patella grind test) may be a sign
of patellofemoral compartment OA. If McMurray’s test is
significantly painful or causes a painful click, consider an as-
sociated mensical tear.

DIAGNOSTIC TESTING

Radiographs are the preferred imaging modality as they can
play an important role in identifying the location and sever-
ity of knee OA. The views should include weight-bearing AP
and tunnel views along with lateral and merchant views.
Weight-bearing views allow an accurate assessment of joint
space narrowing (Fig. 19.5). The images will also commonly
show subchondral bony sclerosis and hypertrophic osteo-
phyte formation. The merchant and lateral views best assess
the patellofemoral joint and will often show decreased joint
space and bone spur formation. MRI is rarely required and
reserved for atypical symptoms or mechanical symptoms
unresponsive to conservative treatments.

Laboratory studies are rarely required unless symptoms
of infection or systemic symptoms are present.

TREATMENT

Nonoperative

● Relative rest and activity modification are first-line treat-
ments in knee OA.

● Cross-training with biking, elliptical training, or swimming
helps maintain cardiovascular activity until the patient is
able to return to running.

● PT may be initiated to strengthen the musculature around
the knee, including the gluteus, quadriceps, and hamstring
muscles.

● A Cochrane review for transcutaneous electrical nerve
stimulation (TENS) for knee OA revealed that pain relief
from TENS treatment was significantly better than placebo.
TENS also decreases the amount of knee stiffness.30

● Both acetaminophen and NSAIDs have been proven to be
effective in the treatment of OA31 (LOE 1A).

● The short-term benefit of intra-articular corticosteroid in-
jections is well established for the treatment of knee OA,
and they have few side effects; however, long-term benefits
have not been confirmed.32

FIG. 19.5. Osteoarthritis: weight-bearing AP x-ray demon -
strating decreased joint space. From Koval KJ, Zuckerman
JD. Atlas of Orthopaedic Surgery: A Multimedia Refer-
ence. Philadelphia: Lippincott Williams & Wilkins; 2004.
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● Viscosupplementation can be used for OA if corticosteroid
injections have failed or no longer provide relief. Level I
evidence demonstrates that the use of hyluronic acid in
patients with OA results in modest improvement.33 Hy-
luronic acid treatments have been shown to have better
long-term effects compared to corticosteroid injections.32

● Glucosamine supplementation is an effective and safe
treatment for OA of the knee. It delays the progression and
improves the symptoms of OA.34 In one particular study,
high doses (2,000 mg/day) over an extended period of time
(at least 12 weeks) showed an improvement in knee pain.35

● Studies on chondroitin sulfate have shown it to have a
slight-to-moderate efficacy in the symptomatic treatment
of OA, and it has an excellent safety profile.36

Operative

● Operative management can range from surgical debride-
ment to joint replacement.

● Degenerative meniscal tears that cause continued pain or
mechanical symptoms despite conservative treatment may
require partial meniscectomy.

Prognosis/Return to Play

● Overall prognosis for mild-to-moderate OA is good.
● The athlete may need to decrease their mileage and/or run

every other day to minimize the pain from DJD.
● In severe cases, changing to less impact or nonimpact

 exercise, such as biking, elliptical, and swimming, may be
necessary.

● Return to play is as symptoms allow.

Complications/Indications for Referral

Prolonged symptoms, progressive worsening of symptoms,
or failure of conservative measures are indications for refer-
ral to a sports medicine or orthopedic physician. Complica-
tions are rare but may include loose body formation from
articular cartilage degeneration or degenerative mensical
tears unresponsive to conservative treatment. Signs of infec-
tion are red flags warranting immediate attention.

APPROACH TO THE ATHLETE WITH
PES ANSERINE TENDINITIS

The pes anserine bursa lies on the medial aspect of the prox-
imal tibia, just medial to the tibial tuberosity. The pes anser-
inus is where the semitendinosus, sartorius, and gracilis
tendons attach (Fig. 19.6). The bursa can become inflamed
from overuse, direct trauma, or coexisting knee OA. This can
be a commonly overlooked source of knee pain in runners.

HISTORY AND PHYSICAL EXAM

The patient will report pain along the proximal tibial meta-
physis. They may report a history of pain with running hills.
The pes anserinus will be tender to palpation, and swelling
may be evident. Flexion of the knee against resistance may
exacerbate the pain.

DIAGNOSTIC TESTING

Plain radiographs will be normal. MRI generally not  required
unless there is concern for a tibia plateau stress fracture.

TREATMENT

Nonoperative

● Icing the area may help.
● Elastic bandage wrapped over the area can decrease and

prevent swelling.

Pes anserinus

Semitendinosus
muscle

Semimembranosus
muscle

Sartorius muscle

Gracilis muscle

FIG. 19.6. Pes anserinus.
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● The runner should rest from painful activity.
● Corticosteroid injection into the bursa decreases the

 inflammation and pain.
● PT includes hamstring stretching, strengthening, and knee

proprioception along with core strengthening.
● NSAIDs may help alleviate the pain and swelling.

Operative

● Pes anserine tendonitis generally responds well to conserva-
tive treatment with no need for surgical intervention.

Prognosis/Return to Play

● Overall prognosis is excellent.
● The athlete may gradually return to running as pain  allows.

Complications/Indications for Referral

If patients are not improving, an MRI may be necessary to
evaluate for a stress fracture of the medial tibial plateau.

APPROACH TO THE ATHLETE WITH
A STRESS FRACTURE OF THE KNEE

Stress fractures involving the knee can be an overlooked
source of knee pain in the running athlete. They can occur
within the distal femur, proximal tibia, or patella. A high sus-
picion for stress fracture should occur in running athletes
with a recent increase in running mileage or intensity,
 history of prior stress fracture, underlying osteopenia/
osteoporosis, or presence of the female athletic triad (disor-
dered eating, amenorrhea, and osteopenia/osteoporosis).
Most lower extremity stress fractures will occur in the run-
ning athlete. A history of OSD can be a risk factor for tibial
tuberosity stress fractures. Patellar stress fractures are more
common in young athletes. A complete description of the
evaluation and treatment of stress fractures can be found in
Chapter 22, Athlete with Stress Fracture.

APPROACH TO THE ATHLETE WITH
OSTEOCHONDRITIS DISSECANS

OCD describes a focal area of subchondral bone avascular
necrosis. This can lead to varying degrees of articular carti-
lage separation from the subchondral bone. OCD is of un-
known etiology, possibly due to ischemia, infection, genetics,
or trauma. Most commonly, OCD is found in the femoral
condyles, in particular the lateral aspect of the medial
condyle (70% of incidences), and less likely in the patella.
OCD occurs in active children and adolescents. A thorough
review of OCD can be found in Chapter 24, Pediatric Athlete.

HISTORY AND PHYSICAL EXAM

Patients may have swelling with activity. There is usually no
history of trauma; however, some patients do recall a signifi-
cant trauma to their knee in the past. They may describe
vague knee pain worse with activity and complain of morn-
ing  stiffness. If there is a loose body, they may complain of
their knee locking or catching. On physical exam, there may
be an effusion and quadriceps atrophy secondary to the
 effusion.  Decreased range of motion may be present if there
is a loose body. Palpate the flexed knee along the femoral
condyles for tenderness. Pain may also be elicited with patellar
 compression.

DIAGNOSTIC TESTING

Radiographs may show a lesion on the femoral condyle. The
best view to obtain is the posteroanterior tunnel view,
which shows the articular surface (Fig. 19.7). If plain films
are negative and clinical suspicion remains, an MRI should
be obtained to further evaluate for OCD. MRIs are highly
sensitive in detecting OCD lesions. They are essential in
grading stage of the OCD lesions, which will help in treat-
ment decisions.

FIG. 19.7. Osteochondral defect: tunnel view x-rays
demonstrating lesion on lateral aspect of medial femoral
condyle. Reprinted with permission from Fleisher GR,
Ludwig S, Baskin MN. Atlas of Pediatric Emergency Med-
icine. Philadelphia: Lippincott Williams & Wilkins; 2004.
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FUNCTIONAL TREATMENT

Nonoperative

● For stable lesions in athletes with open growth plates, rest
followed by a graduated asymptomatic return to sport
is acceptable as long as lesion demonstrates signs of
 healing.

● The patient may need to be made non–weight bearing and
immobilized.

● Rehabilitation should start with non–weight-bearing
 activities and progress to weight bearing as symptoms
allow.

● Healing may take anywhere from 6 to 18 months.
● Athletes with open physes have a higher rate of healing.

Operative

● Operative treatment should be considered in patients with
detached or unstable lesions and in those with lesions that
are unresponsive to nonoperative management after 6 to
18 months.

● Goals of surgery include maintenance of joint con-
gruity, fixation of unstable lesions, and repair of osteo-
chondral defects. This is accomplished by drilling,
fixation, bone grafting, fragment removal, and/or chon-
dral resurfacing.

● Following surgery, the athlete will be partial weight
 bearing from 3 to 8 weeks, depending on the method of
the procedure.

Prognosis/Return to Play

● Gradual return to play is necessary to allow proper
 healing.

● If the athlete returns too soon, there is risk of prolonging
the healing process or making a stable lesion unstable.

● Radiographs should be obtained every 3 months to moni-
tor for healing.

Complications/Indications for Referral

If the athlete does not show improvement within 8 to
10 weeks, surgery may be needed. Depending on the grading
of the OCD lesion, surgery is occasionally the first line of
treatment. In skeletally immature patients with an unstable
lesion, surgery should be considered. Surgical options
 include  debridement, drilling of the defect, open reduction
internal fixation (ORIF), osteoarticular transplant technique
(OATS), and autologous chondrocyte transplantation.

KEY POINTS

• Patellofemoral pain syndrome is the most common
cause of knee pain in runners4,5

• Physical therapy for patellofemoral syndrome can
 significantly reduce pain and improve function10,11

• Iliotibial band friction syndrome is the second most
common overuse injury in runners5,9

• Both acetaminophen and NSAIDs have been proven to
be effective in the treatment of osteoarthritis31

• The short-term benefit of corticosteroid injections is
well established for the treatment of knee OA; how-
ever, long-term benefits have not been confirmed32

• While examining the knee, keep in mind that 5% of
knee pain is referred from other areas, such as the hip,
particularly with young children
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INTRODUCTION
With increasing participation in athletics, foot and ankle
 injuries are becoming more prevalent. While many injuries
occur with an acute incident, others are the product of
repetitive stress or overuse. With these types of injuries,
 patients develop symptoms slowly over a period of several
weeks or months. In some situations, the athlete cannot
 recall a specific incident, but presents because of dull pain 
or discomfort that has lingered for some time without im-
provement. The duty of the physician is to assess, diagnose,
and treat these injuries as expeditiously as possible so that
the athlete can return to play quickly, without compromising
the healing or recovery process.

This chapter reviews some of the more common overuse
foot and ankle injuries. Patients can fully recover from all of
these injuries if they are properly diagnosed and treated in
the early stages of their disease process. It is our hope that by
reviewing these injuries with their classic signs, symptoms,
and treatment regimens, an athlete will be well served with
early intervention and a path toward recovery that enables
full participation in return to their sport.

FUNCTIONAL ANATOMY
The anatomy of the foot and ankle can be very involved,
and a whole chapter might be dedicated to its finest detail.
However, a working knowledge of the anatomy of this
 region of the body is critical to proper examination and
 diagnosis of chronic injuries. The bony structures of the
foot are divided into regions called the forefoot (phalanges,
metatarsals), midfoot (cuneiforms, cuboid, navicular), and
hindfoot (calcaneus, talus), and there are named joints
 between all of these bones (Fig. 20.1).

Additionally, there are numerous muscular structures
 intrinsic to the foot and tendons that pass across the ankle,
with origin in the lower leg. Crossing on the lateral aspect of
the ankle are the peroneal tendons and crossing on the me-
dial aspect are the posterior tibialis, flexor digitorum longus,
and flexor hallucis longus tendons (Fig. 20.2).

The primary nerve supply for intrinsic function in the
foot comes from the tibial nerve, which passes medially and

branches just beyond the ankle. There are also the deep and
superficial branches of the peroneal nerve, the sural nerve,
and the saphenous nerve, which all cross the ankle and enter
the foot. The main vascular supply to the foot comes from
the dorsalis pedis and posterior tibialis arteries (Fig. 20.3).

Within each section of this chapter, the anatomy, as it
pertains to a specific chronic foot and ankle injury, is
 explained in greater detail.

EPIDEMIOLOGY
Millions of people play football, soccer, basketball, and
 baseball, and some studies have shown that up to 40% of ath-
letes may suffer some type of foot or ankle injury during
their participation in these sports.1 With that in mind, it is
important to be aware of the different injuries that can exist,
particularly when patients present with chronic complaints.
These can be more challenging in that the complaints might
be vague and there may not be a discrete source of pain. The
differential diagnosis for any presenting complaint of foot or
ankle pain can be broad, but with a careful history and phys-
ical examination, the list can be narrowed. The subsequent
sections on specific etiologies of chronic foot and ankle
 injuries will help in their diagnosis and subsequent treat-
ment and help sports physicians accurately and expeditiously
treat their patients.

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

A careful history should include questions characterizing the
complaint. Information such as the mechanism of injury can
be extremely useful. One should also determine the severity
of pain, quality of pain, location of pain, timing of pain, onset
of pain, and the alleviating or exacerbating factors. It is also
important to determine if a patient has ever experienced or
been treated for the pain in the past. While in some measure,
patients of certain age groups or activity profiles are more
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predisposed to an injury, a physician should not limit them-
selves when investigating a patient’s complaints.

The subsequent sections discussing the approach to
 patients with specific foot and ankle complaints will help
guide one down a path from a large list of possible diag-
noses to the correct one. There are also classic descriptions
for some disease processes, such as pain worse with the
first few steps of the day in plantar fasciitis, which will be
discussed.

Evidence-based Physical Examination

While gathering a detailed history regarding a patient’s
complaint can provide valuable information in localizing
symptoms, one should always approach the foot and ankle
examination with a systematic approach so as to not miss
any important detail. Using the opposite, noninjured side
as a reference is always helpful as a control. As problems are
presented in this chapter, we will discuss specific details
of the physical examination important to diagnosing that
specific problem. In general, however, the examination
should proceed as follows.

Inspection

Observe for evidence of swelling, ecchymosis, or skin injury,
which might be indicative of trauma. Observe for erythema,
which might be indicative of infection or inflammation.
Be aware of skin changes or ulcerations that could suggest
 vascular problems or diabetes, particularly between the toes.
Areas of thickened skin could point to bony prominences.
Note any foot or toe deformity, particularly in stance, which
could hint at the underlying cause of a chronic foot and
ankle complaint (i.e., hindfoot varus in chronic ankle
 instability).

Palpation

Attempt to find areas of tenderness to localize symptoms.
This might be over a bony prominence in the case of a stress
fracture or over a tendon sheath as in posterior tibialis dys-
function. Also, determine if malalignment or deformities are
flexible or fixed as this may influence treatment options.
Check for intact sensation through all distributions in the
foot. This includes superficial peroneal nerve, deep peroneal
nerve, sural nerve, saphenous nerve, and tibial nerve, which
divides into lateral plantar and medial plantar nerves.

Range of Motion

Test both active and passive ranges of motion to assure there
is no restriction. Joints that should be assessed are the ankle
joint, subtalar joint, midfoot, metatarsophalangeal (MTP)
joints, and interphalangeal joints. Any restriction or pain
with range of motion should be noted, again helping to
 localize the etiology of a patient’s presenting complaint.

Strength Testing

The basic function of all muscle groups crossing the ankle
and within the foot should be tested. This includes ankle
dorsiflexion and plantarflexion as well as foot inversion and
eversion and toe flexion and extension. In addition to proper
function, their strength should be examined. Asking a  patient
to walk on their heels and on their tiptoes is a simple way to
assure all muscle groups are functioning, and at full strength.
Specific tests such as a single heel rise to look for posterior
tibialis dysfunction can be helpful in localizing pathology.

Laxity Tests

Examining the joints of the foot and ankle for stability is
valuable in attempting to determine a source of discomfort.
When testing for laxity, comparison to the uninjured side
gives a valuable frame of reference. For instance, a test such
as the anterior drawer test at the ankle is helpful in trying to
discern between ankle joint instability and peroneal tendon
degeneration.
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FIG. 20.1. Foot anatomy. Reprinted with permission from
Anderson M, Hall SJ. Sports Injury Management. 2nd ed.
Baltimore: Lippincott Williams & Wilkins; 2000.
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As with a careful history, a detailed and systematic physi-
cal examination is critical to narrowing a broad list of differ-
ential  diagnoses. The examination techniques discussed
earlier and those discussed in the following approaches to
disease sections are all an important part of the diagnosis
puzzle. As one becomes more facile with the foot and ankle
and the presenting  complaints and physical findings, navigat-

ing the list of possible diagnoses will become much easier. It is
important, however, especially when one is unsure of the di-
agnosis, to be as thorough as possible so as not to bypass any
critical finding. For instance, numbness and tingling of the
medial foot could represent a tarsal tunnel syndrome, if ac-
companied by a  positive nerve compression test or Tinel’s
sign at the ankle. If, however, one has not attempted a straight
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FIG. 20.2. Foot tendons. From Anatomical Chart Company.
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leg raise or found similar symptoms in a stocking pattern on
the other foot, one may not be able to discern a patient’s
tarsal tunnel syndrome from another etiology for foot pain
such as disk herniation in the spine or diabetic neuropathy.

Diagnostic Testing

Diagnostic tests acquired in investigating complaints of the
foot and ankle should be ordered with a purpose. That is
to say, any test that is obtained should help in delineating a
 diagnosis from a list of possibilities.

Laboratory

Laboratory tests are helpful when it is thought that a chronic
foot and ankle injury stems from an underlying medical dis-
ease. Lab values are helpful in investigating rheumatoid
arthritis or inflammatory disease as a possible cause of joint
pain or inflammation. Also, if there is a concern for infec-
tion, inflammatory markers are helpful.

Imaging

Imaging studies are the most commonly ordered and most
useful studies available for investigating chronic injuries of
the foot and ankle. X-rays are always the first line of imaging,
where anteroposterior (AP), oblique, and lateral views of the
foot and AP, mortise, and lateral views of the ankle should
be obtained (Figs. 20.4–20.6). The subsequent sections on
specific diagnoses discuss specific x-ray findings, but in
 general one should look for obvious fractures, dislocations,
or malalignment.

In addition to x-rays, computerized tomography (CT)
and magnetic resonance imaging (MRI) are helpful for addi-
tional detail. CT is most helpful for bony injury, namely,
stress fracture. They can be obtained with coronal, sagittal,
and axial cuts to create the geometry of a bony injury. The
advantage of MRI is the ability to evaluate soft-tissue struc-
tures such as tendons and ligaments. These studies are
 extremely helpful in diagnosis such as for peroneal tendon
subluxation where it is important to evaluate the integrity of
the superficial peroneal retinaculum and determine if there
is any midsubstance tendon degeneration.

Ultrasound is another imaging modality that can be used
to investigate tendinous degeneration or soft-tissue lesions.
It has also been helpful in investigating and diagnosing
 Morton’s neuromas.

Lastly, a bone scan is used in the instance where bone
pathology cannot be properly seen on plain x-ray. This arises
mostly in the instance of Freiberg’s infraction or stress frac-
tures. In these circumstances, the bone scan shows increased
uptake in the area of question, aiding in the diagnosis of
 injury with normal radiographs.

Other Testing

In cases of concern for nerve injury or compression, elec-
tromyography (EMG) can be obtained to verify the diagnosis.
Problems such as tarsal tunnel syndrome can be diagnosed
with history and physical examination. The added informa-
tion of the EMG can help not only in reassuring proper diag-
nosis but also in documenting preoperative function for a
means of comparison to postoperative result.

M

T
L

FIG. 20.4. Ankle XR, AP. From Drs. P. Bobechko and E.
Becker, Department of Medical Imaging, University of
Toronto, Ontario, Canada. M, medial malleolus; T, talus; L,
lateral malleolus.
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FIG. 20.5. Ankle XR, lateral. Reprinted with permission
from Moore KL, Dalley AF II. Clinical Oriented Anatomy.
4th ed. Baltimore: Lippincott Williams & Wilkins; 1999.
Ca, calcaneus; C, cuboid; Na, navicular; T, talus.
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APPROACH TO THE ATHLETE WITH
FUNCTIONAL ANKLE INSTABILITY

Ankle injuries are very common, accounting for 40% of all
sports injuries.2 The injury often occurs on the lateral aspect
of the ankle where three separate ligaments function to
 stabilize the joint—the anterior talofibular ligament (ATFL),
the calcaneofibular ligament (CFL), and the posterior
talofibular ligament (PFL) (Fig. 20.7). Also contributing to
stability at the ankle through dynamic restraint are the per-
oneal muscles. Bony structures add a last element of stability
to the ankle, particularly in dorsiflexion where the wider
 anterior aspect of the talus rests within the mortise.

Only about half of the patients presenting with ankle in-
jury develop long-term sequelae, most notably chronic ankle
instability. Chronic ankle instability can be mechanical,
where the patient does not have any symptoms of instability,

but the lateral ankle feels lax on examination, or functional,
where the patient describes a history of instability.

HISTORY AND PHYSICAL EXAMINATION

Patients primarily complain of their ankle “giving way” or
“rolling over,” demonstrating motion at the ankle beyond
their control. One might also describe a snap or pop sound
with the instability episodes that might be followed by pain
and swelling. It is important, however, to determine if the
pain lasts between sprains. This might suggest another
source of pathology other than lateral ankle instability such
as osteochondral injury to the talus, peroneal tendon insta-
bility, or synovitis.

On physical examination,one might find a varus position to
the hindfoot, perhaps predisposing the ankle to lateral ankle
sprains. Patients might have tenderness to palpation at the lat-
eral ankle. The most common test is the anterior drawer test,
which is performed with the leg hanging off a table at
90  degrees. With one hand stabilizing the tibia, the other
 attempts to translate the foot forward at the ankle,with the foot
about 25 degrees plantarflexed while allowing for internal rota-
tion of the foot with translation. If the motion is greater than
9 to 10 mm or more than 5 mm greater than the opposite side,
then it is considered a positive test. Another examination is the
varus instability test, where the foot is stressed to inversion to
 examine lateral-sided laxity. One should  remember, however,
to  examine the entire foot and ankle as other problems such as
peroneal tendon pathology can  create similar symptoms.

DIAGNOSTIC TESTING

Overall, the diagnosis of chronic functional ankle instability
is generally made by patient history and physical examina-
tion. X-rays should be ordered to help eliminate bony
 lesions such as tarsal coalition as a source of pathology for

FIG. 20.6. Foot XR, AP. Reprinted with permission from
Moore KL, Dalley AF II. Clinical Oriented Anatomy. 4th ed.
Baltimore: Lippincott Williams & Wilkins; 1999. L, lateral
malleolus; M, medial malleolus; Ca, calcaneus.

FIG. 20.7. Lateral collateral ankle ligaments. Reprinted
with permission from Buchholz RW, Heckman JD. Rock-
wood & Green’s Fractures in Adults. 5th ed. Philadelphia,
PA: Lippincott Williams & Wilkins; 2001. 
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ankle instability. There has been investigation into stress ra-
diographs to examine the excursion of the talus with anterior
drawer maneuver, but this method has been shown to not have
much clinical relevance3; thus, it is not routinely used.

Another helpful study is an MRI, which can help evaluate
the ligaments of the ankle. One might find an attenuated or
ruptured ATFL. Perhaps just as important is the ability of the
MRI to evaluate the peroneal tendons, the dome of the talus
for osteochondral lesions, and the joint space for loose bodies,
all of which could cause symptoms simulating ankle  instability.

TREATMENT

Nonoperative

● Rest
● Ice
● Elevation
● NSAIDs
● Physical therapy (stretching, strengthening, proprioception)
● Orthotics (lateral heel wedge/post)
● Taping (if continuing sports)
● Reusable ankle bracing

Operative

● Operative treatment should only be considered when non-
operative measures fail.

● Many different types of procedures exist with the Brostrom
procedure (lateral ligament repair/reconstruction) being
very common.

● Arthroscopy can be performed to evaluate intra-articular
pathology.4

● Postoperatively, patients will be casted and non–weight
bearing for 2 to 3 weeks followed by a weight-bearing cast
or boot and gentle range of motion

● At 4 to 6 weeks, patients will begin active range of motion
and peroneal strengthening exercises.

● By 10 to 12 weeks, patients should be nearing full recovery,
and if they are not able to return to their preoperative level
of function, physical therapy should resume.

Prognosis/Return to Play

● The prognosis for functional ankle instability is very good.
● Nonoperative intervention works well, and patients can

return to play when symptoms subside, using taping or
bracing as needed.

● Should nonoperative management not be successful, the
operative options are many and very successful. Whether
an anatomic or nonanatomic repair, patients recover from
surgery to near preinjury status.

● Assuming postoperative management proceeds without
complication, athletes can start returning to their sport by

12 weeks, with return to competition when there is no
 limitation to function.

● Athletes may tape their ankles or brace postoperatively.
 Patients who may not do as well with functional ankle
 instability are those with long-standing instability, those
with generalized ligament laxity, and those with underly-
ing osteoarthritis in the ankle.

Complications/Indications for Referral

With functional ankle instability, patients should be referred
to a surgeon when they have failed conservative measures
and are still experiencing episodes of instability. Even pa-
tients with severe ankle sprains do well with late stabilization
surgery,5 so nonoperative measures should be exhausted.
Postoperative complications include sural nerve or superfi-
cial peroneal nerve irritation. In addition, those patients who
have had a stabilization procedure and present with a new
 instability episode should be sent to see their surgeon. Other
indications for referral to a surgeon include patients whose
workup for ankle instability revealed another pathology that
needs more timely intervention, such as a fracture.

APPROACH TO THE ATHLETE 
WITH PERONEAL TENDON

STRAIN/SUBLUXATION
The peroneal tendons function as the main everters of the
foot. They are located on the lateral aspect of the ankle, pos-
terior to the fibula. The peroneus brevis (PB) and peroneus
longus (PL) run within the posterior fibular groove and are
contained by the superior peroneal retinaculum (SPR),
which runs from the fibula to the calcaneus.

Acute injury can cause strain of the tendons or injury to
the SPR, which over time could lead to chronic subluxation
or degeneration of the peroneal tendons. Generally, the
mechanism of injury is sudden dorsiflexion of a plan-
tarflexed, inverted foot. An attenuation or rupture of the
SPR in this setting would allow the peroneal tendons to sub-
lux out of the fibular groove and slowly cause tendinosis or
tearing of the tendon over time. Additionally, stenosis within
the peroneal tendon sheath can lead to development of
pathology within the tendons themselves. A peroneus quar-
tus tendon (a normal variant) can cause injury to the PB
tendon by compressing it within a narrower space.

HISTORY AND PHYSICAL EXAMINATION

In an acute setting, patients will complain of lateral ankle
swelling and ecchymosis, occasionally after hearing or feel-
ing a “pop” (SPR rupture or avulsion) with sudden dorsiflex-
ion of the foot. With chronic peroneal tendon injury,
patients will most commonly present with complaint of pain
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at the lateral ankle often accompanied by the uncomfort-
able snapping of subluxing tendons across the fibula. The
 patient may also complain of ankle instability or a sensation
of the ankle giving way. There is not always a discrete event
that led to the symptoms, and in some cases, an SPR avulsion
or rupture that was previously undiagnosed will be found.

On examination, patients will have tenderness with man-
ual pressure over the peroneal tendons. The peroneal tunnel
compression test is performed with the knee flexed and the
thumb applying pressure over the SPR. Pain as the foot dor-
siflexes and everts from a plantarflexed and inverted position
is considered positive. Further, patients may be able to vol-
untarily sublux the tendons with a similar maneuver of ever-
sion and dorsiflexion, which demonstrates instability of the
tendons or incompetence of the SPR. Strength examination
of the tendons is most often normal; however, it may be
 uncomfortable for the patient.

DIAGNOSTIC TESTING

X-rays may not be helpful in diagnosing chronic peroneal
tendon pathology. However, these images should be ob-
tained, particularly in a patient who had a previous foot or
ankle trauma. In an acute setting, one may see a tiny bone
fragment signifying an SPR avulsion. In the chronic patient,
one might be able to identify a fibular or calcaneal malunion
that might have predisposed a patient to developing per-
oneal tendonitis.

MRI is a helpful diagnostic study as one can see longitu-
dinal split tears of the PB tendon and other tendon irregular-
ities.6 Additionally, one can see fluid in the peroneal tendon
sheath or a peroneus quartus that might be creating stenosis.
Lastly, MRI can help evaluate the depth of the posterior
 fibular groove.

TREATMENT

Nonoperative

● Rest
● NSAIDs
● Immobilization
● Activity modification
● Physical therapy

Operative

● Techniques for operative repair include debridement or
repair of the peroneal tendons with repair or reconstruc-
tion of the SPR.

● Postoperatively, patients will be non-weight bearing in a
splint for 2 weeks and then weight bearing in a cast for 4 to
6 weeks.

● Following this, they will wear a walking boot with gradual
progression of range of motion and weight  bearing.

Prognosis/Return to Play

● Patients generally have a favorable outcome with peroneal
tendon injury, particularly if there is a clear etiology to
their problem.

● Patients managed successfully nonoperatively may require
4 to 6 weeks of decreased activity or immobilization prior
to return to full function.

● Those undergoing surgery will begin strengthening exer-
cises at 8 weeks and, by 3 months, return to normal activi-
ties. Return to competition is usually about 4 to 6 months.

Complications/Indications for Referral

Nonoperative management tends not to have many complica-
tions. In the case of an acute injury, one should rule out SPR
injury. If an SPR injury occurred acutely, patients should be
referred for surgical intervention as it may help expedite re-
turn to play. Those who have chronic injury or subluxation
should be referred for surgical management after failing con-
servative measures if they are candidates for the procedure.

APPROACH TO THE ATHLETE WITH
POSTERIOR TIBIALIS DYSFUNCTION
Posterior tibial tendon dysfunction is also known as ac-
quired flatfoot deformity or posterior tibial tendon insuffi-
ciency. It is the most common cause of adult flatfoot
deformity. The posterior tibialis muscle originates proxi-
mally from the tibia, fibula, and interosseous membrane and
passes distally, posterior to the medial malleolus, before in-
serting primarily on the navicular of the medial foot. The
muscle has a short excursion, so even a small degree of atten-
uation can gradually worsen and cause deformity. One
 theory on tendon degenerating is increased susceptibility to
injury or degradation in a zone of decreased blood supply
between the medial malleolus and the navicular.

HISTORY AND PHYSICAL EXAMINATION

Patients will generally present with medial-based ankle pain
that radiates to the medial foot. This discomfort is worse
with activity and improves with rest. The patient may have
memory of an injury, but this is not a consistent finding.
One may have noticed his foot becoming more flat over time
and falling into a hindfoot valgus position. With this, pa-
tients may actually complain of lateral-sided hindfoot pain
where the fibula begins to abut on the calcaneus. Interest-
ingly, as the disease progresses, the early inflammation of the
tendon may resolve, leading to less pain through the  tendon
with greater degeneration.
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Physical examination will demonstrate tenderness to pal-
pation along the posterior tibial tendon, often just proximal
to its insertion on the navicular. There may be swelling at 
the medial ankle. The patient should be examined stan-
ding, with careful observation of the hindfoot. One 
will find a valgus heel position, decreased arch height, 
and difficulty with single heel rise. A classic examination 
finding is the “too many toes” sign, where the valgus 
hindfoot, fallen arch, and abducted forefoot allow one to see
multiple toes of the foot lateral to the ankle when looking
from behind. As the disease progresses, not only patients 
will have increasing difficulty with single heel rise, but their
foot will also become less mobile, eventually developing a
rigid hindfoot and progressive attenuation of the deltoid
 ligament.

DIAGNOSTIC TESTING

Standing AP, lateral, and oblique x-rays should be obtained
on all patients. Aside from examining for other sources 
of foot pain, suspicion for posterior tibial tendon pathology
would lead you to examine the height of the midfoot arch
and assess any talonavicular subluxation. One can consider
obtaining similar views of the contralateral side for
 comparison.

Other studies such as CT, MRI, or bone scan can be
 ordered, but are generally not as helpful as x-rays. Of the
choices, MRI is a good second study to obtain to evaluate 
the integrity and quality of the tendon. One might see tendi-
nosis, a longitudinal split, or in extreme cases, a complete
rupture of the posterior tibialis tendon. Also, one can deter-
mine from the MRI that the inflammation is limited to the
synovium or involves the tendon.

TREATMENT

Management of posterior tibialis dysfunction is aided by
classifying the stage of disease process. Stage I is degenera-
tion or inflammation of the tendon with no foot deformity.
Stage II is tendon degeneration with the beginnings of foot
deformity that remains flexible. Stage III is tendon degener-
ation and foot deformity that becomes fixed. Stage IV is ten-
don degeneration with fixed foot deformity that involves the
ankle joint as well.

Nonoperative

● NSAIDs.
● Medial wedge orthotic with arch support.
● Immobilization (cast vs. walking boot).
● Nonoperative modalities for at least 6 weeks.
● Likelihood for success decreases with progressive stages of

posterior tibialis dysfunction

Operative

● Patients should be referred to a surgeon if 6 weeks of non-
operative management has failed for stage I disease or if a
patient has presented with or progressed to foot deformity.

● Presentation with foot deformity (stage II or greater)
should be considered for operative referral sooner than a
patient with only medial ankle pain and tenderness over
the posterior tibialis tendon (stage I).

● Development of hindfoot valgus with collapse of the me-
dial arch is an indication to proceed with surgery.

● As is the case with most disease processes, surgical options
for posterior tibialis dysfunction become more difficult in
the late stages of progression. Surgical options are as
 follows:
● Posterior tibial tendon debridement/tenosynovectomy
● Posterior tibial tendon end-to-end repair
● Reattachment or advancement of the tendon to its pri-

mary site of insertion on the navicular bone
● Tendon reconstruction with transfer (typically flexor

digitorum longus)
● Triple arthrodesis (subtalar/talonavicular/

calcaneocuboid)
● With all surgeries, the post-op management involves a 

6- to 8-week period of non–weight bearing and immobi-
lization with a cast or boot.

● Weight bearing may progress starting between 6 and
12 weeks postoperatively (earlier with less complex surgery).

● At 12 weeks, patients who underwent tenosynovectomy
should begin normal shoe wear with an orthotic.

● Those who had fusion procedures for late-stage disease
will still need a walking boot and may not be able to
weight bear until there is x-ray evidence of bone healing.

Prognosis/Return to Play

● Prognosis for surgery depends on the degree of disease
present preoperatively.

● Stage I patients will be able to return to near-normal func-
tion; however, they may not be able to participate in
 competitive running or jumping sports.

● Patients with stage II disease will have some return of
strength and will be able to have normal gait, but running
or sports participation may be difficult.

● With stage III and IV disease, patients will likely not be
able to run and may even have trouble with walking,
 particularly those having undergone pantalar fusion.

Complications/Indications for Referral

Patients with posterior tibialis tendon dysfunction should be
referred to a surgeon when foot deformity is noted, whether
that is on presentation or after initiation of nonoperative
treatment. Red flags, therefore, would be valgus deformity of
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the ankle and flattening of the midfoot arch. While stage I
posterior tibial tendonitis can be treated well nonopera-
tively, a patient should be referred if doubt surrounds the
progression of disease. The hope would be that earlier inter-
vention would prevent the need for fusion procedures and
allow the patient a more functional foot and ankle after
treatment.

APPROACH TO THE ATHLETE WITH
TARSAL TUNNEL SYNDROME

Tarsal tunnel syndrome is an entrapment neuropathy of 
the tibial nerve or its medial and/or lateral plantar
branches. The tarsal tunnel, which is on the medial side of
the ankle, contains the tibial nerve, the tibial artery and vein,
the posterior tibialis tendon, the flexor hallucis longus ten-
don, and the flexor digitorum longus tendon. Overlying the
tunnel is the flexor retinaculum that traverses from the me-
dial malleolus anteriorly to the calcaneus posteriorly.

Anything that decreases space within the tunnel for the
tibial nerve to pass could lead to a tarsal tunnel syndrome.
Trauma, such as a sprained deltoid ligament or displaced
fracture, and tenosynovitis of tendons within the tunnel are
etiologies that can cause compression or irritation of the
 tibial nerve. Additionally, a patient may have a ganglion,
lipoma, or other mass within the tunnel. The impingement
can occur proximally, where the entire nerve is involved and
symptoms are noted throughout the foot, or distally, where
the medial or lateral plantar branch may be involved and
contribute only medial or lateral symptoms, respectively.
There is an entity known as “jogger’s foot” where a distance
runner develops burning pain through the medial arch and
first through third toes. This is due to compression or irrita-
tion of the medial plantar nerve. Other athletes who may be
predisposed to developing tarsal tunnel syndrome are those
who place a heavy load on their ankles such as sprinters and
jumpers.7

HISTORY AND PHYSICAL EXAMINATION

A patient will present with complaint of diffuse burning,
 tingling, or numbing pain through the plantar aspect of the
foot. The pain is exacerbated with activity and improved
with rest, can be intermittent or consistent, localized or
global, distal or proximal. The poorly localized quality of
the discomfort helps differentiate a tarsal tunnel syndrome
from the more directed discomfort of a tendonitis within
the tunnel. In collecting a patient history, it is also impor-
tant to  determine any other causes of distal neuropathy
such as  diabetes, vitamin deficiency, lower back pathology,
or rheumatologic disease.

In examining the patient, one should perform a Tinel’s
sign by percussion over the tibial nerve as it passes through

the flexor retinaculum in an attempt to reproduce symptoms.
If symptoms are elicited, this is considered a positive test and
is indicative of nerve pathology. Also, maintaining direct
pressure over the nerve at the tarsal tunnel for about 30 sec-
onds can reproduce symptoms. This is called the nerve com-
pression test. Interestingly, a peripheral sensory examination
may be normal in this patient, but decreased two-point dis-
crimination is an early clue to the disease process. A last test
would be positioning the foot with eversion and dorsiflexion
to stretch the tibial nerve in an attempt to create symptoms
and indicate tibial tunnel syndrome.8

More long-standing tibial nerve compression will slowly
cause atrophy of the foot intrinsic muscles and development
of a cavus deformity to the foot. A patient might also have a
planovalgus foot or forefoot abduction, which might con-
tribute to the disease by stretching the tibial nerve as it passes
into the foot.

DIAGNOSTIC TESTING

A diagnosis can be reached with the combination of the his-
tory and physical examination, as well as evidence of a com-
pressive lesion. An x-ray or CT scan would evaluate for a
bony lesion on the medial side of the ankle that may con-
tribute to tibial nerve compression. Beyond that, an MRI can
be important in locating a space-occupying soft-tissue lesion
(i.e., ganglion) that may exist within the tibial tunnel.

In addition to imaging, electrodiagnostic studies can be
performed to look for diagnostic clues such as slowed con-
duction or fibrillation potentials of intrinsic muscles. EMG
can also help discern between nerve compression, peripheral
neuropathy, and double crush syndrome, where there might
be a proximal nerve compression such as a herniated lumbar
disk. Ultimately, the correct diagnosis will be reached with
the combination of the patient’s report of pain and paresthe-
sias, positive physical examination findings, and an EMG re-
port showing delayed sensory nerve conduction.

TREATMENT

Nonoperative

● NSAIDs
● Immobilization
● Steroid injection (beware of the risk of tendon injury)
● Medial wedge orthotic with arch support
● Ankle-foot orthosis

Operative

● Operative intervention is indicated for patients who have
failed conservative management or those who clearly have
a lesion that is causing the nerve compression as deter-
mined by MRI or other imaging study.
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● Surgical procedure consists of release of the flexor retinac-
ulum with complete decompression of the tibial nerve and
plantar branches.

● Postoperative management consists of splinting and non-
weight bearing for 2 weeks followed by weight bearing in a
boot for 2 to 4 weeks.

Prognosis/Return to Play

● Patients with the best prognosis are those who have a
space-occupying lesion that can be surgically removed. A
review of literature finds studies that quote from 40% to
90% success, but almost universally find that if the source
of compression can be clearly identified and eliminated,
the patient does more predictably well.

● Assuming there is no residual nerve dysfunction from
long-standing compression, patients should be able to
begin gradual return to play at 6 to 8 weeks of recovery.

Complications/Indications for Referral

Indications for more expeditious referral for tibial tunnel
syndrome would be evidence of intrinsic muscle weakness
or wasting, suggesting more severe disease. Also, if the
workup shows a discrete mass or lesion that directs surgical
attention, an earlier referral might be warranted.

The main complication to be aware of would be recur-
rence of symptoms. If a patient had a surgical decompres-
sion performed and had resolution of symptoms, only to
have them recur, it is possible that scar tissue has recreated
compression on the nerve. In this situation, the patient
should return to their surgeon for re-evaluation.

APPROACH TO THE ATHLETE WITH
STRESS FRACTURE OF THE FOOT

Stress fractures of the bony structures in the foot arise
from repetitive injury. The metatarsals, navicular, and cal-
caneus are common sites for fractures that occur as a
 result of overuse or sudden increase in activity. In cases
such as the proximal fifth metatarsal and navicular, the
bone has areas of tenuous blood supply, which render 
it susceptible to stress injury. An injury to the fifth
metatarsal through the proximal diaphyseal/metap-
hyseal junction is known as a Jones fracture and can be
difficult to manage (Figs. 20.8–20.10). Fractures in zone 1
and zone 2 typically heal uneventfully, but special atten-
tion should be paid to zone 3 injuries as they may be more
difficult to heal. Decreased bone density or factors such as
steroids or endocrine dysfunction that predispose one 
to osteoporosis can also predispose a patient to stress 
fractures.

FIG. 20.10. Fifth metatarsal zone 3 injury. Reprinted with
permission from Buchholz RW, Heckman JD. Rockwood &
Green’s Fractures in Adults. 5th ed. Philadelphia, PA:
 Lippincott Williams & Wilkins; 2001.

FIG. 20.8. Fifth metatarsal zone 1 injury. Reprinted with
permission from Buchholz RW, Heckman JD. Rockwood &
Green’s Fractures in Adults. 5th ed. Philadelphia, PA:
 Lippincott Williams & Wilkins; 2001.

FIG. 20.9. Fifth metatarsal zone 2 injury. Reprinted with
permission from Buchholz RW, Heckman JD. Rockwood &
Green’s Fractures in Adults. 5th ed. Philadelphia, PA:
 Lippincott Williams & Wilkins; 2001.
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HISTORY AND PHYSICAL EXAMINATION

Patients will present with pain on weight bearing, localized
to the area of injury. Often, they are athletes involved in ac-
tivities with repetitive loading such as football or ballet. The
discomfort increases with activity and becomes more intense
over time as the stress fracture propagates. A patient may
have difficulty with training or running, with symptoms de-
veloping over 2 to 6 weeks without acute injury or incident.
Because of the indolent nature of symptoms, physicians
must have a high index of suspicion when investigating these
injuries so as not to misdiagnose a patient’s foot pain.

On physical examination, point tenderness to palpation
helps  localize the injury and focus further study. There may
be swelling as well, which can be important in differentiat-
ing plantar fasciitis from a calcaneus stress fracture. Classi-
cally, ballet dancers will develop pain over the metatarsals,
most frequently the second metatarsal base. Patients with
fifth metatarsal stress fractures will have lateral foot pain
and  frequently underlying cavovarus deformity that in-
creases lateral weight bearing in the foot. Navicular stress
fractures will present with dorsal midfoot pain. Discomfort
in the posterior–superior aspect of the calcaneus along with
pain on medial/lateral compression of the calcaneus sug-
gests stress fracture in that bone.

DIAGNOSTIC TESTING

Diagnostic testing should always begin with x-rays of the foot.
If there is a fracture visible, then the diagnosis is easy. Unfor-
tunately, stress fractures are not always easily visible. If there is
no fracture clearly seen on x-ray, one should look carefully in
areas that were tender on physical examination for  periosteal
reaction and sclerosis that can diagnose the stress fracture.

If the x-rays are negative, and there is a high index of
 suspicion, then a bone scan is a helpful follow-up study.
The bone scan will be positive in areas of fracture within 48
to 72 hours of initial injury. In most cases, patients present
with stress fractures after several weeks of symptoms and
thus the bone scans should be positive. An MRI is an addi-
tional test that frequently gives helpful information. Stress
fractures appear as areas of bony edema and help localize the
injury. One can also rule out other soft-tissue injuries as
sources of pain. Lastly, a CT scan can help characterize a
fracture line more clearly, particularly in the navicular stress
fractures where the bone is not as easily seen on plain x-rays.

TREATMENT

Nonoperative

● Immobilization.
● Non–weight bearing.
● Hard-soled shoe.

● Walking boot/cast.
● Nonoperative management should heal about 75% of

Jones fractures, but may take as long as 5 or 6 months of
treatment.9

● Navicular stress fractures should be treated similarly to
Jones fractures with immobilization in a non–weight-
 bearing cast for at least 6 weeks followed by at least 6 weeks
of progressive weight bearing out of the cast.10

Operative

● Indications for referral for operative management would
be displaced fractures or those that fail nonoperative man-
agement by having persisting pain even after prolonged
immobilization and restricted weight bearing.

● Elite or high-level competitive athletes with Jones frac-
tures, Navicular stress fractures, or other stress fractures
should immediately be referred for operative intervention
as it frequently allows for earlier return to play.11

● Postoperative management for foot fractures involves
non–weight bearing and immobilization postoperatively.

● For metatarsal and Jones fractures, this period may be as
short as 2 weeks, whereas for navicular fractures it might
be as long as 6 weeks, depending on the severity of the
fracture and fixation necessary in surgery.

● After this period, patients can progress weight bearing
gradually, and when there is motion and weight bearing
without any pain, the patient can return to their regular
activities and progress to return to play.

Prognosis/Return to Play

● Nonoperative management will be successful in the ma-
jority of cases, but can take several months of healing.

● A key for allowing athletes to return to play is healing of
the fracture (as seen on x-ray) with no evidence of tender-
ness on palpation, weight bearing, or other stress. Most
frequently, this takes about 6 to 8 weeks.

● Once pain is completely gone, patients can begin training
again and can return to play once cutting and running can
be performed without discomfort.

● The patient may be aided by an orthotic support to help
decrease load through the injured bone.

● Return too soon, without complete healing of the fracture,
can lead to refracture of the bone and restart of the healing
process.

Complications/Indications for Referral

The main complication in managing stress fractures is that
they may not heal. In cases of delayed union or nonunion,
patients should be referred for operative intervention.
 Additionally, elite or professional athletes can be referred for
 earlier intervention. Lastly, patients with recurrent stress
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 fractures should be considered for investigation of underlying
metabolic or endocrine dysfunction that may contribute to de-
creased bone density. Also, recurrent stress fractures may be a
sign of an underlying problem with the posture of the foot or
hindfoot and should be referred for further investigation.

APPROACH TO THE ATHLETE 
WITH PLANTAR FASCIITIS

The plantar fascia is a thick, fibrous layer of tissue that origi-
nates on the medial aspect of the calcaneus and inserts at the
bases of the five proximal phalanges. Inflammation of this
fascia is known as plantar fasciitis, which stems from degen-
eration and microtears within the fascia, usually near its
 calcaneal origin. It is regarded as the most common cause of
heel pain in athletes.

HISTORY AND PHYSICAL EXAMINATION

The patient with plantar fasciitis is generally a middle-aged,
overweight person who will present with complaint of heel
pain that is at the plantar, medial heel without radiation. It is
gradual in onset without antecedent trauma. Classically, the
patient will describe pain when taking the first steps of the
day after arising from bed. These patients will improve
through the day as the plantar fascia is able to stretch with
walking. The pain generally subsides with rest and will in-
crease with overuse. As the fasciitis becomes more chronic, it
can alter gait and illicit pain with every step.

On physical examination, the patient will often localize
pain to the medial calcaneal tuberosity (plantar fascia inser-
tion). Palpation there or stretching the fascia should repro-
duce the patient’s symptoms. Be sure to palpate the medial
border of the fascia itself with the toes dorsiflexed, as laxity or
incompetence of the fascia by comparison to the unaffected
foot may indicate a plantar fascial rupture. It is important to
remember that one should examine the entire foot and ankle
to determine if there is any malalignment, swelling, warmth,
or neuropathic symptoms that may point toward another di-
agnosis, even if the history may be very convincing for plantar
fasciitis.

DIAGNOSTIC TESTING

Diagnosis of plantar fasciitis is most often made by obtain-
ing a thorough history and physical examination. Obtaining
weight-bearing x-rays would be helpful to evaluate foot and
ankle  position and alignment. Also, one could determine if a
plantar heel spur exists that could be contributing to the
fasciitis symptoms. Other imaging might include an MRI
that could show a thickened fascia and edema through the
fascial insertion. Lastly, a bone scan would show increased
uptake at the calcaneus, and an ultrasound would show a

thickened fascia, but generally, these tests are unnecessary to
make the diagnosis.

If one is trying to rule out tarsal tunnel syndrome or
other nerve compression as the etiology for heel pain, one
could consider an anesthetic injection. If the anesthetic
 injection  decreases the pain, it is likely not plantar fasciitis.

TREATMENT

Nonoperative

● Nonoperative management of plantar fasciitis successful
in almost 100% of patients13

● Ice
● Stretching the plantar fascia and achilles
● NSAIDs
● Minimize overuse
● Night splints
● Orthotics (over the counter vs. custom)12

● Casting/immobilization particularly with fascial rupture
● Injection (anesthetic vs. corticosteroid)13

● Extracorporeal shock-wave therapy (ESWT)14

● A combination of any or all of the nonoperative options
employed for as long as 6 to 12 months before considering
surgery

Operative

● An operation for plantar fasciitis is controversial, and as
such, the American Orthopaedic Foot and Ankle Society has
issued a position statement as a guide to open heel  surgery.

● The goal of the statement is to emphasize the importance
of nonoperative management and assure careful consider-
ation and discussion before intervention.

● One study showed only about 50% of patients with com-
plete satisfaction after operative intervention.15

● Should one work through up to 1 year of nonoperative
management and still have symptoms, then referral may
be needed.

● If surgery is decided upon, it usually involves release of
the fascia through an incision on the medial side of the
calcaneus.

● Postoperatively, patients can expect to be non–weight
bearing for about 3 weeks followed by weight bearing in a
cast for an additional 4 weeks.

● Overall, activity will begin to increase toward normal at
about 12 weeks.

Prognosis/Return to Play

● A patient will have difficulty returning to full activity until
symptoms resolve completely.

● It may be that an athlete can return for short periods of
time as symptoms improve, but this may prove detrimental
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as the fasciitis may not have completely resolved and symp-
toms may return.

● The problem may not be eliminated until a prolonged
 period of rest and nonoperative intervention.

● For those who elect surgery, a patient may gradually return
to play starting at about 3 months after surgery. It may be,
however, that it takes a patient as long as 12 months post-
operatively to return to full strength.

Complications/Indications for Referral

Unfortunately, plantar fasciitis can be a difficult problem to
resolve. Patients should be referred if there is no progress
with nonoperative intervention or if there is a question
about another etiology for the heel pain that may warrant
surgical intervention.

APPROACH TO THE ATHLETE 
WITH METATARSALGIA

Metatarsalgia is a nonspecific term used to describe pain on
the plantar aspect of the foot in the region of the MTP joints.
The symptoms can occur for a wide variety of reasons, but
the majority seem to stem from improper footwear. Athletes
involved in high-impact sports, where overuse injury to the
forefoot is more likely, can develop symptoms as well.

The position of the toes is controlled by the intrinsic and
extrinsic forces of muscles, tendons, and static stabilizers
such as ligamentous and capsular structures that act at the
MTP, proximal interphalangeal (PIP), and distal interpha-
langeal (DIP) joints. A disruption to the balance of this sys-
tem can lead to pathology in the toe that eventually causes
the metatarsalgia symptom of plantar foot pain. The causes
are numerous and include the following:

1. Claw toe – hyperextension at the MTP with flexion at the
PIP and DIP joints

2. Hammer toe – hyperextension of the MTP and DIP with
flexion at the PIP joint

3. Mallet toe – flexion of the DIP joint
4. Synovitis – inflammation of an isolated MTP joint syn-

ovium and capsule causing pain
5. Systemic inflammatory disease – systemic illness leading

to inflammation of the MTP joints, causing pain, sublux-
ation, and dislocation

6. Intractable plantar keratosis – development of localized,
discrete thickening of skin under metatarsal heads

7. Freiberg’s infraction – osteochondrosis of the metatarsal
head, most often the second metatarsal

In general, these deformities or pathologies lead to altered
mechanics at the MTP joints, which causes plantar displace-
ment of the metatarsal heads. Over time, this causes increas-
ing pain and may lead to the plantar fat pad migrating
distally. This leaves the metatarsal heads uncovered, further-
ing symptoms in this area of the foot.

HISTORY AND PHYSICAL EXAMINATION

The goal of the history and physical examination is to begin
to discern what the source of the metatarsalgia is, as this is
key to the proper treatment of the disease. The presenting
complaint involves pain on the plantar aspect of the foot, in
the area of the MTP joints. Patients will have the most dis-
comfort with the push-off phase of gait, as the MTP be-
comes dorsiflexed. The pain might be difficult to localize,
having developed over several weeks or months.

On physical examination, one should note the position of
the toes in stance as normal, claw, hammer, or mallet toes and
identify any corresponding callosities or plantar keratosis. If a
patient describes relief of pain with walking barefoot, this
might suggest that shoe wear is contributing to their disease
process. Conversely, they may describe relief of pain with shoe
wear, hinting at uncovered metatarsal heads due to displace-
ment of the plantar fat pad as the source of discomfort. The
anterior drawer test can be performed at the MTP joints by
stabilizing the metatarsal and attempting to dorsally displace
the proximal phalanx of the corresponding toe. Joint displace-
ment and pain suggest instability at the MTP joint. If there is a
toe deformity, it should be manipulated to see if it is
corectable (flexible) or not (fixed), as this will influence treat-
ment options, particularly at the time of surgery. Lastly, the
gastrocnemius/soleus complex and Achilles tendon should be
examined for tightness or contracture which can lead to fore-
foot overload and pain at the plantar aspect of the MTP joints.

Further findings might include a swollen, erythematous,
or boggy toe that suggest synovitis or a systemic inflamma-
tory process. Warmth and swelling with decreased range of
motion at the MTP joint might suggest Freiberg’s infraction,
so this should be considered carefully as well.

Because there are so many causes for forefoot pain, one
must be sure to also consider diabetic neuropathy, radicular
pathology from low-back problems, and vascular disease
among other more systemic causes for metatarsalgia-type
symptoms.

DIAGNOSTIC TESTING

With all metatarsalgia complaints, weight-bearing x-rays of
the foot should be obtained. A widened MTP joint space
suggests a synovitic or inflammatory process, whereas a
 narrowed MTP joint space suggests MTP hyperextension
or subluxation. In extreme subluxation or dislocation, one
might find a “gun-barrel” sign on the AP x-ray, where the
proximal phalanx is seen on end, as the projection looks
down the shaft of the phalanx. One might find erosions of
the MTP joint in rheumatoid disease or sclerosis and col-
lapse of the metatarsal head in the later stages of Freiberg’s
infraction. In addition to the joint and joint space, one
should look carefully for bony prominences that might
 contribute to pain or development of keratoses. Lastly, the
x-rays are important for ruling out other midfoot or hindfoot
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problems such as cavovarus deformity that might be
 contributing to the metatarsalgia.

If there does not seem to be a reason for the forefoot pain
that is evident by history, physical examination, and x-rays,
then one should consider early Freiberg’s infraction or stress
fracture as the source of pathology. In this circumstance, a
bone scan or an MRI would be helpful for further investiga-
tion to identify bony edema or other evidence of osteonecro-
sis. The MRI would also be helpful in further evaluating the
joint capsule, ligamentous structures, and tendinous struc-
tures around the MTP joint and toes.

TREATMENT

Nonoperative

● Shoe modification
● Wide toe box
● Extra-depth shoes
● Metatarsal bar/pad
● Steel plate/stiff sole

● NSAIDs
● Steroid injection16

● Plantar keratosis shaving
● Immobilization

Operative

● Soft-tissue release
● Tendon transfer
● Osteotomy
● Combination of the above

Prognosis/Return to Play

● Patients do well if the source of metatarsalgia can be prop-
erly identified and treated.

● Return to play for athletes will be dictated by the nature of
the injury and the nature of treatment they receive.

● For nonoperative interventions, athletes can return to
sport gradually once their metatarsalgia symptoms have
subsided.

● For surgical intervention, return to athletics can occur
once the toe range of motion and function has returned
and the patient is free of pain. In both scenarios, this can
take several months.

Complications/Indications for Referral

In general, patients should be referred to an orthopedic sur-
geon when nonoperative intervention has failed or when the
deformity causing the metatarsalgia seems fixed and non-
flexible. Further, if a patient has had a foot and ankle proce-

dure in the past and presents with new onset or recurrence
of metatarsalgia, the patient should be referred back to their
surgeon. An entity called transfer metatarsalgia can occur
where a procedure such as a metatarsal osteotomy alters the
weight-bearing mechanics of the foot and creates increased
pressure at the other MTP joints.

APPROACH TO THE ATHLETE 
WITH MORTON’S NEUROMA

A Morton’s neuroma is a painful entrapment neuropathy of
a digital nerve in the foot. The interdigital nerve courses be-
neath the transverse intermetatarsal ligament and becomes
compressed at this point, often because of thickening of the
ligament or direct trauma. The vast majority of neuromas
occur in the third webspace of the foot, with the second web-
space being next most common. Rarely do they occur in the
first or fourth webspaces.

HISTORY AND PHYSICAL EXAMINATION

A patient with a Morton’s neuroma will present with pain at
the plantar aspect of the foot in a webspace, at or just distal to
the metatarsal heads. This pain burns and radiates to the toes.
Often, patients will describe that they feel as if they are walk-
ing on a marble or wrinkle in their sock. Typically, the patient
wears narrow-toed shoes or high heels frequently, as dorsi-
flexion and compression of the toes over time can lead to in-
creased irritation of the digital nerve. Pain is relieved by
resting the feet or removing the offending footwear.

Physical examination will find tenderness to palpation in
a webspace. A neuroma as the source of pain may be difficult
to discern from other structures or causes of pain in that re-
gion such as MTP joint synovitis. Careful examination is
therefore warranted. One can attempt to reproduce the pa-
tient’s pain by directing dorsal pressure on the plantar inter-
space over the digital nerve in question. With this directed
force, the foot should then be squeezed in a medial to lateral
direction. The digital nerve will then be pushed in the plantar
 direction. If a clicking occurs and reproduces the patient’s
pain, this is called Mulder’s sign, suggesting an interdigital
neuroma is present.

DIAGNOSTIC TESTING

In the large majority of cases, the diagnosis can be made
with a thorough history and physical examination. Most pa-
tients do not need diagnostic studies to be performed. If the
diagnosis is in doubt, however, ultrasound has been shown
to correlate closely to clinical findings at the time of surgery
and can be used for diagnosis.17 MRI has also been sug-
gested, but has not been shown to have the same association
to findings.
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Alternatively, one can consider an injection of anesthetic
into the webspace to help with the diagnosis. If a patient has
relief of symptoms from this injection, it can support a neu-
roma as the cause of pain. One must be careful, however, that
other local pathology (i.e., synovitis) may also be relieved by
an injection of anesthetic.

TREATMENT

Nonoperative

● Shoe modification
● Wide toe box
● Lower heel
● Stiffer sole
● Metatarsal pad

● Steroid injection18

Operative

● If conservative measures have failed, then operative inter-
vention would be indicated.

● Importantly, as with any operation, one should do one’s
best to be sure of the diagnosis.

● The procedure itself is customarily done as an outpatient
and involves a dorsal or plantar incision to resect the dis-
eased portion of nerve.

● Postoperatively, with a dorsal approach, the patient will
customarily walk as tolerated in a post-op shoe until the
wound is healed.  With a plantar approach, the patient will
heel-weight bear until the wound is completely healed.

● When the wound is completely healed, the patient can
 resume wearing a regular shoe and working with active and
passive range of motion as tolerated, resuming their normal
activity.

Prognosis/Return to Play

● At 5 years after surgery, the satisfaction rate with operative
intervention was found to be 85%.19

● Patients can expect to have numbness through the web-
space and a portion of their toes that remains after surgery.

● As they move from their postoperative period and the sur-
gical wound heals, patients should be able to return to play
as tolerated.

Complications/Indications for Referral

Patients should be referred to a surgeon if nonoperative
measures fail. Also, if a patient returns with persisting com-
plaints that have not improved postoperatively, it is possible
that they were initially misdiagnosed and there is a source of
pain other than a neuroma. Also, if the patient’s symptoms
resolve and then slowly return, it is possible that a neuroma at
the stump of the resected digital nerve has formed. In either

of these situations, one should consider a referral to a spe-
cialist for further intervention.

APPROACH TO THE ATHLETE 
WITH SESAMOIDITIS

The sesamoid bones of the great toe lie within the flexor hal-
lucis brevis tendon, plantar to the distal aspect of the first
metatarsal. They function to absorb and transmit weight to
the foot while increasing mechanical advantage in flexion of
the great toe. The sesamoids can cause pain in the foot for
reasons such as fracture, subluxation, arthritis, and os-
teonecrosis. If there does not appear to be a clear etiology for
sesamoidal pain, then one is diagnosed with sesamoiditis as
a diagnosis of exclusion.

Sesamoiditis is pain that occurs from the sesamoids of the
great toe without known trauma. It can be disabling and has
increased in incidence with participation in athletics and use
of artificial surfaces for competition. Sesamoid cartilage is
thought to be abnormal as sesamoiditis develops with repet-
itive injury or stress.

HISTORY AND PHYSICAL EXAMINATION

A patient will present with pain on the plantar aspect of the
first metatarsal head that is worse with push-off in gait or
running and relieved by rest. The onset of pain seems to be
insidious, with a gradual progression of discomfort and no
clear evidence of trauma.

An examination will reveal a maximal area of tenderness
overlying the sesamoid bones on the plantar foot. It may be
possible to distinguish medial from lateral sesamoid pathol-
ogy, with the medial being a classically bigger bone with
greater weight bearing and thus more common injury. A cal-
lus might be noted in this area of the foot and occasionally
swelling as well. Hyperextension of the great toe will exacer-
bate symptoms as tension is exerted through the flexor ten-
dons with this maneuver.

Lastly, the position of the foot should be examined, as a
cavus foot may be predisposed to developing sesamoiditis.
These patients often have a plantarflexed first ray that could
proportionally increase the weight-bearing load of the
sesamoid bones and lead to pain.

DIAGNOSTIC TESTING

AP and lateral x-rays should be taken to rule out fracture in
the foot and examine overall foot position. Additionally, an
axial view of the sesamoids (similar to a sunrise view of the
patella) should be taken to examine for joint space narrowing
or subluxation that might be leading to pathology.  Medial and
lateral oblique x-rays of the sesamoids can also be performed
to help more clearly evaluate the bones without obstruction
from overlying metatarsals. In reviewing x-rays, consideration
should be given to fracture, dislocation, and arthritis of the
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bones. Also, if the sesamoids appear to have migrated proxi-
mally, consideration should be given to a plantar plate injury
or turf toe. It should be noted that occasionally the sesamoid
can be bipartite (medial more than lateral), which should
not be mistaken for a fracture.

Other studies can be helpful such as a bone scan. It can
help discern between an acute fracture and a bipartite
sesamoid or between osteonecrosis and sesamoiditis. Bone
scans should be interpreted carefully, however, as there can
be false-positive results.

MRI is another imaging study that can be ordered to
gather information. It might be helpful in diagnosing a plan-
tar plate injury or stress fracture.

TREATMENT

Nonoperative

● Activity modification
● NSAIDs
● Metatarsal bar/pad
● Taping of the great toe in neutral or plantarflexed position
● Short leg cast for 6 to 8 weeks
● Steroid injection

Operative

● Surgical intervention should be considered only after
 exhausting conservative measures for 6 to 12 months or in
the case of a complete plantar plate disruption.

● If the sesamoids are still causing pain, then one can con-
sider excision of the bone.

● Generally, only one of the two sesamoids is excised so as
not to predispose the great toe to a hyperdorsiflexion de-
formity or clawing.

● Most procedures are performed on the plantar aspect of
the foot.

● Postoperatively, the patient will be in a soft dressing for
about 7 to 10 days and then heel-weight bearing in a post-
operative shoe until the wound is completely healed.

● One might tape the great toe in neutral or slight plan-
tarflexion to decrease the extension stresses across the
 surgical site.

● Full weight bearing and return to normal activities would
begin as tolerated gradually after 8 weeks.

Prognosis/Return to Play

● Patients with sesamoiditis can return to play as tolerated,
understanding that their symptoms may never completely
resolve until a prolonged period of decreased activity or
immobilization.

● If the point of surgery is reached, a patient can often
 return gradually after 8 weeks of recovery.

Complications/Indications for Referral

Indications for referral would include acute fracture, plantar
plate avulsion, flexor tendon injury, severe bunion defor-
mity, or other great toe pathology that has specific etiology
in need of surgical attention. If the diagnosis of sesamoiditis
is reached by exclusion, one should be aware that it can take
up to a year to resolve completely.

KEY POINTS

• A working knowledge of foot and ankle anatomy and
function is critical to proper examination and diagno-
sis of chronic injuries

• Functional ankle instability can be successfully treated
with surgery after a course of nonoperative modalities

• Patients with foot deformity in posterior tibialis
 dysfunction should be referred to a surgeon

• Evidence of muscle weakness or wasting in tarsal
 tunnel syndrome should be documented with EMG
and referred to a surgeon

• One must maintain a high index of suspicion for stress
fractures so as not to miss a diagnosis

• Surgery for plantar fasciitis is controversial and should
be considered only after exhaustive attempts at nonop-
erative management

• It is critical to determine the cause of metatarsalgia to
properly direct management
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INTRODUCTION
The ankle is a complex joint composed of three bones, stabi-
lized by several ligaments, and traversed by a number of
 tendons. It is a relatively constrained joint that is subject to
complex forces and stresses. As such, it is the most com-
monly injured joint in the body and prone to a number of
acute and chronic conditions that can lead to significant dis-
ability if not recognized or treated properly. To that end, this
chapter aims to provide a relatively concise understanding
of ankle joint anatomy and several commonly encountered
 injuries. A thorough understanding of these concepts will
serve to minimize disability and help to efficiently return
athletes to their sports-related activities.

FUNCTIONAL ANATOMY
When considering the anatomy of the ankle, it is useful to
break the ankle down into its three main components: bony,
ligamentous, and musculotendinous. Understanding each of
these individually is essential to understanding the ankle as a
whole. In its simplest form, the ankle is a hinge joint com-
posed of three bones, the tibia, fibula, and talus, and three
ligamentous complexes, the medial, lateral, and syndesmotic.
Its anatomic features leave the tibiotalar articulation more
rigid medially than laterally, more stable in dorsiflexion than
in plantar flexion, and sensitive to minor changes in bio -
mechanical stability. Since the tibiotalar articulation is sub-
jected to more load per unit area than any other joint in the
body, understanding these relationships is paramount.1

Three bones compose the ankle joint: the tibia, fibula, and
talus. The tibia and fibula form the mortise around the talus
(Fig. 21.1). It is important to note that the talus also  articulates
with the navicular and calcaneus in the foot.

The tibia provides most of the proximal articular surface
(plafond) and medial bony constraint (medial malleolus) to
the ankle joint. The tibia is the larger of the long bones of the
leg and flares distally, where it contributes to the tibiotalar
 articulation. The plafond is concave when viewed laterally,
which accommodates the talar dome. The plafond is also
wider medially than laterally and extends further distally

 posteriorly (the posterior malleolus) than anteriorly. Because
of this complex shape, a minimal subluxation of the talus
under the tibia can lead to significantly increased contact
stresses and predispose to osteoarthritis.2,3 The  medial malle-
olus is found anteromedially in the ankle joint and serves as
the attachment site for the deltoid ligaments, an important
medial stabilizer. It has two subtle prominences called colli-
culi: the anterior colliculus, which serves as the attachment
point for the superficial deltoid ligament, and the posterior
colliculus, which anchors the deep deltoid ligament. 

The fibula provides lateral bony stability to the ankle
joint. It is the smaller of the long bones of the leg and flares
distally to form the lateral malleolus. The lateral malleolus
extends more posteriorly and distally than the medial malle-
olus. It also slopes laterally as it comes to its tip. The medial
fibula serves as the attachment point of the syndesmotic
 ligaments and some of the lateral ankle ligaments. The
fibula must also externally rotate and migrate proximally to
accommodate the talus in ankle dorsiflexion.

The talus is found distal to the tibia and fibula and within
the bony confines of the medial and lateral malleoli. It is
composed of three main parts: the body (or dome), neck,
and head. Sixty percent to 70% of the talar surface is covered
by articular cartilage. The talar body articulates with the
 tibial plafond and is convex in shape. It is also wider anteri-
orly than posteriorly, which contributes stability to the ankle
in dorsiflexion. Many ligamentous attachments from the
malleoli and the subtalar joint serve to anchor the talus in
place. Also, since its surface is mostly articular, its blood sup-
ply is relatively sparse, leaving the talus prone to avascular
necrosis, particularly when the neck is fractured.

The ankle is supported by three sets of ligaments: the
 medial deltoid ligaments, the lateral ligaments, and the syn-
desmotic ligaments (Fig. 21.1). Three ligaments make up the
lateral ankle ligamentous complex, the anterior talofibular
ligament (ATFL), the calcaneofibular ligament (CFL), and
the posterior talofibular ligament (PTFL). Since each of
these ligaments is under varied tension throughout ankle
range of motion, the lateral tibiotalar articulation is some-
what flexible. 

Each of these ligaments is also confluent with the ankle
joint capsule. The ATFL originates from the anterior lateral
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FIG. 21.1. (A) Lateral and (B) medial view of the skeletal and ligamentous anatomy of the ankle
and hindfoot. Reprinted with permission from Moore KL, Dalley AF II. Clinically Oriented Anatomy.
4th ed. Baltimore: Lippincott Williams & Wilkins; 1999.

malleolus and inserts on the anterior articular facet of the
talus. It provides stability to the ankle when it is plantar
flexed and inverted. With the ankle in neutral, the ATFL
 limits rotation and anterior talar translation. Since it is the
weakest of the lateral ankle ligaments, the ATFL is most
commonly injured in an ankle sprain. The CFL originates

just distal and posterior to the ATFL on the lateral malleolus
and inserts posteriorly on the posterior–superior tubercle
of the calcaneus. The CFL is taut in neutral and tightens
with ankle dorsiflexion. It is susceptible to injury with ankle
dorsiflexion and inversion. It also serves to help stabilize the
subtalar joint. The PTFL originates on the posterior–medial
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lateral malleolus and inserts broadly on the posterior talus.
It is very stout, limits dorsiflexion, and is rarely injured.
However, with an injured ATFL, the PTFL assumes a larger
role in limiting talar internal rotation.

The deltoid ligament confers stability to the medial
ankle. It is composed of two portions: the thinner superfi-
cial layer, which originates on the anterior colliculus and
inserts on the sustentaculum tali and spring ligaments,
and the thicker deep layer, which originates on the poste-
rior colliculus and inserts on the medial talus. The deep
deltoid ligament is also intra-articular and confluent with
the ankle capsule. Both parts of the deltoid ligament limit
ankle eversion, but the deep layer is the primary medial
stabilizer.4 With lateral  ligament injury, the deltoid liga-
ment helps to stabilize anterior and lateral migration of
the talus.

There are four syndesmotic ligaments which run between
the tibia and fibula, and they are essential to the structural
integrity of the ankle. They are the interosseous ligament,
anterior–inferior tibiofibular ligament (AITFL), the
 posterior–inferior tibiofibular ligament (PITFL), and the
transverse tibiofibular ligament. The syndesmotic ligaments
maintain the relationship between the tibia and fibula
throughout the arc of ankle motion and also help prevent
excessive external rotation of the fibula when the lateral
ankle ligaments are torn and the ankle is dorsiflexed. The
most commonly injured syndesmotic ligament is the AITFL.
The PITFL serves to deepen the ankle joint. The interosseous
ligament is the primary connection between the tibia and
fibula and is confluent proximally with the interosseous
membrane. Injury to the syndesmotic ligaments generally
takes a good degree of force, typically with external rotation.
This injury is commonly referred to as a “high ankle sprain”
and is considered serious. 

A number of tendons cross the ankle joint; several of
these contribute to ankle stability (Fig. 21.1). The primary
dynamic stabilizers of the ankle are the peroneus longus and
brevis, the tendons of which course posterior and inferior to
the lateral malleolus below the superior peroneal retinacu-
lum. Both are innervated by the deep peroneal nerve and
originate on the lateral fibula. The peroneus brevis inserts on
the base of the fifth metatarsal and the peroneus longus
courses across the plantar aspect of the foot where it inserts
on the base of the first metatarsal and medial cuneiform.
They both serve to evert and stabilize the ankle and are
 important to ankle proprioception (an essential aspect of
 recovery from ankle injury).

There are a number of other important tendons about
the ankle joint. The Achilles tendon runs posteriorly and
 inserts on the calcaneal tuberosity. It is the primary ankle
plantar flexor. The tibialis posterior, flexor digitorum longus,
and flexor hallucis longus are found posterior medially and
are secondary ankle plantar flexors and inverters. Anteriorly,
the tibialis anterior (the primary ankle dorsiflexor), extensor
digitorum longus, and extensor hallucis longus also cross the
ankle joint.

EPIDEMIOLOGY
Inversion ankle sprains are the most common athletic injury
to the ankle. They account for up to 75% of ankle injuries.5

Occurrence rates have been quoted anywhere from 0.68 to
3.85 sprains per 1,000 person-days of exposure.6–10 Though
traditionally considered minor, ankle sprains can lead to
 significant disability in the athlete.11 These injuries are clas-
sified according to severity from grade I through grade III.
A grade I injury is consistent with ligament stretching or
partial tear. It typically leads to mild tenderness and swelling,
minimal functional loss, and no mechanical instability. A
grade II injury involves an incomplete ligament tear, leading
to moderate pain and swelling with ecchymoses, tenderness
to palpation, loss of motion and function, and mild to mod-
erate instability. A grade III injury involves a complete tear
and loss of integrity of a ligament, leading to more severe
swelling and ecchymoses, loss of function and motion, and
mechanical instability on stress testing.12

Though less common than conventional ankle sprains,
syndesmotic injuries or high ankle sprains represent a signif-
icant injury to the ankle that can result in prolonged disabil-
ity. These injuries represent approximately 1% of all ankle
“sprains.”13 Syndesmotic injuries have gained increasing
 attention in recent years, because they are often difficult
to diagnose and are associated with prolonged recovery
compared to conventional ankle sprains, and optimal man-
agement is controversial. High ankle sprains occur by an
 external rotation stress to the ankle that stretches/tears the
syndesmotic ligaments, often in the absence of an associated
fracture. They can be classified into three categories: sprain
without diastasis, sprain with latent diastasis (present on
stress x-rays only), and sprain with frank diastasis (present
on initial x-rays).14

Ankle fractures are one of the most common skeletal
 injuries and are increasing in incidence, especially with an
aging population.15,16 The incidence of ankle fractures is
 estimated at approximately 175 per 100,000 persons.17 Risk
factors for ankle fractures include increased body mass index
and a history of smoking.18 Though most work on ankle
fractures has focused on the general population, they are
also quite common in athletes. Surgical fixation of ankle
fractures is the fifth most common procedure performed on
prospective National Football League (NFL) players and the
most common form of fracture fixation in this population.19

Improperly managed ankle fractures can lead to significant
disability such as posttraumatic arthritis, especially in a
young athlete.

Osteochondral lesions of the talus are relatively rare, but
since the talus has a tenuous blood supply and limited
 capacity for healing, these can be devastating injuries to the
ankle. These lesions affect the articular cartilage and sub-
chondral bone of the talus and can lead to significant degen-
erative changes and loss of range of motion.20 They typically
arise from previous ankle trauma and should be suspected
in patients with chronic ankle pain, especially with previous
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injury.21 Fractures of the talar body compose approximately
1% of all fractures and are often unrecognized because
they are associated with other more obvious injuries.22 For
example, 28% of these lesions have been shown to be associ-
ated with other fractures, and some authors estimate that
 osteochondral lesions accompany up to 6.5% of ankle
sprains.23,24 Lesions are generally thought to be split nearly
evenly between the medial and lateral talar dome.

Achilles tendon problems represent a spectrum of over-
use injuries that are multifactorial in origin and commonly
related to poor training practices and advancing age. They
represent common ailments, affecting up to 10% of serious
runners per year, especially those who have recently stepped
up a training program.25,26 The Achilles tendon is the
largest tendon in the body and connects the gastrocnemius
and soleus muscles to the calcaneal tuberosity. As such, it
crosses the knee, ankle, and subtalar joints. During run-
ning, forces up to 10 times body weight are imparted on the
Achilles tendon. It lacks a synovial sheath and instead has a
paratenon, which helps with gliding. The blood supply to
the Achilles tendon leaves a relative watershed region ap-
proximately 4 cm proximal to its insertion.27 With normal
aging, the Achilles tendon undergoes morphologic changes
that may leave it susceptible to injury.28 However, a healthy
tendon possesses a strong ability to adapt to mechanical
stimuli and gradual changes in athletic training. Achilles
tendon injuries can be classified according to severity from
paratenonitis to paratenonitis with tendinosis to tendinosis
to frank rupture.29,30 In paratenonitis, the inflammation is
limited to the paratenon and is accompanied by inflamma-
tory signs over the tendon. In paratenonitis with tendinosis,
one encounters the beginnings of intratendinous degenera-
tion usually indicated by a palpable nodule in the tendon
accompanied by  inflammation. Tendinosis involves further
intratendinous degeneration indicated by atrophy and pal-
pable tendon nodule without inflammation. Tendinosis
typically occurs 2 to 6 cm proximal to the tendon’s inser-
tion and is consistently found in regions of frank tendon
rupture.29,30

Lisfranc injuries are a relatively rare, but potentially dev-
astating, athletic injury. The Lisfranc joint is formed by the
base of the first and second metatarsal and their articulations
with the medial and middle cuneiforms. A stout plantar
 ligament and less stout dorsal ligament between the medial
cuneiform and base of the second metatarsal serve as key
supporting elements to the transverse arch of the midfoot.
Loss of integrity of this ligament can lead to significant dis-
tortion of the architecture of the foot, arthritis, and chronic
disability. Injuries to the Lisfranc joint include damage to
this ligament, fractures of the bones that comprise this joint,
dislocations, or combined injuries. The mechanisms of
 injury commonly associated with a Lisfranc sprain are axial
loading of the midfoot, twisting of the midfoot, and landing
on a plantar-flexed forefoot. Lisfranc injuries can occur with
most sporting activities, but are particularly common in
football, especially with pileups.

Turf toe represents an injury to the forefoot at the base of
the first toe. It has become more common in recent years
due to the increased use of artificial turf and other relatively
hard playing surfaces. Hard surfaces combined with flexible
footwear that provides less forefoot stability when running
and jumping have been thought to be the prime contribu-
tors to turf toe. This injury represents damage to the plantar
capsule of the first-toe metatarsal–phalangeal joint. Capsu-
lar damage can be quite painful and can even lead to joint
 instability. Patients typically complain of pain at the base of
the first toe, stiffness, and swelling. Turf toe is particularly
common in sports that require running and jumping on
 artificial turf such as football, soccer, and lacrosse.

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

One of the most useful tools in evaluating a complaint of
ankle pain is the patient’s history. Factors to consider include
the patient’s age, mechanism of injury, location of pain,
 exacerbating and alleviating factors, associated symptoms,
and past medical history.

The patient’s age is a key factor when evaluating ankle
pain. Children often have ankle pain as a result of trauma.
Children are also more likely to suffer avulsion fractures, as
their apophyses are relatively weaker than their tendons and
ligaments. A history of chronic ankle sprains in a child aged
10 to 15 years should raise the concern for a tarsal coalition.
Children can also develop primary bone or soft-tissue
 tumors. Acute trauma is the most likely cause of ankle pain
in young adults. This includes sprains, fractures, tendon
 injuries, and osteochondral lesions of the talus. Middle-aged
adults, especially the “weekend warrior” types, commonly
suffer Achilles tendon injuries, sprains, and fractures. Frac-
tures are becoming increasingly common in osteoporotic
elderly individuals. Chronic conditions such as osteoarthri-
tis, inflammatory arthritis, posterior tibial tendon dysfunc-
tion, and metastatic neoplasms must be considered in the
elderly population as well.

Another key feature of the patient’s history with ankle pain
is the mechanism of injury. Typically, an inversion  injury to
the ankle results in a sprain. An external rotation injury
 commonly results in fracture and/or syndesmotic  
injury. A sudden eccentric contraction of the Achilles tendon
 accompanied by a pop is common in rupture of this tendon.
Fall from a height is commonly associated with hindfoot
fractures or fractures of the tibial plafond. More insidious
mechanisms and gradual onset of pain suggest chronic
 conditions such as osteoarthritis, inflammatory arthritis, or
neoplasm. The relatively sudden onset of pain in the setting
of a fever or other infectious process is concerning for septic
arthritis, a surgical emergency. Pain that occurs with discrete
periods of exacerbations and remissions is common with
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chronic ankle instability and osteochondral lesions of the
talus. Night pain is especially concerning for a neoplastic
process.

The location of ankle pain can also help narrow the dif-
ferential diagnosis. Pain along the dorsum of the foot, espe-
cially if lateral, is typical with ankle sprains. Pain directly
over one or both malleoli is associated with fracture and/or
ligament injury. Posterior ankle pain is commonly seen
with Achilles tendon or hindfoot injury. Diffuse, deep-
seated ankle pain is common with the different forms of
arthritis. Pain distal to the lateral malleolus or along the
lateral border of the foot is common with peroneal tendon
instability.

Many ankle conditions have exacerbating and alleviating
factors. Pain with weight bearing is common in acute
trauma. Typically, there is more difficulty with weight bear-
ing in the setting of a fracture than in the setting of a sprain.
The pain associated with inflammatory arthritis is com-
monly worse early in the day and relieved by anti-inflamma-
tory medications. The pain with osteoarthritis is typically
worse with weight bearing, worsens as the day progresses,
and responds to anti-inflammatory medications. Pain that
does not respond to ice and elevation is concerning for an
infectious process. Although pain with range of motion is
typical with most ankle processes, the pain with a septic joint
is usually markedly worse than that seen with osteoarthritis
or inflammatory arthritis.

The patient’s past medical history is especially important
to consider when evaluating ankle pain. A history of multi-
ple sprains can lead to chronic ankle instability. Multiple
sprains are also concerning for a tarsal coalition, particularly
in a teenager or young adult. A history of trauma makes
posttraumatic osteoarthritis a concern. A previous ankle
 infection or a history of bacteremia makes a septic joint
more likely. Metastatic disease should be considered if the
patient has a history of neoplasm. One should consider gout
or another inflammatory arthritis if the patient has had
 previous exacerbations. Diabetics or patients with neuropa-
thy are particularly prone to developing a Charcot joint, as
their lack of protective sensation predisposes them to repeat
injury.

Evidence-based Physical Examination 

Inspection

The examination of the ankle begins with visual inspection.
Compare the symptomatic ankle with the unaffected con-
tralateral ankle, as this can give a nice approximation of the
baseline appearance of the symptomatic ankle. Observe the
affected ankle from midtibia down to the foot. Be sure to
look at the bony and tendinous prominences for evidence of
cutaneous trauma and/or swelling. Localized swelling serves
to help determine the area(s) of maximal injury. Examples
of common areas of localized swelling include the anterior/
lateral ankle and proximal dorsal foot for ankle sprains, the

malleoli for fractures, and just proximal to the ankle for
 syndesmotic injuries. Generalized foot/ankle swelling sug-
gests more severe trauma. Bruising and other color changes
can help to assess the chronicity of the injury as well. It is
also useful to assess the patient’s gait and weight-bearing
ability to help narrow the potential area(s) of injury/pain.
Assessment of overall alignment, especially compared to the
contralateral ankle, is also important.

Palpation 

Palpate the ankle to assess the various areas of bony
anatomy and ligament and tendon origin and insertion. A
consistent systematic approach is advised. Palpate the
prominent medial malleolus and distal tibia medially. Mov-
ing toward the plantar aspect of the foot, palpate the medial
talus as well as the prominent sustentaculum tali of the cal-
caneus. The  medial tubercle of the talus is also palpable just
posterior to the medial malleolus. The deltoid ligament is
palpable as a firm band just inferior to the medial malleo-
lus. Posterior to the deltoid ligament in a soft spot anterior
to the Achilles tendon lay the tibialis posterior tendon,
flexor digitorum longus tendon, posterior tibial artery and
nerve, and flexor hallucis longus tendon. Moving posteri-
orly, palpate the Achilles tendon down to its insertion on
the calcaneus.  Laterally, start with bony palpation of the lat-
eral malleolus. Palpation of the proximal/lateral foot in-
cludes the prominence of the base of the fifth metatarsal.
The peroneal tendons are palpable, tracing back proximally
from the base of the fifth metatarsal inferior and lateral to
the distal fibula. The lateral ligamentous structures are
more difficult to  palpate, but tenderness anterior/distal to
the lateral malleolus suggests ATFL injury. Similarly,
 tenderness posterior/medial to the lateral malleolus sug-
gests PTFL or CFL injury.  Anterior and medial to the lateral
malleolus is a soft area often referred to as the sinus tarsi.
In addition to the ATFL, it is also possible to palpate the
tibiofibular articulation and dome of the talus in this area.
Further anteriorly, palpate the prominent tibialis anterior
tendon. Just lateral to this tendon on the dorsum of the foot
is the dorsalis pedis artery.

Range of Motion

Range of motion of the ankle can be simplified to plantar
flexion and dorsiflexion (which primarily occur through the
tibiotalar joint) and inversion and eversion (which primarily
occur through the subtalar joint). Passive range of motion
is most easily assessed with the patient sitting with the legs
dangling over the side of the table. Assess ankle range of
 motion with the knees bent because the gastrocnemius
crosses both the ankle and knee joints. It is important to
 stabilize the subtalar joint by holding the calcaneus when
 assessing plantar flexion and dorsiflexion. While grasping the
midfoot/forefoot with the other hand, one can assess plantar
flexion and dorsiflexion, which averages 50 and 20 degrees,
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respectively. The shape of the talus leaves the ankle with
more medial and lateral motion in plantar flexion than in
dorsiflexion. A decrease in range of motion can be caused
by prolonged immobilization (e.g., casting), intra- or extra-
articular swelling, joint fusion, joint capsule contracture,
or impingement due to osteophyte formation seen with
 osteoarthritis. A loss of dorsiflexion is particularly debilitat-
ing because it can lead to difficulty clearing the floor with
the toes during the swing phase of gait, which can cause
 frequent stumbles and/or falls. Assessing subtalar motion
through inversion and eversion requires stabilizing the tibia
with one hand and using the contralateral hand to hold the
calcaneus and hindfoot. There is usually 5 degrees each of
subtalar inversion or eversion. Decreased inversion and ever-
sion is seen in conditions such as osteoarthritis, joint fusion,
and tarsal coalition. A loss of inversion and eversion makes it
particularly difficult to walk on uneven surfaces. Active
range of motion can be assessed with the patient sitting as
above or standing. Asking the patient to stand/walk on the
toes, heels, lateral foot, or medial foot assesses ankle plantar
flexion, dorsiflexion, and subtalar inversion and eversion,
 respectively.

Strength Testing

Strength testing about the ankle involves assessing the func-
tion of the main ankle dorsiflexor and inverter (tibialis ante-
rior), plantar flexors (gastrocsoleus complex), and everters
(peroneus longus and brevis). Strength testing is a nonspe-
cific test that examines musculotendinous integrity, intact
neurologic function, and the ability to move a joint. It is im-
portant in assisting the evaluation of the cause of a patient’s
complaint. To assess the tibialis anterior, observe the patient
walking on his/her heels and resist dorsiflexion/inversion by
stabilizing the tibia and pushing the foot into plantar flexion/
eversion by pressing on the first metatarsal. As mentioned
earlier, a weak tibialis anterior and loss of ankle dorsiflexion
make it difficult to clear the floor with the toes during swing
phase of gait and can contribute to a steppage or drop foot
gait. To assess the gastrocsoleus complex, observe the patient
walking on his/her toes, hopping up and down on one foot,
and resisting plantar flexion by stabilizing the tibia with one
hand and pressing up on the dorsum of the foot with the
contralateral hand. Weakness with plantar flexion may sug-
gest Achilles tendon injury/inflammation. To assess the per-
oneus longus and brevis, observe the patient walking on the
medial border of the foot and resisting eversion by stabiliz-
ing the calcaneus with one hand and providing an inver-
sion/plantar flexion force with the other hand pressing along
the fifth metatarsal. Pain with resisted eversion or inability to
evert the foot suggests derangement of the peroneal tendons
such as tendonitis, sprain, or subluxation. There are also a
number of tests to assess the other musculotendinous struc-
tures that cross the ankle joint, but these perform a second-
ary function with ankle joint motion and are not covered in
this chapter. 

Laxity Tests 

A number of different maneuvers are designed to assess
the various structural elements of the ankle for stability.31

One such test is the talar tilt test, which assesses the
 integrity of the ATFL and CFL. It is performed with the
patient seated and the foot unsupported. With the foot in
10 to 20 degrees of plantar flexion (which tests the ATFL
primarily), stabilize the leg just above the medial malleo-
lus and supply an inversion force to the hindfoot with the
contralateral hand.  Normally an angle of approximately
5 degrees is achieved between the tibial plafond and talar
dome. An increase in this tilt is suggestive of injury to both
the ATFL and CFL. However, there is a lack of consensus
on just how much talar tilt is indicative of injury to both
ligaments. Comparison to the contralateral ankle is useful
in this circumstance.32–34

Another test useful for assessing the integrity of the ATFL
is the anterior drawer test. This test can be performed with
the patient either sitting or supine. In the sitting position,
have the knee flexed over the side of the table and let the
ankle fall into plantar flexion. Stabilize the distal tibia with
one hand and provide an anteriorly directed force on the
 calcaneus with the other. If the patient is supine, hyperflex
the knee, place the ankle in plantar flexion, fix the foot in
one hand (or against the table), and apply a posteriorly
 directed force to the anterior aspect of the distal tibia. This is
often called the modified anterior drawer test.35 A positive
test  involves pain and/or translation of 8 mm or greater
compared to the contralateral side. In a study comparing
physical examination to surgical and arthrography findings,
the  anterior drawer test was found to have a positive predic-
tive value of 91% and a negative predictive value of 51%,
with a sensitivity of 80% and specificity of 74%.36

Special Tests

Two tests are commonly cited for assessment of injury to the
syndesmosis. The first of these is often called the squeeze test,
which is performed by squeezing the fibula against the tibia
at the midcalf level. A positive test produces pain distally at
the level of the syndesmosis just proximal to the ankle joint
and indicates severe syndesmotic injury. This test has shown
moderate interrater reliability.13,37 The second test is the
 external rotation test. In this test, the tibia is stabilized and the
foot externally rotated through the ankle joint, thereby stress-
ing the syndesmosis. A positive test causes pain at the level
of the syndesmosis in the setting of syndesmotic ligament
 injury. This test has demonstrated high interrater reliability
and significant association with ankle pathology.37,38

If the patient has lateral ankle pain, especially with a
 sensation of popping, it is important to test for peroneal ten-
don subluxation. This occurs with loss of superior peroneal
 retinaculum integrity. To perform this test, have the patient
further dorsiflex the ankle from a position of slight dorsi-
flexion and eversion. A positive test recreates the popping
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sensation and may allow visual observation or palpation of
the tendons actively subluxing.

Another test to consider when evaluating ankle pain is the
Thompson test for a ruptured Achilles tendon. This test is
performed with the patient prone and both feet extending
past the end of the table. Squeezing the calf muscles should
produce plantar flexion of the ankle if the tendon is intact.
The foot should not plantar flex if the tendon is ruptured.
This test was found to have a positive predictive value of
98%, with a 96% sensitivity and 93% specificity.39 False pos-
itives may be present if the secondary ankle plantar flexors
remain intact. 

Diagnostic Testing

Laboratory

Laboratory studies are not commonly obtained in the setting
of acute ankle injury. If there are concerns for infectious or
inflammatory arthritis, obtaining a white blood cell count,
erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), and uric acid level is suggested. Specific markers
for inflammatory disease such as rheumatoid factor or
 antinuclear antibody should also be considered. A Lyme titer
should also be considered, given the appropriate history and
demographic considerations.

Imaging

One of the best-studied areas in evaluating ankle pain sur-
rounds whether or not to obtain plain x-rays. In the set-
ting of acute injury, the Ottawa ankle rules have proven to
be nearly 100% sensitive for detecting clinically significant
ankle fractures while reducing the need for x-ray by 30%
to 40%.40,41 The Ottawa ankle rules suggest that ankle
x-rays are indicated if there is tenderness over the inferior
or posterior pole of either malleolus, including the distal
6 cm, or if there is the inability to bear weight (four steps
taken independently, even if limping) at the time of injury
and at the time of evaluation. If there is tenderness over
the base of the fifth metatarsal or navicular bone, foot
x-rays are indicated. X-rays should also be considered in
the setting of more chronic ankle pain to evaluate for de-
generative changes,  osteochondral lesions, or the possibil-
ity of neoplasm.

A typical x-ray series of the ankle involves three views:
the anteroposterior (AP), mortise, and lateral. On each
view, a systematic approach should be employed, looking at
all visualized bone and spaces between bones, especially
sites of  ligament/tendon attachment and joint surfaces. The
AP  radiograph is taken in the long axis of the foot. Areas of
 particular importance on the AP radiograph include the
tibiofibular clear space and tibiofibular overlap. A clear
space of less than 5 mm and an overlap of greater than
10 mm  indicate a normal syndesmotic relationship. The
mortise  radiograph is taken with the foot in 15 to 20 degrees

of internal rotation so that the x-ray beam is perpendicular
to the intermalleolar line. On a well-taken mortise x-ray,
there should be a universal amount of clear space around
the talus and minimal overlap of the tibia and fibula. An in-
crease in the clear space, especially greater than 4 mm medi-
ally,  suggests lateral talar shift and either medial
ligamentous or syndesmotic injury. Talar tilt can be assessed
on the mortise x-ray by drawing lines parallel to the tibial
plafond and talar articular surface. These lines should be
parallel, and greater than 2 degrees of angulation indicates
talar tilt. Another  important aspect of the mortise view is
the talocrural angle. This angle is formed by a line drawn
from the tip of one malleolus to the other and a line drawn
parallel to the tibial plafond and usually measures 8 to 
15 degrees. A smaller angle suggests fibular shortening.
Lastly, less than 1 cm of tibiofibular overlap and greater
than 1 mm of talar shift are considered abnormal on the
mortise view. The final view in an ankle series is the lateral
view. On this view, the dome of the talus should be centered
under the tibia and congruous with the tibial plafond.16

Computed tomography (CT) scans are useful in the 
3-dimensional evaluation of bony structures. The use of
CT scan is fairly limited in the evaluation of acute ankle
pain. CT scan may reveal a tarsal coalition or an osteo-
chondral  lesion of the talus that is not appreciated on
plain x-ray. CT is also useful to delineate complex fracture
patterns or complex bony anatomy for preoperative plan-
ning purposes. 

Magnetic resonance imaging (MRI) scans are another
means of obtaining 3-dimensional information about the
ankle. MRI is useful in assessing soft-tissue injury or bony
edema about the ankle. MRI is often indicated in the setting
of pain or disorders refractory to conservative therapy. MRI
has traditionally been used in the evaluation of chronic con-
ditions, but has become increasingly more common in the
setting of acute injury. Indications for MRI in acute ankle in-
jury are still being worked out. MRI should be considered
when working up suspected Achilles tendon injury, chronic
ankle instability, osteochondral lesions of the talus, stress
fractures, or peroneal tendon subluxation as outlined in the
sections that follow. MRI is also useful in the evaluation of
infectious processes. An MRI may also be considered in the
evaluation of a potential neoplastic process.

Other Testing

An aspiration of the ankle joint may be considered to help
distinguish inflammatory from infectious arthritis. The as-
pirate should be sent for cell count, Gram stain, culture and
sensitivity, and crystal analysis. An ankle aspiration is most
easily performed by directing a needle posterior laterally in
the soft spot found just lateral to the medial malleolus and
medial to the tibialis anterior tendon.

Ultrasound is also of limited utility in evaluating ankle
pain. The main indication for ultrasound exists in the
 dynamic evaluation of a suspected Achilles tendon rupture
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to assess if the tendon ends reapproximate or not with
ankle plantar flexion. Ultrasound is relatively quick and
 inexpensive, but carries a steep learning curve for those
performing and interpreting the test.

APPROACH TO THE ATHLETE
WITH AN ANKLE SPRAIN

HISTORY AND PHYSICAL EXAMINATION

Inversion ankle sprains represent injury to the lateral liga-
mentous complex of the ankle. Patients will typically re-
port an inversion twisting injury, usually with the foot
plantar flexed. An ankle sprain will typically produce im-
mediate  lateral ankle pain and swelling. It will also com-
monly produce dorsal–lateral foot pain and swelling in the
region of the sinus tarsi, which represent injury to the
ATFL. In ankle sprains, the injury typically progresses in an
anterior-to- posterior direction, with the ATFL injured first
(and most commonly), followed by the CFL, and rarely the
PTFL.  Patients may experience pain with weight bearing,
but will typically be able to ambulate with only mild to
moderate difficulty. Patients may also report the sensation
of the talus subluxating from under the tibia. The ankle is
usually tender and focally swollen in the region of the distal
tip of the fibula as well as the course of the ATFL to the
talus in the sinus tarsi. Diffuse ankle swelling is less com-
mon. The talar tilt and/or anterior drawer tests typically
exacerbate the patient’s pain. Active and passive range of
motion of the ankle should be recorded as well, but typi-
cally produce pain, and are not particularly useful when
making a diagnosis. 

DIAGNOSTIC TESTING

If the Ottawa ankle rules are followed, x-rays are typically
not indicated when working up an ankle sprain. X-rays are
important when the Ottawa ankle rules are positive to rule
out a clinically significant fracture. Inversion stress radio -
graphs are not typically necessary, but can be useful when
 assessing the integrity of the CFL. A side-to-side difference
of greater than 3 mm of anterior subluxation on a lateral
stress radiograph while performing the anterior drawer test
signifies a rupture of the ATFL. A side-to-side difference of
10 degrees or more on an AP stress radiograph while per-
forming the talar tilt test indicates rupture of both the ATFL
and CFL.42–44 As with plain x-rays, MRI is not typically
 obtained in the setting of an acute ankle sprain. When
 obtained, it is useful to investigate the integrity of the liga-
ments and can also help to grade the severity of injury. MRI
should be considered if an ankle sprain does not improve
after 6 weeks of conservative treatment.

TREATMENT

Nonoperative

● First-line treatment
● RICE (rest, ice, compression, and elevation)

● Early management focuses on decreasing swelling while
preserving range of motion45

● Weight bearing typically can occur as tolerated
● An air-filled stirrup brace is useful to restrict inversion/

eversion but still allow plantar flexion and dorsiflexion46

● An ankle foot orthosis or well-molded posterior splint
can be considered in the setting of significant swelling
and stiffness in plantar flexion12

● Prolonged immobilization should be avoided and has
been shown to be detrimental47,48

● Start a functional rehabilitation program immediately
(grade I and II sprains)6

● Functional rehabilitation is typically delayed in the setting
of a grade III sprain 
● Until swelling and pain have subsided

● Components of this rehabilitation program:
● Range of motion, muscle strengthening, proprioceptive

training, and training for return to activity 
● Achilles tendon stretching is a key component to

 preserving range of motion
● Strengthening the peroneal muscles is essential in

 preventing chronic instability49,50

● Proprioceptive training typically commences after
 resumption of full weight bearing without pain

● Proprioceptive training is essential to returning patients
to a high functional level51,52

● The final step in functional rehabilitation can begin
when walking is no longer limited by pain

● The patient can begin increasing activity gradually with
jogging and sport-specific activities.

Operative

● Can be considered in the setting of grade III injuries with
gross instability, especially in high-performance athletes 

● Consider operative intervention with chronic instability53

● Indicated with concomitant osteochondral lesion of the
talus 

● Operative options include reconstruction of the lateral
 ligamentous support to the ankle
● Requires a significant recovery period of 6 or more

months before return to play 

Prognosis/Return to Play

● Useful general return-to-play criteria for ankle injuries in
general and sprains in specific include the following: nor-
mal ankle joint range of motion, no pain or tenderness,
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negative clinical examination, strength of ankle muscles
90% of the unaffected side, and ability to complete a
 functional examination.54

● Clinical tests such as the anterior drawer or talar tilt tests
can be used to assure that the athlete’s ankle is stable
 clinically. 

● In general, an athlete is safe for return to play if he or she
can perform sport-related activities pain free and feel fully
recovered. 

● Ankle taping and/or bracing are useful in prophylaxis
against reinjury and important during the recovery and
initial return-to-play periods. 

Complications/Indications for Referral

Complications of ankle sprains typically include associated
injuries and warrant referral to an emergency department or
orthopaedist. These include fracture or dislocation, osteo-
chondral injury of the talus, neurovascular compromise,
tendon rupture or subluxation, traumatic arthrotomy, me-
chanical locking of the joint, or syndesmotic injury. A refer-
ral should be considered if the diagnosis is uncertain or if the
patient has pain out of proportion to the degree of trauma.12

Recurrent ankle sprains should raise the concern for a tarsal
coalition or chronic instability and warrant further workup,
imaging (MRI or CT), and/or referral.

APPROACH TO THE ATHLETE
WITH A SYNDESMOTIC INJURY

(HIGH ANKLE SPRAIN)

HISTORY AND PHYSICAL EXAMINATION

Patients with a syndesmotic injury typically report an exter-
nal rotation injury to the ankle. They often complain of pain
and tenderness anteriorly over the syndesmosis somewhat
proximal to the ankle joint itself. Syndesmotic injuries often
lack the ankle and foot swelling typically associated with an
ankle sprain. Since the medial and lateral ligaments are not
typically injured, patients usually do not demonstrate ten-
derness over either malleoli or the course of these ligaments.
Tenderness is usually located anterior to the syndesmosis,
and pain is usually exacerbated by the squeeze test or exter-
nal rotation test, as outlined previously.13,55

DIAGNOSTIC TESTING

Radiographic examination of the ankle is particularly useful
in the setting of a suspected syndesmotic injury. An AP and
lateral view of the entire tibia and fibula should also be
 obtained, as syndesmotic injuries are associated with proxi-
mal fibula fractures (also known as Maisonneuve fractures).

On the ankle films, an increased tibiofibular clear space,
 decreased tibiofibular overlap, and increased medial clear
space indicate a syndesmotic injury56–58(Fig. 21.2). If a syn-
desmotic injury is highly suspected but x-rays are nondiag-
nostic, an external rotation stress radiograph (typically the
mortise) can be used to help establish the diagnosis. MRIs, or
less frequently CTs, can also be used in the suspected  occult
syndesmotic injury, but are not the usual first-line studies.

TREATMENT

Nonoperative

● Nonoperative treatment is reserved for injuries without
syndesmotic diastasis or instability.

● Treatment begins with RICE and a non–weight-bearing
cast for 2 to 3 weeks.

● Following casting, the patient is allowed to progressively
increase to weight bearing as tolerated in a walking boot.

● Syndesmotic sprains with latent instability: 
● Some authors advocate nonsurgical treatment with a

non–weight-bearing cast for 4 to 6 weeks with serial
x-rays to assure anatomic tibiofibular relationships  during
healing.59

● Proceed to progressive weight bearing in a walking boot.
● A functional rehabilitation program as outlined in the

ankle sprain section is typically employed with nonopera-
tive treatment of syndesmotic injuries.

Operative

● Operative treatment is indicated for patients with sprain
and frank diastasis and most patients with sprain and
 latent diastasis. 

● Operative treatment is also indicated in patients with asso-
ciated ankle and/or proximal fibula fractures (Fig. 21.2).

● Operative treatment typically consists of two screws placed
from the fibula into the tibia with the syndesmosis held in
a reduced position. 

● Postoperative weight-bearing regimens differ.
● Most patients are maintained non–weight bearing for

10 to 12 weeks. 
● General consensus is that syndesmotic screws should be

removed 3 to 6 months after surgery. 
● If left in, syndesmotic screws will inevitably break due to

metal fatigue.

Prognosis/Return to Play

● These sprains typically take longer than conventional ankle
sprains for full recovery and return to play. 

● Return to play is generally allowed after completion of a
functional rehabilitation program when range of motion
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has been restored and local tenderness and swelling have
resolved. 

● The criteria outlined in the ankle sprain section are gener-
ally applicable to syndesmotic injuries as well. 

● An ankle stirrup brace and/or ankle taping is particularly
useful in the final recovery and return-to-play period.54

Complications/Indications for Referral

The most common and significant complication following
a syndesmotic injury is prolonged ankle stiffness. Delayed
or failed diagnoses can lead to adverse outcomes and pro-
longed disability.60–64 Referral should be considered in all

FIG. 21.2. A 22-year-old man sustained an external rota-
tion injury to the right ankle. The initial anteroposterior
radiograph (A) of the distal tibia and fibula shows a
 midshaft fibula fracture and a lateral shift of the talus
with a wide medial clear space. The lateral radiograph
(B) shows a small posterior malleolar fracture, indicating
a posterior syndesmosis injury. The patient was treated
with closed reduction and fixation with two 4.5-mm
 syndesmosis screws. The postoperative anteroposterior
(C) and lateral radiographs show the position of the
screws and the reduction of the mortise. These screws
were removed in the outpatient clinic 4 months after the
injury. Reprinted with permission from Bucholz RW,
Heckman JD. Rockwood & Green’s Fractures in Adults.
5th ed. Baltimore: Lippincott Williams & Wilkins; 2001.
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CT scan is not usually necessary in the setting of an acute
ankle fracture, but can be useful in the evaluation of injuries
to the articular surface of the tibia (also known as pilon
 injuries). These represent higher-energy injuries of a differ-
ent spectrum than rotational ankle fractures and are not
 discussed further here. MRI can be useful to evaluate for
 occult or stress fractures, but is typically not needed in the
setting of an acute fracture.

syndesmotic injuries, especially displaced syndesmotic in-
juries whether latent or frank. A syndesmotic injury in the
setting of an ankle fracture is also an indication for referral. 

APPROACH TO THE ATHLETE WITH
A ROTATIONAL ANKLE FRACTURE

HISTORY AND PHYSICAL EXAMINATION

Ankle fractures are usually the result of an external rotation
injury. The patient typically reports immediate pain in the
region of one or both of the ankle malleoli and inability to
bear weight. The ankle typically swells quickly, and ecchy-
moses are common, especially around and inferior to the
malleoli. The patient is tender to palpation over the malleoli,
and crepitus may be appreciated with attempted ankle mo-
tion or stress testing. Evaluating both malleoli is critical to
determining the degree of ankle injury, as bimalleolar ankle
fractures are typically unstable. It is important to assess skin
integrity, the neurovascular status of the foot, and the degree
of swelling associated with an ankle fracture, as these factors
can alter the treatment algorithm and timing of surgery.

DIAGNOSTIC TESTING

As mentioned previously, the use of the Ottawa ankle rules is
paramount in the evaluation of ankle injuries. Since frac-
tures typically involve tenderness over the malleoli and diffi-
culty weight bearing, a three-view ankle x-ray is obtained.
When evaluating an ankle fracture, it is also important to
image the hindfoot and full extent of the tibia and fibula.
Evaluation of ankle films involves looking for fractures to
the medial malleolus, lateral malleolus, and posterior tibial
plafond (or posterior malleolus) and noting the tibiofibular
clear space, medial clear space, and tibiofibular overlap as
outlined earlier (Fig. 21.3). External rotation stress mortise
radiographs can help to evaluate occult medial ligamentous
or syndesmotic injury and should be considered in the set-
ting of an isolated lateral malleolar fracture with medial
symptoms/signs on history and physical examination.65

A number of classification schemes have been described
for ankle fractures, the simplest of which being the Weber
classification66 (Fig. 21.4). Weber A injuries involve the tip of
the fibula distal to the tibial plafond, Weber B injuries
 describe a fibular fracture at the level of the tibial plafond,
and Weber C injuries involve a fibula fracture proximal to
the level of the tibial plafond. Fractures that involve both the
lateral and medial malleoli or demonstrate disruption of the
radiographic spaces/parameters represent unstable injuries
that are usually treated operatively. As mentioned earlier,
stress radiographs have particular utility with a high suspi-
cion of medial or syndesmotic ligament injury.

NormalA Talocrural angleB

Medial clear
space

C Tibiofibular
clear space

D

83°±4°

4mm

FIG. 21.3. X-ray appearance of the normal ankle on
 mortise view. A: The condensed subchondral bone
should form a continuous line around the talus. B: The
talocrural angle should be approximately 83 degrees.
When the  opposite side can be used as a control, the
talocrural angle of the injured side should be within a
few degrees of the noninjured side. C: The medial clear
space should be equal to the superior clear space be-
tween the talus and the distal tibia and less than or equal
to 4 mm on standard x-rays. D: The distance between the
medial wall of the fibula and the incisural surface of the
tibia, the tibiofibular clear space, should be less than 6
mm. Adapted from Browner B, Jupiter J, Levine A, eds.
Skeletal Trauma: Fractures, Dislocations, and Ligamen-
tous  Injuries. 2nd ed. Philadelphia: WB Saunders; 1997.
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C

B

A

FIG. 21.4. A: Schematic diagram of the classification of ankle fractures. B: A radiograph of a type B ankle
fracture in which the fibula fracture begins anteriorly at the level of the distal tibiofibular syndesmosis. 
C: A mortise radiograph of a type C injury with disruption of the syndesmosis up to the level of the fibula
fracture, which is completely above the distal syndesmotic ligament complex. There is a medial deltoid
 ligament  injury. Reprinted with permission from Bucholz RW, Heckman JD. Rockwood & Green’s Fractures
in Adults. 5th ed. Baltimore:  Lippincott Williams & Wilkins; 2001.

A
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TREATMENT

Nonoperative

● Isolated lateral fractures are considered stable injuries and
can be treated effectively nonoperatively.67–69

● Weber A distal fibular fractures can be treated in a fashion
similar to a type 3 lateral ankle sprain with RICE, a remov-
able stirrup brace, weight bearing as tolerated, and func-
tional rehabilitation. 

● Weber type B and C injuries require some critical analysis
before opting for nonoperative treatment. 
● A lateral malleolus fracture is considered isolated if there

is no evidence of medial malleolar injury or disruption
of the mortise clinically and radiographically.70

● The keys to effective nonoperative treatment of an isolated
lateral ankle fracture involve immobilization designed to
protect the ankle from further injury. 
● This is typically in the form of a well-molded short-

leg walking cast or prefabricated cast boot for 4 to
6 weeks.16,70

● Weight bearing can occur as tolerated, as symptoms allow. 
● Patients can come out of a removable boot at night to

work on gentle range of motion. 
● Follow-up x-rays usually at 1 week after injury and at vary-

ing periods thereafter are important to assess healing and
to assure displacement has not occurred. 

● After the immobilization period, with evidence of suffi-
cient healing (improved symptoms, radiologic evidence
of healing), a functional rehabilitation program can be
 instituted. 

● It is important to note that nonoperative treatment may
also be chosen in patients with significant medical comor-
bidities and diabetics, though these situations are not
 typical of an athletic population.

Operative

● Unstable ankle fractures are usually treated operatively.15,16

● Unstable ankle fractures include bimalleolar ankle frac-
tures, bimalleolar equivalent ankle fractures with deltoid
ligament disruption, trimalleolar ankle fractures, and
 fractures with syndesmotic disruption. 

● Other surgical indications include open fractures, fractures
with vascular compromise, or impending compartment
syndrome.

● Ankle fractures are typically treated with open reduction
and internal fixation.

● Postoperatively, patients are typically placed in a splint or
cast and undergo a period of 2 to 4 weeks of strict
non–weight bearing. 

● The patient is typically progressed to a removable boot or
walking cast for a period of 6 to 12 weeks with gradual
 resumption of full weight bearing. 

● With evidence of sufficient healing, a functional rehabili-
tation program can be instituted.

Prognosis/Return to Play

● Return to play is typically delayed for 3 or more months.16

● Fractures treated nonoperatively usually return to play
sooner than operatively treated fractures. 

● A general guideline for safe return to play is clinical and
radiographic evidence of healing, completion of a functional
rehabilitation program, and assessment of the patient’s
strength, agility, and confidence in the ankle. 

● As with other ankle injuries, bracing and/or taping is typi-
cally useful in the rehabilitation and early return-to-play
period.

Complications/Indications for Referral

Complications surrounding ankle fractures typically involve
misdiagnosis or delayed diagnosis. Ankle fractures deemed
stable that are in fact unstable are prone to failure/disability.
Axial load fractures such as pilon fractures require a differ-
ent treatment algorithm than a rotational ankle fracture.
 Patient factors such as diabetes, neuropathy, and other med-
ical comorbidities may also compromise outcome. Surgical
complications also include soft-tissue compromise, infec-
tion, hardware failure, or neurovascular injury.

Referral should be considered for all ankle fractures,
whether stable or unstable. The exception to this rule is the
Weber A fracture in an adult. This injury represents lateral
ligamentous avulsion of the distal fibula and can be treated
like a moderate to severe ankle sprain. Weber A–appearing
fractures in children typically represent injuries to the
growth plate and warrant referral as well. 

APPROACH TO THE ATHLETE
WITH AN OSTEOCHONDRAL

LESION OF THE TALUS

HISTORY AND PHYSICAL EXAMINATION

Osteochondral injuries of the talus should be considered in
all traumatic ankle injuries. They commonly present in the
setting of chronic ankle pain with or without an obvious
preceding traumatic event. A number of possible mecha-
nisms for osteochondral injury have been proposed. These
include a shearing impaction force between the talar dome
and tibial plafond. This shearing can be caused by a com-
pressive injury to an ankle positioned in dorsiflexion and
 inversion, a plantar-flexed ankle subjected to inversion and
external rotation, or impaction of the lateral dome against
the lateral malleolus.71,72
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As with the history, the physical examination for osteo-
chondral injuries is somewhat nonspecific. It should include
palpation of the joint line for discrete regions of tenderness,
instability testing if possible (including inversion and ever-
sion stress testing), evaluation of range of motion, and care-
ful neurovascular assessment.21 In the acute setting, the ankle
is typically swollen, and another associated diagnosis is usu-
ally more  obvious. In the chronic setting, decreased range of
motion and pain with range of motion may be the only indi-
cators of an osteochondral injury.

DIAGNOSTIC TESTING

Traditionally, a standard three-view x-ray series of the ankle
has been used to assist in the diagnosis of an osteochondral
lesion. Some authors have suggested other views that may
help to better visualize the talus. These include a view taken
with the foot pronated 15 degrees and the x-ray tube angled
75 degrees cephalad and a mortise view taken with the ankle
in plantar flexion. However, since plain x-rays do not visual-
ize nonosseous structures, they may not demonstrate an
 osteochondral lesion.73 Similarly, CT scans are also limited
in their ability to visualize some osteochondral lesions.
However, CT remains useful in the 3-dimensional assess-
ment of the subchondral bone and for preoperative plan-
ning purposes.73,74 Bone scans have also been suggested in
the evaluation of posttraumatic ankle pain and disability.
They have been shown to be 94% sensitive and 96% specific,
but authors recommend a positive bone scan be followed by
an MRI.75,76 Currently, MRI is probably the most useful
study in assessing a suspected osteochondral lesion. MRI
 affords multiplanar evaluation, visualizes both the articular
cartilage and subchondral bone, demonstrates bone edema,
has been shown to detect early/minor osteochondral injuries,
and correlates well with arthroscopic findings.77 

Stone has proposed the following algorithm for evaluat-
ing osteochondral lesions of the talus; Plain x-rays should be
employed in the setting of acute ankle injury with tenderness
at the bony landmarks or hemarthrosis. If an osteochondral
lesion is noted on plain x-ray, a CT scan is used to further
evaluate the 3-dimensional characteristics of the lesion. If
plain x-rays are normal and pain persists, an MRI (and, less
commonly, a bone scan) can be used for further evaluation
and to identify other associated injuries.

TREATMENT

Nonoperative

● The treatment of osteochondral lesions of the talus is
based on the severity and stability of the lesion. 

● Lesions are classified based on MRI and arthroscopic eval-
uation (Table 21.1).

● Osteochondral lesions are also classified as stable or loose
by the lack or presence of underlying bony edema on MRI.

● Acute stage I and II lesions can be managed nonoperatively.
● Initial period of non–weight bearing and cast immobi-

lization is followed by progressive weight bearing and
mobilization by 12 to 16 weeks.78,79

● Authors have quoted lower success rates with nonopera-
tive treatment in recent years, especially in the setting of
a chronic lesion.80

● As with other ankle injuries, once pain has begun to
 resolve and after the initial period of immobilization, a
functional rehabilitation program can be initiated.

Operative

● This typically been reserved for stage I and II lesions that
have failed conservative treatment for 1 year and for most
stage III and IV lesions. 

● Surgical options include both open and arthroscopic
 techniques. 

● Excision of the lesion followed by curettage of the bed of
the lesion and drilling the underlying subchondral bone to
form vascular channels is typically performed. 

● Success rate for this procedure is 78% to 88%.80

● If a lesion is acute and comprises one third of the talar
dome, internal fixation is preferred.81

● Newer trends include osteochondral allografts and auto-
grafts, especially for unstable and larger lesions.82,83

Prognosis/Return to Play

● Prognosis surrounding osteochondral lesions of the talus
is related to the stage of lesion and treatment modality
chosen. 

● Lower-stage lesions carry a more favorable prognosis. 
● Surgical treatment has shown relatively high success rates

as well. 
● Return-to-play guidelines have not been as strictly defined

for these lesions as for other injuries to the ankle, but the
same general rules apply. 

Staging Guidelines for Osteochondral
Lesions of the Talus71

Stage I—localized impaction and an area of bone 
bruising without violation of the cortex 

Stage II—osteochondral fracture that is only partially 
detached 

Stage III—osteochondral fractures that are detached 
but nondisplaced 

Stage IV—displaced osteochondral fracture fragments 

T A B L E  2 1 . 1
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● An athlete is usually ready to return to play with resolution
of symptoms, confidence in the ankle, the ability to per-
form sports-related activities, and the completion of a
functional rehabilitation program. 

Complications/Indications for Referral

Complications of osteochondral lesions of the talus are
mainly related to delayed diagnosis. The key to avoiding
this is considering these lesions in chronic ankle pain and
in association with other forms of ankle trauma. Referral
should be considered for stage I and II injuries that have
failed an initial period of conservative treatment and for
all stage III and IV injuries. Referral is also indicated in
 osteochondral lesions associated with other injuries such
as fractures.

APPROACH TO THE ATHLETE WITH
ACHILLES TENDON INJURY

HISTORY AND PHYSICAL EXAMINATION

Evaluating a patient with an Achilles tendon injury starts
with a thorough history and physical examination. History
should focus on athletic training history and participation
patterns. Achilles injuries have been associated with recent
increases in training and with “weekend warrior”–type activ-
ities, especially those that require jumping. In paratenonitis,
patients report localized pain with burning during or after
engaging in athletic activities. On the other hand, tendinosis
is often painless. These two modalities are not exclusive.
 Partial and complete tendon ruptures involve sharp pain,
and patients typically report feeling as if they have been
“kicked in the leg.”

The physical examination should be performed with the
patient prone, feet hanging off the table. Palpation of the
 entire  gastrocnemius–soleus myotendinous complex should
be performed at rest and with both passive and active ankle
motion. Calf atrophy, tenderness to palpation, warmth,
swelling, nodularity, and tendinous defects should all be
noted. Abnormal forefoot position should also be noticed,
as this is often easily correctable with an orthotic. With
paratenonitis, patients have well-localized tenderness and
signs of inflammation. Tendinosis involves a palpable nod-
ule in the tendon. A partial rupture demonstrates a focally
tender and swollen area with a subtle defect. A complete
rupture typically has a palpable defect or depression in the
tendon and a positive Thompson test, and patients cannot
perform a single heel raise. A complete rupture can occa-
sionally be masked by a hematoma and intact accessory
ankle flexors.

DIAGNOSTIC TESTING

There are basically two modalities commonly used to evalu-
ate the integrity of the Achilles tendon: ultrasound and MRI.
Ultrasound is inexpensive and fast, allows dynamic exami-
nation, and is useful at determining tendon thickness and
evaluating the size of the tendon gap after a rupture. On the
other hand, it requires experience to both perform and in-
terpret the examination. MRI is more expensive and does
not allow dynamic examination. It is far superior in the de-
tection of incomplete ruptures and chronic degenerative
changes. It is also useful in following tendon healing. If reli-
able sonography is available, some authors prefer this as a
first-line study. If sonography is unreliable or the results of
the test are equivocal, MRI becomes the study of choice.84

TREATMENT

Nonoperative

● Paratenonitis is typically treated conservatively. 
● An acute exacerbation is managed by rest.
● Ice and nonsteroidal anti-inflammatory drugs (NSAIDs)

further serve to decrease inflammation. 
● A custom orthotic designed to absorb shock or a small

heel lift can also be employed. 
● With a chronic presentation, a period of complete rest

 followed by gradual structured return to activities is
 recommended. 

● Modification of an athlete’s training program focusing on
lower-impact cross-training is often warranted.85

● Stretching of the heel cord can be assisted by the use of a
5-degree dorsiflexion ankle foot orthosis worn at night for
3 months.26

● Corticosteroid injection is not recommended due to a lack
of proven efficacy and risk of adverse effects to the me-
chanical properties of the tendon. 

● Brisement has been demonstrated to be a useful modality. 
● A dilute local anesthetic is injected directly into the

paratenon sheath under ultrasound guidance to break
up adhesions. 

● Tendinosis is typically asymptomatic. 
● If activity-related pain develops, the patient can be man-

aged conservatively, as outlined earlier.
● Nonoperative treatment for an acute Achilles tendon rup-

ture is as follows:
● Initial period of immobilization is performed. 
● If ultrasound demonstrates tendon apposition at 20 de-

grees or less of plantar flexion, nonoperative treatment
can persist. 

● The leg is initially placed in a splint in plantar flexion for
2 weeks. 
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● A short-leg cast or a removable boot with an elevated
heel is typically worn for 6 to 8 weeks. 

● The patient is then progressively weaned and gentle
range of motion begins. 

● When transitioning to shoes, a 2-cm heel lift is used for
1 month. 

● After this, a 1-cm heel lift can be worn for an additional
2 months. 

● Strengthening can begin at 8 to 10 weeks with return to
running at 4 to 6 months, though maximal strength may
not be achieved for 12 months, and residual weakness
may remain.26

Operative

● Chronic recalcitrant paratenonitis that has failed conser-
vative therapy is occasionally treated with surgery. 
● This involves excising the thickened paratenon. 
● Postoperatively, motion is initiated immediately, weight

bearing begins at 7 to 10 days, and progressive strength-
ening is employed. 

● When the patient can walk without pain, rehabilitation
can be expanded. 

● Running is typically reintroduced at 6 to 10 weeks and
return to competition at 3 to 6 months.26

● The acute onset of pain in the setting of tendinosis is
 suggestive of a partial tendon rupture. 

● If such pain fails conservative treatment, surgery can be
performed. 
● Surgical treatment consists of excising the diseased ten-

don with a side-to-side repair of healthy tendon tissue
and repair of the paratenon. 

● Postoperatively, the tendon is protected with weight
bearing as tolerated in a walking boot for 2 to 4 weeks.

● Range of motion is allowed several times a day, and
gradual return to sports is allowed after resolution of
symptoms and the completion of a strength rehabilita-
tion program.26

● Surgical treatment is a valid option in the setting of an
acute Achilles tendon rupture.
● This is recommended for younger and more athletic

 patients. 
● Surgery is also indicated when a tendon apposition

cannot be achieved with 20 degrees of plantar flexion.
● The tendon ends are reapproximated using suture and

the paratenon is repaired. 
● Postoperative regimens differ, with some authors advo-

cating a more aggressive rehabilitation for elite athletes. 
● Range of motion consisting of active dorsiflexion to 20

degrees and passive plantar flexion may begin 3 to 7 days
after surgery. 

● Patients wear a walking boot for 6 weeks with progres-
sion to sport thereafter, as outlined for nonoperative
treatment. 

● More typically, a short-leg cast is typically worn for 6 to
8 weeks followed by shoe wear with a 1-cm lift for 
1 month. 

● Resistance exercises begin at 8 to 10 weeks with return to
running at 4 to 6 months.26

● Chronic Achilles tendon ruptures result in significant plan-
tar flexion weakness and invariably require surgery. Repair
of these ruptures is beyond the scope of this  chapter.

Prognosis/Return to Play

● Return to play generally occurs after the time periods
 outlined in the above-mentioned functional treatment
sections.

● With paratenonitis, it is reasonable to resume sports-
 related activity with the resolution of symptoms. 

● The patients must be counseled on the importance of
gradually increasing training regimens to allow the tendon
to fully accommodate to its workload. 

● Both nonoperative and operative means of treating acute
Achilles tendon ruptures have been shown to have satisfac-
tory outcomes. 

● Return to play may occur slightly sooner with operatively
repaired tendons than with nonoperatively treated tendons. 

● In either case, return to play typically occurs 4 to 6 months
after the injury after completion of a sport-specific rehabili -
tation program.

Complications/Indications for Referral

The major complication of paratenonitis and tendinosis is
rupture of the Achilles tendon. That is why effective treat-
ment of these conditions emphasizes modifying the factors
that contributed to the conditions in the first place. As al-
luded to earlier, a controversy exists surrounding nonopera-
tive and operative treatment for acute Achilles tendon
ruptures. Nonoperative treatment avoids surgical risk and
has rerupture rates quoted at 8% to 39%. Surgical repair car-
ries the surgical risks of wound infection, skin necrosis, and
nerve injury, but is quoted to have a rerupture rate of only
approximately 2% and slightly superior strength.86 Referral
is indicated in the setting of chronic, recalcitrant paratenon-
itis and with partial and acute tendon ruptures.

APPROACH TO THE ATHLETE
WITH A LISFRANC SPRAIN

HISTORY AND PHYSICAL EXAMINATION

When evaluating a patient with forefoot/midfoot pain, it is
important to understand the mechanism of injury. Patients
with a Lisfranc injury typically report immediate midfoot
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pain after an axial load or twisting injury to the foot. They
often have significant difficulty with immediate weight bear-
ing. Since the deep peroneal nerve runs almost directly over
the Lisfranc joint, they may also report paresthesias in the
first dorsal webspace. A less severe injury may mask itself as
pain in the midfoot exacerbated by cutting or pushing off.

The physical examination of a suspected Lisfranc injury is
an important part of the evaluation. Patients usually demon-
strate difficulty with weight bearing, if they are able to weight
bear at all. Swelling is common to just about all  Lisfranc in-
juries. In fact, ligamentous rupture and/or fracture to the
 Lisfranc joint typically produce significant swelling in the mid-
foot. It is important to palpate all of the midfoot joints, and
tenderness at the base of the first and/or second metatarsal is
common with Lisfranc injuries. Two provocative tests are use-
ful in the evaluation of these injuries: the metatarsal squeeze
and Lisfranc stress tests.87 In the metatarsal squeeze test, com-
pression of the metatarsal necks may produce pain and/or ab-
normal motion at the metatarsal bases. With the Lisfranc stress
test, anterior or posterior translation of the first metatarsal
head may demonstrate  increased or painful motion. Since the
dorsalis pedis artery and deep peroneal nerve run in the vicin-
ity of the Lisfranc joint, a careful neurovascular examination is
also imperative when evaluating these injuries.

DIAGNOSTIC TESTING

Suspected injuries of the Lisfranc joint should be evaluated
with AP, oblique, and lateral x-rays of the foot. If possible,
weight-bearing x-rays are preferred, as they serve to help
make more subtle injuries easier to identify (Fig. 21.5).
These films should be evaluated for fractures and disloca-
tions of the bones of the Lisfranc joints. Subtle avulsion/
chip fractures can be indicative of avulsion injuries of
the ligaments. Joint spaces may be widened between the
metatarsals and cuneiforms, neighboring metatarsal bases,
and/or neighboring cuneiforms. The first or second
metatarsal base may be displaced dorsally or plantarly on
lateral imaging.

Advanced imaging, such as CT or MRI scans, is also use-
ful with the evaluation of Lisfranc injuries. These scans often
serve to augment plain imaging. CT scans are best to show
the bony anatomy of the Lisfranc joint and can help identify
subtle avulsion fractures. MRI scans are particularly useful
in evaluating more subtle soft tissue injuries such as liga-
ment sprains and tears not evident on normal plain x-rays.
MRI should be considered in patients with normal x-ray or
CT studies but persistent pain and a compelling physical
 examination.

FIG. 21.5. Medial oblique view of the tarsometatarsal joint. A: Normal joint alignment on weight
bearing. B: View of tarsometatarsal injury with lateral displacement of the fourth metatarsal in re-
lation to the medial border of the cuboid (arrows). Reprinted with permission from Bucholz RW,
Heckman JD. Rockwood & Green’s Fractures in Adults. 5th ed. Baltimore: Lippincott Williams &
Wilkins; 2001.

A B
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TREATMENT

Nonoperative

● Nonoperative treatment for Lisfranc injuries is reserved
for sprains and nondisplaced injuries. 
● Patients are treated with a period of protected weight

bearing and measures to decrease inflammation such as
ice and elevation. 

● Patients will also usually benefit from orthotic support
to the arch of the midfoot. 

● Patients with grade I or II sprains can usually advance
their activities, as symptoms permit. 

● Repeat x-rays are an important part of the treatment
plan for these patients to rule out displacement of the
Lisfranc joint.

● Avulsion fractures with good bony alignment can also be
treated nonoperatively. 
● These patients should be kept non–weight bearing in a

cast or cast boot for 6 to 8 weeks.
● Serial x-rays should be obtained to rule out

 displacement.
● After this period, weight bearing and activity should be

advanced slowly, as symptoms allow. 
● Nondisplaced fractures and/or ligamentous injuries can

be treated in a similar fashion, provided there is close
vigilance for potential displacement. 

Operative

● Operative treatment is indicated for all displaced Lisfranc
injuries.

● Surgery for Lisfranc injuries involves reestablishing
anatomic alignment of the midfoot via open or closed
 manipulation and fixation in the form of screws, plates,
or pins. 

● Postoperatively, patients are treated with immobilization
and a period of non–weight bearing for 10 to 12 weeks.

● At this point, the patient can begin progressive weight
bearing and a functional rehabilitation program, as out-
lined previously.

Prognosis/Return to Play

● It is critically important to ease back into weight-bearing
activities and functional rehabilitation before return to
play can occur. 

● Patients with residual pain should not be allowed to return
to play until symptoms have resolved. 

● During the treatment period, it is also important to per-
form periodic x-rays, as mentioned earlier, to assure nor-
mal anatomic relationships in the midfoot.

Complications/Indications for Referral

As mentioned previously, Lisfranc injuries can lead to signif-
icant disability if treated inappropriately. Missed injuries
or initially nondisplaced injuries that go on to undetected
displacement are particularly important to avoid. Therefore,
 serial weight-bearing x-rays are important. Grade I or II
sprains can be treated successfully nonoperatively and do
not necessarily warrant referral, just close observation. Any
patient with a complete ligamentous disruption, fracture,
or displaced injury should be referred to an orthopaedist for
further evaluation and treatment.

APPROACH TO THE ATHLETE
WITH TURF TOE

HISTORY AND PHYSICAL EXAMINATION

When evaluating a patient with forefoot pain or suspected
turf toe, it is important to gather information around the
sport(s) played. Such information includes frequency of
play, the types of playing surfaces involved, and footwear.
 Patients with turf toe typically play frequently on hard sur-
faces (artificial turf, hard court, hard dry ground, etc.).
As mentioned earlier, modern athletic footwear is often
quite flexible and may contribute to the injury. Patients will
usually complain of pain in the base of the first toe, usually
on the plantar surface, which is exacerbated by athletic activ-
ities such as running, cutting, and jumping, particularly on
artificial turf.

The physical examination of a suspected turf toe injury is
a very important part of the diagnosis. These patients may
exhibit some degree of edema about the first metatarsal pha-
langeal joint. Passive and active range of motion of this joint
is usually painful and may even be restricted compared to
the  opposite side. A stiff first toe is often referred to as hallux
rigidus. In some instances, instability of the first metatarsal
phalangeal joint may even be evident.

DIAGNOSTIC TESTING

The diagnosis of turf toe is made primarily on the basis of
history and physical examination. However, it is important
to rule out more serious injuries such as fractures and dislo-
cations. It is therefore recommended to obtain AP, oblique,
and lateral x-rays of the foot. Patients with turf toe usually
have normal x-rays, but may show subluxation of the first
metatarsal phalangeal joint if there is loss of capsular in-
tegrity and/or significant joint effusion. With longstanding
turf toe/hallux rigidus with joint instability, patients may
 develop degenerative changes such as osteophyte formation
on x-ray as well. MRI or CT scan is typically not indicated in
evaluation of a suspected turf toe injury.

87208_ch21.qxd:87208_ch21  8/31/09  1:10 PM  Page 243



244 Sports Medicine Consult

TREATMENT

Nonoperative

● Treatment focuses around limiting inflammation. 
● Activity modification for at least 3 weeks to allow the joint

capsule to heal. 
● Other modalities include ice, elevation, and NSAIDs. 
● Other conservative treatment measures include taping the

first toe, stiffer footwear, and turf toe shoe inserts, which
are both designed to limit first-toe motion and recurrent
injury. 

● These are typically employed during the return-to-play
period.

Operative

● Operative treatment for turf toe is rarely necessary and is
usually the last treatment option. 

● Patients who develop degenerative changes and/or hallux
rigidus may benefit from surgery. 

● Patients with prominent osteophytes may benefit from
 osteophyte removal or cheilectomy. 

● Significant degeneration of the first metatarsal phalangeal
joint may be an indication for fusion of this joint to limit
pain. 

Prognosis/Return to Play

● Athletes diagnosed with turf toe should take at least a
3-week hiatus from athletic activity. 

● They should be considered for return to play when symp-
toms and evidence of inflammation have subsided. 

● Upon return to play, they often benefit from measures to
restrict reinjury such as taping the first toe, shoe inserts
designed to support the first toe, and stiffer foot wear. 

● Despite adequate treatment and prevention strategies, turf
toe can be a recurrent problem; therefore, vigilance for
early symptoms is necessary.

Complications/Indications for Referral

It is important to rule out more serious problems such as
fracture or stress fracture in a patient with suspected turf
toe. Patients with a fracture or stress fracture should be
 referred to a sports medicine physician and/or surgeon for
further management. Another complication with turf toe is
recurrence, which is common in athletes who return to play
too soon. Patients with recurrent, refractory turf toe should
be considered for referral, as should those with evidence
of significant degenerative disease of the first metatarsal
phalangeal joint.

KEY POINTS

• The Ottawa ankle rules should be applied while decid-
ing when to obtain x-rays of the foot and ankle

• Ankle sprains are common and can usually be treated
by conservative means and functional rehabilitation

• Syndesmotic injuries represent a more serious injury
to the ankle and may require operative treatment

• Isolated lateral malleolus fractures can be treated con-
servatively, whereas unstable ankle fractures require
operative treatment

• Osteochondral lesions of the talus are difficult to diag-
nose and warrant referral to a surgeon

• Achilles tendon ruptures can be treated successfully
 either conservatively or operatively, with operative
treatment favored for athletes

• Injuries to the Lisfranc joint are potentially seriously
debilitating and warrant close observation and/or early
referral

• Athletes with turf toe should refrain from sporting
 activities for at least 3 weeks, longer if symptoms have
not subsided
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INTRODUCTION
Stress fractures are common injuries that occur in both
 competitive and recreational athletes. Although the majority
of stress fractures are diagnosed in runners, any athlete par-
ticipating in activities that involve repetitive loading is at risk,
 including swimmers, rowers, and baseball players.1–3 The
most common sites in runners are the tibia and metatarsals;
however, the ribs, olecranon, and spine are recognized as
 frequent sites among rowers, baseball pitchers, and gymnasts,
respectively.1,2,4,5 Stress fractures can be a diagnostic chal-
lenge due to the insidious onset of symptoms. They can
mimic other common musculoskeletal injuries such as mus-
cle strains and tendinopathies. Having a high index of clinical
suspicion and an awareness of the risk factors and sport-
 specific demands can narrow the time to the correct diagno-
sis and treatment. Clinical knowledge of high-risk sites is
important because management differs from that of low-risk
sites and early treatment may prevent catastrophic outcomes.

FUNCTIONAL ANATOMY
Proper bone health is dependent on the equilibrium of bone
resorption by osteoclasts with bone rebuilding and remodel-
ing by osteoblasts (Fig. 22.1). Bone injury occurs on a
 continuum and begins when normal bone reparation and
remodeling is disrupted. In this state, osteoclastic bone
 resorption outpaces osteoblastic bone building. In the earli-
est phases, cumulative microdamage occurs due to repetitive
loading and may progress to microscopic crack initiation.6,7

If this imbalance between bone stress and reparation contin-
ues, crack propagation occurs, with the final stage being a
nondisplaced or displaced fracture.6

Fatigue stress reaction or fracture is the most common
type of bone stress injury in athletes and occurs when repet-
itive mechanical bone stress overloads the bone’s ability to
repair and rebuild. This often occurs when there is insuffi-
cient rest between exercise bouts or rapid increases in train-
ing demands. The majority of fatigue fractures occur in
cortical (compact) bone, which is found at the diaphysis of
long bones and the outer layer of short bones such as the
tarsals and vertebral bodies.3,6

A second type of bone stress injury called an insufficiency
reaction or fracture occurs when normal strains are placed
on histologically abnormal bone as seen in osteopenia and
osteoporosis. Athletes in a negative energy balance and
 hypoestrogenic state associated with the female athlete triad,
osteoporosis, amenorrhea, and disordered eating, are at risk
for this type of bone injury.3,6 Among female distance run-
ners, 10% had osteoporosis, while 50% were osteopenic.8 A
negative energy balance with associated amenorrhea places
an athlete at risk for low bone density, particularly cancel-
lous bone.8 Cancellous stress fractures in female athletes
have been associated with osteopenia.9 Cancellous bone is
found at the metaphysis and epiphysis of long bones and in
the interior of short bones.

Stress fractures are grouped into low-risk and high-risk
sites. Low-risk sites are more likely to heal through conserva-
tive management, whereas high-risk sites tend to have de-
layed union or nonunion, progression to complete fracture,
and recurrence and often require operative management.
Common low-risk sites are ribs, ulna shaft, femoral shaft,
posteromedial tibia, and the first four metatarsals.10 Low-
risk sites are loaded with compressive forces. High-risk sites
include the femoral neck, patella, anterior tibial diaphysis,
medial malleolus, talus, navicular, first metatarsal sesamoids,
and the proximal fifth metatarsal.10 High-risk sites tend to
be loaded with tensile forces, increasing the risk of adverse
outcomes (Table 22.1).

EPIDEMIOLOGY
The incidence and anatomic location of stress injuries vary
not only with each sport but also with regional and national
sporting trends.1,5 In track and field athletes, the incidence is
8.7% to 21.1% in males and females combined, although
one study reported an incidence of greater than 30% in
 collegiate female track and field athletes alone.1,8,11 The
 majority of studies cite the lower extremities as the most
 frequently affected anatomic region, with the tibia, fibula,
metatarsals, and tarsals reported as the most common sites,
with bilateral stress fractures occurring in 16.6% of cases.1,2,8

More recently, the tibia and ribs were reported as the most
common sites when greater representation of overhead
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throwing and rowing athletes was included than in previous
studies.5

Among track and field athletes, distance runners were
more likely to sustain stress fractures of the tibia, femur,
fibula, and pelvis. Jumpers, sprinters, hurdlers, and those
participating in multiple events had more foot fractures.
Jumping and sprinting events were associated with navicular
stress fractures.3 Upper-extremity stress fractures occur in
overhead throwing and racquet sports. Rib stress fractures

have been associated with overhead throwing athletes and
rowers and ulnar stress fractures with baseball pitchers.5 Pars
interarticularis stress fractures of the spine (spondylolysis)
comprise 45% of all stress fractures in female gymnasts.1

Bone health in athletes is influenced by multiple factors,
but the lack of well-designed, large prospective studies has
resulted in a paucity of epidemiologic data regarding risk
factors for stress fractures.1 Intrinsic factors include nutri-
tional status, gender, hormonal status, fitness levels, and bio-
mechanical factors.6,12 Extrinsic factors include training
errors associated with changes in intensity, frequency, and
duration of activities.2,6 The effect of oral contraceptives on
bone mineral density is unclear.6,8,13 Oral contraceptive pills
normalize menses in athletes with hypothalamic amenor-
rhea through estrogen replacement, but may mask underly-
ing nutritional insufficiencies.8

Limited data identify disordered eating and menstrual
dysfunction as significant risk factors for stress fractures
among female athletes.1 Amenorrheic and oligomenorrheic
girls had an incidence of 15% versus 4% among eumenor-
rheic girls.1 Osteopenia and amenorrhea in female athletes
have been associated with cancellous stress fractures.8,9 Lim-
ited comparative data suggest that there is no difference in
the incidence of stress fractures between female and male
athletes. However, adjustment of training hours for stress
fracture rates has been suggested as a more definitive
method to demonstrate that women are at higher risk.1 With
regard to age and race, there are no consistent or significant
findings in the literature among athletes.1 Hard training sur-
faces have not been associated with an increased risk for
stress fractures.8 Training errors were associated with 22.4%
of all stress fractures in one study.2

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

The earliest symptom of bone stress injury is insidious onset
of lower-extremity pain during weight-bearing or sport-
 specific activities, which is relieved with rest. If the condition
goes unrecognized and the athlete ignores the pain without
activity modification, the pain may begin earlier in each ex-
ercise session and with greater severity. The pain may transi-
tion to a sharp, severe localized pain that occurs with all
weight-bearing or inciting activities, with progression to
resting pain.3

The patient will usually deny any specific trauma or
 injury prior to the onset of pain. An exception may be the
tarsal bones, where a history of trauma was found to be asso-
ciated with this type of stress fracture.2 A specific episode of
direct trauma or injury to a joint associated with torsional or
hyperextension forces followed by swelling or joint instabil-
ity should be investigated for ligamentous or cartilaginous
pathology. Severe localized pain with fever as an initial

High-risk versus Low-risk Stress
Fracture Sites

High Risk Low Risk

Femoral neck Ribs
Patella Ulna shaft
Anterior tibial diaphysis Femoral shaft
Medial malleolus Posteromedial tibia
Talus First four metatarsals
Navicular
First metatarsal sesamoids
Proximal fifth metatarsal

Data adapted from Boden BP, Osbahr DC, Jimenez C. Low risk stress
fractures. Am J Sports Med. 2001;29:100--111.

T A B L E  2 2 . 1

FIG. 22.1. Bone remodeling phases. Increased osteo-
clast activity during resorptive phase. Osteoblasts deposit
new bone. Reprinted with permission from Rubin E,
 Farber JL. Pathology. 3rd ed. Philadelphia: Lippincott
Williams & Wilkins; 1999.
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symptom in the absence of trauma may be indicative of an
acute infectious or inflammatory process. Night sweats and
weight loss should raise concern for malignancy.

Activity and nutrition patterns often provide significant
clues in the diagnosis of bone stress injuries. Any alteration in
the training routine can place both experienced and novice
athletes at risk for stress fractures. Competitive athletes may
reveal a change in the type, intensity, or duration of their
training. Recreational athletes may report beginning a new
activity or embarking on an ambitious training program.
Nutrition and training patterns should be assessed in all male
and female athletes with a suspected eating disorder. A thor-
ough menstrual history should be obtained in females since
amenorrhea is a risk factor for stress fractures.8 Even subtle
menstrual irregularities may put the athlete at risk for poor
bone health.14 A direct correlation exists between the number
of stress fractures and the length of amenorrhea.8

The underlying pathophysiology of menstrual dysfunc-
tion in female athletes relates to an energy imbalance that
causes hypothalamic dysfunction.8,13 A state of undernutri-
tion leads to the loss of pulsatile hypothalamic hormone
 release.8,13 This may occur when the athlete fails to meet his
or her caloric needs either intentionally through excessive
exercise and restrictive eating or through a combination of
both. It may also occur unknowingly when minor alter-
ations in a training program result in higher energy
 demands.13

Stress fractures often mimic other conditions. Thorough
history taking and knowledge of particular pain patterns
may help to narrow the differential (Table 22.2).

Evidence-based Physical Examination

Observation

Varus alignment (forefoot 72.6%, subtalar 71.9%, genu 29%,
and tibial 18.9%) has been identified as a frequent finding
among athletes with stress fractures.2 No association was

found between the severity of varus alignment and the stress
fracture site.2 Foot overpronation was associated with tarsal,
fibular, and tibial stress fractures. Rigid pes cavus was
 observed most often in metatarsal and femoral stress
 fractures.2

Palpation

Localized bony tenderness is a common finding.2,20 Palpable
deformities and swelling may occur at the fracture site.20

Swelling was found most commonly in the metatarsal and
tarsal bones (Table 22.3).2

Range of Motion (ROM)

ROM is usually normal except for limitations in lumbar
spine extension and hamstring flexibility that may occur
in pars interarticularis defects.16 Strength testing is usually
 normal.12

Special Tests

Hop Test

This test is used to assist in the clinical diagnosis of lower-
 extremity stress fractures, especially of the femoral neck and
tibia. The test is positive when the patient is single-leg hop-
ping and experiences pain in the area of concern for a stress
fracture. A positive hop test has been associated with femoral
stress fractures.2,3,14

Fulcrum Test

This test is used to assist in the clinical diagnosis of femoral
shaft stress fractures. The athlete is seated on the edge of the
examination table. The examiner’s arm acts as a fulcrum
under the patient’s thigh and is moved from the distal to

Pain Patterns and Associated Conditions

Location of Pain Differential Diagnosis

Rib or thoracic Rib stress fracture, scapulothoracic bursitis, slipped rib syndrome, 
disc pathology, intercostal muscle strain, pleuritis15

Low back or buttock Sacral stress fracture, pars interarticularis stress fracture, disc 
pathology, sciatica, sacroiliac joint pathology, hip labral tear, 
iliopsoas pathology3,16,17

Proximal femur Femoral neck stress fracture, avascular necrosis, bursitis, 
tendonitis,  synovitis, neoplasm, muscle or tendon injuries12

Distal femur Femoral shaft stress fracture, knee joint ligamentous or 
cartilaginous pathology, femoral condyle avascular necrosis, 
infection, neoplasm.12 Older athletes—evaluate for spontaneous
osteonecrosis of the femoral condyle12

Lower leg Tibial stress fracture, exertional or chronic compartment syndrome, 
tendinopathy, muscle strain, ligamentous or cartilaginous 
injuries,  myositis, nerve entrapment, neoplasm18,19

T A B L E  2 2 . 2
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proximal thigh while pressure is applied to the dorsum of
the knee with the other hand. The test is positive if the
 patient experiences sharp pain localized to an area on the
thigh that is being compressed by the examiner’s arm that is
an area of concern for a stress fracture.22

Tuning Fork Test

This test is used to assist in the clinical diagnosis of tibial
stress fractures. A 128-Hz tuning fork is applied to the ante-
rior surface of the tibia. The test is considered positive if the
patient reports a marked exacerbation or reproduction of
shin pain in a focal area of the tibia.23

Diagnostic Testing

The clinical presentation of bone injuries frequently mimics
other musculoskeletal problems; therefore, laboratory test-
ing and imaging studies can expedite the diagnostic process.
Imaging studies vary in their specificity and sensitivity and
therefore utility in making a diagnosis, grading the injury
and guiding treatment, and return-to-play decisions. Com-
mon imaging studies include plain radiographs, magnetic
resonance imaging (MRI), computed tomography (CT),
and bone scan. Laboratory testing is not required to diag-
nose a stress fracture, but it can be valuable in the evalua-
tion of multiple stress fractures and insufficiency fractures
and in suspected cases of spondyloarthropathy or an eating
disorder. 

Laboratory Studies

Laboratory studies are not necessary for the diagnosis of
stress fractures but may be useful to determine underlying
causes and rule out other conditions (Table 22.4). 

Imaging

Radiographs

● Plain radiographs are the first step in the evaluation of a
suspected stress injury, even though within the first few

Common Localized Findings on Physical Examination

Injury Site Physical Examination 

Foot
Sesamoids Tenderness over the plantar aspect of the first metatarsophalangeal joint, 

exacerbated by passive doriflexion and plantar flexion of the great toe3

Metatarsals Tenderness directly over involved metatarsal
Well-circumscribed swelling limited to dorsum of forefoot21

Navicular Dorsal midfoot tenderness radiating to the medial arch in navicular stress 
fracture3

Leg
Tibia Medial or anterior tibial tenderness, swelling, palpable callus3,19

Compartment swelling, tenderness, and neurovascular changes may help to 
distinguish between compartment syndrome and a bone stress injury19

Distal tibia Chronic medial malleolar tenderness3

Fibula Proximal or distal fibula tenderness3

Thigh
Femoral shaft Deep thigh tenderness, antalgic gait, positive hop test, positive fulcrum 

test2,3,14,22

Hip
Femoral neck Pain with end-range passive internal and external rotation of the hip with thigh

flexed to 90 degrees, palpation of the groin, logrolling of the thigh3,12,14

Spine Pain during extension, positive stork test (single-leg lumbar extension with pain 
on ipsilateral side), paravertebral tenderness at affected vertebrae16

T A B L E  2 2 . 3

Laboratory Evaluation

Conditions Laboratory Studies

Female athlete CBC, chemistry panel, TSH, LH, 
triad/menstrual estrodiol, urine pregnancy, 
irregularities testosterone, serum 

prolactin dexamethasone- 
suppression testing8,14

Insufficiency fracture/ CBC, ESR, TSH, PTH, alkaline 
multiple stress phosphatase, calcium, 
fractures phosphorus, 

25-hydroxyvitamin D8,12

Spondyloarthropathies HLA-B27, ANA, RF, ESR

CBC, complete blood count; TSH, thyroid-stimulating hormone; 
LH, luteinizing hormone; ESR, erythrocyte sedimentation rate; 
PTH, parathyroid hormone; HLA, human leukocyte antigen; 
ANA, antinuclear antibody; RF, rheumatoid factor.

T A B L E  2 2 . 4
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weeks of the injury they are normal in up to two thirds of
patients with stress fractures.4,17,20

● Because of the delay between the onset of clinical symptoms
and radiographic findings, cortical fracture and periosteal
reaction identified on radiography indicate progression to
an advanced stage.3,4

● If radiographs are negative, but there is a high clinical sus-
picion for stress fracture, then either an MRI or bone scan
should be performed.

MRI MRI has emerged as the leading diagnostic modality
for stress fractures, because it is highly specific in determin-
ing the site and grade of the injury and, as a result, treatment
options.3,4,17,24

● MRI has a higher specificity than bone scan and a high sen-
sitivity to bone marrow edema, an early indication of stress
injury to bone.17 Other benefits include absence of radia-
tion exposure, less time consuming than bone scan, and cost
may be equal to or less than bone scan at some  institutions. 

● A stress reaction appears on MRI as periosteal edema and
bone marrow edema without a detectable fracture line.
Stress fractures are represented by a low-signal cortical
fracture line. 

● MRI is particularly useful for sacral and femoral neck
stress fractures because radiographic detection may lag
 behind clinical symptoms by weeks to months.17

● MRI was found to be the most sensitive and specific imag-
ing modality for the detection of early tibial stress injuries
in a comparison study between MRI, CT, and bone scan.
The sensitivity of MRI, CT, and bone scan was 88%, 42%,
and 74%, respectively. MRI and CT each had a specificity
of 100%. MRI had a positive predictive value of 100% and
a negative predictive value of 62%, whereas these values
for CT were 100% and 26%, respectively.18

A radiographic grading system is used to determine the
 extent of injury, which can guide treatment and return-
to-play decisions.4,24

● Grade 1—early stress phenomenon is exhibited by
 increased activity on bone scan and bone marrow edema
on fat-suppressed or short T1 inversion recovery (STIR)
sequence images. 

● Grade 2—stress phenomenon is characterized by bone
marrow edema on T2-weighted images. 

● Grade 3—stress reaction is characterized by bone marrow
edema on T1- and T2-weighted images but without evi-
dence of a true stress fracture on plain radiographs. 

● Grade 4—true stress fracture is exhibited by findings of
cortical failure on MRI and radiography.24

Treatment is based on a progressive four-phase treatment
plan that involves activity modification to a pain-free level.4

Patients should be placed on crutches if they are symptm-
atic with weight-bearing activities. Using this standardized

protocol, average time to return to full sports activities was
found to be 3.3 weeks for a grade 1 stress injury, 5.5 weeks
for grade 2, 11.4 weeks for grade 3, and 14.3 weeks for
grade 4.4 The majority of bone stress injuries to the feet were
grades 3 or 4 (Table 22.5).4

Bone Scan Triple-phase bone scintigraphy is highly sensitive
(84% to 100%) for detecting early bone stress remodeling
and stress fractures and allows for detection of injury within
72 hours.12 The specificity of the bone scan is reduced because
increased tracer uptake is demonstrated in all areas of bone
remodeling, including areas of inflammation, infection, neo-
plasm, and trauma.3,17 Bone scan is also time consuming for
patients and is not useful in grading injury, guiding treatment
options, or evaluating healing progress.20 The leading diag-
nostic modality for pars interarticularis stress fractures is
bone scan using a single-photon emission CT scan (SPECT
scan), followed by CT if the SPECT scan is positive.25,26

CT This is useful for detection of pars interarticularis stress
fractures when combined with SPECT bone scan.25,26 Useful
for detection of stress fractures when MRI is contraindi-
cated. Limitations are that it cannot determine the acuity of
bone lesions because it cannot effectively detect bone edema
or early stress reactions.17

Ultrasound This has a limited role for the detection of bone
stress injuries: 43% sensitivity and 49% specificity.27

Dual-Energy X-ray Absorptiometry (DEXA) Scan Bone
mineral density testing with DEXA scan is recommended in
athletes with cancellous stress fractures.9

Four-phase Return-to-play Protocol4

Phase I Pain control with ice and physical therapy 
modalities

Swimming, aqua running, and cycling 
allowed if pain free

Begin a trial of walking every second day
If any discomfort with activities, regress 

back to a lower phase of the program 
or NWB if in phase 1

Phase II Commence when there is pain-free 
ambulation for 3–5 days

Allowed activities: low-impact aerobic 
conditioning equipment 

Initiate sport-specific muscle rehabilitation
Phase III Progress from sport-specific drills every 

other day to limited, brief sports play, 
then gradual increase in sports play

Stop activities if pain occurs at the original 
site of injury

Phase IV Athlete permitted to return to full 
unrestricted activity

NWB, non–weight bearing.

T A B L E  2 2 . 5
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APPROACH TO THE ATHLETE WITH
A SESAMOID STRESS FRACTURE

Nearly 1% of running injuries involve the sesamoids, with
40% due to stress fractures and 30% due to sesamoiditis.3

Other conditions with similar presentations include avascu-
lar necrosis, traumatic fractures, osteomyelitis, and bursitis.3

HISTORY AND PHYSICAL EXAMINATION

Insidious onset of medial forefoot pain with weight-bearing
and toe-off activities suggests a sesamoid stress injury. Phys-
ical examination shows tenderness over the plantar aspect of
the first metatarsophalangeal joint, exacerbated by passive
doriflexion and plantar flexion of the great toe.3 Athletes
who engage in activities involving jumping, running, and
repetitive forced dorsiflexion are at greatest risk.3

DIAGNOSTIC TESTING

Plain radiographs may show a transverse fracture of the
sesamoid, but it may be difficult to differentiate between a
fracture and a bipartite sesamoid, with bipartite sesamoid
found in up to 15% of population.28 Bone scintigraphy may
show focal uptake and assist in the diagnosis. MRI demon-
strating increased STIR signal intensity, and low T1 signal
helps to differentiate a stress injury from sesamoiditis.3

TREATMENT

● High-risk sites such as the first metatarsal sesamoids tend
to result in delayed union or nonunion, may require oper-
ative management, and are more likely to recur.10

● Treatment of high-risk stress fractures should be aggres-
sively managed, aimed at fracture healing and prevention
of fracture progression and recurrence. 

● Treatment involves non–weight-bearing status and opera-
tive fixation.

Nonoperative

● Treatment involves a non–weight-bearing cast for 6 to
8 weeks.20

● Identification of risk factors is important to prevent
 recurrence. 

● Menstrual history, nutritional assessment, and a review of
the training regimen may provide important clues. 

● Cross-training with cycling, aqua running, swimming are
acceptable forms of low- and nonimpact activities that may
be used to maintain cardiovascular  fitness. 

● After pain-free activity has been achieved, gradual pro-
gression of activities may begin (refer to Appendix C
 “Interval Running Program”). 

Operative

● Operative treatment is recommended in recalcitrant cases
and with refracture.20

● Operative management involves sesamoid resection. 

Prognosis/Return to Play

Gradual return to play when pain free with activities, often
in 6 to 12 weeks.20 Pain-free interval running program
 (Appendix C) should be initiated once there is clinical and
radiographic evidence of healing.

Complications/Indications for Referral

Delayed union, nonunion, and refracture should be referred
for operative consultation.20

APPROACH TO THE ATHLETE WITH
A PROXIMAL FIFTH METATARSAL

STRESS FRACTURE (JONES)
Proximal fifth metatarsal stress fractures, especially at the
metaphyseal–diaphyseal junction, called a Jones fracture, are
high risk due to the propensity for nonunion owing to poor
blood supply (Fig. 22.2). 

FIG. 22.2. Jones fracture. Reprinted with permission
from Bucholz RW, Heckman JD. Rockwood & Green’s
Fractures in Adults. 5th ed. Philadelphia: Lippincott
Williams & Wilkins; 2001.
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HISTORY AND PHYSICAL EXAMINATION

The usual course is insidious onset of pain with activity;
however, the athlete may present with an acute fracture
without prior symptoms.7 Tenderness is elicited over the
proximal fifth metatarsal with possible swelling. Pain may be
exacerbated with foot inversion.7

DIAGNOSTIC TESTING

Early radiographs are often negative. Chronic cases and
nonunions will generally be evident on x-ray. MRI is useful
for localizing stress injuries at this site.3

TREATMENT

High risk sites such as the proximal fifth metatarsal at the
metaphyseal-diaphyseal junction tend to result in delayed
union or non-union, may require operative management and
are more likely to recur.10 Treatment of high-risk stress frac-
tures should be aggressively managed, aimed at fracture heal-
ing and prevention of fracture progression and recurrence. 

Nonoperative

● Acute nondisplaced Jones fracture and an acute diaphyseal
stress fracture are treated with non–weight-bearing status
and immobilization in a short-leg cast for 4 to 6 weeks,
 followed by a weight-bearing cast until healing has
 occurred (10 to 12 weeks on average).20,21

● CT scan can be used to monitor healing.20

Operative

● Operative treatment is recommended in patients with acute
displaced fractures, failed nonoperative management, and
delayed union, nonunion, or recurrent  symptoms.21

● Surgical screw fixation with a 4.5-mm cannulated screw
demonstrated 100% healing with a mean return to sports
in 7.5 weeks (level C).29

● Some advocate surgical fixation for Jones fractures in
high-level athletes due to faster healing and lower rates of
complication compared with nonoperative treatment.29

Prognosis/Return to Play

Return to play ranges from 6 to 12 weeks and is based on
nontender examination and pain free with activities.20,21

Jones fractures tend to have longer healing time. Pain-free

interval running program (Appendix C) should be initiated
once there is clinical and radiographic evidence of healing.

Complications/Indications for Referral

Nonunion, delayed union, and refracture should be referred
for consultation.

APPROACH TO THE ATHLETE
WITH A METATARSAL SHAFT

STRESS FRACTURE
Metatarsal stress fractures are one of the most common sites
of stress fractures.2,4,5 Overall metatarsal stress fractures
carry a good prognosis, with the exception of proximal fifth
metatarsal fractures. Management of these fractures is
 detailed in a separate section.

HISTORY AND PHYSICAL EXAMINATION

Patients often present with a history of rapid increases in
training duration, frequency, or intensity, with ballet dancers
and runners at highest risk.21 The most common symptom
is pain exacerbated by weight bearing.21 On examination
there is generally tenderness directly over the metatarsal and
well-circumscribed swelling limited to the dorsum of the
forefoot.21

DIAGNOSTIC TESTING

Initial radiographs are often negative, but weight-bearing
anteroposterior (AP), oblique, and lateral views should be
obtained to rule out acute fractures and to observe for joint
subluxation or dislocation.21 Serial x-rays may show evi-
dence of healing even if initial x-rays are negative. MRI is
useful for localizing stress injuries of the metatarsals, but
may not be necessary if there is high clinical suspicion.3

Clinical correlation is important because neoplasm and
 infection may have a similar appearance. Bone scan is less
 specific than MRI in elucidating the location of injury in
bones of the foot.3

TREATMENT

Treatment is based on whether the stress fracture is at a
high-risk (Jones, head of the second metatarsal) versus a
low-risk site and the grade of the injury based on imaging
studies.4,8,24 Low-risk sites, including the first four
metatarsals, are more likely to heal through conservative
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management with activity modification and are less likely to
recur or lead to the complications associated with high-risk
stress fractures.10

Nonoperative

● Treatment of minimally displaced, isolated metatarsal
stress fractures includes activity modification, progressive
weight bearing, and wearing a rigid-bottom postsurgical
shoe, a walking boot, or a short-leg cast for 3 to 4 weeks,
transitioning to a stiff-soled shoe for another 3 to
4 weeks.21

● Isolated minimally displaced first metatarsal stress frac-
tures should be non–weight bearing in a short-leg cast for
4 to 6 weeks.21

● Treatment of low-risk stress fractures requires sufficient
activity modification to allow for healing while at the same
time avoiding unnecessary activity restrictions that lead to
deconditioning and loss of sport-specific skills. 

● No prospective, randomized studies have demonstrated
the relationship between weight-bearing status and
 healing rates.21

● Treatment protocols range from non–weight-bearing
 status to pain-free activities only. 

● Cross-training with cycling, aqua running, and swimming
is an acceptable form of low- and nonimpact activities that
may be used to maintain cardiovascular fitness. The inter-
val running program outlined in Appendix C is an exam-
ple of a graduated return-to-run program. 

Operative

● Complications include displacement with subsequent
malunion, delayed union, or nonunion, requiring surgical
repair.21

● First metatarsal stress fractures with instability or signifi-
cant displacement require operative treatment. 

Prognosis/Return to Play

After pain-free activity has been achieved, gradual progres-
sion of activities may begin. Typical return to play is 6 to 12
weeks. Pain-free interval running program (see Appendix C)
should be initiated once there is clinical and radiographic
evidence of healing.

Complications/Indications for Referral

Malunion, delayed union, nonunion, first metatarsal stress
fractures with instability, or significant displacement should
be referred for operative consultation.

APPROACH TO THE ATHLETE WITH
A TARSAL STRESS FRACTURE

The tarsals are the second most common stress fracture site in
the foot, with the navicular being the most commonly in-
volved tarsal bone.2,4 Runners, particularly track athletes, who
complain of insidious onset of midfoot pain should be evalu-
ated for a stress fracture. Jumping and sprinting events were
associated with navicular stress fractures.3 Because of the poor
blood supply, navicular stress fractures have a high propensity
for nonunion and are frequently diagnosed late.7 Early diag-
nosis and treatment are keys to a successful outcome.

HISTORY AND PHYSICAL EXAMINATION

Midfoot pain and tenderness may be indicative of a tarsal
stress fracture. Dorsal midfoot pain radiating to the medial
arch may be a sign of a tarsal stress fracture, most commonly
the navicular.3,7,30 Matheson found a frequent history of
trauma in tarsal bone stress fractures.

DIAGNOSTIC TESTING

MRI is useful for diagnosis and grading the injury, while CT
is useful for staging and following healing.3,7,30

TREATMENT

Nonoperative

● Treatment of navicular stress fractures involves non–
weight-bearing cast immobilization for at least 6 weeks
with subsequent 6 weeks of progressive rehabilitation
(level B and level C).31,32

● If tenderness has resolved after casting, then weight-
 bearing rehabilitation may begin. 

● There is no evidence of the effectiveness of ultrasound or
electric bone stimulator in the treatment of navicular
stress fractures.30

Operative

● Surgical intervention should be considered for high-risk
stress fractures (1) to prevent completion of fractures
 associated with a high level of morbidity and (2) to prevent
fracture recurrence to accelerate healing and return to play.20

● Surgical intervention is indicated in displaced, commi-
nuted fractures and in failure of nonoperative treatment.

● Operative procedures include bone grafting and screw
 fixation.3,7
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Prognosis/Return to Play

Return to play in 3 to 6 months depending on severity.30

Pain-free interval running program (see Appendix C)
should be initiated once there is clinical and radiographic
evidence of healing.

Complications/Indications for Referral

This is a high-risk site due to avascularity, making complica-
tions of delayed union, nonunion, and chronic pain more
likely. 

APPROACH TO THE ATHLETE WITH
A TIBIAL STRESS FRACTURE

Tibia pain is a common complaint in runners and is the
most common site of stress fracture in the running ath-
lete.2,4,5 The major challenge for the provider is differentiat-
ing medial tibia stress syndrome (MTSS, also known as shin
splints) from a tibial stress reaction or stress fracture. MTSS
is a relatively benign condition that can mimic a stress frac-
ture with medial tibia pain. MTSS is a syndrome that can
 include the diagnosis of periostitis and/or pain along the
fascial insertion of the soleus. It is not known whether
MTSS is the earliest presentation of bone stress injury along
a continuum, leading to stress reaction/fracture or an entity
unto  itself. Once a stress fracture is considered or diag-
nosed, the next question is whether it is a posteromedial
cortex versus anterior cortex stress fracture. The main dis-
tinction is that posteromedial tibia stress fractures occur on
the concave surface of the tibia, are due to compressive
forces, and are low risk. Anterior tibia stress fractures are
caused by tensile forces on the convex surface of the tibia
and are high risk due to increased rates of delayed union
and nonunion (Fig. 22.3).

HISTORY AND PHYSICAL EXAMINATION

Athletes often complain of lower leg pain exacerbated by
weight-bearing exercise that is relieved with rest.3 It is com-
mon to have tenderness to palpation and percussion at the
junction between the middle and distal thirds of the medial
tibial shaft.3 Swelling and a palpable callus may be pres-
ent.7,19 Clinically it can be difficult to discern a stress frac-
ture from MTSS. Compartment swelling, tenderness, and
neurovascular changes may help to distinguish between ex-
ertional compartment syndrome and a bone stress injury.19

Proximal tibial stress fractures at the medial tibial condyle
may mimic intra-articular and ligamentous pathology of
the knee. Conditions to consider in athletes presenting with
exercise-associated leg pain are noted in Table 22.6 along
with pearls to diagnosis. 

DIAGNOSTIC TESTING

Plain radiographs are usually negative early in the course of
injury but may demonstrate periosteal thickening or frank
fracture after several weeks. Lateral radiographs may show
the dreaded black line representing a fracture line in the ante-
rior cortex consistent with delayed or nonunion. MRI is
the best imaging study to detect early tibial stress injuries
(Fig. 22.4).18

TREATMENT

Treatment is based on whether the stress fracture is at a
high-risk versus a low-risk site and the grade of the injury
based on imaging studies.4,8,24 The posterior medial tibia is a
low-risk site and is more likely to heal through conservative
management with activity modification. The anterior tibia is
a high-risk site due to the propensity for delayed union or
nonunion, requiring operative management.10

Nonoperative

● Low-risk stress fractures require sufficient activity modifi-
cation to allow for healing while at the same time avoiding
unnecessary activity restrictions that lead to decondition-
ing and loss of sport-specific skills. 

FIG. 22.3. Stress fracture in a young male athlete. Note
sclerosis and widened cortices associated with bone
healing. Reprinted with permission from Bucholz RW,
Heckman JD. Rockwood & Green’s Fractures in Adults.
5th ed. Philadelphia: Lippincott Williams & Wilkins; 2001.
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● Conversely, undertreatment of high-risk stress fractures
may result in progression or recurrence of the fracture,
leading to prolonged periods of time away from sport. 

● No prospective, randomized studies have demonstrated
the relationship between weight-bearing status and heal-
ing rates.8

● Treatment of MTSS, anterior, and posterior–medial stress
fractures involves activity modification to pain-free activi-
ties only. 

● In medial tibial stress fractures, non–weight-bearing status
should be initiated when ambulatory pain is present,
 otherwise a cam walker boot is sufficient. 

● Treatment of anterior tibial stress fractures involves
non–weight bearing until pain-free ambulation is achieved
due to risk of nonunion or propagation of fracture.20

● A graduated exercise program beginning with 50% of prein-
jury levels and increasing 10% to 15% each week over 3 to 
6 weeks may begin when pain-free ambulation is achieved.

● Cross-training with cycling, aqua running, and swimming
is an acceptable form of low- and nonimpact activities that
may be used to maintain cardiovascular fitness.4

● Pain should be used as a guide and activity levels kept
below the threshold of pain when attempting to advance
activity levels.24,33 An alternative is the interval running
program outlined in Appendix C. 

● There is limited evidence that in tibial stress fractures,
early mobilization with a pneumatic brace may accelerate
return to athletic activity.34

● Electrical stimulation has not been demonstrated to accel-
erate tibial stress fracture healing.35

Diagnosis of Exercise-associated Leg Pain

Common Conditions Keys to Diagnosis

Medial tibia stress syndrome Pain posterior medial tibia distal one third
Improves quickly with running cessation

Tibia stress reaction or fracture Pain takes longer to resolve with running cessation
Escalating pain
Pain with ambulation
Anterior tibial cortex pain

Exertional compartment syndrome Exercise-related pain that quickly resolves with rest
Calf tightness
Numbness, tingling, or weakness associated with pain

Radiculopathy from LS spine Pain, paresthesia, or dysthesia
May radiate from LS spine in dermatomal distribution
Classically posterior calf/thigh pain

Peripheral nerve entrapment Numbness, tingling, weakness along peripheral nerve 
innervation

Popliteal artery entrapment Exercise-related calf pain that improves with rest
Often congenital

Claudication Exercise-related calf pain that improves with rest
Found in older athletes or athletes with PVD risk factors

LS, lumbosacral; PVD, peripheral vascular disease.

T A B L E  2 2 . 6

FIG. 22.4. “Dreaded black line” representing stress frac-
ture in anterior cortex of the tibial diaphysis. Reprinted
with permission from Schepsis AA, Busconi BD. Sports
Medicine. Baltimore: Lippincott Williams & Wilkins; 2006.
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Operative

● Surgical intervention should be considered for high-risk
stress fractures such as the anterior tibia.20

● Intramedullary nailing of the tibia in cases of failed non-
operative treatment, delayed union, or nonunion is an
 effective treatment and allowed for return to sports in a
mean of 4 months after surgery (Fig. 22.5).36

Medications

Bisphosphonates

One small study on collegiate athletes using intravenous
pamidronate demonstrated a possible benefit in the treatment
of tibial stress fracture, resulting in rapid return to competi-
tion (level C).37 No large, prospective randomized trials on
the role of bisphosphonates in stress fracture treatment and
prevention have been conducted. Because of the long half-life
of bisphosphonates and potential teratogenic effects, future
use in young females will likely remain controversial.38

Nonsteroidal Anti-inflammatory Drugs (NSAIDs)

The use of NSAIDs for pain control in stress fractures is con-
troversial due to mixed findings in the literature regarding
the potential for impaired bone healing. Among the limited
number of prospective randomized, controlled trials in
 humans, no impairment of fracture healing was seen with

COX-2 inhibitors.38 Nonspecific NSAID use has been asso-
ciated with impaired fracture healing in animal models.38

Prognosis/Return to Play

Return to play when pain free during activity, usually in 4 to
6 weeks for mild stress reaction and up to 12 weeks for stress
fracture. Pain-free interval running program (Appendix C)
should be initiated once there is clinical and radiographic
evidence of healing.

Complications/Indications for Referral

Delayed union or nonunion are indications for surgical
 referral.

APPROACH TO THE ATHLETE WITH
A FEMORAL STRESS FRACTURE

Femoral stress fractures are the fourth most common type of
stress fracture.2 Fracture sites include the femoral shaft, neck,
and trochanteric and subtrochanteric regions. Femoral neck
stress fractures have an incidence of 11% to 20% among ath-
letes and are considered a high-risk site due to potential for
long-term complications including displaced fracture and in-
creased risk of avascular necrosis of the femoral head.3,7,12

HISTORY AND PHYSICAL EXAMINATION

Depending on the site, the most common symptoms are an-
terior thigh pain, hip pain, and groin pain.3,22,39 Ipsilateral
knee pain was the most common symptom in one study.12

Vague groin pain is a common complaint in femoral neck
stress fractures, but the athlete may present with pain in the
low back, anterior thigh, lateral hip, or knee.3,12,14,17

Patients may complain of worsening hip pain with
 activity and night pain.12 The history may reveal abrupt
 increases in training mileage or changes in terrain with
symptoms  occurring as early as 2 weeks.12 Older athletes
with distal femoral pain should be evaluated for sponta-
neous osteonecrosis of the femoral condyle.12

On physical examination, the hop test and fulcrum test
are used to elicit pain and identify the site of a femoral stress
fracture.2,22,39 Pain may be elicited with end-range passive
internal and external rotation of the hip with thigh flexed to
90 degrees, with palpation of the groin and logrolling of the
thigh.3,12,14 Bilateral femoral neck stress fractures may occur.

DIAGNOSTIC TESTING

Plain radiographs are positive in 30% to 70% of cases at
symptom onset and should be the first imaging study or-
dered.39 If the radiograph does not reveal a stress injury, an

FIG. 22.5. Intramedullary nailing for anterior tibia stress
fracture due to nonunion. Reprinted with permission
from Schepsis AA, Busconi BD. Sports Medicine.
 Baltimore: Lippincott Williams & Wilkins; 2006.
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MRI or bone scan should be obtained to ensure prompt
 diagnosis.3,12,39 MRI has the advantage of localizing the
stress fracture more accurately. If femoral neck stress frac-
ture is suspected, patient should be made non–weight bear-
ing till results of imaging studies are reviewed.

TREATMENT

● Treatment is based on whether the stress fracture is at a
high-risk versus a low-risk site and the grade of the injury
based on imaging studies.4,8,24 Low-risk sites, including
the femoral shaft, are more likely to heal through conser-
vative management with activity modification (Figs. 22.6
and 22.7).10

● High-risk sites including the femoral neck tend to result in
delayed union or nonunion, may require operative man-
agement, and are more likely to recur.10

Nonoperative

● Femoral shaft stress fractures are managed conservatively
with non–weight bearing on the affected leg. 

● Progression is made to pain-free ambulation and non–
weight-bearing exercises. The next phase allows for some
weight-bearing activities, with initiation of a graduated

exercise program if the athlete remains pain free.39 Return
to regular athletic activity occurs in 12 to 14 weeks.39

● Management of femoral neck fractures depends on the site
and extent of the stress fracture. Compression-side femoral
neck fractures that are early and nondisplaced are man-
aged with non–weight bearing until there is pain free and
radiographic evidence of healing followed by a graduated
exercise program. See interval running program, Appen-
dix C (Fig. 22.8).12,20

FIG. 22.6. Femoral shaft stress fracture in a runner with
worsening thigh pain after increased training mileage
over previous months. AP radiograph of distal femur
shows increased density and periosteal reaction.
Reprinted with permission from Bucholz RW, Heckman
JD. Rockwood & Green’s Fractures in Adults. 5th ed.
Philadelphia: Lippincott Williams & Wilkins; 2001.

FIG. 22.7. MRI shows fracture line and bright signal of
surrounding bone edema. Reprinted with permission
from Bucholz RW, Heckman JD. Rockwood & Green’s
Fractures in Adults. 5th ed. Philadelphia: Lippincott
Williams & Wilkins; 2001.

FIG. 22.8. MRI pelvis of a 50-year-old runner with a left
compression-side femoral neck stress fracture. Rockwood
& Green’s Fractures in Adults. 6th ed. 2006.
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Operative

● Tension-sided femoral neck stress fractures and displaced
fractures are often managed with surgical internal
 fixation.3,12,14,20

Prognosis/Return to Play

Return to play when nontender on examination, radi-
ographic evidence of healing, and with pain-free activity.20

Healing requires 6 to 12 weeks. Pain-free interval running
program (Appendix C) should be initiated once there is clin-
ical and radiographic evidence of healing.3,12

Complications/Indications for Referral

Displacement, nonunion, or avascular necrosis is indication
for referral. Nearly one fourth of the patients develop avas-
cular necrosis within 5.6 years after femoral head displace-
ment due to stress fracture.20

APPROACH TO THE ATHLETE WITH
A SACRAL STRESS FRACTURE

Sacral stress fractures have been reported in distance run-
ners and volleyball players and appear to be more common
in female athletes.16 They are often diagnosed in athletes
who have increased training intensity or duration.

HISTORY AND PHYSICAL EXAMINATION

Vague, nonspecific low-back, buttock, or hip pain in female
runners may be a sign of a sacral stress fracture. These symp-
toms may be confused with sacroiliac joint dysfunction, sci-
atica, or disc pathology.3,16 On examination there may be
tenderness on the sacrum or sacroiliac joint. Faber test and
hop test may be positive on the affected side.16

DIAGNOSTIC TESTING

MRI is the imaging modality of choice to diagnose, grade,
and make return-to-play decision.3,16,17 CT scan can be use-
ful to stage the fracture line.16 Laboratory studies to rule out
spondyloarthropathies should be considered when there is a
family history.

TREATMENT

Activity modification until pain-free status is achieved.
Begin interval running program once pain-free status and
evidence of healing have occurred.

Prognosis/Return to Play

Healing time is 6 weeks to 8 months. Pain-free interval run-
ning program (Appendix C) should be initiated once there is
clinical and radiographic evidence of healing.

Complications/Indications for Referral

It is important to diagnose sacral stress fractures because
they can mimic disc disease.

APPROACH TO THE ATHLETE 
WITH A ACUTE SPINE STRESS
FRACTURE (SPONDYLOLYSIS)

Low-back pain is a common complaint among adolescent
athletes, with females appearing to be at greater risk for
spine stress injuries.16 Stress reaction of the pars interarticu-
laris, spondylolysis, and spondylolisthesis represents a con-
tinuum of bone stress injury. These injuries are caused by
hyperextension of the lumbar spine commonly performed
in gymnasts and ballet dancers. 

HISTORY AND PHYSICAL EXAMINATION

The most common complaint is low-back pain associated
with ballet, gymnastics, diving, and soccer.3,16,17 Pars inter-
articularis stress fractures may present as persistent non-
radicular low-back pain worse with activity. There may be a
history of menstrual irregularities and nutritional deficien-
cies. On examination tenderness is elicited at the affected
vertebrae, most commonly L5. ROM may be limited or
painful in lumbar extension.16 Hamstring tightness was
found in 80% of patients.16 Stork test (single-legged hyper-
extension test) has low sensitivity and specificity in detecting
spondylolysis and should not be used to exclude the diagno-
sis (level B).25

DIAGNOSTIC TESTING

Plain radiographs are the initial imaging study but will gen-
erally be positive in chronic nonunions (Scotty dog sign)
and with spondylolisthesis (Figs. 22.9 and 22.10). If initial 
x-rays are negative and there is a high clinical suspicion, fur-
ther imaging studies are warranted. Some authors recom-
mend a SPECT bone scan followed by CT if the SPECT bone
scan is positive (level A).25,26 SPECT scans have the highest
sensitivity and specificity for diagnosis of acute pars stress
injury.40

The role of MRI in diagnosing pars stress fractures
 appears to be growing with advances in MRI resolution.
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 Several advantages exist, including absence of ionizing radi-
ation and ability to image lumbar anatomy as well as disc
pathology. These advantages need to be weighed against
lower sensitivity and specificity compared with SPECT and
CT imaging.40

TREATMENT

Nonoperative

Treatment involves discontinuation of all activities that
cause hyperextension and impact loading of the thora-
columbar spine. Rehabilitation with emphasis on core
strength, training, and hamstring flexibility should begin
promptly with reevaluation in 4 to 6 weeks, especially to ob-
serve for pain-free extension. When the athlete is pain free, a
gradual increase in activities may begin. If the athlete contin-
ues to be pain free, hyperextension activities may be reintro-
duced. The role of bracing is an area of controversy and
debate, as good outcomes have been shown to occur with
rigid bracing, soft bracing, and no bracing. No head-to-head
trials of bracing versus nonbracing exist.

Operative

● Surgical stabilization with lumbar fusion is performed in
cases of failed conservative therapy with persistent pain
with sports and activities of daily living.16 This is a very
rare complication.

Prognosis/Return to Play

Return to play is allowed after progression to pain free with
hyperextension activities. Healing may take as long as
6 months with conservative measures. No sports until
12 months after fusion.16 Overall prognosis appears to be
 excellent in long-term studies, with incidence of back pain
comparable to general population.41

Complications/Indications for Referral

Spondylolisthesis and cord compression may present as
radicular pain, saddle numbness, and loss of bowel or blad-
der control, with prompt referral recommended. 

FIG. 22.9. Pars interarticularis fracture between L5 and
S1 (spondylolysis) may lead to spondylolisthesis.
Reprinted with permission from Oatis CA. Kinesiology—
The Mechanics and Pathomechanics of Human Move-
ment. Baltimore: Lippincott Williams & Wilkins; 2004.

FIG. 22.10. Spondylolisthesis with anterior slippage 
of L5 on S1. Reprinted with permission from Fleisher 
GR, Ludwig S, Baskin MN. Atlas of Pediatric Emergency
Medicine. Philadelphia: Lippincott Williams & Wilkins;
2004.
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KEY POINTS

• Lower-extremity stress fractures are most common in
running athletes, while upper-extremity stress frac-
tures can occur in the throwing or rowing athlete

• Stress fractures are categorized as either fatigue or in-
sufficiency stress fracture based on normal bone health
versus underlying osteopenia/osteoporosis

• Early mobilization with a pneumatic brace may
 accelerate return to athletic activity in tibial stress
 fractures34

• Diagnostic test of choice for acute spondylolysis
 remains a SPECT bone scan, but MRI with STIR
 imaging is gaining greater use25,26

• There is insufficient evidence from randomized trials
of preventive interventions to draw firm conclusions34

• There is insufficient evidence regarding the best type
of shoe inserts34
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INTRODUCTION
Peripheral nerve injuries in athletes may serve as a diagnostic
challenge for the treating clinician. They may present as acute
injuries or secondary to overuse. Athletes are vulnerable due
to the repetitive nature of upper- and lower-extremity move-
ments and the superficial nature of peripheral nerves.

Peripheral nerve injuries can be underestimated in ath-
letes due to the relative muscle hypertrophy and enhanced
strength that can mask the extent of the injury. Additionally,
sensory changes may not be appreciated to the same extent
by athletes who are accustomed to playing with some degree
of pain or discomfort. A high degree of suspicion along with
an understanding of common peripheral nerve injuries in
athletes will greatly enhance the proper diagnosis and treat-
ment. Additionally, an understanding of dermatomes and
peripheral nerve sensory as well as motor function is essen-
tial in  differentiating peripheral nerve injuries from more
central etiologies. This chapter will review the most com-
mon nerve injuries associated with different sports and ad-
dress when to refer the patient for specialty electrodiagnostic
consultation.

FUNCTIONAL ANATOMY
The peripheral nervous system (PNS) consists of the nerve
root, the motor efferent from the anterior horn cell, the af-
ferent sensory ganglion (usually in the neural foramina)
which combines to form a spinal nerve, along with sensory
and motor components. The ventral rami from these nerves
coalesce to form the brachial plexus in the upper extremity
and lumbosacral plexus in the lower extremity, forming
trunks, divisions, and cords, which ultimately become termi-
nal nerve branches supplying the arms or legs with motor
and sensory function (Fig. 23.1).1

PATHOPHYSIOLOGY
Peripheral nerve injuries are most commonly classified
 according to Seddon’s scheme.2 The terms neuropraxia,

 axonotmesis, and neurotmesis are used by electromyogra-
phers (Table 23.1).

The mildest injury, neuropraxia, has the best prognosis for
recovery, with the neurotmesis having the worst prognosis,
given the disruption of axons and epineurium. The latter
problem may require surgical repair by a skilled peripheral
nerve surgeon, with outcomes often guarded, although the
surgical approximation of nerve fibers is improving.3

There are different degrees of axonal loss, with prognosis
dependent on many factors, including the age and health of
the patient, the proximity of the lesion to the muscle(s)
being innervated, and the integrity of the muscle itself. In
general, upper-trunk brachial plexopathies have a better
prognosis than lower-trunk ones, because of the length of
axonal regeneration needed for the latter.4

EPIDEMIOLOGY
Of 1,167 peripheral nerve injuries seen in a single or-
thopaedic clinic in Japan over 18 years, 5.7% were attributed
to sports and 10% of them to traumatic nerve injuries.5

 Because the upper extremities are more mobile, with muscle
attachments directly to the thorax, the peripheral nerves
are vulnerable to injury to a greater extent than in the
lower extremities. In a retrospective review of peripheral
nerve injuries to athletes, 88% were to the upper extrem-
ity, with one third of the injuries being related to playing
football.6 Mechanisms for nerve injury include compres-
sion, traction, ischemia, and laceration, secondary to
 hyperextension of the neck or limbs, or unstable fractures
or dislocations.7

In general, football and other contact sports such as
wrestling, hockey, and basketball contribute to the majority
of upper-extremity plexus injuries, while overhead throw-
ing sports such as volleyball result in more focal nerve
 injury, such as the suprascapular nerve, at the sphenogle-
noid notch, affecting primarily the infraspinatous muscle.
Weight lifting, while a sport by itself, is also a significant
part of the training program for most sports, so it can be
the etiology for nerve injuries in many athletes playing
 different sports.8

23
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NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

The most important part of the peripheral nerve diagnosis is
the patient’s history of the present symptoms and the timing
of any preceding trauma. Athletes may note gradually pro-
gressive weakness or atrophy after an acute injury such as a
shoulder dislocation. Overuse peripheral nerve injuries may,
however, present with no history of trauma but gradual-
onset pain, weakness, and/or atrophy.

Athletes, especially as they age, may have underlying
medical conditions such as diabetes and its associated pe-
ripheral neuropathy. Athletes with persistent numbness in
the hands and feet may have a peripheral neuropathy or cer-
vical or lumbar stenosis. Neck and upper-extremity symp-
toms may be alleviated by cervical traction, either manually
or with weight. With lumbar stenosis, the symptoms will be
exacerbated by walking or running and relieved by sitting. If
there is radiation of pain into only one extremity, the athlete
may have a radiculopathy from a herniated disc. Pain from
this is usually worse with sitting and to a lesser extent stand-
ing; walking may relieve this type of pain.

Evidence-based Physical Examination

A thorough review of the neurologic examination is detailed
below. Some common neurologic tests utilized to differenti-

ate  potential peripheral nerve injury from a central etiology
include the Tinel’s and Phalen’s tests along with the
Spurlings test. The Tinel’s sign involves percussion of a pe-
ripheral nerve to recreate the patients’ dysthesias or pares-
thesias. This is most often performed at the wrist for the
median nerve but can be done at the elbow for the ulnar
nerve, at the tarsal tunnel for the posterior tibial nerve, and
at the proximal fibula for the peroneal nerve. The sensitivity
and specificity of the Tinel’s sign is less than 50%, so it is not
diagnostic for a nerve injury, and does not correlate well
with nerve conduction studies (NCSs). Sensory testing of
dermatomes and peripheral nerves, motor strength testing,
and reflexes are more reliable tests.4

A detailed and thorough neurologic examination is war-
ranted after a significant injury on the playing field or when
the athlete presents with a suspected nerve injury. More con-
cerning are injuries that compromise the central nervous
system, which includes the spinal cord. Any athlete who has
decreased motor and sensory function needs prompt evalu-
ation, keeping in mind that a cervical injury that causes
mainly symptoms in the upper extremities can be a central
cord syndrome versus a cervical root or brachial plexus
 injury. Reflexes in a spinal cord patient acutely may be di-
minished due to spinal shock and become more hyperactive
over time.9 

Other common peripheral nerve injuries are cervical and
to a lesser extent lumbar radiculopathies from an interverte-
bral disc applying pressure to a nerve root. While they may
involve primarily motor function, the sensory dorsal root

FIG. 23.1. Motor unit.

Seddon’s Classification of Nerve Injuries

Motor Sensory Conduction Block Wallerian Degenerative Perineurium Intact

Neuropraxia Dec amp Dec amp Distal amp nl No Yes
Axonotmesis Dec amp Dec amp No Yes Yes
Mixed (neuropraxia and 

axonotmesis) Dec amp Dec amp Partial Yes Yes
Neurotmesis No response No response No Yes No

T A B L E  2 3 . 1
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ganglion can also be compromised in lesions that are more
lateral. In these patients, the associated reflexes should be
 diminished compared with the contralateral side, and any
sensory changes should follow a dermatomal distribution.
Injuries that affect sensory may be distal to the dorsal root
ganglion at the level of the brachial plexus. 

The term “stingers” or “burners” is used for acute traction
injuries involving the brachial plexus. Diminished reflexes
and subjective sensory changes, not always objective ones, in
a portion of the brachial plexus are detected on physical
 examination. Sensory changes may be loss of position and
vibratory sensation and light touch, associated with conduc-
tion block of large myelinated fibers. Detailed examination
of motor, sensory (dermatomal and peripheral nerve), and
reflexes is key in helping to localize the lesion, but may be
compromised in athletes who have a concomitant brain
 injury, which affects their ability to participate in the exami-
nation and may cause hyperreflexia. In athletes who have
 peripheral nerve injuries, up to 60% may have a traumatic
brain injury.10

Diagnostic Testing

Laboratory

In the setting of an acute peripheral nerve injury, laboratory
studies are rarely needed. For gradual-onset symptoms, ap-
propriate laboratory studies may be indicated to differenti-
ate systemic or metabolic etiology from a focal nerve injury.
Complete blood count (CBC), thyroid studies, rapid plasma
reagin (RPR), B12, and folate are some common tests ob-
tained. Other serology and cultures are ordered based on
clinical presentation and pretest probability.

Imaging

Appropriate radiographs are indicated in cases of trauma to
rule out coexisting fractures that may be associated with
 peripheral nerve injuries (i.e., supracondylar fractures, prox-
imal fibula fracture, displaced or open fractures). CT may
better define complex fractures and bone fragments that
may be associated with traumatic peripheral nerve injuries.

MRI may play a role in visualization of potential nerve in-
jury from both acute or overuse mechanisms. The superiority
of MRI for visualization of soft tissue may be of help for visu-
alization of mass effect along with potential visualization of
the nerve itself, although a specialized MRI neurography is
needed for more useful information about the nerve. 

Ultrasound is growing in use for visualization of periph-
eral nerves due to its high resolution of superficial soft-tissue
structures and its ability to visualize nerve inflammatory
changes. The dynamic capabilities of ultrasound can identify
conditions of nerve subluxation as can occur at the elbow
with the ulna nerve. Ultrasound, however, is operator de-
pendent, and availability is affected by access to trained
 individuals who understand the applications of ultrasound
to  peripheral nerve problems. 

Other Testing

Electrodiagnostic studies can play a significant role in the
 diagnosis and prognosis of peripheral nerve injuries,4 as
they can assist further with prognosis. Information obtained
about the integrity of the affected nerve(s) can be used to
prescribe a therapeutic treatment program. Changes in am-
plitude occur in the motor nerve after 6 to 8 days, and the
sensory nerve in 8 to 12 days; therefore, NCSs done within 
1 to 2 weeks after a traumatic injury can determine whether
there has been some nerve injury. Other changes with the
needle electromyography (EMG) will take 3 to 4 weeks to
evolve and are more suggestive of axonal loss.11 This infor-
mation about the integrity of the affected nerve(s) can be
used to prescribe an appropriate therapeutic treatment pro-
gram. Denervated muscle cannot be strengthened, and exer-
cises need to focus initially on maintaining the range of
motion about the involved joint.

Electrodiagnosis is quite specific in the hands of a skilled
electromyographer, with specificity greater than 90%.12

The electrodiagnostic results should complement the clinical
 history and physical examination. When inconsistencies are
seen, one needs to question whether affected nerves were
compared to similar ones on the contralateral limb, whether
the athlete has a different underlying medical condition,
or whether the electrodiagnostic study was thorough and
technically competent.4 One should refer patients to some-
one who does a complete electrodiagnostic consultation,
 interpreting electrodiagnostic results in the context of the
patient’s history, physical examination, and other pertinent
studies such as imaging.13

Electrodiagnosis A basic understanding of this test, what it
does and does not measure status post nerve injury, helps in
determining when to order it. It evaluates the large myeli-
nated (type A) peripheral nerve fibers and is useful only with
injuries to these nerves, not the smaller type C pain fibers.
There are two different types of electrodiagnostic testing: 
(1) motor and sensory NCSs and (2) needle EMG, which an-
alyze motor units and denervation potentials seen in selected
muscles after injury to the nerve innervating them. 

FIG. 23.2. Compound motor action potential (CMAP).
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To perform NCSs, the peripheral nerve motor axons are
stimulated electrically, causing depolarization of the mus-
cles innervated by that nerve. By placing a recording elec-
trode over the muscle, a compound motor action potential
(CMAP) is visualized, with characteristic amplitude(s)
and duration(s) for particular muscles (Fig. 23.2). Stimu-
lation of the sensory axons results in a comparable sensory
nerve action potential (SNAP). These responses are a com-
posite of the motor or sensory fibers picked up by the
recording electrodes. The motor result can be affected by
neuromuscular junction problems and significant muscle
atrophy or disease such as myopathies, but the sensory re-
flects direct nerve transmission and is usually seen before
the motor response. Changes in the amplitude may suggest
some axonal loss, and changes in the speed of conduction,
or latency, may reflect slowing of conduction, associated
with demyelination.4

Needle EMG is performed by inserting a needle directly
into a muscle and recording motor unit action potentials
(MUAPs) from the muscles in the vicinity of the needle
(Fig. 23.3). Different muscles have characteristic amplitudes
and durations, which indicate whether the potential is a
motor unit. 

Other potentials (fibs and positive waves) referred to as
spontaneous activity are recorded from muscles that have
sustained denervation of their nerve axons secondary to
Wallerian degeneration. Normal muscle is electrically silent
at rest, so this spontaneous activity at rest suggests nerve in-
jury. Fibs and positive waves may be graded on a 1 to 4 scale
depending on their prevalence with needle testing, but any
axonal loss produces fibs and positive waves. Therefore, this
rating does not correlate with degree of axonal loss; only the
amplitude of the CMAP is proportional to the degree of
 axonal loss.14 

Another EMG parameter is recruitment, or the extent to
which more axons can fire in response to increasing muscle
contraction. Recruitment is full and spontaneous when ax-
onal integrity is preserved but becomes more limited as
axons degenerate.15 Decreased recruitment is often the first
finding on needle EMG, suggesting axonal disruption, but
should be used together with evidence for fibs and positive
before commenting on whether there is evidence for acute
axonal loss/denervation (Fig. 23.4). Nerves have the capacity
to regenerate (1 in/month),4 and over time the fibs and

 positive waves become smaller or disappear.16 The MUAPs
may have multiple phases, suggesting that immature axons
are conducting at different rates, but as axons mature, the
number of phases may decrease. These findings may suggest
some reinnervation (Fig. 23.5).4 

The changes in NCSs or needle EMG are dependent on
the type of injury and time from injury. These tests will help
confirm a peripheral nerve injury, the one suspected or a dif-
ferent one(s), and are also of benefit in explaining a different
etiology for the patient’s pain and muscle atrophy/weakness.
One limitation of early electrodiagnostic testing is the lim-
ited prognostic value, as there may not have been enough
time for neurophysiologic changes to evolve. Unfortunately,
a competitive athlete may not want to wait until the extent of
neurologic involvement can be ascertained. 

FIG. 23.4. Motor unit recruitment. Increasing force of 
contraction

FIG. 23.5. Polyphasic motor unit reinnervation. Axonal
sprouting leads to reinnervation and polyphasic
MUAPs

FIG. 23.3. Normal motor unit action potential (MUAP). Electrode records MUAPs
from muscle fibers within the vicinity of the needle.

87208_ch23.qxd:87208_ch23  8/31/09  1:12 PM  Page 265



266 Sports Medicine Consult

APPROACH TO THE ATHLETE 
WITH STINGER/BURNER

Brachial plexus injuries are some of the more prevalent
sports injuries commonly encountered in football, wrestling,
hockey, basketball, baseball, and overhead throwing sports.
They are transient injuries to the brachial plexus, resulting
in unilateral symptoms of numbness, tingling, burning,
and weakness. The primary mechanisms are forced hyper-
extension and lateral bending/flexion of the neck to the
 opposite side with downward displacement to the ipsilat-
eral shoulder, which causes a traction-type injury to the
brachial plexus. The alternative mechanism can be a forced
flexion to the  affected side with compression of the
brachial plexus (Fig. 23.6). Younger players may be at
risk because they have more mobile necks and less well-
 developed neck musculature.17

HISTORY AND PHYSICAL EXAMINATION

Stingers or burners will cause unilateral dysesthesias in the
distribution of the brachial plexus upper trunk from the
supraclavicular area radiating down the lateral or radial side
of the forearm. It can resemble a C6 radiculopathy and may
or may not cause motor changes. Symptoms usually resolve
within seconds to minutes, and neurologic examination may
be normal. There may be weakness of the shoulder abduc-
tion (deltoid), external rotation (rotator cuff muscles), and
elbow flexion (biceps). If persistent subjective complaints of
weakness occur, motor may need to be tested by having the
person perform some aspect of the sport, that is, throwing
for a quarterback.18 Weakness on examination with stronger
athletes may only be recreated on examination by stressing
the area to  fatigue and noting differences from side to side

(i.e., resisted abduction until fatigued). Bilateral symptoms
on history or examination are not consistent with a stinger
and may represent a more serious central cord lesion. 

DIAGNOSTIC TESTING

In the acute setting of neck pain and upper-extremity neuro-
logic deficits, cervical radiographs may be indicated to rule
out occult cervical fracture.

MRI is typically reserved for cases of single nerve root
 involvement, suspected cord injury, persistent symptoms,
or history of recurrent stingers/burners. When a single nerve
root is affected from either disc protrusion or herniation, it
is more commonly C7, which may be detected with imaging
studies. Occasionally the motor nerve root may be avulsed,
totally or partially, causing significant motor paresis in mus-
cles innervated by that level. The person may not experience
sensory changes, as the lesion is proximal to the sensory root
ganglion. Most of them are partial avulsions and recover to
some extent,4 which is good since the motor prognosis for a
complete nerve root avulsion is guarded. While nerve roots
are visualized on MRI scans, one needs more specialized
MRI neurography to determine whether there is nerve
root avulsion.19 In general, routine MRI studies are not very
specific in identifying nerve injuries and do not provide
 information about prognosis, given that neurophysiology
changes occur over time.20

If symptoms of dysthesias, paresthesias, or motor weak-
ness persist for 4 to 6 weeks, then electrodiagnostic testing
may be helpful. If there are no electrodiagnostic changes
after this time, then the insult to the nerve was not signifi-
cant. One possibility is that dysthesias reflect intermittent
pressure on any structures that have sensory input from the
nervous system, joints, ligaments, muscles, etc.21

FIG. 23.6. Position of the neck.
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TREATMENT

Nonoperative

● The mainstay of treatment for acute stingers/burners is
nonoperative with rest from offending activities.

● Physical therapy can be initiated once symptoms have re-
solved and full function has returned. A focus on neck and
trapezius strengthening may be helpful in preventing re-
current stingers.

● “Cowboy collars” may help prevent neck hyperextension
and possible recurrent stingers.

Operative

● Operative treatment is rarely needed and is reserved for
cases of nerve root avulsion, although prognosis with sur-
gery remains guarded, as discussed earlier.

Prognosis/Return to Play

● Overall prognosis for acute stingers/burners is excellent,
and return to play is based on complete resolution of
symptoms. 

● Most stingers/burners resolve within seconds to minutes;
however, some may require weeks to months to fully heal. 

● Return to play also requires that the athletes must demon-
strate full range of motion and strength as well as func-
tional stability at the shoulder to perform their required
activities on examination. 

Complications/Indications for Referral

Complications that can occur include brachial plexopathy or
partial nerve root avulsion secondary to trauma. With these,
recovery is prolonged, and there is a high incidence of recur-
rent stingers and burners. 

Indications for referral include progressive symptoms,
prolonged recovery longer than 1 to 2 weeks, or clinical pic-
ture with sensory, motor, or reflex changes. Neurodiagnostic
examination in these cases is helpful to clarify the degree of
axonal loss, evidence for reinnervation, and prognosis, with
implications for when the athlete should return to play.

Bilateral symptoms are not consistent with a stinger and
may represent a more serious central cord injury.

APPROACH TO THE ATHLETE 
WITH AXILLARY NERVE INJURY

Axillary nerve injuries most often present as a complication
of a shoulder subluxation or dislocation in the athlete.

HISTORY AND PHYSICAL EXAMINATION

It is helpful to ask about the position of the arm following
the dislocation, if the patient can recall. Abduction and ex-
ternal rotation may compress the axillary nerve, given the
forcible extension causing the dislocation. Over time, there
will be muscle atrophy of the deltoid and teres minor, caus-
ing difficulty with shoulder abduction and forward eleva-
tion. If the injury is significant, then sensory loss in the
distribution of the axillary nerve and lateral brachial cuta-
neous nerve of the upper arm may occur.21 The patient may
experience hyperpathia, with any light touch, including
clothing, against the deltoid or lateral upper arm.

DIAGNOSTIC TESTING

Electrodiagnostic testing of the axillary nerve needs to include
comparison to the contralateral side to determine the normal
amplitude for an individual. Loss of amplitude, which occurs
in 8 to 12 days after injury, directly reflects  axonal loss and
provides information on the degree of axonal loss. There are
no good imaging studies to evaluate this problem.

TREATMENT

Nonoperative Acute Injuries

● In the acute phase, the focus is on protecting the dener-
vated limb to prevent further nerve injury and on reducing
pain. 

● Splinting is not necessary and may promote relatively
more disuse atrophy and contractures.22 

● Analgesics, muscle relaxants, and ice may be adequate
 initially, but heat may aggravate nerves.23 

● As the nerve degenerates, the athlete may experience neu-
ropathic pain. Patients may experience more intense burn-
ing pain as the nerve regenerates; they should be reassured
that the increase in pain may be a good prognostic sign
rather than worsening of their peripheral nerve problem. 

● Strengthening of surrounding musculature, such as
periscapular muscles in the upper extremities, and light
aerobic exercises to maintain conditioning should be en-
couraged during all phases of nerve recovery and can be
self-directed. 

Nonoperative Chronic Injuries

● Denervated muscles (with significant axonal loss) cannot
be strengthened beyond the capacity of the remaining
nerve and muscle fibers to fire and contract. One needs
to prescribe initially passive and active assisted range of
 motion exercises to adjacent joints, such as the shoulder, to
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prevent secondary complications like a shoulder-adhesive
capsulitis. It is not possible, or helpful, to stress the muscle
beyond the capacity of the nerve to fire, as there may be an
increase in muscle fatigue, which will result in a temporary
setback in ability to progress with strengthening. Some
have termed this “overwork neuropathy.”24

● Resistive-type exercises in water may facilitate mobiliza-
tion of the joint and help strengthen the muscle, as the
buoyancy of the water facilitates movement in different
planes. These can be done in any swimming pool, as long
as the patient can access it and understands how to per-
form the exercises. 

● Ultrasound as a form of deep heat to the muscle bone in-
terface may be useful in facilitating passive stretch and
maintaining the range of motion of the joint or muscle
along with superficial heat to relax muscle, thus preventing
spasms, which may interfere with muscle contractility.23

● Electrical stimulation will not help denervated muscle
 recover any faster, may damage the motor endplate, and
needs to be used almost constantly to prevent significant
muscle atrophy.24 Therefore, the usage of electrical stimu-
lation, while common, is of limited benefit with an under-
lying peripheral nerve injury. 

● If there is significant hyperpathia related to the nerve
 injury, then desensitization techniques may be helpful
along with proprioceptive retraining. Both open and
closed kinetic chain exercises should be done as the muscle
function is improving, with dynamic exercises for
strengthening and sport-specific training initiated as soon
as the individual is able to perform specific maneuvers
unique to that sport without recurrence or exacerbation of
symptoms. 

● Medications should be primarily to control inflamma-
tion and pain, with nonsteroidal or steroidal anti-
 inflammatories and neuropathic-type medications such
as gabapentin and amitryptyline more efficacious than
narcotics.25 Muscle relaxants are helpful, especially given
the sedating side effects for restful sleep, which is essen-
tial for restoration of the nerve. Medications that regulate
the sleep cycle should be considered.

● Injections and manual therapy are of limited benefit for a
peripheral nerve problem.

Operative

● Indications for peripheral nerve surgery are the same for
all nerves, and recovery for complete reinnervation is
guarded where there has been total disruption of the
 perineurium.

Prognosis/Return to Play

● The athletes may return to play when they have regained
sufficient strength to be competitive in their sport. 

● Sport-specific training should progress first in training and
later in competition only after significant improvement in
strength and resolution of most sensory symptoms.

● Return to play is dictated by the severity of the peripheral
nerve injury and can take days to months to recover. Some
chronic injuries may never fully recover, and aggressive-
ness of treatment is dictated by amount of disability from
the injury. 

● One way to objectively assess strength is to redo the motor
nerve conductions and determine what improvement
there has been in amplitude compared to the opposite
side. The amplitude should probably be at least 50% of
normal (for that person) before he or she can resume play-
ing, although the degree of reinnervation for a pitcher
probably needs to be higher.

Complications/Indications for Referral

Complications include injury of the suprascapular nerve
and/or upper-trunk brachial plexopathy in addition to the
axillary nerve injury, depending on the extent of nerve com-
pression or traction. If there appears to be weakness with
muscle atrophy in muscles other than the deltoid and teres
minor, then the recovery period may be longer, depending
on the degree of axonal loss and proximity to the lesion,
as nerves regenerate approximately 1 in/month. Both may
decrease sensation in the distribution of the lateral brachial
cutaneous nerve of the upper arm.26 A skilled electromyog-
rapher can assist with the prognosis for nerve recovery. If
one resumes playing while the muscle(s) are still too weak,
then the potential for reinjury is greater. 

APPROACH TO THE ATHLETE WITH
SUPRASCAPULAR NERVE INJURY

More focal injury to the shoulder in football, hockey,
lacrosse, and baseball pitchers may involve the suprascapular
nerve, either in the suprascapular notch, which involves both
the supraspinatous and infraspinatous muscles, or in the
sphenoglenoid notch in high-level volleyball players involv-
ing only the infraspinatous.

HISTORY AND PHYSICAL EXAMINATION

The mechanism of injury is probably repeated stretch of the
nerve during cocking of the arm and follow-through with
serving.27,28 Players may be asymptomatic if the injury is
distal to the sensory branches to the posterior capsule and
acromioclavicular joint. 

On examination visible atrophy may be present but can be
difficult to detect in muscular athletes. Those with denerva-
tion of the infraspinatous had a 22% loss of strength of the
affected arm during external rotation. Sensation is usually
normal. 
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DIAGNOSTIC TESTING

The suprascapular nerve can be studied electrodiagnostically
and compared to the contralateral side, looking for signifi-
cant differences in amplitude, as slowed speed of conduction
along a short segment of nerve may not be clinically signifi-
cant. Needle recording is preferred to obtain the CMAPs, as
recording over the surface muscles may reflect coactivation
of other muscles about the shoulder girdle.29 A careful needle
EMG of both the supraspinatous and infraspinatous muscles
can help localize the lesion, providing the electromyographer
is studying the supraspinatous versus the upper trapezius
muscle. It is important that the referring physician under-
stands the expertise of the electromyographer, as some indi-
viduals may not perform these tests routinely.

MRI may play a role in ruling out soft-tissue mass effect
as can be seen with a paralabral cyst, resulting in the supras-
capula nerve injury.

FUNCTIONAL TREATMENT

Nonoperative

● Nonoperative treatment is the same as for other peripheral
nerve injuries, as noted earlier in the “Approach to the
 Athlete with Axillary Nerve Injury” section.

Operative

● Operative treatment is as discussed earlier.

Prognosis/Return to Play

● The athletes may return to play when they have regained
sufficient strength to be competitive in their sport. 

● Sport-specific training should progress first in training and
later in competition only after significant improvement in
strength and resolution of most sensory symptoms.

● Return to play is dictated by the severity of the peripheral
nerve injury and can take days to months to recover. Some
chronic injuries may never fully recover, and aggressive-
ness of treatment is dictated by amount of disability from
the injury. 

● One way to objectively assess strength is to redo the motor
nerve conductions and determine what improvement
there has been in amplitude compared to the opposite
side. The amplitude should probably be at least 50% of
normal (for that person) before he or she can resume play-
ing, although the degree of reinnervation for a pitcher
probably needs to be higher.

Complications/Indications for Referral

Complications include injury of the axillary nerve and/or
upper-trunk brachial plexopathy in addition to the supras-

capular nerve injury, depending on the extent of nerve com-
pression or traction. If there appears to be weakness with
muscle atrophy in muscles other than the supraspinatous
and infraspinatous, then the recovery period may be longer,
depending on the degree of axonal loss and proximity to the
lesion. A skilled electromyographer can assist with the prog-
nosis for nerve recovery. If one resumes playing while the
muscle(s) are still too weak, then the potential for reinjury
may be greater.

APPROACH TO THE ATHLETE
WITH SPINAL ACCESSORY,

LONG THORACIC, OR
MUSCULOCUTANEOUS

NERVE INJURIES

KEYS TO HISTORY AND PHYSICAL 
EXAMINATION

The spinal accessory nerve, or cranial nerve XI, may be injured
from blunt trauma, such as a hockey or lacrosse stick across
the posterior neck or a traction injury from a fall. It is purely
motor and can be studied electrodiagnostically. Except for
some shoulder pain, the athlete may not notice any deficits, al-
though there may be weakness in forward elevation and ab-
duction of the shoulder and rotary winging of the scapula.
Most injuries are not complete, and athletes can compensate
by using other well-developed shoulder girdle muscles.

The long thoracic nerve to the serratus anterior can be in-
jured in overhead sports such as tennis or racquetball when
the arm is overhead and the neck is turned to the contralateral
side. It causes significant scapular winging with forward flex-
ion of the arms. In one study, 25% of patients had some resid-
ual nerve palsy.30 EMG with significant fibs and positive waves
in only the serratus anterior are consistent with this injury.

The musculocutaneous nerve may be injured in those
who play sports with vigorous elbow motion or those in-
volved in upper-trunk plexopathies. Localized hyperesthesia
may be present along with weakness or atrophy of the
 biceps.31 The electrodiagnostic study will help differentiate
between neurologic involvement versus tendon rupture as
the etiology for the biceps weakness.

DIAGNOSTIC TESTING

Electrodiagnostic testing of the affected nerves needs to
 include comparison to the contralateral side to determine
the normal amplitude for an individual. Loss of amplitude,
which occurs in 8 to 12 days after injury, directly reflects ax-
onal loss and provides information on the degree of axonal
loss (Fig. 23.7). There are no good imaging studies to evalu-
ate these injuries, but MRI may be utilized to rule out mass
effect, resulting in the peripheral nerve symptoms.
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FUNCTIONAL TREATMENT

Nonoperative

● Nonoperative treatment is the same as for other peripheral
nerve injuries as noted earlier in the “Approach to the Ath-
lete with Axillary Nerve Injury” section.

Operative

● Operative treatment is as discussed earlier.

Prognosis/Return to Play

● The athletes may return to play when they have regained
sufficient strength to be competitive in their sport. 

● Sport-specific training should progress first in training and
later in competition only after significant improvement in
strength and resolution of most sensory symptoms.

● Return to play is dictated by the severity of the peripheral
nerve injury and can take days to months to recover. Some
chronic injuries may never fully recover, and aggressive-
ness of treatment is dictated by amount of disability from
the injury. 

● One way to objectively assess strength is to redo the motor
nerve conductions and determine what improvement
there has been in amplitude compared to the opposite
side. The amplitude should probably be at least 50% of

normal (for that person) before he or she can resume play-
ing, although the degree of reinnervation for a pitcher
probably needs to be higher.

Complications/Indications for Referral

Red flags include prolonged recovery that may be associated
with axonal loss or progressive symptoms that do not corre-
late with affected nerve. A skilled electromyographer can as-
sist with the prognosis for nerve recovery. If one resumes
playing while the muscle(s) are still too weak, then the po-
tential for reinjury may be greater.

APPROACH TO THE ATHLETE WITH
MEDIAN NERVE ENTRAPMENT

NEUROPATHY
Median neuropathies are the most common focal entrap-
ment neuropathies in the upper extremities and are often
used synonymously with carpal tunnel syndrome (CTS),12

although there may be a median nerve injury at a site other
than the carpal tunnel. The carpal tunnel may be compro-
mised in football players, wrestlers, and individuals who play
sports with excessive wrist motion such as cycling, tennis,
and baseball. Weight lifters in particular may have findings
consistent with carpal tunnel, although many of them also
play different sports.29 

FIG. 23.7. Motor and sensory latency and amplitude changes over time.
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HISTORY AND PHYSICAL EXAMINATION

Clinically the athlete may have numbness in the thumb,
index, and long fingers and part of the ring finger (worse at
night), although numbness is variable. Numbness in prima-
rily the hand or the ring and little fingers is more commonly
associated with carpal tunnel than an ulnar neuropathy due
to the prevalence of carpal tunnel.32 

Key components of the history are numbness more than
pain, which is worse at night, or with prolonged activities
where the wrists are flexed or experiencing vibration (dri-
ving, using vibratory tools) and involvement of the domi-
nant hand.

The physical examination is less reliable, as sensory
changes can be variable; it takes much longer for muscle at-
rophy to evolve, and the Tinel’s and Phalen’s signs are only
50% sensitive for nerve problems.33 

DIAGNOSTIC TESTING

Focal electrodiagnostic studies of the median nerve across
the carpal ligament can help to detect conduction block
through the carpal tunnel and axonal loss (Fig. 23.8). Com-
parison studies to other upper-extremity peripheral nerves
will determine how significantly the median nerve is af-
fected. Ultrasound of the median nerve can determine the
degree of inflammation and correlates with electrodiagnos-
tic testing,34 but it does not provide the prognostic informa-
tion about the nerve integrity given by electrodiagnosis.

TREATMENT

Nonoperative

● Standard treatment for carpal tunnel includes use of wrist
splints, oral or injected anti-inflammatory medication,
and icing. 

● A strengthening program should focus on more proximal
muscles to lessen the stress on the wrist.

Operative

● For carpal tunnel with significant conduction block or ax-
onal loss of sensory and motor responses via electrodiag-
nostic testing, operative treatment is the most efficacious.

Prognosis/Return to Play 

● Median neuropathies are not usually associated with other
injuries, so players can resume playing as soon as they are
less symptomatic, or within 4 to 6 weeks following surgery. 

● As usual, careful assessment of pain and strength should
be done prior to the player returning to a sport that re-
quires significant hand usage.

Complications/Indications for Referral

Indications for referrals include another underlying prob-
lem, such as a fracture, causing compression on the median
nerve. Patients who are refractory to conservative treatment
should have further diagnostic testing and referral to hand
surgery if indicated.

Wheelchair athletes stress their upper extremities to a
greater extent than most other athletes and may be more
prone to focal nerve injuries such as carpal tunnel. They may
also have more shoulder pathology, including rotator cuff
and tendinopathy. The athlete with a lower cervical level
spinal cord injury who has hyperreflexia and muscle wasting
and develops a more focal cervical root impingement or
nerve entrapment involving the shoulder girdle may be chal-
lenging to evaluate.35 Referring these patients to someone
who specializes in treating patients with spinal cord prob-
lems may be helpful.

APPROACH TO THE ATHLETE WITH
RADIAL AND ULNAR NERVE

ENTRAPMENT NEUROPATHIES

HISTORY AND PHYSICAL EXAMINATION

Fractures of the humerus commonly may involve the radial
nerve at the spiral groove and can occur in arm wrestlers.
Ulnar neuropathies at the elbow may be seen in pitchers
who are repeatedly stressing the elbow, while compression at
the wrist or in the hand is seen in performance cyclists and
volleyball players. 

At the level of the elbow, the radial nerve bifurcates into
the motor posterior interosseous nerve (PIN), which inner-
vates the wrist, hand, and finger extensors, and superficial
radial sensory, which travels down the lateral arm and pro-
vides sensation to the lateral dorsum of the hand. With PINFIG. 23.8. Conduction block.
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lesions, the radial sensory is spared. Tennis players, who have
overly developed upper-extremity muscles, may have com-
pression of the PIN. Racquet sports with significant wrist
motion may cause a superficial radial nerve injury involving
only radial sensation.7 There has been a reported radial nerve
palsy related to a thrower’s fracture of the humerus.36

Lesions of the ulnar nerve may cause weakness in specific
ulnar innervated muscles, depending on the location of the
injury. The dysesthesias are more variable; they may involve
the ring and little fingers but can involve the entire hand and
other fingers. 

DIAGNOSTIC TESTING

Electrodiagnostic studies of the radial and ulnar nerves must
include both motor and sensory studies to localize the le-
sion. There may be lesions of the peripheral nerves anywhere
along the course of the nerve, which can be better localized
by needle EMG. For elbow lesions, it is possible to study the
ulnar nerve at 1-in intervals about the elbow to determine
the exact location of a potential lesion.32

FUNCTIONAL TREATMENT

Nonoperative

● Nonoperative treatment is the same as for other peripheral
nerve injuries, as noted earlier in the “Approach to the
 Athlete with Axillary Nerve Injury” section.

Operative

● Operative treatment is as discussed earlier.

Prognosis/Return to Play

● The athletes may return to play when they have regained
sufficient strength to be competitive in their sport. 

● Sport-specific training should progress first in training and
later in competition only after significant improvement in
strength and resolution of most sensory symptoms.

● Return to play is dictated by the severity of the peripheral
nerve injury and can take days to months to recover. Some
chronic injuries may never fully recover, and aggressive-
ness of treatment is dictated by the amount of disability
from the injury. 

● One way to objectively assess strength is to redo the motor
nerve conductions and determine what improvement
there has been in amplitude compared to the opposite
side. The amplitude should probably be at least 50% of
normal (for that person) before he or she can resume
 playing, although the degree of reinnervation for a pitcher
probably needs to be higher.

Complications/Indications for Referral

Red flags include prolonged recovery that may be associated
with axonal loss or progressive symptoms that do not corre-
late with affected nerve. A skilled electromyographer can as-
sist with the prognosis for nerve recovery. If one resumes
playing while the muscle(s) are still too weak, then the
 potential for reinjury may be greater.

APPROACH TO THE ATHLETE WITH
LOWER-EXTREMITY NERVE INJURY

HISTORY AND PHYSICAL EXAMINATION

There are more musculoskeletal injuries in the lower ex-
tremities than neurologic ones, but the impairment and
 resulting disability from a nerve injury can be significant as
it may affect one’s ability to run and maneuver in physically
challenging contact sports where speed and dexterity are key
to success. 

Injuries to the lower back in younger athletes who partic-
ipate in sports requiring truncal rotation and hyperexten-
sion, such as gymnastics, usually present with posterior
spinal column element injuries rather than neurologic ones.
Older athletes more commonly injure the anterior elements,
including the vertebral endplate and intervertebral disc,
which may cause a lumbar radiculopathy, along the affected
myotome. If the herniation involves the lateral recess, there
may also be some sensory dermatomal changes. Repeated
rotational injuries may be associated with progressive degen-
erative disc and facet joint disease associated with spinal
stenosis, which may affect multiple nerve roots bilaterally.
There may be sciatica associated with direct or indirect
 injury to that nerve. A routine manual muscle test may not
detect the relative weakness in a high-level athlete, but care-
ful analysis of the gait cycle and having the athlete stand on
one tiptoe or heel may help detect the subtle motor changes.
It is also important to isolate muscles by testing the patient
in sidelying and prone positions.

Sports that may cause some compression neuropathies in
the groin or lower extremities include gymnastics, which
may injure the lateral femoral cutaneous nerve, or cycling,
which may injure the iliofemoral cutaneous nerve or the
 pudendal nerve, causing numbness of the genital area or
changes in miturition. 

The sciatic nerve can be affected by direct trauma or trac-
tion such as in vigorous cycling. This causes significant
problems with leg extension.

The peroneal nerve is vulnerable to pressure neuropathies
at the lateral knee. When there is knee dislocation and liga-
mentous injury from blunt trauma, such as in football or
martial arts, there can be peroneal nerve injury. There may
be a traction injury to the peroneal nerve following an
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 inversion ankle sprain associated with sports that involve
running and jumping. It can also be compressed by knee
boarding with the strap fastened too tightly around the
thighs. 

Dancers who wear tight ribbons and elastic in dancing
shoes may have compression in the superficial peroneal
nerve.7 Runners with ankle inversion injuries may apply
traction to the superficial peroneal nerve.

The tibial nerve is more commonly injured as part of a
sciatic nerve injury, although the medial and lateral plantar
branches in the foot may also be affected, especially in
 runners with tarsal tunnel syndrome.

DIAGNOSTIC TESTING

The evolution of neurophysiologic changes, detected on
electrodiagnosis, is the same as in the upper extremity,
 except that it may take longer for needle EMG findings
to appear, closer to 4 weeks, in the distal lower-extremity
muscles, given the distance from the site of the pathology.
As discussed earlier, changes in the motor and sensory
 amplitudes of the involved CMAPs and SNAPs may occur
within the first week and should be compared to the con-
tralateral limb to comment on axonal loss, but cannot
 provide much prognostic information until more time has
lapsed.

TREATMENT

Nonoperative

● Refer to comments under upper-extremity nerve injuries,
as the recommendations are similar.

Operative

● Operative possibilities are limited if there has been a
 severe nerve injury, although after 6 to 12 months with-
out significant improvement in neurologic function, one
may consider tendon transfers from an adjacent muscle
to augment function of the denervated muscle. 

Prognosis/Return to Play

● Return to play again depends on the overall condition of
the athlete and extent to which the weaker muscle(s) are
involved in the specific sport. For running, the athlete may
need almost complete reinnervation of lower-extremity
muscles to be competitive, especially of the more proximal
muscles that propel the leg(s) forward and stabilize them
during gait and running.

Complications/Indications for Referral

Individuals who are not showing any signs of recovery after
2 to 3 months should have more detailed electrodiagnostic
studies to assist with prognosis and may benefit from look-
ing at how the problem is affecting lower-extremity func-
tion, such as a gait analysis by someone with training to do
that or a formal gait lab assessment. This information is
useful in prescribing a specific physical therapy program,
one designed to strengthen muscles with more optimal
 innervation to help compensate for any residual weakness
in affected muscles.

KEY POINTS

• Peripheral nerve injuries are associated with sensory
and motor changes

• Mild peripheral nerve injuries often resolve 
spontaneously

• Electrodiagnosis provides information about the
 degree of nerve injury and prognosis for recovery

• Peripheral nerve injuries in close proximity to the
muscle innervated have a better prognosis for recovery

• Exercise prescriptions for patients with nerve injuries
need to focus on passive range of motion and strength-
ening of surrounding musculature

• Disability related to peripheral nerve injuries is
 dependent on the type of injury and demands of the
specific sport
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INTRODUCTION
Youth participation in organized sports has grown dramati-
cally over the past couple of decades. The health care
provider caring for the younger athletes should be aware of
the differences in their anatomy and physiology as compared
to adults.

The pediatric athlete is often still growing and many
 injuries are related to the changes that have or have not
 occurred yet during this phase of development. The special-
ization of sport at younger ages also places greater repetitive
stress on a young athlete’s body.

In evaluation of the skeletally immature pediatric athlete
with bony injuries, consideration needs to be made regarding
physeal (growth plate) injuries. The Salter–Harris classifica-
tion, which is a radiographic classification, has been designed
to further describe these fractures. Acute injuries to the
growth plate are seen in an estimated 15% to 20% of injuries
to the long bones and are often seen with sports participa-
tion. These are about two times more common in the upper
extremity and are seen more often in boys than in girls.

FUNCTIONAL ANATOMY
The differences between adult and pediatric anatomy are
crucial to the understanding of the unique types of injuries
pediatric athletes sustain. Despite children’s bones being
weaker than those of adults, they are more plastic and absorb
more energy before breaking. This means that incomplete
fractures are common, that is, buckle–greenstick fractures.
The periosteum is also much thicker than that in adults and
is more readily elevated from the metaphysis and diaphysis
of the bone and can reduce the incidence of complete
 periosteal rupture. The residual intact periosteum has useful
functions in stabilizing the fracture and promoting healing
(Fig. 24.1).1

The physis “growth plate” is an organized system of tissue
located at the end of long bones and is primarily responsible
for horizontal growth. This area of the long bones is impor-
tant in the pediatric population because injury can cause
growth deficiency and limb length discrepancy. The physis is

the transition zone between the metaphysis and the epiph-
ysis. The physis is the “weakest link” in this structure. It is
much more common to have an injury to the physis than to
the tendons or ligaments. Salter–Harris type I fractures occur
through the cartilage in the physeal zone. Salter–Harris type II
fractures extend through the physis and the metaphysis. These
are the most commonly seen fractures in this population. A
Salter–Harris type III fracture extends through the physis to
the epiphysis. Salter–Harris type IV injuries cross through the
epiphysis, physis, and metaphysis. Salter–Harris type V frac-
tures are classified as a compression-type injury to the physis
and are usually not apparent on initial radiographs and can
lead to growth arrest (Fig. 24.2).

Apophyses are small cartilage growth centers found at the
attachment of tendons and ligaments to bones in the young
athlete. The apophyses close at various rates, and common
sites include the tibial tubercle (Osgood–Schlatter disease),
calcaneus (Sever disease), and medial epicondyle (little league
elbow). Apophyses have decreased tensile strength and are
susceptible to repetitive overuse traction injury, apophysitis,
as well as potential apophyseal avulsion injury (Fig. 24.3).
The chronic traction injury results in microavulsions at the
bone–cartilage junction. This is common during periods of
rapid growth. The fusion of each apophysis occurs at differ-
ing times in development, and it is important for the sports
medicine physician to be aware of this when evaluating the
young athlete.

EPIDEMIOLOGY
Overuse musculoskeletal injuries should be considered in
atraumatic pain in a pediatric athlete. Apophyseal injuries
need to be considered in this population because of the inher-
ent weakness of the open apophysis. Common apophyseal
 injuries include Osgood–Schlatter disease (patellar tendon at
tibial tubercle), Sever disease (gastrocnemius–soleus complex
at the calcaneus), Sinding–Larsen–Johansson syndrome
(patellar tendon at the lower pole of the patella), hip flexor
apophysitis (sartorius at the anterior superior iliac spine
[ASIS] and rectus femoris at the anterior inferior iliac spine
[AIIS]), and little league elbow (medial epicondyle of elbow).
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FIG. 24.1. Anatomy of pediatric long bones. Reprinted with permission from Stedman’s Medical
Dictionary. 27th ed. Baltimore: Lippincott Williams & Wilkins; 2000.
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FIG. 24.2. Salter–Harris fracture classification. Reprinted with permission from Bucholz RW,
 Heckman JD, Court-Brown C, et al., eds. Rockwood and Green’s Fractures in Adults. 6th ed.
Philadelphia: Lippincott Williams & Wilkins; 2006.
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A total of 724 cases of tendinitis or apophysitis were diagnosed
in 445 patients seen in the Sports Medicine Division at Boston
Children’s Hospital between 1980 and 1990. Of the 193 male
and 253 female patients aged 8 to 19 years, boys and girls aged
16 years represented the largest groups. There were 88 injuries
to the upper extremity and 636 to the lower  extremity.2

Other common overuse injuries in the pediatric athlete
 include tendinosis, stress fractures, articular cartilage  degen -
eration, and joint pain related to muscle weakness or imbal-
ances (such as patellofemoral syndrome and multidirectional
shoulder instability).

Acute injuries such as occult fractures and avulsion frac-
tures need to be excluded. Growth plate fractures are common
in the pediatric population due to incomplete closure of
the physis. Mann and Rajmaira collected data on 2,650 long
bone fractures, 30% of which involved the physes.3 Neer and
Horowitz evaluated 2,500 fractures to the physes (growth
plate) and determined that the distal radius was the most fre-
quently injured (44%), followed by the distal humerus (13%),
and distal fibula, distal tibia, distal ulna, proximal humerus,
distal femur, proximal tibia, and proximal fibula.4

NARROWING THE DIFFERENTIAL
DIAGNOSES
History

A thorough history will guide the evaluator and help narrow
the differential diagnosis. The age of the athlete is very
 important, as pediatric athletes present with different acute

and overuse injuries than the mature athlete. The mecha-
nism of injury will help differentiate between an overuse
 injury and an acute injury. This should include the sport that
the athlete participates in, the position he or she plays, the
level that he or she competes at, and how often he or she
plays or takes time off for recovery. Asking what factors exac-
erbate the symptoms and what has helped to alleviate them
is also  important. Associated symptoms such as pain,
swelling, or feeling of instability are useful.

When there is a traumatic injury in a pediatric athlete, it
is important to obtain a history of when the injury occurred,
the mechanism of the injury, the ability to continue to par-
ticipate in the sport where the injury occurred, the area and
intensity of the pain, and a history of prior fractures in that
location. The age of the athlete and knowledge of when the
various growth plates close are useful if a Salter–Harris frac-
ture is suspected. Associated symptoms such as swelling,
numbness, or weakness should be reviewed.

When an apophyseal injury is suspected, the immature
athlete will complain of pain at or near the apophyseal site
with activity. The pain will usually get better with rest. An
 injury or trauma preceding the development of pain would
make an apophysitis less likely. The athlete may also report a
recent growth spurt.

When a pediatric athlete presents with knee pain, it is
important to know the age of the athlete, the history of
when the pain started (acute or chronic), the location
of the pain, the mechanism of injury, the sports that the
athlete participates in, the level of sports participation
and the amount of time for recovery between participa-
tion, the factors that make the pain better or worse, any
prior history of knee pain, and what treatments have been
tried. If there is not a particular event that brought on the
pain, an overuse injury should be suspected. With ante-
rior knee pain, pain associated with the patellofemoral
 extensor mechanism should be considered. Swelling after
an acute injury may signify an internal ligamentous or
meniscal derangement. Locking or catching is often seen
with a meniscal tear, but the athlete may also describe
some locking sensations with patellar tracking abnormali-
ties associated with patellofemoral syndrome. If the loca-
tion of the pain is near the tibial tubercle, an apophysitis
may be suspected.

Evidence-based Physical Examination

When a young athlete presents with traumatic or atraumatic
musculoskeletal pain, the area of pain should first be
 inspected for any deformities, skin changes, or swelling. The
bones and joints should be palpated, assessing for deformi-
ties or tenderness. In the pediatric athlete, specific knowl-
edge of the areas that still exhibit an open physis or
apophysis should be considered. Many mild pediatric phy-
seal and apophyseal injuries will have normal radiographs so
diagnosis is based on mechanism and location of tenderness
on examination.

FIG. 24.3. Apophysitis with avulsion injury, Osgood–
Schlatter disease. LifeART image copyright © 2008
 Lippincott Williams & Wilkins. All rights reserved.
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Evaluation for range of motion of any joints in the area of
pain and strength testing may help evaluate for associated
muscle or tendon injuries. Strength testing can be manual or
dynamic, such as single leg squat.

Ligamentous laxity would be concerning for an unstable
joint due to a ligament sprain. Pediatric athletes often have
hypermobile joints that may be normal. Comparison of
 unaffected side when dealing with an extremity can often
elucidate if increased laxity is normal or pathologic.

Special tests will vary depending on the area of the
body in question, but may be necessary to further rule
out any specific injury. One such test is the Stork test or
 single-leg hyperextension test for suspected spondylolysis or
 spondylolisthesis.

For the pediatric knee examination, inspection of the
knee is useful to evaluate for an effusion, for patellar align-
ment and mobility, and for ecchymosis associated with a
traumatic injury. Palpation of the bony anatomy should be
done to evaluate for possible fractures. If there is tenderness
over the tibial tubercle or the lower patellar pole,
Osgood–Schlatter disease or Sinding–Larsen–Johansson dis-
ease should be  considered. Peripatellar tenderness may sig-
nify some patellofemoral pathology. Joint line tenderness
would be seen if there is a meniscal tear. Special tests can also
be used. A positive McMurray test is seen with meniscal
pathology, a positive Lachman test is seen with a tear of the
anterior cruciate ligament, and laxity or pain with varus or
valgus stress would be seen with sprains of the lateral or
medical collateral ligaments, respectively. A patellar com-
pression may be seen with patellofemoral syndrome. A posi-
tive Ober test is seen with iliotibial friction syndrome.

Diagnostic Testing

Laboratory

Appropriate serologic tests are indicated largely in the set-
ting of suspected autoimmune or infectious etiologies.

Imaging

Radiographic studies should be used judiciously due to radi-
ation exposure. This said, many pediatric injuries warrant
radiographic imaging due to risk of physeal or apophyseal
injury. Bilateral views can be obtained when cortical irregu-
larity is questioned to be pathologic or normal variant. For
pediatric knee injuries, appropriate views will help deter-
mine the location of the patella in relation to the trochlear
groove and the joint line space (Fig. 24.4).

Computed tomography (CT) use should be signifi-
cantly reduced due to significantly greater radiation expo-
sure with it than with plain radiographs and potential
long-term risks.

Magnetic resonance imaging (MRI) is often the test of
choice for soft-tissue structures but may be limited in

young patients due to inability to remain still for prolonged
periods.

Ultrasound may have an emerging role due to low cost
and lack of ionizing radiation. Its use in the United States is
currently limited by availability of trained technicians and
physicians, as it is a highly operator-dependent modality.

Other Testing

Other testing is rarely required in the pediatric population
for diagnosis and treatment of sports injuries. In the appro-
priate setting, electrodiagnostics may be indicated but due to
patient discomfort generally not well tolerated.

APPROACH TO THE ATHLETE WITH
OSGOOD–SCHLATTER

Osgood–Schlatter is a common cause of anterior knee pain
in the young athlete and is most commonly found at the age
of 12 to 17 years. Osgood–Schlatter is a traction apophysitis of
the patella tendon at the insertion into the tibial tubercle.
This is generally a benign, self-limited disorder.

HISTORY AND PHYSICAL EXAMINATION

The athlete will complain of pain at the tibial tuberosity with
activity such as running and jumping. On physical examina-
tion, there will be tenderness to palpation at the tibial tuber-
cle and usually some prominence or swelling of the tibial
tubercle. Muscle  imbalance with tightness in the quadriceps
may be seen.

FIG. 24.4. Q-angle of knee. Reprinted with permission
from Bucholz RW, Heckman JD. Rockwood and Green’s
Fractures in Adults. 5th ed. Philadelphia: Lippincott
Williams & Wilkins; 2001.
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DIAGNOSTIC TESTING

Radiographs are usually not needed to make the appropriate
diagnosis of Osgood–Schlatter disease. If they are obtained,
they may reveal irregularity and fragmentation in the ossifi-
cation at the tibial tubercle.

TREATMENT

Nonoperative

● Mainstay of treatment is conservative management with
relative rest; activity modification, icing, stretching, and
analgesic medications can be used.

● Knee pads for protective padding in sports at risk for land-
ing on the tibial tubercle.

Operative

● Surgery is very rarely required and reserved for chronic
 severe cases that have not responded to conservative  mea -
sures. Surgery involves removal of bone ossicle and debulk-
ing of the tibial tubercle.

Prognosis/Return to Play

● Osgood–Schlatter disease is usually self-limited and return
to play is based on symptom relief.

● With milder pain, the athlete should be able to continue to
participate as tolerated.

● More severe pain may warrant some relative rest while
treating any underlying exacerbating factors.

Complications/Indications for Referral

There are rarely any long-term complications. Occasionally,
the athlete will experience mild discomfort, especially with
kneeling, or a persistent deformity of the tibial tubercle. Atyp-
ical or unusual symptoms or failure to respond to conserva-
tive measures 6 to 8 weeks may be indications for referral.

APPROACH TO THE ATHLETE
WITH SEVER DISEASE

Sever disease is a common cause of heel pain in young
 athletes, usually found at the age of 5 to 12 years.5,6 Sever
disease is a traction apophysitis of the Achilles tendon at
the insertion into the posterior calcaneus. This is generally a
benign, self-limited disorder.

HISTORY AND PHYSICAL EXAMINATION

The athlete will report pain in the posterior aspect of the
heel with running activities. Examination may reveal tender-
ness with medial and lateral compression of the posterior
calcaneous.5

DIAGNOSTIC TESTING

Radiographs may be normal or reveal fragmentation at the
calcaneal apophysis.

TREATMENT

Nonoperative

● Treatment consists of relative rest, activity modification,
icing, stretching, and analgesic medications.

● Heel cups may provide symptomatic relief.

Operative

● Surgery is not required to treat this self-limited condition.

Prognosis/Return to Play

● Athletes can return to play as tolerated with activity.

Complications/Indications for Referral

Atypical or unusual symptoms or failure to respond to
 conservative measures 6 to 8 weeks may be indications for
referral.

APPROACH TO THE ATHLETE WITH
LITTLE LEAGUE ELBOW

Little league elbow is a traction injury to the medial epi-
condylar physis at the attachment site of the ulna collateral
ligament secondary to repetitive valgus stress. It is a com-
mon cause of elbow pain in the young throwing athlete, par-
ticularly in baseball. Little league elbow is commonly seen
between the age of 9 and 12.5,7 More severe cases can result
in significant widening or avulsion of the medial epicondy-
lar physis with resultant compression injuries to the radial–
capitellum joint.
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HISTORY AND PHYSICAL EXAMINATION

When obtaining the history, hand dominance, sport and po-
sition played, and types of pitches thrown (if a baseball
pitcher) should be obtained. Many athletes participate in
multiple leagues simultaneously, increasing the number of
throws or pitches that occur in a week. They will usually
complain of pain over the medial elbow that is worse with
throwing.

Physical examination will usually reveal tenderness at and
around the area of the medial epicondyle. In more advanced
cases, there may be some associated swelling, restricted
range of motion, and a flexion contracture.

DIAGNOSTIC TESTING

Radiographs may reveal a widened or fragmented epicondylar
physis in comparison to the contralateral elbow. There can be
associated osteochondrosis or osteochondritis dissecans
(OCD) of the capitellum or radial head as well as loose bodies
in more severe cases.MRI is often unnecessary in mild cases but
will show increased T2 signal along the medial epicondylar
 physis. MRI arthrogram is the test of choice for suspicion of
loose body, osteochondrosis, or OCD.

TREATMENT

Nonoperative

● Treatment should consist of cessation of all throwing until
the athlete is pain free with throwing activities. This may
take 4 to 6 weeks.

● Once pain free and no tenderness on examination, a grad-
ual  return to throwing with an interval throwing program
should precede return to competitive throwing.

● Rehabilitation should consist of core strengthening work
and proper throwing techniques (Appendix B).

Operative

● Surgery is not indicated except in more severe cases with
significant physeal widening causing functional elbow
 laxity.

Prognosis/Return to Play

● Once the athlete is pain free and is able to go through an
interval throwing program, he or she should be able to
 return to his or her sport. Return to play can take up to 
10 to 12 weeks.

● Prevention of these injuries is key, and pitch counts may
help by limiting the number of pitches per week in these
young throwing athletes.

Complications/Indications for Referral

If there is no improvement, or if radiographs show evidence
of avulsion fractures or loose bodies, orthopaedic consulta-
tion may be necessary.5,8

APPROACH TO THE ATHLETE WITH
HIP FLEXOR APOPHYSIS INJURY

HISTORY AND PHYSICAL EXAMINATION

A pediatric athlete who presents with anterior hip pain
may be due to an apophyseal injury. Both the ASIS and
AIIS have muscle attachment sites that could be affected.
The pain is usually localized over the area of the open
apophysis and there may be some associated swelling. Pain
will be worsened with activities such as running and kick-
ing and may be reproduced with active stretching of these
muscles. Physical examination will reveal local bony ten-
derness over the ASIS or AIIS.

DIAGNOSTIC TESTING

The diagnosis is usually made clinically, but plain radio -
graphs are necessary to evaluate for significant widening of
the apophysis compared to the contralateral side.

TREATMENT

Nonoperative

Treatment usually depends on the amount of widening seen
on radiographs. If no widening is seen, the athlete may be
able to participate as tolerated. If symptoms were to escalate,
then relative rest may be necessary. If there is widening, con-
sistent with an avulsion injury, then initial treatment may
start with protective weight bearing with crutches, with pro-
gression to full weight bearing and stretching once symp-
toms have resolved.9

Operative

Surgical treatment is rarely indicated.
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Prognosis/Return to Play

● Once the athlete is pain free with ambulation and has
started to improve on some of the functional causes, the
athlete should be able to return to play.

● Specific hip/core strengthening and flexibility rehab is
necessary to prevent the return of symptoms.

Complications/Indications for Referral

An athlete with a widened apophysis, with a displaced frag-
ment greater than 2 cm, may require orthopaedic referral for
surgical fixation.9

APPROACH TO THE ATHLETE WITH
PATELLOFEMORAL SYNDROME

Patellofemoral syndrome is one of the most common
sources of knee pain in the young athlete. This condition is
reviewed in detail in Chapter 19.

APPROACH TO THE ATHLETE WITH
SPONDYLOLYSIS

Spondylolysis and spondylolisthesis are common causes of
low back pain in young athletes. A complete review may be
found in Chapter 16.

APPROACH TO THE ATHLETE WITH
A SALTER–HARRIS FRACTURE

HISTORY AND PHYSICAL EXAMINATION

A careful and thorough history should be obtained and
should include the age and handedness of the athlete, a
 description of the injury including when the injury
 occurred, whether there had been any previous injury,
whether prior radiographs have been taken, and a descrip-
tion of the treatment that has been done up until the point
of the evaluation. On physical examination, the injured
site should be inspected for deformities, swelling, or ec-
chymosis. The area should be palpated along the entire
length of the bone involved, evaluating for any areas of
tenderness or deformity. Range of motion of the joints rel-
ative to the area should be evaluated. Strength testing
should also be done if there are no signs of an unstable
fracture. With any fracture, confirmation of distal neu-
rovascular status should be evaluated.

DIAGNOSTIC TESTING

Plain radiographs should be taken of the area of the bone
that is thought to be involved. Because an open physis can
often have the appearance of a fracture, comparison views of
the contralateral extremity should be obtained in a skeletally
immature athlete. The findings of a Salter–Harris type I frac-
ture may be “normal” on plain radiographs, or there may
be some widening or medial–lateral displacement seen.
Salter–Harris type II to IV fractures can usually be seen easily
when compared to the contralateral extremity. Salter–Harris
type V fractures may also have “normal” appearance on plain
radiographs and may only be found retrospectively after
growth arrest is seen. Once a diagnosis is made, the fracture
should be described in regard to its location, any separation
or displacement seen, and whether any angular or rotational
deformities exist. Description of the displacement may
 include anterior/posterior, medial/lateral, radial/ulnar, or
volar/dorsal. Angulation should be described with relation of
the distal fragment to the proximal fragment.

TREATMENT

Nonoperative

● Once diagnosed, a Salter–Harris fracture should be immo-
bilized initially with splint followed by a cast once local
swelling has resolved.

● Becausethere israpidgrowthandcellularchangeat the  physis,
healing is usually rapid but can range from 4 to 12 weeks
based on type and severity of the fracture.

● These should be followed with close follow-up to assure
that no growth arrest occurs.

Operative

● If there is angulation, rotation, or poor alignment of the
fracture site, reduction is usually necessary to achieve nor-
mal healing. This may involve closed or open reduction
based on severity.

Prognosis/Return to Play

● Prior to return to participation in sports, the athlete should
be pain free, there should be no tenderness to palpation at
the fracture site, and he or she should have full range of
 motion and normal strength.

● This typically occurs in 4 to 6 weeks time, but some may
require up to 12 weeks to heal. In general, pediatric frac-
tures heal quicker than a similar fracture in a mature
 athlete.
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Complications/Indications for Referral

Fracture management should be done in the hands of a clini-
cian who feels comfortable following and managing pediatric
fractures. Orthopaedic surgery referral is specifically war-
ranted for complicated fractures (unstable, displaced, rotated,
angulated) or one that involves a specific amount of the artic-
ular surface. This varies with the bone and joint involved.
Salter–Harris type I fractures can be easily managed by a pri-
mary care physician and serial radiographs, and examinations
should ensue to document healing and stability.

KEY POINTS

• The differences between adult and pediatric anatomy
are crucial to the understanding of the unique types of
injuries pediatric athletes sustain

• Overuse injuries are very common in pediatric popula-
tion; consider apophyseal and physeal injuries when
evaluating this age group

• Majority of pediatric injuries respond to conservative
management

• Salter–Harris fractures involve the physis “growth
plate” and need immediate attention with immobiliza-
tion until pain free. Consultation depends on the
 degree of instability and articular surface involved
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INTRODUCTION
The benefits of routine exercise can be realized throughout the
spectrum of one’s life. Many physiologic changes once
 attributed to “old age” have come into question regarding
 inherent physiologic change versus disuse or adaptive re-
sponses. Medical conditions including hypertension, diabetes,
dyslipidemia, obesity, osteoporosis, and coronary artery disease
(CAD) have been shown to be halted or slowed onset in the set-
ting of routine exercise or addition of exercise in those previ-
ously sedentary.Advancing age traditionally leads to decreasing
physical activity or incorporation of a relatively sedentary
lifestyle. This is multifactorial and may include work, family,
and chronic medical issues. Less than half of the U.S. adult pop-
ulation meets the activity recommendations of the Centers for
Disease Control/American College of Sports Medicine (CDC/
ACSM) and only 39% of those over 65.1 While the “geriatric
athlete” is defined as those aged 65 and up, this chapter will
broaden the focus to include a much broader age range with
 attention to the “mature athlete” and masters-level athletes.

Masters athletes have shown that competitive exercise and
“healthy aging” is possible over a broad range of ages. Masters
level is defined as women and men of age 35 and up.2 Both in
organized team and in individual sports, age categories are in
5-year increments with the eldest category being those com-
petitors aged 100 plus. The Senior Olympics, now known as
the National Senior Games, includes athletes aged 50 and
above. Originating in 1987 with 2,500 athletes, the National
Senior Games is held every 2 years with 12,100 athletes regis-
tered in 2007.3 Studies in previously sedentary geriatric popu-
lations with varying levels of physical function and medical
comorbidities have enjoyed the benefits of renewed exercise in
their daily lives. Even in masters athletes, however, there are
functional declines that are observed and may be an inevitable
process of aging. The ultimate question remains, how much is
preventable with exercise?

PHYSIOLOGY IN THE MATURE ATHLETE
What are some of the adaptive changes associated with
aging? The cardiovascular response is a 6 to 10 beats/min
 decline in maximum heart rate per decade. Vo2max (maximal

oxygen consumption) decreases 5% to 15% per decade after
age 25.4 During maximal exercise, older athletes generally
demonstrate higher blood pressures and peripheral vascular
resistance than their younger counterparts. The pulmonary
changes of decreased lung compliance (elasticity) and
 decreased vital capacity may also contribute to a relative
 increase in perceived exertion for given workload. Loss of
muscle mass, also known as sarcopenia, is a prominent fea-
ture with aging. Type 2 muscle fibers show greater relative
loss. Peak muscle strength is seen around age 30 and starts to
decline at age 50; in the sedentary population, there is a 15%
per decade decline from age 50 to 70 and a 30% per decade
decline after age 70.5 Decreased muscle mass results in
 decreased lean body mass, which, in turn, leads to a lower
basal metabolic rate. This decrease can contribute to central
obesity and weight gain without change in caloric intake.
With advancing age comes increased muscle stiffness and
decreased tensile strength of tendons and ligaments. This is
an important factor in the overuse injuries, and longer reha-
bilitation time is often needed for return to activity. Bone
density declines 0.5%/year after age 40.6 Additionally with
aging, diminishing balance and coordination contributes
to increased risk of falls and injury. More recently, mito-
chondrial dysfunction has been identified in the aging
process. This dysfunction appears to stem from both elec-
tron transport chain defects and uncoupling of oxidative
phosphorylation due to hydrogen leak in the inner mito-
chondrial membrane. These changes lead to reduced ATP
generation per mitochondrion and reduced exercise effi-
ciency with reduced ATP synthesis per O2 uptake.7 The ATP
depletion at the cellular level due to the uncoupling with age
is associated with apoptosis (cell death). The uncoupling is
seen to a greater extent in muscles with higher percentage of
type 2 fibers and may explain the preferential loss noted
 earlier in the text7 (see Table 25.1).

So, with these declines, can exercise bring hope? Studies
among masters athletes have shown promise. The keys to
changing course include restoring fitness and maintaining a
balance of cardiovascular and strength training. Some studies
have shown a decrease in the rate of decline in heart rate
max and Vo2max with maintained levels of training. More
benefit may be realized in risk reduction for the associated
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comorbidities of sedentary lifestyle listed previously.
Strength training in the elderly, which had often been dis-
missed previously, is now considered a vital component of
fitness. Even the frail elderly can achieve muscle hypertrophy
and increased size of muscle fibers. The benefit not only goes
beyond strength itself but also contributes to maintaining
balance and, in turn, fall prevention. Strength training in the
frail has also demonstrated increased spontaneous activity
by those previously sedentary. Bone mineral density may be
improved with exercise. Activities with higher loading forces
have shown greater responses to increasing bone mineral
density. However, this higher impact is not always practical
in the geriatric athlete. For those with osteoarthritis (OA),
low-impact exercise has been shown to improve both pain
and function.6,8 Even with relatively small blood pressure
 reduction, risk reduction of stroke and CAD can be signifi-
cant in the general population.9 At the cellular level, reversal
of mitochondrial dysfunction, uncoupling of oxidative
phosphorylation, has been shown after 6 months of exercise
training in elderly muscle.7

APPROACH TO THE MATURE ATHLETE,
GENERAL CONSIDERATIONS
Vital to success of training and competition is setting and
modifying goals as needed with appropriate activities for the
individual. For instance, the sedentary individual who was

an “athlete” years ago and is now planning to “get back into
shape” or perhaps train for a marathon would need much
different education than the age-matched individual who
has continued to compete and whose goal is to improve his
or her finish time in the same event. Overuse injuries are
 especially common in the mature athlete and may account
for up to 70% of injuries in experienced athletes over the age
of 60.10 This may often be attributed to training errors in-
cluding rapid increase in activity with inadequate recovery
time, improper footwear, poor biomechanics, or training
surfaces. Because of physiologic changes, recovery time for
injuries is generally longer in the elder athlete. With advanc-
ing age, the thirst mechanism becomes impaired and this
may put an athlete at increased risk for dehydration. Ther-
moregulation may also be impaired in the setting of auto-
nomic dysfunction. In addition, certain medications, such as
diuretics or �-blockers, may have side effects unsuitable for
the competitive athlete. Knowledge of the athlete’s medical
comorbidities is imperative in counseling and physical
 assessment.

Prior to initiating an exercise program or significantly in-
creasing physical activity in the mature population, one
must first determine medical readiness and whether medical
“clearance” is indicated. Though recommendations vary, the
goal of screening is for risk stratification and identifying
need for further evaluation and/or treatment prior to partici -
pation. Specific goals are to identify CAD risk factors and
signs and symptoms (or current status if preexisting) of
 cardiovascular, pulmonary, or metabolic disease. Screening
questionnaires such as American Heart Association (AHA)/
ACSM Health/Fitness Preparticipation Screening Question-
naire and the PAR-Q (Physical Activity Readiness Ques-
tionnaire) may help identify those in need of further
medical screening.11,12,13 In the absence of a positive screen,
individuals are  encouraged to gradually increase their level
of physical  activity as tolerated without need for further test-
ing. However, this requires the participant to be current with
general age- appropriate medical screenings, such as blood
pressure.

NARROWING THE DIFFERENTIAL
DIAGNOSES
History

Preparticipation medical screening should first assess the
 individual’s level of previous activity and the sport or activity
being planned. History and physical examination should ad-
dress hearing, vision, and impairments such as glaucoma
and cataracts, OA and regions affected, as well as coexisting
chronic medical conditions.12 History should include car-
diac screening for chest pain, exertional dyspnea, exertional
dizziness or lightheadedness, palpitations, and syncope. The
presence of autonomic dysfunction increases with age and
should be part of the history’s screening. Medication history

Functional Changes Associated with
Aging

Cardiovascular ↑BP and PVR

↓Vo2max (5–15% per decade after 
age 25)

↓HRmax (6–10 BPM per decade)

Pulmonary ↓Elasticity

↓Vital capacity

↑Residual volume

Musculoskeletal ↓Muscle mass, bone mass, tensile 
strength of tendons/ligaments

↓Collagen stiffness and altered 
collagen network structure

Neurologic ↓Balance, coordination, reaction time

Autonomic dysfunction

↓Thirst mechanism

Metabolic ↓BMR

↑Cholesterol

Cellular ↓Mitochondrial function and content

BP, blood pressure; PVR, peripheral arterial resistance; HR, heart rate;
BPM, beats per minute; BMR, basal metabolic rate.

T A B L E  2 5 . 1
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including supplements should be ascertained. Family history
remains an important consideration, though relevance as a
risk factor diminishes for many conditions in the elderly.
Cardiovascular family history should question premature
death (�50 years of age) or disability due to heart disease in
a close relative. Additionally, consider history in family
members of cardiomyopathy, long QT syndrome, Marfan
syndrome, or other arrhythmias.13

Evidence-based Physical Examination

Examination should include assessment of blood pressure
and, when indicated, orthostatic pressures, cardiac, lung,
and carotid auscultation, and femoral pulses. Neurologic as-
sessment ought to address coordination, balance, and pro-
prioception in addition to strength and sensation. A
thorough orthopaedic history and screening examination is
also imperative to counsel regarding activities; see section
“Approach to the Athlete with Osteoarthritis” in the follow-
ing text. In essence, all organ systems are included in overall
assessment in both history and physical examination, and
further questioning will vary with associated comorbidities.

Diagnostic Testing

Laboratory

Preparticipation laboratory investigation again may vary by
condition, but recommended screening includes hemoglo-
bin and hematocrit, fasting blood glucose, blood urea nitro-
gen (BUN), creatinine, and a fasting lipid panel.

Imaging

Routine imaging studies are generally not required unless
underlying medical or orthopaedic condition dictates.

Other Testing

An electrocardiogram (ECG) is recommended for masters
athletes over the age of 40, and ECG and stress testing are
recommended for athletes over 65.6,13 CAD is the leading
cause of sudden death during exercise in those over age 35.
The ACSM recommends exercise testing for all men 45 years
and older and women 55 years and older planning vigorous
exercise and for those considered “high risk” planning mod-
erate exercise (level C).12 By age criteria alone, these age cut-
offs put many of the mature athletes in the “moderate risk”
category. A “high risk” individual includes those with known
cardiac, peripheral vascular, or cerebrovascular disease;
 pulmonary disease including asthma, chronic obstructive
 pulmonary disease (COPD), and interstitial lung disease;
and metabolic disease including diabetes, thyroid disorders,
renal, or liver disease.12 The AHA states that medically
 supervised exercise stress testing in men older than 40 years
and women older than 55 years “may be useful,” specifically

for those in competitive sports or who plan habitual vigor-
ous training with two or more coronary risk factors.14 Exer-
cise testing may also be considered to assist with exercise
prescription in determining maximum heart rate and heart
rate reserve. Contraindications to exercise include recent
myocardial infarction (MI), ischemic ECG changes, unstable
angina, uncontrolled arrhythmia, third-degree heart block,
and acute congestive heart failure (CHF). Relative con-
traindications include uncontrolled hypertension, valvular
heart disease, cardiomyopathies, complex ventricular ectopy,
and uncontrolled metabolic disease.12

APPROACH TO THE EXERCISE
PRESCRIPTION FOR THE

MATURE ATHLETE
Exercise prescription will vary by individual, but in general
will address mode, intensity, duration, and frequency of
the exercise. Mode of exercise should take into account the
individual’s medical conditions such as OA and patient pref-
erences. Intensity for those previously sedentary is recom     -
m ended to start low and gradually progress to individual’s
tolerance over weeks to months. Low- to moderate-intensity
exercise itself may reduce blood pressure as well as improve
other physiologic parameters described earlier in the text.
Minimum duration should be in 10-minute increments with
goal of 30 minutes most days of the week.12 To promote and
maintain health, as per recent updated recommendations
by the ACSM, all healthy adults aged 18 to 65 years need
moderate-intensity physical aerobic activity for a minimum
of 30 minutes 5 days each week or vigorous-intensity aerobic
activity for a minimum of 20 minutes 3 days each week
(level A).1 These minimums are in addition to activities of
daily living lasting less than 10 minutes in duration.
 Moderate and vigorous activities can be combined to meet
the minimum recommendations. In addition to aerobic
 activity, recommendations include incorporating strength
training, flexibility, and proprioceptive/balance training.
Goals and benefits of strength training are to preserve
 muscle mass and, in turn, the basal metabolic rate. Strength
training as well as aerobic activity improves insulin action
and can be a vital tool in delaying the progression from
 insulin resistance to type 2 diabetes (level A).12 Additional
benefits of strength training may include preservation of
bone mineral density, fall prevention, and an increase in
 parameters of functional status in the elderly, such as walking
speed and initiation of spontaneous activity.15,16

There are numerous tools an athlete can use to assist with
determining intensity of exercise. Most common is using a
percentage of the maximum heart rate or heart rate reserve
as the measure of intensity. However, this will vary some-
what by individual and may not always be feasible, for
 example, with those on �-blockers. Maximum heart rate
is estimated by 220 minus age,plus or minus 10 to 12 beats/min.
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Light intensity is 50% to 63% of the maximum heart rate.
Moderate intensity is 64% to 76% and vigorous 77% to 93%.
Heart rate reserve is maximum heart rate minus the resting
heart rate. Here, light, moderate, and  vigorous intensities are
20% to 39%, 40% to 59%, and 60% to 84%, respectively.12

The calculated numbers are added to the resting heart rate.
Another method is the Borg rating of perceived exertion
scale where the athlete judges the activity on a 15-point
scale, as stated by his or her perceived exertion. The talk test
is yet another method to grade intensity which differentiates
light, moderate, and vigorous exercise by the degree of
 conversation that one is able to have during the activity, with
vigorous exercise being unable to carry on a conversation,
moderate able to, and light being able to sing, if desired. As
with any athlete, adequate warm-up and cool-down is rec-
ommended with  exercise to help avoid injury.

APPROACH TO THE NUTRITIONAL
CONSIDERATIONS FOR THE

MATURE ATHLETE
Adequate energy intake is an important reminder for the
elder athlete, especially as his or her general daily intake de-
creases with age in part due to reduction in lean body mass.
Protein intake is often suboptimal in the elderly. Long-term
reduction in daily protein intake contributes to the decline in
lean body mass. Current recommendations are to aim for
daily protein intake of 1 to 1.25 g/kg (level C). For those
65 years of age and up, 1,500 mg/day of calcium is recom-
mended. Vitamin D daily goals are 10 �g (400 IU) for those
over 51 years and 15 �g (600 IU) for those over 70 years
(level C).17,18 With impaired thirst mechanism, elder athletes
are encouraged to drink fluids at regular intervals rather than
relying on sensation of thirst to guide fluid intake.

Nutritional changes with aging and in the exercising eld-
erly can be complex. Important recommendations for the
exercising elderly are as follows17:

● 55% to 60% of calories from carbohydrates with a focus
on complex carbohydrates

● 12% to 15% of calories from protein
● 25% to 30% of calories from fat with less than 10% in

 saturated fat.
● No change in vitamin C recommendations
● Increase riboflavin to 1.5 mg/day
● Increase vitamin B6 to 2.0 mg/day
● Increase vitamin B12 to 2.8 mg/day
● Increase folate to more than 400 �g/day
● Consume vitamin A through fruits and vegetables high in

carotenoids
● Increase vitamin D to 600 IU/day
● Consider supplementation of vitamin E if at risk for coro-

nary heart disease
● Increase calcium intake to 1,500 mg/day if there is inade-

quate diet, otherwise 1,200 mg is sufficient

● No change in zinc intake
● Increase iron intake to 15 mg/day in runners and vegetari-

ans, otherwise no change

APPROACH TO THE ATHLETE
WITH OSTEOARTHRITIS

It is estimated that OA affects approximately 15% of the U.S.
population and the incidence increases with age.19 Over 70%
of people over the age of 70 will have x-ray evidence of OA,
but symptoms may vary greatly. A key question many ath-
letes have is, does long-term exercise increase one’s risk for
developing OA? Activities with heavy loading and twisting of
the knee are considered risk factors for OA, but as reviewed
by Griffin and Guilak, multiple studies support that moder-
ate mechanical loading is necessary to maintain healthy
 articular cartilage. It is not the extended use but rather the
dysfunctional use that may lead to alterations in joint home-
ostasis that ultimately initiates or drives the degradative
process. Prolonged inactivity itself can reduce cartilage
thickness and proteoglycan content.19 Dysfunctional use,
 including training errors such as the overuse syndromes and
biomechanical factors both inherent and external, may lead
to abnormal joint forces that disrupt the balance of joint
 metabolism, ultimately leading to the development of OA.

HISTORY AND PHYSICAL EXAMINATION

Pain is the leading symptom with OA and varies by patient.
Pain does not necessarily correlate with level of radiographic
change, as many of those with radiographic “advanced
arthritis” will have little to no pain. Symptoms may wax and
wane and may also include joint stiffness and/or swelling.
Decreased joint range of motion is characteristic and this
 reduction is seen in both active and passive testing. On ex-
amination, bony hypertrophy may be appreciated on inspec-
tion, and palpation may reveal crepitus. Classic findings
of the hand include Heberden’s and Bouchard’s nodes 
(Fig. 25.1). Joints may be with or without effusion.

DIAGNOSTIC TESTING

Plain radiographs have been shown to follow progression of
OA, rule out coexisting pathology, as well as assess for
 benign or malignant tumors. Whether these findings impact
treatment is an area of controversy. Classic findings of knee
OA include joint space narrowing, bone (subchondral) scle-
rosis, and bone spur formation (Fig. 25.2). Other joints may
be affected as well (Fig. 25.3). Magnetic resonance imaging
(MRI) may be helpful to identify early disease and exclude
coexisting pathology, but adds little diagnostic value to
 advanced cases of OA.

87208_ch25.qxd:87208_ch25  8/31/09  1:15 PM  Page 286



Chapter 25 • Mature Athlete 287

In the presence of an effusion, alternate diagnoses should
be considered such as gout or other deposition diseases. If
 diagnosis is unclear, diagnostic arthrocentesis may be useful in
identifying inflammatory versus noninflammatory conditions
and additional studies as indicated such as crystal analysis.

TREATMENT

General Measures

● Mainstays of nonpharmacologic therapy include activity
modification and weight loss when indicated.

● Physical therapy to improve or maintain strength and pro-
prioception. Joint forces must be considered and correct
dysfunctional biomechanics when possible.

● There is limited evidence that bracing or neoprene sleeve
can offer added benefit in pain and function than medical
treatment alone in those with medial compartment OA.

● Lateral heel wedges have been shown to decrease overall
nonsteroidal anti-inflammatory drug (NSAID) intake,
though this reduction appears to be minor (level B).20

Nutritional Supplements

● The role of nutritional supplements has been fairly well
studied for glucosamine with recent Cochrane review
finding glucosamine to be safe as compared to placebo, but
efficacy ranges from comparable to placebo to 13-point
improvement in pain (scale of 0 to 100).

● The pharmaceutical brand tended to show more likeli-
hood of favorable pain response.21

● The Glucosamine/Chondroitin Arthritis Intervention
Trial (GAIT) is currently the largest double-blind, placebo-
controlled trial comparing the efficacy and safety of glu-
cosamine hydrochloride, chondroitin sulfate, or the two in
combination that did not show statistical significance for
these subgroups in pain reduction at 24 weeks. However,
the combination of the two in those with moderate to
 severe pain at baseline did show a significantly higher
 response rate than placebo. The number of patients in this
subgroup was relatively small and may not be powered to
draw positive conclusions. Additionally, there was a 60%
placebo response rate and relatively mild knee pain at
baseline of the overall group, which leads to questions for
the interpretation of the results.22

● The Osteoarthritis Research Society International (ORSI)
recommends glucosamine and chondroitin as level A
pharmacologic treatment of hip and knee OA with 63%
strength of recommendation (95% CI).

● The American College of Rheumatology has not taken a
position on the use of glucosamine and chondroitin due to
the various design differences and methods among the
 existing studies for comparison.23 The benefit of these
supplements remains unclear in the athletic population.

Pharmacologic Treatment

● Both acetaminophen (Tylenol) and NSAIDs have been
shown to be effective in reducing pain associated with OA
(level A).

Radial deviation of distal phalanx

Heberden's 
node

Bouchard's
node

Metacarpophalangeal
joints uninvolved

FIG. 25.1. Illustrative representation of Heberden’s
and Bouchard’s nodes. Reprinted with permission from
 Bickley LS, Szilagyi P. Bates’ Guide to Physical Examina-
tion and History Taking. 8th ed. Philadelphia: Lippincott
Williams & Wilkins; 2003.

FIG. 25.2. Osteoarthritis of the knee. There is subchon-
dral sclerosis (straight arrows) and a large marginal
 osteophyte (curved arrow) laterally. Reprinted with
 permission from Daffner RH. Clinical Radiology: The
 Essentials. 3rd ed. Philadelphia: Lippincott Williams &
Wilkins; 2007.
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● NSAIDS are generally superior to acetaminophen in
 reducing pain and improving function in moderate to
 severe OA.24 Acetaminophen is generally better tolerated
and side effects must be considered.

● Caution is advised with the use of an NSAID in athletes
with hypertension and those on an ACE inhibitor for risk
of precipitating renal failure. This also holds true for those
at increased risk of dehydration.

● Intra-articular corticosteroid injections have been shown
to reduce pain over weeks to months (level A) in numerous
studies; however, the long-term benefits remain  unclear.25

● Newer injection treatments include viscosupplementa-
tion, namely, with hyaluronan and hylan derivatives and

have also shown benefit in improving pain and function
for those with OA of the knee.26

● The duration of efficacy is generally longer with these injec-
tions as compared to intra-articular corticosteroids. How-
ever, the number of injections per series and average duration
of effect vary by product. While believed to add “protection”
to the joint by restoring viscoelasticity and  increasing con-
centration of hyaluronan, which is involved with counterreg-
ulation of degradative processes within the joint, there is
currently no evidence to support that viscosupplementation
halts or slows progression of disease.

FIG. 25.3. Common findings of multiple joints with osteoarthritis.
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Nonpharmacologic Treatment

● Acupuncture and massage therapy may be considered as
adjunct therapies in the treatment of OA.

● Societies vary on their recommendations for level of evi-
dence on these modalities.22

Surgical Treatment

● Arthroscopy, utilizing lavage and/or debridement, has long
been performed in OA for persistent painful symptoms.

● Studies have shown improvement in pain and function
following arthroscopic lavage alone persisting at 1-year
follow-up.27

● Moseley et al. report in a blinded randomized trial no ben-
efit in pain or function, comparing arthroscopic debride-
ment or lavage with a placebo procedure in patients with
OA of the knee at 2-year follow-up.28,29

● A Cochrane review determined level A evidence that arthro-
scopic debridement for undifferentiated OA provides no
benefit in reducing pain and improving function.30 Addi-
tionally, question remains to whether these data can be
 extrapolated to the athletic population.

Prognosis/Return to Play

● Prognosis for athletes with OA will vary by individual and
severity of disease.

● For many, occasional “flares” of painful symptoms will
limit activities for limited duration and return to play is
individualized based on tolerance.

● With progression of disease or in “flares,” activity modifi-
cation is often needed and may include such factors as de-
creasing intensity, duration, and/or frequency of activity.

● Alternatively for some, a different mode of exercise may be
the best solution.

Complications/Indications for Referral

High-impact activities and training errors can increase risk
for complications including effusion and arthralgias. Effu-
sions may limit range of motion and have an effect on com-
petition. The presence of an undiagnosed effusion is a red
flag and warrants further evaluation. Complications from
injections include bleeding and infection. For cortico -
steroids, skin hypopigmentation, fat atrophy, and transient
hyperglycemia may occur. With the viscosupplementation,
there is added risk of reaction to the product and this risk
 increases with added exposures. Pain and stiffness may wax
and wane in the course of disease, and they are the leading
causes of disability with OA. Joint replacement is typically

reserved for those with failed conservative measures and
persistent pain or dysfunction.

APPROACH TO THE ATHLETE WITH
TOTAL JOINT REPLACEMENT

Joint replacement can be an effective treatment for alleviating
pain and dysfunction related to advanced OA by restoring
joint mechanics, improved quality of life and increased phys-
ical activity. However, controversy remains as to what activi-
ties should or should not be performed following joint
replacement. The major concerns are related to hardware fail-
ure and related complications including periprosthetic frac-
tures.31 Additional concern is for joint dislocation. There are
no large prospective controlled studies on athletic activity
following joint replacement, and recommendations remain
based on expert opinion. As hardware technology has and
continues to improve, joint stability following arthroplasty
may lessen the risks of complications, such as loss of fixation,
as compared to earlier surgical techniques and hardware.
Low-impact activities are recommended (level C), but there
are varied opinions for sport-specific limitations. For exam-
ple, downhill skiing is generally discouraged following total
knee or hip replacement, but for an experienced skier opin-
ions vary for returning to the sport. Some would recommend
allowing return with set limitations, such as type of slope or
terrain or anticipated impact. There are activities deemed
 allowable with previous experience including cross-country
skiing, speed walking, backpacking, ice skating, singles/
 doubles tennis, aerobics, volleyball, alpine skiing, and hiking.
These are listed as intermediate recommendation by the
Mayo clinic.31 Allowable recommendations from the Mayo
clinic include golf, swimming, cycling, bowling, sailing, and
scuba diving after total hip and knee replacement. Contact
sports and high-impact activities are not recommended by
the Mayo clinic and may include such activities as basketball,
racquetball, handball, running, hockey, baseball, water skiing,
karate, soccer, and football (level C).31

KEY POINTS

• Elder athletes are growing in number, and level of
competition may vary greatly. Health benefits may be
numerous, but caution and appropriate screening is
advised when new activities or changes in intensity are
being considered

• Training errors are common in the overuse syndromes
often encountered in the aging athlete. Counseling
should include proper warm-up, cool-down, and
 allowing for recovery time following the exercise

• Training programs should include aerobic activity,
strength training, flexibility, and balance training
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• To promote and maintain health, achieve minimum of
30 minutes of moderate-intensity exercise minimum
5 days of the week or 20 minutes of vigorous-intensity
exercise 3 days of the week with strength training at
least 2 days a week

• OA is common in the aging athlete. Exercise in itself
does not appear to increase the risk of developing
arthritis. However, activities with heavy joint loading
and twisting forces are considered risk factors. Exercise
may improve pain and function in those with OA

• Low-impact activities are recommended for athletes
with total joint replacement of the knee or hip. Sport-
specific limitations remain unclear
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INTRODUCTION
In 1987 a poll of Olympic-level power athletes offered the
following scenario: the athletes were offered a banned sub-
stance with two guarantees—you would not get caught and
you would win the gold medal. Out of 198 athletes, 195 said
yes and only 3 said no. Another question posed in that 1987
poll was, would you take a banned substance if it would let
you win every competition you entered for the next 5 years,
but would kill you in the sixth year? Over half of these ath-
letes responded yes, that is, they would take the substance.1 It
is estimated that between one to three million athletes in the
United States have used steroids. Nearly 60% of all high
school students play on formal sports teams.2 There is enor-
mous pressure on athletes to gain any sort of competitive
 advantage. This chapter will review the most common types
of performance enhancers used by athletes and help the med-
ical provider approach this challenging issue in an  organized
fashion with their patients. 

PATHOPHYSIOLOGY/PHARMACOLOGY
Erythropoietin

Erythropoietin is an alternative to blood doping.It is a hormone
naturally produced in the kidney.The recombinant form is used
to artificially increase hematocrit mass and to increase oxygen-
carrying capacity of blood. It has been proven to increase
 hematocrit, Vo2max, and time to exhaustion. Side effects of
 erythropoietin are an increased risk of cerebral vascular
 accident, myocardial infarction, and pulmonary  embolism.
Erythropoietin is banned by the International Olympic
 Committee (IOC), the International Cycling Union, and the
 International Ski Federation. The governing bodies have
adopted an upper limit of hemoglobin as a rule for
 competition.3

Blood Doping

Blood doping is an autologous transfusion of blood into an
athlete. Blood doping artificially increases the hematocrit
mass and increases oxygen-carrying capacity of blood. It has
been shown to increase hematocrit, Vo2max, and time to

 exhaustion in athletes. Side effects of blood doping are an in-
creased risk of cerebral vascular accident, myocardial infarc-
tion, pulmonary embolism, and blood pathogens such as
HIV, hepatitis B, and hepatitis C. Blood doping is banned by
the IOC, the International Cycling Union, and the Interna-
tional Ski Federation. Governing bodies have adopted an
upper limit of hemoglobin as a rule for competition.3

Anabolic–Androgenic Steroids (AAS)

The goal of synthetic steroids is to maximize anabolic effects
while minimizing androgenic effects. Synthetic steroids have
alkylation of the 17-� position on sterol D ring and carboxy-
lation of the 17-� hydroxyl group on the sterol D ring. Stack-
ing is taking multiple steroids at the same time. Pyramiding is
increasing the doses to peak toward the middle of a cycle.

Synthetic steroids have been proven to increase fat-free
mass. Most studies have shown increases in lean body mass
(LBM) of an average of 2 to 5 kg in a 10-week period.4

Steroids have been proven to increase strength.2 The effects
of steroids are dose related, with higher doses leading to
greater gains.

Steroids have been shown to have a wide array of side
 effects that range from nuisances to life threatening. The side
effects of steroids affect every organ system in the body.

Cardiovascular Effects 

Steroid use by athletes causes a significant decrease in high-
density lipoprotein (HDL) cholesterol and an increase in
low-density lipoprotein (LDL) and very low density lipopro-
tein (VLDL) cholesterol. Athletes taking steroids have a
greater risk of myocardial ischemia and infarction, hyper-
tension, and cerebral vascular accident.5 Chronic steroid use
can cause left ventricular hypertrophy and left ventricular
wall thickness.2,6 All cardiovascular effects reversed when ex-
amined 3 months after cessation of steroids.1

Psychologic Effects

Steroid use has been shown to increase the risk of aggressive
behavior. There have been reports of steroids causing mood
disturbances.4
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Toxicologic Effects

There have been documented cases of steroid users contract-
ing hepatitis B, hepatitis C, and HIV.7 There have also been
documented cases of fungal and bacterial abscesses from
 injection of steroids.8 As with any injectable substances,
 athletes are at risk if they are sharing needles.

Musculoskeletal Effects

There is an increased risk of tendon ruptures in athletes
using steroids. There is evidence of premature closure of
growth plates in younger athletes using steroids.

Dermatologic Effects

Steroid use has been shown to cause alopecia, striae disten-
sae (stretch marks), and acne.

Male Reproductive Effects

Male athlete steroid use decreases testes size, sperm count,
and sperm quality and can cause gynecomastia.

Female Reproductive Effects

Female athlete steroid use causes voice deepening, sterilization,
enlargement of clitoris, menstrual irregularities, hirsutism,
male pattern baldness, and breast atrophy. Sterilization is irre-
versible in women after discontinuing steroids.

Hepatic Effects

Steroid use elevates liver enzymes, can create peliosis hepatis
(blood-filled cysts in the liver) and cholestatic jaundice, and
can cause hepatocellular carcinoma (Table 26.1).4,8

Legal Issues

Steroids are banned by the IOC, the National Collegiate
 Athletic Association (NCAA), the National Football
League (NFL), the National Basketball Association (NBA),
and Major League Baseball (MLB). A positive test has a
testosterone-to-epitestosterone ratio greater than 6:1 for
both men and women. The normal ratio in healthy male
is 1.3:1, and only one male in 1,000 has a ratio of 4:1. 

Possession of steroids carries both a 1-year prison sen-
tence and minimum $1,000 fine. Selling or the intent to sell
steroids carries a 5-year prison sentence and $250,000 fine.2

Prohormones

Prohormones are the androgenic testosterone precursors.
Examples of prohormones are androstenedione and dehy-
droepiandrosterone (DHEA). The proposed mechanism is
that prohormones would increase serum testosterone.

Performance Effects

There are no proven performance effects of androstene-
dione. DHEA has been shown to decrease body fat in some
studies and no effect in others. DHEA has shown no increase
in testosterone levels.9

Adverse Effects of Steroid Use

CNS Derm Musculoskeletal Liver Men Women Cardiac Immune

T A B L E  2 6 . 1

Increased
aggression

Oily hair and
skin

Premature 
closure of 
growth plates

Increased
LFTs

Gynecomastia Hirsutism Increased total 
cholesterol, 
LDL, VLDL, 
and 
triglycerides

Increased risk 
of HIV

Mood swings Alopecia Increased risk 
of tendon 
ruptures

Peliosis 
hepatis 
(blood-
filled liver 
cysts)

Increased risk 
of prostate 
cancer

Voice 
deepening

Increased risk 
of stroke

Increased risk of 
hepatitis B

Increased 
major mood 
disorders

Acne on 
the face 
and back

Decreased 
sperm count

Decrease in 
breast size 
and 
amenorrhea

Increased risk of 
myocardial 
infarction

Increased 
sexual 
aggression

Striae 
distensae 
(stretch 
marks)

Decreased 
testicle size

Clitoral 
hypertrophy

Decreased HDL Increased risk 
of hepatitis C

Increased 
sebaceous 
cysts

Decreased 
fertility

Male pattern 
baldness

Hypertension

LFTs, liver function tests; LDL, low-density lipoprotein; VLDL, very low density lipoprotein; HDL, high-density lipoprotein.

87208_ch26.qxd:87208_ch26  8/31/09  1:17 PM  Page 292



Chapter 26 • Athletes Using Performance Enhancers 293

Side Effects

Androstenedione has been shown to increase estrone and
estradiol levels in male athletes. It has been shown to de-
crease HDL cholesterol. There have been case reports of hair
loss, hirsutism, and virilization in women.

DHEA

DHEA has been shown to increase estrone and estradiol
 levels in male athletes. It has been shown to decrease HDL. It
has been shown to cause gynecomastia. There have been case
 reports of hair loss, hirsutism, and virilization in women.2

There is an increased risk of breast, uterine, and prostate
cancers.

Legal Issues

Prohormones like DHEA and androstenedione are banned
by the IOC, the NFL, MLB, and the NCAA. Prohormones
were banned by the government on February 1, 2005, but
this banned list does not include DHEA.2

Human Growth Hormone (hGH)

hGH is an endogenous hormone secreted in anterior pitu-
itary gland. Patients deficient in hGH are short in stature.
Patients with an overabundance of hGH have gigantism.
There is a high association with steroid use as well. hGH
stimulates the release of somatomedins like the insulin-like
growth factor. Also, hGH stimulates renal and hepatic gluco-
neogenesis and lipolysis. There is no evidence that supple-
mentation with hGH leads to an increase in performance.
There has been evidence that it decreases fat mass.10 Side ef-
fects of hGH supplementation are water retention, increased
insulin resistance, and an increased risk of carpal tunnel syn-
drome. Athletes who supplement with hGH also have an in-
creased risk of contracting Creutzfeldt–Jakob disease if hGH
is obtained in the black market.10 In younger athletes who
have not reached skeletal maturity, there is an increased risk
of developing slipped capital femoral epiphysis, an increased
risk of premature closure of growth plates, and an increased
risk of developing hypertension. hGH is banned by the IOC,
the NFL, the MLB, and the NCAA. Olympic athletes are not
officially tested for hGH. Testing in professional sports in the
United States lacks an accurate method.

Ephedra

Ephedra has been around for over 5,000 years, dating back to
the ancient Chinese. It is also known as guarana or ma
huang. Ephedra is a stimulant that mimics the effect of nor-
epinephrine and epinephrine. It increases resting metabo-
lism rate and calorie expenditure and causes appetite
suppression. A proven effect of ephedra is that it promotes
fat loss of 1.0 kg/month greater than placebo. With ephedra

use it is a dose-related effect, with doses in various studies
ranging from 25 to 120 mg daily. Ephedra was been shown
to cause a number of cardiovascular side effects such as
 hypertension, cardiac arrhythmias, and heart palpitations.
Ephedra has also been shown to cause headaches, hyperther-
mia, and anxiety. All reported side effects stopped within
48 hours of the person discontinuing the drug. The FDA has
reported 800 adverse incidents, and in greater than 90% of
those cases, the recommended dose was exceeded. In 2003,
it accounted for less than 1.0% of all supplement sales, yet
accounted for 64% of all adverse supplement reactions.
There have even been several case reports of fatal arrhyth-
mias and myocardial infarctions. Ephedra has been banned
by the IOC, the NFL, MLB, and the NCAA. In March 2004,
the government banned the sale of ephedra, but the ban was
overturned in April 2005 by a U.S. District Court judge.2

Caffeine

Caffeine is the number one used drug in the world with
82% to 92% of adults using caffeine daily. It is a methylated
 xanthine alkaloid derivative, and its structure is similar to
adenosine. Caffeine binds to adenosine cell membrane
 receptors; stimulates the central nervous system (CNS);
 increases release of epinephrine, heart rate, metabolic rate,
respiratory center output, and fat oxidation; and decreases
fatigue and perceptions of pain. There is evidence that
 caffeine increases endurance performance by increasing
time to exhaustion. It has also been shown to improve con-
centration. With caffeine there is a dose-related effect, with
doses in studies ranging from 2 to 9 mg/kg daily. Side effects
of caffeine include hypertension, cardiac arrhythmias, heart
palpitations, facial flushing, and anxiety. Tolerance to caf-
feine appears after only 4 to 5 days of taking the supplement.
It only takes 3 days of use to develop dependency on caffeine.
The withdrawal symptoms from stopping caffeine may last
12 hours to 7 days. Caffeine withdrawal causes mood shifts,
headaches, tremors, and fatigue. In 2005, caffeine was re-
moved from banned list by the IOC. It is allowed in MLB,
the NFL, the NHL, and the NBA. The NCAA also allows
 caffeine but only below a certain level tested for in the urine.

Creatine

Creatine was first described by the French chemist Chevreul,
and its name is derived from the Greek word flesh. Creatine
is made of three amino acids: arginine, glycine, and methio-
nine. Creatine is involved in the chemical process where
 creatine phosphate � ADP ⇒ ATP � creatine using the en-
zyme creatine kinase. In intense exercise, ATP is used in the
first 0 to 10 seconds. Creatine phosphate is the next energy
source that is used in the next 5 to 15 seconds.11 Creatine
also serves to buffer muscle pH, which delays muscle fatigue.
A meta-analysis showed that creatine supplementation led to
an increase in strength of 1.09% per week. Creatine also in-
creases LBM by 0.36% per week. Creatine supplementation
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improved strength in 1RM bench press by an average of 15 lb
over 6 weeks versus placebo. It improved strength in 1RM
squat by an average of 25 lb over 6 weeks versus placebo.12

Creatine has been proven to improve performance in repeated
high-intensity sprints lasting 30 seconds to 3 minutes. How-
ever, creatine has not been shown to improve performance in
long-distance endurance events and has even been shown to
decrease performance. 

Side effects of creatine supplementation include gastroin-
testinal distress, diarrhea, and flatulence. There have been
case reports of muscle cramping, but no studies confirming
this. Studies have shown no effect on kidney function.13

However, recently there have been two reported cases of
compromised renal function, but renal function returned to
normal after discontinuing creatine.11 Creatine is not
banned by the IOC, the NFL, MLB, and the NCAA. The
American College of Sports Medicine advocates against cre-
atine use in any athlete under the age of 18.11

�-Hydroxy-�-methylbutyrate (HMB)

HMB is a metabolite of the branched chain amino acid
leucine. The goal of HMB supplementation is to prevent
 exercise-induced muscle damage. The mechanism of action
is unknown at present. Supplementation with HMB has
been shown to have no effect on 1RM performance on
bench press and leg press. There are some studies showing
that supplement with HMB leads to significant increases in
fat-free mass and decreases in body fat percentage. However,
other studies showed no significant changes in body compo-
sition. There are no studies showing any negative side effects
from HMB supplementation. Some positive side effects in
studies showed lowered total cholesterol, lowered LDL cho-
lesterol, and lowered blood pressure from HMB use. HMB is
not banned by the IOC, the NFL, MLB, the NCAA, or any
other sport-governing body.

EPIDEMIOLOGY
Steroids

A survey of more than 1,600 Canadian students in grade 6
and above showed that 2.8% used steroids. Of the students
who had used steroids, 29% injected steroids and 29% of
those injecting admitted to sharing needles. Also 54% of the
steroid users felt that steroids were bad, but had used them
anyway. Another survey of high school football players in
 Indiana found that 6% used steroids. The mean age for first
use was 14, and 15% of steroid users started before the age of
10.1 The overall rates of steroid use in high school athletes is
4% to 12% in male athletes and 1% to 2% in female athletes.
From an NCAA survey in 2001, it was reported that 1.4% of
all college athletes had used steroids within the past year.2

High-risk behaviors are associated with steroid use, such as
suicidal behavior, needle sharing, increased sexual activity,
smoking, weapon possession, and multiple drug use. Most

athletes use steroid doses 5 to 20 times the doses that have
been studied.4

hGH

A study of 432 10th graders in the Midwest showed 5% had
taken hGH.1 An NCAA study showed 3.5% of all college
 athletes had taken hGH in the past 12 months.2

Creatine

Creatine is the most widely used supplement. Different stud-
ies have reported creatine use between 25% and 78% in
NCAA college athletes. Fourteen percent of high school
 students have used creatine. Seventy-five percent of users
 admitted to either not knowing how much creatine they
were taking or were taking more than the recommended
dose.2 One study showed that 5.6% of middle school and
high school athletes had used creatine.11

Caffeine

Caffeine is the most widely used drug in the world, with 82%
to 92% of adults using it daily.

Ephedra

An NCAA survey in 2001 reported 3.9% of college athletes
had taken ephedra in the past 12 months. A study in 2004 of
NCAA Division I male ice hockey teams found that 38%
used ephedra and 46% used pseudoephedrine. 

NARROWING THE DIFFERENTIAL
DIAGNOSIS
History

There are many important questions that need to be asked if
an athlete presents to your office after taking a specific sup-
plement. Ask the athlete what supplement has he or she been
taking? It is important to have him or her bring in the exact
bottle or container. If the athlete does not have bottle or con-
tainer, then have him or her bring in the ingredient list or the
website or store name from which the supplement was pur-
chased. This enables the physician to see the specific active
ingredients and determine which class of supplement it is.
Specific questions to be asked about the particular supple-
ment are, for how long have you been using the supplement?
How often have you been using this supplement? Having
you been using it daily, weekly, or monthly? What dose have
you been using? What is the recommended use or recom-
mended dose? It is important to compare the athlete’s dose
and regimen to the recommended label use. Have you no-
ticed any effects from taking the supplement? Any perfor -
mance changes? Any physique changes? Have you experienced
any side effects? Have you noticed any changes in mood?
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Evidence-based Physical Examination

Dermatologic Examination

For the dermatologic examination, the physician should ex-
amine the athlete for acne on the upper back. Examine for in-
creased  oiliness of the skin. Evaluate for striae distensae
(stretch marks). Have male athletes remove their shirts to
evaluate for gynecomastia. Evaluate for hirsutism and alope-
cia. Evaluate thighs, buttocks, and shoulders for injection sites
or abscesses. In male athletes evaluate for atrophy of testes.
Eighty percent of steroid users exhibit at least one of these
physical signs.7

Cardiovascular Examination

Auscultate the athlete’s heart for cardiac murmurs. 

Abdominal Examination

Evaluate the athlete for hepatomegaly.

Diagnostic Testing

Laboratory

For the athlete taking a performance enhancer, a basic meta-
bolic profile, a complete blood count, a fasting lipid panel,
liver function studies, a testosterone level, an estrogen/
 estradiol level, and a thyroid function test should be
 obtained.

Imaging

An echocardiogram should be ordered if the athlete has been
taking steroids or if there is a new cardiac murmur appreci-
ated on the physical examination.

Other Testing

An EKG, blood pressure, and heart rate should be obtained
on any athlete taking a performance enhancer.

APPROACH TO THE ATHLETE USING
PERFORMANCE ENHANCERS

HISTORY AND PHYSICAL EXAMINATION

Important questions for the athlete taking performance
 enhancers include the following:

● What supplement or supplements have you been taking? 
● How long have you been taking this supplement or

 supplements? 

If the athlete is using steroids, the physician needs to ask:

● How did the athlete obtain the steroids?
● Was the athlete injecting the AAS?
● Was the athlete sharing needles?
● From where did the athlete get the needles?
● How is the athlete disposing of the needles?
● What doses of steroids has the athlete been taking?
● Is the athlete cycling or stacking other steroids, masking

agents, or supplements with this?
● Are these doses more or less than prior cycles?
● Has the athlete noticed any changes in his or her body? 
● Has the athlete lost or gained any weight? 
● Is the athlete having any chest pain? 
● Is the athlete having any difficulty breathing? 
● Has the athlete noticed any loss of hair? 
● Has the athlete noticed any new hair growth in other parts

of the body?

The physical examination should include but not be lim-
ited to a thorough cardiovascular examination. It is impor-
tant on the  cardiovascular examination to listen for any
cardiac murmurs, to document heart rate, and to measure
blood pressure. Tachycardia or arrhythmia may indicate
stimulant use. The dermatologic examination should exam-
ine for signs of steroid use including acne on the upper back,
increased oiliness of the skin, striae distensae (stretch
marks), gynecomastia (male athletes), hirsutism, and alope-
cia. Evaluate thighs, buttocks, and shoulders for injection
sites or abscesses. Abdominal examination should evaluate
for presence of hepatomegaly. In male athletes evaluate for
atrophy of testes. Eighty percent of steroid users exhibit at
least one of these physical signs.7 

DIAGNOSTIC TESTING

If the athlete has admitted to having taken steroids, his or
her blood pressure and heart rate should be taken. A fasting
lipid panel including LDL, total cholesterol, HDL, VLDL,
and triglycerides should be ordered. Testosterone, estrogen
(estrone or estradiol), a basic metabolic panel, and liver
function studies should also be ordered. An EKG and an
echocardiogram should be obtained. If the athlete has been
injecting steroids or sharing needles, then a hepatitis panel
should be ordered, and the athlete should be consented for
an HIV test.

If the athlete has admitted to taking caffeine, ephedra, or
another stimulant, then he or she should have a basic meta-
bolic panel and a thyroid function test. Heart rate and blood
pressure should be measured. 

If the athlete has admitted to blood doping, then a com-
plete blood count should be ordered. If the athlete has been
injecting or sharing needles, then a hepatitis panel should be
ordered, and the athlete should be consented for an HIV test.
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TREATMENT

General Measures

For the athlete who presents to your office and is interested
in starting to take a specific supplement, he or she should be
asked questions that every athlete needs to have addressed
about the supplement.

● Is this supplement legal?
● Athlete needs to check with his or her sports-governing

organization’s banned substance list.
● NCAA—http://www1.ncaa.org/membership/

ed_outreach/health-safety/drug_testing/
banned_drug_classes.pdf.

● World Anti-Doping Agency—http://www.theathlete.org/
wada.htm.

● Athlete must be informed of the position statement that
any athlete who takes a supplement does so at his or her
own risk of committing a doping violation.

● Athlete must be informed that cross-contamination in
production facilities does occur between different
classes of supplements and may result in a positive
test.14

● Is this supplement safe?
● Athlete must be informed of any proven negative side

 effects.
● Athlete must be informed of any health-related issues

that taking the supplement might cause.
● Is this supplement effective?

● Athlete must be informed of any proven benefits of
 taking the supplement.

● Athlete must make sure that the proven benefits are
 applicable to his or her sport as well.

● Advise that the athlete must first adhere to the training
and nutrition pyramid protocol before starting any sup-
plement that has met the above criteria of being legal,
safe, and effective.
● Athlete must be following a proper, healthy nutrition

program.
● Athlete must be following a proper training program.
● Athlete must bring in the actual product or product

 ingredient list for the physician to review prior to the
athlete starting supplementation.

● Education of athletes as individuals or as a member of a
team, known as thoughtful discouragement.11

● Education interventions have been shown to be
 effective.
■ Athletes more knowledgeable about the dangers of

steroids
■ Athletes less likely to believe unsubstantiated supple-

ment claims
■ Athletes more knowledgeable about supplements in

general2

Pharmacologic Treatment

None indicated.

Prognosis/Return to Play

● Good for supplements such as HMB, creatine, caffeine,
and other over-the-counter substances.

● Good for athletes having taken AAS and having had cardiac,
dermatologic, or hepatic function changes—these are all
 reversible once the athlete discontinues the supplements.

● Poor for skeletally immature athletes having taken AAS
and now have had premature closure of the growth
plates—this is irreversible.

● Poor for female athletes having taken AAS and now are
suffering from sterilization—this is irreversible.

● If athlete has tested positive for a banned substance, he or
she must serve the required suspension.

● If athlete has taken an illegal substance, then the athlete is
subject to the fines and penalties of the legal system.

● If an athlete has taken an approved substance without any
significant medical side effects, then the athlete can return
to play without any restrictions.

● If an athlete has taken a performance-enhancing substance
and has had negative health side effects, then the athlete
should be held out until he or she can be medically cleared
for those side effects.

Complications/Indications for Referral

● Athletes who discontinue taking AAS should be closely
monitored for increasing signs of depression, suicidal
ideation, and erratic behavior.

● Athletes who have taken AAS and have cardiac changes
on EKG or echocardiogram should be referred to a
 cardiologist.

● Athletes who have shared needles and tested positive for
hepatitis C or HIV should be referred to an infectious dis-
ease specialist.

KEY POINTS

• Performance enhancers are commonly used by athletes
to obtain a competitive edge

• Have athletes answer the questions, is it legal, is it safe,
and is it effective, about any supplement they are inter-
ested in taking

• AAS have proven serious health risks

• Educating athletes about all performance-enhancing
drugs has been shown to be effective in decreasing the
number of new steroid or illegal supplement users
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A
A P P E N D I X

Injection Techniques
Kelton Burbank

INTRODUCTION
Injection therapies are common office-based procedures
utilized for the short-term reduction of pain and inflam-
mation. They can be employed for diagnostic and thera-
peutic benefits. Injections that induce even a transient
reduction or relief of a patient’s symptoms can help iden-
tify the pathologic structures or site involved. Additionally,
an aspiration of fluid can assess for cell counts, cultures,
and fluid analysis.

Common therapeutic indications for injection include
treatment of osteoarthritis, bursitis, synovitis, tendonitis,
and tenosynovitis. Their use continues despite the lack of
consistent level 1 evidence of their efficacy. Complicating as-
sessing the efficacy of injection therapy is the challenge of
accurate needle placement and the potential benefit of image
guidance (fluoroscopic or ultrasound). A sound understand-
ing of anatomy and appropriate landmarks is essential for
appropriate efficacy and reduction of risk or discomfort to
the patient. 

MATERIALS
Appropriate preparation and materials is essential to the
success of injection therapy. For joint or soft-tissue injec-
tions, a combination of corticosteroid and anesthetic is the
author’s preferred method, as the combined volume will dis-
tribute more evenly and in a less concentrated fashion. Some
will inject anesthetic first, then corticosteroid. The preferred
medications of the author are listed in the following text.
There is no evidence of one corticosteroid being superior,
but it is felt that medium- to long-acting preparations
 enhance efficacy and decrease systemic absorption. The
 injectable corticosteroid preparations are manufactured
such that a milliliter of one product is efficaciously equiva-
lent to another. Lidocaine or bupivacaine are the preferred
anesthetics that can be utilized alone or in combination
based on provider’s preference. Bupivacaine  allows for
longer anesthesia (6 to 8 hours) versus lidocaine (2 to 
4 hours) but has a slower onset and time to full anesthesia. The
author prefers to use lidocaine if rapid anesthesia is required

in the case of an aspiration, while for most  soft-tissue or
joint injections bupivacaine provides excellent anesthesia. 

● Corticosteroids
● Triamcinolone, dexamethasone, and methylpred-

nisolone (medium- to long-acting corticosteroids)
● Local anesthetics

● Lidocaine and/or bupivacaine
● Betadine or antiseptic
● Alcohol wipe
● 22- or 25-gauge � 1.5-in needle for injection
● 18-gauge needle for aspiration of medication
● 5- or 10-cc syringe 

METHODS
Sterile technique should be utilized to minimize the risk of
infection. We typically use betadine to paint the field, and
then we use a sterile glove in one hand to palpate the land-
marks underneath the betadine preparation. The hand hold-
ing the needle/syringe does not need to be sterile. This allows
for maximum efficiency in finding the site and preventing
infection at the site. Injection site can be marked prior to
 application of betadine with a pen cap or syringe cap. This
will be visible even after betadine application. 

Typically, a 25-gauge needle is used, as this seems to
cause less discomfort. However, a larger needle can be used,
if the patient is particularly muscular, to avoid deflection of
the tip. A 22-gauge needle is usually sufficient in these
cases. Needle length is also important to ensure the mate-
rial is deposited in the area of interest, such as the joint,
rather than in the subcutaneous tissues surrounding it. For
aspirations an 18-gauge needle is preferred but generally
requires administering a small subcutaneous anesthesia
with lidocaine.

We use a separate needle to draw up the solution, typi-
cally an 18-gauge needle, as this hastens the process. The top
of the bottle of the steroid and the local anesthetic should be
wiped with an alcohol pad prior to insertion of the needle
when drawing the medicine into the syringe. This also en-
sures sterility of the solution. 
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RISKS AND COMPLICATIONS
Potential local complications include infection, tendon rup-
ture, skin depigmentation, tissue atrophy, and nerve injury.
Because of the potential for tendon rupture, intratendinous
injections of weight-bearing tendons (Achilles and patella
tendons) with corticosteroids are a contraindication and
should be avoided. Potential systemic complications include
facial flushing, allergic reaction, and hyperglycemia. Most
patients will experience a postinjection pain flare ranging
from 24 to 72 hours; for a small percentage this can be signif-
icant. Thus, the relative risk/benefit of each injection should
be assessed prior to undertaking any procedure. 

AFTER CARE/RETURN TO PLAY
Injection site should be kept clean and relatively dry. Ice and
over-the-counter (OTC) analgesic can be utilized for ex-
pected short-term postinjection pain flare. Most recom-
mend avoidance of heavy or impact-loading activities to the
affected site for 5 to 7 days to prevent rapid disbursement
away from the injection site. Injections in or around 
non–weight-bearing tendons subjected to excessive strain
may benefit from 1 to 2 weeks’ relative rest to avoid potential
tendon rupture risk. 

SHOULDER INJECTIONS
The three most common types of injections in the shoulder
are subacromial injection, acromioclavicular (AC) joint in-
jection, and glenohumeral joint injection. 

Subacromial Injection

Approaching the patient from behind can lead to less anxiety
on the part of the patient. Identify the posterior lateral edge
of the acromion. Palpate the anterior aspect of the acromion
to help judge the angle of the acromion. The bursa sits in the
anterior half of the subacromial space, so the needle will
need to be placed under the acromion and advanced anteri-
orly. Take care to avoid injecting either above the acromion
(too superiorly) or into the rotator cuff muscles (too inferiorly).
The fluid should flow easily. Do not force the injection, as
this is more likely to lead to poor placement of the solution.
A 1.5-in 25- or 22-gauge needle can be used. Typically, 2 cc
of corticosteroid along with 6 to 8 cc of local anesthetic is in-
jected (Fig. A.1).

Acromioclavicular Joint Injection

This injection can be difficult as the space is quite narrow
and slanted. Plain films can be helpful as the AC joint is often
angled in the sagital plane. Palpate the clavicle as it traverses

to meet the acromion. Palpate the acromion. Often, one can
feel the ridge at the AC joint. A 25-gauge needle is used
to enter the joint from a superior approach with a slight
20- degree lateral angulation from the sagital plane. It is
important to make sure the needle enters the joint for
maximal effect. Typically, a total of 2 cc is injected with
equal parts of corticosteroid and anesthetic (Fig. A.2).

Glenohumeral Joint Injection

Several studies have questioned the ability to reach the
glenohumeral joint without x-ray guidance. For this reason,
it is the author’s opinion that these injections should be per-
formed with x-ray or ultrasound guidance. 

FIG. A.1. Subacromial injection.

FIG. A.2. Acromioclavicular joint injection.
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KNEE INJECTION
There are two approaches to the knee. One is from a superior
lateral approach, where the needle is guided under the
patella with the patient supine. Another approach is into the
anterior lateral aspect of the knee with the patient seated and
the knee bent to 90 degrees. The superior lateral approach is
generally more accurate and well tolerated by the patient. It
is also the approach for aspiration of the knee joint.

Superior Lateral Approach

With the patient supine and the knee relaxed in near-full
 extension (the patella should move freely), the edges of
the patella are palpated. The superior and lateral edge is
most important. The needle is placed underneath the
 superior–lateral edge of the patella. Care should be taken to
start posteriorly enough so that the needle does not graze
the patella, but anteriorly enough that it does not hit the
trochlea. Both of these mistakes may cause injury to the articu-
lar cartilage. Once the needle has penetrated the lateral retinac-
ulum, the needle tip is intra-articular and medication can be
injected. A 1.5-in 25- or 22-gauge needle can be used. Typically,
2 cc of corticosteroid along with 6 to 8 cc of local anesthetic is
 injected (Fig.A.3).

ELBOW INJECTIONS
The tendinous insertions on the medial and lateral epi-
condyles are a frequent source of pain and a frequent site of
injection. The joint itself is not routinely injected in the
 office.

Lateral Epicondyle

The lateral epicondyle is easily palpated. Typically, the pa-
tient’s pain is located just distal to the epicondyle itself. In-
jection should be superficial and into the area of maximal
tenderness. Care must be taken to avoid the radial–capitellar
joint, which sits deep in this area. A very superficial injection
risks depigmentation of the skin and some fat atrophy. Typi-
cally, a total of 2 cc is injected with equal parts of cortico -
steroid and anesthetic, utilizing a 22- or 25-gauge 1- or
1.5-in needle (Fig. A.4).

Medial Epicondyle

The medial epicondyle is also very superficial. Directly un-
derneath this structure lies the ulnar nerve, which must be
avoided. Typically, the pain is located distal and anterior to
the epicondyle. This is the direction in which the needle
should be angled, toward the large flexor–pronator mass and
not toward the nerve. Typically, a total of 2 cc is injected with
equal parts of corticosteroid and anesthetic, utilizing a 22- or
25-gauge 1- or 1.5-in needle. 

HIP INJECTIONS
The hip joint itself is deep and not easily accessible. It should
only be injected under x-ray or ultrasound guidance due to
the neurovascular bundle that must be avoided. 

Greater Trochanteric Bursa Injection

The trochanteric bursa, however, is a frequent source of dis-
comfort and is easy to palpate and inject safely. The borders
of the greater trochanter on the lateral aspect of the proximal
femur are palpated. The area of maximal tenderness is then
defined. The area is typically near the anterior/superior edge
of the greater trochanter. With the patient lying on his or
her side with the painful hip facing upward, the needle is

FIG. A.3. Superior lateral knee joint injection/aspiration
approach.

FIG. A.4. Lateral epicondyle injection.
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 injected at a 90-degree angle in the coronal plane. Advance
the needle till the greater trochanter is felt and then with-
draw 1 to 2 mm prior to injection. A 1.5-in 25- or 22-gauge
needle can be used. Typically, 2 cc of corticosteroid along
with 6 to 8 cc of local anesthetic is injected (Fig. A.5).

HAND/WRIST INJECTIONS
Two common areas around the hand and wrist are the A1
pulley in trigger fingers and the first dorsal compartment in
de Quervain syndrome.

Trigger Finger Injection

Trigger fingers occur on the volar surface of the palm at
the proximal end of the A1 pulley. This is also the
metacarpal–phalangeal (MCP) joint. It is easy to see on the
dorsal surface, but on the volar surface it lies much more pro -
ximally than one would intuit. It is at the level of the  distal
 palmar crease. To alleviate the symptoms of a trigger finger,
the injection is best placed at the entry to the A1 pulley. The
MCP joint is palpated on the volar surface of the hand. Asking
the patient to gently flex and extend the fingers can help local-
ize the area. The injection needs to be placed in the midline of
the tunnel entrance to avoid injury to the digital nerves. It also
needs to be placed between the tendon and the tendon sheath.
After the midline, proximal edge of the tunnel is palpated,
and the needle is directed from proximal to distal at about a
45-degree angle. One can usually feel the needle pierce the
 tissue anterior to the joint. Often, the tendon is hit lightly. If
this occurs, withdraw the needle slightly. Ask the patient to
flex and extend the digit. If the needle is too deep and in the
tendon, it will move as the patient moves the digit. Otherwise,
it will remain still. The injection should flow easily. Typically,
1 to 2 cc is injected with a 50:50 mixture ratio of corticosteroid
to local anesthetic with a 25-gauge needle (Fig. A.6).

de Quervain Tenosynovitis Injection

This area can usually be reached with a needle angled at
about 45 degrees from proximal to distal. The goal of the
 injection is to deposit the medicine in the tendon sheath,
but not in the tendon or in the superficial radial nerve which
lies nearby. Typically, 1 to 2 cc is injected with a 50:50 mix-
ture ratio of corticosteroid steroid to local anesthetic with a
25-gauge needle (Fig. A.7).

Indented skin

Greater
trochanter

FIG. A.5. Greater trochanteric bursa injection. FIG. A.6. Trigger finger injection. Needle should be an-
gled at 45 degrees to allow injection into tendon sheath.
Reprinted with permission from Strickland JW, Graham TJ.
Master Techniques in Orthopaedic Surgery: The Hand.
2nd ed. Philadelphia: Lippincott Williams & Wilkins; 2005.

B

A

FIG. A.7. de Quervain tenosynovitis injection. Angle nee-
dle at 45 degrees and withdraw slightly once tendon is
felt; injection should flow smoothly.
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A P P E N D I X

Interval Throwing Program
Benjamin M.J. Thompson

INTRODUCTION
Interval throwing programs (ITPs) are utilized by athletes in
a variety of sports to help train, condition, and rehabilitate
the throwing athlete’s arm after injury.1 The program should
always be initiated under the careful watch of a team physi-
cian and the training staff in case of injury. Wilk and Arrigo
have suggested a four-stage rehabilitation program for the
injured throwing shoulder, of which the ITP falls into the
fourth phase.2 In phase 1, management is focused on the re-
duction of pain and inflammation. As the rehabbing throw-
ing athlete progresses into phase 2, a strengthening program
is gradually introduced. Advanced strengthening occurs in
phase 3, prior to beginning competitive throwing in phase 4.
There are a variety of different interval programs that have
been created, and often these are specifically tailored for a
particular sport.1,3–6 Regardless of the differences in each
 individual program, there is generally a separation into
short and long toss components: the objective of the short
toss component being simulation of game time situations,
while the long toss component serves to work on endurance
and strengthening via low-intensity and long-duration
 exercises.1

DESCRIPTION OF PROGRAM
It must be made clear from the beginning that there is no set
timetable for completion of the program, as this puts unnec-
essary stress on the participant to move on to the next step
when pain may be present. Each level of the program is
therefore designed to be accomplished two to three times
without pain three times per week with a day off in between
each session prior to progression to the start of the next step.
On the off day the athlete may work on flexibility exercises.2

If the athlete develops pain, especially in the joint, then he or
she must stop the program immediately and return to the
previous step once pain free. After the completion of the in-
dicated daily program, a high-repetition, low-weight exer-
cise program should be utilized to increase resistance to
fatigue and injury. It is imperative that the throwing athlete
should not attempt to move quickly to the next step by over-
or underthrowing. By following the prescribed number of

throws rather than the indicated times, better and more pre-
dictable results may be obtained with the ITP.4

CRITERIA FOR PROGRESSION
Light jogging prior to stretching is essential prior to begin-
ning the ITP to increase flexibility.2 Stretching should begin
with a focus on the legs, then moving to incorporate the
trunk and upper extremities. Warm-up throws are begun at
whatever distance is comfortable and pain free. For example,
if the athlete is throwing pain free at 60 ft, progression is
made to 90 ft in keeping with the specifics of the individual
throwing program. There is no set correct starting distance.
Once the athlete is able to throw from each distance without
pain, normal pitching or fielding mechanics may begin off
from flat ground at 60 ft 6 in.2 Throwing from flat ground is
beneficial because it will produce a shorter stride as well as
less shoulder external rotation at foot contact compared to
normal full-effort pitching.1,4 Other benefits of flat-ground
throwing include more elbow varus torque during arm cock-
ing and a more upright trunk at ball release.1,4 Overall the
combined benefits of flat-ground throwing help to reduce
reinjury by producing less shoulder and elbow compressive
forces during deceleration.1,2,4

PHASE 1
The first phase of the ITP as outlined by Wilk and Arrigo7

is listed in the following text. Throughout the entirety of the
ITP, it is crucial that there be a strong focus on proper throw-
ing mechanics so as not to put unnecessary stresses on the
recovering arm. The crow-hop method is well known as the
best way to simulate the act of throwing. In this method
throwing is preceded by a hop and a skip. This method helps
to avoid the type of reinjury that can occur by throwing flat-
footed. Flat-footed throwing places increases stresses on the
thrower’s arm and encourages improper body mechanics.2

Once phase 1 is completed, position players are able to
 return to play while pitchers progress to phase 2: Throwing
off the Mound (Table B.1).
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45� Phase 60� Phase 90� Phase

Interval Throwing Program Phase 18,9T A B L E  B . 1

Step 3: 
A. Warm-up throwing
B. 60� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 60� (25 throws)

Step 4: 
A. Warm-up throwing
B. 60� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 60� (25 throws)
F. Rest 5–10 min
G. Warm-up throwing
H. 60� (25 throws)

Step 5:
A. Warm-up throwing
B. 90� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 90� (25 throws)

Step 6:
A. Warm-up throwing
B. 90� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 90� (25 throws)
F. Rest 5–10 min
G. Warm-up throwing
H. 90� (25 throws)

Step 1: 
A. Warm-up throwing
B. 45� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 45� (25 throws)

Step 2: 
A. Warm-up throwing
B. 45� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 45� (25 throws)
F. Rest 5–10 min
G. Warm-up throwing
H. 45� (25 throws)

120� Phase 150� Phase 180� Phase

Step 7: 
A. Warm-up throwing
B. 120� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 120� (25 throws)

Step 8: 
A. Warm-up throwing
B. 120� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 120� (25 throws)
F. Rest 5–10 min
G. Warm-up throwing
H. 120� (25 throws)

Step 9: 
A. Warm-up throwing
B. 150� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 150� (25 throws)

Step 10:
A. Warm-up throwing
B. 150� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 150� (25 throws)
F. Rest 5–10 min
G. Warm-up throwing
H. 150� (25 throws)

Step 11: 
A. Warm-up throwing 
B. 180� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 180� (25 throws)

Step 12:
A. Warm-up throwing 
B. 180� (25 throws) 
C. Rest 5–10 min
D. Warm-up throwing 
E. 180� (25 throws) 
F. Rest 5–10 min
G. Warm-up throwing 
H. 180� (25 throws) 

Step 13: 
A. Warm-up throwing
B. 180� (25 throws)
C. Rest 5–10 min
D. Warm-up throwing
E. 180� (25 throws)
F. Rest 5–10 min
G. Warm-up throwing
H. 180� (20 throws)
I. Rest 5–10 min
J. Warm-up throwing
K. 15 throws progressing from 

120 to � 90�

Step 14: Return to respective position or
progress to step 14 below

Flat-ground Throwing for Baseball Pitchers
Step 14:
A. Warm-up throwing 
B. Throw 60� (10–15 throws) 
C. Throw 90� (10 throws) 
D. Throw 120� (10 throws)
E. Throw 60� (flat ground) using  

pitching mechanics (20–30 throws)

All throws should be on an arc with
a crow hop

Warm-up throws consist of 10–20
throws at ~30�
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Stage 1: Fastballs Onlya Stage 2: Fastballs Only Stage 3

Interval Throwing Program: Phase 2–Throwing Off the Mound9,10T A B L E  B . 2

Step 9: 
A. 60 throws off mound 75%
B. 15 throws in batting practice

Step 10: 
A. 50–60 throws off mound 75%
B. 30 throws in batting practice

Step 11: 
A. 45–50 throws off mound 75%
B. 45 throws in batting practice

Step 12:
A. 30 throws off mound 75% warm-up
B. 15 throws off mound, 50% breaking

balls
C. 45–60 throws in batting practice

(fastball only)

Step 13: 
A. 30 throws off mound 75%
B. 30 breaking balls 75%
C. 30 throws in batting practice

Step 14: 
A. 30 throws off mound 75%
B. 60–90 throws in batting practice

(25% breaking balls)

Step 15: 
A. Simulated game: progressing by

15 throws per workout
B. Begin with 18–20 pitches per inning

for 7 innings with 8-min rest be-
tween innings. Pitchers should return
to their preinjury repertoire3

Step 1: 
A. Interval throwingb

B. 15 throws off mound 50%c

Step 2: 
A. Interval throwing
B. 30 throws off mound 50% 

Step 3: 
A. Interval throwing
B. 45 throws off mound 50% 

Step 4:
A. Interval throwing
B. 60 throws off mound 50%

Step 5: 
A. Interval throwing
B. 70 throws off mound 50%

Step 6: 
A. 45 throws off mound 50%
B. 30 throws off mound 75%

Step 7: 
A. 30 throws off mound 50%
B. 45 throws off mound 75%

Step 8: 
A. 10 throws off mound 50%
B. 60 throws off mound 75%

120� Phase 150� Phase 180� Phase

Step 15:
A. Warm-up throwing
B. Throw 60� (10–15 throws)
C. Throw 90� (10 throws)
D. Throw 120� (10 throws)
E. Throw 60� (flat ground) using

 pitching mechanics (20–30 throws)
F. Throw 60–90� (10–15 throws)
G. Throw 60� (flat ground) using

 pitching mechanics (20 throws)

Progress to phase 2—Throwing Off
the Mound

Throwing program should be per-
formed every other day, 3 times/wk
unless  otherwise specified by your
physician or rehabilitation specialist

Perform each step 2–3 times before
progressing to next step

45 ft = 13.7 m
60 ft = 18.3 m
90 ft = 27.4 m
120 ft = 36.6 m
150 ft = 45.7 m
180 ft = 54.8 m

aAll steps/phases done in the presence of a pitching coach or sport biomechanist to stress proper throwing mechanics. 
bUse interval throwing 120 ft (36.6 m) phase as warm-up.
cPercentage effort.

(Cont.)T A B L E  B . 1
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PHASE 2: THROWING OFF THE MOUND
Once the throwing athlete has progressed to phase 2, he or
she is ready to throw off of the mound. As with phase 1,
there is a gentle, pain-free achievement model that must be
followed to avoid reinjury. In general, pitchers will begin at
50% capacity, advancing as tolerated to full throwing capac-
ity. Half-effort pitching produces 85% ball and joint speed
and 77% kinetics correlating with a more upright throwing
posture and reduction of arm rotation serving to minimize
stresses on the shoulder and elbow.4

The emphasis of phase 2 is to avoid reinjury to athlete’s
shoulder and elbow as he or she progresses through his or
her repertoire of pitches using normal pitching mechanics.
Initially only fastballs are used, as they provide the lowest
amount of stress on the thrower’s arm. Once the pitcher is
able to throw at his or her normal full fastball capacity, the
more strenuous breaking pitches are phased in to gradually
increase the tolerance of the shoulder joint to the stresses of
throwing.2 While the majority of the literature stresses the
use of the ITP for the pitcher, position players may use a
modified schedule, which simulates gamelike situations once
phase 2 is achieved, once again limiting initial efforts to half
to prevent reinjury (Table B.2).

LITTLE LEAGUE INTERVAL THROWING
PROGRAM
In recent years there has been an emphasis on the develop-
ment of ITPs for younger athletes. As there has been an ex-
plosion in the single-sport athlete at a younger and younger
age, there has been a new rash of injuries that the sports
medicine doctor as well as the athletic trainer must contend
with. The majority of these injuries have been shown to in-
volve the upper extremity.6,7,11–13 Table B.3 outlines a modi-
fied version of the ITP for the Little League–level players.
Given the large age range of Little League players, the dis-
tances and number of throws should be decreased for the
younger player, and supervision by an experienced physical
therapist or pitching coach is recommended. Some general
guidelines for a Little League ITP developed by Axe et al. are
as follows1:

1. If sore when throwing, take the day off and drop down
one level the following day.

2. If sore after throwing and it does not improve after
warm-up, take that day off and drop down one level the
following day.

3. If not sore while throwing, but sore the following day and
the soreness disappears after warm-up, continue with the
program at that level.

4. Do not advance more than two levels per week.
5. Shoulder strengthening exercises follow throwing program.

30� Phase 45� Phase

Little League Interval Throwing 
Program9,14

T A B L E  B . 3

Step 3: 
A. Warm-up throwing
B. 45� (25 throws)
C. Rest 15 min
D. Warm-up throwing
E. 45� (25 throws)

Step 4:
A. Warm-up throwing
B. 45� (25 throws)
C. Rest 10 min
D. Warm-up throwing
E. 45� (25 throws)
F. Rest 10 min
G. Warm-up throwing
H. 45� (25 throws)

Step 1: 
A. Warm-up throwing
B. 30� (25 throws)
C. Rest 15 min
D. Warm-up throwing
E. 30� (25 throws)

Step 2: 
A. Warm-up throwing
B. 30� (25 throws)
C. Rest 10 min
D. Warm-up throwing
E. 30� (25 throws)
F. Rest 10 min
G. Warm-up throwing
H. 30� (25 throws)

60� Phase 90� Phase

Step 5: 
A. Warm-up throwing
B. 60� (25 throws)
C. Rest 15 min
D. Warm-up throwing
E. 60� (25 throws)

Step 6: 
A. Warm-up throwing
B. 60� (25 throws)
C. Rest 10 min
D. Warm-up throwing
E. 60� (25 throws)
F. Rest 10 min
G. Warm-up throwing
H. 60� (25 throws)

Step 7: 
A. Warm-up throwing
B. 90� (25 throws)
C. Rest 15 min
D. Warm-up throwing
E. 90� (25 throws)

Step 8: 
A. Warm-up throwing
B. 90� (20 throws)
C. Rest 10 min
D. Warm-up throwing
E. 60� (20 throws)
F. Rest 10 min
G. Warm-up throwing
H. 45� (20 throws)
I. Rest 10 min
J. Warm-up throwing
K. 45� (15 throws)

30 ft = 9.1 m
45 ft = 13.7 m
60 ft = 18.3 m
90 ft = 27.4 m
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C
A P P E N D I X

Interval Running Program
J. Herbert Stevenson, MD

he goal of the interval running program is to
progress from each successive stage when activity
is pain free. The athlete must be pain free with ac-

tivity, after activity, and the next day. If pain recurs, then
the athlete must rest for 1 to 2 days and drop to the exer-
cise level at which there is no pain with activity or the next
day. If athlete is pain free with activity as well as the next
day for 3 consecutive days, then he or she may progress to
next stage. One may use bike/pool running or elliptical to
complete a cardio session after the interval session,
 depending upon stage of progression (i.e., if running
15 minutes, then can use bike/pool run or elliptical to
complete a cardio session). This is a general example,
and one may consider modification based on severity of
 injury and with consult of the  supervising medical
provider (Table C.1).

STAGES
1. Bicycle 30 to 45 minutes or pool running.
2. Elliptical trainer, start 15 minutes and work up to 30 to

45 minutes. May substitute walking if elliptical trainer
not available, with time as mentioned earlier with starting
at 5 to 10 minutes.

3. Speed walking. Start 10 to 15 minutes and work up to 
30 to 45 minutes. 

4. Start with light running (50% max, i.e., jogging). Begin
with half mile and increase by half mile every other day.
Once you are light running 2 miles, increase running in-
tensity from 50% to 75%, then 100%, while maintaining
pain-free status. Some will employ a walk–run on a track
with running straight section and walking the corners.

5. Progress to sport-specific drills. If pain free after 3 days,
then resume full activity.

Interval Running Program ExampleT A B L E  C . 1

Week Monday Tuesday Wednesday Thursday Friday Saturday Sunday

1 Bike/pool Bike/pool Bike/pool Bike/pool Bike/pool Bike/pool Rest
running running running running running running

2 Elliptical Elliptical Elliptical Elliptical Elliptical Elliptical Rest
10–15 min 15–20 min 20–25 min 25–30 min 30–35 min 30–45 min

3 Speed walk Speed walk Speed walk Speed walk Speed walk Speed walk Rest
10–15 min 15–20 min 20–25 min 25–30 min 30–35 min 30–45 min

4 Run 1/2 mile Cross-train Run 1/2 mile Cross-train Run 1 mile Rest Run 1 mile

5 Cross-train Run Cross-train Run Cross-train Run 2 miles Rest
11/2 miles 11/2 miles

6 Run 2 miles Cross-train Run 3 miles Cross-train Run 3 miles Rest Return to 
 sport-specific drills

T
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A
Abdominal examination, 5

for performance enhancers, 295
Abductor pollicis longus (APL), 128
Acanthosis nigricans, 66f
Acceleration phase, of throwing, 95, 100, 118, 125
ACE inhibitors. See Angiotensin-converting enzyme

(ACE) inhibitors
Acetabular labral tears, 167
Acetaminophen, 61, 62, 287, 288
Achilles tendon, 221, 228, 229, 230, 279
Achilles tendon injury

diagnostic testing, 240
history of, 240
physical examination of, 240
prognosis of, 241
treatment of

nonoperative, 240–241
operative, 241

AC joint. See Acromioclavicular (AC) joint
AC joint injection. See Acromioclavicular (AC) joint

injection
ACL. See Anterior cruciate ligament (ACL)
Acromioclavicular (AC) joint, 105

diagnostic testing, 110–111
history of, 110
injection, 299, 299f
physical examination of, 110
prognosis of, 111
treatment

nonoperative, 111
operative, 111

ACSM. See American College of Sports 
Medicine (ACSM)

Acute boutonniere injuries, 146. See also
Boutonniere injuries

Acute foot injuries
epidemiology, 228–229
evidence-based physical examination, 230–233

imaging of, 232
inspection, 230
laboratory studies for, 232
laxity test, 231
palpation, 230
range of motion (ROM), 230–231
special test, 231–232
strength testing, 231

functional anatomy, 226–228
history of, 229–230
overview, 226

Acute injuries, 277
classification of, 188
nonoperative, 267

Acute knee injuries
epidemiology, 182–183
evidence-based physical exam, 183–186

evidence of an effusion, 185
imaging, 186
inspection, 185
ligaments, 185
palpation, 185

range of motion (ROM), 185
routine laboratory analysis, 186
strength of, 185

functional anatomy, 178–182
history of, 183
overview, 178

Acute spine stress fracture. See Spondylolysis
Adolescent athletes, 22

diabetes in, 65
highly trained, 23
low back pain in, 259
multidirectional instability (MDI) in, 86, 101
osteitis pubis in, 167
overuse injuries in, 130
patella disorders in, 197, 203
symptoms and findings in, with infectious

mononucleosis, 60t
treatment of high BP in, 27

AED. See Automated external defibrillator (AED)
Aging

Achilles tendon and, 229
ankle fractures and, 228
degeneration of acromioclavicular joint, 110
functional changes, 284t
nutritional changes with, 286

�2-agonists, long-acting, 35
AHA consensus panel recommendations

for preparticipation athletic screening, 21t
Airway rewarming theory, 30
Albuterol metered dose inhaler (MDI), 35
Allergens, 32, 35
Allergy/anaphylaxis

preparticipation physical examination (PPE) of, 2
Amenorrhea

defined, 41
in female athlete, 41
primary, 41
secondary, 41

American College of Rheumatology, 287
American College of Sports Medicine (ACSM),

41–42, 67
American Dental Association, 17
American Heart Association, 6
American Society for Testing and Materials

(ASTM), 16
ANA. See Antinuclear antibody (ANA)
Anabolic-androgenic steroids (AAS)

cardiovascular effects of, 291
dermatologic effects of, 292
epidemiology of, 294
female reproductive effects of, 292
hepatic effects of, 292
legal issues with, 292
male reproductive effects of, 292
musculoskeletal effects of, 292
psychologic effects of, 291
toxicologic effects of, 292

Androstenedione, 292
side effects of, 293

Anemia
athlete’s, 32
causes of, 32, 36f

defined, 30
history of, 36–37
iron deficiency

diagnostic testing, 37
history of, 37
physical examination, 37
treatment, 37–38

physical examination, 36–37
rate of, 33

Angiotensin-converting enzyme (ACE) inhibitors,
27, 70

Angiotensin receptor blockers (ARBs), 27, 70
Ankle

fractures, classification of, 237f
skeletal and ligamentous anatomy of, 227
x-ray appearance of, 236f

Ankle injuries, acute foot
epidemiology, 228–229
evidence-based physical examination, 230–233

imaging of, 232
inspection, 230
laboratory studies for, 232
laxity test, 231
palpation, 230
range of motion (ROM), 230–231
special test, 231–232
strength testing, 231

functional anatomy, 226–228
history of, 229–230
overview, 226

Ankle injuries, overuse foot
epidemiology, 208
evidence-based physical examination, 208–213

imaging studies of, 212
inspection, 209
laboratory tests, 212
laxity tests, 209–212
palpation, 209
range of motion (ROM), 209
strength testing, 209

functional anatomy, 208
history of, 208–209
overview, 208

Ankle instability
diagnostic testing, 213–214
history of, 213
physical examination of, 213
prognosis of, 214
treatment of

nonoperative, 214
operative, 214

Ankle pain
ankle sprain and, 233
in children, 229
lateral, 231
medial-based, 215–216
patient’s history and, 228–229
posterior, 230
posttraumatic, 239
Thompson test for, 232

Ankle sprain
diagnostic testing, 233

Page numbers followed by f and t indicates figures and tables, respectively.
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history of, 233
physical examination of, 233
prognosis of, 233–234
treatment of

nonoperative, 233
operative, 233

Anorexia nervosa
in female athlete, 41, 42

Anterior cruciate ligament (ACL), 178
Anterior cruciate ligament injuries

diagnostic testing of, 187
history of, 187
physical examination of, 187
prognosis of, 188
treatment of

nonoperative, 187
operative, 187–188

Anterior drawer test, shoulder, 98
Anterior glenohumeral instability, 82, 83f
Anterior spondylolisthesis

of L5, 163f
Anterior talofibular ligament (ATFL), 213, 226
Antidiarrheals, for gastroenteritis, 62
Antinuclear antibody (ANA), 132
APL. See Abductor pollicis longus (APL)
Apophyseal injuries, 167
Apophysitis

with avulsion injury, 277f
Apprehension test, 85, 97
ARBs. See Angiotensin receptor blockers (ARBs)
Arcuate ligament, 122
Arrhythmias, 20

diagnostic testing, 24–25
history of, 24
physical examination, 24
treatment, 25–27

for atrial fibrillation, 25–26
for atrial flutter, 25
for premature ventricular complexes, 26
for supraventricular tachycardia, 26
for ventricular pre-excitation, 26

Arthroscopy, 126, 191
Asthma. See Exercise-induced asthma (EIA)
ASTM. See American Society for Testing and

Materials (ASTM)
ATFL. See Anterior talofibular ligament (ATFL)
Athlete’s anemia, 32
Athlete’s heart, defined, 21–22
Athletic pubalgia

diagnostic testing, 172
history of, 172
physical examination of, 172
prognosis of, 172
treatment of

nonoperative, 172
operative, 172

Atlanto-occipital joint, 72
Atrial fibrillation, 25–26
Atrial flutter, 25
Automated external defibrillator (AED), 24
Autonomic neuropathy

diagnostic testing, 68
history of, 68
physical examination, 68
treatment, 68

Avascular necrosis (AVN), 167
diagnostic testing, 175
of femoral head, 175f
history of, 174–175
physical examination of, 174–175
prognosis of, 175
treatment of

nonoperative, 175
operative, 175

AVN. See Avascular necrosis (AVN)
AV nodal reentrant tachycardia (AVNRT), 24
AVNRT. See AV nodal reentrant tachycardia (AVNRT)
Avulsion, 124

fractures, 144, 167
Avulsion injuries

diagnostic testing, 170
history of, 170
physical examination of, 170
prognosis of, 171
treatment of

nonoperative, 171
operative, 171

Axillary nerve injuries
diagnostic testing, 267
history of, 267
physical examination of, 267
prognosis of, 268
treatment of

nonoperative, 267
operative, 268

Axon, 265, 265f
Axonal loss

degree of, 269, 270f

B
Back pain

epidemiology of, 157–158
evidence-based physical examination, 158–160

imaging, 159–160
observation, 158–159
palpation, 159
range of motion (ROM), 159
special tests, 159

functional anatomy, 156–157
history of, 158
overview, 156
risk factors associated with, 158t

Ball-and-socket joint, 165
Bankart lesion, 92
Basketball sport

dental injuries in, 17
Bennett fracture, 151, 152f
36th Bethesda Conference guidelines, 24, 27
36th Bethesda Conference report: Eligibility

Recommendations for Competitive Athletes
with Cardiovascular Abnormalities, 20

Biceps tendon tests
anterior instability, 99
multidirectional instability (MDI), 100
posterior instability, 99
SLAP tears. See Superior labral (SLAP) tears
speed’s test, 99, 99f

Bisphosphonates, 257
�-blockers, 23, 25, 27
Blood pressure (BP). See also Hypertension

preparticipation physical examination (PPE) of, 5
Blood urea nitrogen (BUN), 285
“Blow out” fracture, 9, 10, 11f
Body mass index (BMI)

preparticipation physical examination (PPE) of, 5
Bone

remodeling phases, 247, 248f
scan

stress fractures and, 251
stress injury. See Stress fractures

Bone mineral density (BMD)
female athlete and, 41

Bouchard’s nodes, 286, 287f
Boutonniere injuries. See also Acute boutonniere

injuries
diagnostic testing, 141

history of, 140
master techniques in orthopaedic surgery,

140f–141f
physical examination of, 140
prognosis of, 141
treatment of

nonoperative, 141
operative, 141

Boxer’s fracture, 147
BP. See Blood pressure (BP)
Brachial plexus injuries

stingers, 264
Brain, anatomy of, 9, 10f
Bronchitis, 59
Bronchospasm. See Exercise-associated

bronchospasm (EAB)
Brugada syndrome, ECG of LVH with, 25f
Bucket-handle tear, 92
Buckle–greenstick fractures, 275
Bulimia nervosa

in female athlete, 41
BUN. See Blood urea nitrogen (BUN)
Burners. See Stingers
Bursography

in snapping hip syndrome, 173

C
CAD. See Coronary artery disease (CAD)
Caffeine, 293

epidemiology of, 294
side effects of, 293

Calcaneofibular ligament (CFL), 213, 226
Calcium channel blockers, 27
Cancellous bone

stress fractures of, 247
Candida sp., 48
Carbuncles, defined, 52
Cardiovascular system

effects of AAS, 291
examination of, for performance 

enhancers, 295
preparticipation physical examination (PPE) 

of, 2, 5
Carpal instability

diagnostic testing, 138
history of, 138
physical examination of, 138
prognosis of, 138
treatment of

nonoperative, 138
operative, 138

Carpal tunnel syndrome (CTS), 270
Carpometacarpal (CMC) joints, 143
Carrying angle, of elbow, 116
Cauliflower ear, defined, 19
CBC. See Complete blood count (CBC)
CDC. See Centers for Disease Control and

Prevention (CDC)
CDC/ACSM. See Centers for Disease

Control/American College of Sports
Medicine (CDC/ACSM)

Cellulitis
defined, 52
diagnostic testing, 53
history of, 52
treatment, 53

Centers for Disease Control/American College of
Sports Medicine (CDC/ACSM), 283

Centers for Disease Control and Prevention
(CDC),62

Central nervous system (CNS)
caffine and, 293
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Cervical cord neurapraxia
diagnostic testing, 79
history of, 79
physical examination, 79
treatment, 79

Cervical disc disease, 75
diagnostic testing, 76
history of, 76
physical examination, 76
treatment

nonoperative, 76
operative, 76–77

Cervical fracture
diagnostic testing, 77
history of, 77
physical examination, 77
treatment

nonoperative, 77
operative, 77–78

Cervical spine injury, 74
on-field assessment of, 11

Cervical strains
diagnostic testing, 75
history of, 75
physical examination, 75
treatment, 75

CFL. See Calcaneofibular ligament (CFL)
Children. See also Pediatric athletes

ankle pain in, 229
diabetes in, 65
exercise-induced asthma (EIA) in, 30, 35
hypertrophic cardiomyopathy (HCM) in, 22
osteochondritis dissecans (OCD) in, 183
spondylolysis in, 158
Weber A–appearing fractures in, 238

CHL. See Coracohumeral ligament (CHL)
Chondral damage

diagnostic testing, 176
history of, 175–176
physical examination of, 175–176
prognosis of, 176
treatment of

nonoperative, 176
operative, 176

Chondromalacia patellae (CMP)
diagnostic testing, 202
history of, 201
physical examination of, 201
prognosis of, 202
treatment

nonoperative, 202
operative, 202

Chronic instability
diagnostic testing, 101
history of, 101
physical examination of, 101
prognosis of, 102
treatment of

nonoperative, 101
operative, 102
rehabilitation plan, 101–102

Chronic obstructive pulmonary disease (COPD), 285
Clearance form, preparticipation physical

examination (PPE), 6, 7f
CMC. See Carpometacarpal (CMC) joints
CMP. See Chondromalacia patellae (CMP)
CMRSA. See Community-acquired methicillin-

resistant Staphylococcus aureus (cMRSA)
CNS. See Central nervous system (CNS)
Cocking phase, of throwing, 95
Collateral ankle ligaments

lateral view, 213f
Community-acquired methicillin-resistant

Staphylococcus aureus (cMRSA), 45

abscess with, 53f
treatment for, 53

Complete blood count (CBC), 33, 264
Complex hinged joint, 178
Compound motor action potential (CMAP),

264f, 265
Computed tomography (CT), 13

in acute knee injuries, 186
in ankle injuries

acute foot, 232
overuse foot, 212

in back pain, 160
hand injuries, overuse wrist, 132
in hip pain, 169–170
for neck injuries, 75

Computerized topography (CT)
elbow injury and, 119
knee pain and, 197
peripheral nerve injuries and, 264
shoulder dislocation and, 85
stress fractures and, 251

Concussion, 9
approach to, 13–15
assessment of

imaging, 13
lab testing and, 13
neuropsychologic testing, 13, 14
office-based, 13
on-field, 11–13

complex, 13, 14
diagnostic testing, 14
epidemiology, 11
mechanism of, 9, 10f
prognosis for, 15
Sideline Assessment of Concussion (SAC), 11, 12f
symptoms, 13–14, 14t
treatment, pharmacologic, 14–15

Conduction block, 271, 271f
COPD. See Chronic obstructive pulmonary 

disease (COPD)
Coracohumeral ligament (CHL), 90
Coronary artery disease (CAD), 21, 283
Cowboy collars, 267
Coxa sultans. See Snapping hip
Crank test, 97
C-reactive protein (CRP), 132, 232
Creatine, 293–294

epidemiology of, 294
Creutzfeldt–Jakob disease, 293
Cromolyn sodium, 35
CRP. See C-reactive protein (CRP)
CT. See Computed tomography (CT);

Computerized topography (CT)
CTS. See Carpal tunnel syndrome (CTS)
Cubital tunnel syndrome, 122

diagnostic testing of, 123
history of, 123
physical examination of, 123
prognosis of, 124
treatment of

nonoperative, 123
operative, 123

Cubitus valgus, 118, 122
Cubitus varus, 118

D
Degenerative joint disease (DJD), 159, 167, 195
Dehydroepiandrosterone (DHEA)

legal issues with, 293
performance effects of, 292

Deltoid muscle, 105
Dental and mouth injuries

in basketball sport, 17
diagnostic testing, 17
history, 17
physical examination, 17
tooth anatomy and, 17
treatment, 17–18

pharmacologic, 18
de Quervain disease

diagnostic testing, 132
history of, 132
physical examination of, 132
prognosis of, 133
treatment of

nonoperative, 133
operative, 133

de Quervain’s teno-synovitis
anatomy for, 133f
injection, 301, 301f

Dermatologic examination, for performance
enhancers, 295

Dermatomes, distribution on skin, 73f
Dermatophyte folliculitis, 49

diagnostic testing, 50
history of, 50
physical examination, 50
treatment, 50

DEXA scan. See Dual-energy x-ray absorptiometry
(DEXA) scan

DHEA. See Dehydroepiandrosterone (DHEA)
Diabetes

in children, 65
diagnostic testing, 66–67
differential diagnosis, 65–67
epidemiology, 65
exercise in, 64
history, 65–66
nephropathy, 70
pathophysiology, 64–65
peripheral neuropathy. See Peripheral

neuropathy
physical examination, 66–67
retinopathy. See Diabetic retinopathy
treatment, 67

pharmacologic, 67–68
Diabetic nephropathy

treatment, 70
Diabetic retinopathy, 66f, 69

diagnostic testing, 70
history of, 70
physical examination, 70
treatment, 70

Diagnostic and Statistical Manual of Mental
Diseases, 4th Edition (DSM-IV), 41

Dilutional pseudoanemia
diagnostic testing, 37
history of, 37
physical examination, 37
treatment, 37

DIP. See Distal interphalangeal (DIP)
Disc herniation, 76
Dislocation, shoulder. See Shoulder dislocation
Distal biceps tendon rupture

diagnostic testing of, 124
history of, 124
physical examination of, 124
prognosis of, 125
treatment of

nonoperative, 124
operative, 125

Distal interphalangeal (DIP), 143, 221
dislocation, 145

Distraction test, 74
DJD. See Degenerative joint disease (DJD)
Dreaded black line, 255, 256f
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DSM-IV. See Diagnostic and Statistical Manual of
Mental Diseases, 4th Edition (DSM-IV)

Dual-energy x-ray absorptiometry (DEXA) scan
stress fractures and, 251

E
EAB. See Exercise-associated bronchospasm (EAB)
EIA. See Exercise-induced asthma (EIA)
Ear trauma

diagnostic testing, 18
history, 18
physical examination, 18
treatment, 18

pharmacologic, 18–19
Eating disorder not otherwise specified 

(EDNOS), 41
Eating disorders

in female athlete, 41
EBNA. See EBV nuclear antigen (EBNA)
EBV. See Epstein-Barr virus (EBV)
EBV nuclear antigen (EBNA), 61
Ecchymosis, 185
ECG. See Electrocardiogram (ECG)
ECHO. See Echocardiogram (ECHO)
Echocardiogram (ECHO), 22, 27

HCM diagnosis by, 23
performance enhancers and, 295
for preparticipation physical examination (PPE), 6

ECRB. See Extensor carpi radialis brevis (ECRB)
ECRL. See Extensor carpi radialis longus (ECRL)
ECU. See Extensor carpi ulnaris (ECU)
EDC. See Extensor digitorum communis (EDC)
EDM. See Extensor digiti minimi (EDM)
EDNOS. See Eating disorder not otherwise specified

(EDNOS)
EIB. See Exercise-induced bronchospasm (EIB)
EIP. See Extensor indicis propius (EIP)
Elbow. See also Elbow pain

injections. See Elbow injections
ligaments of, 116, 117f
muscles at, 116
nerves at, 116
osteology of, 116
vasculature at, 116

Elbow injections
lateral epicondyle, 300, 300f
medial epicondyle, 300

Elbow pain
diagnostic testing

EMG, 119
imaging, 119
laboratory, 119

distal biceps tendon rupture. See Distal biceps
tendon rupture

epidemiology of, 117
evidence-based physical examination

inspection, 118
palpation, 118
range of motion, 118
tennis elbow test, 118
tinel test, 118
valgus extension overload test, 118–119
valgus stress test, 118

history of, 118
lateral epicondylitis. See Lateral epicondylitis
medial epicondylitis. See Medial epicondylitis
PIN entrapment. See Posterior interosseous 

nerve (PIN) entrapment
valgus extension overload injuries. See Valgus

extension overload injuries
Electrocardiogram (ECG), 22, 285

arrhythmia, diagnosis of, 24–25

diabetes diagnosis and, 67
for preparticipation physical examination (PPE), 6

Electrodiagnosis
of axillary nerve, 267
of long thoracic nerve, 269
of musculocutaneous nerve, 269
of peripheral nerve injuries, 264–265
of spinal accessory nerve, 269

Electrodiagnostic studies
for lumbar disc disease, 161

Electromyography (EMG)
in hand injuries, overuse wrist, 132
for nerve injury, 212

Electrophysiologic study (EPS) testing, 23
EMG. See Electromyography (EMG); Needle

electromyography (EMG)
EPB. See Extensor pollicis brevis (EPB)
Ephedra, 293

epidemiology of, 294
Epicondylitis

lateral. See Lateral epicondylitis
medial. See Medial epicondylitis

Epiphyseal injuries in wrist
diagnostic testing, 139
history of, 139
physical examination of, 139
prognosis of, 139
treatment of

nonoperative, 139
operative, 139

Epistaxis, 16
treatment of, 16

EPL. See Extensor pollicis longus (EPL)
Epstein-Barr virus (EBV), 57

pathway and manifestations, 61f
EPS testing. See Electrophysiologic study 

(EPS) testing
Erythrocyte sedimentation rate (ESR), 32, 232
Erythropoietin, 291
Escherichia coli, 18
ESR. See Erythrocyte sedimentation rate (ESR)
ETT. See Exercise tolerance test (ETT)
Eumenorrhea, defined, 41
Evidence of an effusion

of acute knee injuries, 185
Exercise, and immune system, 56
Exercise-associated bronchospasm (EAB), 30

diagnostic testing, 35
history of, 35
pathophysiology of, 30
physical examination, 35
rate of, 33
symptoms of, 35
treatment, 35

pharmacologic, 36
Exercise-induced asthma (EIA), 30

in children, 30, 35
definition of, 30
diagnostic testing, 34
epidemiology, 33
history of, 33, 34
mediators and pathologic responses, 32f
pathophysiology, 30–33
physical examination, 34
rate of, 33
respiratory system and, 31f
symptoms of, 34
treatment of, 34

pharmacologic, 35
Exercise-induced bronchospasm (EIB), 33
Exercise tolerance test (ETT), 22, 68
Exertion hemolysis. See Intravascular hemolysis
Extensor carpi radialis brevis (ECRB), 128
Extensor carpi radialis longus (ECRL), 128

Extensor carpi ulnaris (ECU), 128
Extensor carpi ulnaris tendonitis

diagnostic testing, 136
history of, 135
physical examination of, 135
prognosis of, 136
treatment of

nonoperative, 136
operative, 136

Extensor digiti minimi (EDM), 128
Extensor digitorium communis (EDC), 128, 143
Extensor indicis propius (EIP), 128
Extensor pollicis brevis (EPB), 128
Extensor pollicis longus (EPL), 128
Extensor tendons

in hand, 128
injuries, 144

External rotation injury
in right knee, 235f

External snapping hip syndrome, 169
Eye

functional anatomy, 10
injuries, 11

diagnostic testing, 16
evaluation of, 15
history, 15
physical examination, 15
treatment, 16

pharmacologic, 16
and vision

preparticipation physical examination (PPE) of, 5

F
FABER test, 169
Facial bones, 9
Facial injuries. See Head and facial injuries
FAI. See Femoroacetabular impingement (FAI)
Fall on an outstretched hand/arm (FOOSH), 83
FCR. See Flexor carpi radialis (FCR)
FCU. See Flexor carpi ulnaris (FCU)
FDP. See Flexor digitorum profundus (FDP)
FDS. See Flexor digitorum superficialis (FDS)
Feagin maneuver, 97
Female athletes

acute knee injuries in, 182
of childbearing age, 28
low back or sacral pain, 158
overall rates of steroid use in, 294
preparticipation physical examination (PPE) in, 1

Female athlete triad
bone mineral density, 41–42
defined, 41
diagnostic testing, 42, 43
differential diagnosis, 42
eating disorders, 41
epidemiology, 42
history of, 41, 42–43
low energy balance, 42
menstrual function, 41
osteoporosis, 41–42
pathophysiology, 41–42
physical examination, 42–43
treatment, 43

pharmacologic, 43
Femoral stress fractures, 258f

diagnostic testing, 255, 257–258
history of, 257
physical examination of, 257
prognosis of, 259
treatment of

nonoperative, 255–256
operative, 259
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Femoroacetabular impingement (FAI), 165
diagnostic testing, 174
history of, 174
physical examination of, 174
prognosis of, 174
treatment of

nonoperative, 174
operative, 174

Fifth metatarsal zone injuries, 218f
Finkelstein test, 131
Flexor carpi radialis (FCR), 128
Flexor carpi ulnaris (FCU), 128
Flexor digitorum profundus (FDP), 128, 144
Flexor digitorum superficialis (FDS), 128, 143–144
Flexor tendons

in hand, 128
Fluid analysis, 119
FMRIs. See Functional MRIs (fMRIs)
FOOSH. See Fall on an outstretched hand/

arm (FOOSH)
Foot

anatomy, 209f
injuries. See Overuse foot injuries

acute. See Acute foot injuries
overuse. See Overuse foot injuries

overpronation, 249
tendons, 210f

“Foot strike mechanism,” 38
Four-phase return-to-play protocol, 251t
Freiberg’s infraction, 222
Fulcrum test, 97, 249–250
Functional MRIs (fMRIs), 13, 14
Furunculosis

defined, 52
diagnostic testing, 53
history of, 52
treatment, 53

G
GAIT. See Glucosamine/Chondroitin Arthritis

Intervention Trial (GAIT)
Gas exchange, role of, 30
Gastroenteritis (GE)

diagnostic testing, 62
history of, 62
physical examination, 62
treatment, 62

pharmacologic, 62–63
Gastrointestinal (GI) system

preparticipation physical examination (PPE) of, 5
GE. See Gastroenteritis (GE)
Genitourinary (GU) system

preparticipation physical examination (PPE) of, 5
Genu valgum, 196, 196f
Genu varum, 196, 196f
GH joint. See Glenohumeral (GH) joint
GHL. See Glenohumeral ligament (GHL)
Gilmore’s groin, 167
GI system. See Gastrointestinal (GI) system
Glenohumeral (GH) joint, 90, 105

injection, 299
Glenohumeral ligament (GHL), 106
Glenoid labrum, 90
Glucosamine/Chondroitin Arthritis Intervention

Trial (GAIT), 287
GLUT4, transport protein, 64–65
GnRH. See Gonadotropin-releasing 

hormone (GnRH)
Golfer’s elbow. See Medial epicondylitis
Gonadotropin-releasing hormone (GnRH), 42
Greater trochanteric bursa injection, 300–301, 301f
Guarana, 293

GU system. See Genitourinary (GU) system
Gynecomastia, 293

H
Haines–Zancolli test, 141
Hand

functional anatomy of, 143–144, 144f
injection. See Hand and wrist injections
wrist. See Wrist

Hand and wrist injections
de Quervain tenosynovitis injection, 301, 301f
trigger fingers, 301, 301f

Hand fracture
diagnostic testing, 147
history of, 147
physical examination of, 147
prognosis of, 148–149
treatment of

nonoperative, 147–148
operative, 148

Hand injuries
diagnostic testing

imaging, 145–146
epidemiology, 144–145
evidence-based physical examination, 145
history of, 145
wrist injury. See Wrist injury

Hand injuries, overuse wrist
bony and ligamentous anatomy, 128–129
epidemiology, 130–131
evidence-based physical examination, 131–132

imaging of, 132
inspection, 131
laboratory test, 132
palpation, 131
ROM, 131
special tests, 131–132
strength tests, 131

extensor tendons, 128
flexor tendons, 128
history of, 131
neurovascular supply, 130
overview, 128
TFCC, 129–130

Hawkins–Kennedy impingement test, 97, 97f,
108, 108f

HCM. See Hypertrophic cardiomyopathy (HCM)
HDL. See Highdensity lipoprotein (HDL)
Head, eyes, ears, nose, and throat (HEENT)

preparticipation physical examination (PPE) 
of, 5

Head and facial injuries
anatomy, functional, 9–11, 10f, 11f

brain, 9, 10f
facial bones, 9
nasal, 10

“blow out” fracture, 9, 10, 11f
concussion. See Concussion
dental and mouth injuries

diagnostic testing, 17
history, 17
physical examination, 17
treatment, 17–18

differential diagnosis
imaging, 13
lab testing, 13
neuropsychologic testing, 13, 14
office-based assessment, 13
on-field assessment, 11–13

ear trauma
diagnostic testing, 18
history, 18

physical examination, 18
treatment, 18–19

epidemiology, 11
eye injuries, 11

diagnostic testing, 16
evaluation of, 15
history, 15
physical examination, 15
treatment, 16

middle meningeal artery injury, 9, 10f
mild traumatic brain injury (MTBI), 9, 13
nasal injuries

diagnostic testing, 16
history, 16
physical examination, 16
treatment, 16–17

pathophysiology, 9
postconcussion syndrome, 9
rate of, 9
second-impact syndrome, 9
types of, 9

Heat illness, 5, 68
preparticipation physical examination (PPE) 

of, 2
Heberden’s nodes, 286, 287f
HEENT. See Head, eyes, ears, nose, and throat

(HEENT)
Hemoglobin molecule, 30
Herpes gladiatorum, 51f

diagnostic testing, 51
history of, 51
physical examination, 51
treatment, 51

pharmacologic, 52
HGH. See Human growth hormone (hGH)
Highdensity lipoprotein (HDL), 291
Hip arthritis

common etiologies of, 168t
Hip flexor apophysis injury

diagnostic testing, 280
history of, 280
physical examination of, 280
prognosis of, 281
treatment of

nonoperative, 280
operative, 280

Hip injections
greater trochanteric bursa, 300–301, 301f

Hip joints
deep muscles in, 166t
superficial muscles in, 166t

Hip pain
epidemiology of, 167–168
evidence-based physical exam, 168–170

imaging of, 169–170
routine laboratory analysis, 169

functional anatomy of, 165–167
history of, 168
overview, 165

HMB. See b -hydroxy-b-methylbutyrate 
(HMB)

Hospital-acquired infection (hMRSA), 52, 53f
Hop test, 249
Human growth hormone (hGH), 293

epidemiology of, 294
b-hydroxy-b-methylbutyrate (HMB), 294
Hyperosmolarity theory, 30
Hyperreflexia, 264
Hypertension

diagnostic testing, 27
history, 27
physical examination, 27
stages of, 27t
treatment, 27–28
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Hypertrophic cardiomyopathy (HCM), 20, 21, 22
in children, 22
diagnostic testing, 23
history of, 23
physical examination, 23
treatment, 23

pharmacologic, 23–24
Hyphema, 15f
Hypoglycemia-associated autonomic failure, 65

I
ICDs. See Implantable cardiac defibrillators (ICDs)
IGHL. See Inferior glenohumeral ligament 

(IGHL)
The iliac crest, 165
Iliotibial band (ITB), 165
Iliotibial band (ITB) friction syndrome, 195, 199f

diagnostic testing, 199
history of, 199
Noble’s test and, 197
Ober’s test and, 197
physical examination of, 199
prognosis of, 200
treatment

nonoperative, 199–200
operative, 200

Iliotibial friction syndrome, 278
IM. See Infectious mononucleosis (IM)
Imaging study, 62, 224

circumstances of, 160t
Imiquimod cream, 54
Immune system

and exercise, 56
preparticipation physical examination 

(PPE) and, 5
Impingement tests, 169

Hawkins–Kennedy, 97, 97f, 108, 108f
neer, 96–97, 97f, 108, 108f

Implantable cardiac defibrillators (ICDs), 24
Infectious mononucleosis (IM)

diagnostic testing, 60–61
history, 60
physical examination, 60
symptoms and findings in adolescents 

and young adults with, 60t
treatment, 61–62

pharmacologic, 62
Inferior glenohumeral ligament (IGHL), 90
Influenza, 59
Infraspinatus muscle, 93
Injections

elbow. See Elbow injections
hand and wrist. See Hand and wrist injections
hip. See Hip injections
knee. See Knee injections
shoulder. See Shoulder injections

Injection therapies
care after, 299
methods of, 298
preparation and materials for, 298
risk and complications, 299

Innate components, 56
Inspection

of elbow, 118
of knee, 196
of shoulder, 96

Instability
ankle. See Ankle instability
shoulder. See Shoulder instability

Instability tests
accuracy of, for instability, 98t
anterior drawer test, 98

apprehension test, 97
relocation test, 97–98, 98f
surprise test, 98

Internal impingement, 100, 107
diagnostic testing, 113
history of, 112–113
physical examination of, 112–113
prognosis of, 113
treatment

nonoperative, 113
operative, 113

Internal snapping hip syndrome, 169
International Olympic Committee 

(IOC), 291
Interphalangeal (IP) joints, 143

dislocation, 145
diagnostic testing, 149
history of, 149
physical examination of, 149
prognosis of, 150
treatment of, 149–150

Intersection syndrome, 133f
diagnostic testing, 134
history of, 134
physical examination of, 134
prognosis of, 134
treatment of

nonoperative, 134
operative, 134

Interval running program
example of, 307t
stages for, 307

Interval throwing programs (ITP)
criteria for, 302
description of, 302
little league for, 305t
overview, 302
phase1, 302, 303t–304t
phase 2, 304t, 305

Intracranial hemorrhage, 9
Intramedullary nailing, for anterior tibial stress

fracture, 257, 257f
Intravascular hemolysis

diagnostic testing, 38
history of, 38
physical examination, 38
treatment, 38

IOC. See International Olympic Committee 
(IOC)

IP joints. See Interphalangeal (IP) joints
Iron deficiency anemia. See also Anemia

diagnostic testing, 37
history of, 37
physical examination, 37
stages of, 37
treatment, 37–38

ITB. See Iliotibial band (ITB); Iliotibial band (ITB)
friction syndrome

ITP. See Interval throwing programs (ITP)

J
JNC VII. See Joint National Committee 

(JNC) VII
Jobe relocation test, 113
Joint National Committee (JNC) VII, 27
Joint replacement

mature athlete and, 289
Jones fracture, 218. See also Proximal fifth

metatarsal stress fractures
JT. See Juncturae tendinae (JT)
Jumper’s knee. See Patella tendinopathy
Juncturae tendinae (JT), 128

K
Kiesselbach’s plexus, 10, 16
Knee. See also Knee pain

functional anatomy of, 195
injections. See Knee injections
injuries, 184f
osteoarthritis (OA) of, 286, 287f
posteroanterior tunnel view of, 205f
Q-angle of, 278f
stress fractures of, 205

Knee injections
superior lateral, 300, 300f

Knee pain
diagnostic testing

imaging, 197
laboratory, 197

epidemiology, 195
evidence-based physical examination, 195

inspection, 196
Noble’s test, 197
Ober’s test, 197
palpation, 196
patellar grind test, 197
ROM, 197

history of, 195
in young children, 196

L
Labral tear, 92, 93f

diagnostic testing, 173
history of, 173
physical examination of, 173
prognosis of, 174
treatment of

nonoperative, 173
operative, 174

Labrum, 82, 83f, 106, 165
Lachman test, 278
Lacrimal bone, 10
Lacrimal duct injury, 10–11
LASIK surgery, 15
Lateral collateral ligament (LCL), 116, 117f
Lateral epicondyle injection, 300, 300f
Lateral epicondylitis, 121f

diagnostic testing of, 120
history of, 120
physical examination of, 120
prognosis of, 120–121
test, 118
treatment of

nonoperative, 120
operative, 120

Lateral knee ligamentous injuries
diagnostic testing of, 189
history of, 189
physical examination of, 189
prognosis of, 190
treatment of

nonoperative, 189
operative, 190

Laxity tests
accuracy of, for instability, 98t
for ankle injury, overuse foot, 209–212
load and shift test, 96
sulcus test, 96

LBM. See Lean body mass (LBM)
LCL. See Lateral collateral ligament (LCL)
LDL. See Low-density lipoprotein (LDL)
Lean body mass (LBM), 291
Left ventricular hypertrophy (LVH), 21, 22f, 28

ECG of, 23
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Leg
arteries and nerves of, 211f
pain, exercise-associated, diagnosis of, 255, 256t

Leukotriene inhibitors, 35
LH. See Luteinizing hormone (LH)
Ligamentous instability, 78
Ligaments

dorsal, 130f
of elbow, 116, 117f
knee

collateral ligaments, 185
cruciate ligaments, 185

volar, 130f
Lisfranc sprain

diagnostic testing, 242
history of, 241–242
physical examination of, 241–242
prognosis of, 243
treatment of

nonoperative, 243
operative, 243

Little league elbow
diagnostic testing, 280
history of, 280
physical examination of, 280
prognosis of, 280
treatment of

nonoperative, 280
operative, 280

Little league interval throwing program, 305, 305t
Load and shift test, 96

anterior/posterior, 85
Long thoracic nerve injury

diagnostic testing, 269
history of, 269
physical examination of, 269
prognosis of, 270
treatment of

nonoperative, 270
operative, 270

Low BMD, 42. See also Bone mineral 
density (BMD)

Low-density lipoprotein (LDL), 291
Lower back stress fracture. See Spondylolysis
Lower-extremity nerve injury

diagnostic testing, 273
history of, 272–273
physical examination of, 272–273
prognosis of, 273
treatment of

nonoperative, 273
operative, 273

Lower respiratory tract infections
diagnostic testing, 59, 59f
history of, 59
physical examination, 59
treatment, 60

Lumbar disc disease
diagnostic testing, 161
history of, 161
physical examination of, 161
treatment of, 161–162

nonoperative, 161
operative, 161–162

Lumbar disc herniation, 156f, 158
Lumbar radiographs, 157f
Lumbar strain

diagnostic testing, 160
history of, 160
physical examination of, 160
treatment of

nonoperative, 160–161
operative, 161

Luteinizing hormone (LH), 42

LVH. See Left ventricular hypertrophy (LVH)
Lyme titers, 119

M
Magnetic resonance arthrography (MRA), 85, 

100, 110
Magnetic resonance imaging (MRI), 13

in acute knee injuries, 186
in ankle injuries

acute foot, 232
overuse foot, 212

in back pain, 160
elbow injury and, 119
femoral stress fractures, 258, 258f
hand injuries, overuse wrist, 132
in hip pain, 165
knee pain and, 197
for neck injuries, 75
peripheral nerve injuries and, 264
shoulder pain and, 85, 100, 109
stress fractures and, 251

Major League Baseball (MLB), 65, 292
Mallet finger

diagnostic testing, 139
history of, 139
injuries, 146
physical examination of, 139
prognosis of, 139
treatment of

nonoperative, 139
operative, 139

Malocclusion/mandibular fracture, 17f
Marfan syndrome, 21
Mature athlete

diagnostic testing
imaging, 285
laboratory, 285

evidence-based physical examination, 285
exercise prescription for, 285–286
functional changes, 284t
history of, 284–285
joint replacement and, 289
nutritional considerations for, 286
physiology in, 283–284

MCL. See Medial collateral ligament (MCL)
MCP. See Metacarpophalangeal (MCP) joints
MDI. See Multidirectional instability (MDI)
Medial collateral ligament injuries

diagnostic testing, 186
history of, 186
physical examination of, 186
prognosis of, 187
treatment of

nonoperative, 186
operative, 186

Medial collateral ligament (MCL), 116, 117f,
178, 195

Medial epicondyle injection, 300
Medial epicondylitis

diagnostic testing of, 119
history of, 119
physical examination of, 119
prognosis of, 120
treatment of

nonoperative, 119–120
operative, 120

Medial tibia stress syndrome (MTSS), 255
Median nerve, 116
Median nerve entrapment neuropathy, 270

diagnostic testing, 271
history of, 271
physical examination of, 271

prognosis of, 271
treatment of

nonoperative, 271
operative, 271

Meniscal tears
diagnostic testing of, 190
history of, 190
physical examination of, 190
prognosis of, 191
surgical management of, 191t
treatment of

nonoperative, 190
operative, 190

Menstrual function
in female athlete, 41

Metacarpal fractures, 147
Metacarpophalangeal (MCP) joints, 143

dislocation, 145
Metatarsalgia

diagnostic testing, 221–222
history of, 221
physical examination of, 221
prognosis of, 222
treatment of

nonoperative, 222
operative, 222

Metatarsal stress fractures
diagnostic testing, 253
history of, 253
physical examination of, 253
prognosis of, 254
treatment of, 253

nonoperative, 254
operative, 254

MGHL. See Middle glenohumeral 
ligament (MGHL)

Middle glenohumeral ligament (MGHL), 90
Middle meningeal artery injury, 9, 10f
Mild traumatic brain injury (MTBI), 9
MLB. See Major League Baseball (MLB)
Molluscum contagiosum, 53f

diagnostic testing, 54
history of, 53–54
physical examination, 53–54
treatment, 54

Mononucleosis. See Infectious 
mononucleosis (IM)

Morton’s neuroma
diagnostic testing, 222–223
history of, 222
physical examination of, 222
prognosis of, 223
treatment of

nonoperative, 223
operative, 223

Motor unit, PNS, 262, 263f
recruitment, 265, 265f

Motor unit action potential (MUAP), 265, 265f
MRA. See Magnetic resonance arthrography

(MRA); MR arthrogram (MRA)
MR arthrogram (MRA), 170
MRI. See Magnetic resonance imaging (MRI)
MTBI. See Mild traumatic brain injury (MTBI)
MTSS. See Medial tibia stress syndrome (MTSS)
MUAP. See Motor unit action potential (MUAP)
Multidirectional instability (MDI), 90, 100, 101

diagnostic testing
imaging, 87

history of, 86
physical examination of, 86
prognosis of, 87–88
treatment of

nonoperative, 87
operative, 87, 102
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Muscles
at elbow, 116
infraspinatus, 93
of rotator cuff tear, 93, 94f
of shoulder, 93, 94f
strain, 157

injuries, 167
subscapularis, 93
supraspinatus, 93
teres minor, 93

Musculocutaneous nerve injury
diagnostic testing, 269
history of, 269
physical examination of, 269
prognosis of, 270
treatment of

nonoperative, 270
operative, 270

Musculoskeletal injury
preparticipation physical examination 

(PPE) of, 2, 5–6
Musculoskeletal screening

general, 6
joint-specific, 6

Musculoskeletal system
effects of AAS, 292

Myocarditis, 21, 57

N
Nasal fracture, 9, 16, 17
Nasal injuries

diagnostic testing, 16
history, 16
physical examination, 16
treatment, 16

pharmacologic, 16–17
National Basketball Association (NBA), 292
National Collegiate Athletic Association (NCAA), 

1, 50, 51, 52, 292
National Federation of State High School

Associations (NFHS) Sports Medicine
Advisory Committee, 52

National Football League (NFL), 65, 228, 292
National Heart, Lung, and Blood Institute, 30
National High Blood Pressure Education Program

Working Group on High Blood Pressure in
Children and Adolescents, 27

National Hockey League (NHL), 65
National Operating Committee on Standards for

Athletic Equipment (NOCSAE) helmet
standards, 9

NBA. See National Basketball Association (NBA)
NCAA. See National Collegiate Athletic Association

(NCAA)
NCS. See Nerve conduction study (NCS)
Near syncope. See also Syncope

defined, 20
Neck

position of, 266f
“Neck check” guidelines, 56
Neck pain

cervical cord neurapraxia and, 79
cervical disc disease and. See Cervical disc disease
cervical fracture and. See Cervical fracture
cervical strain and, 75
diagnostic testing, 75
differential diagnosis, 74–75
distraction test for, 74
epidemiology, 74
functional anatomy, 72–73, 73f
history of, 74
ligamentous instability and, 78
neck injuries and, 72

neurologic symptoms, 74–75
physical examination, 74
range of motion (ROM), 74
spear tackler’s spine, 78–79
spinal stenosis and, 79–80
spurling maneuver for, 74
transient brachial plexopathy and, 80–81
vertebral column, function of, 72

Needle electromyography (EMG), 119, 264
Needles

18-gauge, 298
22-gauge, 298
25-gauge, 298

Neer impingement test, 96–97, 97f, 108, 108f
Negative predictive value (NPV), 97
Nerve conduction study (NCS), 263
Nerves

at elbow, 116
median, 116
radial, 116
spinal, 72
ulnar, 116

Nervous system
preparticipation physical examination (PPE) of,

2. See also Central nervous system (CNS);
Peripheral nervous system (PNS)

Neurologic testing
diagnosis of lumbar disc herniation, 159

Neuropraxia, 262
NFHS Sports Medicine Advisory Committee. See

National Federation of State High School
Associations (NFHS) Sports Medicine
Advisory Committee

NFL. See National Football League (NFL)
NHL. See National Hockey League (NHL)
Noble’s test, 197
NOCSAE helmet standards. See National Operating

Committee on Standards for Athletic
Equipment (NOCSAE) helmet standards

Non-steroidal anti-inflammatory drugs (NSAID),
14, 27, 119, 161, 198, 257

Nonunion fracture of hook of hamate
diagnostic testing, 137
history of, 137
physical examination of, 137
prognosis of, 137
treatment of

nonoperative, 137
operative, 137

Nonunion scaphoid fractures
diagnostic testing, 136
history of, 136
physical examination of, 136
prognosis of, 137
treatment of

nonoperative, 137
operative, 137

NPV. See Negative predictive value (NPV)
NSAID. See Non-steroidal anti-inflammatory drug

(NSAID)
Nutrition

for mature athlete, 286–289
preparticipation physical examination (PPE) of, 5

O
OA. See Osteoarthritis (OA)
Ober’s test, 197

for external snapping hip syndrome, 169
O’Brien’s test, 99, 99f
OCD. See Osteochondritis dissecans (OCD)
OE. See Otitis externa (OE)
Olecranon fossa, 118
Oligomenorrhea, defined, 41

OM. See Otitis media (OM)
Open reduction with internal fixation 

(ORIF), 151
ORIF. See Open reduction with internal fixation

(ORIF)
ORSI. See Osteoarthritis Research Society

International (ORSI)
Osborne’s ligament, 122
OSD. See Osgood-Schlatter disease (OSD)
Osgood-Schlatter disease (OSD), 195, 202, 275

diagnostic testing, 278
history of, 278
physical examination of, 278
prognosis of, 279
treatment of

nonoperative, 279
operative, 279

Osteitis pubis, 167
in adolescent athletes, 167
diagnostic tests of, 171
history of, 171
physical examination of, 171
prognosis of, 171
treatment of

nonoperative, 171
operative, 171

Osteoarthritis (OA), 196, 202, 202f, 284
diagnostic testing, 203
history of, 203, 286
of knee, 286, 287f
physical examination of, 201, 286
prognosis of, 204, 289
treatment of

nonoperative, 203–204
nonpharmacologic, 289
nutritional supplements, 287
operative, 204
pharmacologic, 287–288
surgical, 289

Osteoarthritis Research Society International
(ORSI), 287

Osteochondral lesions of talus, 228
diagnostic testing, 239
history of, 238–239
physical examination of, 238–239
prognosis of, 239–240
treatment of

nonoperative, 239
operative, 239

Osteochondritis dissecans (OCD), 183, 196
in children, 183, 205
classification of, 191–192
diagnostic testing, 191, 205
history of, 191, 205
physical examination of, 191, 205
prognosis of, 206
treatment of

nonoperative, 192, 206
operative, 192, 206

Osteology, of elbow, 116
Osteopenia, defined, 41
Osteoporosis, defined, 41
OTC. See Over-the-counter (OTC)
Otitis externa (OE), 59f

history of, 58
symptoms of, 58

Otitis media (OM), 58f
history of, 58
physical examination, 58
testing of, 58

Ottawa ankle rules, 232
Overhead motion

shoulder pain during
biceps tendon tests. See Biceps tendon tests
diagnostic testing, 100
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epidemiology, 93, 95
evidence-based physical examination, 95–96
history of, 95
impingement tests. See Impingement tests
inspection, 96
instability tests. See Instability tests
laxity tests. See Laxity tests
palpation, 96
ROM, 96
SLAP tear tests. See Superior labral (SLAP) tears
strength testing, 96

Overpronation, foot, 249
Over-the-counter (OTC), 296

analgesia, 58, 299
Tylenol, 14

Overtraining syndrome, 30
etiology of, 32

Overuse foot injuries
epidemiology, 208
evidence-based physical examination, 208–213

imaging studies of, 212
inspection, 209
laboratory tests, 212
laxity tests, 209–212
palpation, 209
ROM, 209
strength testing, 209

functional anatomy, 208
history of, 208–209
overview, 208

Overuse wrist injuries
bony and ligamentous anatomy, 128–129
epidemiology, 130–131
evidence-based physical examination, 131–132

imaging of, 132
inspection, 131
laboratory test, 132
palpation, 131
ROM, 131
special tests, 131–132
strength tests, 131

extensor tendons, 128
flexor tendons, 128
history of, 131
neurovascular supply, 130
overview, 128
TFCC, 129–130

P
Pain

elbow. See Elbow pain
knee. See Knee pain
patterns and associated conditions, 249, 249t
shoulder. See Shoulder pain
tibia, 255
vague groin, 257

Paired organs
preparticipation physical examination (PPE) of, 2

Palpation
of acute knee injuries, 185
of ankle injuries

acute foot, 230
overuse foot, 209

in back pain, 159
of elbow, 118
of knee, 196
of shoulder, 96
stress fractures and, 249

Pars interarticularis stress fractures, 248, 260f
Patellar grind test, 197
Patella tendinopathy, 200f

diagnostic testing, 201
history of, 200

physical examination of, 200
prognosis of, 201
treatment

nonoperative, 201
operative, 201

Patellofemoral pain syndrome (PFPS), 195, 197
diagnostic testing, 198
history of, 198
physical examination of, 198
prognosis of, 198
treatment

nonoperative, 198
operative, 198

PB. See Peroneus brevis (PB)
PCL. See Posterior cruciate ligament (PCL)
Peak expiratory flow (PEF) measurements, EIA

diagnosis and, 34
Pediatric athletes. See also Children

epidemiology of, 275–277
evidence-based physical examination, 277–278

imaging of, 278
laboratory test, 278

functional anatomy of, 275
history of, 277
overview, 275

Pediatric long bones
anatomy of, 276f

PEF. See Peak expiratory flow (PEF) 
measurements

Pelvis
of single-leg stance radiographs, 169f

Performance enhancers
AAS. See Anabolic-androgenic steroids (AAS)
b-hydroxy-b-methylbutyrate (HMB), 294
blood doping, 291
caffeine, 293
creatine, 293–294
diagnostic testing, 295

imaging, 295
laboratory, 295

ephedra, 293
epidemiology of, 294
erythropoietin, 291
evidence-based physical examination

abdominal examination, 295
cardiovascular examination, 295
dermatologic examination, 295

hGH, 293
history of, 294, 295
physical examination of, 295
prognosis of, 296
prohormones. See Prohormones
treatment of, 296

pharmacologic, 296
Peripheral motor nerve

innervation, 73t
Peripheral nerve injuries

diagnostic testing
electrodiagnosis, 264–265
imaging, 264
laboratory, 264

epidemiology, 262
evidence-based physical examination, 

263–264
history of, 262
pathophysiology, 262
Seddon’s classification of, 262, 263f

Peripheral nervous system (PNS)
functional anatomy, 262
motor unit, 262, 263f

Peripheral neuropathy
diagnostic testing, 69
history of, 69
physical examination, 69
treatment, 69

Peroneal tendon strain
diagnostic testing, 215
history of, 214–215
physical examination of, 214–215
prognosis of, 215
treatment of

nonoperative, 215
operative, 215

Peroneus brevis (PB), 214
Peroneus longus (PL), 214
Pes anserinus bursitis, 204f

diagnostic testing, 204
history of, 204
physical examination of, 204
prognosis of, 205
treatment

nonoperative, 204–205
operative, 205

PET. See Positron emission tomography (PET)
PFL. See Posterior talofibular ligament (PFL)
PFPS. See Patellofemoral pain syndrome (PFPS)
PFTs. See Pulmonary function tests (PFTs)
Phalangeal fractures, 147
Pharyngitis, 57
Physical therapy (PT), 80, 88, 104, 111, 113, 114,

135, 198, 206, 214, 267, 287
knee pain and, 198
programs, 78

Piano key sign, 131
PIN. See Posterior interosseous nerve (PIN)

entrapment
PIP. See Proximal interphalangeal (PIP) joint

extension
Pityrosporum orbiculare, 49
Pityrosporum ovale, 49
PL. See Peroneus longus (PL)
Plain radiographs, 16, 18, 75, 102, 109, 119, 121,

124, 125–126, 132, 134, 159–160, 160t, 161,
162, 186, 187, 188, 190, 191, 192, 250, 252,
255, 259, 281, 286

Plantar fasciitis
diagnostic testing of, 220
history of, 220
physical examination of, 220
prognosis of, 220–221
treatment of

nonoperative, 220
operative, 220

Pneumonia, 59
PNS. See Peripheral nervous system (PNS)
Podophylin cream, 54
Positron emission tomography (PET), 13
Postconcussion syndrome, 9, 13
Posterior cruciate ligament injuries

diagnostic testing, 188
history of, 188
physical examination of, 188
prognosis of, 189
treatment of

nonoperative, 188–189
operative, 189

Posterior cruciate ligament (PCL), 178
Posterior drawer test

of knee, 185
of shoulder, 98–99

Posterior interosseous nerve (PIN) entrapment,
116, 122f

history of, 121
physical examination of, 121
prognosis of, 122
treatment of

nonoperative, 121
operative, 121–122

Posterior talofibular ligament (PTFL), 
213, 226
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Posterior tibialis dysfunction
diagnostic testing, 216
history of, 215–216
physical examination of, 215–216
prognosis of, 216
treatment of

nonoperative, 216
operative, 216

Postexertional syncope, defined, 20. See also
Syncope

PPE. See Preparticipation physical examination
(PPE)

Premature ventricular complexes, 26
Premenopausal women, iron deficiency in, 33
Preparticipation athletic screening

AHA consensus panel recommendations for, 21t
Preparticipation Physical Evaluation, 2

clearance form, 7f
history form, 3f
physical examination form, 4f

Preparticipation physical examination (PPE)
of abdomen, 5
of BMI, 5
cardiovascular, 5
clearance, 6

form, 7f
cost of, 1
echocardiogram, 6
of genitalia, 5
of head, eyes, ears, nose, and throat (HEENT), 5
history

allergy/anaphylaxis, 2
cardiovascular, 2
dermatologic conditions, 2
evaluation form, 3f
eyes/vision, 5
gastrointestinal (GI), 5
genitourinary (GU), 5
heat illness, 2
immunizations, 5
medical problems, 2
medication/supplements, 2
musculoskeletal injury, 2, 5
neurologic, 2
nutrition, 5
paired organs, 2
psychosocial concerns, 5
pulmonary, 2
viral illness, 2

laboratory tests, 6
musculoskeletal screening

general, 6
joint-specific, 6

of musculoskeletal system, 5–6
objectives of, 1
Preparticipation Physical Evaluation, 2

clearance form, 7f
history form, 3f
physical examination form, 4f

pulmonary, 5
of skin, 5
standard, 2
timing and setting, 1
of visual acuity, 5
of vital signs, 5

Prohormones
legal issues with, 293
performance effects of, 292
side effects of, 293

Proteus spp., 18
Proximal femur, 165
Proximal fifth metatarsal stress fractures, 252, 252f

diagnostic testing, 253
history of, 253

physical examination of, 253
prognosis of, 253
treatment

nonoperative, 253
operative, 253

Proximal interphalangeal (PIP) joint extension, 
128, 143, 221

Pseudomonas spp., 18
Psychosocial concerns

preparticipation physical examination (PPE)
and, 5

PT. See Physical therapy (PT)
PTFL. See Posterior talofibular ligament (PTFL)
Pulmonary function tests (PFTs), 34
Pulmonary system

preparticipation physical examination 
(PPE) of, 2, 5

Q
QT syndrome, ECG of LVH with, 23f, 25

R
Radial collateral ligament (RCL), 116, 117f
Radial nerve, 116

neuropathy. See Radial nerve entrapment
neuropathies

Radial nerve entrapment neuropathies
diagnostic testing, 272
history of, 271–272
physical examination of, 271–272
prognosis of, 272
treatment of

nonoperative, 272
operative, 272

Radicular back pain, 156
Radiographs

in back pain, 159–160
grading system of, 251
hand fractures and, 147
peripheral nerve injuries and, 264
stress fractures and, 250–251
wrist injury and, 154, 154f

Range of motion (ROM), 159, 183
acute knee injuries, 185
of ankle injuries, acute foot, 230–231
of elbow, 118
in hand injuries, overuse wrist, 131
of knee, 197
of shoulder, 96
stress fractures and, 249

Range of motion (ROM), 74
Rapid plasma reagin (RPR), 264
Rashes. See also Skin infections

diagnostic testing, 45–46
differential diagnosis, 45
epidemiology, 45
history of, 45
pathophysiology, 45
physical examination, 45–46

RBCs. See Red blood cells (RBCs)
RCL. See Radial collateral ligament (RCL)
RCT. See Rotator cuff tendinosis (RCT)
Red blood cells (RBCs), 30
Reflex testing, 159
Relocation test, 85, 97–98, 98f
Respiratory system

asthma and, 31f
disorders

lower tract infections. See Lower respiratory
tract infections

spirometry curves in, 34f
upper respiratory infections. See Upper

respiratory infections (URIs)
Rib stress fractures, 248
Right-knee ligaments

anterior labeled, 179f
posterior labeled, 180f

Roberts thumb Xray view, 145
Rolando fracture, 151
ROM. See Range of motion (ROM)
Rotational ankle fracture

diagnostic testing, 236
history of, 236
physical examination of, 236
prognosis of, 238
treatment of

nonoperative, 238
operative, 238

Rotator cuff tear, 93, 100, 109, 109f
diagnostic testing, 113
history of, 113
muscles of, 93, 94f
physical examination of, 113
treatment

nonoperative, 114
operative, 114

ultrasound of, 110, 110f
Rotator cuff tendinosis (RCT), 95
RPR. See Rapid plasma reagin (RPR)
Runner’s knee. See Patellofemoral pain 

syndrome (PFPS)

S
SAC. See Sideline Assessment of 

Concussion (SAC)
Sacral stress fractures

diagnostic testing, 257–258, 259
history of, 259
physical examination of, 259
prognosis of, 259
treatment of, 259

Salter–Harris fracture
classification of, 276f
diagnostic testing, 281
history of, 281
physical examination of, 281
prognosis of, 281
treatment of

nonoperative, 281
operative, 281

Sarcopenia, 283
Scaphoid fracture, 136f, 152
Scapholunate dissociation (SLD), 132, 152
Scapula rotators, 93
Scapular Y view x-ray, 100f
Scapulothoracic rhythm, 93, 105
SCD. See Sudden cardiac death (SCD)
SC joint. See Sternoclavicular (SC) joint
Second-impact syndrome, 9
Seddon’s classification of peripheral 

nerve injuries, 262, 263f
Sensory nerve action potential 

(SNAP), 265
Sesamoid bone

fractures. See Sesamoid stress fracture
Sesamoiditis

diagnostic testing, 223–224
history of, 223
physical examination of, 223
prognosis of, 224
treatment of

nonoperative, 224
operative, 224
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Sesamoid stress fracture
diagnostic testing, 252
history of, 252
physical examination of, 252
prognosis of, 252
treatment

nonoperative, 252
operative, 252

Sever disease, 275
diagnostic testing, 279
history of, 279
physical examination of, 279
prognosis of, 279
treatment of

nonoperative, 279
operative, 279

SGHL. See Superior glenohumeral 
ligament (SGHL)

Shin splints, 255
Shortness of breath

anemia and. See Anemia
diagnostic testing, 33–34
differential diagnosis, 33
dilutional pseudoanemia and

diagnostic testing, 37
history of, 37
physical examination, 37
treatment, 37

epidemiology, 33
exercise-associated bronchospasm and. 

See Exercise-associated bronchospasm (EAB)
exercise-induced asthma and. See Exercise-

induced asthma (EIA)
history of, 33
intravascular hemolysis and

diagnostic testing, 38
history of, 38
physical examination, 38
treatment, 38

pathophysiology, 30–33
physical examination, 33
sickle cell disease and, 38f

clinical and pathologic findings in, 39f
diagnostic testing, 38
history of, 38
physical examination, 38
treatment, 38, 40

Short T1 inversion recovery (STIR), 251
Shoulder. See also Shoulder pain

coronal section of, 92f
functional anatomy of, 90–93, 

105–106, 106f
anterior view of, 91f
posterior view of, 91f

injections. See Shoulder injections
muscles of, 93, 94f
static stabilizers of, 82–83
structure of, 106f

Shoulder dislocation
diagnostic testing

imaging, 87
epidemiology, 83–84
evidence-based physical examination

anterior/posterior load and shift, 85
apprehension and relocation tests, 85
imaging, 85–86
SLAP test, 85
sulcus sign, 84

history of, 84, 86
physical examination of, 86
prognosis of, 87–88
treatment of

nonoperative, 87
operative, 87

Shoulder injections
AC joint injection, 299, 299f
glenohumeral joint injection, 299
subacromial injection, 299, 299f

Shoulder instability
diagnostic testing

imaging, 87
epidemiology, 83–84
evidence-based physical examination

anterior/posterior load and shift, 85
apprehension and relocation tests, 85
imaging, 85–86
SLAP test, 85
sulcus sign, 84

history of, 84, 86
physical examination of, 86
prognosis of, 87–88
treatment of

nonoperative, 87
operative, 87

Shoulder pain
diagnostic testing

imaging, 100, 109–110
laboratory, 100

epidemiology, 93, 95, 106–107
evidence-based physical examination, 95–96,

107–109
Hawkins-Kennedy impingement test, 108, 108f
neer impingement test, 108, 108f
supraspinatus muscle test, 108f, 109

history of, 95, 107
during throwing/overhead motion

biceps tendon tests. See Biceps tendon tests
diagnostic testing, 100
epidemiology, 93, 95
evidence-based physical examination, 95–96
history of, 95
impingement tests. See Impingement tests
inspection, 96
instability tests. See Instability tests
laxity tests. See Laxity tests
palpation, 96
range of motion (ROM), 96
SLAP tear tests. See Superior labral (SLAP)

tears
strength testing, 96

Sick athlete
care of

nonmedical factors for, 56–57
risk of infection, reducing, 57

differential diagnosis in, 56–57
epidemiology, 56
pathophysiology, 56
training of, 56

Sickle cell disease, 33, 38f
clinical and pathologic findings in, 39f
diagnostic testing, 38
history of, 38
physical examination, 38
treatment, 38, 40

Sideline Assessment of Concussion (SAC), 11, 12f
Sinding–Larsen–Johansson syndrome, 275
Single-leg stance radiographs

of pelvis, 169f
Single-photon emission computed tomography

(SPECT), 160
Sinus

arrhythmia, 24
tachycardia, 24

Skin
dermatomes distribution on, 73f
infections. See Skin infections
preparticipation physical examination (PPE) of,

2, 5

Skin infections
cellulitis, 52–53
dermatophyte folliculitis, 49–50
epidemiology, 45
furunculosis, 52–53
molluscum contagiosum, 53–54, 53f
pathophysiology, 45
tinea, 46
tinea capitis, 46–47, 46f
tinea corporis, 47, 47f
tinea cruris, 47–48, 48f
tinea gladiatorum, 50–51
tinea herpes gladiatorum, 51–52, 51f
tinea pedis, 48–49, 48f
tinea versicolor, 49, 49f

SLAP tears. See Superior labral (SLAP) tears
SLD. See Scapholunate dissociation (SLD)
SNAP. See Sensory nerve action potential (SNAP)
Snapping hip syndrome, 167

diagnostic testing, 173
history of, 172–173
physical examination of, 172–173
prognosis of, 173
treatment of

nonoperative, 173
operative, 173

Snyder’s classification system, 92, 93t
Spear tackler’s spine

diagnostic testing, 78
history, 78
physical examination, 78
treatment

nonoperative, 78
operative, 79

SPECT. See Single-photon emission computed
tomography (SPECT)

Speed’s test, 99, 99f
Spinal accessory nerve injury

diagnostic testing, 269
history of, 269
physical examination of, 269
prognosis of, 270
treatment of

nonoperative, 270
operative, 270

Spinal injuries. See also Specific injuries
spear tackler’s spine, 78–79
in sports, 77t

Spinal nerves, 72
roots, 157t

Spinal stenosis, 79
diagnostic testing, 80
history of, 80
physical examination, 80
symptoms, 80
treatment

nonoperative, 80
operative, 80

Spirometry, 34
curves, in respiratory disorders, 34f

Spondylolisthesis. See Spondylolysis
Spondylolysis, 138

in children, 158
diagnostic testing, 162–163, 259–260
history of, 162, 259
physical examination of, 162, 259
prognosis of, 260
treatment of

nonoperative, 163, 260
operative, 163, 260

Sports anemia. See Athlete’s anemia
Sports classification

by contact, 8t
by strenuousness, 8t
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Sports hernia, 167
SPR. See Superior peroneal retinaculum (SPR)
Spurling maneuver test, 74
Stabilizers, static, 82–83
Staphylococcus aureus, 58
Static stabilizers, 82–83
Stener lesion, 151
Sterile technique, 298
Sterilization, 292
Sternoclavicular (SC) joint, 105
Sternocleidomastoid muscle, 73
Steroids

adverse effects of using, 292t
anabolic-androgenic. See Anabolic-androgenic

steroids (AAS)
epidemiology of, 294

Stingers, 264
diagnostic testing, 266
history of, 266
physical examination of, 266
prognosis of, 267
treatment of

nonoperative, 267
operative, 267

STIR. See Short T1 inversion recovery (STIR)
Stork test, 159
Straight leg raising test, 159
Stress fracture, foot

diagnostic testing, 219
history of, 219
physical examination of, 219
prognosis, 219
treatment of

nonoperative, 219
operative, 219

Stress fractures, 165
anatomic location of, 247
diagnostic testing

bone scan, 251
CT, 251
DEXA scan, 251
laboratory evaluation, 250, 250t
MRI, 251
radiographs, 250–251
ultrasound, 251

evidence-based physical examination
fulcrum test, 249–250
hop test, 249
localized findings on, 250t
observation, 249
palpation, 249
range of motion (ROM), 249
tuning fork test, 250

functional anatomy, 247
high risk sites versus low-risk sites, 247, 248t
history of, 248–249
pars interarticularis, 248
rib, 248
upper-extremity, 248

Stryker notch view, 85, 102
Subacromial impingement, 107

diagnostic testing, 112
history of, 111–112
physical examination of, 111–112
prognosis of, 112
treatment

nonoperative, 112
operative, 112

Subacromial injection, 299, 299f
Subluxation. See also Extensor carpi ulnaris

tendonitis; Peroneal tendon strain
diagnostic testing

imaging, 87
history of, 86

physical examination of, 86
prognosis of, 87–88
treatment of

nonoperative, 87
operative, 87

Subscapularis muscle, 93, 96, 105, 112
Sudden cardiac death (SCD), 20
Sudden death

causes of, in 387 young athletes, 21t
Sulcus sign, 84, 96
Superior glenohumeral ligament (SGHL), 90
Superior labral (SLAP) tears, 85, 90

active compression/O’Brien’s Test, 99, 99f
diagnostic testing of

imaging, 102–103
history of, 102
physical examination of, 102
prognosis of, 103
Snyder’s classification system, 92, 93t
treatment of

nonoperative, 103
operative, 103
rehabilitation plan, 103

Superior lateral joint knee injections, 300, 300f
Superior peroneal retinaculum (SPR), 214
Suprascapular nerve injury

diagnostic testing, 269
history of, 268
physical examination of, 268
prognosis of, 269
treatment of

nonoperative, 269
operative, 269

Supraspinatus muscle, 93
test, 108f, 109

Supraventricular tachycardia, 26
Surprise test, 98
Syncope

arrhythmia. See Arrhythmia
defined, 20
diagnostic testing, 22–23, 23f
differential diagnosis, 22
electrophysiologic study (EPS) testing, 23
epidemiology, 20

athlete’s heart, 21–22
exercise tolerance test (ETT), 22
exertion-related, 20–21
HCM. See Hypertrophic cardiomyopathy (HCM)
history of, 22
hypertension. See Hypertension
pathophysiology, 20
physical examination, 22
postexertional, 20
rate of, 20

Syndesmotic injury
diagnostic testing, 234
history of, 234
physical examination of, 234
prognosis of, 234–235
treatment of

nonoperative, 234
operative, 234

Syndesmotic ligaments, 228

T
Tarsal stress fracture

diagnostic testing, 253, 254
history of, 254
physical examination of, 254
prognosis of, 255
treatment of

nonoperative, 254
operative, 254

Tarsal tunnel syndrome
diagnostic testing, 217
history of, 217
physical examination of, 217
prognosis of, 218
treatment of

nonoperative, 217
operative, 217–218

Tarsometatarsal joint
medial oblique view of, 242f

Teeth, dental injuries and
anatomy, 17
luxation injuries of, 18

Tenderness, 196, 253
Tendon injury

diagnostic testing, 146
history of, 146
physical examination of, 146
prognosis of, 147
treatment of

nonoperative, 146
operative, 146–147

Tennis elbow. See Lateral epicondylitis
Teres minor muscle, 93
TFCC. See Triangular fibrocartilage complex

(TFCC)
Thompson test

for ankle pain, 232
Throwing motion

shoulder pain during
biceps tendon tests. See Biceps tendon tests
diagnostic testing, 100
epidemiology, 93, 95
evidence-based physical examination, 95–96
history of, 95
impingement tests. See Impingement tests
inspection, 96
instability tests. See Instability tests
laxity tests. See Laxity tests
palpation, 96
range of motion (ROM), 96
SLAP tear tests. See Superior labral (SLAP)

tears
strength testing, 96

side view of, 95f
Thumb injuries, 144

diagnostic testing, 151
history of, 150–151
physical examination of, 150–151
prognosis of, 151
treatment of

nonoperative, 151
operative, 148

Tibial plateau fracture
diagnostic testing, 192–193
history of, 192
physical examination of, 192
prognosis, 193
treatment of

nonoperative, 193
operative, 193

Tibial stress fracture, 255f
diagnostic testing, 254, 255
history of, 255
intramedullary nailing for anterior, 257, 257f
physical examination of, 255
prognosis of, 257
treatment of

nonoperative, 255–256
operative, 257
use of bisphosphonates in, 257
use of NSAIDs in, 257

Tibiofemoral joint, 195, 196fI, 199f
Tinea, 46
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Tinea capitis, 46f
diagnostic testing, 46
history of, 46
physical examination, 46
treatment, 47

Tinea corporis, 47f
diagnostic testing, 47
history of, 47
physical examination, 47
treatment, 47

Tinea cruris, 47, 48f
history of, 48
physical examination, 48
treatment, 48

Tinea gladiatorum
diagnostic testing, 50
history of, 50
physical examination, 50
treatment

pharmacologic, 50–51
Tinea pedis, 48f

diagnosis testing, 48
history of, 48
physical examination, 48
treatment, 48–49

Tinea versicolor
diagnosis testing, 49
history of, 49
physical examination, 49
treatment, 49

Tinel’s sign, 263
at ankle, 210

Tinel test, elbow, 118
Title IX in 1972, 41
Tonsillitis, 57
Transient brachial plexopathy

diagnostic testing, 80
history of, 80
physical examination, 80
treatment

nonoperative, 81
operative, 81

Triad Consensus Conference, 41
Triangular fibrocartilage complex tears

diagnostic testing, 134
history of, 134
physical examination of, 134
prognosis of, 135
treatment of

nonoperative, 135
operative, 135

Triangular fibrocartilage complex (TFCC), 129–130
Trigger finger injection, 301, 301f
Trychophyton mentagrophytes, 50
Trychophyton rubrum, 50
Trychophyton tonsurans, 50
T score, 41
Tuning fork test, 250
Turf toe

diagnostic testing, 243
history of, 243
physical examination of, 243
prognosis of, 244

treatment of
nonoperative, 244
operative, 244

Tylenol, 14
Type 1 diabetes, 64, 65. See also Diabetes
Type 2 diabetes, 64. See also Diabetes

U
UCL. See Ulnar collateral ligament (UCL)
Ulna grind test, 131
Ulnar collateral ligament (UCL), 116, 117f, 145

injuries. See Valgus extension overload injuries
Ulnar nerve, 116, 122

neuropathy. See Ulnar nerve entrapment
neuropathies

subcutaneous transposition of, 123, 123f
Ulnar nerve entrapment neuropathies

diagnostic testing, 272
history of, 271–272
physical examination of, 271–272
prognosis of, 272
treatment of

nonoperative, 272
operative, 272

Ultrasonography
for snapping hip, 170

Ultrasound
of median nerve, 271
peripheral nerve injuries and, 264
of rotator cuff tear, 110, 110f
stress fractures and, 251

Upper-extremity stress fractures, 248
Upper respiratory infections (URIs)

diagnostic testing, 57
history of, 57
physical examination, 57
treatment, 57

pharmacologic, 57–58
URIs. See Upper respiratory infections (URIs)

V
Vague groin pain, 257
Valgus extension overload injuries

diagnostic testing of, 125–126
history of, 125
physical examination of, 125
prognosis of, 126
treatment of

nonoperative, 126
operative, 126

Valgus extension overload test, 118–119
Valgus stress test, elbow, 118
Valsalva maneuver, 23
Vasculature, at elbow, 116
VCA. See Viral capsid antigen (VCA)
Ventricular pre-excitation. See Wolff-Parkinson-

White syndrome (WPW)
Vertebral column, function of, 72
Very low density lipoprotein (VLDL), 291

Viral capsid antigen (VCA), 60
Viral illness, 57, 58

preparticipation physical examination (PPE) of, 2
Visual acuity, 11, 15, 16

preparticipation physical examination (PPE) 
of, 5

W
Watson shift test

for scapholunate dissociation (SLD), 132
Weber A–appearing fractures in children, 238
Weber classification, 236
“West Point” view, 102
Whiplash-type injury, 11f, 13
WHO. See World Health Organization (WHO)
Wolff–Parkinson–White syndrome (WPW), 

24, 25, 26
World Health Organization (WHO), 41
WPW. See Wolff-Parkinson-White syndrome

(WPW)
Wrestling

tinea gladiatorum and, 50
Wrist

functional anatomy of, 143–144, 144f
injection. See Hand and wrist injections

Wrist injuries
diagnostic testing, 153–154

imaging, 145–146
epidemiology, 144–145
evidence-based physical examination, 145
history of, 145, 152–153
overuse. See Overuse wrist injuries
physical examination of, 152–153
prognosis of, 154
treatment of

nonoperative, 154
operative, 154

X
X-rays

for facial injuries, 13
scapular Y view, 100f

Y
Young athletes

symptoms and findings in, with infectious
mononucleosis, 60t

387 young athletes, causes of sudden death in, 21t
Young children

knee pain in, 196. See also Children; Pediatric
athletes

Z
Z-plasty–lengthening technique, 173
Z score, 41–42
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