
Introduction
Sports and recreation-related injuries commonly are seen in

the offices of internists, family
practitioners, and pediatricians.
They may be the first physician
to whom the injured athlete
turns, or they may be referred
from an urgent care or emer-
gency department. For this rea-
son, sports medicine is an inte-
gral component of the practice
of primary care. Recent data
bear this out: The Centers for
Disease Control published data
from the National Electronic
Injury Surveillance System All
Injury Program in 2002. The
report found that between July
2000 and June 2001 an estimat-
ed 4.3 million nonfatal sports-
and recreation-related injuries
were seen and treated in U.S. emergency departments.1 These
data are similar to National Center for Health Statistics Data
from 1997-1998, which found that, in persons age 5-25, 22% of

injury visits were due to sport-related activities. A random-sam-
ple survey of pediatric emergency departments found that, of an

estimated more than 10 million
injury-related visits annually
(age 19 or younger), 20% were
sports-related. The sports most
likely to result in a visit were
bicycling, basketball, football,
baseball/softball, and gymnas-
tics. A random sample of pri-
mary care offices measured
injury-related visits for patients
younger than 19 years old.
Injuries accounted for more
than 10 million visits per year;
the leading cause of pediatric
injury was sports activities. The
sports most likely to generate
an injury-related visit in chil-
dren younger than 19 years old
were basketball, football, base-

ball/softball, bicycle riding, volleyball, and soccer.
Several factors are important to note. These studies looked at

sport-related injury, and thus exclude other sport-related illness
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such as heat-injury, soft-tissue infection, exercise-induced bron-
choconstriction, and sudden death. Additionally, the CDC data
exclude patients who died on the field or in the emergency
department. 

Primary care physicians often are the first-line when screen-
ing patients for safe participation in athletics. The pre-participa-
tion physical exam may help detect historical or physical exam
findings suspicious for risk of sudden cardiac death. This is true
of both adult and pediatric patients. Patients of all ages also may
present to their physicians’ offices with complaints of chest pain,
syncope, or performance decrements that actually may signal
risk of sudden death. These patients must be recognized and
referred appropriately. 

The Surgeon General’s recommendations for sedentary U.S.
adults and children to start exercising can only be expected to
increase the prevalence of sports- and recreation-related injuries.2

Primary care physicians who prescribe exercise will benefit their
patients, and they also may expect to see patients back in their
offices if they are injured during exercise.

Historically, sports medicine education for primary care physi-
cians has been lacking. Resident requirements for musculoskele-
tal training and athletic injury/illness come from, in most cases,
an orthopedic rotation in which exposure to athletics is highly
variable. Some residencies mandate a primary care sports medi-
cine rotation or offer it as an option. Sports medicine continuing
medical education directed toward primary care physicians is of
variable quality. Most offerings by societies such as the American
College of Sports Medicine or the American Medical Society for
Sports Medicine are aimed at physicians engaged in full- or part-

time sports medicine practice. This article provides an overview
of common sports medicine issues likely to present in the primary
care office. A careful history, physical exam, and working knowl-
edge of basic sports medicine will help the physician get patients
back to their activities sooner and safer. Additionally, familiarity
with sports medicine will enable the physician to recognize com-
plex pathology and refer patients when appropriate.

Pre-participation Evaluation
Each year, a tremendous number of children and adults partic-

ipate in organized sports and recreational activities; estimates of
organized childhood and adolescent athletic participation alone is
30 million annually.1 Many athletes are instructed to obtain med-
ical evaluation before they can participate, and this should be
encouraged even if not specifically required. The most widely
used guidelines for pre-participation screening are those pub-
lished by the American Academy of Family Physicians, the
American Academy of Pediatrics, the American Medical Society
for Sports Medicine, the American Orthopaedic Society for
Sports Medicine, and the American Osteopathic Academy of
Sports Medicine.3 The main objective is to detect medical condi-
tions that could be life-threatening and to find any musculoskele-
tal conditions that may require limitation of activity. Secondary
goals are to determine general health and discuss general health
issues, and to address any administrative requirements. 

Setup. Time constraints, finances, available personnel, and the
number of athletes to be screened all determine the manner in
which the pre-participation evaluation (PPE) is conducted. Many
times, PPEs are scheduled by the school or team and performed in
a coordinated station system (i.e., station 1 for history, station 2
for cardiac exam, station 3 for musculoskeletal exam, etc.); others
are done in the physician’s office. There should be no difference
in the contents of the exam itself. The PPE should be done at least
6 weeks prior to the start of practice to deal with possible issues
raised during the process. There should be a comprehensive eval-
uation every 2-4 years with update annual evaluations in between.

History. Up to 75% of the problems affecting athletes can be
identified by the medical history. It is important that the history
be inclusive and specific. The history should include any aller-
gies to medications or to any stinging insects that may necessi-
tate the availability of epinephrine. Any ongoing medical condi-
tions such as asthma, diabetes, or hypertension should be noted
and addressed. Ask about any recent injuries (including head
injuries), determine the extent of injury, ask about current or
prior treatment, and whether any symptoms persist.

The PPE remains the first line in detecting athletes at risk for
sudden cardiac death.4 As a general rule, young athletes (younger
than 30 years) are at risk from structural (and most often congen-
ital) heart disease. Hypertrophic cardiomyopathy (HCM), the
most common cause of sudden death in young athletes, is auto-
somal dominant but carries variable expressivity. Unfortunately,
even thorough screening identifies only 3-15% of athletes who
are at risk. Athletes older than 30 years are at risk from compli-
cations of coronary artery disease and most often will have iden-
tifiable risk factors on history or exam.
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Any history of exertional syncope, near-syncope, or chest
pain should be noted as a possible sign of structural or ischemic
cardiac disease. (See Table 1.) Elicit any history of cardiac dis-
ease or sudden death in relatives younger than 50 years. Episodes
of dyspnea on exertion or coughing or wheezing during or after
exercise should be noted as an indicator for exercise-induced
bronchoconstriction or other pulmonary disease, or as a symp-
tom of cardiac pathology. A family history of Marfan’s syndrome
should lead the clinician to consider the diagnosis; Marfan’s syn-
drome is a connective tissue disorder that places the athlete at
risk for the development of aortic aneurysm and dissection.

Examination. Beginning with appearance, make note of mor-
phologic features that may suggest Marfan’s syndrome (i.e., arm
span greater than height, pectus excavatum, or arachnodactyly).
Also scan the skin for possible infectious disease that would
require treatment before participation in contact sports. Blood
pressure should be compared with age-adjusted normals. Visual
acuity should be checked to ensure that the athlete is not func-
tionally blind or functionally one-eyed. A minimum visual acuity
should be 20/40. A basic neurological exam should include
assessment of pupils for anisicoria. This is important to note in
the case of future head injury to avoid mistaking it for an acute
change. 

The cardiovascular exam is focused on seeking evidence of
structural heart disease. Careful auscultation is important to iden-
tify any critical murmur. The classic systolic ejection murmur of
HCM increases with standing or valsalva (via decreased venous
return) and decreases with squatting as venous return increases.
On the contrary, the murmurs aortic stenosis and mitral regurgi-
tation will diminish with decreased venous return. Any murmur
that increases in intensity with valsalva or standing, any systolic
murmur grade 3 or higher, and any diastolic murmur should be
evaluated further. Simultaneous palpation of radial and femoral
pulses is a fast and easy screen for coarctation of the aorta.

The pulmonary examination should assess for asymmetry,
wheezing, or prolonged expiratory phase. Most asthmatics report
exercise as an asthma trigger; however, a small percentage of
athletes only develop bronchoconstriction secondary to exercise.
These athletes will have a normal exam at rest. If the history is

suspicious, referral to a specialist for exercise challenge (spiro-
metric measures compared pre- and post-exercise, as well as
post-albuterol treatment) is indicated. Most cases of exercise-
induced bronchoconstriction can be managed with albuterol
inhaler treatment 20-30 minutes prior to exercise.

The abdominal exam should look for the presence of
organomegaly or tenderness and any identifiable hernias. Infec-
tious mononucleosis increases the risk for splenic rupture, and
athletes with a tender or enlarged spleen should be followed by
ultrasound until splenomegaly resolves.

The musculoskeletal examination should focus on any prob-
lems noted in the history. In addition, a two-minute orthopedic
screen can be done. This should include inspection for symme-
try; cervical motion; back extension and flexion; shoulder shrug;
shoulder abduction, internal, and external rotation; extension,
flexion, supination, and pronation of elbow; clenched fist and
spread fingers; toe walk; heel walk; and duck walk. Any abnor-
mality in the screening should prompt a thorough examination. 

Determination of Clearance. After reviewing the history and
examining the athlete, one must determine if the athlete may par-
ticipate, or whether additional information is needed.  

Any orthopedic condition that limits the athlete’s range of
motion, strength, or elicits pain that inhibits activity requires fur-
ther evaluation. If the physician is not comfortable doing this
him- or herself, referral to a specialist is appropriate.

Abnormalities in the medical screening often lead to further
studies such as electrocardiography, chest radiography, graded
exercise stress testing, and echocardiography. The threshold for
referral to a cardiologist or other specialist should be low. There
are many medical conditions that require special consideration
before clearance for all sports. These include structural heart dis-
ease, coronary artery disease, various dysrhythmias, solitary
organs, uncontrolled asthma, uncontrolled seizure disorders, and
sickle cell disease. Recommendations found in the 36th Bethesda
Conference can help guide the practitioner, in consultation with
the athlete, the athlete’s family, specialists, coaches, and trainers.5

Concussion: Diagnosis and Management
Head injury is the most common cause of death related to

sports. Concussion or mild traumatic brain injury (MTBI) is the
most common athletic head injury. Frequently it is the responsi-
bility of the primary physician to clear an athlete for participation
following a head injury. In recent years there has been much
debate in both the classification and management of concussion.
This can be burdensome for those who are inexperienced in deal-
ing with concussed athletes.

Presently, the most agreed upon definition of concussion
comes from the Summary and Agreement Statement of the 2nd
International Conference on Concussion in Sport, Prague 2004.6

The consensus defines concussion as a complex pathophysiologi-
cal process affecting the brain, induced by traumatic biomechani-
cal forces. Common features used in defining concussive injury
include the following:

• Concussion may be caused either by a direct blow to the
head, face, neck, or elsewhere on the body with an ‘‘impulsive’’
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Table 1. Pre-participation Exam Red Flags

HISTORY

• Exertional syncope or presyncope
• Uncontrolled asthma
• Sudden cardiac death in the family (especially in someone 

younger than 40 years)

EXAM

• Skeletal proportions suggestive of Marfan’s
• Diastolic murmurs
• Systolic murmur grade III or greater
• Systolic murmur increasing intensity with valsalva
• Delayed or decreased femoral artery pulse
• Splenomegaly



force transmitted to the head. The key point here is that the ath-
lete need not have struck his/her head to sustain a concussion.

• Concussion typically results in the rapid onset of short-lived
impairment of neurological function that resolves spontaneously.
This impairment may resolve anywhere from seconds to weeks
later; it is impossible to predict healing time prospectively.

• Concussion may result in neuropathological changes but the
acute clinical symptoms largely reflect a functional disturbance
rather than structural injury. Unlike traumatic cerebral contusions
or bleeds, a concussed athlete is unlikely to present with incapac-
itating headache, cranial nerve palsies, or unilateral neurological
deficits. The signs and symptoms often are much more subtle.

• Concussion results in a graded set of clinical syndromes that
may or may not involve loss of consciousness. Resolution of the
clinical and cognitive symptoms typically follows a sequential
course. Herein lies a critical take-home point: Concussion does
not necessarily involve a loss of consciousness (LOC). In fact, it
is estimated that up to 90% of concussions do not involve LOC.

• Concussion typically is associated with grossly normal
structural neuroimaging studies. Concussion is not a diagnosis
you make with a CT scan or MRI. Obtain these studies only if a
structural injury is suspected.

The most important considerations when evaluating an athlete
with MTBI is not only management of the current injury, but risk
assessment for subsequent injury. Recent studies have demon-
strated that athletes who have sustained a concussion are at risk
for a repeat concussion during the season.7 Much debate persists
regarding the effects of repeat concussion. The effects of repeti-
tive head injury in combative sports (such as martial arts or box-
ing) are well documented. Whether repeat concussion in sports
such as soccer or football results in long-term cumulative injury
remains a matter of contention. 

Second impact syndrome is a rare but devastating injury sce-
nario in which an individual has a second concussive incident
while still recovering from a head injury. In this scenario, the
second impact results in loss of vasomotor regulation. A subse-

quent increase in intracranial pressure can lead to herniation and
death. As there is nearly 100% morbidity and 50% mortality with
second impact syndrome, prevention is key. No one should be
allowed to return to play while still symptomatic from a head
injury.8

A history should be obtained from both the individual and a
witness, if possible. Elicit symptoms such as headache, dizzi-
ness, nausea, or impaired concentration. The initial examination
should focus on mental status and identifying any focal neuro-
logic deficits. Look for cognitive deficits by assessing orientation
and memory. When assessing an athlete down on the field,
always be cognizant of possible cervical spine injury. No symp-
tomatic athlete should be allowed to return to play.

There are multiple concussion grading systems dating back
to the 1980s. The three most commonly used are the Cantu
(1986), Colorado (1991), and the American Academy of Neurol-
ogy (1997). Each of these systems grades concussions on a scale
of increasing severity; none of these scales have been validated
scientifically.

The Prague Conference recommends against the use of injury
grading scales and instead advocates a combined measure of
recovery to determine injury severity and prognosis. Simple con-
cussions are those that improve and resolve over the course of 7-
10 days. Self-reported symptoms resolve prior to normalization
of cognitive function, so the athlete should not be rushed back
into play following symptomatic improvement.9,10 A graded
return to play can be used once the athlete is asymptomatic with
rest; the average duration from time of injury to return to play
should be 7 days. (See Table 2.) Referral for formal neuropsy-
chological testing does not provide additional benefit in this situ-
ation. Complex concussions typically manifest with persistent or
recurrent symptoms, prolonged loss of consciousness at the time
of injury, seizure activity in a non-epileptic patient or individuals
with multiple concussions. Referral for formalized testing may
be useful in these cases to ensure return of cognitive function.

More recently there has been a trend toward computer-based
neuropsychologic concussion testing. There are two neuropsy-
chological testing programs now in wide use: ImPACT and
Cogsport. Both of these require preseason baseline testing with
repeat evaluation following concussion. The test can be adminis-
tered in the physician’s office or even in the training room. The
tests make objective assessments of attention span, reaction time,
memory, and problem-solving skills. This can be useful to pro-
vide hard data to back up a return-to-play decision. However, all
decisions must rest on clinical grounds. Athletes must be side-
lined until they are completely asymptomatic.

Acute Sports and Recreation Injuries
Acute Shoulder Injuries. The shoulder is the most mobile

joint in the human body. The same mechanisms that allow for
mobility also put the shoulder at risk for traumatic and overuse
injuries. Given the wide range of motion allowed, stability of the
shoulder requires both static and dynamic (active) components.
Static stability of the shoulder is provided by the joint capsule,
the cartilaginous labrum, and the glenohumeral ligaments.
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Table 2. Return to Play Following Concussion

* Allow 24 hours between stages. If symptoms recur with activity,
drop back to previous asymptomatic stage and attempt to
progress after 24 hours.

1. Complete rest. Once asymptomatic at rest, proceed to step 2.
2. Light aerobic exercise (i.e., walking, stationary cycle)
3. Sport-specific exercise (i.e., running, skating)
4. Non-contact drills
5. Full-contact drills
6. Game play

Adapted with permission from McCrory P, et al. Summary and
Agreement Statement of the Second International Conference on
Concussion in Sport, Prague 2004. Clin J Sport Med 2005;15:48-
55.



Dynamic stability is provided by the muscles and tendons of the
rotator cuff. The four components of the cuff are remembered
easiest by the mnemonic SITS: Supraspinatus (abduction); Infra-
spinatus and Teres Minor (external rotation); and Subscapularis
(internal rotation). When fully firing, the muscles of the cuff help
pull the humeral head inferior and medial, securing it in the gle-
noid, and keeping the supraspinatus muscle away from the
underside of the AC joint.  

Acute shoulder injuries most often occur with an external
force applied to the shoulder. This can be either an impact or
pulling force applied to the arm as can occur in wrestling. A his-
tory of the arm going “dead” or feeling the shoulder slip could
indicate a subluxation of the shoulder. A dead feeling also is
common with a stinger, which is an injury of the brachial plexus. 

Proper examination of the shoulder can be challenging.
Begin by checking the shoulder closely for any asymmetry of
musculature at the AC and SC joints, and for any scapular wing-
ing. Next, palpate with close attention to the clavicle, AC joint,
infraspinatus, supraspinatus, rotator cuff insertion on the anteri-
or humeral head, and the proximal biceps tendon. Check abduc-
tion, forward flexion, cross body adduction, and internal and
external rotation. Abduction and flexion should be observed
from behind so that any asymmetry in scapular movement can
be noted. Assess rotator cuff strength with resisted abduction
(arm angled 30 degrees anterior to minimize deltoid activity),
external rotation (with elbow flexed at 90 degrees, patient
rotates away from midline against resistance), and internal rota-
tion (have the patient place his hand against the small of his
back and push off against resistance). Test for subacromial
impingement by passively forward flexing the shoulder with the
thumb pointing down, internally rotating the humerus (Neer’s
test), or by abducting the shoulder to 90 degrees and internally
rotating (Hawkin’s test). Pain on either maneuver is considered
a positive exam. Weakness in multiple muscles of the cuff may
be due to less common pathology such as nerve injury or adhe-
sive capsulitis.  

Instability is a common cause of acute and chronic shoulder
pain in the younger athlete, and may be unidirectional (most
often inferior or anterior) or multidirectional. A characteristic
history may be present with a sensation of looseness in the joint
but often presents only as pain. Application of stress to the shoul-
der may reveal a visible shift of the joint or may only elicit dis-
comfort. An acute injury is likely when the arm is abducted and
externally rotated with a force applied to the anterior surface of
the distal arm. With this force, the arm acts as a lever and partial-
ly or completely dislocates the humeral head anteriorly. Anterior
apprehension is tested with the arm in 90-degree abduction, and
elbow at 90-degree flexion, then maximally externally rotated. A
sense of apprehension and impending dislocation is positive for
anterior instability, whereas pain itself is not specific.

Testing for labral tears is operator dependent, and findings are
neither sensitive nor specific.11 The clunk test can help suggest a
tear is present. Place one hand behind the humeral head and with
the other hand keep the elbow at 90 degrees and rotate the shoul-
der with both internal and external rotation while applying gentle

axial compression to the glenohumeral joint. A clunking or
grinding sound is positive clunk test result.12

Findings will vary depending on the history and timing of
injury. Following acute anterior dislocation, motion is limited
and painful. Palpate for any bony step-offs or crepitus that may
indicate a fracture. Check distal pulses and assess the axillary
nerve by checking sensation over the region of the deltoid. There
is probably no need for a pre-reduction radiograph of a younger
athlete if there is an obvious, uncomplicated dislocation; based
on the clinician’s experience and comfort, the joint can be
reduced in the office or on the field. Follow-up radiographs with-
in 24 hours are appropriate. Early treatment involves sling immo-
bilization with early progression of range of motion. The athlete
with full range of motion then can progress to strengthening.13

In the case of subluxation without dislocation, the immobi-
lization and range-of-motion phase may be eliminated, proceed-
ing directly to strengthening of the rotator cuff. In cases of sub-
luxation and dislocation, return to play is allowed only after the
patient has full range of motion and strength. Risk of recurrence
for shoulder dislocation is high.  In some sports, it is possible to
play in a shoulder harness that prevents performing from full
abduction of the arm for additional stability. In cases of recurrent
dislocation or subluxation despite conservative therapy, a surgi-
cal evaluation should be obtained.

A fall or hit directly on the shoulder may result in a separation
of the acromioclavicular joint. On presentation, the patient’s
shoulder will be tender to palpation along the acromioclavicular
(AC) joint. Motion typically is painful with abduction and flex-
ion, but worst with cross body adduction. Rotator cuff strength
may be compromised due to pain. Radiographs should be
obtained to evaluate the joint. 

An AC injury may be graded depending on the location and
extent of ligament damage. Type I involves only a strain of the
acromioclavicular ligaments with widening of AC joint but no
change in coracoclavicular (CC) space. A type II injury involves
disruption of the AC ligaments and CC ligaments, with depres-
sion of the scapula under weighted stress. A type III injury
involves complete rupture of both ligaments and is further bro-
ken down depending on displacement of the clavicle and cora-
coid. Types I and II generally are treated conservatively with rest,
ice, and gradual progression of activities over 7-14 days. Heavy
lifting should be avoided for 2-3 months. If the athlete is
involved in a contact sport, additional padding is used to protect
the joint. With a high-grade injury, treatment (operative vs con-
servative) remains controversial, and these athletes should be
referred to an orthopedic surgeon. 

Acute Hand Injuries. Hand injuries occur with many mech-
anisms, including falls, collisions with other players or obsta-
cles, and impact from projectiles. Due to the high morbidity
associated with loss of function of the wrist, hand, or fingers,
use extreme caution in evaluation and treatment of these
injuries. The threshold for specialist referral should be low.

The scaphoid or carpal navicular is the most frequently frac-
tured carpal bone. The most common mechanism is a fall on an
outstretched hand.14 Due to a distal to proximal blood supply,
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scaphoid fractures are at high risk for non-union. Suspect this
injury if there is point tenderness in the anatomic snuffbox.
Obtain wrist films, but be aware that non-displaced fractures may
not be apparent on film for up to two weeks. Nondisplaced distal
fractures should be treated with thumb spica casting for a mini-
mum of six weeks. If a fracture is suspected, but not visualized
on radiographs, the individual should be placed in a thumb spica
cast and rechecked in 1-2 weeks.15 If the repeat radiographs indi-
cate a fracture, the individual should be placed in a cast, again for
a minimum of six weeks. When fracture is suspected despite
negative films, or if time is of the essence in making a return-to-
play decision, MRI has become the gold standard in detecting
injury, although a bone scan remains a useful alternative.16

If a fracture is present proximally or through the waist of the
scaphoid, then surgical referral is indicated. Any nonunion of the
scaphoid, or displacement greater than 2 mm, should be referred
for surgical evaluation. A nonunion of the scaphoid can lead to
arthrosis (joint degeneration) even if initially non-tender.  

A tear of the ulnar collateral ligament of the thumb commonly
is referred to as Gamekeeper’s thumb or Skier’s thumb. This
injury often occurs with a fall onto an outstretched hand with the
thumb abducted, or when a skier’s thumb is forcibly abducted by
a planted ski pole.

On exam, point tenderness will be on the ulnar aspect of the
MCP joint. If there is increased laxity of more than 20 degrees
compared to the unaffected side, then there likely is a complete
rupture of the ligament. In cases of a complete tear, the distal
edge of the ligament may become entrapped by the adductor
aponeurosis, preventing healing; this is referred to as a Stener
lesion. It is important to diagnose a complete tear early as surgi-
cal repair done in the first 2-3 weeks is thought to improve out-
come. Appropriate treatment of partial tears involves bracing or
casting with the MCP in slight flexion for 4-6 weeks. Refer any
suspected Stener lesion to a hand specialist.17

Common sports-related injuries of the distal interphalangeal
joint (DIP) include mallet finger and jersey finger. A mallet fin-
ger is an injury to the extensor tendon that results in the inability
to actively extend the DIP. This commonly occurs when a ball
hits the tip of an extended finger and there is a sudden forceful
flexion of the joint. A radiograph should be taken. An avulsion
fracture may or may not be present. If a fracture involves more
than 25% of the articular surface, refer the patient for surgical
evaluation. In smaller or absent avulsion fracture, treat by splint-
ing the DIP joint in extension for six weeks while still allowing
the proximal interphalangeal (PIP) joint to remain mobile.

A lack of active flexion of the DIP joint is a sign of injury to
the flexor digitorum profundus, referred to as jersey finger. This
occurs with hyperextension of the DIP while actively flexing,
and commonly occurs when making a tackle from behind and
getting a finger caught in the opponent’s jersey. On examination
it is important to localize tenderness along the volar surface as
the tendon may retract all the way to the palm. Surgical interven-
tion is necessary, with the amount of retraction dictating immedi-
ate vs. delayed repair. Radiographs should be taken for possible
avulsion or for other concomitant injury.

Acute Ankle Injuries. Ankle injuries are common, especially
in running and jumping sports such as soccer and basketball.
Ankle sprains alone account for an estimated 25% of all sports-
related injuries.18 Although the term sprain refers specifically to
ligamentous injury, there are frequently associated injuries that
occur simultaneously.

The ankle joint is formed by articulation of the talus, tibia,
and fibula, and allows plantarflexion and dorsiflexion of the foot.
The subtalar joint is formed by the articulation of the talus and
calcaneous, and allows for inversion and eversion.

The lateral ankle ligaments are the most frequently injured
and include the anterior talofibular ligament (ATFL), calcane-
ofibular ligament (CFL), and the posterior talofibular ligament
(PTFL). Injury of the lateral ligaments occurs with inversion of
the foot. The medial ligament (deltoid ligament) sprain occurs
less frequently and typically happens with an eversion force. The
deltoid ligament is fan-shaped and connects the medial malleolus
to the navicular anterior, to the calcaneous inferior, and to the
talus posterior. The syndesmotic ligaments stabilize the distal
tibia and fibula and may be injured with forced internal or, more
commonly, external rotation of the foot.

The ankle exam is done best with the patient sitting and the
lower leg hanging off the exam table. Goals are to assess the liga-
mentous stability of the ankle, reveal the likelihood of bony
injury, and to determine if radiographic evaluation is necessary.

Observe the ankle and foot for any swelling or ecchymosis.
The ankle and foot should be palpated in a well organized
approach so as not to miss any injury. As a general rule, always
examine a joint above and a joint below the injured body part;
palpate the knee so as not to miss fracture patterns associated
with ankle injury (Maissoneuve fracture). (See Figure 1.) Palpate
the ankle joint itself, being particularly alert for tenderness in
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Figure 1. Dislocation of Transverse Tarsal
Joint

A 15-year-old male was referred 1 month following an ankle and
mid-foot inversion injury. An identical film at that time had been
read as “normal.” This patient has a dislocation of the transverse
tarsal joint (Chopart’s joint, connecting the talus with the navicu-
lar and cuboid). Open reduction and internal fixation ultimately
were required.



either malleolus. Palpate the base of the fifth metatarsal to assess
for avulsion (dancer’s fracture). Active motion with plantarflex-
ion, dorsiflexion, eversion, and inversion should be assessed.  

The anterior drawer test assesses anterior–posterior transla-
tion. Stabilize the distal tibia with one hand while the other hand
grasps the heel and exerts an anterior force. A significant
increased translation compared to the unaffected side indicates
injury to the ATFL. Talar tilt assesses stability of the calcane-
ofibular ligament. One hand again stabilizes the lower leg with
the other hand on the heel. An inversion force is applied to the
heel, while the physician feels for abnormal medial translation.19

Assess stability of the tibial-fibular articulation with palpation
along the syndesmosis and performance of a squeeze test
(squeezing the proximal fibula and tibia together with one hand;
eliciting pain is considered a sign of syndesmotic injury). Look
for laxity or ankle pain with external rotation of the foot. A syn-
desmotic sprain may display a large amount of swelling that is
contained to a level above the ankle, but it often is subtle and
easy to miss without a careful exam.

The majority of ankle radiographs taken following acute injury
do not affect clinical management. The Ottawa Ankle Rules were
designed to cut down on unnecessary radiographs and have been
validated in a number of settings. Be aware, though, that these
rules do not apply for pediatric patients (younger than 18 years),
those with multiple painful injuries, pregnant patients, or those
with diminished sensation due to neurologic deficit.20

The Ottawa Ankle Rules state that radiographs are indicated
in adults if any of the following are present:

• Inability to walk for four steps;
• Tenderness over posterior lateral or medial malleolus;
• Tenderness over base of fifth metatarsal; or 
• Tenderness over navicular.
The goal of initial treatment is to reduce pain and swelling.

Treatment of an ankle sprain can be summarized best with the
mnemonic PRICE (protection, rest, ice, compression, elevation.)
Protect the ankle from further injury with a lace up brace or
removable air-splint. Crutches may be required initially, but
weight-bearing should be encouraged as soon as tolerated. An
elastic wrap bandage may help reduce swelling, and the leg
should be kept elevated during periods of inactivity and sleep.21

The subacute phase focuses reestablishing range of motion as
well as regaining strength with isometric activity. During the sub-
acute phase, the ankle should remain braced. The rehabilitative
phase is used to regain full motion and strength as well as to
regain lost proprioception. Once the athlete has regained full
motion and strength, sport-specific (functional) training can com-
mence. Ligamentous healing may take months, so bracing during
activity should continue for the remainder of the season and be
reevaluated for stability at that time.22

Nondisplaced fractures of either malleolus can be treated
with immobilization until healed as long as the mortise is
intact. In case of a displaced fracture or disruption of the ankle
mortise, surgical fixation may be indicated. Avulsion fractures
of the fifth metatarsal can be treated by use of an orthopedic
shoe or boot until the patient is pain free. A gradual return to

play then can begin. Fractures at the junction of the metaphysis
and diaphysis are known as Jones’ fractures, and are associated
with high rates of non-union. Treatment consists of casting and
non-weightbearing for at least six weeks; delayed healing or
those wishing a more rapid return to sport should be referred
for surgical evaluation.

Acute Knee Injuries. The knee is comprised of four bones
(femur, tibia, fibula, and patella) and supported by four main lig-
aments. The collateral ligaments, medial (MCL) and lateral
(LCL) stabilize the knee from varus and valgus forces. The ante-
rior cruciate ligament (ACL) prevents movement of the tibia in
an anterior direction from the femur, and the posterior cruciate
ligament (PCL) prevents movement of the tibia posteriorly.

The history gives important clues to the diagnosis.23 Knee
injuries most often occur with twisting movements and sudden
changes of direction, with or without contact.

The mechanism of injury, whether it is a result of twisting,
collision, or fall, will direct the physician to possible ligament or
bony injury. It also is important to know what happened after the
injury and whether the athlete was able to continue playing,
required assistance to come off the playing area, or initially tried
to return but could not because of either instability or pain. Next,
inquire about any swelling and the timing of the injury. A large
amount of swelling immediately post injury is suspicious for
hemarthrosis and limits the diagnosis to a select few injuries.
Swelling during the 24 hours following injury has a different
subset of causes. If the individual has been walking since the
injury, an inquiry should indicate whether there is any catching
or locking in the knee, or any signs of instability or “giving way.”
Inquire about any previous injuries or surgeries to the joint.

A well-structured exam should follow. This will begin with
inspection of the knee. Any bruising or effusion should be noted.
(See Table 3.) It may be necessary to milk the concavity medial
to the patella, and then observe for any subtle returning fluid
wave to detect small effusions. Next the range of motion should
be assessed. The inability to fully extend the knee may indicate
there is a mechanical obstruction that could represent either ACL
or meniscus injury.

If there is a strong suspicion for fracture, consider obtaining
radiographs before proceeding with stability testing. The Ottawa
Knee Rules are a validated clinical decision rule.24 Obtain a radi-
ograph in traumatic knee injuries when any of the following are
present:

• Age older than 55 years;
• Inability to bear weight for four steps;
• Tenderness at the head of the fibula or over the patella; or
• Inability to flex the knee to 90 degrees.
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Table 3. Causes of Acute Knee Effusion

• Cruciate ligament tear
• Fracture
• Patellar dislocation
• Meniscal tear



If radiographs are obtained, scrutinize them carefully. Look
for subtle abnormalities that may signify tibial plateau fracture,
avulsion fracture, or injury to the articular cartilage.25

Check the collateral ligaments with the knee slightly flexed and
apply direct valgus and varus stress. (See Table 4.) Pain or increased
laxity compared to the unaffected side indicates a sprain of the col-
lateral ligament. Continued laxity with the knee fully extended rep-
resents significant sprain or ligament rupture. The Lachman’s test
for ACL integrity is done with the knee slightly flexed, the thigh
stabilized, and anterior force applied to the lower leg. A firm end-
point should be felt. Any laxity or lack of firm endpoint should raise
suspicion of an ACL injury. This can be a difficult maneuver if the
patient does not relax the hamstring muscles, as this resists the
movement. Make sure the patient is completely relaxed. Allowing
the thigh to rest on the exam table and the lower leg to fall just over
the edge can help reduce the resistance.  The PCL should be tested
with the knee bent and the foot flat on the table. A posterior force
then is applied to the lower leg, and any movement noted is abnor-
mal. This usually is accompanied by a posterior sag, observed with
the hip flexed and the lower leg at horizontal.

Tests for the menisci are less specific than for the ligaments.23

Signs of a tear include tenderness over the joint line, discomfort
on forced flexion and/or extension, and inability to squat. The
McMurray test is performed with palpation of the joint line while
internally or externally rotating the knee and extending the knee
to 90 degrees. A positive test is one with a palpable click over the
joint line and reproduced pain.

It is important not to reflexively immobilize all knee injuries
as this can decrease the present motion in the knee and lead to an
increased recovery time. There are times, however, when immo-
bilization is the treatment of choice. If there is a near dislocation
of the knee with multiple ligament tears, or a patellar dislocation
requiring reduction, temporary immobilization should be consid-
ered, but the patient should see a specialist within a few days. If
radiographs are not immediately available and there is concern
for significant injury, immobilize the knee and refer the patient
for radiographic and orthopedic follow-up within 24 hours.

Treatment of collateral ligament sprains is conservative, even
for complete tears. Grading is based on laxity with valgus stress
for the MCL and varus stress for the LCL. If there is no laxity
but evidence of injury and pain with stress, then a Grade I injury
is present. If there is laxity with the knee in 30-degree flexion
and none with the knee in extension, there is a Grade II sprain.
Finally, with significant laxity in flexion, no endpoint felt, and
some laxity with the knee fully extended, there may be a com-
plete tear or Grade III sprain. Treatment begins with ice, rest,
stretching, range of motion, and low impact quadriceps strength-
ening.25 Hinged braces provide additional support over the collat-
eral ligaments. This can be used at all times initially and then
only with sporting activities after the athlete is able to walk pain
free without the brace. After 1-2 weeks of the initial rehab, the
individual can progress to light jogging in the brace and then
progress functionally in a step-wise fashion to running, jumping,
and sport-specific maneuvers.

The typical history of an ACL injury consists of a rapid pivot-
ing or stopping while the foot remains planted. Often no contact
is made, and the injury may be accompanied by the sensation of
a pop or even an audible popping. The athlete may describe
instability or “giving way” if an attempt is made to continue play.
The exam reveals an effusion and an abnormal Lachman’s test.
MRI can help confirm the diagnosis, as well as assess for other
injury to the meniscus or articular cartilage. 

Although quality randomized controlled studies are lacking,
the general consensus is that in active individuals, the ACL
should be repaired with via autograph or cadaver graft.26 This
enables the individual to return to full activities and reduces sub-
sequent risk of osteoarthritis. There are times, however, when
conservative treatment without surgery may be utilized. In older,
less active individuals who do not wish to return to sports or
activity requiring significant turning or twisting of the knee,
bracing may be an option. Injury may occur early or mid-season;
the athlete may postpone surgery and attempt to return to play
while braced. If there are any subsequent episodes of instability,
however, the activity must be terminated, and the athlete must
avoid participation until repair is complete. Also, in the case of
the skeletally immature, surgical reconstruction should be
delayed. In each of these cases an experienced surgeon should be
consulted before the decision to avoid or delay surgery is made.

PCL injury is far less frequent than ACL injury among ath-
letes. The mechanism of injury most often is a hard fall onto a
flexed knee with a plantar flexed foot. Posterior drawer testing
will reveal increased laxity. Controversy exists regarding the nat-
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Table 4. Recommended Basic History 
and Physical Examination for Patients 
with Suspected Ligamentous Knee Injuries

• Nature of the injury and direction of the forces
• Was there a “pop” at the time of injury?
• Was the athlete able to continue play after the injury?
• Did the knee swell at the time of the injury or anytime since?
• Is the knee buckling or giving way?

Observation: Is an effusion present? Do the femur, tibia, and 
patella align normally?

Range of motion: Check active and passive flexion and 
extension.

Palpation: Can an effusion be palpated (i.e., is there a fluid 
wave or ballottable patella)? Is there any focal bony or 
joint-line tenderness?

 Stress Testing:
Lachman test: Is an end point felt with anterior subluxation 

of the tibia on the femur?
Varus and valgus stress testing: Is there pain or joint 

widening when stressed?
Posterior drawer: Is there posterior sag or translation of the 

tibia when posterior force is applied?

Adapted from Solomon DH, et al. Does this patient have a torn
meniscus or ligament of the knee? Value of the physical exam.
JAMA 2001; 286:1610-1620.



ural history and optimal treatment of an isolated PCL injury.27 It
often is treated conservatively with bracing, rest, and isometric
knee exercises and gradual return to activity after a few weeks.
Surgery may be necessary for an acute avulsion or for persistent
PCL laxity. In any patient in whom PCL injury is suspected, fur-
ther evaluation by an orthopedist is recommended.

Overuse Injury
Overuse injuries are common complaints among athletes.

Most often, these injuries arise from opposite sides of the spec-
trum. At one end is the competitive athlete whose activity of
choice results in long-term wear and tear on parts of the body.
When the body’s ability to heal is exceeded by repetitive stress,
overuse injury occurs. At the other extreme is the weekend war-
rior who pushes him- or herself during an infrequent activity,
with resultant over-stressing of muscle or tendon. Most subacute
injuries respond to the principles of PRICE and resolve within
several days.

Of greater concern is the active athlete who develops an over-
use injury over the course of weeks to months. This may herald
the development of a stress fracture or of significant connective
tissue pathology. The term tendinitis which implies inflammatory
change to the muscle/tendon unit largely has been disregarded
and replaced by the more physiologically appropriate tendinosis
or tendinopathy. While early injury may indeed involve inflam-
mation, histopathologic changes of long-term overuse injuries
reveal tissue necrosis and degeneration. A better knowledge of
this process and its implications for treatment still are being
assessed.28

Stress Fractures. Bone is living tissue and thus displays a
physiologic response to overload. Repetitive stress on a bone

results in micro-injury that triggers healing. Over time, areas
affected by stress will strengthen in response to gradual overload.
However, when the rate of damage exceeds the rate of repair, a
stress fracture can occur. This is an overuse injury most often
seen in the lower extremities in running sports such as distance
running, soccer, and basketball. Stress fractures occur over the
course of weeks in parts of the body where bones either absorb
direct shock or are repeatedly stressed by attached contracting
muscle. Thorough questioning usually elicits a typical scenario
for stress fracture: a recent increase in activity precipitates gradu-
ally worsening pain that, after a number of weeks, now impedes
athletic activities and may affect daily activities. Early on, the
patient may complain of pain at night following their training.
Eventually the pain appears during activity. Common locations
include the metatarsals, tibia, and femur.29 

A physical examination typically reveals localized tenderness
at the fracture site. Soft-tissue swelling may be present. Percus-
sion testing may localize pain to the fracture site (such as in the
“hop test”).

Radiographs often are normal until late in the disease process.
Elevation of the periosteum is one of the earliest radiographic
findings. Eventually, sclerotic changes and/or the appearance of a
fracture line will appear. (See Figures 2 and 3.) The diagnosis
can be confirmed early with MRI or a bone scan.30 In most cases,
the athlete should be restricted from high-impact activities until
pain free; a gradual return to sport then can be initiated over a
several-week period to allow for appropriate skeletal adaptation.
Exceptions include stress fractures of the tarsal navicular and
fifth metatarsal metaphyseal/diaphyseal junction (associated with
a high rates of non-union) and of the femoral neck (where pro-
gression to complete fracture may lead to avascular necrosis of
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Figure 2. Bone Scan of Stress Fracture Figure 3. Sclerotic Bone Changes

A 16-year-old active male recreational athlete was referred for
hip pain worsening over 4 weeks. His initial radiographs at 2
weeks were unremarkable. Radionuclide technetium-99 diphos-
phonate scan reveals a stress fracture of the femoral neck. 
Follow up radiographs reveal sclerotic bone changes. (See Fig-
ure 3.) The patient was immediately pulled from activity and
restricted to non-weight-bearing activity.



the hip). When these injuries are suspected, have the athlete
avoid weight-bearing, obtain appropriate imaging studies, and
provide prompt orthopedic referral.

Shoulder. Young and active overhand athletes tend to have a
greater degree of joint laxity than older adults, and this inherent
laxity can lead to functional subacromial impingement. The
basic mechanism is as follows: due to joint laxity, the dynamic
stabilizers (rotator cuff) provide much of the stability of the
active joint.  They can become fatigued, and the humerus will
ride “up and out,” narrowing the subacromial space and irritat-
ing the supraspinatus tendon. During the next bout of physical
activity, the irritated tendon fatigues sooner, and stability again
is compromised. Eventually a cycle develops where tendon irri-
tation rapidly leads to fatigue and impairment of shoulder per-
formance and stability.31

The most common presentation is a young athlete who com-
plains of unilateral (and sometimes bilateral) shoulder pain with
overhead activity. The athlete also may complain of anterior
shoulder subluxation (“it feels like my shoulder slips out”),
weakness, and loss of accuracy and velocity with throwing.

When examining young athletes, look for pain and/or weak-
ness of the supraspinatus with resisted abduction. Assess inferior
instability (pulling downward on the humerus opens up a sulcus
below the acromion), posterior instability (grasping the humeral
head and gliding it posterior results in subluxation), and anterior
instability (anterior apprehension—abduction and external rota-
tion of the shoulder creates pain or an impending feeling of sub-
luxation). The threshold for obtaining radiographs should be low
in the young athlete, as bony tumors must be considered in the
differential diagnosis.  

Treatment consists of reassurance, relative rest, and initiation
of a rotator cuff strengthening program. Increased dynamic sta-
bility usually improves symptoms in 3-4 weeks. If symptoms do
not improve, referral to a sports medicine specialist should be
considered.

In athletes older than 40-50 years, pain and impingement
often are due to degenerative changes of the tendon and
osteoarthritis (OA) of the acromioclavicular joint. Pain and
decreased range of motion in multiple directions with active and
passive movements should prompt suspicion of glenohumeral
arthritis. Obtain shoulder films and look for the radiographic
hallmarks of OA at the AC and glenohumeral joints: joint space
narrowing, increased bone sclerosis, bony cystic changes, and the
presence of osteophytes. Thus, the mechanisms primarily respon-
sible for impingement  become rotator cuff weakness and/or
injury and loss of subacromial space. Second, abnormalities of
the AC joint can physically impinge on the supraspinatus tendon,
accelerating injury. Third, age takes it toll, and degenerative
changes of the cuff occur with repeated overload. Relative hypo-
vascularity of the supraspinatus tendon approximately 2 cm from
the humeral insertion is a common site of injury.

Historically, the patient will present with unilateral, painful
overhand activity, sports-related and otherwise (reaching up
into a cabinet, changing a light bulb, etc.). Sleep may be diffi-
cult due to pain when lying on the affected shoulder. Acute

onset of  subacromial pain associated with recent overuse may
indicate irritation of the subacromial bursa. Examination of the
adult is unlikely to reveal laxity, but signs of impingement often
are present. Radiographs often are unremarkable, but may
reveal abnormality of the acromium or a physically narrowed
subacromial space.

Initial treatment consists of relative rest, analgesics (nons-
teroidal anti-inflammatory drugs or acetaminophen), and instruc-
tions to maintain good range of motion (“walking” the hand up a
wall is a good way to maintain abduction). Moderate to severe
pain can be treated with a brief course of narcotics, especially for
evening. Those comfortable with joint injections can place 5-10
mL of a 1:1:1 mixture of lidocaine, marcaine, and corticosteroid
into the subacromial space. The patient often will have rapid
relief, but must be warned of possible steroid flair and increased
pain for 1-2 days following injection.  

Once the patient has full range of motion, strengthening exer-
cises may be added. Most overuse injuries will respond to con-
servative treatment,32 but others will require surgery for repair of
chronically damaged tendons and bone trimming/resection to
widen the subacromial space. Failure to improve after 4-6 weeks
of conservative treatment should prompt referral.

Knee. Anterior knee pain is one of the most common com-
plaints in physically active children and adults. Often, the only
major findings are subjective, and finding a specific anatomic
abnormality can be challenging. Thus, anatomically specific
terms such as patellofemoral syndrome and chondromalacia
often are replaced with the more generic term anterior knee pain
syndrome.33 Anterior knee pain frequently is multifactorial.
Intrinsic factors include injury to the articular cartilage or sub-
chondral bone or repetitive trauma. The extrinsic factors include
quadriceps weakness, femoral anteversion, or patellar instability.
History should seek recent changes in activity, to include
increased training intensity, duration, new shoes or playing sur-
face, or relatively recent acute injury. On exam, assess for leg
alignment and any leg length discrepancy. Excess anteversion at
the hip will cause the patella to squint inward. Measure the Q
angle (line drawn from anterior superior iliac spine to mid patel-
la, and line drawn from mid patella to tibial tubercle; intersection
of the lines should measure less than 15 degrees for males and
less than 18 degrees for females). An excessive Q angle may
indicate excessive lateral patellar stress, although recent studies
have shown a poor correlation between Q angle and knee
pain.34,35 Look at quadriceps development and assess the degree
of patellar motion. Palpate the patella throughout range of
motion, noting if the patella tracks laterally during terminal
extension. Look carefully for an effusion, which may be indica-
tive of a more significant injury to the articular cartilage. On
pediatric patients, always consider that hip pathology may result
in referred pain to the knee.

Pain at the inferior pole of the patella and/or along the patellar
tendon is consistent with patellar tendinosis or jumper’s knee.
Acute overuse may result in inflammation and swelling of the
tendon, while pain lasting several weeks or longer typically is
associated with tendon degeneration. Elicit a history of repeated
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sprinting, jumping, or squatting, and look for excessive tightness
in the quadriceps and hamstrings.

Most overuse injuries to the knee respond with conservative
treatment. Relative rest and cross-training with low-impact activ-
ities should be encouraged. Cycling, swimming, and elliptical
machines provide excellent alternatives for the running athlete.
Malalignment issues may need to be addressed with orthotic
inserts. Therapeutic exercise consists of low-impact exercise
(such as straight leg raises) to increase quadriceps strength, and
stretching to increase quadriceps and hamstring flexibility. Patel-
lar taping and bracing may be useful in reducing discomfort and
increasing proprioceptive stimuli. Generally, imaging studies are
not indicated in knee overuse unless the history or physical exam
points toward another diagnosis or the patient fails to respond to
conservative treatment. Plain films can be used to determine the
presence of bony tumors or OA; MRI is the preferred imaging
modality when cartilaginous injury is suspected.

Foot and Ankle. Achilles tendinosis is seen predominantly in
running athletes. Onset usually is insidious and related to degen-
erative changes within the tendon, most often in the relatively
avascular region 3-4 cm above the calcaneal insertion.28 The
physical exam reveals tenderness along the tendon body, and ten-
derness may be present at the tendon insertion. Passive dorsiflex-
ion may reveal tightness of the affected tendon. Conservative
treatment consists of relative rest, cross-training, and gentle
stretching. Heel lifts may provide temporary relief, but signifi-
cant malalignment issues should be addressed with orthotic

inserts. Injections are not recommended routinely due to the risk
of tendon rupture. Patients with long-standing pain and tendon
degeneration may require surgical referral.

Retrocalcaneal bursitis occurs when the bursa between the
skin and the Achilles tendon or between the tendon and the cal-
caneus becomes irritated. This occurs due to friction from tight-
fitting shoes, most often in runners or in organized aerobics. The
patient will complain of pain on the posterior heel. A positive
two-finger squeeze test (pain with pressure on the bursa just ante-
rior and superior to the tendon insertion) helps confirm the diag-
nosis. This entity should be differentiated from Haglund’s defor-
mity or “pump bump,” in which friction from use of tight-fitting
women’s shoes cause pathologic bone growth over the posterior
calcaneus.36 Initial intervention consists of friction reduction,
using either open-back shoes or padding such as moleskin,
lamb’s wool, or pre-shaped adhesive pads. Ensure that the patient
is wearing a quality shoe that is neither too tight over the heel,
nor allows excessive foot sliding. Haglund’s deformity will
respond to the same treatments, although referral to a podiatrist
or orthopedic surgeon for excision of the abnormal bone growth
may be required.

Plantar fasciitis also is referred to as subcalcaneal pain or,
more generally, heel pain syndrome. It is a common problem
among athletes and non-athletes alike. Patients complain of grad-
ual onset heel pain that is worse upon arising in the morning or
after a period of inactivity. This is secondary to the disruption of
connective tissue cross-links formed while the foot rests in plan-
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Table 5. Foot Pain in the Running Athlete:
Red Flags

Historical and physical findings that should prompt close 
scrutiny:

NIGHT PAIN

Pain that develops in the evening after physical activity often 
is seen early in stress fracture. Remove patient from all painful 
activity until asymptomatic. Consider bone scan or MRI to 
confirm diagnosis. Following resolution of symptoms, a graded 
return to activity is appropriate.

PERIOSTIAL ELEVATION

This is the earliest radiographic change from stress fracture. 
Immobilize these patients (a post-operative shoe often is 
adequate) and restrict activity until asymptomatic.

DORSAL PAIN

Complaints of dorsomedial pain, especially when combined with 
navicular tenderness on exam, may indicate navicular stress 
fracture. Early radiographs are often normal. Place the patient 
in a non-weight bearing splint and arrange for bone scan or 
MRI.

JONES’ FRACTURE

Whether acute or chronic, fracture at the junction of the meta-
physis and diaphysis of the fifth metatarsal has a high rate of 
malunion, and orthopedic evaluation is recommended.

Figure 4. Acute Forefoot Fracture

A 21-year-old college basketball player reported a painful
forefoot pop during a rapid change of direction on the court.
Further prompting revealed a history of gradually worsening
forefoot pain over several weeks. Radiographs revealed corti-
cal thickening and periostial elevation at the site of the injury.
The patient has sustained an acute fracture through an
already developing stress fracture.



tarflexion. Examination reveals maximal tenderness at the plan-
tar-medial aspect of the calcaneus. Radiographs of the foot may
reveal a “heel spur.” While often present in chronic or recurrent
cases, spurring of the calcaneus is not the cause of pain but rather
a result of ongoing periosteal irritation.

Examination may reveal hyperpronation and a tight Achilles
tendon, both of which increase tensile forces on the plantar fas-
cia. Other risk factors include a change in sporting activity or
intensity, poorly fitting footwear, and obesity.

Treatment can be challenging, and symptoms may persist for
months.37 Limit barefoot walking, and be sure the patient is
wearing a well-padded athletic shoe that protects the heel and
supports the arch. Over-the-counter or custom-made arch sup-
ports may be helpful. Instruct the patient on proper Achilles ten-
don stretching and toe curls to strengthen muscles of the foot.
Oral analgesics and ice massage (i.e., rolling a can of frozen
juice under the foot) can help ease pain. Night splints are avail-
able from a number of manufacturers. The theory is that by
sleeping with the foot in dorsiflexion (cocked up toward the
body), injured fascia heals under tension. Therefore, the first
few steps in the morning will not stretch and reinjure tissue
cross-linking formed overnight. Night splints have not been
proven effective, however, and compliance is low due to bulk
and discomfort.

Running athletes who present with gradually worsening foot
pain should be scrutinized carefully. (See Table 5 and Figure
4.) Early stress injury may be difficult to diagnose. Stress frac-
tures of the tarsal navicular and Jones’ fractures have high rates
of nonunion. Early use of a bone scan or MRI is indicated if
these injuries are suspected.36,38

The Pediatric Athlete
The number of children and adolescents participating in

organized athletics has seen a steady growth over the past 10
years. As a result, the number of injuries has increased as well.
Recent calls by public health officials to get sedentary kids and
teens off the couch and out participating in athletics likely will
help maintain this upward trend.1,39 The family practitioner who
sees a sizeable number of pediatric patients can expect to see a
growing number of injuries. Often, the pediatrician or family
practice physician will be asked to perform the pre-participation
physical exam and, following injury, will be asked to determine
if the child can safely return to play. Therefore, a working knowl-
edge of pediatric sports medicine is mandatory. 

The adage about children not being small adults is particularly
true in regard to the musculoskeletal system. As a general rule,
sports-related musculoskeletal injury can be divided into two
broad categories: acute traumatic injury and repetitive trauma
(overuse) injury. While both of these entities also present in
adults, unique features of growing muscle and bone alter the
injury patterns. These features include the increased elasticity of
pediatric bone, the presence of growth plates (epiphyses and
apophyses), and growth spurts wherein fast-growing bone out-
paces muscle and tendon growth, with resultant muscular tight-
ness and heightened risk of tendinous avulsion.

As in the adult, the most common acute injuries in pediatric
athletes are contusions, muscle and tendon strains, and ligament
sprains. Unlike adults, the weak link in the pediatric kinetic chain
is not connective tissue but rather the soft bone to which the tis-
sues connect, and adjacent growth plates. Any child who sustains
a significant sprain or strain in the vicinity of bone should receive
a radiograph to rule out bony avulsion or a fracture of the epiph-
ysis. If the patient is tender to palpation over an apophysis (a sec-
ondary ossification site at a tendon attachment) such as the ASIS,
AIIS, medial epicondyle, or base of the fifth metatarsal, examine
the film to ensure the growth plate has not been avulsed. If it is
uncertain, obtain a comparison view of the opposite growth plate.
Most contusions, sprains, strains, and even minor (several mil-
limeters or less) avulsion injuries can be treated conservatively
with PRICE and a gradual return to play once symptoms have
resolved. Significantly displaced or debilitating injury should be
referred to a pediatric orthopedist.40

Thick periosteum and elastic bone results in unique pediatric
fracture patterns.41 Compressive force to the bone can cause it to
fail, resulting in a buckle or torus fracture at the junction of the
metaphysis and diaphysis. These fractures appear as a small
buckle in the cortex, and can be easy to overlook if small. Torus
fractures can be treated conservatively with rest and immobiliza-
tion for comfort, and heal without complication. Greenstick
fractures are an incomplete fracture wherein the bone bends
under stress. This results in bowing and compression on the con-
cave side, with cortical disruption on the convex side. Minimally
angulated bone may be treated with immobilization, but any sig-
nificant angulation will require orthopedic referral for reduction
and casting.

Physeal (growth plate) fractures classically have been described
using the Salter-Harris Classification. The most common injuries
are Salter Harris 1 through 5, wherein the larger number carries an
increased risk for growth plate arrest. Salter 1 is a fracture through
the physis; the physis is tender and may be widened on radi-
ographs. Non-displaced Salter 1 fractures have an excellent prog-
nosis and can be treated with rest and immobilization. Significant-
ly widened Salter 1 injuries will need referral for reduction and
prolonged immobilization. Salter 2 fractures are transverse through
the physis and metaphysis. Theprognosis for these fractures is sim-
ilar to Salter 1 injuries; a non-displaced Salter 2 should heal fol-
lowing several weeks of immobilization. Salter 3 injuries extend
through the physis into the epiphysis. Growth plate arrest is rare;
however, these are intra-articular fractures, so anatomic reduction
by an orthopedist is paramount prior to immobilization. Salter 4
fractures project through the metaphysis, across the physis, and
through the epiphysis. These fractures may result in growth plate
arrest and/or damage to the articular cartilage, so immobilization
with early orthopedic referral is mandatory. Salter 5 fractures result
from compression of the physis, and may present initially similar
to Salter 1 fracture. These often are recognized retrospectively,
when premature closure or asymmetric growth of the physis is
noted radiographically. If this injury is suspected, immobilize the
extremity and refer the patient to an orthopedist; unfortunately, lit-
tle can be done to alter prognosis.
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The epidemiology of overuse injuries in the pediatric popula-
tion has changed in recent years.42,43 Children involved in free
play or multiple, seasonal sports rarely develop overuse syn-
dromes. With growing participation in competitive youth sports,
often with involvement in the same sport year-round, the number
of overuse injuries has grown. 

As in adults, pediatric athletes can develop inflammatory
and/or degenerative changes to muscle and tendon; however,
growth plates remain the area most vulnerable to overuse injury.
Traction apophysitis occurs with repetitive stress at an apophysis.
Among the most common are the insertion of the patellar tendon
on the tibial tuberosity (Osgood Schlatter’s disease), the abdomi-
nals and hip abductors on the iliac crest, and the Achilles tendon
on the calcaneal apophysis (Sever’s disease). In most cases, these
diagnoses can be made by history and physical exam, wherein
the active athlete (often during a growth spurt) is tender to palpa-
tion over the physis. Soft-tissue swelling may be evident. Radi-
ographs may be used to look for other conditions, such as infec-
tion or neoplasm. Treatment consists of relative rest and cross-
training, ice, and stretching. A gradual return to play is warranted
once symptoms subside.

The pediatric athlete who presents with a limp should be eval-
uated for slipped capital femoral epiphysis (SCIFE). This disor-
der, seen mostly in adolescent males, occurs when the proximal
femoral epiphysis slips posterior at the growth plate.44 The child
may complain of hip pain or develop referred pain to the knee or
thigh. A physical exam reveals tenderness over the anterior hip
and pain with internal rotation. The diagnosis is confirmed by the
presence of capital epiphyseal displacement downward and pos-
terior on AP and frog-leg lateral radiographs. Compare bilateral
Kline’s lines (drawn parallel to the superior femoral neck); a line
transecting less or none of the physis on one side suggests
SCIFE. Treatment is immediate cessation of weight-bearing and
referral to a pediatric orthopedist for surgical fixation.

The pathophysiology of stress fractures in the pediatric athlete
is similar to that in adults.45 Of particular concern in the growing
athlete is the complaint of low back pain, which may be indica-
tive of stress fracture of the pars interarticularis, known as
spondylolysis. Athletes at risk include those in sports that require
repetitive hyperextension of the back, such as football players,
gymnasts, and weight lifters. Stress injury to the pars classically
presents with the gradual development of low back pain, most
often during rapid growth, which is exacerbated by lumbar
extension. Early plain radiographs most often are negative, but a
bone scan or MRI should show changes of the affected joint.
Once a pars stress fracture has gone on to completion, it should
be visible on AP and lateral radiographs; oblique films may
increase sensitivity somewhat, where a pars fracture will appear
as a line through the neck of the “Scotty dog.” Unstable unilater-
al and bilateral pars fractures may result in spondylolisthesis,
anterior displacement of a vertebral body on the adjacent verte-
bra. Once this has occurred it is irreversible. Early diagnosis is
important; a period of rest and stretching/strengthening exercises
can allow the stress fracture to heal. In athletes in whom the
diagnosis is suspected, obtain a bone scan if an initial period of

rest and stretching does not result in marked improvement. Ath-
letes with a positive scan should discontinue their sport and
engage in low-impact cross training. Some authors advocate
bracing, but this has not been proven to improve outcomes.
Treatment regimens are variable and should be tailored to the
athlete. Restrict athletes until they are asymptomatic (this may
take several weeks to several months) combined with functional
rehabilitation, and then begin a graded return to sport. Athletes
with spondylololisthesis can safely participate; treatment for dis-
comfort consists of flexibility and core stability exercises.
Surgery is controversial and generally reserved for those with
high-grade slippage (> 50%), progressive slippage, or neurologi-
cal compromise.
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Physician CME Questions

25. When performing a pre-participation evaluation, it is the physician’s

responsibility to do all of the following except:

A. assess the patient from both a medical and musculoskeletal 

perspective.

B. obtain an echocardiogram.

C. inquire about history of previous concussions.

D. make a notation of any chronic medical conditions and allergies.

26. Risk factors for exercise-associated sudden death include which of the

following?

A. Marfan’s syndrome

B. Family history of structural heart disease

C. Hyperlipidemia

D. All of the above

27. The murmur associated with hypertrophic cardiomyopathy decreases

with standing or valsalva.
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A. True

B. False

28. A 17-year-old high school quarterback is slow to get up after being

sacked in the second quarter. On the next play, he throws an intercep-

tion to the right side, despite all receivers being on the left. On the

sidelines, he denies any headaches, nausea, or dizziness. He has a nor-

mal neurological evaluation, but on questioning he does not recall the

sack or the interception. By halftime, he is eager to return to the

game. He is asymptomatic, has 3 out of 3 short- and long-term mem-

ory, and a normal serial sevens exam. The physician should:

A. allow him to return to play. If he has further symptoms, then

remove him from this game and from play for one week.

B. physically exert him on the sidelines and re-evaluate symptoms.

If he still is asymptomatic, then he has a grade 1 concussion and

must sit out for one week.

C. rest him the remainder of the game and re-evaluate him later in

the week.

D. obtain imaging studies before further decisions are made.

29. An 18-year-old soccer player was cutting off of her left leg yesterday

when she felt a pop and her knee gave way. She was unable to contin-

ue play and required assistance off the field. On exam you note a large

effusion. The most useful next step is to :

A. immobilize the knee and obtain radiographs.

B. place her in a hinged knee brace and allow her to resume activity

as tolerated.

C. perform Lachman’s test and anterior drawer test.

D. perform McMurray’s test.

30. A basketball player jammed his long finger diving for a ball. He has a

swollen DIP joint. He has full motion of the PIP, but lacks active

extension of the DIP. Radiographs of the long finger do not demon-

strate a fracture. Proper treatment consists of:

A. splinting the entire finger in extension for 6 weeks.

B. splinting the DIP only in full extension for 6 weeks.

C. splinting the DIP for activity, but allowing him to take the splint

off at least twice daily to maintain motion.

D. immobilizing the wrist and hand in a short arm cast for 6 weeks.

31. Weakness of the infraspinatus tendon of the shoulder is most likely to

affect which of the following motions?

A. Internal rotation

B. Horizontal flexion

C. Abduction

D. External rotation

32. Which of the following statements is true regarding patellofemoral

pain in athletes?

A. It is strongly linked to the Q-angle.

B. It is associated with development of an effusion.

C. It often is lacking in objective physical findings.

D. It is seen more often in older athletes.

33. A 10-year-old multi-sport athlete complains of gradually increasing

pain in his heels while running, with pain in the left heel greater than

that in the right. The exam is essentially unremarkable. Options to

treat include:

A. corticosteroid injection of the plantar fascia.

B. gentle stretching of the Achilles tendon.

C. low impact cross-training.

D. both B and C.
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Aggressive LDL lowering with statins,
so-called "very intensive statin ther-
apy," leads to reversal of coronary ath-

erosclerosis, according to a new study. The
ASTEROID (A Study to Evaluate the Effect of
Rosuvastatin on Intravascular Ultrasound-
Derived Coronary Atheroma Burden) trial, a
perspective, open label, blinded end-points
trial, utilized the potent statin rosuvastatin in
evaluating whether very intensive statin ther-
apy resulting in LDL cholesterols in the low
60s associated with increases in HDL choles-
terol could reverse atherosclerosis.  Five hun-
dred and seven patients were initially
evaluated with intravascular ultrasound
(IVUS) to determine baseline atheroma bur-
den.  Patients were then treated with inten-
sive statin therapy with rosuvastatin 40 mg
daily for 24 months, which resulted in an
average LDL cholesterol of 60.8 mg/dL (mean
reduction, 53.2%) and increased HDL choles-
terol by 14.7%. IVUS was performed again at
24 months. The mean change in atheroma
volume in the most diseased 10 mm sub seg-
ment was -6.1 (10.1) mm3, with a median of 
-5.6 mm3 (P < .001 vs baseline).  Change in
total atheroma volume showed a 6.8%
median reduction.  Adverse events were
infrequent. Specifically there were no cases of
rhabdomyolysis. 

The authors conclude that lowering LDL-C
to levels below currently accepted guidelines,
when accompanied by significant increases
HDL-C, can regress atherosclerosis in coro-
nary disease patients, and is indicated for
high-risk patients with established coronary

disease (JAMA. 2006;295:1556-1565).  An
accompanying editorial notes that the study
had several limitations, including lack of a
control group or a comparator drug.  They
also note that the modest plaque reduction
noted in this study "may not be the best meas-
ure of the treatment's effect on hard cardiovas-
cular end points", however, they do applaud
the pioneering work using intravascular ultra-
sound to help understand the anatomy and
pathophysiology of coronary atherosclerosis
and the effect of medical therapy on atheroma
(JAMA. 2006;295:1583-1584).

Alternative Therapy for Depression?
Patients who fail SSRI treatment for

depression may respond to an alternative
medication, or the addition of a second med-
ication, according to 2 studies in the March
23 New England Journal of Medicine.  In the
first study, 727 adults with a nonpsychotic
major depressive disorder who had no remis-
sion of symptoms or could not tolerate the
SSRI citalopram (Celexa) were randomized to
receive sustained release bupropion
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(Wellbutrin) in a maximal daily dose of 400
mg, sertraline (Zoloft) at a maximum daily
dose of 200 mg, or extended release venlafax-
ine (Effexor-XR) at a maximal daily dose of
375 mg for up to 14 weeks.  The primary out-
come was remission of symptoms based on
the Hamilton Rating Scale of Depression
(HRSD-17).  Secondary outcomes included
scores on the Quick Inventory of Depressive
Symptomatology (Self-Report) (QIDS-SR-16).
Remission rates, as assessed by the 2 scales,
respectively, were bupropion - 21.3% and
25.5%, sertraline - 17.6% and 26.6%, venlafax-
ine -  24.8% and 25.0%.  Response rates based
on the QIDS-SR-16 were bupropion 26.1%,
sertraline 26.7%, and venlafaxine 28.2%.
There was no significant difference with
respect to outcomes, tolerability, or adverse
effects among the 3 drugs.

The authors conclude that after unsuccess-
ful treatment with an SSRI, 1 in 4 patients
have a remission after switching to another
antidepressant, and all 3 drugs in the trial
were reasonable choices (N Engl J Med.
2006;354:1231-1242).  Another option for treat-
ing patients who failed treatment with citalo-
pram was explored in the second study in the
same issue.  In the study, 565 adults who had
a nonpsychotic major depressive disorder
without remission after 12 weeks of citalo-
pram therapy were randomized to receive
add-on therapy with sustained release bupro-
pion up to 400 mg per day, and 286 were ran-
domized to receive buspirone (Buspar) at a
dose of up to 60 mg per day.  The same
depression rating scales were used in this
study as in the previous study.  For bupropion
and buspiron, respectively, HRSD-17 remis-
sion rate was 29.7% vs 30.1%, QIDS-SR-16
remission rate was 30.9% vs 32.9%, and QIDS-
SR-16 response rate was 31.8% vs 26.9%.
Bupropion was associated with a greater
change in QIDS-SR-16 score, as well as the
overall lower QIDS-SR-16 score at the end of
the study and a lower dropout rate to due to
intolerance (12.5% vs 20.6%, P < 0.009).  

The authors conclude that the addition of
bupropion or buspirone to citalopram is useful;
however, the addition of bupropion may have
some advantages, including a greater reduction
in the severity of symptoms in fewer side effects
(N Engl J Med. 2006;354:1243-1252).

FDA Actions
The FDA has approved the first generic

HIV/AIDS drug for use in the United States.
Zidovudine, manufactured under the trade
name Retrovir by GlaxoSmithKline, was ini-
tially approved in 1987, and the company has
had exclusive manufacturing rights until the
drug's patent expired in September 2005.
The generic is made by Aurobindo Pharma
LTD of India.  This is the same company that
recently received approval from the FDA to
co-package 3 antiretroviral drugs for the
treatment of HIV/AIDS outside the United
States.  The regimen consists of lamivu-
dine/zidovudine combination tablet along
with efavirenz tablets.  The co-packaging of
these products has met the clinical safety,
efficacy, and manufacturing quality stan-
dards required by the FDA.  The approval is
part of the Presidents Emergency Plan for
offering full HIV treatment regimens for tar-
geted areas of the world that are at risk to
prevent HIV transmission and to treat AIDS
and associated conditions.  Patents and
exclusivity prevent marketing of this combi-
nation in United States.

The FDA has approved a transdermal
patch for the treatment of children with
attention-deficit hyperactivity disorder.
The patch delivers methylphenidate, the
same ingredient found in Ritalin, in a
daily patch that is applied early in the
morning and removed 9 hours later.
Methylphenidate patch is manufactured
by Shire Pharmaceuticals and Noven
Pharmaceuticals under the trade name
Daytrana.

Salix pharmaceuticals has received
approval to market a new tablet bowel prep
for colon cleansing prior to colonoscopy.
The virtually tasteless sodium phosphate
tablets are an alternative to traditional liq-
uid PEG bowel preps. The recommended
dose is 32 tablets taken orally with a total of
2 quarts of clear liquids, administered as 4
tablets with 8 ounces of liquid every 15 min-
utes.  Twenty tablets are given on the night
prior to the procedure, with the remaining
12 tablets administered 3 to 5 hours prior to
colonoscopy.  Sodium phosphate tablets will
be manufactured under the trade name
OsmoPrep.   ■
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