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Key Points
� Overuse injuries in youth sports are increasingly common as more children and
adolescents participate in some form of athletics.

� Overuse injuries are chronic injuries that occur when repetitive stress is placed on
bone, muscle or tendon without adequate time for healing and recovery.

� Familiarity and basic knowledge of common sports-related overuse injuries is
important so that proper diagnosis can be made. This allows timely treatment to
minimize time loss from participation and ensures a safe return to sports.

� Although management of overuse injuries are centered around relative rest and
activity modifications, identifying youths at risk of these injuries is key so that
education, prevention, and early diagnosis and treatment can occur.
INTRODUCTION
As more children participate in recreational or organized athletics, pediatricians
are evaluating more sports-related injuries in their practice. Each year an esti-
mated 30 million children in the United States participate in some form of orga-
nized athletics [1] and this number likely will continue to grow. Moreover,
many children today are playing on multiple teams during a given season or
are playing different sports throughout the year. Some children have no
such thing as an ‘‘off season.’’ Consequently, an increase in the incidence of
acute injuries and in chronic injuries related to overuse has been seen.

When repetitive stress is placed on bone, muscle, or tendon without adequate
time for healing and recovery, microtrauma occur in these structures, resulting in
an overuse injury. Physiologically, growing cartilage in pediatric bone is vulner-
able to stress. These cartilaginous growth plates and apophyses lend to unique
injury patterns that are specific to children. During times of rapid growth,
*Corresponding author. E-mail address: Quynh.Hoang@childrenscolorado.org

0065-3101/12/$ – see front matter
doi:10.1016/j.yapd.2012.04.005 � 2012 Elsevier Inc. All rights reserved.

mailto:Quynh.Hoang@childrenscolorado.org
http://dx.doi.org/10.1016/j.yapd.2012.04.005
http://dx.doi.org/10.1016/j.yapd.2012.04.005


360 HOANG & MORTAZAVI
apophysitis is a common overuse injury. An apophysis is a secondary ossification
center that gives contour to bone and is also the site of attachment of the muscle
tendon. In a growing child, the muscles attached to these apophyses are overly
tight, andwhen overworked, repetitive traction forces are placed on these vulner-
able growth centers. The result is chronic irritation, inflammation, and microa-
vulsions at the bone-cartilage junction. Common locations of apophysitis
include the heel (Sever disease), elbow (little league elbow), and knee (Osgood-
Schlatter disease). Overuse injuries to the physis and epiphysis are also common
in children, particularly in the overhead athlete or the gymnast. Examples include
little league shoulder and gymnast’s wrist. Repetitive stress andmicrotrauma can
also lead to overuse tendon injury (tendinitis), which is another major subset of
overuse injuries in children. Some of the more common tendinitis in children
that are discussed in this article include patellar tendinitis and iliotibial band tendi-
nitis (IT syndrome), although foot and ankle tendinitis and shoulder (rotator cuff)
tendinitis can also occur in young athletes. Finally, stress fractures are another
example of an overuse injury. Repetitive compressive or tensile forces weaken
the bone through a continuum of bone marrow edema without a visible fracture
line (stress reaction) and can lead to a complete fracture (stress fracture). Once
a rare phenomenon, stress fractures are being reported at a much higher inci-
dence today with the advent of organized youth sports [2,3]. Although this article
reviews only spondylolysis (stress fracture of the pars interarticularis of the verte-
bral body), predominant sites of stress fractures in young athletes also include the
tibia, fibula, femur, metatarsals, and navicular bone in the foot [2,3]. Regardless,
they all have a commondenominatorwith amultifactorial phenomenon: training
errors, biomechanics, diet, and, in girls, menstrual function.

As primary care providers, familiarity and basic knowledge of some
common sports-related overuse injuries become important as increasingly
more children participate in sports. That way, proper diagnosis can be made
and timely treatment or referral to a sports medicine specialist can commence
to minimize the time lost from participation.

UPPER EXTREMITY INJURIES

Little league shoulder (proximal humerus epiphysitis)

Little league shoulder refers to an overuse injury of the proximal humerus in over-
head athletes with open growth plates. It is believed to result from repetitive
microtrauma to the proximal humeral epiphysis and physis from constant trac-
tion and rotational torque stresses during throwing and overhead activities
[4,5]. Although most commonly seen in male baseball players, little league
shoulder (or proximal humeral epiphysitis) can affect all overhead athletes,
including tennis players, swimmers, volleyball players and even gymnasts
[6,7]. It commonly occurs between 11 and 16 years of age [4,8], when the prox-
imal humeral physis growth is at its peak, leaving it vulnerable to stress injury.
In baseball players, risk factors that contribute to the development of little
league shoulder include improper pitching mechanics and frequent pitching
without rest periods [4].
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The typical patient presents with progressive pain over the lateral aspect of
the proximal humerus that occurs with throwing and overhead activities [4,8].
Physical examination shows tenderness over the proximal and lateral aspect of
the humerus in approximately 70% of the patients [8]. Thus, a normal exami-
nation does not preclude the diagnosis, and a classic history of pain with
throwing or overhead activity is key.

Radiographs should be ordered to confirm the diagnosis and also help rule
out other causes of shoulder pain. Findings on radiographs include widening,
sclerosis, and irregularity of the humeral physis, which can best be appreciated
on anteroposterior view of the shoulder in external rotation (Fig. 1).

Obtaining comparison views of the unaffected shoulder is often helpful to
confirm the diagnosis if radiograph findings are subtle. If radiograph findings
are negative and clinical suspicion remains high, further imaging with either
MRI or bone scan may be considered.

Treatment of little league shoulder includes rest from throwing and over-
head activities until pain is significantly decreased. On average this takes
approximately 3 months before symptoms resolve and the athlete is able to re-
turn to play. Evidence of radiographic healing typically lags behind the clinical
course, and therefore normal radiographs are not necessarily required to allow
an athlete to return to activities. During this period of relative rest, physical
therapy should also be initiated for strengthening exercises, and if the athlete
is a baseball player, evaluation of throwing mechanics and progression through
an interval throwing program when the patient is pain-free is also crucial. The
most important factor in the management of little league shoulder, however, is
education and prevention. One should ensure adherence to youth baseball
pitching guidelines set forth by the USA Baseball Medical & Safety Advisory
Committee and the American Academy of Pediatrics (AAP) as they pertain
to pitch count, pitch types, and adequate rest period.
Fig. 1. Radiograph of right shoulder proximal humerus epiphysitis. Notice the widened and
sclerotic proximal humerus physis compared with normal left shoulder.
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Multidirectional shoulder instability

Shoulder instability in the young athlete can be caused by an acute traumatic
injury (shoulder dislocation) or can be atraumatic secondary to underlying
capsular laxity. Multidirectional instability (MDI) is a well-known cause of
chronic shoulder pain and is generally a bilateral, atraumatic condition
affecting shoulder function. MDI refers to laxity within the glenohumeral joint
in all planes of motion, leading to hypermobility and decreased stability. It is
caused by generalized capsular laxity and insufficiency of the labrum, liga-
ments, and muscles that stabilize the shoulder joint [9–11].

The presenting symptoms of multidirectional instability often have an insid-
ious onset and are usually associated with increases in duration, frequency, or
intensity of overhead activities, such as swimming, baseball, racquet sports, and
volleyball [9,12]. Athletes complain of activity-related generalized shoulder
pain, usually worse in the dominant arm. Symptoms typically wax and wane
with changes in activity level and overhead motions. Patients usually have
no history of frank shoulder dislocation, but recurrent shoulder subluxations
may be noted even with activities of daily living [9,11–13]. MDI may also
present with pain from related conditions, such as shoulder impingement or
labral tears.

Examination findings for MDI should be expected in both shoulders. With
adequate relaxation, shoulder laxity in multiple planes can be evaluated. The
humerus can be passively translated anteriorly and posteriorly, and the classic
feature of MDI is demonstration of the sulcus sign. For the sulcus sign, the
arm is pulled inferiorly and the presence of a dimple below the acromion
signifies the presence of inferior instability. According to early studies by
Neer and Foster [14], the combination of posterior and inferior laxity is classic
for MDI [9,15,16]. For symptomatic anterior instability, the apprehension test
can be applied. With the patient’s arm in the abducted and externally rotated
position, passive stressing of the shoulder into further external rotation will
cause a sensation of the shoulder wanting to dislocate (Fig. 2). This reaction
results in patient guarding and apprehension and is considered a positive test.
The apprehension test can then be followed by the relocation test, which also
tests for symptomatic anterior instability. For this test, the arm is again ab-
ducted and externally rotated, but this time with the patient lying supine.
While in this position, the arm and humeral head is then pulled forward
toward the examiner. This movement will cause pain and apprehension,
which can then be relieved by applying posterior force to the shoulder to
stabilize it (Fig. 3). If this improves the pain and apprehension, it is considered
a positive test.

Workup with imaging is usually not indicated for MDI without associated
injury, because MDI is a clinical diagnosis [9,12,15]. Radiographs of the
shoulder are usually normal, although inferior and superior translation can
be noted and misinterpreted for frank dislocation without knowledge of the
patient history. If concern exists about rotator cuff or labral disease, MRI
with arthrogram of the shoulder can help identify these lesions.



Fig. 2. Apprehension test.
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Treatment of MDI without known associated labral or rotator cuff disease is
usually conservative, with relative rest from offending activities and physical
therapy. After an initial period of rest and antiinflammatories to improve
pain, physical therapy should begin with strengthening exercises for the
dynamic rotator cuff and scapular stabilizer muscles [9,15,17]. An endurance
Fig. 3. Relocation test.
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program should also be added to strengthening exercises to prevent fatigue-
induced injury on return to activities. When the athlete has regained pain-
free full strength and range of motion, gradual return to play through
increasing sport-specific activities can be initiated.
Medial epicondyle apophysitis (little league elbow)

Little league elbow is intended to refer specifically to medial epicondyle apo-
physitis. It is a traction injury to the medial epicondylar physis and can be
best understood by considering how throwing forces are applied to the medial
elbow. Important anatomic considerations of the medial elbow include the
medial epicondyle, medial epicondyle apophysis, and ulnar collateral ligament.
Injury to this area is caused by repetitive valgus stress to the medial elbow seen
in overhead sports [18,19]. Force mechanisms include both compression to the
lateral elbow involving the radiocapitellar joint and traction to the medial
elbow created by repetitive dynamic valgus stress involved in throwing
motions [19,20].

The incidence of medial epicondyle apophysitis is increasing as the numbers
and intensity of organized youth sport have increased [21–23]. This condition
most commonly presents between 9 and 12 years of age before closure of the
medial epicondyle apophysis [18,21,24]. Once the medial epicondylar physis
closes, valgus forces are transmitted to other medial elbow structures, and
injuries such as flexor-pronator tendonitis or ulnar collateral ligament sprains
occur instead. Medial epicondyle apophysitis is most common in baseball
pitchers, but is also seen in infielders, catchers, outfielders, and athletes partici-
pating in other overhead activities, such as football quarterbacks and tennis
players [21–23].

Typically, patients have no history of acute injury. Athletes will complain of
insidious onset of medial elbow pain with throwing, but in severe cases pain
may also occur with nonthrowing activities. Often athletes report a history
of weaker or less-accurate throws. Inquiring about what position they play,
the number of teams and seasons per year, throwing history (including pitch
count, number of practices and games), and any recent changes in throwing
techniques becomes important. Physical examination will reveal tenderness
localized over the medial epicondyle, and pain can be reproduced with valgus
stressing. Having the patient flex the wrist or pronate the forearm against resis-
tance can also elicit pain. Range of motion may also be limited and strength
decreased because of pain.

Workup generally involves imaging that starts with plain radiographs of the
elbow. Radiographs are useful for ruling out other abnormalities such as frac-
tures, osteochondral defects, loose bodies, growth plate irregularities, tumors,
and infections. In medial epicondyle apophysitis, radiographs are typically
normal, but widening of the apophysis and even an avulsion are not
uncommon. A comparison view of the opposite elbow may be helpful when
clinical suspicion is high, because radiographs show a large degree of variation
in normal growth centers. MRI is rarely necessary to confirm the diagnosis.
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Treatment of medial epicondyle apophysitis consists of complete throwing
restriction and symptom control with ice and antiinflammatories. Based on
severity and duration of symptoms, the timeline for recovery will be different
for every individual. An initial period of immobilization with a brace or cast
may be necessary for the most severe cases in patients experiencing persistent
pain at rest. Most will benefit greatly from initiating physical therapy early, and
this is highly recommended [18,20,21]. The initial treatment phase involves
initiation of range-of-motion exercises and joint mobilizations as necessary to
prevent joint contractures. General conditioning is encouraged and core
strengthening is usually started right away [18,21]. When tolerated, gradual
strengthening is then used. Physical therapy should also address the athlete’s
throwing mechanics to decrease load forces on the elbow. When athletes are
pain-free with full range of motion and near full strength, an interval throwing
program should be initiated, which will gradually progress them through stages
of increased throwing velocity and repetitions [18,21,22,24]. One critical
component of rehabilitation is that return to play is gradual, because potential
complications include worsening symptoms, abnormal bone development, or
an avulsion injury.

AS with little league shoulder, education and prevention are key in the
management of little league elbow. Proper throwing mechanics should be
taught and pitching guidelines should be followed. Current AAP recommenda-
tions along with those of Little League Baseball specify age-specific maximum
pitch counts, required rest days, and recommended pitch types; maximum
pitch counts are 50 to 105 pitches per game depending on age [25]. USA Base-
ball Medical & Safety Advisory Committee recommends no more than 75 to
125 pitches per week depending on age [26].
Gymnast’s wrist (distal radius epiphysitis)

Gymnast’s wrist is a well-known overuse phenomenon that affects 25% to 40%
of all gymnasts, and up to 80% in the most elite groups [27–29]. This injury
involves a stress reaction of the distal radius physis and epiphysis and is caused
by repetitive forces across the wrist joint, particularly with axial loading of the
wrist in hyperextension [30–33]. Other forces experienced at the wrist by
gymnasts, such as rotational and distraction forces, also have been noted to
play a significant role in causing injury to the distal radius epiphysis [30,34].
Gymnasts are often involved in activities requiring weight-bearing with their
wrist in hyperextension, such as the beam, tumbling, vault, and floor routines.
These activities create direct axial and rotational forces onto the distal radius
physis, which over time results in microtraumatic changes to the epiphysis
and the vulnerable cartilaginous growth plate.

Obtaining a sports-specific history is vital, because gymnasts commonly
present with recent increases in activity level with wrist-loading routines
[28,30,31,35]. A history should be obtained of the athlete’s level, hours per
week, and types of routines causing the most wrist pain. The most common
complaint is wrist pain that begins at the onset of the offending activity,
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worsens during the activity, and improves with rest. The physical examination
shows tenderness along the radial physis and pain with wrist hyperextension
and axial loading [29,30,35], as in the table push-off test, which usually repro-
duces the wrist pain (Fig. 4).

Decreased range of motion, especially with extension, and swelling are also
seen in more advanced cases [30,31,35], and the athlete’s grip strength is
usually decreased on the symptomatic side.

Radiographs are obtained to evaluate for radiographic evidence of stress
injury to the distal radial physis. Comparison views of the unaffected wrist
are often very helpful. These radiographic findings include widening, sclerosis,
and calcification of the radial physis consistent with repetitive microtrauma
[27,30,36]. The origin of these changes has been postulated to occur from
blood supply compromise, leading to abnormal endochondral ossification of
the physis [30,34,37]. More-advanced disease may lead to radial physis growth
arrest and a positive ulnar variance (greater relative length of distal ulna with
respect to the distal radius) [30,34,38]. Follow-up radiographs are critical to
document healing or progression of physeal injury [30,34,39].

Gymnast’s wrist can be separated into three different stages [30,34,39]. Stage
one presents with clinical symptoms without any radiographic changes. Stage
two exhibits radiographic changes as noted earlier (Fig. 5). Stage 3 has radio-
graphic findings of a positive ulnar variance. MRI of the wrist is usually unneces-
sary for this diagnosis and is only obtained when other possible abnormality is
suspected [30,39].

The mainstay of treatment of gymnast’s wrist involves rest from wrist-loading
activities. Ice, antiinflammatories, and immobilization in a wrist brace as needed
for pain control can be used. Physical therapy is usually helpful and a graded re-
turn to activity is essential. Physical therapy during the rest and rehabilitation
phase should include focused assessment of limb alignment, laxity, strength-
ening, and proprioception [28,30]. A wrist brace or taping to reduce wrist
Fig. 4. Table push-off test.



Fig. 5. (A) Left wrist with subtle widening of radial physis and sclerosis through radial meta-
physis. (B) Right wrist normal comparison view.
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hyperextension on return to gymnastics is often helpful in reducing loads over the
radial physis [30]. Gymnasts with stage one injuries can gradually return to
activity once pain has resolved, which usually takes 3 to 6 weeks. Stage two
injuries may take much longer, sometimes even up to 3 months, to heal, and
require both clinical and radiographic confirmation of resolving injury before
the patient can return to gymnastics [28,30,37]. Stage three injuries usually will
require a period of immobilization with bracing and orthopedic consultation
and close follow-up with serial radiographs to assess for premature closure of
the distal radial physis [28,30,37]. Participation should be abruptly stopped and
the wrist reevaluated on any recurrence of pain.
LOWER EXTREMITY INJURIES
Iselin disease (fifth metatarsal apophysitis)
Iselin disease, first described in 1912 by Dr Iselin, is another chronic overuse
injury seen in young athletes that involves the apophysis of the fifth metatarsal
[40,41]. It results from repetitive traction on the apophysis at the base of the
fifth metatarsal, where the peroneal brevis tendon attaches. The apophysis
typically appears at 8 to 9 years of age and fuses between 12 and 15 years
of age, making ages 8 to 15 years most common for presentation of Iselin
disease [42–44].

Although it occurs with running and jumping activities, Iselin disease is more
commonly associated with cutting sports that create inversion stress on the
ankle, which requires repetitive activation of the peroneal muscles [44–46]. A
history of trauma is usually absent. However, acute inversion injuries have
been reported as both initiating and exacerbating events [43,45,46]. Presenting
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symptoms include pain and tenderness at the base of the fifth metatarsal. It is
typically insidious in onset, aggravated with activity, and gradually worsens
over time without rest from activity.

On examination, a prominence of the fifth metatarsal base may be present,
sometimes with soft tissue swelling and mild erythema. Focal tenderness is
found at the base of the fifth metatarsal, and resisted eversion can illicit pain
in this area. Full dorsiflexion and plantar-flexion with inversion also may
produce discomfort in the same location. In some patients with longstanding
Iselin disease, gait may be altered, with patients attempting to weight-bear on
the medial side of the foot to avoid lateral foot pain. Like other apophyseal
overuse injuries, Iselin disease is a clinical diagnosis. Radiographs can be ob-
tained to confirm the presence of an apophysis at the base of the fifth metatarsal
and to rule out other boney abnormalities. The oblique view of the foot usually
produces the best view of a small shell-shaped fleck of bone oblique to the fifth
metatarsal shaft (Fig. 6) [43–45]. The apophysis may appear widened, frag-
mented, and thickened.

Treatment of Iselin disease is centered around activity modification, icing,
antiinflammatories, and peroneal stretching and strengthening. For more symp-
tomatic or recalcitrant cases, physical therapy should focus on ankle flexibility,
particularly of the evertors and plantar-flexors; ankle strengthening; and
proprioceptive exercises [41,43,45,47]. These exercises can improve dynamic
ankle stabilization, which can minimize repetitive traction forces on the fifth
metatarsal apophysis from ankle instability. With mild to moderate cases,
symptoms typically improve with conservative treatment and one can antici-
pate return to play in 3 to 6 weeks. More severe cases may require an
Fig. 6. Fifth metatarsal apophysis.
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immobilization period with a walking boot or cast followed by physical therapy
for 2 to 4 weeks before return to play [43–46]. In almost all cases, this condition
resolves by the time of closure of the apophysis, typically by 15 years of age.
Rarely, a nonunion of the apophysis causing symptoms into late adolescence
can occur with Iselin disease, which may warrant orthopedic consultation to
discuss surgical excision or fixation if conservative treatment fails [41,45,46].
Sever disease (calcaneal apophysitis)

Calcaneal apophysitis, or Sever disease, is the most common cause of heel pain
in young athletes and accounts for 8% of all pediatric overuse injuries [42,43].
Sever disease is a chronic traction injury that occurs at the calcaneal apophysis
with repetitive tension forces applied by the calf muscles through the Achilles
tendon. Radiographically, the calcaneal apophysis appears at 8 to 9 years of age
and typically fuses between 12 and 15 years of age (Fig. 7) [48,49].

Calcaneal apophysitis is most commonly seen in athletes participating in
sports requiring running, jumping, and plantar-flexion activation. Common
sports include soccer, basketball, track, gymnastics, and dance [42,45,48,49].

Athletes present with pain in one or both heels, although bilateral involve-
ment is typical. The most common age group affected is 10 to 12 years of
age, with the condition being two to three times more common and occurring
1 to 2 years later in boys because of later skeletal maturity [42,45,49]. Pain is
activity-related and reported to be along the heel or at the posterior aspect of
the heel where the Achilles tendon inserts onto the apophysis. Patients will
often limp or walk on toes to prevent painful walking. Examination reveals
tenderness along the calcaneal apophysis, either medial or lateral, and can be
elicited through medial and lateral compression of the calcaneus along the
apophysis (Fig. 8).
Fig. 7. Calcaneal apophysis.



Fig. 8. Calcaneal squeeze test.
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Tenderness can also be found at the Achilles insertion site on the calcaneus.
Athletes will also often have tight calf muscles and Achilles tendon, with weak-
ness on dorsiflexion because of pain. Radiographs typically appear normal or
may reveal a fragmented hyperdense sclerotic apophysis [43,49]. Radiographs
of the calcaneus are not necessary to confirm the diagnosis if the history and
clinical findings are consistent, but can be obtained to rule out other bony
disease. Studies have found that up to 5% of radiographs in patients with
heel pain reveal pathologic conditions, making radiographic evaluation worth-
while even in light of a clear clinical picture for Sever disease [50].

Treatment consists of relative rest and activity modification, coupled with ice
and antiinflammatories as needed for pain. Rehabilitative exercises focused on
calf and Achilles stretching and eccentric strengthening of the Achilles can help
decrease traction forces applied to the apophysis. Although high-level evidence
supporting the use of orthotics is still lacking, heel cups, lifts, and pads have
been reported to reduce traction forces and axial loads on the calcaneal apoph-
ysis, helping to decrease symptoms [42,49,51]. When pain and flexibility
improve, the athlete may gradually return to sports as symptoms permit,
because it is a self-limited process that will resolve when the calcaneal apoph-
ysis closes [43,48,49]. More severe symptoms of persistent pain and limping
may benefit from a short period of immobilization with a walking boot or
casting before gradual return to sports [43,45,49]. With early diagnosis and
appropriate treatment, immobilization is rarely required and only reported in
1% to 3% of patients [48]. In fewer than 1% of cases, neglected Sever disease
can progress to calcaneal avulsion injury [52].
Osgood-Schlatter disease (tibial tubercle apophysitis)

Osgood-Schlatter disease is a tibial tubercle apophysitis that commonly causes
anterior knee pain in children and adolescents. It results from repetitive traction
of the patella tendon on the tibial tubercle apophysis, leading to microtrauma,
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inflammation, and pain. It frequently presents between the ages of 10 and 15
years in children who participate in jumping and running sports, such as
basketball, volleyball, gymnastics, and soccer [53,54]. Approximately 30% of
patients have bilateral knee involvement [55,56].

The typical clinical presentation is aching pain and swelling over the tibial
tubercle that is exacerbated by jumping and running activities, and with direct
pressure such as kneeling. On examination, patients experience point tender-
ness, and associated swelling or prominence over the tibial tubercle may be
present. Resisted knee extension, which activates eccentric quadriceps muscle
movement, may also reproduce the pain. Evaluation with radiographs is often
not necessary because it is a clinical diagnosis, but these should be obtained to
rule out other abnormalities, such as fractures or tumors, if the clinical presen-
tation is atypical. Radiograph findings of Osgood-Schlatter disease include
overlying soft tissue swelling and fragmentation or irregularity of the tibial
tubercle ossification center.

Management of Osgood-Schlatter disease is conservative, aimed at symptom
control. Treatment involves relative rest and activity modification, along with
icing and analgesics with nonsteroidal antiinflammatory drugs (NSAIDs). Use
of an infrapatellar strap, which helps to decrease traction forces on the tibial
tubercle, may be used for symptomatic relief during activity. Physical therapy
focusing on quadriceps and hamstring flexibility can also help reduce symptoms.

Osgood-Schlatter disease is typically a self-limited process, with symptoms
resolving spontaneously when the child or adolescent reaches skeletal maturity.
However, some individuals develop persistent symptoms that remain into
adulthood. One retrospective study reported that 60% of patients with child-
hood Osgood-Schlatter disease described pain with kneeling as adults, although
76% of them did not have any pain or limitations with activity [57]. For the few
who experience complications, such as persistent painful ossicles in the distal
patellar tendon and painful kneeling, and those for whom conservative
management fails, surgical treatment to shave the tibial tubercle can be per-
formed in skeletally mature patients [58,59].
Sinding-Larsen-Johansson disease (apophysitis of the inferior pole of the
patella)

Sinding-Larsen-Johansson disease is another common overuse injury that causes
anterior knee pain. It is similar toOsgood-Schlatter disease, except that it is a trac-
tion apophysitis that occurs at the inferior pole of the patella where the proximal
patella tendon attaches. Presentation typically occurs between 9 and 12 years,
which is slightly younger than in Osgood-Schlatter disease. Patients present
with activity-related anterior knee pain localized to the inferior pole of the patella.
Like Osgood-Schlatter disease, symptoms are aggravated by jumping and
running. On examination, the pain can be reproduced with direct palpation of
the inferior pole of the patella. Diagnosis is made clinically, although radiographs
can be helpful to rule out other abnormalities. Radiograph findings may show
fragmentation of the distal pole of the patella.
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Like Osgood-Schlatter disease, it is a self-limited process that responds well
to conservative treatment involving relative rest and activity modification. Pain
control with NSAIDS and stretching exercises to improve quadriceps and
hamstring flexibility can also improve symptoms.
Patellar tendinopathy (‘‘jumper’s knee’’)

Repetitive loading of the quadriceps muscle during jumping and running
activities can lead to patellar tendinopathy, an overuse injury resulting in
partial-thickness tears in the deep layers of the patella tendon. Although the
condition is seen commonly in jumping sports, such as basketball, volleyball,
and track and field (high and long jump), athletes in other sports such as soccer
and football are also affected [60,61]. Once thought to be an inflammatory
tendinitis, histopathologic and biochemical studies have now shown that it is
a degenerative tendinosis. The pathogenesis is tendon overload from strain
that is applied to the patella tendon, resulting in tissue microtrauma [62].
Consequently, management of patellar tendinopathy should be aimed at reha-
bilitation rather than antiinflammatory strategies.

Patients present with insidious onset of anterior knee pain that is aggravated
with activity or even with prolonged sitting. Generally, these patients have
a history of recent increase in intensity, frequency, or duration of sport activity
participation. The pain is well localized and examination reveals tenderness
over the patellar tendon. Although primarily a clinical diagnosis, radiographs
may sometimes reveal calcification in the tendon, and they can also be helpful
to rule out other associated conditions such as Osgood-Schlatter or Sinding-
Larsen-Johansson disease. Ultrasound has also become a popular imaging
modality for diagnosis because the patella tendon lies superficial and can be
visualized easily.

Because patellar tendinopathy is an overuse injury from mechanical over-
load, treatment includes relative rest and refraining from the aggravating activ-
ities while still symptomatic. The role of NSAIDs remains controversial,
because patellar tendinopathy is a noninflammatory condition. The literature
contains no conclusive evidence showing that NSAIDs have an effect on the
treatment outcome of patellar tendinopathy [63], although patients with acute
pain may benefit from the analgesic effects. Conservative management through
physical therapy remains the mainstay of treatment. Although scientific
evidence on the efficiency of nonoperative treatment is still lacking, manage-
ment of patellar tendinopathy continues to focus largely on eccentric strength-
ening of the tendon [64]. Improving quadriceps and hamstring flexibility can
also be beneficial in prevention and treatment of patellar tendinopathy [65].
In some patients for whom conservative management fails after 6 months of
therapy, surgical options can be explored.
Patellofemoral pain syndrome

Patellofemoral pain syndrome refers to anterior knee pain originating from the
patellofemoral joint and the surrounding supporting structures. It is the most
common cause of all knee overuse injuries. Other terms that have been used
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to refer to this condition include anterior knee pain, runner’s knee, and chondromalacia
patella. The cause of patellofemoral pain is multifactorial and includes biome-
chanical problems, dysfunction of muscles, and overuse. Anatomically, the
patella articulates with the trochlear groove of the femoral condyles in the distal
femur. Proper tracking of the patella in this groove is dependent on multiple
forces such as strength of the quadriceps muscles, supporting soft tissue struc-
tures, patellar stabilizing mechanisms, and biomechanics of the patient. Biome-
chanical problems include lower extremity malalignment, patellar
hypermobility, strength imbalances, and muscle inflexibility. Examples of ma-
lalignment of the lower extremity include femoral anteversion, genu valgum,
excessive lateral insertion of the patellar tendon (increased Q angle), tibial
torsion, and foot hyperpronation from pes planus (flat feet). Increases in activ-
ities and these predisposing factors causes overload stress on the patellofemoral
joint. The result is pain.

Patients complain of a dull aching pain underneath or around the patella that
occurs with activity. Prolonged sitting or going up and down stairs typically also
aggravates the pain. Mild swelling or a sense of crepitation may also be reported.
Symptoms are commonly bilateral, although presentation in one knee is not
unusual. Physical examination requires assessment fromhips to feet, becausema-
lalignment problems can contribute to patellofemoral pain. Abnormal tracking of
the patella can be evaluated by extending the patient’s knee while in the seated
position. If abrupt or excessive lateral tracking of the patella occurs as the knee
extends, this is considered positive J tracking. On palpation, tenderness may be
present under the patellar facets.Compressing downon the patient’s patellawhile
displacing it inferiorly can also elicit pain as the patient is asked to contract the
quadriceps; this is a positive patellar grind test (Fig. 9).

Functional deficiencies such as core and pelvic weakness, quadriceps and
hamstring tightness, and IT band tightness should also be assessed. Radio-
graphs are not necessary for diagnosing patellofemoral pain, but they can
Fig. 9. Patellar grind test.
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help confirm abnormalities in patellar alignment (ie, patella alta, femoral
trochlea hypoplasia, lateral patella tilt) or rule out other bony abnormalities.

Like many overuse injuries, relative rest and modifying activities based on
subjective pain is part of the treatment. Because the origin of patellofemoral
pain is multifactorial, management should also address the various predisposing
factors, with correction of biomechanical problems being the primary focus.
Physical therapy for core and hip strengthening has thus become a mainstay of
treatment for this condition. Part of the rehabilitation also addresses any strength
imbalances, hamstring and quadriceps inflexibility, and IT band tightness.Use of
over-the-counter or customized orthotics may be necessary to correct hyperpro-
nation from pes planus. Patellar stabilizing braces can also be helpful to minimize
patellar hypermobility and lateral tracking. For patients who do not respond to
conservativemanagement, consultationwith an orthopedic surgeon for consider-
ation of a lateral release or patellar realignment surgery is reasonable, although no
evidence shows that surgical intervention is effective.

HIP INJURIES

Pelvic apophysitis

Pediatric overuse injuries commonly involve the pelvis during times of rapid
growth when bone growth exceeds muscle ability to stretch sufficiently, leading
to increased inflexibility and traction forces on the pelvic apophyses. Knowl-
edge of the bony anatomy, muscular attachments, and its actions are key for
understanding and diagnosing pelvic apophysitis.

The pelvis has multiple apophyses that may be involved in overuse injuries
depending on the type of activity and age, because these secondary ossification
centers appear and close at different ages (Table 1).
Table 1
Pelvic apophyses- muscle attachments and ages at time of their ossification

Apophysis
Originating
muscle Inserting muscle

Age of
appearance (y)

Age of
closure (y)

Greater trochanter None Gluteus maximus
and medius,
external hip
rotators

9–10 14–16

Lesser trochanter None Iliopsoas 9–10 14–16
Anterior superior

iliac spine
Sartorius None 12–14 14–16

Anterior inferior
iliac spine

Rectus femoris None 12–14 14–16

Iliac crest Tensor fascia latae Internal and
external
obliques,
transversus
abdominis

13–15 16–18

Ischial tuberosity Biceps femoris, hip
extensors

None 15–17 21–25
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The muscles originating or attaching at each apophysis create traction forces
with activity as the muscle-tendon group repetitively pulls against the
apophysis, producing microavulsion, inflammation, and cellular breakdown
[66–68]. Eventually the cartilaginous apophysis weakens and leads to widening
of the apophysis, putting the athlete at high risk for an acute avulsion injury
[49,69–71]. The most commonly injured apophyses of the pelvis include the
ischial tuberosity, anterior inferior iliac spine (AIIS), and anterior superior iliac
spine (ASIS), followed less commonly by the lesser trochanter, iliac crest, and
rarely the greater trochanter [67,69]. The actions of the muscles involved at the
injured apophysis are often repetitive motions common to specific types of
sports. For example, sprinters will often experience ischial tuberosity apophy-
sitis from recurrent ballistic hamstring use during explosive sprints, and figure
skaters will experience iliac apophysitis from explosive jumping and twisting
that engages their oblique muscles. Pelvic apophysitis occurs commonly in
a variety of sports, including soccer, running, gymnastics, skating, football,
and dance, but may occur in any sport [49,66,67].

Athletes present with well-localized activity-related pain at the site of the
involved apophysis. In contrast to acute avulsion injuries, the athlete’s pain
is insidious in nature and is usually described as aching or throbbing. Without
appropriate rest, the pain will progress and athletes may develop limp with
activities and pain with walking or standing. With continued activity despite
worsening pain, athletes are at risk for avulsion fracture at the apophysis,
and may describe a sudden painful event in which a pop is felt followed by
intense pain and disability of the involved muscle [42,49,68,70,71].

Physical examination will reveal significant localized pain directly over the
involved apophysis on palpation. Some local swelling may be present, but
erythema, bruising, and deformity are usually not appreciated unless an avul-
sion fracture has occurred. The pain is worsened by resisted activation or
passive stretching of the involved muscle group. Muscle tightness is often
appreciated bilaterally, and range of motion is usually decreased on the affected
side. With more advanced apophysitis, mild contractures may be noted.

Workup involves radiographs of the pelvis and hip to visualize the apophysis
of concern. However, radiographs typically appear normal, making this a clinical
diagnosis. In moderate to severe cases, radiographs may show an apophysis with
widening and sclerosis. Radiographs should be obtained in the presence of
concerns for constitutional symptoms, tumors, infection, or persistent symptoms
not responding to therapy. Avulsion fractures should be ruled out with radio-
graphs if the history is concerning for such. On MRI, edema of the apophysis
can be appreciated in its early stages before widening and sclerosis [69–71].
However, MRI is unnecessary for the diagnosis and should only be obtained
when other concerns exist, such as infections, tumors, or stress fractures.

The mainstay of treatment for pelvic apophysitis is rest and activity modifica-
tion to prevent further injury from the insulting activity. Ice and ibuprofen can be
used for pain as needed. Weight-bearing is allowed as tolerated. However, pro-
tected weight-bearing on crutches may be necessary initially if the athlete has
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pain with walking and standing. If needed, physical therapy can usually be initi-
ated by 1 to 2weeks, with a focus on flexibility and range ofmotion, and progress-
ing to core and pelvic strengthening and lower extremity strengthening. When
symptom-free, it is important to engage the athlete in a graded return to sports-
specific activities before full participation. In general, most can expect to return
to full participation at 4 to 6 weeks [49,68].
IT band syndrome (IT band tendinitis)

IT band syndrome is a very common cause of lateral hip pain and lateral knee
pain, and is found especially in runners. Anatomically, the IT band is a large
connective tissue structure that runs from the iliac crest down to the lateral
tibia. With hip flexion and extension, the IT band glides anteriorly over the
greater trochanter in the femur and then glides back posterior to the trochanter,
respectively. The friction that is created by the IT band sliding back and forth
results in pain. A trochanteric bursa allows for smooth gliding of the IT band
through reducing friction, but when this bursa becomes inflamed, an associated
trochanteric bursitis can also develop, resulting in painful movement. Running
downhill causes the worst pain because symptoms typically occur when the hip
is flexed at 30�. This reduced foot strike angle on downhill running is a risk
factor for developing IT band syndrome, because track athletes who run on
level surfaces, and thus have greater foot strike angle, have been found to
have a lower incidence of this condition.

Clinically, patients present with achy pain over the lateral upper thigh and
knee with running. On examination, they may have tenderness over the
greater trochanter if a bursitis has developed, or they may have tenderness
in the knee over the lateral femoral condyle. Symptomatic patients generally
have findings of a tight IT band on examination, as indicated by a positive
Ober test. For this test, the patient is in a side-lying position, with the affected
side up. The examiner then extends the symptomatic hip while supporting the
leg. With IT band inflexibility, the knee and leg will remain suspended off the
table once the examiner no longer supports the leg up (Fig. 10).

Physical examination also will often reveal biomechanical abnormalities.
Varus alignment of the lower extremity (bowlegged), overpronation from
high arches, or lateral tilt of the pelvis can all place strain on the IT band, pre-
disposing individuals to this condition [72].

Treatment aims at reducing stress on the IT band, both through physical
therapy and correction of any biomechanical problems. In addition to stretch-
ing the IT band and hamstrings to decrease friction, physical therapy should
also strengthen gluteal and hip abductors to minimize pelvic tilt. Ice and
NSAIDs for symptomatic control can be helpful. More importantly, addressing
training errors, such as excessive downhill running or rapid increases in
activity, can help prevent recurrences. For those who fail conservative manage-
ment, consultation with a surgeon for surgical release of the IT band is an
option. Most athletes are generally able to gradually return to sport activities
within 2 to 6 weeks once they are asymptomatic [73].



Fig. 10. Ober test.
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BACK INJURIES
Spondylolysis
Spondylolysis is a stress fracture of the pars interarticularis, the bony connec-
tion between the inferior and superior articulating facets of the vertebral
complex. Estimates show that spondylolysis may contribute to nearly 50% of
cases of back pain in young athletes, and physicians should always maintain
a high index of suspicion for this diagnosis [53]. The cause of the defect in
the pars interarticularis is stress to the posterior elements of the spine from
repetitive flexion and hyperextension motion, combined with truncal rotation.
Gymnastics, football (lineman), weight lifting, dance, and volleyball are
common sports requiring repetitive hyperextension that may lead to spondylol-
ysis [3,53]. The stress fracture occurs most commonly at the L5 vertebral level,
followed by the L4 level [74–76], and can be unilateral or bilateral. If the stress
fracture at the pars interarticularis occurs bilaterally, then spondylolisthesis can
develop, which is a forward slippage of one vertebral body on the vertebral
body below it. Diagnosis and grading of spondylolisthesis can be made on
lateral radiographs based on percentage of anterior displacement.

Patients with spondylolysis typically present with insidious onset of activity-
related low back pain that worsens with spine hyperextension. The
prototypical patient falls into one of three categories: (1) the female athlete
with a hyperlordotic spine with increased motion and flexibility, (2) the male
athlete with poor flexibility, particularly of the paraspinal musculature, and
who has recently undergone a growth spurt, and (3) the deconditioned athlete
with poor core and pelvic strength who recently started a new sport. On phys-
ical examination tenderness to palpation may be present at the affected verte-
bral level. Findings may also show increased lordosis of the lumbar spine,
poor hamstring flexibility, and weak core and pelvic strength. The pain is
reproducible when the patient extends the back or with single-leg hyperexten-
sion during the Stork test (Fig. 11).



Fig. 11. Stork test.
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Diagnostic workup should begin with plain radiographs, including antero-
posterior and lateral views of the lumbar spine. Obtaining oblique views to
look for the ‘‘Scotty dog’’ sign in the pediatric patient remains debatable
because of the increase in radiation exposure and uncertainty regarding
whether it improves diagnostic accuracy. In general, plain radiographs have
been shown to have poor sensitivity in demonstrating pars defects [77] but
can helpful to assess for other gross bony abnormalities.

Further imaging with single-photon emission CT (SPECT) scan, CT scan,
and/or MRI is generally necessary to confirm the diagnosis. Which imaging
modality is most sensitive and specific for detecting a pars stress fracture
remains controversial. Each has its own advantages and disadvantages. The
SPECT scan has increased sensitivity of up to 68% over radiographs [78,79]
and can be helpful in distinguishing symptomatic pars stress fractures from
asymptomatic lesions based on whether increased uptake is seen on the scan.
However, it has poor specificity and cannot rule out other pathologies that
also demonstrate increased uptake, such as infections or tumors. CT, on the
other hand, provides excellent visualization of bony anatomy and can identify
the exact location of the stress fracture. It can also be used on follow-up to
assess bony healing. The downfall is the amount of radiation exposure.
More recently, use of MRI for diagnosing spondylolysis has become more
popular because of the lack of radiation exposure in pediatric patients and
the ability to detect bone marrow edema (stress reaction) and soft tissues.
With improvements in magnetic field and strength and fat saturation tech-
niques, high-resolution MRI images have increased diagnostic accuracy.
However, the efficacy is still being studied [80–83].
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No gold standard for management of spondylolysis currently exists. Its
clinical outcome has little correlation with radiographic evidence of healing
status [84]. That is, patients with healed stress fractures or with bony
nonunions can be asymptomatic. Thus, treatment consists primarily of a period
of high-impact and extension-based activity restrictions to alleviate pain and
allow for bony healing and/or progression to fibrous nonunion. No universal
guideline exists for the duration of activity restriction, although most authors
would agree that a period of relative rest of approximately 3 months is reason-
able. During this time physical therapy is started once pain is improved, with
rehabilitation emphasizing core and back stabilization and hamstring flexibility.
The use of bracing in the treatment of spondylolysis remains controversial;
some still advocate for bracing until the patient is asymptomatic, which may
take up to 9 to 12 months [53,85]. Outcome studies show similar results
with return to sports and bony healing regardless of whether bracing was
used. Given the lack of evidence supporting therapeutic bracing, many will
reserve bracing for severe cases in which pain is experienced at rest and with
daily activities. Most patients with symptomatic spondylolysis respond well
to nonoperative management. Once symptom-free, the athlete may gradually
return to sport activities without restrictions. For recalcitrant cases for which
conservative measures fail after 9 to 12 months, surgical options may be consid-
ered, with posterolateral fusion having a success rate of close to 90% [84].
SUMMARY
Overuse injuries in the pediatric and adolescent population are a growing
problem in the United States as more children participate in recreational and
organized sports. It is not uncommon for children and adolescents to play
on multiple teams simultaneously or to be involved in sports year-round.
Without adequate rest, the demands of exercise can exceed the body’s ability
to repair tissues, leading to repetitive microtrauma and overuse injury. Unlike
in adults, the consequences of overuse injury in the pediatric and adolescent
athlete are far more serious because the growing bones are vulnerable to stress.
The ability to identify individuals who are at risk of overuse injuries is key so
that education, prevention, and early diagnosis and treatment can occur.
Preventive measures of modifying training factors (ie, magnitude, intensity,
and frequency of sports participation) and correcting improper biomechanics
(alignment, laxity, inflexibility, and muscle imbalance) should always be part
of the management plan.
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