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Abstract
Purpose of Review The aim of this study is to review the most recent literature on common upper extremity injuries in pediatric
athletes and discuss their diagnosis, management, and outcomes. We also highlight ultrasound as a tool in their evaluation.
Recent Findings Shoulder conditions presented include little league shoulder, glenohumeral rotation deficit, acute traumatic
shoulder dislocation, and multidirectional shoulder instability. Elbow conditions include capitellar OCD, medial epicondyle
avulsion fracture, and medial epicondylitis. We also review scaphoid fractures and gymnast wrist. Not all physeal injuries lead
to long-term growth disruption. Ultrasound has been shown to be useful in the diagnosis of scaphoid fracture, medial epicondyle
avulsion fractures, and capitellar OCD. It can also be helpful in assessing risk for shoulder and elbow injuries in overhead
athletes.
Summary There is a rising burden of upper extremity injuries among pediatric athletes. Knowledge of their sport specific
mechanics can be helpful in diagnosis. As long-term outcome data become available for these conditions, it is clear, proper
diagnosis and management are critical to preventing adverse outcomes.We highlight many of these injuries, best practice in care,
and controversies in care in hopes of improving outcomes and preventing injury for pediatric athletes.

Keywords Pediatric sport . Elbow injuries . Shoulder injuries .Wrist injuries . Diagnostic ultrasound

Introduction

Pediatric athletes are at increased risk for sport-related injuries
due to intrinsic factors like the impact of chronic repetitive
stress on their physes and extrinsic factors such as improper
sport-related technique and sport-specific kinematics [1–3].
Prior to the 2020 pandemic, there was an estimated 60 million
kids aged 6 through 18 years participating in organized sport
yearly [4]. Participation was steadily increasing with trends
toward earlier participation in youth sport [5, 6•]. Among

these sports, overhead sports like baseball and basketball have
been reported as most popular. Increased sport participation
has led to increased rates of sport-related injuries with a rising
burden of upper extremity injuries [7–11]. This paper will
review some of the common injuries seen in the shoulder,
elbow, wrist, and hand of pediatric athletes with a focus on
diagnosis, management and outcomes. We also highlight use
of ultrasound as a diagnostic tool for these conditions.

Little League Shoulder

Little league shoulder (LLS) is an overuse injury caused by
repetitive microtrauma from torque or tractional forces on the
proximal humeral physis [12–14]. Skeletally immature ath-
letes between 11 and 16 years old (mean age 13) present with
insidious onset shoulder pain associated with overhead activ-
ities, such as baseball, tennis, swimming, gymnastics, volley-
ball, football, or cricket. In advanced cases, symptoms may
affect activities of daily living or even be present at rest. Other
symptoms may include shoulder fatigue or weakness, me-
chanical symptoms, or secondary elbow pain [12, 13].
Physical exam reveals tenderness over the lateral aspect of
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the proximal humerus with decreased range of motion (ROM)
or strength [12, 14]. In a retrospective study by Heyworth
et al. in 2016, 30% of athletes with LLS had decreased total
arc of motion from glenohumeral internal rotation deficit
(GIRD) [12].

Diagnosis can be made clinically, but radiographs of the
shoulder (AP view in external rotation), may reveal physeal
widening, increased sclerosis or demineralization, cystic
changes, metaphyseal calcification, or fragmentation.
Radiographs may be normal up to 10 days from onset of
symptoms and may only be remarkable after 3 weeks.
Obtaining radiographs of the contralateral side may help de-
tect subtle changes. Magnetic resonance imaging (MRI) may
be used to confirm the diagnosis if radiographs are inconclu-
sive. MRI findings consistent with LLS include physeal wid-
ening with increased signal intensity, metaphyseal bone mar-
row edema, adjacent periosteal edema, and subchondral cysts
[7, 12, 14]. Ultrasound evaluation can be performed to assess
humeral retroversion, which refers to adaptive changes that
restrict physiologic derotation of the humeral head in skeletal-
ly immature athletes who participate in overhead activities.
Humeral retroversion has been reported in dominant extrem-
ities of baseball players and may be associated with increased
risk for shoulder or elbow injuries [12, 15, 16].

Management of LLS includes rest from overhead activities
until the patient is asymptomatic, physical therapy (PT) focused
on alleviating posterior capsule tightness in athletes with GIRD,
periscapular and rotator cuff (RTC) strengthening, and throw-
ing mechanics. According to Heyworth et al., the average time
to full resolution and return to full competition were 2.6 months
and 4.2 months, respectively [12]. Gradual return to sports and
emphasis on pitching guidelines are essential in preventing re-
currence [12, 14]. In the same study, recurrence of LLS was
seen in 7% of athletes at an average of 7.6 months and was
more likely if the athlete had GIRD [12].

Natural course for LLS is considered benign or self-
limiting; however, symptoms can wax and wane and sig-
nificantly affect an athlete’s ability to participate in sports.
Potential complications include physeal closure, which is
worrisome because the proximal physis contributes to 80%
of overall humeral growth; however, these are extremely
rare [12, 13]. In a 14-year retrospective study, there were
no cases of physeal closure, humeral length discrepancy,
or angular deformity reported as well as no differences in
outcomes between athletes who had positive or negative
radiographic findings, or those treated with (PT) versus
those who were not [12].

Glenohumeral Internal Rotation Deficit

Glenohumeral internal rotation deficit (GIRD) refers to adap-
tive changes to dominant shoulders of overhead athletes, that

lead to increased external rotation (ER) and decreased internal
rotation (IR), resulting in a loss of total shoulder ROM or asym-
metry between dominant and nondominant shoulder. GIRD has
been implicated with increased risk for shoulder and elbow
injuries [12, 17–19]. However, a meta-analysis by Keller et al.
in 2018 revealed that although shoulders with GIRD favored
injury, it did not yield statistical significance [18].

Athletes with GIRD present with nonspecific posterior
shoulder pain in the late cocking phase, shoulder stiffness,
and loss of throwing velocity [19]. Diagnosis is made clini-
cally by measuring shoulder ER and IR passively while the
athlete is supine with the humerus abducted at 90° and elbow
flexed at 90°. Total shoulder ROM or arc of motion is the sum
of shoulder IR and ER. Athletes with GIRD may also present
with scapular dyskinesia on physical exam [19, 20].
Radiographs are usually unremarkable, and in some cases
may show a posterior glenoid osteophyte (Bennet’s lesion)
[19]. MRI may be obtained to evaluate for concomitant pa-
thology such as RTC (supraspinatus and infraspinatus) partial
tears, bony cystic changes to posterosuperior humeral head,
thickened appearance of posterior band of the inferior
glenohumeral ligament (IGHL), glenoid chondral wear, and
labral pathology [19].

Dynamic assessment through ultrasound may help differ-
entiate between bony factors (humeral retroversion) versus
soft tissue factors (pathologic contracture of posterior capsule)
that may contribute to GIRD [20]. GIRD in the setting of an
injury is managed through PT focused on improving the cap-
sular or muscular adaptations from chronic overhead activi-
ties. Posterior capsule/RTC stretching such as the sleeper
stretch and cross body stretch are associated with favorable
outcomes. Arthroscopic interventions may be indicated if
symptoms persist despite conservative measures [19, 20].

Shoulder Instability

Acute traumatic shoulder instability refers to dislocation of the
humeral head from the glenoid. Anterior dislocation being the
most common will be the focus of this discussion. It may lead
to soft tissue injuries such as avulsion of the anterior labrum
and anterior inferior band of the IGHL (Bankart lesion), hu-
meral avulsion of glenohumeral ligament (HAGL lesion), or
anterior labral periosteal sleeve avulsion (ALPSA), and con-
comitant bony injuries including fracture of anterior inferior
glenoid rim (bony Bankart lesion) with corresponding impac-
tion fracture of the posterior superior humeral head (Hill-
Sachs defect), or fractures involving the proximal humerus
physis [21]. These injuries are usually sustained through a fall
or a collision while the athlete’s shoulder is abducted and
externally rotated [21, 22]. Previous history may include sub-
jective feeling of instability or prior traumatic subluxation or
complete dislocation events.
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On exam, the athlete will present with gross deformity or
shoulder asymmetry, holding the injured arm to the side with
limited ROM. If the athlete presents after the joint reduction,
special maneuvers such as the load and shift, hyperabduction,
apprehension/relocation tests, and sulcus sign may be used to
provoke symptoms or assess laxity. Radiographs of the shoul-
der including AP, scapular Y, and axillary views should be
obtained following these injuries to assess proper joint reduc-
tion and evaluate for concomitant bony injuries. The AP view
may show bony Bankart lesions with accompanying Hill-
Sachs deformity or fractures of the proximal humerus, while
the axillary view best visualizes concentric reduction. MRI
may be utilized to evaluate the extent of soft tissue damage
to the joint capsule, glenohumeral ligaments, labrum, and car-
tilage [21].

Multiple techniques have been described for closed reduc-
tion after anterior shoulder dislocation. Principle methods in-
clude traction-countertraction, leverage techniques, and scap-
ular manipulation. The best technique is still up for debate. A
meta-analysis revealed that traction-countertraction may pro-
vide least pain, but leverage techniques may be quickest to
perform [23]. Ultimately, gentle manipulation is essential to
avoid further iatrogenic injuries. Pain control is crucial while
performing the procedure and sedation may be necessary for
the pediatric population [21, 23]. Shoulder immobilization
through an arm sling and activity modifications are recom-
mended immediately following the injury. Proper rehabilita-
tion includes PT focused on periscapular and RTC
strengthening.

An athlete may return to sport once full ROM, strength, and
ability to perform sport specific maneuvers without pain, dis-
comfort or apprehension are achieved [21]. Recurrence of
traumatic shoulder dislocations after nonoperative treatment
is around 95% in individuals under 25 years old and can be as
high as 100% in skeletally immature athletes. Boys between
14 and 18 years old are more likely to re-dislocate [21, 22,
24–26]. Rates for return to sport are 41% and 95% for those
who are treated nonoperatively and surgically, respectively
[26]. Due to concern for recurrent injuries leading to more
extensive surgical management, degenerative arthropathy,
and less favorable outcomes with regards to return to sport,
there has been some discussion regarding earlier surgical in-
tervention in recent literature [22, 26, 27].

Absolute surgical indications for first time anterior shoul-
der dislocations include open injuries, irreducible joints, or
fracture/dislocation. Relative indications for first time injuries
may include bony Bankart lesions with Hill-Sachs deformity,
injuries sustained by overhead athletes, glenolabral articular
disruption (GLAD), or ALPSA. Surgical interventions are
commonly done through arthroscopic techniques and focused
on joint stabilization and repairing injuries to the capsule and
labrum [21]. Recurrence of anterior shoulder instability post-
operatively varies depending on surgical technique. A meta-

analysis revealed that re-dislocation was highest among those
who underwent arthroscopic Bankart repair, in contrast to
those who had open Bankart repair or Latarjet procedures
[27]. Socioeconomic factors such as insurance status may also
affect outcomes after acute shoulder dislocations. A retrospec-
tive review by Hung et al. revealed that publicly-insured indi-
viduals take longer to receive medical evaluation, MRI, and
surgery; have higher number of previous dislocations before
their initial consult; are associated with secondary bony inju-
ries; and have higher rates of recurrent instability post-
operatively [25].

Multidirectional instability (MDI) refers to anterior or pos-
terior with inferior shoulder instability from chronic repetitive
microtrauma in overhead sports [17, 21]. Athletes usually
present with gradual onset subjective feeling of shoulder in-
stability especially with overhead activities. Prior history of
traumatic shoulder subluxation/dislocation may be present.
Physical exam includes similar provocative maneuvers dis-
cussed in acute traumatic anterior shoulder instability.
Beighton score may help assess overall ligamentous laxity
[17]. Diagnosis is made clinically, although ultrasound evalu-
ation can be utilized for dynamic assessment. A study of ul-
trasound findings in individuals with hypermobile type Ehlers
Danlos syndrome with MDI revealed a larger subacromial
area with inferior humeral head subluxation compared to the
control group. Their findings suggest that symptoms from
MDI may not be from impingement, and instead result from
inferior humeral head displacement and loss of shoulder
ROM, and should be considered when designing rehabilita-
tion programs [28].

Management includes activity modifications and PT focused
on stabilizing the shoulder through RTC and periscapular
strengthening, which have shown favorable outcomes [17]. A
systematic review by Longo et al revealed 60% of athletes were
able return to sports at the same level while 34% returned at a
lower level. Overall, only 21% of patients required surgery due
to persistence of symptoms despite conservative treatment.
Recurrence of MDI in those who were managed surgically
were lowest among those who underwent open capsular shift
(7.5%) and arthroscopic plication (7.8%) [29].

Elbow

Medial Epicondyle Apophysitis

Medial epicondyle apophysitis, frequently referred to as
“Little League elbow,” arises in the skeletally immature
athlete with open physes, typically under the age of 10.
[7–10]. The developing apophysis and adjacent physis are
structurally weaker than the flexor-pronator mass that orig-
inates at the medial elbow, and thus are particularly sus-
ceptible to injury due to repetitive valgus stress and traction
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at the medal epicondyle [8, 10, 11]. This injury occurs
almost exclusively in throwing athletes such as baseball
players, during the cocking phases of throwing when val-
gus stress on the medial elbow is maximal [8, 10, 11].
Approximately 20–50% of youth baseball players report
elbow pain, and recent radiographic assessments of the me-
dial elbow using ultrasonography and MRI have reported
medial epicondyle abnormalities ranging from 10 to 50%
on the throwing side [2, 3, 30•, 31–36].

Patients present with insidious onset of medial elbow pain
with throwing. Physical examination reveals focal tenderness
to palpation over the medial epicondyle with possible medial
elbow swelling, limited elbow extension, and stiffness [8, 11,
37]. Diagnosis is clinical, but radiographs should be obtained
to evaluate for widening of the medial epicondyle physis,
possible fragmentation, ragged appearance, sclerosis, or tra-
becular thickening [7, 37, 38]. On MRI, widening of the
physis can be noted with varying levels of inflammation and
increased periphyseal bonemarrow edema [7, 37, 38]. Several
studies have examined the role of ultrasonography as a screen-
ing tool for the early detection of medial epicondyle injuries in
youth baseball players and have found it effective at detecting
early medial epicondyle lesions including bony cortical dis-
continuity or fragmentation [32, 33, 39, 40].

The management of medial epicondyle apophysitis is con-
servative, involving complete cessation of all throwing activ-
ities for a minimum of 4–6weeks and initiation of PT, with a
focus on core, hip, and lower body strengthening and mobility
[2, 15, 19]. Limited data is available on outcomes and prog-
nosis following conservative treatment. Once full, pain-free
mobility and strength have been regained and medial elbow
tenderness to palpation has resolved, supervised gradual re-
turn to throwing can be initiated. This involves progression
from light tosses to maximum effort pitching over 4–8 weeks
[2, 15, 19]. On average, the total time to return to competitive
pitching is 8–12 weeks [2, 15, 19].

Medial Epicondyle Avulsion Fracture

Medial epicondyle avulsion fractures occur secondary to val-
gus stress at the elbow with increased risk as the athlete nears
skeletal maturity and the apophysis begin to fuse [8, 10, 41]. It
typically affects baseball pitchers ages 9–14 years [8, 10, 41].
They present acutely in an athlete with sudden pain and/or
popping sensation during a single throwing motion, resulting
in swelling, tenderness to palpation over the medial
epicondyle, and reduced range of motion [41–43]. This injury
may be associated with valgus instability and ulnar nerve
symptoms [41–43]. Presence of symptoms preceding the
avulsion is variable, with recent reports suggesting that the
majority of athletes report pre-existing medial elbow pain pri-
or to their acute injury [5].

Fracture displacement is often used to determine the opti-
mal treatment. However, controversy remains about its clini-
cal significance and the most accurate diagnostic approach to
determine the degree of displacement [41, 44]. Obtaining con-
tralateral elbow radiographs can be beneficial to distinguish
between acute avulsion from anatomic variation, due to the
variable age of fusion of the medial epicondyle ossification
center [9, 41]. Fragment displacement is typically anterior and
distal, so the displacement may be underestimated by an iso-
lated anteroposterior radiograph [41]. Several studies have
shown that internal oblique radiographs at 45° and distal hu-
meral axial views may improve accuracy in measuring maxi-
mal displacement, as CT and MRI are typically not helpful in
evaluating these injuries [41, 45–47].

Optimal management of pediatric medial epicondyle frac-
tures continues to be an area of debate, especially with regards
to surgical indications. Non-displaced or minimally displaced
fractures can be treated non-operatively. Generally accepted
absolute indications for operative intervention include incar-
cerated fragments, open fracture, and ulnar nerve entrapment
[41, 42]. Relative indications include elbow instability and
significant displacement. These indications are controversial
however as there is no agreement regarding the definition of
significant displacement (ranges from 2 to 10mm), in addition
to the aforementioned measurement controversies [41, 42,
44]. The concern about valgus instability resulting from
higher rates of nonunion or malunion observed in patients
treated non-operatively has led to a trend toward operative
fixation of avulsion fractures in competitive upper-extremity
athletes who rely on elbow stability for their sport, including
baseball and gymnastics [41, 42, 44, 48].

Studies comparing operative to non-operative management
demonstrate similar outcomes and ability to return to sport,
although hardware removal is a frequently cited complication
in the operative group and reported time to return to sports
varies from 3 to 7 months [5, 43, 48–52]. In a recent study of
matched operative and non-operative moderately displaced
fractures in adolescent upper-extremity athletes, Axibal and
colleagues reported no significant difference in the proportion
of subjects who returned to the same sport (92.9% in each
group), performance at pre-injury level of competition, range
of motion limitations, complications, or median time to return
to play [50]. However, non-operative patients tended to return
to play sooner than those in the operative group (3 vs. 5.5
months, non-significant) [50].

Osteochondritis Dissecans of The Capitellum

Osteochondritis dissecans (OCD) of the humeral capitellum
results from compressive forces at the immature chondral sur-
face of the radiocapitellar joint in the setting of excessive
valgus stress or axial loading which puts the subchondral bone
at risk for localized ischemia from a limited vascular supply,
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and altered biomechanics [8, 41, 53–55]. It occurs primarily in
children and adolescents aged 10–16 years who participate in
overhead throwing and axial loading activities, including
baseball and gymnastics [41, 53–56]. Prevalence ranges from
1 to 4% among youth baseball players, with an increased risk
in males, athletes with a longer duration of competitive play,
and those who began to play at earlier ages[41–44].

Patients typically present with insidious onset, progressively
worsening lateral elbow pain during activity in the dominant
arm, with stiffness, loss of mobility, inability to perform at the
previous level of sport, and possible mechanical symptoms or
swelling [8, 53, 55, 57]. They commonly have tenderness to
palpation over the radiocapitellar joint or capitellum, and may
also have effusions or loss of extension, pronation, and/or su-
pination [8, 11, 53, 55, 57]. Radiographs of the elbow in early
stages may be normal, or demonstrate subtle changes including
a faint subchondral lucency on the anterolateral aspect of the
capitellum [7, 58, 59]. Advanced lesions may display increased
lucency, sclerosis, and fragmentation of the capitellum, and
possible loose bodies [7]. In addition to anteroposterior, lateral,
and oblique views, anteroposterior views with the elbow in 45°
of flexion should be obtained to aid in visualization, especially
in radiographs with less elbow flexion or full extension among
gymnasts [7, 54, 58].

Ultrasonography may be a better initial screening tool, es-
pecially for early stage lesions, and has been used extensively
in the evaluation and early detection of capitellar OCD le-
sions, with reported positive predictive values ranging from
67 to 100% [32, 39, 53, 60–66]. Several classification systems
have been proposed to classify the stability of OCD lesions,
although there is limited interobserver reliability among these
criteria [53, 67, 68]. MRI is helpful when initial radiographs
are negative, and may reveal bone marrow edema, irregulari-
ties or fragmentation of the articular cartilage, and possible
intra-art icular bodies in advanced cases [7, 53].
Radiographs, MRI, CT, and ultrasonography all have a role
in identifying lesions and assessing lesion instability, which is
characterized by any signs of sclerosis or fragmentation and
helps determine the initial management [53, 63, 66].

Stable lesions should be managed non-operatively with rest
for 6 weeks, PT, cessation of overhead activities, and reassess-
ment after 3–6 months of conservative therapy [10, 26, 39, 48].
At this time, if the patient has clinical improvement and radio-
graphic healing, return to sport can be initiated [10, 26, 39, 48].
Good prognostic factors for non-operative treatment include
early stage lesions, younger patients with open capitellar
physes, smaller lesions, absence of cyst-like lesions,
radiocapitellar congruity, and compliance to conservative treat-
ment [44, 54–57]. Healing rates of 50–90% with non-operative
management for early stage lesions have been reported in the
literature [69–72]. In two recent studies, mean non-operative
treatment duration and mean duration before returning to play
were 8.3 and 6.4 months, respectively [69, 70].

Indications for operative management include failure of
conservative management, unstable lesions, pain during daily
activities, presence of mechanical symptoms, and/or loose
bodies [63, 67]. Various surgical options exist, including ret-
rograde drilling, internal fixation, loose body removal and
microfracture, osteochondral autograft, and osteochondral al-
lograft [53, 56]. The respective indications and differential
outcomes of these various surgical techniques have been de-
scribed elsewhere [53, 56, 57, 63, 73, 74]. In a recent system-
atic review of return to sport rates following surgical manage-
ment of elbow OCD lesions, Cohen and colleagues reported a
pooled rate of return to any level of sport of 98% in a mean
duration of 6 months, a pooled rate of return to preinjury level
of sports of 79%, and a post-operative improvement in all
functional outcome scores [74]. The most common complica-
tion was revision surgery for loose body removal [74].

Wrist and Hand

Gymnast Wrist

Gymnast wrist is an overuse stress injury of the distal radius
physis. It is most often seen in gymnasts as they bear a signif-
icant amount of their weight on their wrists at a young age
leaving them subject to large compressive loads over time and
susceptible to injury [75]. This area is at risk for increased
susceptibility due to the proportionally greater axial loads on
the distal radius (80%) compared to the ulna (20%) during
weight bearing on the extended wrist [76–78]. In addition,
blood flow compromise to the metaphysis and epiphysis
may also be at play here [76, 79].

Athletes usually present with chronic, dull, dorsal, or radial
sided wrist pain without a history of injury. Their pain is
usually exacerbated by activities that load the wrist such as
floor, vaulting and pommel horse. Pain at rest may be seen in
advanced disease [76]. There may also be associated reports
of wrist swelling. On palpation, the pain is usually localized to
the distal radius physis. Pain may be worsened with hyperex-
tension and axial loading of the wrist such as in the plank or L
position on the exam table [77].

Diagnosis is made with radiographs which typically show
physeal widening, metaphyseal irregularity such as beaking,
and sclerosis [75]. MRI imaging is usually not needed for
diagnosis but if obtained, T2 images show increased signal
intensity of the physis [7]. The literature suggests that radio-
graphic abnormalities consistent with gymnast wrist can be
found in 10–85% of gymnasts with and without symptoms
[78]. Treatment usually consists of cessation of weight bear-
ing activity for 6–8 weeks. Complete immobilization in a
brace or cast may be helpful for compliance.

Without treatment, athletes are at risk for progression to
premature closure of the physis and a resultant discrepancy
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between the length of the radius and ulna [75, 80]. Clinically,
this can be seen as deviation of the hand toward the radial side.
The underlying ulnar positive variance that results in this case
increases the risk for development of other wrist pathologies.
Surgical intervention is reserved for symptomatic, partial clo-
sure of the radial physis or if there is progression to clinically
unacceptable malalignment [76]. A recent retrospective ana-
lysis of immature gymnasts diagnosed with gymnast wrist
found a 10% rate of growth disturbance and a 12% rate of
reoccurrence [81••].

Scaphoid Fractures

Scaphoid fractures are the most commonly encountered carpal
fractures, representing about 70% of all carpal fractures [75,
76, 82]. They typically occur from a fall onto an outstretched
hand, and are commonly seen in participants of contact sports
such as football, rugby, or high velocity sports like
skateboarding or rollerblading. In the pediatric population,
these fractures have traditionally occurred most frequently at
the distal pole of the scaphoid but in recent times they have
been occurring with increased frequency at the waist of the
scaphoid as seen in the adult population [7, 83]. This is
thought to be related to increased body mass index and in-
creased participation in high impact and extreme sports at a
young age. Athletes usually present after trauma with acute
wrist pain. On exam, they have tenderness to palpation of the
anatomic snuffbox, scaphoid tubercle volarly, and pain with
radial deviation, or pain with active wrist ROM [84].

Initial diagnostic imaging of choice is plain radiographs in-
cluding scaphoid views which may or may not show a fracture
line. In cases with high clinical suspicion and normal plain ra-
diographs, advanced imaging with CT or MRI is warranted to
rule out scaphoid fracture. Alternatively, repeat plain radiographs
in 10–14 days may show sclerosis or early healing changes.
Ultrasound imaging may be useful for sideline or point of care
evaluation but has thus far shown variable sensitivity for detect-
ing scaphoid fractures with one study reporting sensitivity of
50% [85] and another 77.8–100% [86]. This variability may be
in part due to operator experience. Ultrasonography does seem to
at least be reliably useful early in the disease process with a
recent study showing ultrasound to be superior to radiographs
in diagnosing early scaphoid fractures [87••].

Once confirmed, treatment involves immobilization in a
thumb spica cast with the duration of immobilization depen-
dent on the location of the fracture. Distal pole fractures may
require 4–8 weeks of immobilization compared to up to 15
weeks for waist fractures [88]. Acute non-displaced fractures
do well with casting with reports of 90% union rate [89, 90].
Surgical reduction and internal fixation with or without bone
graft is the mainstay for acute displaced fractures, late present-
ing fractures (> 6 weeks) and chronic non unions. Reported
post-surgical union rates are at least 95% [89].

Conclusion

Rising youth sport participation and early sport specialization
in popular sports like baseball, basketball, and gymnastics
demand continued knowledge on the diagnosis, management,
and outcomes of common upper extremity injuries seen in
pediatric athletes. Furthermore, care of the pediatric athlete
should involve not only special consideration of their skeletal
immaturity but also of their specific sport. An understanding
of sport-specific risks is essential for diagnosis and injury
prevention for these young athletes. Ultrasonography is
emerging as a useful tool for initial evaluation of upper ex-
tremity injuries such as scaphoid fractures, medial epicondyle
avulsion fracture, and capitellar OCDs. More research is need-
ed to solidify its role in the diagnosis of pediatric upper ex-
tremity injuries.

Funding No funding was received.

Declarations

Conflict of Interest Celina de Borja, Rhonda Watkins, and Faustine
Ramirez declare that they have no conflict of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Sciascia A, W Ben Kibler. The pediatric overhead athlete: what is
the real problem? Clin J Sport Med. 2006;16(6):471–7. https://doi.
org/10.1097/01.jsm.0000251182.44206.3b.

2. Takagishi K, Matsuura T, Masatomi T, Chosa E, Tajika T, Iwama
T, Watanabe M, Otani T, Inagaki K, Ikegami H, Aoki M, Okuwaki
T, Kameyama Y, Akira M, Kaneoka K, Sakamoto M, Beppu M.

470 Current Reviews in Musculoskeletal Medicine (2022) 15:465–473

https://doi.org/10.1097/01.jsm.0000251182.44206.3b
https://doi.org/10.1097/01.jsm.0000251182.44206.3b


Shoulder and elbow pain in junior high school baseball players:
Results of a nationwide survey. J Orthop Sci. 2019;24(4):708–14.
https://doi.org/10.1016/j.jos.2018.12.018.

3. Matsuura T, Suzue N, Iwame T, Arisawa K, Fukuta S, Sairyo K.
Epidemiology of shoulder and elbow pain in youth baseball
players. Phys Sportsmed. 2016;44(2):97–100. https://doi.org/10.
1080/00913847.2016.1149422.

4. Brenner JS. Sports specialization and intensive training in young
athletes. Am Acad Pediatr Pediatr. 2016;138(3). https://doi.org/10.
1542/peds.2016-2148.

5. Zheng ET, Bae DS, Vuillermin CB, Yen Y-M, Miller PE,
Heyworth BE. Medial epicondyle apophyseal avulsion fractures
in youth throwers: a severe variant of little league elbow. In:
American Academy of Pediatrics; 2021. https://doi.org/10.1542/
peds.147.3_MeetingAbstract.820.

6.• Lansdown DA, Rugg CM, Feeley BT, Pandya NK. Single sport
specialization in the skeletally immature athlete: current concepts. J
Am Acad Orthop Surg. 2020;28(17):e752-e758. https://doi.org/10.
5435/JAAOS-D-19-00888. Highlights the change in the youth
sporting landscape leading to single sports specialization and
increased injury risk, that makes prompt diagnosis and
management of injuries crucial.

7. Delgado J, Jaramillo D, Chauvin NA. Imaging the injured pediatric
athlete: upper extremity. Radiographics. 2016;36(6):1672–87.
https://doi.org/10.1148/rg.2016160036.

8. Andelman S, DiPrinzio E, Hausman M. Elbow injuries in the pedi-
atric athlete. Ann Jt. 2018;3:21-21. https://doi.org/10.21037/aoj.
2018.03.02.

9. Patel B, Reed M, Patel S. Gender-specific pattern differences of the
ossification centers in the pediatric elbow. Pediatr Radiol.
2009;39(3):226–31. https://doi.org/10.1007/s00247-008-1078-4.

10. Ellington MD, Edmonds EW. Pediatric elbow and wrist pathology
related to sports participation. Orthop Clin North Am. 2016;47(4):
743–8. https://doi.org/10.1016/j.ocl.2016.05.002.

11. Oshlag BL, Ray TR. Elbow injuries in the young throwing athlete.
Curr Sports Med Rep. 2016;15(5):325–9. https://doi.org/10.1249/
JSR.0000000000000300.

12. Heyworth BE, Kramer DE, Martin DJ, Micheli LJ, Kocher MS,
Bae DS. Trends in the presentation, management, and outcomes
of little league shoulder. Am J Sports Med. 2016;44(6):1431–8.
https://doi.org/10.1177/0363546516632744.

13. Braithwaite KA, Marshall KW. The skeletally immature and newly
mature throwing athlete. Radiol Clin NorthAm. 2016;54(5). https://
doi.org/10.1016/j.rcl.2016.04.006.

14. Paz DA, Chang GH, Yetto JM, Dwek JR, Chung CB. Upper ex-
tremity overuse injuries in pediatric athletes: clinical presentation,
imaging findings, and treatment. Clin Imaging. 2015;39(6):954–64.
https://doi.org/10.1016/j.clinimag.2015.07.028.

15. Ito A, Mihata T, Hosokawa Y, Hasegawa A, Neo M, Doi M.
Humeral retroversion and injury risk after proximal humeral
epiphysiolysis (Little Leaguer’s Shoulder). Am J Sports Med.
2019;47(13):3100–6. https://doi.org/10.1177/0363546519876060.

16. Takenaga T, Goto H, Tsuchiya A, et al. Relationship between bi-
lateral humeral retroversion angle and starting baseball age in skel-
etally mature baseball players—existence of watershed age. J
Shoulder Elbow Surg. 2019;28(5). https://doi.org/10.1016/j.jse.
2018.10.017.

17. Moyer JE, Brey JM. Shoulder injuries in pediatric athletes. Orthop
Clin North Am. 2016;47(4). https://doi.org/10.1016/j.ocl.2016.05.
003.

18. Keller RA, De Giacomo AF, Neumann JA, Limpisvasti O, Tibone
JE. Glenohumeral internal rotation deficit and risk of upper extrem-
ity injury in overhead athletes: a meta-analysis and systematic re-
view. Sports Health. 2018;10(2). https://doi.org/10.1177/
1941738118756577.

19. Rose MB, Noonan T. Glenohumeral internal rotation deficit in
throwing athletes: current perspectives. Open Access J Sports
Med. 2018;9:69–78. https://doi.org/10.2147/oajsm.s138975.

20. Zajac JM, Tokish JM. Glenohumeral internal rotation deficit: prime
suspect or innocent bystander? Curr Rev Musculoskelet Med.
2020;13(1). https://doi.org/10.1007/s12178-020-09603-5.

21. Lin KM, James EW, Spitzer E, Fabricant PD. Pediatric and adoles-
cent anterior shoulder instability: Clinical management of first-time
dislocators. Curr Opin Pediatr. 2018;30(1):49–56. https://doi.org/
10.1097/MOP.0000000000000566.

22. Franklin CC, Weiss JM. The natural history of pediatric and ado-
lescent shoulder dislocation. J Pediatr Orthop. 2019;39(6). https://
doi.org/10.1097/BPO.0000000000001374.

23. Dong H, Jenner EA, Theivendran K. Closed reduction techniques
for acute anterior shoulder dislocation: a systematic review and
meta-analysis. Eur J Trauma Emerg Surg. 2021;47(2). https://doi.
org/10.1007/s00068-020-01427-9.

24. Olds M, Donaldson K, Ellis R, Kersten P. In children 18 years and
under, what promotes recurrent shoulder instability after traumatic
anterior shoulder dislocation? A systematic review and meta-
analysis of risk factors. Br J Sports Med. 2016;50(18). https://doi.
org/10.1136/bjsports-2015-095149.

25. Hung NJ, Darevsky DM, Pandya NK. Pediatric and adolescent
shoulder instability: does insurance status predict delays in care,
outcomes, and complication rate? Orthop J Sports Med.
2020;8(10):1–7. https://doi.org/10.1177/2325967120959330.

26. Zaremski JL, Galloza J, Sepulveda F, Vasilopoulos T, Micheo W,
HermanDC. Recurrence and return to play after shoulder instability
events in young and adolescent athletes: a systematic review and
meta-analysis. Br J Sports Med. 2017;51(3). https://doi.org/10.
1136/bjsports-2016-096895.

27. Shanmugaraj A, Chai D, Sarraj M, et al. Surgical stabilization of
pediatric anterior shoulder instability yields high recurrence rates: a
systematic review. Knee Surg Sports Traumatol Arthrosc.
2021;29(1). https://doi.org/10.1007/s00167-020-05913-w.

28. Kjær BH, de Wandele I, Spanhove V, Juul-Kristensen B, Cools
AM. Subacromial space outlet in female patients with multidirec-
tional instability based on hypermobile Ehlers-Danlos syndrome
and hypermobility spectrum disorder measured by ultrasound. J
Shoulder Elbow Surg. 2020;29(3):600–8. https://doi.org/10.1016/
j.jse.2019.08.003.

29. Longo UG, Rizzello G, Loppini M, et al. Multidirectional instabil-
ity of the shoulder: a systematic review. Arthrosc - J Arthrosc Relat
Surg. 2015;31(12). https://doi.org/10.1016/j.arthro.2015.06.006.

30.• Grant C, Tuff T, Corso M, et al. Incidence and risk factors for
musculoskeletal disorders of the elbow in baseball pitchers: a sys-
tematic review of the literature. J Can Chiropr Assoc. 2020;64(3).
Very recent comprehensive review of the risk factors for upper
extremity injuries in baseball players.

31. Sakata J, Nakamura E, Suzukawa M, Akaike A, Shimizu K.
Physical risk factors for a medial elbow injury in junior baseball
players. Am J Sports Med. 2017;45(1):135–43. https://doi.org/10.
1177/0363546516663931.

32. Otoshi K, Kikuchi S, Kato K, et al. Age-specific prevalence and
clinical characteristics of humeral medial epicondyle apophysitis
and osteochondritis dissecans: ultrasonographic assessment of
4249 players. Orthop J Sports Med. 2017;5(5). https://doi.org/10.
1177/2325967117707703.

33. Tajika T, Kobayashi T, Yamamoto A, et al. A clinical and ultraso-
nographic study of risk factors for elbow injury in young baseball
players. Vol 24.; 2016.

34. Kurokawa D, Muraki T, Ishikawa H, Shinagawa K, Nagamoto H,
Takahashi H, Yamamoto N, Tanaka M, Itoi E. The influence of
pitch velocity on medial elbow pain and medial epicondyle abnor-
mality among youth baseball players. Am J Sports Med.
2020;48(7):1601–7. https://doi.org/10.1177/0363546520914911.

Current Reviews in Musculoskeletal Medicine (2022) 15:465–473 471

https://doi.org/10.1016/j.jos.2018.12.018
https://doi.org/10.1080/00913847.2016.1149422
https://doi.org/10.1080/00913847.2016.1149422
https://doi.org/10.1542/peds.2016-2148
https://doi.org/10.1542/peds.2016-2148
https://doi.org/10.1097/01.jsm.0000251182.44206.3b
https://doi.org/10.1097/01.jsm.0000251182.44206.3b
https://doi.org/10.5435/JAAOS-D-19-00888
https://doi.org/10.5435/JAAOS-D-19-00888
https://doi.org/10.1148/rg.2016160036
https://doi.org/10.21037/aoj.2018.03.02
https://doi.org/10.21037/aoj.2018.03.02
https://doi.org/10.1007/s00247-008-1078-4
https://doi.org/10.1016/j.ocl.2016.05.002
https://doi.org/10.1249/JSR.0000000000000300
https://doi.org/10.1249/JSR.0000000000000300
https://doi.org/10.1177/0363546516632744
https://doi.org/10.1016/j.rcl.2016.04.006
https://doi.org/10.1016/j.rcl.2016.04.006
https://doi.org/10.1016/j.clinimag.2015.07.028
https://doi.org/10.1177/0363546519876060
https://doi.org/10.1016/j.jse.2018.10.017
https://doi.org/10.1016/j.jse.2018.10.017
https://doi.org/10.1016/j.ocl.2016.05.003
https://doi.org/10.1016/j.ocl.2016.05.003
https://doi.org/10.1177/1941738118756577
https://doi.org/10.1177/1941738118756577
https://doi.org/10.2147/oajsm.s138975
https://doi.org/10.1007/s12178-020-09603-5
https://doi.org/10.1097/MOP.0000000000000566
https://doi.org/10.1097/MOP.0000000000000566
https://doi.org/10.1097/BPO.0000000000001374
https://doi.org/10.1097/BPO.0000000000001374
https://doi.org/10.1007/s00068-020-01427-9
https://doi.org/10.1007/s00068-020-01427-9
https://doi.org/10.1136/bjsports-2015-095149
https://doi.org/10.1136/bjsports-2015-095149
https://doi.org/10.1177/2325967120959330
https://doi.org/10.1136/bjsports-2016-096895
https://doi.org/10.1136/bjsports-2016-096895
https://doi.org/10.1007/s00167-020-05913-w
https://doi.org/10.1016/j.jse.2019.08.003
https://doi.org/10.1016/j.jse.2019.08.003
https://doi.org/10.1016/j.arthro.2015.06.006
https://doi.org/10.1177/0363546516663931
https://doi.org/10.1177/0363546516663931
https://doi.org/10.1177/2325967117707703
https://doi.org/10.1177/2325967117707703
https://doi.org/10.1177/0363546520914911


35. Pytiak A V., Stearns P, Bastrom TP, et al. Are the current little
league pitching guidelines adequate?: A single-season prospective
MRI study. Orthop J Sports Med. 2017;5(5). https://doi.org/10.
1177/2325967117704851.

36. Holt JB, Pedowitz JM, Stearns PH, Bastrom TP, Dennis MM,
Dwek JR, Pennock AT. Progressive elbow magnetic resonance
imaging abnormalities in little league baseball players are common:
a 3-year longitudinal evaluation. Am J Sports Med. 2020;48(2):
466–72. https://doi.org/10.1177/0363546519888647.

37. Sarwark Cynthia JL, ed. Pediatric orthopaedics and sports injuries,
2nd Edition. American Academy of Pediatrics; 2010.

38. Chauvin NA, Gustas-French CN. Magnetic resonance imaging of
elbow injuries in children. Pediatr Radiol. 2019;49(12):1629–42.
https://doi.org/10.1007/s00247-019-04454-w.

39. Harada M, Takahara M, Sasaki J, Mura N, Ito T, Ogino T. Using
sonography for the early detection of elbow injuries among young
baseball players. Am J Roentgenol. 2006;187(6). https://doi.org/10.
2214/AJR.05.1086.

40. Lee YY, Yang TH, Huang CC, Huang YC, Chen PC, Hsu CH,
Wang LY, ChouWY. Ultrasonography has high positive predictive
value for medial epicondyle lesions among adolescent baseball
players. Knee Surg Sports Traumatol Arthrosc. 2019;27(10):
3261–8. https://doi.org/10.1007/s00167-018-5178-x.

41. Griffith TB, Kercher J, CliftonWillimon S, Perkins C, Duralde XA.
Elbow injuries in the adolescent thrower. Curr Rev Musculoskelet
Med. 2018;11(1):35–47. https://doi.org/10.1007/s12178-018-
9457-4.

42. Cruz AI, Steere JT, Lawrence JTR. Medial epicondyle fractures in
the pediatric overhead athlete. J Pediatr Orthop. 2016;36(4):S56–
62. https://doi.org/10.1097/BPO.0000000000000759.

43. Osbahr DC, Chalmers PN, Frank JS, Williams RJ, Widmann RF,
Green DW. Acute, avulsion fractures of the medial epicondyle
while throwing in youth baseball players: a variant of Little
League elbow. J Shoulder Elbow Surg. 2010;19(7):951–7. https://
doi.org/10.1016/j.jse.2010.04.038.

44. Beck JJ, Bowen RE, Silva M. What’s new in pediatric medial
epicondyle fractures? J Pediatr Orthop. 2018;38(4):e202–6.
https://doi.org/10.1097/BPO.0000000000000902.

45. Gottschalk HP, Bastrom TP, Edmonds EW. Reliability of internal
oblique elbow radiographs for measuring displacement of medial
epicondyle humerus fractures. J Pediatr Orthop. 2013;33(1). https://
doi.org/10.1097/BPO.0b013e318279c673.

46. Cao J, Smetana BS, Carry P, Peck KM, Merrell GA. A pediatric
medial epicondyle fracture cadaveric study comparing standard ap
radiographic view with the distal humerus axial view. J Pediatr
Or thop . 2019 ;39 (3 ) . h t t p s : / / do i . o rg /10 .1097 /BPO.
0000000000001274.

47. Souder CD, Farnsworth CL,McNeil NP, Bomar JD, Edmonds EW.
The distal humerus axial view. J Pediatr Orthop. 2015;35(5). https://
doi.org/10.1097/BPO.0000000000000306.

48. Pezzutti D, Lin JS, Singh S, Rowan M, Balch SJ. Pediatric medial
epicondyle fracture management: a systematic review. J Pediatr
Orthop. 2020;40(8):e697–702. https://doi.org/10.1097/BPO.
0000000000001532.

49. Lawrence JTR, Patel NM, Macknin J, Flynn JM, Cameron D,
Wolfgruber HC, Ganley TJ. Return to competitive sports after me-
dial epicondyle fractures in adolescent athletes: Results of operative
and nonoperative treatment. Am J Sports Med. 2013;41(5):1152–7.
https://doi.org/10.1177/0363546513480797.

50. Axibal DP, Carry P, Skelton A, Mayer SW. No difference in return
to sport and other outcomes between operative and nonoperative
treatment of medial epicondyle fractures in pediatric upper-
extremity athletes. Clin J Sport Med Off J Can Acad Sport Med.
2020 ; 30 ( 6 ) : e 214–8 . h t t p s : / / d o i . o r g / 10 . 1097 / JSM.
0000000000000666.

51. Grahn P, Hämäläinen T, Nietosvaara Y, AhonenM. Comparison of
outcome between nonoperative and operative treatment of medial
epicondyle fractures. Acta Orthop. 2020;92(1):114–9. https://doi.
org/10.1080/17453674.2020.1832312.

52. Cain EL, Liesman WG, Fleisig GS, et al. Clinical outcomes and
return to play in youth overhead athletes after medial epicondyle
fractures treated with open reduction and internal fixation. Orthop J
Spo r t s Med . 2 021 ; 9 ( 2 ) . h t t p s : / / d o i . o r g / 1 0 . 1 177 /
2325967120976573.

53. Logli AL, Bernard CD, O’Driscoll SW, et al. Osteochondritis
dissecans lesions of the capitellum in overhead athletes: a review
of current evidence and proposed treatment algorithm. Curr Rev
Musculoskelet Med. 2019;12(1). https://doi.org/10.1007/s12178-
019-09528-8.

54. Kajiyama S, Muroi S, Sugaya H, et al. Osteochondritis dissecans of
the humeral capitellum in young athletes: Comparison between
baseball players and gymnasts. Orthop J Sports Med. 2017;5(3).
https://doi.org/10.1177/2325967117692513.

55. Churchill RW, Munoz J, Ahmad CS. Osteochondritis dissecans of
the elbow. Curr RevMusculoskeletMed. 2016;9(2). https://doi.org/
10.1007/s12178-016-9342-y.

56. Chen E, Pandya NK. Failure of surgery for osteochondral injuries
of the elbow in the pediatric and adolescent population. Curr Rev
Musculoskelet Med. 2020;13(1). https://doi.org/10.1007/s12178-
020-09606-2.

57. Cheng C, Milewski MD, Nepple JJ, Reuman HS, Nissen CW.
Predictive role of symptom duration before the initial clinical pre-
sentation of adolescents with capitellar osteochondritis dissecans on
preoperative and postoperative measures: a systematic review.
Orthop J Sports Med. 2019;7(2). https://doi.org/10.1177/
2325967118825059.

58. Kijowski R, De Smet AA. Radiography of the elbow for evaluation
of patients with osteochondritis dissecans of the capitellum.
Skeletal Radiol. 2005;34(5). https://doi.org/10.1007/s00256-005-
0899-6.

59. van den Ende KIM, Keijsers R, van den Bekerom MPJ, Eygendaal
D. Imaging and classification of osteochondritis dissecans of the
capitellum: X-ray, magnetic resonance imaging or computed to-
mography? Shoulder Elb. 2019;11(2):129–36. https://doi.org/10.
1177/1758573218756866.

60. Kida Y, Morihara T, Kotoura Y, Hojo T, Tachiiri H, Sukenari T,
Iwata Y, Furukawa R, Oda R, Arai Y, Fujiwara H, Kubo T, Matsui
T, Azuma Y, Seo K, Hiramoto M. Prevalence and clinical charac-
teristics of osteochondritis dissecans of the humeral capitellum
among adolescent baseball players. Am J Sports Med.
2014;42(8):1963–71. https://doi.org/10.1177/0363546514536843.

61. Matsuura T, Iwame T, Suzue N, et al. Cumulative incidence of
osteochondritis dissecans of the capitellum in preadolescent base-
ball players. Arthrosc J Arthrosc Relat Surg. 2019;35(1). https://doi.
org/10.1016/j.arthro.2018.08.034.

62. Matsuura T, Suzue N, Iwame T, Nishio S, Sairyo K. Prevalence of
osteochondritis dissecans of the capitellum in young baseball
players: Results based on ultrasonographic findings. Orthop J
Sports Med. 2014;2(8):1–5. ht tps: / /doi .org/10.1177/
2325967114545298.

63. Maruyama M, Takahara M, Satake H. Diagnosis and treatment of
osteochondritis dissecans of the humeral capitellum. J Orthop Sci.
2018;23(2):213–9. https://doi.org/10.1016/j.jos.2017.11.013.

64. Iwame T, Matsuura T, Suzue N, et al. Outcome of an elbow check-
up system for child and adolescent baseball players. J Med Invest.
2016;63(3.4). https://doi.org/10.2152/jmi.63.171.

65. Yang TH, Lee YY, Huang CC, Huang YC, Chen PC, Hsu CH,
Wang LY, Chou WY. Effectiveness of ultrasonography screening
and risk factor analysis of capitellar osteochondritis dissecans in
adolescent baseball players. J Shoulder Elbow Surg. 2018;27(11):
2038–44. https://doi.org/10.1016/j.jse.2018.07.018.

472 Current Reviews in Musculoskeletal Medicine (2022) 15:465–473

https://doi.org/10.1177/2325967117704851
https://doi.org/10.1177/2325967117704851
https://doi.org/10.1177/0363546519888647
https://doi.org/10.1007/s00247-019-04454-w
https://doi.org/10.2214/AJR.05.1086
https://doi.org/10.2214/AJR.05.1086
https://doi.org/10.1007/s00167-018-5178-x
https://doi.org/10.1007/s12178-018-9457-4
https://doi.org/10.1007/s12178-018-9457-4
https://doi.org/10.1097/BPO.0000000000000759
https://doi.org/10.1016/j.jse.2010.04.038
https://doi.org/10.1016/j.jse.2010.04.038
https://doi.org/10.1097/01.jsm.0000251182.44206.3b
https://doi.org/10.1097/BPO.0b013e318279c673
https://doi.org/10.1097/BPO.0b013e318279c673
https://doi.org/10.1097/BPO.0000000000001274
https://doi.org/10.1097/BPO.0000000000001274
https://doi.org/10.1097/BPO.0000000000000306
https://doi.org/10.1097/BPO.0000000000000306
https://doi.org/10.1097/BPO.0000000000001532
https://doi.org/10.1097/BPO.0000000000001532
https://doi.org/10.1177/0363546513480797
https://doi.org/10.1097/JSM.0000000000000666
https://doi.org/10.1097/JSM.0000000000000666
https://doi.org/10.1080/17453674.2020.1832312
https://doi.org/10.1080/17453674.2020.1832312
https://doi.org/10.1177/2325967120976573
https://doi.org/10.1177/2325967120976573
https://doi.org/10.1007/s12178-019-09528-8
https://doi.org/10.1007/s12178-019-09528-8
https://doi.org/10.1177/2325967117692513
https://doi.org/10.1007/s12178-016-9342-y
https://doi.org/10.1007/s12178-016-9342-y
https://doi.org/10.1007/s12178-020-09606-2
https://doi.org/10.1007/s12178-020-09606-2
https://doi.org/10.1177/2325967118825059
https://doi.org/10.1177/2325967118825059
https://doi.org/10.1007/s00256-005-0899-6
https://doi.org/10.1007/s00256-005-0899-6
https://doi.org/10.1177/1758573218756866
https://doi.org/10.1177/1758573218756866
https://doi.org/10.1177/0363546514536843
https://doi.org/10.1016/j.arthro.2018.08.034
https://doi.org/10.1016/j.arthro.2018.08.034
https://doi.org/10.1177/2325967114545298
https://doi.org/10.1177/2325967114545298
https://doi.org/10.1016/j.jos.2017.11.013
https://doi.org/10.2152/jmi.63.171
https://doi.org/10.1016/j.jse.2018.07.018


66. Yoshizuka M, Sunagawa T, Nakashima Y, Shinomiya R, Masuda
T,MakitsuboM,Adachi N. Comparison of sonography andMRI in
the evaluation of stability of capitellar osteochondritis dissecans. J
Clin Ultrasound. 2018;46(4):247–52. https://doi.org/10.1002/jcu.
22563.

67. Bexkens R, Simeone FJ, Eygendaal D, van den Bekerom MP, Oh
LS. Interobserver reliability of the classification of capitellar
osteochondritis dissecans using magnetic resonance imaging.
Shoulder Elb. 2020;12(4):284–93. https://doi.org/10.1177/
1758573218821151.

68. Claessen FMAP, van den Ende KIM, Doornberg JN, et al.
Osteochondritis dissecans of the humeral capitellum: reliability of
four classification systems using radiographs and computed tomog-
raphy. J Shoulder Elbow Surg. 2015;24(10). https://doi.org/10.
1016/j.jse.2015.03.029.

69. Niu EL, Tepolt FA, Bae DS, Lebrun DG, Kocher MS.
Nonoperative management of stable pediatric osteochondritis
dissecans of the capitellum: predictors of treatment success. J
Shoulder Elbow Surg. 2018;27(11):2030–7. https://doi.org/10.
1016/j.jse.2018.07.017.

70. Sakata J, Miyazaki T, Akeda M, Yamazaki T. Predictors of failure
of return to play in youth baseball players after capitellar
osteochondritis dissecans: focus on elbow valgus laxity and
radiocapitellar congruity. Am J Sports Med. 2021;49(2):353–8.
https://doi.org/10.1177/0363546520972981.

71. Matsuura T, Kashiwaguchi S, Iwase T, Takeda Y, Yasui N.
Conservative treatment for osteochondrosis of the humeral
capitellum. Am J Sports Med. 2008;36(5). https://doi.org/10.
1177/0363546507312168.

72. Mihara K, Tsutsui H, Nishinaka N, Yamaguchi K. Nonoperative
treatment for osteochondritis dissecans of the Capitellum. Am J
Spo r t s Med . 2009 ;37 (2 ) . h t t p s : / / do i . o r g / 10 . 1177 /
0363546508324970.

73. Westermann RW, Hancock KJ, Buckwalter JA, Kopp B, Glass N,
Wolf BR. Return to sport after operative management of
osteochondritis dissecans of the capitellum: a systematic review
and meta-analysis. Orthop J Sports Med. 2016;4(6). https://doi.
org/10.1177/2325967116654651.

74. Cohen D, Kay J,MemonM, Slawaska-Eng D, Simunovic N, Ayeni
OR. A high rate of children and adolescents return to sport after
surgical treatment of osteochondritis dissecans of the elbow: a sys-
tematic review and meta-analysis. Knee Surg Sports Traumatol
Arthrosc. Published online 2021. https://doi.org/10.1007/s00167-
021-06489-9.

75. Little JT, Klionsky NB, Chaturvedi A, Soral A, Chaturvedi A.
Pediatric distal forearm and wrist injury: an imaging review.
Radiographics. 2014;34(2):472–90. https://doi.org/10.1148/rg.
342135073.

76. Wolf MR, Avery D, Wolf JM. Upper extremity injuries in gym-
nasts. Hand Clin. 2017;33(1):187–97. https://doi.org/10.1016/j.hcl.
2016.08.010.

77. Bauer A, Bae Editors D. Upper extremity injuries in young athletes.
78. Hart E, Meehan WP, Bae DS, D’Hemecourt P, Stracciolini A. The

young injured gymnast: a literature review and discussion. Curr
Sports Med Rep. 2018;17(11):366–75. https://doi.org/10.1249/
JSR.0000000000000536.

79. Poletto ED, Pollock AN. Radial epiphysitis (aka Gymnast Wrist).
Pediatr Emerg Care. 2012;28(5):484–5. https://doi.org/10.1097/
PEC.0b013e318259a5cc.

80. Gómez JE. Upper extremity injuries in youth sports. Pediatr Clin
North Am. 2002;49(3):593–626. https://doi.org/10.1016/S0031-
3955(02)00013-5.

81.•• Heyworth BE, Sullivan N, Hart E, Bauer A, Bae D. Gymnast’S
Wrist: a Retrospective Analysis of Descriptive Epidemiology,
Clinical & Radiologic Features, Treatment & Outcomes. Orthop J
Spo r t s Med . 2019 ; 7 ( 3_ supp l ) : 2 325967119S0006 -
2325967119S0006. https://doi.org/10.1177/2325967119s00064.
Descriptive epidemiologic study on Gymnast wrist that
provided more expansive and recent data on gymnast wrist.
Primary aim was to assess a larger and more varied
population of gymnasts at different ages and levels to better
elucidate the descriptive epidemiology, presenting clinical and
radiologic findings, treatment, and outcomes in a cohort treated
at a tertiary care pediatric hospital over a 14-year period.

82. Cockenpot E, Lefebvre G, Demondion X, Chantelot C, Cotton A.
Imaging of sports-related hand and wrist injuries: Sports imaging
series. Radiology. 2016;279(3):674–92. https://doi.org/10.1148/
radiol.2016150995.

83. Pediatric distal forearm and wrist injury: an imaging review 1.
https://doi.org/10.1148/rg.342135073.

84. Evenski AJ, Adamczyk MJ, Steiner RP, Morscher MA, Riley PM.
Clinically suspected scaphoid fractures in children. J Pediatr
Orthop. 2009;29(4):352–5. https://doi.org/10.1097/BPO.
0b013e3181a5a667.

85. Munk B, Bolvig L, Kréner K, Christiansen T, Borris L, Boe S.
Ultrasound for diagnosis of scaphoid fractures. J Hand Surg.
Published online 2000. https://doi.org/10.1054/jhsb.2000.0432.

86. Kwee RM, Kwee TC. Ultrasound for diagnosing radiographically
occult scaphoid fracture. https://doi.org/10.1007/s00256-018-2931-
7.

87.•• Jain R, Jain N, Sheikh T, Yadav C. Early scaphoid fractures are
better diagnosed with ultrasonography than X-rays: a prospective
study over 114 patients. Chin J Traumatol Engl Ed. 2018;21(4):
206-210. https://doi.org/10.1016/j.cjtee.2017.09.004. We wanted
to highlight the use of ultrasound to diagnose upper extremity
injuries and this study provided evidence to suggest that
Ultrasonography (USG) is emerging as a good alternative to
make an early diagnosis of scaphoid fractures. Very important
as most of the scaphoid fractures are missed on initial X-rays.

88. Nellans KW, Chung KC. Pediatric hand fractures. Hand Clin.
2013;29(4):569–78. https://doi.org/10.1016/j.hcl.2013.08.009.

89. Gholson JJ, Bae DS, Zurakowski D,Waters PM. Scaphoid fractures
in children and adolescents: contemporary injury patterns and fac-
tors influencing time to union. J Bone Jt Surg - Ser A. 2011;93(13):
1210–9. https://doi.org/10.2106/JBJS.J.01729.

90. Liao JCY, Chong AKS. Pediatric hand and wrist fractures. Clin
Plast Surg. 2019;46(3):425–36. https://doi.org/10.1016/j.cps.2019.
02.012.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Current Reviews in Musculoskeletal Medicine (2022) 15:465–473 473

https://doi.org/10.1002/jcu.22563
https://doi.org/10.1002/jcu.22563
https://doi.org/10.1177/1758573218821151
https://doi.org/10.1177/1758573218821151
https://doi.org/10.1016/j.jse.2015.03.029
https://doi.org/10.1016/j.jse.2015.03.029
https://doi.org/10.1016/j.jse.2018.07.017
https://doi.org/10.1016/j.jse.2018.07.017
https://doi.org/10.1177/0363546520972981
https://doi.org/10.1177/0363546507312168
https://doi.org/10.1177/0363546507312168
https://doi.org/10.1177/0363546508324970
https://doi.org/10.1177/0363546508324970
https://doi.org/10.1177/2325967116654651
https://doi.org/10.1177/2325967116654651
https://doi.org/10.1007/s00167-021-06489-9
https://doi.org/10.1007/s00167-021-06489-9
https://doi.org/10.1148/rg.342135073
https://doi.org/10.1148/rg.342135073
https://doi.org/10.1016/j.hcl.2016.08.010
https://doi.org/10.1016/j.hcl.2016.08.010
https://doi.org/10.1249/JSR.0000000000000536
https://doi.org/10.1249/JSR.0000000000000536
https://doi.org/10.1097/PEC.0b013e318259a5cc
https://doi.org/10.1097/PEC.0b013e318259a5cc
https://doi.org/10.1016/S0031-3955(02)00013-5
https://doi.org/10.1016/S0031-3955(02)00013-5
https://doi.org/10.1177/2325967119s00064
https://doi.org/10.1148/radiol.2016150995
https://doi.org/10.1148/radiol.2016150995
https://doi.org/10.1148/rg.342135073
https://doi.org/10.1097/BPO.0b013e3181a5a667
https://doi.org/10.1097/BPO.0b013e3181a5a667
https://doi.org/10.1054/jhsb.2000.0432
https://doi.org/10.1007/s00256-018-2931-7
https://doi.org/10.1007/s00256-018-2931-7
https://doi.org/10.1016/j.cjtee.2017.09.004
https://doi.org/10.1016/j.hcl.2013.08.009
https://doi.org/10.2106/JBJS.J.01729
https://doi.org/10.1016/j.cps.2019.02.012
https://doi.org/10.1016/j.cps.2019.02.012

	Common Upper Extremity Injuries in Pediatric Athletes
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Little League Shoulder
	Glenohumeral Internal Rotation Deficit
	Shoulder Instability
	Elbow
	Medial Epicondyle Apophysitis
	Medial Epicondyle Avulsion Fracture
	Osteochondritis Dissecans of The Capitellum

	Wrist and Hand
	Gymnast Wrist
	Scaphoid Fractures

	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance





