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Description

Pediatric upper-extremity sports 
injuries are common. However, 
the diagnosis can be challenging 
for radiologists who have limited 
experience in imaging children. 
Increased awareness of the imaging 
findings is critical in establishing 
the correct diagnosis and ensuring 
optimal patient management and 
outcomes. This activity is designed 
to educate radiologists about the 
radiographic findings of common 
acute and chronic sports injuries 
of the upper extremities in the 
pediatric population. Mechanisms 
of injury are also reviewed, as 
they impact the type of fracture 
that occurs. Additionally, the 
role of magnetic resonance 
imaging in complementing plain 
radiography is discussed.

Learning Objectives

Upon completing this activity, the 
reader should be able to:

• Identify acute and chronic sports-
related injuries of the upper
extremities in pediatric athletes;

• Recognize the causes of
sports-related injuries of the
upper extremities and their
associated injuries; and,

• Apply appropriate selection of MRI
for evaluation of sports-related
injuries of the upper extremities.
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Council for Continuing Medical 
Education (ACCME) through the joint 
providership of IAME and Anderson 
Publishing. IAME is accredited by 
the ACCME to provide continuing 
medical education for physicians. 
IAME designates this activity 
for a maximum of 1 AMA PRA 
Category 1 Credits™. 

These credits qualify as 
SA-CME credits.
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Pediatric athletic injuries include 
acute traumatic fractures and chron-
ic overuse injuries from repetitive 
stress. Acute injuries, such as those 
from direct blows or from falls on 
outstretched arms, are common 
among gymnasts, football players 
and wrestlers. Chronic or repetitive 
injuries are most common in sports 
that entail overhead movements, 
including baseball, football, tennis, 
and gymnastics.1,3 Radiography re-
mains the primary imaging modality 
for evaluating sports-related injuries 
of the upper extremities. Magnetic 
resonance imaging (MRI), however, 
has a role in evaluation where there 
is a high clinical suspicion of injury 
but radiographic findings are subtle 
or non-diagnostic. MRI can also be 
used to diagnose and guide manage-
ment of osteochrondral lesions. 

This article focuses on the imag-
ing of common acute and chronic 
sports-related upper-extremity inju-
ries in pediatric athletes. 

Acute and Chronic Injuries of 
the Shoulder

The shoulder is among the most 
common sites of acute injury in 
skeletally immature athletes; physeal 
fractures of the distal clavicle and 
the coracoid process are frequent.1-4 
Radiographic evaluation requires 
at least two orthogonal views, such 
as true anteroposterior and axillary 
lateral or scapular lateral views. 

Salter-Harris I physeal fractures 
through the distal clavicle are caused 
by falling onto an outstretched arm 
or sustaining a direct blow to the 
shoulder. Radiographically, these 
fractures may appear very similar 
to an acromioclavicular separa-
tion. Recognizing these fractures is 
important because their prognosis is 
better than a true acromioclavicular 
separation, which may disrupt the 
acromioclavicular or coracoclavic-
ular ligaments. Affected patients, 
typically younger than 13 years, 
present with acute lateral shoul-
der pain. Radiographic findings 
vary with the extent of periosteal 

disruption, which can range from 
a minimally displaced periosteal 
fragment to clavicular displacement 
in cases involving large tears in 
the periosteal sleeve.1,4 The distal 
clavicular epiphysis is non-displaced 
and remains in anatomic alignment 
with the acromion (Figure 1). These 
fractures usually heal with minimal 
if any motion limitation following 
shoulder immobilization.1,3 

Coracoid fractures involve the phy-
sis at the base of the coracoid pro-
cess. Typically occurring in football 
players between 13 and 15 years old, 
these injuries usually result from a 
direct blow to the shoulder.5 Radio-
graphic findings include widening 
of the coracoid physis consistent 
with a Salter-Harris type I injury 
(Figure 2). Physeal fractures can be 
subtle; lateral scapular or Y views or 
MRI can enhance conspicuity of the 
physeal widening. Non-displaced 
fractures are managed conserva-
tively, while displaced fractures may 
require surgery . 

Among chronic repetitive shoulder 
injuries, “Little League shoulder” is 
the most common. The term refers 
to chronic valgus stress injuries in 
overhead throwers, most often in 
baseball players ages 11 to 16. Pa-
tients typically present with pain in 
the lateral aspect of the shoulder that 
worsens with throwing. Widening 
of the lateral aspect of the proximal 
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While many sports injuries in young athletes are similar to those in 
adults, several are distinct. In the skeletally immature population, the 
weakest areas of the skeleton are the cartilaginous physes of the epiph-
yses and apophyses, followed by the bones and the ligaments. As such, 
the cartilaginous structures are particularly prone to injury.1-4 
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humeral physis is a characteristic 
radiographic finding, owing to 
proliferation of the physeal cartilage 
from chronic repetitive microtrau-
ma (Figure 3).2-4, 6 The injury is also 
frequently referred to as a chronic 
Salter-Harris I fracture. There may 
be associated metaphyseal sclerosis 
and cystic change. The prognosis 
is excellent with early treatment, 
which consists of temporarily 

discontinuing throwing. Treatment 
delay or noncompliance may lead to 
osseous bridges in the physis that can 
alter or arrest growth. 

Acute and Chronic Injuries of 
the Elbow

Medial epicondyle and lateral 
condyle fractures are among the 
most common acute elbow injuries 

in young athletes. Two views of the 
elbow—anteroposterior and later-
al—usually suffice for evaluation of 
these fractures.

Medial epicondyle fractures 
account for up to 20% of cases. Their 
mechanism of injury consists of acute 
valgus stress associated with forearm 
flexor-pronator muscle contraction, 
from either overhead throwing or 
falling on an outstretched arm.7,8 

Figure 1. Distal clavicular periosteal sleeve fracture. 
Anteroposterior (AP) view of the left shoulder in a 
15-year-old demonstrates avulsion of the inferior left 
distal clavicular periosteum (arrows). The metaphysis 
(M) and epiphysis (E) maintain a normal relationship 
with the acromion.

Figure 2. Coracoid base fracture in a 14-year-old with right shoulder injury. (A) Right axillary view shows widening of the coracoid physis 
(arrow) consistent with a Salter-Harris type I injury. (B) Comparison left axillary view shows a normal coracoid physis (curved arrow)

A B
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Patients, typically 9 to 14 years of 
age, present with acute pain over  the 
medial aspect of the elbow.7 Radio-
graphs demonstrate a displaced 
medial epicondyle with physeal 
widening (Figure 4). The epicon-
dyle may move into the joint space, 
resulting in “entrapment” (Figure 5). 
The entrapped medial epicondyle 
may be mistaken for a trochlea. 
Close inspection of the elbow joint 
is warranted if radiography does not 
reveal a medial epicondylar apophy-
sis in a child older than 6 or 7 years. 
Minimally displaced fractures can be 
treated with rest and immobilization; 
surgery is required for severely dis-
placed and entrapped fragments.7 

Lateral condyle fractures usually 
occur in children 6 to 14 years of age 
and result from a varus force on an 
extended elbow with the forearm 
in supination. Radiographs show a 
fracture plane through the lateral 
condyle. They are most commonly 
considered Salter-Harris IV frac-
tures, although they often appear 
on radiographs to be Salter-Harris 
II fractures. They are surgical-
ly managed when displaced by 
greater than 2 mm.

With respect to chronic elbow 
injuries, the term “Little League 
elbow” historically has referred 
to avulsion injuries of the medial 
epicondyle, but it has been applied 
more recently to describe injuries 
at other elbow sites.8,9 These include 
the lateral articular surface (capi-
tellum), posterior articular surface 
(olecranon), and trochlea.9 Children 
participating in sports that entail 
overhead throwing are at higher risk 
for these injuries, several types of 
which are described below. 

Medial Compartment Injuries

Medial epicondylar apophysitis is 
the most common repetitive elbow 
injury. The underlying mechanism is 
recurrent valgus stress during the ac-
celeration phase of throwing, which 
leads to traction apophysitis. Patients 
are typically 11 to 12 years of age and 

Figure 3. Little League 
shoulder in a 13-year-
old baseball pitcher. AP 
view of the right shoulder 
shows widening of the 
lateral aspect of the 
proximal humeral physis 
(arrows) from chronic 
repetitive microfractures 
and stress.

Figure 4. Acute medial 
epicondyle fracture in 
a 12-year-old injured 
while playing soccer. AP 
radiograph of the elbow 
shows displaced medial 
epicondyle avulsion with 
widening of the physis 
(arrow). There is also a 
separate corticated bone 
fragment distal to the 
medial epicondyle.
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present with medial elbow pain and 
tenderness. Radiographic findings 
include widening of the medial 
epicondyle physis, representing a 
chronic Salter-Harris I fracture from 
physeal microtrauma, and irregu-
larity and sclerosis of the apophysis 
(Figure 6).2,9 MRI is more sensitive 
than radiography for diagnosis; 
findings consist of physeal widening 
and increased signal intensity in the 
epicondyle apophysis, representing 
marrow edema.8 Nonunion may re-
sult if the lesion is left untreated, but 
the prognosis is good with joint rest. 

Lateral Compartment Injuries 

Typically involving the capitellum, 
lateral compartment injuries include 
Panner disease and osteochondri-
tis dessicans. They affect different 
age groups and generally occur in 
athletes engaged in overhead throw-
ing.1,2,10 Their mechanism of injury is 
repetitive lateral compressive forces 
on the developing capitellum. Symp-
toms include several weeks of pain 
and stiffness. Although plain radio-
graphs may demonstrate the lesion, 
MRI is more sensitive in diagnosing 

A B

Figure 5. Medial epicondyle fracture with entrapment in the ulnohumeral joint in a 12-year-old injured playing soccer. (A) AP 
radiograph shows an absent medial epicondylar ossification center at its expected location (star) which is displaced medially within the 
ulnohumeral joint (arrow). There is lateral dislocation of the elbow at the radiocapitellar and ulnohumeral joints. B: Lateral radiograph 
obtained after attempted closed reduction and splinting demonstrates entrapment of the ossification center (star) in the ulnohumeral 
joint. Fracture was subsequently reduced surgically.

Figure 6. Medial epicondyle 
apophysitis in a 12-year-
old. AP radiograph of the 
symptomatic right elbow 
shows subtle widening and 
irregularity of the medial 
epicondylar physis (arrow) 
as well as mild cortical 
irregularity of the adjacent 
apophysis.
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and showing their extent, which can 
impact management. 

Panner disease is a self-limiting 
osteochondrosis of the capitellar 
ossification center. Affected ath-
letes are typically younger than 10 
years.8 Radiographs show flatten-
ing, sclerosis, and fragmentation 

of the capitellar epiphysis, with 
involvement of the entire capitellar 
ossification center. MRI reveals de-
creased T1- and increased T2-signal 
intensity, representing diffuse edema 
(Figure 7).8 The overlying cartilag-
inous surface is unaffected and 
osteochondral loose body formation 

does not occur. Treatment consists of 
immobilization, and the prognosis is 
excellent, with no residual deformity 
in most cases. 

Osteochondritis dissecans, which 
typically affects patients older than 
11 years, is a disorder in which 
a segment of articular cartilage 

Figure 7. (A) Panner disease in an 8-year-old with elbow pain. AP radiograph of the elbow shows fragmentation, sclerosis, and 
irregularity of the capitellum (arrow). (B) Panner disease in a 12-year-old with elbow pain. Coronal fat-suppressed T2 image 
demonstrates bone marrow edema (star) throughout the capitellum with intact overlying articular cartilage.

A B

Figure 8. Capitellum osteochondritis dissecans in a 14-year-old gymnast who presented with elbow pain. (A) AP view of the elbow shows subchondral 
lucency and irregularity of the capitellum (arrow) consistent with an osteochondral lesion. (B)  Sagittal fat-suppressed T2 image shows a region of high 
signal intensity within the capitellum representing marrow edema and a defect in the articular cartilage (arrow), consistent with an unstable lesion. 
Also noted is joint effusion.

A B

Applied Radiology 11March / April 2022



Imaging Upper Extremity Injuries in Pediatric Athletes

SA–CME

REVIEW

Figure 9. Olecranon apophysitis in a 10-year-old gymnast. (A) Lateral radiograph of right elbow shows subtle widening of the posterior 
physis (arrow). (B) Sagittal T2 MR image confirms the physeal widening (arrow) and shows associated edema in the apophysis (star).

A B

Figure 10. Fishtail deformity in a 15-year-old baseball pitcher who presented with elbow pain and limited flexion. (A) AP radiograph shows a fishtail 
deformity with a concave defect in the distal humerus (arrow) and elongated and tapered lateral trochlea. There is mild radial subluxation. (B) Coronal 
fat-suppressed T2 image confirms an elongated lateral trochlea (arrow) and concave defect of the medial trochlea (star) with associated lateral 
migration of the ulna, resulting in lateral subluxation of the radial head (curved arrow).

A B
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separates from the subchondral 
bone.1,2,10 Unlike Panner disease, 
which involves the entire capitellar 
epiphysis, this lesion is usually lo-
calized to the anterolateral aspect of 
the ossifying epiphysis. Radiograph-
ic findings range from capitellar 
lucency and flattening in early 
disease, to capitellar fragmentation 
and loose bodies in late disease. MRI 
is the study of choice for confirming 
the diagnosis and differentiating 
between stable and unstable lesions. 
Both types show low T1 and variable 
T2 subchondral signal intensity. 
Findings of instability include a rim 
of high T2 signal intensity between 
the lesion and the subchondral bone, 
changes in the overlying cartilage, 
subchondral bone disruption, and in-
traarticular bodies(Figure 8).8 Stable 
lesions are managed with elbow rest, 
while unstable lesions may require 
arthroscopic intervention.2,8,10

Posterior Compartment Injuries

Stress injuries of the posterior 
elbow are relatively uncommon; 

they usually result from repetitive 
contraction of the triceps tendon 
during overhead throwing, leading to 
traction apophysitis of the olecranon. 
Radiographic findings are similar to 
those of medial epicondyle apophysi-
tis and include physeal widening and 
sclerosis of the olecranon apophysis. 
MRI findings include physeal wid-
ening and abnormally high signal in 
the olecranon apophysis, represent-
ing periphyseal edema (Figure 9). 
There may also be associated edema 
in the triceps tendon. The progno-
sis is good with rest and suspen-
sion of throwing.

Trochlear Injuries

Trochlear injuries, typically 
seen in adolescents, result from 
overhead throwing motion. They 
include osteochondritis dissecans 
and fishtail deformity of the distal 
humerus, both of which can present 
with chronic elbow pain and limited 
motion.8,11 Radiographic findings 
of osteochondritis dissecans mimic 
those of capitellar osteochondritis 

and include subchondral lucency, 
sclerosis and fragmentation in the 
lateral aspect of the trochlea, and 
loose body formation.8,11 Lesion 
stability can be assessed with MRI, 
and they can be treated similarly to 
capitellar osteochondritis.

Fishtail deformity of the distal hu-
merus, a late complication of distal 
humeral fractures, is uncommon. 
This injury is thought to result from 
post-traumatic avascular necrosis 
of the trochlear cartilage.12 Clinical 
findings include limited motion, stiff-
ness, and pain related to associated 
synovitis, osteoarthritis, loose bod-
ies, and cubitus valgus deformity. 

Radiographs show a wedge-shaped 
or concave defect in the distal hu-
merus with elongation and under-
development of the lateral trochlea, 
giving rise to a fishtail or chevron-like 
deformity (Figure 10). Additional find-
ings include changes of osteoarthritis 
( joint space narrowing, osteophyte 
formation, and subchondral cystic 
changes), migration of the ulna, and 
radial subluxation.12 MR imaging can 

Figure 11. Scaphoid fracture. AP wrist shows a displaced fracture in the 
scaphoid waist.

Figure 12. Gymnast wrist in a 12-year-old. AP radiograph shows lateral 
widening and irregularity of the distal radial physis (arrow).
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be useful to determine the extent of 
osseous and cartilaginous abnormal-
ities (Figure 10). Treatment includes 
rest and arthroscopic debridement.

Acute and Chronic Injuries of 
the Wrist and Fingers

Buckle, complete, and Salter-Har-
ris fractures of the distal radial 
metaphysis are common acute wrist 
fractures in pediatric athletes. They 
typically occur from a fall on a 
hyperextended wrist; skaters and 
soccer players are at a higher risk for 
these injuries. Distal radial fractures 
typically heal with immobilization. 
The scaphoid is the most commonly 
injured carpal bone.2 Mechanisms 
of injury include a direct blow or a 
fall on an outstretched hand. Frac-
tures occur most frequently in the 
scaphoid waist and less often in the 
proximal or distal poles (Figure 11).13 
Casting results in a 90% union rate.

Stress injuries of the distal radial 
physis, often referred to as “gymnast 
wrist,” are common chronic injuries 
among gymnasts and weightlifters 
between 12 and 14 years of age. The 
mechanism of injury is repetitive 
trauma to the distal radius in wrist 
extension.1 Radiographs show distal 
radial physeal widening, correspond-
ing to a Salter-Harris I fracture, and 
associated metaphyseal irregularity 

and sclerosis (Figure 12). Prognosis 
is good with immobilization, but 
continued repetitive stress may 
cause bridging or a bony bar and 
premature closure of the distal 
radial physis, resulting in relative 
ulnar lengthening. MR imaging is 
preferred for evaluating physeal 
bridging or a bony bar. 

Repetitive phalangeal flexion and 
extension in rock climbing can cause 
Salter-Harris II or III fractures of the 
bases of the middle phalanges of the 
third or fourth digits.1,4 

Conclusion
Sports injuries in young athletes 

typically involve the cartilaginous 
physes of the shoulder, elbow, and 
wrist, which are the weakest parts of 
the musculoskeletal system. Conven-
tional radiography is the modality of 
choice for diagnosing most of these 
injuries, but MRI can be valuable 
in diagnosing subtle lesions and 
assessing signs of instability in osteo-
chondral defects. 
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