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Introduction

As youth sports participation continues to expand, the 
incidence of sport-related elbow injuries has surged 
amongst the pediatric population. The majority of sport-
related pathology falls into the category of ‘overuse’ 
injuries, and occurs more often in overhead sports, such as 
baseball, softball, and tennis, or those sports that require 
repetitive loading of the elbow joint such as gymnastics and 
weightlifting. The increased incidence of overuse injuries 
of the elbow has closely paralleled the trend towards sports 
specialization at a young age, with adolescent athletes 
concentrating on a single sport year-round (1). Acute, 
traumatic elbow injuries are less common in youth sports. 

The primary etiology of pediatric sport-related elbow 
injuries is repetitive stress to the skeletally immature elbow. 
An understanding of elbow development and sport-specific 
kinematics is essential to proper diagnosis and treatment 
of sport-related elbow injuries. This review will discuss 
the developmental anatomy of the pediatric elbow as it 
pertains to sport-related injuries. It will focus in detail on 
the diagnosis and treatment of the most common injuries 

encountered in pediatric athletes including medial elbow 
valgus overload injuries [medial epicondyle apophysitis, 
medial epicondyle avulsion fractures, and ulnar collateral 
ligament (UCL) injuries], olecranon apophysitis and stress 
fractures, and osteochondral injuries of the capitellum. It 
will end with a discussion regarding current options for 
prevention of overuse injuries in adolescent athletes. 

Anatomy and throwing mechanics

The pediatric elbow contains six ossification centers of 
endochondral bone formation. These centers ossify in 
a reliable pattern, although timing can vary based on 
patient sex and ethnicity (2,3). The capitellum normally 
appears by age 1 years, followed by the radial head, medial 
epicondyle, trochlea, olecranon, and lateral epicondyle at 
2-year increments. The centers slowly progress to maturity 
and fusion, with the medial epicondyle fusing last between 
14–16 years of age (2,4). 

The pediatric elbow shares the same soft tissue and 
osseous static and dynamic stabilizers as the mature joint, 
with the addition, however, of developing physes and 
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apophyses. The physes are the weakest portion of the 
ligamentous and musculotendinous unit attachments, 
altering force distribution and creating distinct pathologies 
(5-7). While adults may injure stabilizing ligaments in acute 
or attritional fashion, the pediatric athlete will more likely 
be affected at the level of the physes prior to fusion (5,6). 

Throwing athletes place unique stress on the developing 
elbow. The overhead throw requires kinetic chain 
activation starting with lower extremity stride, followed by 
coordinated motion through the pelvis, trunk and upper 
extremity. The sequence of arm movements is further 
separated into six phases of throwing (8). The late cocking 
and acceleration phases, during which extreme valgus 
force is placed upon the elbow, are of importance to joint 
pathology (8,9). Medial sided structures such as the flexor-
pronator mass, medial epicondyle, and UCL produce high 
levels of varus torque to counter the external forces, and 
are at risk for injury. Conversely, the lateral elbow column, 
particularly the radiocapitellar joint, faces considerable 
compressive loads and is also prone to attritional injury (8). 

Medial sided elbow injuries

Medial sided elbow injuries in skeletally immature 
athletes have increased in incidence with the increasing 
sports participation and single sport specialization (1,10). 
Most commonly associated with throwing sports such 
as baseball and softball, medial sided elbow pathology is 
due to repetitive valgus stress on the medial stabilizers 
of the elbow. Medial sided elbow injuries fit under the 
umbrella term of ‘valgus overload injuries’ with the specific 
pathology dependent on the skeletal maturity of the athlete. 
The skeletally immature athlete with an unfused medial 
apophysis is at risk of medial apophysitis, more commonly 
known as “Little Leaguer’s elbow”. This is due to the fact 
that the developing apophysis and surrounding epiphyseal 
plate is structurally weaker than the surrounding tissues. 
As the athlete moves towards apophyseal fusion he or she 
is at risk for apophyseal separation and apophyseal avulsion 
fractures, while the skeletally mature adolescent athlete is at 
risk for injuries to the UCL consistent with similar injuries 
in the adult population.

A number of risk factors have been identified for 
development of medial sided elbow injuries and valgus 
overload syndrome. These include poor sport specific 
biomechanics, relative core and lower extremity weakness, 
and increased pitch count and type of pitch thrown (9,11,12). 
Treatment is dependent on the age and skeletal maturity 

of the patient as well as the patient’s future goals for sports 
participation.

Medial epicondyle apophysitis (little leaguer’s 
elbow) 

Medial epicondyle apophysitis, also known as Little 
Leaguer’s elbow, is defined as inflammation of the apophysis 
of the medial epicondyle leading to pain and discomfort 
with sport-related activities. It occurs due to repetitive stress 
and traction at the origin of the flexor-pronator mass on the 
developing medial epicondyle. It is seen almost exclusively 
in overhead throwing athletes and occurs during the late 
cocking phase of throwing when maximum physiologic 
valgus stress is placed on the medial elbow structures. 
This leads to a repetitive traction injury to the medial 
epicondyle, which can cause widening of the apophysis and 
inflammation to the medial elbow. 

Patients at risk for medial epicondyle apophysitis are 
younger, generally under the age of 10, with open physes (13).  
As the developing apophysis is weaker than the surrounding 
soft tissue stabilizers of the medial elbow, it is at highest 
risk for injury with repetitive valgus stress. Patients will 
report pain and discomfort to the medial epicondyle with 
throwing and may report decreased velocity, however valgus 
instability is rare (14). Physical examination can reveal 
swelling to the medial elbow with tenderness to palpation 
directly over the medial epicondyle. While the diagnosis 
is ultimately clinical, radiographs can assist with diagnosis 
and may show widening of the medial apophysis compared 
to the contralateral unaffected side or fragmentation to the 
medial apophysis (15). Magnetic resonance imaging, while 
not required for diagnosis, will demonstrate varying levels 
of inflammation and widening of the medial apophysis (16) 
(Figure 1).

Treatment is conservative and there is little to no role for 
operative intervention. Patients should be advised to cease 
all throwing activity and begin a physical therapy regimen 
focusing on core and lower extremity strengthening (17). 
This is grounded in the notion that young overhead athletes 
with elbow injuries do not appropriately utilize their core 
and lower extremities to generate velocity during the 
throwing motion, leading to increased stress on the medial 
elbow (9). Gradual return to throwing should be initiated 
at 6 weeks when there is no longer tenderness to palpation 
over the medial elbow. Return to play is allowed when the 
patient can participate in normal sport-related activities 
without evidence of pain or discomfort. 
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Medial epicondyle fractures

Medial epicondyle fractures represent 10–20% of all 
pediatric elbow fractures (18). These can occur either 
with direct trauma to the elbow (with or without an 
associated elbow dislocation) or due to an acute avulsion 
from valgus overload during overhead activity, the latter 
occurring in patients at or near the time of apophyseal 
fusion. Regardless of mechanism of injury, immobilization 
and nonoperative management of medial epicondyle 
fractures has demonstrated excellent results with low rates 
of complication and high rates of return to normal elbow 
function and activity (19,20). Operative intervention has 
been advocated only in those instances of significant medial 
epicondyle displacement, the presence of incarcerated 
fragments within the ulnohumeral joint, or ulnar nerve 
entrapment and has demonstrated excellent outcomes with 
return to normal elbow function (18,21,22).

Treatment of medial epicondyle fractures in the 
overhead athlete presents a unique situation requiring 
careful consideration. While malunion of a displaced medial 
epicondyle fracture may not affect the general population, 
it could lead to valgus laxity or alter throwing biomechanics 
in the overhead athlete. This has led some to advocate for 
more aggressive operative intervention in treating displaced 
medial epicondyle fractures in the throwing athlete.

Lawrence and colleagues retrospectively reviewed  
20 athletes who sustained acute medial epicondyle fractures, 
6 of which were treated nonoperatively with immobilization 
and 14 of which underwent open reduction and internal 

fixation (23). Nonoperative management consisted of  
3–4 weeks of long arm cast immobilization in 70°–90° of 
elbow flexion with the forearm in neutral rotation. This was 
followed by conversion to a removable posterior splint with 
gentle guided range of motion and then to physical therapy 
6–8 weeks after injury. Operative management was indicated 
for greater than 5–8 mm of medial epicondyle displacement 
or the presence of valgus elbow laxity on exam. Treatment 
involved a direct medial approach with open reduction and 
internal fixation with a cannulated screw. This was followed 
by a similar period of immobilization and return to function 
as in nonoperative management. They reported that all 
20 patients were able to return to sport at the appropriate 
level. Subgroup analysis of 14 overhead athletes, 6 treated 
nonoperatively and 8 treated operatively, revealed equally 
good outcomes and rate of return to play. 

Osbahr and colleagues similarly reviewed 8 youth 
baseball players with an average age of 13 who sustained 
acute medial epicondyle avulsion fractures while throwing 
with an average fracture displacement of 5.1 mm (24). 
Patients with greater than 5mm of displacement (n=3) were 
indicated for open reduction and internal fixation while 
those with less than 5 mm of displacement (n=5) were 
treated nonoperatively with immobilization. All patients 
had excellent results with return to play approximately  
7 months after the initial injury. 

These results suggest that excellent outcomes and return 
to play can be expected with appropriate management 
of medial epicondyle fractures in overhead athletes. 
While there is no specific amount of displacement that 

Figure 1 Diagnostic imaging of medial epicondyle apophysitis. (A) AP radiograph of the elbow in a skeletally immature individual with 
medial epicondyle apophysitis demonstrating widening of the apophysis; (B) elbow MRI coronal view demonstrating medial epicondyle 
apophyseal inflammation and fragmentation.
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should prompt operative intervention, the presence of 
valgus instability on examination or greater than 5 mm of 
radiographic displacement can be considered acceptable 
indications for open reduction and internal fixation with use 
of one or two cannulated screws (Figures 2,3). 

UCL injuries

Injuries to the anterior band of UCL occur after ossification 
and fusion of the medial epicondyle. Repetitive valgus 
stress of the UCL with overhead activity can lead to partial 
tearing or rupture of the UCL. While the incidence UCL 
injury continues to increase in pediatric athletes, this is 
considered an injury of skeletal maturity and is treated 
similar to UCL injuries in adult athletes. 

Patients with UCL pathology will report pain over the 
medial elbow with overhead activity and decreased sport-
specific performance. Diagnosis is based on patient history, 
clinical examination, and radiographic findings. The most 
useful examination maneuver is the ‘moving valgus stress 
test’ whereby the elbow is flexed to 90° and the forearm is 
supinated. A valgus stress is then created and the elbow is 
taken through a full flexion-extension arc of motion. Pain 
or subjective apprehension between 70° and 120° of elbow 
flexion is highly specific for UCL pathology (25). Valgus 
stress radiographs can demonstrate medial gapping of the 
ulnohumeral joint and ultrasound is useful in diagnosis 
of partial tears. However, MRI is the diagnostic imaging 

modality of choice for evaluating the UCL (26-28) (Figure 4). 
Treatment of UCL injuries in the throwing athlete 

should be patient-specific and based on both the presenting 
pathology and the future athletic goals of the patient. 
Care must be taken to fully explain treatment options 
and postoperative expectations as considerable public 
misconceptions continue to exist regarding outcomes 
after UCL reconstruction, especially the perception that 
UCL reconstruction can help an athlete improve their 
performance (29,30). 

Treatment options for UCL ruptures in pediatric patients 
are dependent both the location of the injury as well as 
surgeon preference. There has been little success treating 
full thickness UCL injuries nonoperatively. Rettig and 
colleagues retrospectively evaluated 31 throwing athletes 
with UCL ruptures treated nonoperatively and reported 
a 42% rate of return to play, however they were unable to 
identify any specific predictive measure suggesting who 
would benefit from nonoperative management (31). 

A number of operative techniques have been described 
for reconstruction of the UCL. These include the modified 
Jobe technique, the docking technique, and hybrid fixation 
techniques (28). The technical operative considerations of 
UCL reconstruction are beyond the scope of this review. 
However, looking specifically at adolescent athletes, UCL 
reconstruction provides reliable results with high rates of 
return to sport at or above baseline level consistent with 
results demonstrated in the adult population (32,33). 

An injury pattern unique to younger athletes is the 
avulsion of the UCL either from the origin at the medial 
epicondyle or at the insertion at the sublime tubercle (34-36).  
Savoie and colleagues reviewed the results of primary 
repair of proximal or distal UCL injuries to avoid the need 
for ligament reconstruction. They reported that, in those 
instances where the injury was either very proximal or 
distal along the length of the ligament, patients did well 
with primary repair, with 93% of athletes (56/60) returning 
to play within 6 months of surgery (37). This suggests 
that there are specific instances where primary repair is 
appropriate thus avoiding the morbidity and prolonged 
rehabilitation associated with autograft reconstruction. 

There has been recent interest in the treatment of partial 
UCL tears, especially with regards the utility of biologic 
adjuvants to improve healing. Previously, treatment of 
partial UCL tears had included cessation of overhead 
activity followed by gradual return to sport, with surgical 
intervention reserved for those that have failed an initial 
course of nonoperative management. Podesta and colleagues 

Figure 2 External oblique radiographs of the elbow in a skeletally 
immature individual. (A) Injury film demonstrating displaced 
medial epicondyle fracture; (B) after open reduction internal 
fixation with cannulated screw and washer. 

A B



Page 5 of 12Annals of Joint, 2018

© Annals of Joint. All rights reserved. Ann Joint 2018;3:21aoj.amegroups.com

evaluated the utility of a series of platelet-rich-plasma (PRP) 
injections to improve and accelerate healing of partial UCL 
tears (38). They reported that PRP injections in conjunction 
with an initial period of rest followed by gradual resumption 
of throwing activities provided high rates of return to play, 
with 30 of 34 patients returning to baseline level of sport. 
While these results are promising, there is still no consensus 
of the role of PRP in the treatment of UCL injuries (39). 

Olecranon apophysitis and stress fractures

Injury to the olecranon in pediatric athletes is due 
repetitive elbow extension and the subsequent stress of 
triceps contraction on the developing olecranon (40,41). 

This injury pattern is most commonly seen in repetitive 
overhead athletes involved in sports that load the elbow in 
flexion such as gymnastics and overhead throwing athletes. 
Repetitive traction on the olecranon by the contracting 
triceps can lead to injuries similar to those previously 
described to the medial epicondyle. 

The type of injury sustained is dependent on the stage of 
maturation of the olecranon apophysis. Prior to apophyseal 
fusion, patients will present with a traction apophysitis. 
They will report pain with activities requiring resisted elbow 
extension. Physical examination will demonstrate tenderness 
over the olecranon and pain with resisted elbow extension 
from a flexed position (13). Radiographs may demonstrate 
widening of the olecranon apophysis compared to the 

Figure 3 Diagnosis and fixation of a medial epicondylar fracture. (A) Lateral and AP radiograph of the elbow in a skeletally immature 
individual demonstrating displaced and comminuted medial epicondyle fracture with incarcerated fragments; (B) pre-operative elbow MRI 
coronal view in same patient; (C) post-operative AP radiograph of elbow after open reduction internal fixation with two cannulated screws. 
The broken screw attests to the forces across the fracture and the difficulty of obtaining union of an appendicular fracture, even in the 
pediatric patient. For this reason, two screws with washers are recommended.
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contralateral unaffected side and sclerosis of the apophysis (42).  
During or after fusion of the olecranon apophysis, patients 
are at risk for developing stress reactions and stress fractures 
to the olecranon. While the clinical examination is similar 
to a traction apophysitis, radiographic findings may be 
subtle or non-existent. MRI or CT evaluation can assist in 
diagnosis of olecranon stress reaction or fractures (43). 

Treatment for both olecranon apophysitis and stress 
fractures consists of cessation of activity, a brief period of 
immobilization, gradual guided return to motion, followed 
by return to play 3–6 months after initiation of treatment. 
Those patients that fail nonoperative management may 
require open reduction and internal fixation with tension 
band construct, cannulated screws, or a combination of the 
two. Excellent results with high rates of return to play have 
been reported after surgical management for olecranon 
stress fractures that had failed nonoperative management in 
adolescent and young adult athletes (44,45).

Osteochondral lesions of the capitellum

Valgus force produced through the throwing motion applies 
compressive loads to the radiocapitellar joint. Gymnasts are 
similarly affected, axially loading the entire articular surface 
through upper extremity weight bearing maneuvers (46) 
(Figure 5). These repetitive loads place athletes at risk for 
damage to the osteochondral structures of the lateral elbow, 
with the developing capitellum particularly susceptible (47). 

Capitellar lesions present with insidious onset lateral 
elbow pain during activity, increasing stiffness, and inability 
to perform at previous level of sport. Exam findings 
include swelling and effusion, point tenderness over the 
capitellum, and loss of 15°–20° of extension (47,48). The 
active radiocapitellar compression test can elicit pain when 
the examiner axially loads the elbow in extension while 
pronating and supinating the forearm (48,49). Standard 
AP and lateral projections are primarily utilized, while 
additional AP views in 45o of flexion can aid in capitellar 
visualization (50,51).

Osteochondral lesions of the capitellum in pediatric 
athletes are grouped into two main pathologies. Panner’s 
disease occurs in younger patients, generally between the 
ages of 8–12. This period represents an early stage in the 
ossification process during which the entire ossific nucleus 
is affected (47,52). Osteochondritis dissecans (OCD) 
lesions occur in older athletes, generally over the age of 11.  
As the capitellum nears full ossification, the epiphyseal 
cartilage thins significantly, placing the weak subchondral 
bone at risk (47,53,54). The pathogenesis of both diseases 
is hypothesized to be vascular in nature. The developing 
capitellar epiphysis maintains a relatively tenuous blood 
supply, supplied by only 1 or 2 perforating arteries from the 
posterior aspect of the distal humerus (46,55). Repetitive 
stress and overuse may compromise these vessels, injuring 
the ossific nucleus and subchondral bone (49).

In Panner’s disease, plain radiographs can demonstrate 
involvement of the entire capitellar ossific nucleus, with 
flattening, sclerosis, and loss of volume (47,53). MRI 
findings differ upon disease phase, exhibiting low intensity 
T1 and T2 signal of the lesion during early ischemia, and 
increasing T2 intensity upon late revascularization (53). 
Full recovery is expected with conservative management 
involving cessation of sport-related activities and non-
steroidal anti-inflammatory medications (47,54). Repeat 
radiographs after treatment will show reconstitution of 
the capitellum over time although residual deformity may 
remain (47,52,53).

OCD can present in varying degrees of severity, and 
are more often associated with overhead throwing athletes 
(47,53). In addition to pain and stiffness, patients may 
report symptoms of grinding and locking. Crepitus on 
examination raises the suspicion for unstable lesions or 
loose bodies (47). Radiographs show focal fragmentation, 
flattening at the articular surface, cortical irregularities, and 
subchondral lucency (53). MRI may demonstrate edema 
of the subchondral bone indicating a pre-collapse state 

Figure 4 Elbow MRI coronal view in skeletally immature 
individual indicating partial tear of the ulnar collateral ligament. 
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(Figure 6). This modality is also useful in evaluating the 
integrity of the articular surface, and may show signs of an 
unstable injury such cartilage tears, displaced osteochondral 
fragments, and loose bodies within the joint (2). 

Multiple classification systems have been described for 
OCD as prognostic aids and treatment guides. Current 
grading schemes take into account lesion chronicity, 
radiographic signs, and arthroscopic findings (47,49,53,56). 
The key determinant in dictating treatment is whether the 
osteochondral lesion is stable or unstable. In stable lesions, 
the articular cartilage layer and subchondral stability is 
maintained. Initial treatment is conservative, including 
cessation of throwing activities with or without a period 
of hinged elbow bracing followed by a physical therapy 
and return to throwing in 3 to 6 months (50,56,57). These 

methods have shown reliable recovery for stable OCD 
lesions with radiographic evidence of healing in 83% to 
93% and 78% to 88% return to previous level of play 
(42,57). 

Unstable osteochondral lesions are defined as those 
associated with collapsed subchondral bone, displaced 
osteochondral fragments, and loose bodies. Multiple 
treatment options have been described for unstable 
osteochondral lesions and those lesions that have failed 
conservative management. These include reduction and 
fixation of the chondral fragment, lesion debridement, 
subchondral drilling, and abrasion chondroplasty. The 
specific treatment utilized is dependent on patient age, 
future athletic goals, and the size and thickness of the 
fragment. 

A

B

Figure 5 Diagnostic imaging of a trochlear OCD lesion. (A) Elbow CT coronal and sagittal views and (B) elbow MRI coronal and sagittal 
views in an adolescent gymnast depicting osteochondral lesion of the trochlea. 
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Stable lesions that have failed nonoperative measures 
are generally treated with subchondral drilling (58). Small 
unstable osteochondral lesions or cartilage shear fractures 
can be excised, while attempts should be made to fix large 
free-floating osteochondral fragments (56) (Figure 7). 
Although outcomes scores and pain improve after surgery, 
many authors report poor rates of return to sport (59-65).  
Osteochondral grafting and cartilage transplantation are 
reconstructive options for large defects not amenable to 
fixation. These techniques have also shown consistent 
postoperative improvement in pain and function, but 
variable rates of return to sport (56,66,67).

Injury prevention and rehabilitation

There has been a recent dramatic increase in the number 

of surgical procedures for pediatric athletes with elbow 
pathology (1,10,68). A number of factors have been 
identified as being risk factors for elbow injuries in young 
athletes. Elevated single game and total season pitch counts, 
playing the position of pitcher or catcher, poor throwing 
biomechanics, and pitching while fatigued have all been 
associated with increased risk for elbow injury (1,9,10,69). 
Contrary to popular belief, throwing breaking pitches at a 
young age (curveball, slider) has not been shown to increase 
risk for elbow injury (11,12). 

An understanding of the risk factors for elbow injury 
has led to a focus on prevention of elbow injuries by 
limiting the number of throws for young athletes 
throughout a year. After evaluation of available data on 
risk factors for elbow injuries in throwing athletes, Fleisig 
and colleagues published a series of recommendations 

Figure 6 Diagnostic imaging of a capitellar OCD lesion. (A) Internal oblique and lateral radiograph of the elbow in an adolescent individual 
with capitellar OCD demonstrating subchondral lucency and cortical irregularity; (B) elbow MRI sagittal and coronal views in the same 
patient depicting increased intensity and fragmentation of the capitellum. 

A
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for injury prevention. These include a focus on proper 
throwing mechanics and utilization of the core and lower 
extremities throughout the throwing motion, identifying 
and addressing in-game fatigue, limiting total game and 
total season pitches, avoiding pitching on multiple teams in 
multiple leagues, and complete cessation of throwing for at 
least 2–3 months per year (1). 

Based on these recommendations, Little League 
Baseball, in conjunction with USA baseball, has advocated 
for pitch count monitoring to decrease the risk of injury. 
They suggest daily pitch count limitations in an age-based 
graduated fashion with associated recommendations for 
periods of rest between pitching. They also recommend 
against playing the catcher position after throwing more 
than 40 pitches in a game (70,71). While a focus on injury 
prevention and proper pitching biomechanics is important, 
especially in younger athletes, a decrease in injuries after the 
institution of pitch count rules and safe pitching campaigns 
has yet to be borne out in the literature. Concern remains 
for factors such as year-round play and participation on 
multiple teams which cannot be easily regulated by a single 
sporting governance. 

Throwing rehabilitation is recommended for prevention 
of injury, treatment for minor pathology, and during 
recovery after surgical intervention. While training is 
tailored to individual needs, most programs follow a similar 
regimen. Major deficits are first addressed, including core 
stabilization, leg strengthening, and global flexibility (72,73). 
This allows for progressive focus on the upper extremity 
kinetic chain, including scapular stabilizers, rotator cuff, and 

distal arm musculature (73,74). Finally, players complete a 
graduated throwing program and return to sport, with the 
entire process concluding over a 3–12 months period based 
on severity of initial injury (72,74). 

Conclusions

The developing elbow is at risk for overuse injuries in 
pediatric athletes, especially those that participate in 
overhead and throwing sports. The type of injury is 
dependent on the status of elbow apophyseal and physeal 
maturation and the type of load placed across the elbow. 
Common injuries include medial epicondyle apophysitis 
and avulsion fractures, UCL rupture, olecranon apophysitis 
and stress fractures, Panner’s disease, and OCD of the 
capitellum. Treatment is dependent on the age and future 
sport-specific goals of the patient. Many conditions can be 
treated nonoperatively with sport cessation and physical 
therapy, however there is a role for surgical management. 
Regardless of the condition, most athletes are able to return 
to baseline levels of pre-injury activity. A recent focus on 
injury prevention has emerged with emphasis on pitch 
count limits and proper mechanics. Further research is 
required to better delineate optimal treatment methods, 
surgical indications, and the role and scope of preventative 
measures. 
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