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Abstract The pediatric and adolescent elbow is subject

to both acute and chronic overuse injuries. The practitioner

should develop a classification system to evaluate all such

injuries, with first focusing on whether the injury represents

an acute episode or rather it represents a more chronic

problem. In addition, localizing the area of pain as being

either medial, lateral, or posterior can better help differ-

entiate the diagnosis. Youth baseball pitchers and throwers

are particularly at risk for overuse injuries of the elbow,

most of which are related to an injury mechanism termed

‘‘valgus extension overload’’. The most common entity

related to this is termed ‘‘Little Leaguer’s Elbow.’’ Treat-

ment is usually conservative, but for some injuries surgery

may be required, especially for displaced medial epic-

ondylar avulsion fractures. Other acute injuries also should

be easily recognizable by the general clinician including

annular ligament displacement (nursemaid’s elbow) which

represents one of the most common upper extremity inju-

ries presenting to emergency rooms in youngsters under the

age of 6. Most studies seem to indicate a hyperpronation

reduction technique may be more successful then the

flexion/supination technique. It is also important to have an

awareness of some of the common elbow fractures seen in

the younger patient, in particularly supracondylar fractures

owing to their high propensity for complications. When

evaluating the elbow for fractures, it is necessary to have

an understanding of the appearance of the ossification

centers seen on the pediatric elbow.
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It is important to recognize and appropriately manage the

common causes of elbow pain seen in pediatric and ado-

lescent patients. A classification system should be used in

order to appropriately consider all diagnostic possibilities.

First, determining the acuity and chronicity of the pain is

important. If the complaint is of an acute nature or related

to injury, further delineating the exact mechanism of injury

can also be of help in making a presumptive differential

diagnosis. Finally, categorizing the location of pain as

medial, lateral, posterior, or anterior can further narrow the

diagnostic possibilities.

A majority of the causes of elbow pain in the growing

youth will be related to overuse injuries and poor mechanics

of the immature skeleton. Overhead throwing, and baseball

pitching in particular, is a common cause for these overuse

injuries in young individuals and thus having an under-

standing of the biomechanics involved with the overhead

throwing motion will allow for clearer conceptualization of

how these problems present and how they may be prevented.

The most common of these overuse injury patterns are

related to a mechanism know as ‘‘valgus extension over-

load’’ [1]. During the early phases of throwing, the elbow has

a medially-sided tension force along with a lateral com-

pressive force which invariably led to specific injury

patterns. In addition, during the late stages of throwing, the

elbow becomes locked in full extension resulting in
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increased stress of the posterior structures, including the

olecranon and olecranon fossa.

In addition to elbow pain secondary to chronic, overuse

type injuries, practitioners must be aware of some of the

more important acute traumas that can lead to elbow pain,

including some of the common fractures that are seen in the

pediatric elbow. Most important of these fractures are

supracondylar fractures, owing to the fact that they are

associated with higher risk of malunion and neurovascular

compromise. Nursemaid’s elbow, or annular ligament

displacement, is a common cause of elbow pain and

decreased elbow use in children less than 6-year-old.

Medial elbow pain

As mentioned earlier, during the early phases of throwing

the medial elbow structures are subjected to medial tensile

forces. This leads to the common overuse syndromes pre-

senting with medial elbow pain including medial

epicondylar aphophysitis, medial epicondyle avulsions,

ulnar collateral ligament sprains/tears, and common wrist

flexor/pronator strains. The spectrum of these disorders

have been given the general term of ‘‘Little Leaguer’s

Elbow’’ [2]. The medial epicondyle is the last physis of the

elbow to close, and both the common wrist flexors/prona-

tors and proximal ulnar collateral ligament originate at this

epiphysis.

Clinically, patients with ‘‘Little Leaguer’s Elbow’’ will

present with progressive medial elbow pain, diminished

throwing effectiveness, and loss of throwing velocity.

Physical exam findings usually will show tenderness to

palpation over the medial epicondyle, with increasing pain

noted with resisted wrist flexion. A slight flexure contrac-

ture may also be present. Conventional radiographs are the

initial imaging test of choice, which may show irregularity

and fragmentation of the medial epicondyle. Comparison

views of the contralateral elbow should be obtained which

may show a widening of the physeal line on the affected

side.

Treatment is almost always conservative, with a period

of rest with no throwing recommended for 4–6 weeks. Ice

and NSAIDs also may be helpful. Elbow and shoulder

strengthening exercises and physical therapy are also rec-

ommended, followed by a slow interval return to throwing

program.

Along the same continuum of medial elbow overuse

injury, frank avulsions of the medical epicondyle may

occur. The physis is the weak link in the immature skeleton

explaining why this injury is much more common than

ulnar collateral ligament tears in the younger patients. For

non-displaced fractures, a period of rest from throwing is

always required, usually 3 months, along with protection

from valgus forces and resisted wrist flexion [1]. A short

period of immobilization (1–3 weeks) may also be neces-

sary with early ROM exercises [1]. Other strengthening

exercises should be started, followed by a slow interval

throwing program at the end of the rest period.

Treatment of displaced medial epicondylar fractures

tends to be more controversial, but most feel that dis-

placement [5 mm requires surgical fixation. Minimally

displaced fragments may heal with solid bone union, but

sometimes healing only occurs by fibrous union formation.

This may be associated with chronic pain and dysfunction

in high level throwers [1]. In our practice at Andrews

Sports Medicine and Orthopaedic Center, any pitcher or

overhead athlete who has even minimal displacement

usually gets surgical fixation secondary to the fear that

these athletes will not be able to return to full activities

with conservative management. A retrospective study is

currently being conducted to better answer the question of

the need to fix all minimally displaced medial epicondylar

physeal fractures.

Lateral elbow pain

It is important to be aware of two major causes of lateral

elbow pain seen in pediatric and adolescent patients.

Osteochondritis dessicans of the Capitellum and Panner’s

Disease both can present with lateral pain, and are differ-

entiated by the age of presentation, etiology, and

radiographic findings.

The cause of OCD of the capitellum has largely been

unknown and controversial, but many feel it is related to

the combination of repetitive microtrauma across the radio-

capitellar joint and the tenuous blood supply of the capi-

tellum [3]. Baseball pitchers and gymnasts seem to be most

prone to these high stresses across the radio-capitellar joint

[6]. In baseball pitching, compression and shear forces

occur at the radio-capitellar joint during the late cocking

phase. In gymnasts, 60% of the force across the elbow joint

when in full extension occurs at the radio-capitellar joint

[4]. In addition to these increased forces seen in active

athletes, the radial head cartilage seems to be stiffer than

the cartilage of the lateral capitellum, thus creating a

mechanical mismatch, further leading to capitellar injury

[5]. The tenuous blood supply of the capitellar epiphysis is

a result of the lack of humeral metaphyseal collateral cir-

culation meaning that the capitellar epiphysis receives its

entire blood supply from one or two isolated posterior

vessels that must transverse the entire cartilaginous capi-

tellum [7]. Because of this, the ability for the capitellar

epiphysis to heal itself after episodes of microtrauma is

compromised, possibly leading to osteonecrosis and even-

tually an OCD lesion.
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OCD of the capitellum usually presents in the 11- to 15-

year-old adolescent, and baseball pitchers and gymnasts are

the most commonly affected persons. Patients may have

several months of pain prior to seeking medical attention.

A total of 90% of patients will complain of pain localized

on the lateral aspect of the elbow, but some may have

diffuse pain, or no pain at all [1]. The pain typically is

relieved by rest and not associated with any nocturnal

symptoms. Other symptoms may include loss of motion

(usually extension), locking, or catching. If the latter two

features are present, one must consider the possibility that

articular cartilage fragmentation and resulting loose body

formation has occurred [3].

Physical exam findings may reveal tenderness to pal-

pation over the radial capitellar joint and occasionally loss

of extension. They may also have a positive ‘‘active radio-

capitellar compression test’’ which is considered positive if

the patient’s pain is reproduced as they actively pronate

and supinate their forearm with the elbow locked in full

extension while applying a valgus force [3].

Conventional radiographs are the preferred initial diag-

nostic test of choice when evaluating for capitellar OCD

lesions. AP views of the elbow in 45� of flexion may be the

most helpful in identifying the abnormalities associated

with this lesion [8]. Flattening and rarefaction of the cap-

itellar subchondral bone can be seen. MRI may show

earlier changes that may not yet be visible on plain

radiographs, and the earliest change may be seen as low

signal intensity at the capitellar surface on T1-weighted

images only [8]. MR arthrography may be better at

assessing fragment stability.

Treatment options have been somewhat controversial.

Non-operative treatment is usually reserved for early

lesions without mechanical symptoms or obvious loose

bodies. If the overlying cartilage is still intact, these tend to

be managed best conservatively. Patients should be

removed from the inciting trauma (pitching, gymnastics)

for at least 6 months, and usually pitchers should not return

to this position in the future. Once symptoms have

resolved, strengthening exercises may be started. A total of

50% of lesions tend to heal non-operatively [3]. Surgical

intervention usually is reserved for patients who fail to

respond to 6 months of conservative treatment, or those

who have mechanical symptoms, unstable fragments, or

obvious loose bodies [6]. Surgical options may include

arthroscopic loose body removal, debridement of lesion

with abrasion chondroplasty, osteochondral autologous

transplantation, or rarely fragment reimplantation. Despite

treatment, about half of patients may have long term

sequelae, including degenerative joint disease [3].

Panner’s Disease affects younger patients than those

typically with OCD lesions, usually in the age group of 7–

12 years. It represents an avascular necrosis of the

capitellum, similar to the other pediatric osteochondroses

including Legg–Calve–Perthes disease. In contrast to

Osteochondritis dessicans, it is not associated with repeti-

tive trauma and the capitellum typically reconstitutes with

time without any associated long term sequelae. Conven-

tional radiographs usually show flattening and patchy

sclerosis of the entire capitellum. Treatment is conserva-

tive, with restriction from aggravating activities, including

those involving axial loading such as throwing and gym-

nastics [6].

Posterior elbow pain

Common causes of posterior elbow pain in the young

patients include olecranon apophysitis or avulsion, olecra-

non bursitis, posterior olecranon impingement, or olecranon

osteochondrosis. Repetitive forced extension as well as

locking the elbow in full extension, which are commonly

seen in the follow-through/deceleration phases of pitching,

can lead to traction across the olecranon apophyis where the

triceps tendon inserts, resulting in olecranon apophysitis

[1]. Frank avulsions can also occur, but they usually pre-

ceded the chronic posterior elbow pain indicative of

ongoing olecranon apophysitis. Physical exam findings

usually show tenderness over the olecranon apophysis.

Conventional radiographs can demonstrate physeal irregu-

larity, fragmentation, widening, or frank avulsion. Again

comparison views of the contralateral elbow are imperative

for comparison. Treatment for olecranon apophysitis and

non-displaced physeal fractures involves rest and suspen-

sion of those overhead activities such as throwing that cause

repetitive extension and forced hyperextension at the elbow.

Throwing athletes typically may need 2–3 months of rest to

decrease risk of reoccurrence. For displaced fractures, sur-

gical fixation is usually required, and may hasten time to

return to sport [1].

Olecranon bursitis can also occur in young athletes

secondary to acute or chronic trauma occurring over the

dorsal aspect of the elbow. Physical exam findings usually

show significant soft tissue swelling and tenderness pos-

teriorly. The presence of extensive erythema, tenderness, or

systemic symptoms should alert the clinician to the possi-

bility of a co-existing cellulitis. Olecranon bursitis can

usually be managed conservatively with rest, ice, NSAIDs,

compression wrappings, and even elbow pads to allow

return to play [1]. If these methods are unsuccessful,

aspiration and subsequent corticosteroid into the bursa can

be considered. In rare cases, bursectomy may need to be

performed [1].

If a throwing athlete presents with posterior elbow pain,

and no pain over the olecranon apophysis or significant soft

tissue swelling is evident, one should consider the
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possibility of posterior olecranon impingement (i.e., valgus

extension overload syndrome). In addition to pain, they may

complain of loss of full extension. Physical exam findings

include a positive ‘‘valgus extension overload’’ test, in

which pain is reproduced when a valgus force is applied at

the elbow joint while the elbow is passively forced into

maximal extension. The impingement may be caused by

medial olecranon osteophytes or intra-articular loose bod-

ies. Symptoms of locking may indicate a foreign body,

which may also be seen on radiographs. Treatment initially

may consist of physical therapy aimed at improving

extension range of motion, but if a loose body is present,

arthroscopic removal is usually necessary. Arthroscopic

debridement of a medial olecranon osteophyte can also be

done if necessary. The presence of posterior olecranon

impingement is usually secondary to valgus extension

overload, which should alert the clinician to the possibility

of an underlying ulnar collateral ligament injury or insuf-

ficiency and thus needs thorough evaluation [1].

Elbow fractures

Elbow fractures are relatively common in children,

accounting for at least 10% of all pediatric fractures [9].

Elbow fractures are often more likely to require reduction

than some of the other common pediatric fractures, and can

be associated with a higher complication rate [10]. Physical

exam and plain radiographs are usually sufficient for

accurate diagnosis. However, conventional radiographs of

the elbow in the skeletally immature individual can be

sometimes difficult to evaluate owing to the secondary

ossification centers that may be mistaken for fractures. It is

important for providers who care for these injuries be

aware of the normal order of appearance of the six sec-

ondary ossification centers. This is best accomplished by

knowing the pneumonic CRMTOL, which is illustrated in

the chart below (Table 1).

Of the elbow fractures, supracondylar fractures are the

most common and important to be aware of owing to a high

rate of malunion and complications such as neurovascular

injury or compartment syndrome. A total of 60–80% of

elbow fractures are supracondylar [11]. These are usually

seen in children during the first decade of life (most

common ages 5–7 years). The classic mechanism of injury

is usually a child who falls on an outstretched upper

extremity and suffers a hyperextension type injury at the

elbow. Patients typically will have significant elbow pain

and swelling. The distal fragment usually lies posterior,

and this is best seen on lateral radiographs by drawing an

imaginary line along the cortex of the anterior humerus and

visualizing the capitellum lying posterior to this line (In the

normal elbow, the anterior humeral line should bisect the

capitellum). The posterior fat pad may also be present

(always an abnormal finding) as well as an anterior dis-

placed anterior fat pad (‘‘sail sign’’), both of which are

indicative of a joint effusion.

Prompt diagnosis is critical owing to the potential

complications of malunion and injury to the neurovascular

structures that lie in close proximity, namely the brachial

artery, median, radial, and ulnar nerves. The quality of the

brachial and radial pulses should be assessed, as well as for

the presence of cool, pale distal extremities and decreased

capillary refill. The nerves can be quickly assessed by

having the patient form a ‘‘thumbs up’’ sign (radial nerve),

tight fist covering thumb (median nerve), and the ‘‘OK

sign’’ by having them approximate the thumb and index

finger (anterior interosseous nerve). It is also important to

assess for signs of compartment syndrome, including

increasing pain on passive extension of the fingers, paras-

thesias, pallor, pulselessness, or paralysis.

Supracondylar fractures are typically designated as Type

I, II, or III depending on the amount of displacement. Type I

fractures are non-displaced and may be treated conserva-

tively in a long arm cast with elbow held in at least 90� of

flexion for 3–4 weeks. Type II fractures are partially dis-

placed but have the posterior periosteal hinge intact, while

Type III fractures are completely displaced with no contact

between the two fragments. Both Type II and Type III

fractures usually require closed reduction with percutaneous

K wire insertion to hold normal position. Operative reduc-

tion is usually required if rotational deformity is noted,

significant medial comminution exists, or if the reduction

cannot be held in 100–120� of flexion. Volkmann’s ischemia

is a dreaded complication, which can occur if a displaced

fracture is treated with a cast in hyperflexion. The restriction

that the cast provides coupled with extensive swelling can

cause permanent neurovascular damage [11].

Nursemaid’s elbow

Nursemaid’s elbow, more accurately termed annular liga-

ment displacement (ALD), is the most common upper

Table 1

Ossification center Age at

appearance (years)

C Capitellum 1

R Radius 3

M Medial epicondyle 5

T Trochlea 7

O Olecranon 9

L Lateral epicondyle 11
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extremity injury presenting to emergency departments in

children less than 6 years of age. Patients usually will

complain of elbow pain and parents may notice the sudden

decreased movement of that arm.

ALD occurs when the annular ligament is displaced in

between the humeral capitellum and the radial head. This is

usually caused by an abrupt axial traction placed on the

forearm while the elbow is fully extended and forearm

pronated.

These injuries can usually be easily corrected by simple

reduction techniques, involving either a supination/flexion

sequence or a hyperpronation technique. Classically, the

supination/flexion technique has been utilized by most

practitioners, but studies seem to indicate that the hyper-

pronation technique may be more effective than supination/

flexion on first attempt and may be associated with less

discomfort. One study involving several pediatric emer-

gency departments randomly assigned patients presenting

with findings suggestive of ALD to either the flexion/

supination or hyperpronation technique [12]. A total of 85

patients were included in the study and 95% of those

randomized to the hyperpronation group had successful

reduction on first attempt compared to 77% successful

reduction in the supination/flexion group. The hyperpro-

nation group also required fewer attempts at successful

reduction than did the flexion/supination group, with

overall success rate of the hyperpronation group being

97.5% compared to 86% in the supination/flexion group.

Another prospective study indicated that the forced

pronation technique was perceived as being less painful

than the supination–flexion technique by both nurses and

parents [13].

Conclusion

When evaluating a pediatric or adolescent with elbow pain

it is important to consistently take a thorough history and

accurate physical exam. It should first be determined if

pain is acute or chronic. If acute, serious fractures,

including supracondylar fractures should be ruled out, as

these usually need prompt orthopaedic referral. Mechanism

of injury, or the types of activities that exacerbate the pain

should also be elucidated. For the chronic, overuse types of

injuries that cause elbow pain, determining what part of the

throwing interval can be very helpful. Third, the location of

the pain can also be of use, especially for the chronic types

of elbow pain. The physical exam can further delineate the

pathology, and close attention should be paid to range of

motion, or lack thereof and the location of maximal ten-

derness. Conventional radiographs can then be used, and

sometimes further imaging modalities may be necessary. It

is vitally important to know the sequence of appearance of

the secondary ossification centers when evaluating these

images. By following these steps in comprehensive and

systemic manner, the evaluation of pediatric elbow pain

can be done confidently and accurately.
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