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Abstract
Purpose of Review With an increase in single-sport specialization, elbow injuries have become increasingly common in the
pediatric and adolescent population. Osteochondritis dissecans (OCD) of the capitellum frequently requires intervention yet can
be difficult to treat given high patient activity demands. The purpose of this paper is to review treatment options, understand
failure rates, and provide strategies for successful revision surgery.
Recent Findings Patients at high risk for the development of this condition are involved in high-demand upper extremity activity
such as baseball or gymnastics. Treatment options include non-operative management, drilling, fixation, loose body removal/
microfracture, osteochondral autograft, and osteochondral allograft. Cartilage preservation procedures (i.e., osteochondral auto-
graft) have a significant advantage in terms of clinical and radiographic healing compared with fixation or microfracture.
Summary Capitellar OCD lesions afflict a large number of adolescent athletes today and will likely continue increasing in
number from sports-related injuries. It is critical to recognize and treat these lesions in a timely and appropriate fashion to
optimize clinical outcomes. When faced with failure of healing, surgeons must critically analyze reasons for failure including
post-operative compliance, return to high-demand sporting activity, fixation of non-viable fragments, utilization of microfracture,
alignment, and concomitant pathology.
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Introduction

Pediatric and adolescent sports participation continues to be
characterized by a shift from recreational, free play–based
activities to competitive, structured activity. This trend has
been quantified via an increase in single-sport specialization
[1]. The connection between sports specialization and

increased serious injury risk has been well-established [2••].
This has led to an increase in both upper and lower extremity
injury risk in this population [3••]. Agresta et al. found that
pitching > 100 innings in 1 year, being aged 9 to 11 years,
being a pitcher or catcher, training > 16 h per week, and hav-
ing a history of elbow pain were significant risk factors for
elbow injury among youth players [4••].

Increased recognition and treatment of ligamentous and
cartilaginous injury in this patient population has not neces-
sarily correlated with increased surgical success rates. In con-
trast to the adult population, success rates for surgical inter-
vention in pediatric and adolescent anterior cruciate ligament
reconstruction [5] and shoulder stabilization [6] have been
much lower. Although the reasons for increased failure rate
are likely multi-factorial, return to high-risk, high-demand
sporting activity places a strain on the interventions for these
various pathologies.

Recent studies in the orthopedic literature have examined
the incidence, the epidemiology, and the treatment recommen-
dations for osteochondritis dissecans (OCD) lesions of the
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elbow. OCD of the elbow has been theorized to stem from a
variety of causes including inflammation, genetics, and
microtrauma [7]. Yet, no definitive cause has been clearly
identified. Anatomically, the tenuous vascular supply to the
capitellum arises from the radial recurrent and interosseous
recurrent arteries, leading to relatively poor healing potential.
Repetitive damage to the articular surface ultimately leads to
synovial fluid and inflammatory factors being exposed to the
subchondral bone, preventing osseous healing. Repetitive ac-
tivity, which is omnipresent in single-sport specialization cul-
ture, has been postulated to be one culprit in the development
of these lesions [8•]. It appears that persistent microtrauma
seems to be most correlated with its development, as there is
a drastic increase in relative risk with overhead and weight-
bearing activities of the upper extremities [8•, 9]. As children
and adolescents specialize at younger and younger ages into
specific sports combined with the year-round schedule that
many of these athletes follow, it is critical for orthopedic sur-
geons to understand the prognosis and treatment plans for
these sports-related injuries and how to manage failure of
intervention.

Demographics and Epidemiology

In the general population for patients aged 6 to 19 years, the
incidence of OCD of the elbow is 2.2 per 100,000 according
to Kessler et al. [10••]. Gender has a significant predilection
toward males, with an OR of 6.8 times greater as compared
with females (3.8 vs. 0.6 per 100,000). In addition, age is
related with older patients (12–19 years old) having an inci-
dence of 3.4 per 100,000 compared with patients 6 to 11 years
old, 0.38 per 100,000. Non-Hispanic white males have the
highest overall incidence at 7.4 per 100,000. The majority of
lesions were on the right elbow, which the authors hypothesize
is related to right-hand dominance being more common.

In an ultrasonographic and radiographic analysis of com-
petitive baseball players aged 10–12, Matsuura et al. demon-
strated an overall prevalence of OCDs of 2.1% with no predi-
lection to position or age [11•]. Kida et al. found a prevalence
of 3.4% among junior high school and high school baseball
players [8•]. Again, there was no statistically significant cor-
relation with position; however, duration of competitive play
and play at early ages did show increased risk for development
of OCD of the elbow. In gymnasts, only small case-control
studies have been published. Dexel et al. assessed a local team
of 30 full-time athletes, with 10 having MRI-proven OCD
lesions [12].

The clinical significance of the increasing numbers of OCD
lesions of the capitellum was emphasized by Weiss et al. who
demonstrated that despite only 12.0% of all OCDs being
found in the elbow, these lesions had a significantly higher
risk of progressing to surgical intervention at 55.0% [13•]. The

global rate for surgery was found to be 35.0% in this study,
with knee and ankle osteochondral defects at 33.5% and
31.8% respectively. Although age of the patient was a factor
in time to diagnosis, this study supports that it is critical for the
orthopedic surgeon to recognize this potential injury in the
adolescent athlete to achieve the optimal prognosis.

Treatment Principles and Methods

Recommendations on treatment still remain somewhat contro-
versial. General principles in the management of OCD lesions
(including the elbow) are that younger age/greater amount of
growth remaining is correlated with an increased rate of
healing [14]. In addition, the clinician can choose from the
following options: non-operative management, retrograde
drilling, internal fixation, loose body removal and
microfracture, osteochondral autograft, and osteochondral al-
lograft. We will concentrate on the success and failure rates of
surgical intervention.

Retrograde Drilling

There is limited literature examining the outcomes of retro-
grade drilling of stable lesions of the capitellum (Fig. 1). This
can be postulated to be due to the fact that stable lesions are
hard to identify (as many patients will continue to participate
in high-demand activity even with a stable lesion as the arm is
non-weight-bearing) and that many stable lesions will respond
to non-operative management. Duquin et al. reported on 5

Fig. 1 Arthroscopic imaging demonstrating retrograde drilling of a stable
capitellar osteochondral lesion in an adolescent baseball pitcher
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elbows with stable capitellar lesions that underwent retrograde
drilling, all of which healed [15]. Tis et al. also examined 13
elbows with capitellar osteochondral lesions, of which 7
underwent transhumeral drilling and 2 trans-articular drilling.
In their cohort, outcomes were mixed with three patients re-
quiring repeat procedures, and 33% reporting occasional pain
[16].

Internal Fixation

Internal fixation of osteochondral lesions, which are unstable
but viable, has been shown to have positive outcomes in the
literature. Koehler et al. examined an all-arthroscopic suture
fixation technique in 5 elite adolescents with unstable OCD
lesions of elbow and found 100% union and return to elite
athletic level [17]. Similarly, Uchida et al. examined 18 ado-
lescent baseball players with capitellar osteochondral lesions
stabilized with absorbable fixation pins, and achieved healing

in 17/18 patients with 15 patients returning to the same or
higher level of sport [18].

Yet, it is important for surgeons to recognize that size
(along with viability) of the lesion is associated with failure
of treatment (Fig. 2a–d). Nobuta et al. examined 28 pa-
tients with capitellar osteochondral lesions who underwent
fixation [19]. Unlike prior studies, they found only 11 pa-
tients with complete healing, 12 with partial healing, three
with no healing, and two with loose body formation. The
authors found that fragment fixation was effective in le-
sions that were less than 9 mm thick. When lesions were
larger than 9 mm, fixation was not indicated. Similarly,
Hennrikus et al. examined 26 elbows who underwent in-
ternal fixation for unstable osteochondral lesions and
found 20/26 patients healed with 2/3 of patients returning
fully to sporting activity [20•]. Although the majority of
patients had good outcomes, patients less than 15 years of
age and with < 13 mm of sagittal width lesions had better
outcomes.

Fig. 2 a T2 sagittal MRI image of
a 13-year-old male baseball
player with an anterior capitellar
osteochondral lesion. b T2
sagittalMRI image demonstrating
a posterior loose body in the same
patient. c Non-viable loose body
at the time of arthroscopy. d
Arthroscopic image of the
capitellar osteochondral defect
after preparation of the bed prior
to cartilage restoration
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Loose Body Removal and Microfracture

At the time of arthroscopy, the presence of non-viable loose
body (i.e., no attached subchondral bone) or large unstable
lesion that cannot be stabilized may be found. For many of
these lesions, loose body removal and microfracture have
been traditionally performed. Wulf et al. examined 10 adoles-
cent patients who underwent arthroscopy and microfracture
with 80% of patients demonstrating reparative fibrocartilage
on follow-upMRI with 6/8 patients returning to sport. Yet, the
results of this treatment have been mixed in other literature
[21] (Fig. 3a, b). Bexkens et al. examined 81 elbows that
underwent arthroscopy and microfracture for capitellar le-
sions, and found that only 62% of patients returned to sporting
activity [22••]. Shorter pre-operative duration of symptoms,
concurrent loose body removal, and open capitellar physis
were associated with more positive outcomes. Lewine et al.
examined a cohort of 21 adolescent patients who underwent
loose body removal with drilling/microfracture and found
similarly mixed results [23••]. Only 71.4% of patients had
complete healing and four patients required repeat interven-
tion. Only 66.7% of patients were able to return to their pri-
mary sport. As with the study of Bexkens et al., shorter dura-
tion of symptoms was associated with smaller osteochondral
lesions as well with subsequent higher healing rates and return
to sport. In our cohort of 22 pediatric and adolescent athletes,
we also found a similar poor return to sport outcome with only
60% of baseball players and 44% of gymnasts able to return to
the same level of sporting activity [24].

Osteochondral Grafting

Due to the high activity demands of these patients with rela-
tively guarded outcomes with loose body removal and
microfracture, restoration of the articular cartilage in a

definitive fashion may be the preferred option to maximize
function and prevent treatment failure in this population.
Bae et al. examined 28 adolescent patients with unstable
capitellar osteochondral lesions who underwent single-plug
OATS [25••]. On post-operative MRI, 86% of patients had
restoration of articular congruity and 93% had complete graft
incorporation. In their cohort of patients with greater than 6-
month follow-up, 69% returned to primary sport and 100%
had returned to general sports. Further, Lyons et al. examined
11 adolescent patients with large (> 1 cm2) OCD lesions who
were treated with an osteochondral autograft plug [26••]. All
patients involved in competitive high school sports returned to
play at an average of 4.4 months with a significant improve-
ment in range of motion. In another group of high-demand
athletes, Yamamoto et al. examined 18 adolescent baseball
players who underwent an OATS procedure with 14 out of
18 patients returning to their prior sports performance levels
[27]. Maruyama also examined another high-demand cohort
of 33 pediatric and adolescent baseball players with lesions on
their throwing arm who underwent an OATS procedure. At a
mean of 6.9 months after surgery, all but 2 patients returned to
their prior competitive level of sport with all patients achiev-
ing radiographic graft incorporation [28•]. Iwasaki et al. ex-
amined 8 adolescent baseball players whose throwing arms
had capitellar OCD lesions [29]. All patients had radiographic
healing with 6 out of the 8 patients (including 3 patients)
returning to competitive-level baseball.s

Osteochondral Allograft

There is limited literature on fresh osteochondral allograft
transplantation. Mirzayan et al. examined 9 adolescent base-
ball players who were treated with this method. All patients
return to throwing and were active in their sports with func-
tional improvement and pain reduction [30].

Fig. 3 a Sagittal T1 MRI image
of a 16-year-old gymnast after
failed loose body removal and
microfracture. b Sagittal T2 MRI
image of the same patient
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Assessing Treatment Failure

General Principles

Based on the literature above, there are certain groups that are
more susceptible for treatment failure who may require more
aggressive treatment strategies: older patients with closed
capitellar physes, patients with a longer pre-operative duration
of symptoms, and those involved in higher risk upper extrem-
ity sports (baseball/gymnastics).

As with any operative pathology in the active pediatric and
adolescent population, modifiable risk factors for treatment
failure must be identified. Non-compliance and/or non-
adherence to physical therapy protocols and activity restric-
tions is all associated with need for repeat surgery. Finally, the
sport of choice also plays a significant role. Individuals in-
volved in high-impact upper extremity activities such as base-
ball and gymnastics [24] who chose to return to these activities
continue to expose their elbow to repetitive trauma and treat-
ment failure. In these cases, the orthopedic surgeon plays a
critical role in counseling the patient about the risks of ongo-
ing symptoms despite successful surgical intervention.

Revision surgery is done for a number of reasons, including
ongoing pain and symptoms as well as radiographic evidence
of poor healing. In the case of return to the operating room,
orthopedists must therefore identify the modifiable factors to
improve the chances for healing and functional success.

Failure of Primary Fixation

Intra-operative assessment of the viability of lesion (both un-
stable and/or loose bodies) can be challenging. The surgeon at
the time of index surgery must look for a piece which can be
anatomically replaced into its donor site, has attached
subchondral bone (although reports of chondral-only fixation
in the knee have been reported [31]), and is small (less than 9–
13 mm) [19, 20•]. If primary fixation fails, the fragment and
all non-viable tissue must be removed including implants. The
donor site must be assessed for size and viability with consid-
eration for either osteochondral autograft or allograft proce-
dures. With the guarded outcomes of primary loose body re-
moval and microfracture in the literature [17–19, 20•], the
utilization of this technique in the revision setting should be
limited in lieu of aggressive cartilage restoration.

Failure of Osteochondral Autograft Procedures

Continued pain, decreased functional ability, and failure of
radiographic healing after osteochondral autograft procedures
must be vigorously analyzed once modifiable risk factors,
including physical therapy compliance and premature return
to sport, have been excluded. Matsuura et al. compared out-
comes of 87 juvenile athletes who underwent an OATS

procedure for central versus lateral lesions of the capitellum
[32••]. More patients in the lateral group had post-operative
radial head subluxation, worse extension, lower outcomes
scores, and osteoarthritic changes compared with the central
group. These findings were also supported by Shi et al. who
examined 43 adolescent elbows comparing outcomes of
contained (surrounding by intact articular cartilage) and
uncontained (extending beyond the lateral cartilaginous mar-
gin) lesions [33]. The authors found a trend toward
uncontained lesions being shallower and larger, with patients
having greater flexion contractures post-operatively.

Thus, patients with lateral/uncontained lesions must be
counseled at the time of an OATS procedure that the expected
post-operative outcomes may be lower and/or that different
surgical strategies such as osteochondral allograft and/or ac-
tivity changes post-operatively to maximize function must be
considered.

Recognition of Complex Pathology

Assessment of Alignment

In the setting of failed surgical intervention, alignment at the
elbow must be also considered. Although the utilization of
upper extremity osteotomy procedures to off-load cartilagi-
nous pathology in the elbow is not as commonly performed
as in the knee (this can be largely be postulated to be due to the
weight-bearing nature of the knee as well as both the complex
neurovascular structures and three-dimensional anatomy of
the elbow), this must be considered as well in the setting of
failed surgery. Lau et al. found that compared with control
patients, adolescent patients with capitellar OCD lesions had
more varus carrying angles and more valgus at the distal hu-
meral articular surface [34]. Various joint re-alignment proce-
dures have been described including closed-wedge
osteotomies of the distal humerus [35] as well as radial short-
ening [36] to off-load stress on the injured area.

Identification of Concurrent Pathology

In addition to alignment, additional pathology that can be a
source of pain or decreased functional after surgery must be
evaluated.Wu et al. examined 86 elbows in patients who were
treated for capitellar OCDs and found radial head lesions in
30% of the elbows, predominantly in the anterior radial head.
Those elbows that had radial head lesions that underwent
OATS procedures had a trend toward improved motion and
fewer mechanical symptoms that those that underwent drilling
[37] (Fig. 4a, b). This pathology must be considered when
evaluating osteochondral lesions both before and after failed
treatment. In addition, careful examination for concomitant
ligamentous injury is important to determine if increased
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torque across the elbow joint is causing osteochondral injury
in the absence of abnormal mechanics or overuse [38, 39].

Optimizing Outcomes After Revision

Post-operative Rehabilitation

Criteria for return to play after treatment of primary as well as
revision treatment of capitellar lesions are limited due to var-
iations in technique, rehabilitation protocols, and outcome
measures [40•]. In general, an extended course of rehabilita-
tion is recommended until clinical and radiographic healing is
evident. A complete analysis of modifiable risk factors includ-
ing upper extremity motion analysis and biomechanical eval-
uation is helpful. A sport-specific physical therapy regimen is
critical to the patient’s success with goals for optimizing the
athlete’s biomechanics. Careful counseling around activity
modification, particularly changing either sport or position
(particularly with baseball players and gymnasts) is critical.

Conclusion

Osteochondral lesions of the capitellum in the pediatric and
adolescent population remain difficult entities to treat for the
orthopedic surgeon. Careful counseling in regard to participa-
tion in post-operative high-demand activity is critical. In ad-
dition, minimizing primary treatment failure can maximize
patient outcome. Avoidance of fixation of large osteochondral
fragments, limited use of loose body removal/microfracture,
and minimizing OATS procedures in uncontained/lateral le-
sions are critical. If treatment failure does occur and patient
compliance/post-operative rehabilitation has been optimized,
aggressive cartilage restoration with OATS and recognition of
pathologic alignment with osteotomy as needed, along with
treatment and identification of radial head and ligamentous

pathology, are paramount. Armedwith a critical eye, treatment
of pediatric and adolescent patients with capitellar OCD le-
sions can lead to high levels of clinical and radiographic
healing.
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