é%v% diagnostics

Review

Osteochondritis Dissecans of the Elbow in Overhead Athletes:
A Comprehensive Narrative Review

Andro Matkovi¢ ¥, Thomas Ferenc '* (), Damjan Dimnjakovi¢ >%*, Nikolina Jurjevié¢ !, Vinko Vidjak 1-3

Branka R. Matkovié 4

check for
updates

Citation: Matkovi¢, A.; Ferenc, T.;
Dimnjakovi¢, D.; Jurjevi¢, N.; Vidjak,
V.; Matkovi¢, B.R. Osteochondritis
Dissecans of the Elbow in Overhead
Athletes: A Comprehensive Narrative
Review. Diagnostics 2024, 14, 916.
https://doi.org/10.3390/ diagnostics
14090916

Academic Editors: Yuichi Yoshii and
Chien-Kuo Wang

Received: 27 March 2024
Accepted: 26 April 2024
Published: 28 April 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and

Department of Diagnostic and Interventional Radiology, Merkur University Hospital, 10000 Zagreb, Croatia;
andro.matkovic@gmail.com (A.M.)

Department of Orthopedic Surgery, University Hospital Centre Zagreb, 10000 Zagreb, Croatia

School of Medicine, University of Zagreb, 10000 Zagreb, Croatia

Faculty of Kinesiology, University of Zagreb, 10000 Zagreb, Croatia

Correspondence: thomas.ferenc95@gmail.com (T.F.); ddimnjak@gmail.com (D.D.)

These authors contributed equally to this work.

oW N

Abstract: Osteochondritis dissecans (OCD) of the elbow mainly occurs in overhead athletes (OHAs).
This narrative review aimed to comprehensively analyze the epidemiological data, etiological factors,
clinical and imaging features, treatment options, and outcomes of OHAs with the diagnosis of elbow
OCD. A literature search was performed in PubMed /MEDLINE, Scopus, and Web of Science. Individ-
uals with elbow OCD were usually 10-17 years of age with incidence and prevalence varying between
studies, depending on the sport activity of the patients. The etiology of OCD lesions is multifactorial,
and the main causes are believed to be repetitive trauma, the biomechanical disproportion of the
articular surfaces, poor capitellar vascular supply, and inflammatory and genetic factors. Athletes
usually presented with elbow pain and mechanical symptoms. The mainstay for the diagnosis of
elbow OCD is MRI. The treatment of elbow OCD lesions should be conservative in cases of stable
lesions, while various types of surgical treatment are suggested in unstable lesions, depending mainly
on the size and localization of the lesion. The awareness of medical practitioners and the timely
diagnosis of OCD lesions in OHAs are key to favorable outcomes.

Keywords: osteochondritis dissecans; elbow; overhead athletes

1. Introduction

Prior to the COVID-19 pandemic, 60 million children (ages 6-18) annually participated
in organized sports, with a tendency for earlier sports involvement [1]. Engaging in sporting
activities at an early age has numerous health benefits; however, it also increases the risk of
injuries [2]. Different sports are associated with different types of injuries, and influential
factors are often age, gender, and competitive or recreational participation [2]. Sports with
overhead motions (e.g., baseball, gymnastics, tennis, basketball, handball, water polo, etc.)
are known for upper extremity joint injuries, especially the shoulder and elbow [1-5]. One
study reported that 11% of sport-related injuries are associated with these two joints, and
among overhead athletes (OHAs), this rate increased to over 30% [6]. Baseball is one of the
most common overhead sports with an increased risk of developing OCD. Over 80% of
prior healthy baseball players reported arm pain during or after specific motions, such as
throwing or pitching [7].

Osteochondritis dissecans (OCD) is an acquired, focal lesion of the subchondral bone
and often the articular cartilage with variations in the degree of resorption, fragmentation,
and bone sclerosis, however, without evidence of previous acute fracture [5,8,9]. In 1888,
German surgeon Franz Koning was the first to introduce the term OCD when discussing
the etiology of intraarticular loose bodies [9,10]. It can be diagnosed in various joints, but
the most affected are the knee, elbow, and ankle [11-13].
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OCD of the elbow in OHAs primarily affects the humeral capitellum; however, the
humeral trochlea, radial head, and olecranon have been rarely reported [14]. OCD of the
elbow is usually diagnosed in male baseball players and female gymnasts, scarcely in more
sedentary individuals [5,12,15]. The etiology of this disorder is believed to be multifactorial
due to repetitive compressive forces, microtrauma, and localized subchondral ischemia
following complex throwing biomechanics [15-17]. During physical examinations, patients
often present with abnormal findings in the dominant arm, whereas the treatment options
vary between conservative treatment and surgery, mainly depending on the patient’s age
and symptoms and the location, size, and stability of the OCD lesion [8,18].

This narrative review aimed to comprehensively analyze the epidemiological data,
etiological factors, clinical, imaging features, treatment options, and outcomes of OHAs
with the diagnosis of elbow OCD. A literature search was conducted in PubMed /MEDLINE,
Scopus, and Web of Science. There were no restrictions regarding the language or the year of
publication. The search terms were “Osteochondritis dissecans”, “Elbow”, and “Overhead
athletes”. Once a comprehensive list of abstracts was retrieved and reviewed, all studies
were reviewed in full. Additional studies were identified by reviewing reference lists of
selected articles.

2. Elbow Development and Biomechanics

The fully developed elbow arises from 6 secondary ossification centers [15]. According
to a study by Tisano et al. [19], the capitellum emerges first between the age of 6-12 months.
The epiphyseal plate of the radial head forms around the age of 3—4 years, whereas the
medial epicondyle appears at the age of 5-7 years. The authors noted how these two centers
tend to develop simultaneously in girls at the age of 5 years, while in boys, ossification
centers tend to develop separately. Trochlea and olecranon originate at the age of 9-11 years,
and the development concludes with the formation of the lateral epicondyle between 12 and
14 years of age. Fusion of the ossification centers starts with the capitellum, trochlea, and
lateral epicondyle, followed by the olecranon, radial head, and medial epicondyle. As the
final center fuses, the closing of the medial epicondylar apophysis concludes the skeletal
maturity of the elbow between the age of 15 to 20 years.

The standard overhead throwing cycle is divided into 6 phases: windup, early cocking,
late cocking, acceleration, deceleration, and follow-through [20]. Tennis has additional
phases in the cycle, such as racket preparation, acceleration, and follow-through for the
forehand and backhand groundstrokes [16].

Heavy valgus and extension forces generated during the late cocking and early accel-
eration phases have a significant impact on the elbow [17,20]. The three main forces are
associated with most elbow pathology: (a) medial tension forces with a focus on the medial
epicondyle, (b) lateral compressive forces appearing along the radial part of the joint, and
(c) posterior shear/compression forces along the posteromedial part of the elbow, mainly
focused on olecranon [3,6,20]. At the elbow, valgus forces may reach up to 64 N-m [17].
Approximately 60% of compressive forces across the radiocapitellar joint are transmitted
through the capitellum [21]. At the lateral radiocapitellar joint, compressive forces may
reach up to 500 N [17]. In OHAs, besides compressive forces, the radiocapitellar joint is also
transmitting repetitive shear forces, mostly during the late cocking and early acceleration
stages [9].

3. Epidemiology and Etiology of Elbow OCD
3.1. Epidemiology

Overhead arm motions are severely utilized in many different sports. Therefore,
OHAs are prone to elbow injuries, especially at a young age, which may impact their
sport development later in life [6]. For instance, young pitchers account for 57% of all
elbow injuries in high school baseball players [3]. Among tennis players, injuries sustained
indoors have proven to be more severe compared to outdoor injuries, requiring a higher
percentage of medical interventions [4].
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Previous studies have shown that 32.9% of adolescent baseball players experienced
elbow pain during throwing motions, whereas 81.7% of them reported episodes of prior
elbow pain; however, they played through the pain, as they thought the pain was not
severe enough to require medical assistance [9,10]. Another study found that 77.4% of
young baseball players with confirmed capitellar OCD reported a positive history of elbow
pain [10]. Furthermore, studies on young pitchers aged 9 to 12 showed that 25.5-28.0% of
them reported elbow pain at least once during a season. However, 70% of these cases were
categorized as mild pain that did not interfere with further competition [19]. Athletes who
played through such elbow pain later presented with a higher grade of the osteochondral
lesion [9]. Matsuura et al. [18] have found that age > 12 years, being in the pitcher or
catcher position, and playing more than 100 games per year were significant risk factors for
the development of elbow pain among young baseball players. There is an estimated 5%
risk of severe injury for baseball pitchers between 9 and 14 years of age, defined as elbow
or shoulder surgery, and/or retirement from the sport due to injury, within the 10-year
interval [19]. When comparing pitchers and non-pitchers, one prospective study has shown
that pitchers have a 4.5 times higher incidence of elbow injury [18]. Pitchers who were
exposed to a high number of pitches per game (>80) during longer periods (>8 months
per year) were four to five times more probable to sustain a shoulder or elbow injury that
required surgical treatment [6]. Pitching in the setting of arm fatigue and high-velocity
pitching (>85 mph) were also factors that increased the risk of shoulder or elbow injury [6].

There are several risk factors for the development of elbow OCD in OHAs, such as the
male sex, sports involvement at a younger age, longer periods of competitive play, shorter
throwers, and elbow pain at rest [1,3,5,9]. The estimated prevalence of capitellar OCD in
baseball players varies between studies, and it is between 1.0 and 4.0% [1,7]. Trochlear OCD
has been estimated to occur in 0.5-2.5% of OCD lesions of the elbow [22]. The incidence
rate of OCD lesions also varies between studies and primarily depends on the age of
patients. One study reported an incidence rate of 1.0-7.0% [5], whereas another study
reported a 1-year cumulative incidence rate of 1.8% [23]. A group of authors from the
United States of America conducted research on capitellar OCD lesions over a 25-year
period [24]. After the implementation of inclusion and exclusion criteria, 45 individuals
satisfied the requirements. Furthermore, 31 patients were divided into the younger group
(10-15 years), whereas 14 patients were divided into the older group (1624 years). They
found the incidence rate of symptomatic capitellar OCD to be 6,/100,000 overall, 9.5/100,000
for males and 2.6,/100,000 for females. The detected incidence rates for the younger and
the older group of patients were overall 10.6,/100,000 and 3.1/100,000, respectively.

Individuals with elbow OCD are usually 10-17 years of age [1,3]. According to recently
published studies, the overall mean patient age ranged from 14.1 to 14.5. years [24-26].
The mean age of male and female patients was 15.1 and 12.5 years, respectively [24]. Due
to a small number of documented trochlear OCD cases, the patient’s mean age varied
greatly between studies: 13.4 [27] and 29.0 years of age [22]. Among individuals who were
involved in overhead sports, OCD of the capitellum and/or trochlea was more frequently
found in the male population [22,24]; however, some studies had more confirmed cases
of OCD in the female population, including trochlear lesions [23,27]. Both capitellar and
trochlear OCD were mainly detected in the dominant arm [22-24,27,28]. In patients with
elbow OCD, sports involvement was reported in 66.7-90.5% of cases, and of these patients,
44.4-80.7% were OHAs [5,22,24], predominantly practicing baseball, gymnastics, football,
and basketball [5,22,23,25,27-29].

To prevent serious injuries, there are recommendations for OHAs, primarily baseball
players, and they include restrictions of no more than 8 months of overhead throwing per
year, with at least 2-3 consecutive months of rest from throwing [3]. Furthermore, it is
recommended not to pitch with fatigue or painful sensations, pitch consecutively on a
daily basis, or pitch with the presence of any other body injury [3]. In Japan, guidelines
were issued for baseball pitchers restricting individuals younger than 12 years to 50 pitches
per day and 200 pitches per week [3]. According to the American Academy of Pediatrics
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recommendations, young athletes should be entitled to 2-3 months of scheduled rest a year,
non-specific for the sport type [19]. In general, the education of athletes, their families, and
coaches, followed by restrictions in the count of overhead motions, can be helpful in the
prevention of any type of injury or reinjury of the elbow [15].

3.2. Etiology

Chronic elbow injuries are essentially caused by overuse and repetitive stress placed
on the developing elbow joint of the dominant arm, most frequently in OHAs [6,15,30].
Taking into consideration these circumstances, a typical elbow lesion is capitellar, rarely
trochlear OCD [9,21]. It is presumed that OCD lesions have multifactorial causes, such
as repetitive trauma applied on the radiocapitellar joint, the biomechanical disproportion
of the radial head and capitellum, poor capitellar vascular supply, and inflammatory and
genetic factors [9]. OCD lesions of the capitellum are usually located centrally or laterally.
In addition, in baseball pitchers, lesions are frequently found in the anterior part of the
capitellum [7,21]. OCD lesions of the trochlea are typically found in the posterior parts of
the lateral trochlea [22,31].

Biomechanical studies have shown certain disproportions in capitellar hardness, which
decreases from medial to lateral, accompanied by a soft medial part of the radial head
and increased stiffness of the central part of the radial head [9,21]. Subsequently, the
central part of the radial head is significantly stiffer compared to the lateral part of the
capitellum, which is a substantial risk factor in the setting of increased loading activities [9].
No significant difference was found in the stiffness of the radial head and the medial
part of the capitellum [21]. Furthermore, observations of the radial head enlargement
are still debatable whether it is an etiological factor or a sequela of capitellar OCD [21],
whereas radial head lag during elbow motion with subsequent radiocapitellar incongruency
has been proposed as a novel biomechanical cause of OCD [32]. Trochlear OCD lesions
in throwing athletes are assumed to be the result of olecranon abutment due to micro
instability caused by collateral ligament insufficiency or laxity [31].

The poor vascular supply of the humeral capitellum is proposed to be another etiolog-
ical factor for OCD lesions. Capitellar arterial blood supply depends on the small posterior
perforating branches arising from radial recurrent, radial collateral, and interosseus recur-
rent arteries [9,16,33]. However, these vessels lack sufficient collateral branches with the
metaphyseal vessels, forming a watershed bone region with a tenuous blood supply [9,33].
As time progresses, repetitive trauma leads to the disruption of blood flow and local is-
chemia, followed by the development of osteochondral alterations in the subchondral
bone and the formation of the intraarticular loose bodies [9,16,33]. The inferior portion of
the lateral trochlea is also a relative watershed region due to the scarce vascular supply
between the non-overlapping medial and posterior vascular arcades [31].

Lateral compressive forces across the capitellum may lead to osteochondral damage
and loose fragments, while shear forces may lead to alterations of the posteromedial tip
of the olecranon and trochlea/olecranon fossa, resulting in the formation of osteophytes,
loose bodies, and fractures [17]. These types of changes can be objectified on pathohisto-
logical images and classified into OCD-type IA, almost preserved cartilage; OCD-type IB,
cartilaginous degeneration; OCD-type IIA, cartilage ossifying; and OCD-type 1IB cartilage
osteonecrosis [25].

4. Clinical Presentation

Athletes with predominantly capitellar OCD typically presented with the onset
of laterally localized, dull, progressively worsening, and activity-related pain of the
elbow [1,6,9,15,16,34]. Elbow pain was also the most common symptom in patients with
trochlear OCD (93-100% of cases) [22,27,35]. Mechanical symptoms, such as catching,
locking, or clicking in specific positions, were also characteristic of elbow OCD and raised
suspicion for intraarticular loose bodies or articular instability [3,6,9]. In OHAs, the domi-
nant arm was almost always affected [9,10]. One study reported that the median duration
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of symptoms, prior to the surgical intervention of capitellar OCD, was 16.2 months (range
2 weeks to 9 years) [5]. The presenting symptoms of trochlear OCD lasted between 7 days
and almost 3 years (mean 5.6 months) [27] and, in another study, between 2 weeks to 1 year
(mean 6.8 months) [22].

During the physical examination, swelling, stiffness, palpatory tenderness, and crepita-
tions of the elbow were also encountered [1,3,5]. Crepitus was often associated with elbow
supination and pronation [9,10]. A positive radiocapitellar compression test was indicative
of OCD due to pain at the radiocapitellar joint after active pronation and supination in an
extended elbow [9]. However, patients with OCD lesions also experienced pain during the
palpation of the radiocapitellar joint or capitellum when the elbow was fully flexed [3,10].
On elbow evaluation, a limited range of motion (ROM) in pronation, supination, and exten-
sion was noticed, most dominantly a 15-30° decrease in extension [1,3,5,9,10,34]. According
to a study by Wang et al. [27], 32% of patients with trochlear OCD, who were in majority
OHAs, presented with a reduction in elbow mobility, such as flexion contractures (mean
11°, range 5-20°) and extension contractures (mean 20°, range 5-35°).

5. Imaging

Imaging methods for the assessment of elbow OCD include radiography, computed
tomography (CT), magnetic resonance imaging (MRI), and ultrasound (US). Capitellar OCD
lesions can be localized as central (within the articular surface of the capitellum, 51.8%) or
lateral (extension to the lateral cortex of the capitellum, 48.2%) [36]. Furthermore, in OHAs,
lesions are frequently found anterolaterally [9,37], sometimes in the posterolateral zone [38].
There are reports that lateral lesions were significantly larger than central lesions [39].
According to a study by Wang et al. [27], trochlear OCD lesions can be divided into typical
(inferior trochlear articular surface) or atypical (posteromedial trochlear articular surface).

Radiography is usually the initial method for the evaluation of OCD lesions in the
elbow (Figure 1a). However, early-stage OCD is easily missed in these images [40]. An-
teroposterior, lateral, and oblique projections are typical projections for the radiographic
assessment of the elbow, whereas the addition of an anteroposterior view with a 45°
flexion of the elbow may improve the visualization of the lesion [1]. Characteristic find-
ings of capitellar OCD lesions are subchondral irregularity or lucency of the capitellum,
with or without the signs of sclerosis, cortical fragmentation, and/or intraarticular loose
fragments [1,9,16,17]. Similar radiographic features are displayed in OCD lesions of the
trochlea [22,31]. The widely used radiography classification for the assessment of OCD
lesions is the Minami classification [10], and others include Bruns, Berndt and Harty,
Matsuura, Kida, Takahara, Anderson, and many other classifications [21,40,41]. Claessen
et al. [40] have found the Minami classification to be the most reliable, however, with only
fair inter-observer agreement among orthopedic surgeons and musculoskeletal radiologists.
Takahara et al. [25] have confirmed that radiographic OCD stages I (radiolucency or slight
calcification) and II (delayed ossification or bony fragment) have a substantial correlation
with pathological OCD-I (cartilaginous), and OCD-II (osteochondral) lesions. The risk for
developing arthritis of the radiocapitellar joint is present in patients with larger, laterally
located capitellar OCD lesions found on radiographic images, especially with an addition
of pathomorphological changes of the medial epicondyle of the humerus [42]. Regarding
the intra- and interobserver agreement, one study demonstrated only fair-to-moderate
agreement between seven orthopedic surgeons detecting elbow OCD lesions on radio-
graphs [43]. The reported overall sensitivity of radiography in the detection of OCD lesions
is between 44-47% [33].
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Figure 1. OCD lesions in different patients: (a) Anteroposterior X-ray view of the elbow—an irregular
capitellum with a radiolucent defect with sclerotic contours and fragmentation of the articular surface;
(b) PD-weighted fat-suppressed coronal MR image—full-thickness chondral defect of the capitellum
with edema of the subchondral bone.

CT features of elbow OCD lesions are equivalent to those on radiography, yet CT
provides a more detailed depiction of osteochondral abnormalities. A subchondral hy-
podensity of the capitellum with variations in the degree of bone sclerosis and fragment
attachment are characteristics of OCD lesions [17]. Compared to radiography, the major
advantage of CT is the detection of subtle osteochondral injuries with enhanced visual-
ization of the detached fragment and intraarticular localization [10,17]. Therefore, CT is
also recommended in preoperative planning. The greatest fragment diameter of more
than 8 mm and/or a sclerotic rim thicker than 3 mm are highly suggestive of fragment
instability [17]. In the study by Collins et al. [22], almost all patients (eight/nine) with
trochlear OCD have demonstrated the presence of small osseous fragments, with six of
them being in situ fragments. The often-used classifications for the CT staging of capitellar
OCD are Ferkel and Sgaglione and Clanton and Lee [41]. A group of international authors
introduced quantitative 3D-CT with heat-mapping techniques for the evaluation of capitel-
lar OCD in OHAs primarily involved in baseball, gymnastics, and basketball [38]. The
median OCD surface was 101 mm? with great intra- and interobserver agreement. Using
heat-mapping, the authors demonstrated that the posterolateral zone of the capitellum
was most frequently damaged, and individuals with OCD lesions involving lateral parts
generated larger lesions, had longer-lasting symptoms, and showed limited ROM during
elbow extension. A group of Japanese authors also used advanced imaging methods for
the preoperative assessment of elbow OCD [44]. They used 3D MRI-CT fusion images for
lesion evaluation and accurately matched the International Cartilage Repair Society (ICRS)
classification in 93.5% of patients.

Compared to other imaging methods, since 1995, MRI has slowly emerged as a main-
stay for the evaluation of elbow OCD [24]. It is especially useful in the early stages of the
disease in comparison with other imaging techniques. According to Anderson et al. [20],
the standard imaging protocol includes scanning in the supine position using a surface
coil with an elbow located at a side. Images are acquired in axial, coronal, and sagittal
planes with the use of T2-weighted (T2W), T1-weighted (T1W), and/or proton density
(PD) sequences; T2W and PD sequences are usually combined with the fat-saturation
(FS) technique (Figure 1b). The earliest MRI features of OCD lesions in the elbow are
uniform hypointensity of the superficial capitellum on TIW images with normal capitellar
morphology on T2W images [9]. As the lesion progresses, changes are detectable on both
TIW and T2W sequences [9,33]. Subchondral edema of the capitellum on FS T2W images
is often a distinguishable secondary feature [20]. Complete or partial (crater-like) contrast
enhancement of the OCD lesion following gadolinium administration is a favorable finding
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that suggests preserved vascularity and the viability of the fragment [9,17]. However,
marginal or no contrast enhancement of the fragment is associated with instability and
unsatisfactory clinical outcome [17]. Features highly suggestive of capitellar fragment
instability are defects of the articular surface; thin, circumferential hyperintense T2W sig-
nal between the OCD lesion and subchondral bone; hyperintense, linearly formed T2W
signal through cartilage; high signal cystic formations underlying the OCD lesion on T2W
images; and/or a clearly visible displacement of the fragment [9,16,17,31]. In the study by
Nguyen et al. [45], the authors evaluated elbow OCD lesions in children and found that an
osteochondral defect, intraarticular loose body overlying cartilage changes, subchondral
plate disruption, and hyperintense rim signal were more commonly observed in unstable
than stable OCD lesions. However, only osteochondral defects and an intraarticular loose
body were typical of OCD instability, with 100% specificity. MRI features of trochlear OCD
lesions are similar to those of the capitellum [31]; however, Wang et al. [27] have found
additional accompanying abnormalities to trochlear lesions. The most common findings
were capitellar OCD or capitellar edema, and one patient had capitellar and coronoid
OCD lesions. Several classifications are commonly used for the preoperative evaluation of
capitellar OCD: Nelson, Itsubo, Hefti, Dipaola De Smet, and Kohyama classification [37,41].
In the study by Iwasaki et al. [37], De Smet and Dipaola classifications a demonstrated sen-
sitivity and specificity of 89/44% and 83/44%, respectively, for the assessment of fragment
instability. The authors also reported that the overall correlation rate between the Dipaola
classification and intraoperative staging was 41%, leading to their conclusion that MRI
is still ineffective in predicting the intraoperative stability of OCD lesions. However, Ko-
hyama et al. [8] developed a four-stage MRI classification for elbow OCD, mainly focusing
on the outline of the capitellum and articular cartilage status. It showed an agreement in
88.9% of cases with the International Cartilage Repair Society (ICRS) classification used
for the intraoperative staging of OCD lesions. Furthermore, their classification displayed a
sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
of 98.4, 84.2, 95.3, and 94.1%, respectively, for the identification of unstable OCD lesions.
Based on a systematic review and meta-analysis by Hu et al. [11], the sensitivity, specificity,
and area under the curve (AUC) value of MRI in assessing the stability of OCD lesions
(23% of them in the elbow) was 92%, 85%, and 0.95 respectively. In the evaluation of the
stability of juvenile OCD lesions, the sensitivity, specificity, and AUC values of MRI were
93%, 68%, and 0.92, respectively.

There has been a proposal for the US to be primarily used as a screening method,
especially for the detection of early-stage OCD lesions in the elbow due to reported PPV
values ranging from 67 to 100% [1,9]. Although Yoshizuka et al. [46] reported good results
using the US in the evaluation of capitellar OCD, further studies are still needed to confirm
these findings. One of the used US classifications for the diagnosis of elbow OCD is Ishizaki
and Yang classification [41]. Furthermore, earlier reports also showed that the US is a
highly accurate imaging modality for the detection of intraarticular loose bodies in the
elbow (100% sensitivity, 95% specificity) [17].

In a systematic review by Pu et al. [41], the authors suggested the following imaging
guidelines for the evaluation of capitellar OCD lesions. First, a patient with elbow pain
or suspicious findings on US screening should obtain the elbow X-ray scans assessed
according to the Minami classification. The OCD lesion instability should be evaluated
on MRI images using the Kohyama classification. CT should be used for the detection
or confirmation of subchondral fragmentation and intraarticular loose bodies as well as
preoperative planning.

6. Differential Diagnosis

In the OHA population, it may be difficult to distinguish elbow OCD lesions from
other pathologic conditions due to the similarity in clinical and imaging features. The main
pitfalls in OCD diagnosis are Panner disease, the pseudo-defect of the capitellum, and
inflamed posterolateral plica of the elbow [17,33].
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Panner disease is a self-limiting osteochondrosis of the capitellum and the most
common cause of lateral elbow pain in the population younger than 10 years of age [19,33].
The etiology of this condition is yet to be discovered; however, one of the causes is believed
to be chronic ischemia to the small posterior perforating end arteries of the capitellar
epiphyseal cartilage [31]. Patients often present with laterally localized, dull elbow pain,
stiffness, and swelling, accompanied by the progressive worsening of the pain following
activity [31,33]. On plain radiographs, the capitellum is entirely affected by Panner disease,
appearing to decrease in size, appearing fragmented, and displaying zones of sclerosis and
irregularity in capitellar margins [9,31,33]. The capitellar ossification center demonstrates a
hypointense signal on TIW images and a variable fluid-sensitive MRI signal depending on
the stage of the disease [31]. Bone marrow edema may be present in both OCD lesions and
Panner disease [19]. Panner disease is not associated with chondral pathology; therefore, the
prognosis is more than favorable, often demanding only conservative treatment, without
any long-term sequelae [31,33]. In most patients, the resolution of symptoms usually occurs
after 6-8 weeks of rest [9]. In opposition to Panner disease, there are several differentiating
elements favoring OCD of the elbow: patients between 12 and 17 years of age, noticeable
damage of the cartilage, intraarticular loose bodies, mechanical symptoms, and anteriorly
located focal capitellar lesion [16,19].

The pseudo-defect of the capitellum can be visualized on MRI as a false indentation on
the posterolateral margin of the capitellum near the junction with the adjacent anterolateral
capitellum [17,31]. It is often mistaken for an OCD lesion [17]. Knowing the location
of this structure in the elbow and the use of sagittal planes may be useful to avoid the
overdiagnosis of OCD lesions, which are typically located more anteriorly, following the
curved articular surface of the capitellum [17,31]. An inflamed posterolateral plica is also
associated with lateral elbow pain, swelling, and palpatory tenderness, however, with
unremarkable radiographs or MRI visible capitellar changes [33].

7. Treatment and Outcome
7.1. Trochlear OCD

Trochlear lesions of elbow OCD may be caused due to a different overload pattern
than capitellar OCD [22,27]. Apart from this, trochlear OCD is in 68% of cases found with a
coexisting elbow pathology and is rarely found as an isolated lesion [27]. This, in addition to
the localization of the lesion on the lateral trochlear ridge, is the most important indication
for surgery in the general population. Collins et al. reported a series of 10 patients, 6 of
whom were athletes, with trochlear OCD on the lateral trochlear ridge, with a mean age
of 29 (range, 15 to 58) years. In 9 out of 10 cases, arthroscopic surgery was performed,
while conservative management was preferred in a single patient [22]. Of these nine
patients that required arthroscopy, four were treated with osteophyte and/or loose body
removal, three with debridement and microfracture, and one with chondroplasty and
loose body removal. At the mean follow-up of 7 (range, 1 to 30) months, the resolution of
elbow pain and improvement of mechanical symptoms were reported in seven out of eight
available patients.

On the other hand, Wang et al. reported more frequent conservative treatment in
28 adolescent athletes with trochlear OCD of the elbow that were 13.4 + 1.6 years old [27].
The initial treatment consisted of physical therapy and avoiding overhead sporting activities
for 3 months. In patients with an acute onset of symptoms, within 2 weeks, an unlocked
hinged brace was used at the beginning as well. The progression of radiological signs of
OCD was present in four elbows (14.3%) on an MRI that was performed at an average of
12 (range, 5-31) months after starting the treatment. These were addressed with surgery,
with drilling, or with curettage in three patients and the fixation of the fragment in one
patient. At the average follow-up of 12 (range, 9-15) months after surgery, three of the four
patients had improvement regarding pain.
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7.2. Capitellar OCD

The correct approach in the treatment of capitellar OCD of the elbow is based on
the guidelines proposed by Takahara et al. [47] to determine whether the osteochondral
fragment is stable or not. These guidelines consider the closing of the physeal plate of the
humeral capitellum, the ROM of the elbow, and the radiological markings of fragment
stability [47] (Table 1). According to Takahara, conservative treatment should be performed
in cases of stable OCD, which is very rare. Surgical treatment, on the other hand, should
be performed in any cases of instability of OCD, cases with a present loose body, or after
6 months of conservative treatment that is not successful [47,48].

Table 1. Modified classification of capitellar OCD of the elbow adapted from Takahara et al. [47].

Osteochondral Humeral Capitellum Range of Motion in . . .
Fragment Growth Plate the Elbow Radiological Markings Treatment
Flattening or radiolucency of .
Stable Open Full the subchondral bone Conservative
Unstable Closed Extension deficit > 20° Fragmentation of the Surgical

osteochondral lesion

7.2.1. Conservative Treatment

The cornerstone of conservative treatment is avoiding activities that cause pain in
the elbow during a period of 3 to 6 months. Some authors also suggest a short period of
elbow immobilization in a hinged elbow brace at the beginning of the treatment [9]. Results
from the literature suggest that this kind of treatment is successful only in the early stages
of the disease when the osteochondral fragment is stable [21,49-51]. Mihara et al. [52]
published a study that showed healing of the fragment at an average 14.4 (range, 6 to 56)
months follow-up in 94% (16/17) of patients who initially had stable OCD and were treated
conservatively for 6 months. On the other hand, conservative treatment resulted in the
healing of the fragment in only 50% (11/22) of patients with initially unstable OCD [51].

7.2.2. Surgical Treatment

Surgical treatment was previously based on the removal of the damaged cartilage and
the underlying subchondral bone and was performed with open surgery [47,53-57]. The
results of this type of surgery suggested that the patients may still have residual pain, a
limited ROM, and degenerative changes of the elbow after surgery [58,59]. To enhance the
results of surgical treatment, Kuwahata and Inoue published a study in 1998, describing
the treatment of OCD of the humeral capitellum with open grafting of the defect with
autologous cancellous bone and screw fixation of the osteochondral fragment [60]. On the
other hand, with the development of arthroscopic surgery, Baumgarten et al. described the
arthroscopic removal of the osteochondral fragment with abrasive chondroplasty of the
underlying subchondral bone, while Bojanic et al. described the removal of the fragment
and microfracture technique [54,61-63]. Furthermore, a trend toward the treatment of
cartilage defects with osteochondral autograft transfer (OAT) became more and more
popular in different joints, including the elbow [12,64].

Nowadays, the surgical treatment of capitellar OCD of the elbow can be divided
into three groups of techniques. These include either bone marrow stimulation (BMS)
techniques, fragment fixation techniques, or regenerative surgical treatment. The last group
includes the OAT technique, new generations of autologous chondrocyte implantation
(ACI), osteochondral allograft transplantation, and transplantation of the tissue-engineered
cartilage [7,38,47,53-57]. While most of the BMS and fragment fixation techniques are
nowadays performed with arthroscopic surgery, most of the regenerative techniques still
demand open surgery. In general, the surgical treatment of capitellar OCD results in high
rates of return to sports in children and adolescents. According to the meta-analysis by
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Cohen et al. of 31 studies that included both open and arthroscopic surgeries, a return-to-
sport for overhead athletes was 89.4%, while the rate of return to any sport was 97.6% [5].

Definitive guidelines for the surgical treatment of OCD of the humeral capitellum are
still not determined due to a lack of long-term follow-up studies comparing different tech-
niques. Furthermore, the lack of a universal classification system, the inability to determine
a return-to-sport level, and the high number of different scores used for clinical assessment
of the elbow also make the comparison between different techniques difficult. Nevertheless,
Kolmodin and Saluan suggested that the type of treatment should be determined based
on the localization of the capitellar OCD, i.e., if the lateral edge of the articular surface of
the humeral capitellum is part of the lesion [38,65]. It has been suggested that patients
with capitellar OCD reaching the lateral edge have worse results, more frequent extension
deficit, and swelling of the elbow [66,67]. The main reason for this is the shear forces
that are present on the lateral edge, making the healing more difficult, as opposed to the
compressive forces that are present in the central part of the capitellum, thus enhancing the
healing [67]. Therefore, it is suggested that a BMS or fragment fixation techniques may be
used with central capitellar OCD, while in cases where the OCD includes the lateral edge,
the OAT technique may be a better choice [26,68]. Furthermore, according to Funakoshi
et al., predictors of unsuccessful surgical treatment may be radial head enlargement and
the advanced skeletal age of the throwing side compared with that of the nonthrowing side
on the preoperative radiographs [69].

7.2.3. Bone Marrow Stimulation

Bone marrow stimulation (BMS) can be achieved with either abrasive chondroplasty,
drilling, or the microfracture technique [54,61,62]. The main goal of these techniques is to
make an opening to the healthy subchondral bone after the removal of the osteochondral
fragment. This way, blood from the subchondral bone is expected to stimulate the filling
of the defect with fibrocartilaginous tissue, similar to the hyaline cartilage. Abrasive
chondroplasty uses a motorized instrument to remove the calcified, sclerotic layer of the
subchondral bone under the defect to reach the healthy, well-vascularized subchondral
bone. On the other hand, with drilling and the microfracture technique, small holes are
made through the subchondral bone perpendicular to its surface (Figure 2). The downside
of the drilling technique is thermal damage to the edges of the subchondral bone, while
this risk does not exist with the microfracture technique. With this technique, a special
instrument called a microfracture awl is used to make the holes via the manual compression
of the instrument into the subchondral bone [54,62]. Regarding the available literature, the
removal of the osteochondral fragment and arthroscopic microfracture of the subchondral
bone is the technique that is most used, with good results (Figure 3, Table 2). According
to a study by Obey et al. [70], MRI can be used to determine the healing of the cartilage
tissue repair following arthroscopic debridement and BMS. Patients who subsequently
demonstrated capitellar subchondral edema were more likely to be reoperated.
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Figure 2. Arthroscopic treatment of osteochondral defect of humeral capitellum using the microfrac-
ture technique; (a)—arthroscopic visualization of the osteochondral defect using the arthroscopic
probe to determine the edges of the defect, (b)—intraoperative image after the removal of the osteo-
chondral fragment and debridement of the sclerotic subchondral bone, (c)—intraoperative image after
performing the microfracturing of the subchondral bone with an arthroscopic awl, (d)—intraoperative
image after the inflow of the sterile saline to the elbow is stopped and the suction turned on, showing
good bleeding from the healthy subchondral bone.

Figure 3. Preoperative coronal and sagittal PD fat-saturated MR images showing an unstable
osteochondral defect (a,b). Postoperative coronal and sagittal PD fat-saturated MR images showing a
satisfactory surgical outcome (c,d).
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Table 2. Literature review of studies including general information about patients, surgical technique, and results after arthroscopic treatment without fragment

fixation of capitellar osteochondritis dissecans of the elbow.

Mean Score Value before

Return to Sports at the

First Author/Year of Number of Patients Male/ Mean Age (Range) at Type of Arthroscopic Follow-Up (Range) - :
Publication (Number of Elbows) Female (N) the Time of Surgery Treatment (Months) Suﬁ%ﬁ?&yﬁ;?g::éesilfgal gg?;:fgi eI_Islﬁ?ge:r]}j%/f)l
Baumgarten /1998 [61] 16 (17) 12/4 (1%3_{37) Abrasion chondroplasty 48 (24-75) N/A 81
Ruch/ 14.5 .
1998 [71] 12 (12) 10/2 (8-17) Debridement 39 (24-70) N/A 92
Byrd/ 13.8 Debridement or abrasion 1
2002 [72] 10 (10) 10/0 (11-16) chondroplasty 47 (36-72) N/A/194 (T&A ") 40
Brownlow /2006 [73] 29 (29) 20/9 a 12_249) Debridement 77 (7-149) N/A 78
Bojanié/2006 [62] 3(3) 1/2 (1éﬁﬁ5) Microfracturing 16 (14-18) N/A/97 (MEPS 2) 100
Rahusen /2006 [74] 15 (15) 6/9 (1é§19) Debridement 45 (18-59) 65.5/91 (MAESS 3) 80
Schoch/ 16 - 4
2010 [75] 13 (13) 10/3 (10-25) Drilling 43 (12-96) N/A/8.6 (DASH #) NA
Miyake /2011 [76] 106 (106) 105/1 (15518) Drilling 13 (8-46) N/A 85
Bojani¢/ 15 . . P
2012 [54] 9(9) 6/3 (12-19) Microfracturing 60 (24-108) 53/98 (MEPS <) 89
203215[/77] 12(13) 7/5 (1})3'114) Drilling 23 (2-60) N/A/196 (T&A 1) 58
Wulf/ 13.9 . . 70.5/97 (MEPI 2)
2012 [78] 10 (10) 6/4 (10-18) Microfracturing 42 (27-54) 116/193 (T&A 1) 75
; 13.4 Drilling (66.7%) or 1
Lewine/2016 [79] 21 (21) 13/8 (NA) microfracturing (33.3%) 26 (NA) 156/184 (T&A 1) 67
Bexkens /2017 [80] 71 (75) 30/41 16 Microfracturing 42 (12-98) N/A/40.8 (OES ) 55

(11-26)
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Table 2. Cont.
First Author/Year of Number of Patients Male/ Mean Age (Range) at Type of Arthroscopic Follow-Up (Range) ngea?y/shsl(;?n‘gclgfegifgirgal I;ztglénoioHSi];(})lretrs Ii ‘tll‘;;:
Publication (Number of Elbows) Female (N) the Time of Surgery Treatment (Months) Follow-Up (Used Score) as before Surgery (%)
Ueda/2017 [81] 38 (38) 33/5 14 (13-15) Debridement 96 (60-144) 62.7/92.3 JOA 8) 100
14.7 Debridement (56.2) or 1
Matsuura/2020 [82] 23 (23) NA (13-17) drilling (43.8%) 138 (120-156) 160/195 (T&A 1) 87
129/182 (T&A 1)
Ueda/2021 [83] 19 (19) 17/2 14 (13-15) Debridement 96 (60-132) 46/3 95
(DASH )

N Drilling or N/A/94.1 (KJOCS ©)

Michelin/2022 [26] 17 (18) 14/3 14.1 (11-17) microfracsaring 52.8 (24-120) NA/23 (OuickDASH 4 66.7
None (21%) or
Austin /2023 [84] 49 (53) 38/11 15 (11-18) debridement or drilling or 132 (60-276) N/A/4 (QuickDASH 4) 80
microfracturing #
Debridement or abrasion ;
. chondroplasty or drilling N/A/871. (AC”)
Rothermich /2023 [85] 90 66/24 15.2 (11.4-43.1) or microfracturing or stem 99.6 (NA) NA/83.5 (KJOCS ©) 93
cell implantation
1 Timmerman and Andrews elbow scores; 2 Mayo Elbow Performance Score; 3 Modified Andrews Elbow Scoring System; 4 Disabilities of Arm, Shoulder, and Hand; ° Oxford Elbow

further surgical intervention was performed. N/A = unknown.

Score; ¢ Kerlan-Jobe Orthopaedic Clinic Score; 7 Andrew /Carson score; 8 Japanese Orthopaedic Association score; @ In 21% of patients, the capitellum humeri appeared healed and no
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In addition to the BMS technique, augmentation by the implantation of ultra-purified
alginate (APUL) gel has also been described [86]. The authors performed open surgery
of the elbow in five athletes with capitellar OCD, performing the BMS with drilling and
filling the defect with APUL. Afterward, CaCl, was injected on the surface for gelation and
was washed out 5 min later with normal saline. At a mean follow-up of 97.2 (range, 96-99)
weeks, all patients returned to competitive-level sports, while four patients were pain-free
with excellent improvement regarding the clinical score. Although these short-term results
are encouraging, further studies are needed to confirm such procedures on a higher number
of patients.

7.2.4. Fixation of the Osteochondral Fragment

The goal of this treatment method is to stabilize the unstable osteochondral fragment
in the subchondral bed and thus enhance bone healing. Different fixation techniques and
devices have been used until today [55,57-60,87-89] (Table 3). In all cases, it is advised
to use fixation if the fragment is not fragmented or dislocated from the subchondral
bed [55,57-60,87-89].

Table 3. Literature review of studies including general information about patients, surgical technique,
and results after arthroscopic fixation of the osteochondral fragment in patients with capitellar
osteochondritis dissecans of the elbow.

Return to Sports at

. Number of Mean Age Type of Fixation of Follow-Up Mean Score Value before
Fl;?tl,ﬁg{h‘;rtgiar Patients (Range) at the tﬁ’e Osteochondral (Range) Surgery/Mean Score at Final Hithﬁesralfre‘we/eolras
(Male/Female) Time of Surgery Fragment (Months) Follow-Up (Used Score) befogre Surgery (%)
Herbert screw with
Kuwal[\gl(’;«]al/1998 7 (N/A) N/A bone peg 32 (NA) N/A 100
transplantation
H Staples with bone peg
arada/2002 [87] 4(4/0) 14.2 (14-15) ransplantation 90 (24-132) N/A 75
T - K wires with bone peg
akeda /2002 [55] 11 (11/0) 14.7 (12-16) transplantation 57 (31-95) N/A 91
Nobuta/2008 [57] 28 (28/0) 14 (12-19) Flexible wire or suture 17 (7-36) N/A 86
Takeba /2010 [58] 4(4/0) 14 (12-16) Bioresorbable pins 6 (3-7) N/A N/A
Hennrikus /2015 Bioresorbable pins or 1
59 26 (13/13) 14.1 (N/A) K wiresp 39 (12-96) 70/100 (MEPS ') 66
Non-resorbable suture 1
Koehler/2015 [85] 4(1/3) N/A (13-15) with bone autograft 33 (31-36) 1\11\{ //Xffzﬂ\g%g% ) 100
from the iliac crest ( )
3
Uchida /2015 [89] 18 (N/A) 14.2 (12-16) Bioresorbable pins 39 (36-50) 12;?;27(;[%5;?) ) 94
12.4/0.5 (DASH
Takeba /2015 [90] 13 (N/A) 14 (12-16) Bioresorbable pins 24 (12-50) disability /symptom score 4) N/A
74.5/1.4 (DASH sports score *)
Ki tsu/2021 15.5/10.8(DASH
tyomatsu 34 (N/A) 14 (12-16) Bioresorbable pins 28.7 (24-50) disability /symptom score 4) 82.3

[91]

69.2/13.0 (DASH sports score )

1 MEPS—Mayo Elbow Performance score; 2 OES—Oxford Elbow score; 3 T& A—Timmerman and Andrews score;
4 Disabilities of Arm, Shoulder and Hand; N/A = unknown.

7.2.5. OAT

Regenerative techniques were developed with the purpose of achieving the presence
of hyaline cartilage at the area of the OCD, instead of achieving fibrocartilaginous tissue
as with BMS techniques. The first such treatment of elbow OCD was described by Tsuda
et al. in 2005 [68,92]. The most-used technique is the OAT technique, which enables the
transplantation of not only the cartilage but also the subchondral bone, which is important
for transplant healing and mechanical resistance to load. The most common donor sites are
the knee and the rib, i.e., the 5th and 6th rib [12,29]. The transplant from the knee is taken



Diagnostics 2024, 14, 916

15 of 22

from the edges of the femoral trochlea, often as part of the mosaicplasty technique [12,39].
Using this donor site has some limitations when a larger defect of the humeral capitellum is
present because it is not advised to take transplants larger than 9 mm in diameter each [93].
In such cases, multiple transplants need to be taken from the knee to perform mosaicplasty.
A good available alternative is to take a single osteochondral transplant from the rib, which
can be up to 20 mm in diameter.

The downside of the OAT technique is the need for open surgery of the elbow as well
as possible donor site morbidity. Regarding the knee, it can be found in 7.8% of cases and
is mostly due to pain, swelling, or a clicking sensation [68]. On the other hand, donor-site
morbidity is not as common in the ribs and can be found in 1.6% of patients, with donor-site
pain being the common complication [68]. Nevertheless, Shimada et al. described a serious
life-threatening complication of pneumothorax due to a lesion of the parietal pleura in
a single patient after taking an osteochondral transplant from the rib [94]. Despite these
possible complications, the OAT technique provides excellent functional postoperative
results according to the literature [64], which is comprehended in Table 4.

Table 4. Literature review of studies including general information about patients, surgical technique,
and results after autologous osteochondral transplantation in patients with capitellar osteochondritis

dissecans of the elbow.

Mean Score Value before

Return to Sports at the

First Author/Year of Number of Patients Mean Age (Range) at Follow-Up (Range) Sur . g
P " gery/Mean Score at Final Same or Higher Level
Publication (Male/Female) the Time of Surgery (Months) Follow-Up (Used Score) as before Surgery (%)
Autologous Bone Transplantation from the Knee
Shimada/2005 [95] 10 (10/0) 143 (12-17) 26 (18-45) (fgfff‘) 80
Tsuda/2005 [92] 3(2/1) 12.6 (12-13) N/A N/A 100
Yamamoto /2006 [96] 18 (18/0) 13.6 (10-16) 42 (25-63) 151/181 (T&A 2) 78
Iwasaki/ 131/191
2000 [97] 19(19/0) 14.2 (11-19) 45 (24-87) (A D 89
Nishimura/ 12(12/0) 14.4 (12-17) 34 (N/A) N/A N/A
2011 [98] -
Ovesen/ 71/94
2005 Y] 10 (4/6) 18.3 (13-27) 30 (10-60) (MEPS ) N/A
Maruyama/2014 [100] 33 (33/0) 13.6 (11-17) 28 (12-76) %%i/Al%? 94
Weigelt/ N/A/95
20150101] 14 (9/5) 18.3 (12-33) 85 (36-168) (BMS 4) 62
Lyons/ N/A/14
2035 [102] 11 (10/1) 14.5 (13-17) 23 (6-49) (DASH %) 100
|139.7/1938
Matsuura/2017 [103] 87 (86/1) 132 (11-16) 434 (24-100) (T&A fgg;ﬁ‘}gg&le“’m) 190 ((E))
(T&A? for lateral lesions)
Funakoshi/2018 [39] 22 (22/0) 13.5 (NA) 27.5 (24-48) 132.3/189.8 (T&A 2) 91
Wu /2018 [104] 31 (N/A) N/A N/A N/A 100
_ _ 1
Yamagami,/2018 [105] C13 (N/A) 14 (12-17) 36 (16-56) 74.5/99.2 JOA 1) 100
L9 (N/A) 14 (13-17) 45 (22-99) 63.7/954 JOA 1) 100
. 60/98.3 (MEPS %)
Pederzini /2019 [106] 9(7/2) 22.4 (17-45) 48 (30-52) 44/2.5 (QuickDASH ) 78
6.3 (5-27) clinical 150/190
Bae/2020 [107] 28 (14/14) 14.2 (11.8-18.8) 5.7 (5-26.7) (LA ?) 69
radiological
2
Ueda/2021 [83] 29 (29/0) 14 (13-15) 84 (60-156) 126/175 (T&A 2) 90

48/1 (DASH %)
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Table 4. Cont.
. . Mean Score Value before Return to Sports at the
First Author/Year of Number of Patients Mean Age (Range) at Follow-Up (Range) i )
Publication (Male/Female) the Time of Surgery (Months) Su;gﬁrg&l\_/[é;r;gscgéesactol:gal 2:?&2;:{51%?; : r'}je(‘,i/f)l

Autologous bone transplantation from the rib

Sato/2008 [108] 14 (14/0) 16.4 (13-25) 22 (6-56) N/A N/A
Mihara,/2010 [52] 7.(7/0) 13.3 (11-15) 37.4 (24-92) 141/185 (T&A 2) N/A
52}511??32]/ 26 (26/0) 15.5 (12-43) 36 (24-51) 111/180 (T&A 2) 812
122/169 (T&A 2)
Nishinaka/2014 [29] 22 (22/0) 13.9 (11-16) 27 (12-77) 53/86 82°
goAat)
Sato/2018 [109] 72 (71/1) 14.3 (11-25) 57 (36-147) 122/169 (T&A 2) 97

1 Japanese Orthopaedic Association score; 2 Timmerman and Andrews score; 3 Mayo Elbow Performance Score;
4 Broberg-Morrey Score; 5 Disabilities of Arm, Shoulder, and Hand score; C = central OCD lesions; L = lateral
localized OCD lesions; ? five patients underwent revision surgery 18-24 months after the initial treatment and all
of them returned to sports afterward;  four patients underwent revision surgery 18-68 months after the initial
treatment and all of them returned to sports afterward; N/A = unknown.

7.2.6. ACI

Autologous chondrocyte implantation (ACI) was a surgical technique first developed
to treat OCD lesions of the knee and ankle. It implies arthroscopic harvesting of the healthy
cartilage in one stage of surgery, the in vitro isolation and cultivation of the chondrocytes,
and the implantation of these chondrocytes in the second stage of surgery. The main
advantages of such a technique are the preservation of the hyaline cartilage at the site of
the OCD and the ability to perform both surgeries arthroscopically. On the other hand, the
drawbacks are the need for two surgeries and no restoration of the subchondral bone, as
opposed to the OAT technique. Regarding the elbow, only a few case reports have been
described in the literature, with Sato et al. being the first one in 2004 [48,110-112]. While
Sato et al. showed excellent results at a 2-year follow-up in a single patient, Iwasaki et al.
described two cases of capitellar OCD treated with ACI, with the improvement of the ROM
of the elbow and Mayo Elbow Performance Index scores at the 4-year follow-up [48,110].

7.2.7. Allograft

The main idea of fresh osteochondral allografts (OCA) in the treatment of capitellar
OCD is to avoid the donor-site morbidity that is possible in the OAT technique as well as
to avoid surgery on the healthy extremity. The graft can be taken from either a cadaveric
capitellum or femoral condyle [10]. Until today, only a few papers have been published
regarding this matter [113-115]. Mirzayan and Lim published a report of 9 cases of baseball
players with capitellar OCD treated with OCA [114]. The mean follow-up was 48.3 (range,
11-90) months, after which significant improvement in functional scores was achieved.
All patients returned to throwing activities and were either still active in sports or played
baseball for at least 2 years after surgery before leaving the sport regardless of the operated
elbow [114]. A recent study by a group of authors from the United States of America tried
to identify the best femoral graft site for repairing capitellar OCD lesions based on the
measurement of the radius of curvature of the most common localization for capitellar
OCD and different areas of potential donor femoral condyle grafts. After 15,000 CT scan
simulations of condylar-to-capitellar site matchings, they concluded that an adequate graft
was achieved in 15% of cases, with a graft from the epiphyseal scar area being the closest
match [115].

8. Rehabilitation

The rehabilitation of the OHAs after elbow OCD can be divided into 4 phases: (a) heal-
ing/immobilization, (b) the recovery of ROM, (c) strengthening, and (d) sport-specific
activity [10]. In the first phase, it is particularly important to reduce pain and inflammation
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and slow down muscle atrophy [19]. If needed, pain and inflammation may be reduced
by using cryotherapy, laser, and high-voltage stimulation [116]. A systematic review and
meta-analysis by Cohen et al. [5] showed that in the majority of studies, postoperative
immobilization lasted for 1-4 weeks, usually 2 weeks, with the arm placed in a neutral
position in the above-elbow splint. In the review by Logli et al. [10], the authors reported
that elbow immobilization is not regularly used following arthroscopic debridement or the
microfracture treatment of capitellar OCD lesions. After osteochondral autograft transfer
for capitellar OCD lesions, Patel et al. [64] suggested elbow immobilization until the first
follow-up examination.

At the onset of the second phase, moist heat, warm whirlpool, and ultrasound can
be used to prepare soft tissues for stretching and to enhance the extensibility of the elbow
capsule, muscles, and tendons [116]. In the second phase of rehabilitation, the primary
goal is to restore elbow ROM by 6-8 weeks postoperatively [10]. In their comprehensive
review, Wilk et al. [116] emphasized the importance of early ROM activities in OHAs due
to positive effects on articular cartilage and the synthesis, alignment, and organization of
collagen fibers. Furthermore, the authors noted that ROM exercises are used to prevent
scar tissue formation and adhesions, thus preventing the contracture of the elbow [116].
When BMS techniques are used for the treatment, rehabilitation usually starts on the
second postoperative day [54]. In the first several weeks, the focus is on regaining ROM
using a continuous passive motion technique, later followed by active motion assisted by
physiotherapists [54].

A strengthening program can be initiated when the full ROM, minimal pain, and
tenderness and a good (>4/5) manual strength test of the elbow flexors and extensors
are accomplished [10,116]. Strengthening exercises include isotonic contractions, at the
beginning concentric, later eccentric, with an emphasis on elbow flexion and extension,
wrist flexion and extension, and forearm pronation and supination [116]. In patients
following the OAT technique for capitellar OCD lesions, a light strengthening program is
initiated at 6 weeks postoperatively [64].

The sport-specific activities, therefore, the advanced strengthening phase, may begin
after the list of criteria is fulfilled: full non-painful internal and external rotation, total ROM,
non-present pain or tenderness, and strength replicating 70% of the contralateral extremity
strength [116]. During this phase, exercises include gradual progression to higher resistance,
functional movements, plyometric activities, and eccentric contraction, while plyometric
exercises are particularly beneficial for elbow rehabilitation in OHAs [116]. Following
microfracture and simple debridement procedures, patients usually return to sport-specific
activities around 3 months postoperatively [10]. In more regenerative procedures due to
larger OCD lesions of the elbow, return is delayed until the visualization of bone healing
on imaging methods, usually around 6 months postoperatively [10,34]. Therefore, the
full return to competition is expected no earlier than 6 months postoperatively, with no
throwing or push-ups advised until 3 months postoperatively [5,10,64].

9. Conclusions

OCD lesions are a significant problem in sports, especially in OHAs, and are usually
found at the humeral capitellum. The mainstay for the diagnosis of elbow OCD is MRI.
Treatment of elbow OCD lesions may be conservative or surgical. Conservative treatment
is successful only in the early stages of the disease when the osteochondral fragment is
stable. Surgical treatment is reserved for unstable OCD lesions or unsuccessful conservative
treatment. There is a variety of surgical procedures mainly depending on the localization
and the size of the OCD lesion. Adequate procedure selection ensures excellent results and
a prompt return to sports activities.

The most important methods in the prevention of serious injuries in OHAs are the
detection and monitoring of risk factors, following sport-specific workload guidelines,
executing appropriate elbow biomechanics, and planning age-specific strength and con-
dition programs. Therefore, medical practitioners should be especially aware of OHAs
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presenting with elbow pain and possible OCD lesions to provide adequate evaluation and
favorable outcomes.
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