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Background: Traction apophysitis of medial epicondyle (MEC) lesions and osteochondritis dissecans (OCD) of the capitellum are
common elbow injuries in adolescent baseball players. However, the age-specific prevalence of these pathologies and their
influence on elbow pain remain unknown.

Purpose: To investigate the age-specific prevalence of each MEC lesion and capitellar OCD and to identify the incidence of elbow
pain in each condition.

Study Design: Descriptive epidemiology study.

Methods: Study participants consisted of 4249 baseball players aged 6 to 17 years. A questionnaire was used to assess history of
elbow pain, and morphological changes of the elbow joint were assessed using ultrasonography.

Results: Regarding MEC lesions, fragmented (FG) and irregular (IR) lesions both reached their greatest respective prevalence at 11
to 12 years of age. After 14 years of age, IR decreased sharply, whereas FG was maintained at approximately 10%. Hypertrophic
(HT) lesions increased sharply, reaching over 50% at 16 years of age, while there was a decrease in IR and FG lesions in the same
age group. The prevalence of capitellar OCD remained the same (approximately 2%) throughout all ages except for in players aged
7 to 8 years (>7%). Players with MEC lesions had significantly greater prevalence of a history of elbow pain compared with those
without (68.0% vs 39.1%) and were at a significantly greater risk for FG lesions (odds ratio [OR], 4.04; 95% Cl, 3.16-5.22) compared
with IR (OR, 3.22; 95% Cl, 2.44-4.27) and HT lesions (OR, 2.03; 95% CI, 1.75-2.36). Players with capitellar OCD also had a sig-
nificantly greater risk of a history of elbow pain (OR, 2.34; 95% ClI, 1.40-4.11).

Conclusion: Controlling the amount of practice and its intensity according to the condition of each player in the preadolescent and
adolescent periods may be important in accelerating bony healing and decreasing preventable elbow pain in adulthood.
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The elbow is the most common site of injury in adolescent
baseball players.'® Grana and Rashkin® reported that 58%
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of older adolescent pitchers experience elbow pain or injury
at some point during the baseball season, and occurrence of
elbow pain tends to increase with age. Recently, a large
questionnaire investigation conducted by the Japanese
Orthopaedic Association and the Baseball Federation of
Japan revealed that 3742 of 10,228 (36.6%) Japanese ado-
lescent baseball players aged 6 to 13 years had experienced
shoulder or elbow pain.? Another large population study
conducted by Kida et al*® found that 57% of Japanese junior
high and high school baseball players had experienced
elbow pain.
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Repetitive valgus stress on the elbow during overhead
throwing has been considered the main mechanism of
elbow injury. In adult baseball players, the demand on the
medial ulnar collateral ligament (MUCL) during the accel-
eration phase is estimated to be 35 N-m, which exceeds the
failure strength of the MUCL (32.1 N-m), and approxi-
mately 500 N of compressive force is applied to the humeral
capitellum.® Even in youth baseball players, the elbow val-
gus force has been estimated to be 18 to 28 N-m; such tre-
mendous stress induces age-specific bone and cartilage
injuries in skeletally immature elbows.”2%

Little League elbow, which was defined by Brogden in
1960, is one of the most common throwing injuries, occur-
ring in 20% to 40% of school-aged pitchers.%172°

Although there is little reported evidence, the combina-
tion of repetitive traction stress on the MUCL and contrac-
tion of the flexor pronator muscles is considered to be the
main etiology of various types of morphological changes of
the medial epicondyle (MEC), such as acute bony avulsion,
heterogeneous ossification of the MUCL, and various
degrees of widening of the medial epicondylar physis in
youth baseball players. In 1965, Adams' reported on the
radiographic appearance of the elbows of 80 Little League
pitchers in California, 39 (49%) of whom exhibited medial
epicondylar apophyseal fragmentation. Woods and Tullos®?
classified MEC avulsion into 3 types based on patient age,
fragment size, and MUCL integrity, and small fragmenta-
tion of MEC (classified as type III) was the most common
type of morphology.®

Although the influence of these MEC lesions on elbow
pain and performance has been reported, their clinical sig-
nificance remains unclear. Several studies have reported
that fragmentation of the MEC in skeletally mature base-
ball players may be a poor prognostic factor in conservative
treatment of MUCL injury.®!® On the other hand, Hang
et al'! demonstrated that the presence of radiographic
abnormalities in symptomatic players has been somewhat
variable, and only half of their study population with MEC
separation reported a history of soreness. Furthermore, the
natural course of such polymorphic MEC lesions has not yet
been well investigated.

Osteochondritis dissecans (OCD) of the humeral capitel-
lum, often seen in preadolescent and adolescent baseball
players, has been reported to be a critical injury of the
elbow joint because it can induce elbow osteoarthritis and
subsequent severe elbow dysfunction.?3° The cause of capi-
tellar OCD is believed to involve ischemia,'* genetic fac-
tors,?>?® and microtrauma?®; however, the exact etiology
remains unclear.* Several studies have reported the prev-
alence and clinical characteristics of capitellar
OCD, 1131824 [yt the precise age of onset and relationship
to elbow pain are still unknown.

The use of ultrasonography has been reported for the
early detection of elbow injuries, especially MEC lesions
and capitellar OCD.*?3! The technology is now implemen-
ted into medical checkups for youth baseball players in
Japan.'>13:18:24 Gin ce ultrasonography is noninvasive, con-
venient, and a reliable tool for detecting various elbow inju-
ries, it allows the investigation of morphological changes in
not only bone but also the surrounding structures with a
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high degree of accuracy and without any radiation expo-
sure. The purposes of this study were to investigate the
age-specific prevalence of both MEC lesions and capitellar
OCD and to clarify their clinical implications using large
epidemiologic data obtained from medical checkups of
youth baseball players.

METHODS

Of the 4605 juvenile baseball players aged 6 to 17 years who
underwent a medical checkup, 356 were excluded because
they had not received ultrasonographic examination on their
elbow, leaving 4249 individuals who were ultimately
enrolled.

Two methods were employed in the study: a self-
completed questionnaire and an ultrasonographic exami-
nation. Items on the questionnaire included age, playing
position, and history of elbow pain. Elbow pain was
assessed using the following question: “Have you ever felt
pain or discomfort in your dominant elbow during
throwing?” To obtain an accurate answer, we recom-
mended the participants, especially those in the elemen-
tary school-aged population, answer the question with the
help of their parents. Ultrasonographic examination was
performed at the time of medical checkup, which was
mainly held in postseason. The medial and lateral aspects
of the elbow were assessed by several well-trained ortho-
paedic surgeons. In principle, ultrasonographic assess-
ment was done on both sides, and the nonthrowing side
was considered as a control. The devices used for exami-
nation were Mylab125 (Esaote SpA), Titan (Sonosite),
Noburus (Hitachi), and Sonimage HS1 (Konica Minolta),
with a 10- to 14-MHz high-frequency linear transducer. To
assess the medial aspect of the elbow, the elbow was flexed
90°, and the forearm was placed in the supinated position.
A linear transducer was placed on the medial aspect of
the elbow to obtain an image that included the top of the
MEC, the anterior bundle of the MUCL, and the sublime
tubercle®” (Figure 1).

The morphology of the anteroinferior aspect of the MEC,
where the MUCL is attached, was classified into 4 types:
normal, irregular (IR), fragmented (FG), and hypertrophic
(HT)*? (Figure 2).

The morphology of the humeral capitellum was also
assessed by ultrasonography to determine the presence of
OCD. The transducer was first placed on the anterolateral
aspect of the elbow in the maximally extended position and
then moved to the posterolateral aspect of the elbow in the
maximally flexed position'® (Figure 3). A diagnosis of OCD
was made based on the irregularity or fragmentation of the
subchondral bone of the capitellum?* (Figure 4).

The ultrasonographic assessment, patient groupings,
and outcome measurements were performed by researchers
who were blinded to the patient’s dominant arm and history
of pain.

The overall, age-specific, and position-specific preva-
lence of elbow pain, MEC lesions, and capitellar OCD
were investigated. Statistical differences between age
and position were assessed using the chi-square test.
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Figure 1. Ultrasonographic examination of the medial elbow. The elbow was flexed 90° and the forearm was placed in the
supinated position. (A) A linear transducer was placed on the medial aspect of the elbow to obtain an image that included
(B) the top of the medial epicondyle (MEC) (*), the anterior bundle of the medial ulnar collateral ligament (MUCL), and the
sublime tubercle. (C) The MUCL (arrow) was identified as a band-like structure that attached to the MEC and sublime

tubercle.

Figure 2. Medial epicondyle (MEC) lesion diagnostic criteria. The morphology of the anteroinferior aspect of the MEC, where the
medial ulnar collateral ligament is attached, was classified into 4 types: (A) normal, (B) irregular, (C) fragmentated, and (D)

hypertrophic.

To investigate the influence of MEC lesions and capitel-
lar OCD on elbow pain, univariate and age- and position-
adjusted multivariable analyses were conducted and the
odds ratio (OR) was calculated. All tests of statistical

significance were 2-tailed, and P values less than .05
were considered statistically significant. All analyses
were conducted using JMP version 10.0.2 (SAS Institute
Inc).
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Figure 3. Ultrasonographic examination of the humeral capitellum. The transducer was first placed on (A) the anterolateral aspect
of the elbow in the maximally extended position and then moved to (B) the posterolateral aspect of the elbow in the maximally

flexed position. *Humeral capitellum.

Figure 4. Diagnostic criteria of capitellar osteochondritis dis-
secans (OCD). (A) No OCD: the subchondral bone is smooth
in the normal capitellum. (B) Capitellar OCD was diagnosed
by irregularity or fragmentation of the subchondral bone of the
capitellum (arrowhead).

The Research Ethics Committee of our institute
approved the study protocol, and written informed consent
was obtained from all participants.

RESULTS
Prevalence of a History of Elbow Pain

Of the 4249 players, 2309 (54.3%) had experienced elbow
pain. The prevalence of elbow pain began to increase at age
8 years and dramatically rose beginning at 9 years of age,
reaching approximately 50% by the end of 12 years. The
prevalence continued to increase and reached 70% at the
age of 17 years (Figure 5). As for playing position, history of
elbow pain was reported in 67.5% of catchers and 64.8% of
pitchers. There was no significant difference between them.
Fielders had a significantly lower reported history of elbow
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Figure 5. History of elbow pain started to increase at 8 years
of age and dramatically rose beginning at 9 years, reaching
approximately 50% by the end of 12 years. Seventy percent
of players reported a history of elbow pain at the end of high
school (age 17 years).

pain compared with pitchers and catchers (infielder, 51.8%;
outfielder, 44.7%).

Prevalence of MEC Lesions

The overall prevalence of MEC lesions on the throwing side
was 52.9% (2248 patients). Regarding morphology type, HT
lesions had the highest prevalence at 36.7%, followed by FG
at 9.9% and IR at 6.4%. As for age, the prevalence of FG and
IR lesions reached a peak at age 11 to 12 years. After 14
years of age, IR lesions decreased dramatically whereas
FG was maintained at approximately 10%. Conversely,
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Figure 6. Prevalence of each type of medial epicondyle (MEC)
lesion by age. The prevalence of fragmented (FG) and irreg-
ular (IR) lesions reached a peak at 11 to 12 years of age. After
14 years of age, IR lesions decreased dramatically whereas
FG were maintained at approximately 10%. The prevalence of
hypertrophic (HT) lesions increased sharply to 50% at 16
years of age, whereas IR and FG decreased during that time.
N, normal.
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Figure 7. Prevalence of capitellar osteochondritis dissecans
(OCD) by age. The prevalence remained at almost the same
level at all ages, except for between the ages of 7 and 8 years,
where it rose to more than 7%.

the prevalence of HT lesions increased until 16 years of
age. The increasing rate of HT lesions was almost the
same as that of both FG and IR until 11 years of age;
however, it rose sharply, reaching more than 50% at the
age of 16 years, while the incidence of IR and FG lesions
decreased (Figure 6). As for playing position, pitchers had
the highest prevalence of MEC lesions (62.8%), with catch-
ers almost identical at 61.7%; however, fielders had a sig-
nificantly lower prevalence (infielder, 52.0%; outfielder,
43.0%).

Prevalence of Capitellar OCD

The overall prevalence of capitellar OCD was 2.2% (93 par-
ticipants). The prevalence remained fairly consistent
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TABLE 1
Univariate Analysis for the Association Between Position, Age,
MEC Lesion, or Capitellar OCD and a History of Elbow Pain®

Elbow Pain (%)

Total Positive Negative P Value
Position <.001
Pitcher 1113 721 (64.8) 392 (35.2)
Catcher 418 282 (67.5) 136 (32.5)
Infielder 1385 717 (51.8) 668 (48.2)
Outfielder 1151 514 (44.7) 637 (55.3)
Unknown 182 75 (41.2) 107 (58.8)
Age group, y <.001
<10 486 92 (18.9) 394 (81.1)
11-12 955 421 (44.1) 534 (55.9)
13-15 1182 674 (57.0) 506 (43.0)
16-17 1626 1122 (69.0) 504 (31.0)
MEC lesion <.001
Normal 2001 782 (39.1) 1219 (60.9)
IR 271 169 (62.4) 102 (37.6)
HT 1558 1045 (67.1) 513 (32.9)
FG 419 313 (74.7) 106 (25.3)
Capitellar OCD <.001
Normal 4156 2237 (53.8) 1919 (46.2)
OCD 93 72 (77.4) 21 (22.6)

“FG, fragmentated; HT, hypertrophic; IR, irregular; MEC,
medial epicondyle; OCD, osteochondritis dissecans.

among all participants except for in 7- and 8-year-olds, in
whom the prevalence was more than 7% (Figure 7). As for
playing position, catchers had the highest prevalence of
OCD (3.4%) followed by pitchers (2.5%). The prevalence for
infielders and outfielders was 2.2% and 1.8%, respectively.
There was no significant difference in incidence of OCD by
position.

Influence of MEC Lesion and Capitellar OCD
on Elbow Pain

Patients with MEC lesions more frequently reported a his-
tory of elbow pain compared with those without (68.0% vs
39.1%). The highest prevalence was found for FG lesions
(74.7%), followed by HT (67.1%) then IR (62.4%) lesions.
Patients with capitellar OCD also had a significantly greater
reported history of elbow pain compared with those without
(77.4% vs 53.8%) (Table 1).

Of the 93 participants with capitellar OCD, 44 had MEC
lesions, and a history of elbow pain was more frequently
reported in players with concomitant lesions compared
with those without (87.1% and 47.8%, respectively). Age-
and position-adjusted multivariable analysis revealed that
the presence of MEC lesions led to a greater risk for history
of elbow pain, and there was a significantly greater risk for
history of pain with the FG lesions (OR, 4.04; 95% CI, 3.16-
5.22) compared with IR (OR, 3.22; 95% CI, 2.44-4.27) and
HT (OR, 2.03; 95% CI, 1.75-2.36). Capitellar OCD was also
associated with a significantly greater risk of a history of
elbow pain (OR, 2.34; 95% CI, 1.40-4.11) (Table 2).
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TABLE 2
Age- and Position -Adjusted Odds Ratios for the Association
Between Elbow Pain and Each MEC Lesion or Capitellar OCD*

Odds Ratio 95% Confidence Interval
Normal 1
MEC Lesion
IR 3.22 2.44-4.27
HT 2.03 1.75-2.36
FG 4.04 3.16-5.22
Capitellar OCD 2.34 1.40-4.11

“FG, fragmentation; HT, hypertrophic; IR, irregular; MEC,
medial epicondyle; OCD, osteochondritis dissecans.

DISCUSSION
Characteristics of Medial Epicondyle Apophysitis

Although the morphologies of the MEC in baseball players
are quite varied, the fundamental pathologies of MEC
lesions are considered to be the traction force via MUCL
to the skeletally immature MEC. In a radiological study
using high-resolution magnetic resonance imaging, Mami-
zuka et al?! reported that the MEC in a skeletally imma-
ture elbows consists of a secondary ossification center and
surrounding epiphyseal cartilage. The MUCL was also
observed to be attached to the perichondrium, and various
morphological abnormalities were detected not only at the
ossification center, cartilage, and perichondrium, but also
at the surrounding structures, including the MUCL, in
cases of acute and chronic baseball elbow.?! These morpho-
logical features in the skeletally immature elbow might be
the factors behind the polymorphic pattern of MEC lesions
observed in youth baseball players.

It is widely considered that hypertrophy of the MEC dem-
onstrated the appearance of bony healing of an avulsion
fracture of the MEC. Harada et al'® reported the results of
nonoperative treatment of humeral MEC fragmentation in
young baseball players, and they considered hypertrophy of
the MEC as a bony union following treatment. They also
reported that bony union was achieved in 94% of study par-
ticipants at 2 years after initial presentation and that
delayed bone union was associated with resumption of
throwing at maximum strength before bone union had
occurred. Matsuura et al?? also reported that bony union was
achieved in 18 of 20 players after conservative treatment,
and they suggested that the degree of displacement may
influence the bony healing rate. According to the results of
previous studies, insufficient rest and degree of displace-
ment may disturb the healing process of MEC lesions.

Our results suggest that the prevalence of FG lesions dra-
matically increases between the ages of 9 and 11 years, reach-
ing about 20%; however, this is decreased by half after the age
of 14 years. The prevalence of IR lesions also increases along
with FG, but mostly diminishes after 15 years of age. Wata-
nabe et al®® reported that IR lesions indicated minimal injury
or a very small avulsion of the epiphyseal ossification center
and hemorrhage, and FG indicated a large displaced bony
avulsion. Although we did not have any knowledge of
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previous treatment, our results indicated that small and min-
imally displaced fragmentations may heal completely. To bet-
ter understand the pathogenesis and achieve better
treatment results, we should take into account the age-
specific prevalence of each MEC lesion and its trend demon-
strated in this study.

Characteristics of Osteochondritis Dissecans

According to our results, the overall prevalence of capitellar
OCD in our study population was 2.0%. There have been sev-
eral reports that investigated the prevalence of OCD,%15:1824
and a large-scale survey using ultrasonography has
recently been conducted.'®?* Matsuura et al®* studied
1040 baseball players in their latter years of elementary
school and reported that the prevalence of OCD was 2.1%.
Kida et al'® investigated 2433 junior high and high school
baseball players by ultrasonography, with 3.4% being diag-
nosed as having OCD. However, no report has yet investi-
gated the age-specific prevalence of capitellar OCD.
Furthermore, although previous reports have revealed that
capitellar OCD is frequently seen in 11- to 16-year-olds, a
clear age of onset has not been well discussed. The unique
result in our study was that capitellar OCD prevalence
remained at almost the same level (approximately 1% to
3%) throughout each age group, except for a temporary
increase in between the ages of 7 and 8 years. Matsuura
et al?* classified the morphological variations of the humeral
capitellum into 3 grades and suggested that the cystic appear-
ance of the subchondral bone surface (grade 1b) may be a
variation of normal development during ossification. Since
the apophysis of the humeral capitellum may be immature
during the earlier years of elementary school, variation of the
normal ossification process, such as the irregularity and cys-
tic appearance of the capitellar subchondral bone, may be
identified as OCD. In addition, since the prevalence of capi-
tellar OCD did not increase or decrease in playersin the latter
years of elementary school, the onset of capitellar OCD may
have occurred between the ages of 9 and 12 years and was less
likely to develop in mature elbows.

According to our study, univariate and multivariate
analyses revealed that MEC lesions and capitellar OCD are
linked to a significantly greater risk of a history of elbow
pain. As for MEC lesions, those with MEC hypertrophy are
at a significantly lower risk for elbow pain compared with
fragmentation. Harada et al'? also reported that bone
union of the MEC fragmentation was associated with a
decreased prevalence of elbow pain. These results of the
present study suggested that the fragmentation of the MEC
may become a risk factor for elbow pain, and we considered
that controlling the amount of practice and its intensity
according to the condition of each player in the preadoles-
cent and adolescent periods, especially before 14 years of
age, may be important in accelerating bony healing and
decreasing preventable elbow pain in adulthood.

Capitellar OCD can be responsible for not only elbow
pain but also severe elbow dysfunction by inducing osteo-
arthritis; however, it has been reported that healing ability
is significantly greater in the early stage of OCD. Matsuura
et al?® reported results of conservative treatment, and
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90.5% of patients in the early stage of capitellar OCD were
healed completely within 15 months. This suggests that
early detection and rapid treatment for such injuries are
important to minimize the pain and dysfunction of elbow
joints. Furthermore, regardless of whether they have elbow
pain, regular screening using ultrasonography intended for
skeletally immature young athletes might be effective for
the early detection of elbow injuries.

Our study has several limitations. First, it might be diffi-
cult to assess current elbow conditions because we investi-
gated only those who experience or had experienced elbow
pain during their career. Since we did not correlate ultraso-
nographic abnormalities with “current” or “recent” pain, the
exact relationship between current elbow condition and
MEC lesion or OCD was unclear. Second, our study only
investigated MEC lesions and capitellar OCD using ultraso-
nography. It is necessary to also investigate other elbow
injuries, such as epiphysiolysis of the MEC or olecranon,
which are often seen in adolescent baseball players, to eval-
uate the exact influence of MEC lesions or capitellar OCD on
elbow pain. The third limitation is our study design. We
demonstrated the incidence of MEC lesions and capitellar
OCD by age; however, we did not follow specific lesions over
time, so we could not definitively comment on the natural
history of these lesions. A cohort study is required to inves-
tigate the exact time course of the morphological changes of
the elbow joint and to clarify the association between these
morphological changes and the likelihood of elbow pain.

CONCLUSION

The overall prevalence of MEC lesions and capitellar OCD
was 47.1% and 2.2%, respectively. The prevalence of MEC
lesions increased with age until 16 years, whereas capitel-
lar OCD had a similar prevalence at all ages. The presence
of MEC lesion was linked to greater risk of a history of
elbow pain and significantly greater risk of fragmented
lesions compared with normal and hypertrophic. Capitellar
OCD was also associated with a significantly greater risk of
a history of elbow pain.
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