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Background: Even in patients with an open capitellar physis, nonsurgical treatment for advanced-stage osteochondritis dissecans
(OCD) of the capitellum often yields poor outcomes. However, surgical methods for such patients are controversial. At our insti-
tution, we have consistently performed closed-wedge osteotomy of the distal humerus to treat advanced-stage OCD of the
capitellum, regardless of the OCD grade or condition of the capitellar physis.

Purpose: To clarify the clinical and radiological results and determine the influence of the capitellar physis on closed-wedge
osteotomy for advanced-stage OCD of the capitellum in young patients.

Study Design: Case series; Level of evidence, 4.

Methods: A total of 32 patients with OCD of the humeral capitellum were treated surgically with closed-wedge osteotomy. Of
these, 17 patients with more than 2-year follow-up were available for an evaluation. The mean patient age was 11.8 years (range,
11-12 years), and the mean follow-up period was 70.1 months (range, 25-184 months). The clinical assessment included range of
motion, elbow pain, and the Japanese Orthopaedic Association (JOA) and Timmerman-Andrews scores. The radiological
assessment at the final examination included cross-bridging of the physis, size and fishtail deformity of the distal part of the
humerus, size of the radial head, healing of the OCD lesion, and osteoarthritis.

Results: The mean range of motion and JOA and Timmerman-Andrews scores improved significantly after surgery; 13 patients
were completely pain free. In 11 patients with an open capitellar physis, metaphyseal-epiphyseal, cross-bridging was observed in 1
patient. A fishtail deformity of the distal part of the humerus was not observed. Healing of the OCD lesion was defined as excellent
in 9 patients, good in 3, fair in 3, and poor in 2. In 3 of the 5 patients in whom healing was described as fair or poor, there was a
lesion of the lateral widespread type with osteoarthritis before surgery. Moderate osteoarthritic changes were evident in 2 patients.

Conclusion: Closed-wedge osteotomy for the treatment of advanced-stage OCD of the capitellum in young patients can provide
satisfactory clinical and radiological results. However, fair and poor outcomes were found in lateral widespread–type cases with
osteoarthritis before surgery. We believe that patients in whom osteoarthritic changes have not yet appeared are eligible for
closed-wedge osteotomy.
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Osteochondritis dissecans (OCD) of the capitellum typically
occurs in young baseball players aged 11 to 17 years.1,3,28

Grade I OCD is usually diagnosed at 11.5 years. Younger
patients are usually at an early OCD stage. Because the
capitellar physis is usually open in patients younger than
12 years, such patients are usually treated conservatively.
However, advanced-stage OCD of the capitellum can occur
in young patients, and surgical treatment has been shown

to yield better clinical results in such cases, even if the
capitellar physis is open.13,20,21

Surgical options for advanced-stage OCD include open or
arthroscopic debridement or removal of loose bodies,
fragment fixation, osteochondral autografting, and closed-
wedge osteotomy. The advantages of closed-wedge osteot-
omy for OCD of the capitellum are reduced compression of
the capitellum, revascularization and remodeling of the
OCD lesion, and long-term maintenance of the congruity
of the humeroradial joint. This technique has also shown
good medium- and long-term outcomes for advanced-stage
OCD of the capitellum.7,30 At our institution, we
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consistently perform closed-wedge osteotomy for advanced-
stage OCD of the capitellum, regardless of the OCD stage or
condition of the capitellar physis. In cases where the capi-
tellar physis is open, the osteotomy line, similar to the frac-
ture line of the lateral condylar fracture of the humerus,
crosses the physis.

Over the past 24 years, we have treated OCD of the capi-
tellum in young patients with open capitellar physis using
osteotomy. The aim of this study was to evaluate the clin-
ical and radiological results and the influence of the capi-
tellar physis on closed-wedge osteotomy in patients aged
�12 years with an open or closed capitellar physis.

METHODS

Patients

This study received ethics committee approval from Niigata
Central Hospital. Between 1986 and 2009, a total of 32
patients aged �12 years with OCD of the humeral capitel-
lum were surgically treated with closed-wedge osteotomy at
Niigata Central Hospital and were evaluated at least 2
years after surgery. Of these patients, 17 (53.1%) were
reviewed in the present study; 14 patients were excluded
because they could not participate in the survey or because
the radiographs at the final examination were not avail-
able. One patient was excluded because he suffered a
humeral shaft fracture due to trauma after surgery.

All 17 study patients were male. Four patients were 11
years old, and 13 were 12 years old at the time of surgery.
The mean follow-up duration was 70.1 ± 41.8 months. The
capitellar physis was open in 11 patients and closed in 6 at
the time of surgery. The sport related to symptom onset was
baseball (13 patients) as well as soccer, dodgeball, and soft-
ball (1 patient each). Intraoperative findings of the OCD
lesion were graded according to the International Cartilage
Repair Society (ICRS) classification.5 Eleven were catego-
rized as ICRS grade III, and 6 were categorized as ICRS
grade IV. Based on the site of the OCD lesion, radiographic
findings were classified as central, lateral-localized, and
lateral-widespread types; a lateral-widespread OCD lesion
was defined as an extension to one-third of the capitellum
involving the lateral margin.8 A central lesion was observed
in 8 patients and a lateral-widespread lesion in 9 patients.
At both the preoperative and final examinations, radio-
graphic findings of osteoarthritis were classified into 4
grades: grade 0, normal; grade 1, sclerosis or irregularity
of the subchondral bone and no narrowing of the joint
space; grade 2, slight narrowing of the joint space and

osteophytes with a wide stalk; and grade 3, marked narrow-
ing of the joint space and osteophytes with a narrow stalk or
the presence of free bodies.18 At the preoperative examina-
tion, 14 patients were classified as having grade 0 osteoar-
thritic changes, and 3 were classified as having grade 1
osteoarthritic changes according to these criteria.

Operative Technique

A curved incision was made over the lateral aspect of the
elbow from a point 5 cm proximal to the lateral epicondyle
to the radial head. Dissection was performed anteriorly,
releasing the brachioradialis and extensor carpi radialis
longus from the lateral supracondylar ridge of the
humerus. This dissection was continued distally between
the extensor carpi radialis longus and the extensor carpi
radialis brevis, allowing exposure of the anterior capsule
with preservation of the lateral collateral ligament and ori-
gins of the extensors of the wrist and fingers from the lat-
eral epicondyle. This provided good access to the anterior
aspect of the radiohumeral joint. The lateral collateral lig-
ament was severed to widen the radiohumeral joint. The
capitellum was exposed, and the articular cartilage and
subchondral bone were inspected. Loose bodies present in
the radiohumeral joint and/or proximal radioulnar joint
were removed.

Wedge osteotomy, with the base positioned laterally and
a 10� angle of intervention, was performed at a site 2 to 3
cm proximal to the lateral epicondyle, with its apex just
medial to the capitellum. The posterior aspect of the capi-
tellum was not exposed because the capitellum receives its
main blood supply from the posterior aspect of the distal
humerus. The articular surface of the apex was kept
intact. Cancellous bone was collected from resected
wedgelike bone, and bone pegs were made from cortical
bone. If dislocated fragments or loose fragments were
large and remained in the subchondral bone, they were
fixed using bone pegs after transplanting cancellous bone
between the fragment and its bony bed; bone peg fixation
was performed in 16 patients. Small fragments were
removed. The osteotomy site was closed, and stable fixa-
tion was obtained using a screw and Kirschner wire7,29

(Figure 1). No repair of the severed lateral collateral liga-
ment was performed.

Postoperative Treatment

After surgery, a long arm cast was applied with the elbow at
90� flexion and the forearm in the neutral position for 3
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weeks. At 3 weeks after surgery, the patient began active
range of motion (ROM) exercises to prevent deterioration of
the lesion. At 2 to 3 months after surgery, mild passive
ROM exercises were initiated. Return to throwing activities
was permitted 6 months after surgery.

Clinical Assessment

Clinical evaluations included elbow ROM (total arc), pain,
return to sports, and elbow function at the time of the final
examination. Elbow function was assessed according to the
clinical rating system of the Japanese Orthopaedic Associ-
ation (JOA)9 as well as the Timmerman-Andrews score.24

Radiological Assessment

We observed metaphyseal-epiphyseal cross-bridging, fish-
tail deformity, and width of the lataral condyle and the
radial head using postoperative radiographs to investigate
the effect of closed-wedge osteotomy on the physis. A cen-
tral deficiency of the distal humerus was defined as a fish-
tail deformity. The width of the lateral and medial condyles
of the humerus was measured as shown in Figure 2.19 The
width of the lateral condyle divided by the width of the
medial condyle was defined as the lateral condyle ratio. The
lateral condyle ratio was compared between the affected
and unaffected sides.

The radial head ratio was defined as the maximum
width of the radial head divided by the minimum width of
the radial neck, measured as described in Figure 3. Healing
of the OCD lesion was evaluated at the final examination
and was classified into 4 grades: excellent, completely
healed; good, slight flattening; fair, subsidence; and poor,
displaced or detached fragment.6 Osteoarthritis was
graded at final follow-up.

Statistical Analysis

Statistical analysis was performed using the paired or
unpaired Student t test, Mann-Whitney U test, Wilcoxon
signed-rank test, Pearson product moment correlation coef-
ficient, and Fisher exact probability test. The paired Stu-
dent t test was used to compare elbow ROM preoperatively
and postoperatively. The unpaired Student t test was used
to compare the radial head ratio between the affected and
unaffected sides and ROM in the open and closed physes.

10°

osteotomy line

widening of radiohumeral joint 

severed lateral collateral ligament

bone peg grafting

collect bone peg and cancellous bone

Figure 1. Illustrations of closed-wedge osteotomy of the distal humerus.
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Figure 2. Radiograph showing the width of the lateral condyle
(A), width of the medial condyle (B), and lateral condyle
ratio (A/B).
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The Mann-Whitney U test was used to compare the size of
the lateral condyle on the affected side with that on the
unaffected side. The Wilcoxon signed-rank test was used
to compare preoperative JOA and Timmerman-Andrews
scores with postoperative scores.

Differences between an open and closed capitellar physis
with respect to the size of the lateral condyle and hypertro-
phy of the radial head were analyzed using the Mann-
Whitney U test. Healing of the OCD lesion was classified
as complete or incomplete; cases graded as excellent were
included in the completely healed group, and other cases
were included in the incompletely healed group. We consid-
ered patients with osteoarthritis grade 0 at final examina-
tion as having no osteoarthritis and those with grades 1 to 3
as having osteoarthritis. Differences between these 2

groups with respect to elbow ROM and hypertrophy of the
radial head ratio were analyzed using the unpaired Stu-
dent t test, and differences with respect to JOA and
Timmerman-Andrews scores were analyzed using the
Mann-Whitney U test. Relationships among outcomes in
terms of elbow pain at the final examination, site of the
OCD lesion, healing of the OCD lesion, and presence of
osteoarthritis were confirmed using the Fisher exact prob-
ability test. Correlations between the radial head ratio and
elbow ROM at the time of the final examination were ana-
lyzed using the Pearson product-moment correlation coef-
ficient. A difference was considered significant when the P
value was <.05.

RESULTS

The patients’ clinical and radiological results are illus-
trated in Tables 1 and 2.

Clinical Assessment

Range of Motion. The mean ROM of the elbow improved
significantly, from 117.8� ± 25.2� preoperatively to 131.4� ±
17.2� postoperatively (P ¼ .024). The mean ROM of the
elbow was 131.8� ± 16.5� in the open physis group and
130.5� ± 20.1� in the closed physis group (P ¼ .886), it was
137.2� ± 16.2� in the completely healed group and 124.8� ±
16.8� in the incompletely healed group (P ¼ .14), and it was
129.1� ± 15.9� in the osteoarthritis group and 135.5� ± 20.2�

in the no osteoarthritis group (P ¼ .481) There was no
between-group difference in any of the comparisons. No
significant correlation between the radial head ratio and
ROM was found (g ¼ –.344, P ¼ .19).

Elbow Pain. All patients reported pain before surgery;
however, 13 were pain free at the time of the final exami-
nation. Slight pain during elbow motion was reported in 3

TABLE 1
Patient Characteristicsa

Patient Age, y Follow-up, mo ICRS Grade Capillary Physis OCD Lesion Site

1 12 184 III Open Lateral widespread
2 12 72 III Open Lateral widespread
3 12 66 III Open Lateral widespread
4 12 74 IV Closed Lateral widespread
5 12 57 IV Open Lateral widespread
6 12 59 IV Closed Lateral widespread
7 12 74 IV Closed Lateral widespread
8 12 133 IV Open Central
9 11 56 IV Open Central
10 11 33 III Open Central
11 11 25 III Open Central
12 12 120 III Closed Central
13 12 36 III Open Central
14 12 31 III Closed Lateral widespread
15 11 77 III Open Central
16 12 69 III Closed Lateral widespread
17 12 26 III Open Central

aICRS, International Cartilage Repair Society; OCD, osteochondritis dissecans.

C

D

Figure 3. Radiograph showing the width of the radial head
(C), width of the radial neck (D), and radial head ratio (C/D) .6
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patients and mild pain during daily activities in 1 patient.
The relationship between pain and open/closed physis,
healing of the OCD lesion, or osteoarthritis was assessed.
Elbow pain persisted in the incompletely healed group ver-
sus the completely healed group (P ¼ .029), but the state of
the physis or presence of osteoarthritis was not related to
pain (P ¼ .555). Elbow pain persisted in 2 patients with
grade 2 osteoarthritis.

Return to Sports. Nine of 13 baseball players returned to
baseball at the same level as before surgery. Other baseball
players chose to play basketball, tennis, or table tennis.
One softball player chose to play soccer. One dodgeball
player chose to play tennis. The remaining 2 players
returned to the same sports after surgery. All patients were
club activity–level players.

JOA and Timmerman-Andrews Scores. The mean JOA
score improved significantly, from 75.0 ± 11.6 preopera-
tively to 93.7 ± 8.6 postoperatively (P < .001). The mean
Timmerman-Andrews score also improved significantly,
from 143.2 ± 32.0 preoperatively to 184.7 ± 19.6 postop-
eratively (P < .001). These improvements were not
related to open/closed physis, completely/incompletely
healed lesion, or presence/absence of osteoarthritis
(Table 3).

Radiological Assessment

Metaphyseal-Epiphyseal Cross-bridging, Fishtail
Deformity, Lateral Condyle Ratio, and Radial Head
Ratio. Metaphyseal-epiphyseal cross-bridging was
observed in one 11-year-old patient who was classified as
ICRS grade III. Four weeks after surgery, metaphyseal-
epiphyseal cross-bridging was recognized at the osteotomy
site. Two months after surgery, the capitellar physis

began to close. A radiograph taken at 8 months after sur-
gery showed that the capitellar physis was completely
closed. Deformity, including fishtail deformity, was absent
(Figure 4).

The mean lateral condyle ratio was 1.22 ± 0.47 on the
affected side and 1.04 ± 0.39 on the unaffected side. This
difference was not statistically significant (P ¼ .182). The
mean lateral condyle ratio was 0.97 ± 0.43 in patients with
an open capitellar physis and 1.15 ± 0.31 in patients with a
closed growth plate. This difference was not statistically
significant (P ¼ .216).

Healing of OCD Lesion. Healing at the time of the final
examination was defined as excellent in 9 patients, good
in 3, fair in 3, and poor in 2. Regarding an association
between healing and classification of the OCD lesion on
the basis of the site, 6 cases of the central type had
excellent healing and 2 had fair/poor healing, whereas

TABLE 2
Clinical and Radiological Resultsa

Patient

ROM, deg,
Extension/Flexion JOA Score

Timmerman-
Andrews Score

Pain (Post)

Return to Sports

Healing (Post)

Osteoarthritis
Grade

Pre Post Pre Post Pre Post Pre Post Pre Post

1 –15/115 5/120 60 96 120 190 None Baseball Baseball Excellent 0 1
2 –20/120 –15/120 64 66 115 145 Mild Baseball Basketball Fair 1 2
3 –5/120 –10/130 73 88 145 170 Slight Baseball Baseball Good 0 1
4 0/120 15/130 75 100 170 200 None Baseball Baseball Excellent 1 1
5 –70/120 5/125 47 98 65 190 None Soccer Soccer Fair 0 1
6 –20/130 –30/130 75 88 130 155 None Baseball Basketball Poor 1 2
7 –20/125 –5/145 74 95 105 190 Slight Dodgeball Tennis Good 0 1
8 –5/135 5/145 81 94 150 200 None Basketball Basketball Excellent 0 0
9 –30/115 –20/125 60 91 105 155 None Softball Soccer Excellent 0 0
10 3/140 5/135 90 100 180 200 None Baseball Baseball Poor 0 1
11 5/130 10/140 86 100 170 200 None Baseball Baseball Excellent 0 0
12 10/135 20/135 77 100 170 200 None Baseball Table tennis Excellent 0 0
13 10/145 0/135 90 96 180 200 None Baseball Tennis Excellent 0 0
14 –15/135 –10/135 83 96 150 185 None Baseball Baseball Excellent 0 1
15 0/130 10/135 76 100 155 200 None Baseball Baseball Excellent 0 1
16 0/130 –17/135 83 85 165 160 Slight Baseball Baseball Good 0 0
17 0/130 10/135 81 100 160 200 None Baseball Baseball Fair 0 1

aJOA, Japanese Orthopaedic Association; Post, postoperative; Pre, preoperative; ROM, range of motion.

TABLE 3
Postoperative JOA and Timmerman-Andrews Scoresa

JOA Score Timmerman-Andrews Score

Open physis 93.6 ± 10.0 186.4 ± 20.3
Closed physis 94.0 ± 6.2 181.7 ± 19.7

P value .733 .525
Completely healed 97.0 ± 3.2 192.2 ± 15.0
Incompletely healed 90.0 ± 11.3 176.3 ± 21.5

P value .167 .093
Osteoarthritis 93.4 ± 10.1 184.1 ± 19.2
No osteoarthritis 94.3 ± 5.8 185.8 ± 22.0

P value .808 .867

aData are reported as mean ± SD unless otherwise indicated.
JOA, Japanese Orthopaedic Association.
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patients with a lateral-widespread lesion had excellent
healing in 3 cases, good in 3, fair in 2, and poor in 1.
Three of the 5 cases in which healing was fair or poor
had lateral-widespread lesions. There was no relation-
ship between healing and the state of the physis or the
site of the OCD lesion (P ¼ .627 and P ¼ .109, respec-
tively) (Table 4). Two of the 5 cases in which healing was

fair or poor showed preoperative radiographic findings of
osteoarthritic changes.

Osteoarthritis. Osteoarthritis grading at the final exam-
ination was as follows: 6 patients with grade 0, 9 with grade
1, 2 with grade 2, and 0 with grade 3. For the 11 patients
with osteoarthritis at final examination, the preoperative
ICRS classification of their lesion was grade III in 7
patients and grade IV in 4 patients. The condition of the
physis before surgery was not related to presence of osteo-
arthritis (P ¼ .661). There was no difference in the fre-
quency of osteoarthritis between the completely and
incompletely healed groups (P ¼ .088). Osteoarthritis was
more frequently found with a lateral-widespread lesion
than with a central lesion (P¼ .043) (Table 5). Two patients
who progressed to grade 2 had a lesion of the lateral-
widespread type with grade 1 osteoarthritis preoperatively.

Radial Head Ratio. The mean radial head ratio was 1.91
± 0.13 on the affected side and 1.69 ± 0.12 on the unaffected
side at the final examination; the affected side was

Figure 4. Patient No 15. An 11-year-old boy with an International Cartilage Repair Society grade III osteochondritis dissecans
lesion. Anteroposterior radiographs of the elbow (A) at the time of surgery, (B) 1 month later, and (C) 5 months later. (D) At 8 months
later, the deformity was absent, and healing of the osteochondritis dissecans lesion was excellent.

TABLE 4
Relationship Between Healing and Site of OCD Lesiona

Lateral Widespread Central Total

Completely healed 3 6 9
Incompletely healed 6 2 8
Total 9 8 17

aData are reported as No. There was no statistically significant
difference (Fisher exact probability test) between healing and site
of the OCD lesion. OCD, osteochondritis dissecans.
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significantly larger than the unaffected side (P < .0001).
The mean radial head ratio was 1.87 ± 0.14 in the com-
pletely healed group and 1.96 ± 0.12 in the incompletely
healed group (P¼ .157) and 1.93 ± 0.14 in the osteoarthritis
group and 1.88 ± 0.12 in the no osteoarthritis group (P ¼
.408). The differences were not statistically significant.

DISCUSSION

Nearly all patients with OCD of the capitellum between
10 and 12 years of age are in an early development stage
and have an open physis, thus nonoperative treatment is
often recommended for these patients. However, nonop-
erative treatment for advanced-stage OCD in patients
with an open physis may not be effective.13,21,23 Several
surgical procedures have been described for the treat-
ment of OCD. Some authors have performed fragment
fixation using a bone peg, drilling, arthroscopic micro-
fracture, and/or osteochondral autografting for
advanced-stage OCD lesions with an open phy-
sis.12,17,20,25,26 We consistently perform closed-wedge
osteotomy for advanced-stage OCD of the capitellum,
regardless of the age at the time of surgery or OCD
stage. This is because closed-wedge osteotomy often
results in reduced compression of the capitellum and
revascularization and remodeling of the OCD lesion, sim-
ilar to that achieved with radial shortening osteotomy
for Kienböck disease.30

At the beginning, only osteotomy was performed; how-
ever, a modification of the osteotomy procedure with bone
peg grafting was subsequently devised to further improve
performance. Indications for bone peg grafting have only
been reported in cases up to ICRS grade I or II.11,15 Given
that the results of this study were obtained for ICRS grade
III or IV, we believe that the osteotomy effect is significant.
Regarding the clinical outcomes of closed-wedge osteotomy,
Kiyoshige et al7 reported on 7 patients with an early-stage
OCD lesion. This procedure led to reduced joint degenera-
tive changes and better clinical outcomes and radiographic
findings compared with other surgical procedures for
advanced-stage OCD.7 Our clinical results showed that
JOA and Timmerman-Andrews scores improved signifi-
cantly because of increased ROM and reduced elbow pain
after surgery. Our radiographic findings showed no defor-
mity, and good healing was obtained in 12 patients. In cases

where healing was fair or poor, hypertrophy of the radial
head was suppressed to the same extent as in the patients
with good healing. These results indicate that closed-wedge
osteotomy is effective for 11- or 12-year-old patients with
OCD of the capitellum.

Eight of 9 patients with a lateral-widespread lesion had
developed osteoarthritis at the time of the final examina-
tion. Patients with a lateral-widespread lesion with osteo-
arthritis before surgery had worse radiographic and clinical
outcomes than other cases examined in this study. How-
ever, osteoarthritis was maintained at grade 1 in 6 of the
8 patients. During surgery for lateral-widespread lesions, it
is difficult to fix and stabilize the fragment of the lateral
margin of the capitellum. For this reason, several authors
have reported that the lateral-widespread type may be pre-
dictive of a poor prognosis in a variety of procedures. In a
retrospective case series in which 8 of 32 patients with a
lateral-widespread lesion underwent osteochondral peg fix-
ation, 4 of the 8 had to undergo a second surgical proce-
dure.8 Mihara et al12 performed drilling, fragment
fixation, and removal of the detached fragment with dril-
ling on 27 patients with advanced-stage OCD lesions,
reporting that 4 of 27 patients assessed with >70% flatten-
ing of the capitellum or degenerative changes on final
radiographs showed a large lesion extending from the lat-
eral margin to the center of the capitellum preoperatively.

The following reason could explain why fragments of the
lateral margin of the capitellum contain a small amount of
bone25 and why blood circulation in the outermost portion
of the capitellum is very poor during childhood.4 When the
lateral margin of the capitellum is insufficiently remodeled,
contact pressure in the radiocapitellar joint is greater with
a lateral defect than with a central defect under valgus
torque,14 and enlargement or deformity of the radial head
occurs through adaptation.12 As a result, cartilage
fragments come apart and progress to osteoarthritic
changes or free bodies. Our results showed that 6 of the 9
patients with a lateral-widespread lesion attained excellent
or good healing. We noted that healing of lesions with
osteoarthritic changes preoperatively was worse than in
lesions without osteoarthritic changes. This finding indi-
cates that it is important to perform closed-wedge osteot-
omy for patients with lateral-widespread lesions before
osteoarthritic changes occur.

To the best of our knowledge, no report has described the
influence of a surgical procedure on the physis. If patients
with an open capitellar physis undergo closed-wedge
osteotomy, the osteotomy site crosses the capitellar physis
similar to a fracture of the lateral humeral condyle. In other
words, we artificially create a fracture of the lateral
humeral condyle and perform osteosynthesis. Common
abnormalities of growth after a fracture of the lateral con-
dyle include overgrowth of the lateral condyle, a fishtail
deformity, and formation of a metaphyseal-epiphyseal
cross-bridge.16,19 In this study, no excessive deformity of
the distal humerus was observed.

Several factors may have contributed to this finding.
First, the incidence of cross-bridging of the epiphyseal car-
tilage is rare after fractures of the lateral condyle.16 Simi-
larly, if the osteotomy site passes an open capitellar physis,

TABLE 5
Relationship Between Presence of Osteoarthritis

at Final Follow-up and Site of OCD Lesiona

Lateral Widespread Central Total

Osteoarthritis 8 3 11
No osteoarthritis 1 5 6
Total 9 8 17

aData are reported as counts. There was a statistically signifi-
cant difference (Fisher exact probability test) between lateral wide-
spread and central type. OCD, osteochondritis dissecans.
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we believe that cross-bridging is less likely to occur after
closed-wedge osteotomy. Second, we speculate that there
is a relationship between bone age at the time of surgery
and the timing of capitellar physis closing. The physis
between the ossific nucleus in the capitellum and the
metaphyseal bone becomes uniformly narrow by the age
of 10 years, although bony fusion does not occur until 12
years at the earliest. At 13 years, the cartilaginous line
has usually disappeared, and between 14 and 16 years,
this is regularly the case.4 In addition, the epiphyseal clo-
sure progresses earlier on the affected side because of the
influence of OCD10,27 and osteotomy. For those reasons,
we think that an excessive deformity of the distal humerus
will not occur even if the osteotomy line crosses the capi-
tellar physis.

The limitations of the current study include its retro-
spective nature and the small number of patients evalu-
ated, which could cause potential patient selection or
reviewer bias. The follow-up rate was low. We asked the
patients to cooperate in the survey through letters and
telephone calls, but many patients did not participate
because of relocation or interrupted communication. High
rates of degenerative joint disease and residual elbow
symptoms after OCD of the elbow treated conservatively
and with surgical treatment have been observed after
long-term follow-up2,22; however, the minimum follow-up
period in our study was 2 years. Particularly when consid-
ering how young these patients were at the time of sur-
gery, we consider that a longer follow-up period is needed
in future research.

CONCLUSION

Closed-wedge osteotomy for advanced-stage OCD of the
capitellum in young patients can provide satisfactory
clinical and radiological results. Poorer outcomes were
seen in cases with lesions of the lateral-widespread type
and preoperative degenerative changes in the elbow
joint. It is important to perform the operative procedure
early, regardless of the condition of the capitellar physis,
if OCD of the capitellum is in an advanced stage.

ACKNOWLEDGMENT

The authors thank Akiyoshi Yamazaki, MD, and Munenori
Matsueda, MD, for providing assistance with the data
collection.

REFERENCES

1. Baker CL 3rd, Romeo AA, Baker CL Jr. Osteochondritis dissecans of

the capitellum. J Shoulder Elbow Surg. 2010;19:76-82.

2. Bauer M, Jonsson K, Josefsson PO, Lindén B. Osteochondritis dis-

secans of the elbow: a long-term follow-up study. Clin Orthop Relat

Res. 1992;284:156-160.

3. Bradley JP, Petrie RS. Osteochondritis dissecans of the humeral

capitellum: diagnosis and treatment. Clin Sports Med. 2001;20:

565-590.

4. Haraldsson S. On osteochondrosis deformans juvenilis capituli

humeri including investigation of intra-osseus vasculature in the distal

humerus. Acta Orthop Scand Suppl. 1959;38:1-232.

5. ICRS Cartilage Evaluation Package: 2000. http://www.cartilage.org/

Evaluation_Package/ICRS_Evaluation.pdf. Accessed August 6, 2002.

6. Ito Y, Uzawa K, Matsu J, et al. Baseball elbow as a prearthrosis [in

Japanese]. Kansetsugeka. 1990;9:475-482.

7. Kiyoshige Y, Takagi M, Yuasa K, Hamasaki M. Closed-wedge osteot-

omy for osteochondritis dissecans of the capitellum: a 7- to 12-year

follow-up. Am J Sports Med. 2000;28:534-537.

8. Kosaka M, Nakase J, Takahashi R, et al. Outcome and failure factors

in surgical treatment for osteochondritis dissecans of the capitellum. J

Pediatr Orthop. 2013;33:719-724.

9. Lee HH, Shen HC, Chang JH, Lee CH, Wu SS. Operative treatment of

displaced medial epicondyle fractures in children and adolescents. J

Shoulder Elbow Surg. 2005;14:178-185.

10. Lindholm TS, Osterman K, Vankka E. Osteochondritis dissecans of

elbow, ankle and hip: a comparison survey. Clin Orthop Relat Res.

1980;148:245-253.

11. Maruyama M, Harada M, Satake H, Tomohiro U, Takagi M, Takahara

M. Bone-peg grafting for osteochondritis dissecans of the humeral

capitellum. J Orthop Surg (Hong Kong). 2016;24:51-56.

12. Mihara K, Suzuki K, Makiuchi D, Nishinaka N, Yamaguchi K, Tsutsui

H. Surgical treatment for osteochondritis dissecans of the humeral

capitellum. J Shoulder Elbow Surg. 2010;19:31-37.

13. Mihara K, Tsutsui H, Nishinaka K, Yamaguchi K. Nonoperative treat-

ment for osteochondritis dissecans of the capitellum. Am J Sports

Med. 2009;37:298-304.

14. Mihata T, Quigley R, Robicheaux G, McGarry MH, Neo M, Lee TQ.

Biomechanical characteristics of osteochondral defects of the

humeral capitellum. Am J Sports Med. 2013;41:1909-1914.

15. Oshiba H, Itsubo T, Ikegami S, Nakamura K, Uchiyama S, Kato H.

Results of bone peg grafting for capitellar osteochondritis dissecans

in adolescent baseball players. Am J Sports Med. 2016;44:

3171-3178.

16. Rutherford A. Fractures of the lateral humeral condyle in children. J

Bone Joint Surg Am. 1985;67:851-856.

17. Shimada K, Yoshida T, Nakata K, Hamada M, Akita S. Recon-

struction with an osteochondral autograft for advanced osteo-

chondritis dissecans of the elbow. Clin Orthop Relat Res. 2005;

435:140-147.

18. Shinomiya F. Radiological and clinical studies for the osteoarthrosis

of the elbow joint, and its surgical treatment [in Japanese]. Seikeigeka.

1984;35:139-149.

19. Skak SV, Olsen SD, Smaabrekke A. Deformity after fracture of the

lateral humeral condyle in children. J Pediatr Orthop B. 2001;10:

142-152.

20. Takahara M, Mura N, Sasaki J, Harada M, Ogino T. Classification,

treatment, and outcome of osteochondritis dissecans of the humeral

capitellum. J Bone Joint Surg Am. 2007;89:1205-1214.

21. Takahara M, Ogino T, Fukushima S, Tsuchida H, Kaneda K. Nonop-

erative treatment of osteochondritis dissecans of the humeral capi-

tellum. Am J Sports Med. 1999;27:728-732.

22. Takahara M, Ogino T, Sasaki I, Kato H, Minami A, Kaneda K. Long

term outcome of osteochondritis dissecans of the humeral capitellum.

Clin Orthop Relat Res. 1999;363:108-115.

23. Takahara M, Ogino T, Takagi M, Tsuchida H, Orui H, Nambu T. Nat-

ural progression of osteochondritis dissecans of the humeral capitel-

lum: initial observations. Radiology. 2000;216:207-212.

24. Timmerman LA, Andrews JR. Arthroscopic treatment of posttrau-

matic elbow pain and stiffness. Am J Sports Med. 1994;22:

230-235.

25. Tomatsuri M, Tanaka J, Yoshiya S. Clinical results of autologous

osteochondral pillar grafting for osteochondritis dissecans of the

humeral capitellum [in Japanese]. J Jpn Soc Surg Elbow. 2007;14:

25-28.

26. Uchida S, Utsunomiya H, Taketa T, et al. Arthroscopic fragment fix-

ation using hydroxyapatite/poly-L-lactate acid thread pins for treating

8 Ueki et al The Orthopaedic Journal of Sports Medicine

http://www.cartilage.org/Evaluation_Package/ICRS_Evaluation.pdf
http://www.cartilage.org/Evaluation_Package/ICRS_Evaluation.pdf


elbow osteochondritis dissecans. Am J Sports Med. 2015;43:

1057-1065.

27. Woodward AH, Bianco AJ Jr. Osteochondritis dissecans of the elbow.

Clin Orthop Relat Res. 1975;110:35-41.

28. Yadao MA, Field LD, Savoie FH 3rd. Osteochondritis dissecans of the

elbow. Instr Course Lect. 2004;53:599-606.

29. Yoshizu T. Closed wedge osteotomy for osteochondritis

dissecans of the capitellum [in Japanese]. MB Orthop. 1998;

11:29-41.

30. Yoshizu T. Closed wedge osteotomy for osteochondritis dissecans of

the humeral capitellum [in Japanese]. Seikeigeka. 1986;37:

1232-1242.

The Orthopaedic Journal of Sports Medicine Closed-Wedge Osteotomy for OCD 9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


