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Autologous Osteochondral Mosaicplasty
for Osteochondritis Dissecans of the

Elbow in Teenage Athletes
By Norimasa Iwasaki, MD, PhD, Hiroyuki Kato, MD, PhD, Jyunichi Ishikawa, MD, PhD, Tatsuya Masuko, MD, PhD,

Tadanao Funakoshi, MD, PhD, and Akio Minami, MD, PhD

Investigation performed at the Department of Orthopaedic Surgery, Hokkaido University School of Medicine, Sapporo,
and the Department of Orthopaedic Surgery, Shinsyu University School of Medicine, Matsumoto, Japan

Background: Although autologous osteochondral mosaicplasty is widely used as a procedure for osteochondritis
dissecans lesions, the effectiveness of this procedure in elbow lesions remains unclear. Our aim was to clarify the
surgical efficacy of mosaicplasty for teenage athletes with advanced lesions of capitellar osteochondritis dissecans.

Methods: From 2001 to 2006, nineteen teenage male patients who were competitive athletes and had advanced
lesions of capitellar osteochondritis dissecans underwent mosaicplasties. The mean age of the patients was 14.2
years. The surgical technique involved obtaining small-sized cylindrical osteochondral grafts with a mean diameter of
3.5 mm from the lateral periphery of the femoral condyle at the level of the patellofemoral joint and transplanting the
grafts (mean, 3.3 grafts) to prepared osteochondral defects. The patients were evaluated clinically and radiographically
at a mean of forty-five months after surgery.

Results: Eighteen patients were free from elbow pain, and one had mild pain occasionally. The mean total arc of elbow
motion and standard deviation increased significantly from 112� ± 17� preoperatively to 128� ± 12� postoperatively
(p < 0.005). The mean clinical score described by Timmerman and Andrews (with a maximum of 200 points) improved
significantly from 131 ± 23 points preoperatively to 191 ± 15 points postoperatively (p < 0.0001). All patients except
one had an excellent or good clinical result. All donor knees were graded as excellent on the basis of the Lysholm knee
scoring system. All patients except two returned to a competitive level of the sport they had previously played. Neither
loose-body formation nor secondary osteoarthritic changes were found in any patient.

Conclusions: The current midterm results indicate that mosaicplasty can provide satisfactory clinical outcomes for
teenage athletes with advanced capitellar osteochondritis dissecans lesions.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

O
steochondritis dissecans is an idiopathic lesion af-
fecting the articular surface, which involves separation
of the cartilage and the subchondral bone. Most cases

affecting the elbow involve the humeral capitellum and fre-
quently occur in teenage athletes, especially baseball players.
Because of the limited potential of the articular cartilage for
self-repair, the treatment of advanced capitellar osteochon-
dritis dissecans lesions is challenging. Although various sur-

gical options such as removal of the loose bodies with or
without drilling or curettage, abrasion chondroplasty, and the
reattachment of fragments have been advocated for treating
advanced osteochondritis dissecans lesions, these procedures
have been shown to provide only temporary relief of symp-
toms and osteoarthritis can still be the result1-5.

The goals for treating capitellar osteochondritis dis-
secans, especially in young athletes, are to allow patients to

Disclosure: The authors did not receive any outside funding or grants in support of their research for or preparation of this work. Neither they nor a
member of their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial
entity. No commercial entity paid or directed, or agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice,
or other charitable or nonprofit organization with which the authors, or a member of their immediate families, are affiliated or associated.

A video supplement to this article will be available from the Video Journal of Orthopaedics. A video clip will be available at the JBJS web site,
www.jbjs.org. The Video Journal of Orthopaedics can be contacted at (805) 962-3410, web site: www.vjortho.com.
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return to their previous level of sporting activities and to avoid
the subsequent development of osteoarthritis. One way to
achieve these goals may be to resurface the osteochondral
defects with normal hyaline cartilage. Autologous osteochon-
dral mosaicplasty (mosaicplasty) is an innovative technique
designed to provide hyaline repair of articular cartilage de-
fects6-8. This procedure has provided successful treatment of
osteochondral defects in the knee and ankle joints7-9.

For the past several years, a few studies have indicated the
effectiveness of mosaicplasty in treating advanced lesions of
capitellar osteochondritis dissecans as well as osteochondral
defects in the knee and ankle joints4,10-14. However, most have
described only short-term follow-up of a small number of pa-
tients4,10-13, including a mean two-year follow-up report on eight
of the patients in the present series11. Consequently, the ability
of mosaicplasty to prevent the progression of capitellar osteo-
chondritis dissecans is not yet widely acknowledged. In partic-
ular, there is little agreement as to the efficacy of this procedure
in treating this lesion in adolescent athletes. As mentioned
above, the goal of treatment for capitellar osteochondritis dis-
secans in such patients is not to improve symptoms temporarily,
but to return the patients to their previous sports activities
without functional disturbance. The purpose of this study was
to clarify the clinical and radiographic results of mosaicplasty
performed on teenage athletes with advanced capitellar osteo-
chondritis dissecans lesions after a minimum of two years.

Materials and Methods

From 2001 to 2006, nineteen consecutive male patients with
advanced lesions of capitellar osteochondritis dissecans

underwent mosaicplasty at our institute (see Appendix). All
patients had been engaged in competitive sports and were un-
able to perform their sports activities at the time of surgery
because of severe elbow pain. The mean age of the patients at the
time of surgery was 14.2 years (range, eleven to nineteen years).
Indications for this surgery included failure of more than six
months of conservative treatment or evidence on plain radio-
graphs and magnetic resonance imaging of unstable lesions,
such as displaced or detached fragment(s). Conservative treat-
ment consisted of advising against heavy use of the affected
elbow, including throwing and carrying heavy loads. Any patient
with an open growth plate of the capitellum or a lesion of
<5 mm in diameter was excluded. During this period, all pa-
tients who met the above criteria underwent mosaicplasty. All
such patients were followed for a minimum of twenty-four
months postoperatively and were included in this case series.
Informed consent was obtained preoperatively from the patients
and parents on the basis of the surgical indication as determined
at our institute, and the patients returned for follow-up evalu-
ation postoperatively. All operations were performed by two
senior authors (N.I. and H.K.). Small cylindrical osteochondral
grafts were obtained from the knee joint. Then, the grafts were
transplanted into the osteochondral defects in the capitellum
with use of a mosaicplasty system (Acufex Mosaicplasty DP;
Smith and Nephew, Andover, Massachusetts).

Patient Demographics
In all patients, the dominant side was affected. Only one patient
had previous surgery on the elbow: drilling of the osteochon-
dritis dissecans lesion three years before mosaicplasty. Preop-

Fig. 1-A Fig. 1-B

Figs. 1-A and 1-B Anteroposterior plain radiographs of two elbows with each showing a fragment (white arrow) displaced from the capitellum. Fig. 1-A

A lesion in the center of the capitellum (central type). Fig. 1-B A lesion in the lateral portion of the capitellum (lateral type).
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erative symptoms consisted of pain with sports activities in all
nineteen patients, limited range of motion in five patients, and
elbow catching in three patients. Plain radiographs showed
displaced fragments in seven patients, whereas detached frag-
ments were found in twelve patients. According to the radio-
graphic classification system of Minami et al.4,15, all elbows had a
displaced or detached fragment (grade III). Ten lesions were
located in the center of the capitellum (Fig. 1-A), and nine
lesions were in the lateral portion (Fig. 1-B). On the basis of the
magnetic resonance imaging criteria of unstable osteochondritis
dissecans lesions described by De Smet et al.16, T2-weighted
images showed an unstable lesion in all patients. Nine lesions
showed an articular fracture indicated by a high signal passing
through the subchondral bone plate (Fig. 2-A), and eight lesions
demonstrated a focal osteochondral defect (Fig. 2-B). The re-
maining two showed a line of high signal deep to the fragment
and a discrete round area of high signal intensity beneath the
osteochondritis dissecans lesion, indicating a cyst.

Operative Technique
Under general anesthesia, the patient is placed supine and the
affected arm is brought across the chest. In the early six cases of
this series, the operation was performed through the Kocher
lateral approach between the anconeus and the extensor carpi
ulnaris. To achieve a better operative field, in the last thirteen
cases, we used a posterior approach to the capitellar lesion as
described here. A 4 to 6-cm longitudinal skin incision is made

just ulnar to the posterior aspect of the proximal radioulnar
joint. Then, the fascia over the anconeus muscle is incised. The
proximal radiohumeral joint is exposed posteriorly by splitting
the anconeus muscle fibers. The capsule is incised just over the
capitellar lesion from the posterior edge of the lateral epi-
condyle to the proximal edge of the anular ligament (Fig. 3-A).
A limited local synovectomy is easily performed with use of
this approach. Even though the osteochondritis dissecans le-
sion exists in the anterior part of the capitellum, the lesion can
be well visualized with extreme flexion of the elbow. Through
this approach, damage to the lateral collateral ligament can be
prevented during the operation. In patients with severe re-
striction of elbow flexion, the anterior part of the osteochon-
dritis dissecans lesion cannot be visualized and should be
treated with use of the Kocher lateral approach.

First, the osteochondritis dissecans lesion is assessed
directly. The detached or dislocated fragment is raised with use
of a chisel, and the subchondral fibrous tissue is curetted. Its
edges are also débrided to healthy hyaline cartilage. By tapping
a drill-guide down to viable subchondral bone, the optimal
depth of filling of the defect can be determined.

To harvest cylindrical grafts, a lateral parapatellar mini-
arthrotomy of the knee contralateral to the involved elbow is
then performed. With use of an appropriately sized tubular
chisel and a special device (Acufex Mosaicplasty DP; Smith and
Nephew), small-sized (mean, 3.5 mm in diameter; range, 2.7
to 6.0 mm in diameter and 10 to 15 mm in length) cylindrical

Fig. 2-A Fig. 2-B

Sagittal T2-weighted magnetic resonance imaging scans demonstrate an articular fracture indicated by a high signal passing through

the subchondral bone (arrow in Fig. 2-A) and a focal osteochondral defect (arrow in Fig. 2-B).
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osteochondral grafts are obtained from the lateral periphery of
the femoral condyle at the level of the patellofemoral joint. The
lateral periphery bears less weight, which means there is less
contact pressure17. For patients with an open growth plate of
the distal end of the femur, we harvest shorter grafts to avoid
damage to the plate. The harvested grafts are transplanted to
prepared osteochondral defects in the capitellum (Fig. 3-B). We
attempt to leave the grafts protruding slightly in the lateral le-
sions and to place them flush with the surrounding articular
surface in the central lesions. Each donor site is packed with bone
wax to prevent postoperative bleeding. Drains are left in both the
elbow and knee joints. The incised capsule of both joints is
tightly sutured, and the wounds are closed. The drains are re-
moved between twenty-four and forty-eight hours after surgery.

Postoperatively, the elbow is immobilized in 90� of flexion
with the forearm in a neutral position for two weeks to promote
soft-tissue healing. Regarding the knee joint, the patients are
instructed to begin partial weight-bearing at two days and they

are allowed to walk freely at seven days postoperatively. We do
not direct the patients to do any specific rehabilitation for the
knee. The patient begins active and assisted passive motion ex-
ercises of the elbow and forearm immediately after removal of
the splint. Strengthening exercises of the elbow and forearm are
allowed at three months postoperatively. If the patient does not
have any symptoms in the elbow joint, we allow him to begin
throwing activity at six months after surgery and he is permitted
to return to his previous level of throwing activity at eight to
twelve months postoperatively. Specifically, we instruct baseball
players to return to their previous level at eight months for
fielders and at twelve months for pitchers.

Postoperative Assessment
Postoperative assessment included the clinical rating system of
Timmerman and Andrews18 (see Appendix), functional evalua-
tion of the donor knee, completion of a questionnaire regarding
the athlete’s return to sports, and an evaluation of the radio-

Fig. 3-A

Fig. 3-B

Figs. 3-A and 3-B Operative technique. Fig.

3-A The capitellar lesion (arrow) is exposed

through a posterior approach by splitting the

anconeus muscle. Fig. 3-B Placement of the

3.5-mm-diameter cylindrical osteochondral

grafts by press-fitting them flush into the

prepared osteochondral defect.
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graphs. The clinical rating system consisted of both subjective
(pain, swelling, locking and/or catching, and activities) and ob-
jective (range-of-motion) evaluations. On the basis of the clinical
scores, overall clinical results were classified into the following
four categories: excellent (a score of 180 to 200), good (a score of
160 to 179), fair (a score of 120 to 159), or poor (a score of
<120). Two observers (N.I. and H.K.) independently examined
the clinical findings at the time of follow-up. The knee evaluation
consisted of local findings of the donor knee, a Lysholm knee
scoring scale19, and the completion of an International Knee
Documentation Committee (IKDC) standard evaluation form
(objective)20. The magnetic resonance imaging evaluation fo-
cused on evidence of graft loosening, which included graft dis-
placement or migration, or fluid surrounding the graft on the
T2-weighted images. The quality of the repair was semiquanti-
tatively assessed on the basis of the magnetic resonance imaging
findings according to the scoring system of Roberts et al.21 (see
Appendix). The score was based on the review of a postoperative
magnetic resonance imaging scan by a musculoskeletal radiolo-
gist who was blinded to the clinical outcomes.

Statistical Analysis
All data are presented as the mean and the standard deviation.
Statistical comparisons between preoperative and postopera-
tive results were performed with use of paired t tests. The level
of significance was set at a probability value of <0.05.

Source of Funding
The authors did not receive any outside funding or grants in
support of their research for or presentation of this work.

Results
Operative Findings

Afragment with macroscopically intact cartilage was found
in all nineteen patients. According to the International

Cartilage Repair Society (ICRS) classification of osteochon-
dritis dissecans (OCD) lesions (see Appendix)22, our macro-
scopic intraoperative findings were classified as ICRS OCD III
in seven lesions and as ICRS OCD IV in twelve lesions. The size
of each defect was calculated, and the mean defect size was
147 mm2 (range, 49 to 300 mm2). The patients received a mean
of 3.3 grafts. In one patient, six grafts were used for recon-
struction; in three patients, five grafts; in three patients, four
grafts; in six patients, three grafts; and in six patients, two
grafts were used.

Clinical Evaluation of the Elbow
At a mean follow-up interval of 45.1 months (range, twenty-
four to eighty-seven months), the mean Timmerman and
Andrews score improved significantly from 131 ± 23 points
(subjective, 59 ± 9 points; objective, 71 ± 19 points) to 191 ±
15 points (subjective, 99 ± 2 points; objective, 91 ± 14 points)
postoperatively (p < 0.0001). The overall evaluation was ex-
cellent in seventeen patients, good in one patient, and fair in
one patient (see Appendix). Eighteen of the nineteen patients
were free from elbow pain, and the remaining one occasionally
had mild pain. The mean range of elbow motion increased
significantly from 112� ± 17� (extension, 213� ± 10�; flexion,
124� ± 13�) to 128� ± 12� (extension, 24� ± 9�; flexion, 133� ±
7�) postoperatively (p < 0.005). The mean total arc of elbow
motion compared with that on the contralateral side was

Fig. 4-A Fig. 4-B

Plain radiographs of the patient depicted in Figures 3-A and 3-B, made at the time of the thirty-six-month follow-up, reveal graft incorporation. No loose

bodies or secondary degenerative changes can be seen.
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92% ± 9% postoperatively. Five patients had a loss of extension
of ‡5�. The mean total arc of pronation and supination did
not change significantly from 164� ± 8� (pronation, 78� ± 7�;
supination, 88� ± 4�) preoperatively to 165� ± 9� (pronation,
79� ± 6�; supination, 85� ± 5�) postoperatively. There was no
apparent restriction of forearm rotation in any patient.

Functional Evaluation of the Donor Knee
At the time of follow-up, only one patient had any symptoms
or local findings in the donor knee. This patient had mild
anterior knee pain with stair-climbing. No restriction in the
range of knee motion was found in any patient. The mean
Lysholm knee score was 99.6 ± 5 points (range, 96 to 100
points), and all knees were graded as excellent. According to
the IKDC evaluation form, all knees were characterized as
normal.

Return to Sports Activities
Seventeen of the nineteen patients, including all baseball
pitchers, returned to a competitive level of the sports they had
previously played. They had no disturbances in the involved
elbow or donor knee during their competitive sports activities.
The remaining two patients did not return to baseball. Instead,
they simply chose to play rugby and soccer, respectively, de-
spite acceptable clinical results.

Radiographic Evaluation
Plain radiographs made at the time of follow-up revealed graft
incorporation in all patients (Figs. 4-A and 4-B). No loose
bodies or secondary osteoarthritic changes were seen in any
patient, and no radiograph showed an increase in radial head
diameter. Ectopic new-bone formation lateral to the capitel-
lum was recognized in two patients with a lateral type of lesion.
However, no symptoms related to these lesions were reported.
The mean postoperative magnetic resonance imaging score,
according to the system of Roberts et al., was 3.0 ± 0.8 points
(maximum possible, 4 points). The preoperative heterogeneity
of the lesions seen on magnetic resonance imaging disappeared
in all patients. All osteochondral grafts were well seated within
the recipient sites, without magnetic resonance imaging evi-
dence of graft loosening. With regard to the surface integrity of
the articular cartilage and changes in the underlying bone, all
patients except one had nearly normal findings. One patient
had irregularity of the interface between the grafts and the
recipient bed, and subchondral bone cysts were also present.
The cartilage signal intensity of the grafted site returned to
normal or nearly normal in all patients (Fig. 5-A). In eleven of
the nineteen patients, the grafted cartilage appeared thicker
than the adjacent cartilage (Fig. 5-B). In terms of the donor
knee, plain radiographs demonstrated no abnormal findings in
any patient.

Fig. 5-A Fig. 5-B

A sagittal T2-weighted magnetic resonance imaging scan made at thirty-six months postoperatively shows that the cartilage signal

intensity of the osteochondritis dissecans lesion has returned to normal (arrow in Fig. 5-A). The grafted cartilage appeared thicker

than the adjacent cartilage (arrow in Fig. 5-B) in eleven of our nineteen patients.
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Discussion

Our results at a mean follow-up of four years show the ef-
ficacy of mosaicplasty for the treatment of advanced lesions

of capitellar osteochondritis dissecans in teenage athletes. In the
clinical assessment, eighteen of the nineteen patients achieved
excellent or good results after this procedure. Magnetic reso-
nance imaging depicted both graft viability and the resurfacing of
osteochondritis dissecans lesions with normal or nearly normal
cartilage. No evidence of sequential osteoarthritic changes was
found in any patient. On the other hand, Bauer et al.1 reported
that 42% of thirty-one osteochondritis dissecans lesions of the
elbow treated with removal of loose bodies had pain symptoms,
with 61% showing subsequent osteoarthritic changes at the
time of follow-up. Woodward and Bianco23 as well as Tivnon
et al.5 showed that most of their patients treated with fragment
removal by drilling were not able to return to their previous
sports activities. Byrd and Jones24 reported on ten adolescent
baseball players with capitellar osteochondritis dissecans le-
sions treated with arthroscopic chondroplasty, abrasion ar-
throplasty, or loose body removal. Although all had good or
excellent results at a mean follow-up of 3.9 years, only four of
the ten could return to organized baseball. Shaughnessy and
Bianco25 reported that subsequent collapse and deformation of
the capitellar cartilage occurred after fixation of the loose
fragment with Kirschner wires. In addition, a closing wedge
osteotomy of the capitellum for teenage baseball players with
osteochondritis dissecans lesions led to minimal osteoarthritic
changes in all seven patients at seven to twelve years postop-
eratively26. In our series of young athletes, mosaicplasty had
better clinical outcomes and encouraging radiographic find-
ings compared with these previous procedures.

To date, several authors have reported successful results
after autologous osteochondral grafts for capitellar osteochon-
dritis dissecans lesions (see Appendix)10-14. However, regarding
sample size and follow-up interval, only one study, by Yamamoto
et al.14, is comparable with ours. They described osteochondral
autograft transplantation for capitellar osteochondritis dissecans
in eighteen juvenile baseball players who had a good outcome
after a minimum of twenty-four months (mean, forty-five
months)14. We previously reported that seven of eight patients in
the current series had excellent or good clinical results according
to the clinical rating system of Timmerman and Andrews18 at a
minimum of fourteen months (mean, twenty-four months)11.
The results of the current midterm follow-up study are com-
parable with our short-term follow-up results, indicating that
mosaicplasty can provide satisfactory outcomes for young ath-
letes with advanced capitellar osteochondritis dissecans lesions.

A reasonable strategy for the treatment of osteochon-
dritis dissecans lesions must be resurfacing with hyaline or
hyaline-like cartilage that is supported by normal subchondral
bone. Although the exact etiology of osteochondritis dissecans
remains unclear, compression forces applied to the humeral
capitellum by valgus stress to the elbow during throwing
probably lead to the capitellar osteochondritis dissecans le-
sions25,27. To achieve a durable load-bearing joint against this
stress, subchondral bone reconstruction that provides me-

chanical support for the articular surface should be considered.
For this purpose, an osteochondral graft is an ideal option
because it can simultaneously provide hyaline cartilage resur-
facing and subchondral osseous support.

A considerable disadvantage in performing mosaicplasty
is the potential adverse effect on donor sites. Particularly when
grafts from a normal knee are transplanted into the elbow
joint, donor site complications must be avoided. Our results
suggest no unfavorable effect on the donor knee from har-
vesting the small grafts we used. There have been a few studies
focusing on donor-site morbidity after mosaicplasty 28,29. Reddy
et al.29 suggested that osteochondral harvest from normal knees
for the treatment of talar osteochondral lesions led to a decline
in knee function. Compared with their data, the patients in our
study were younger and the size of osteochondral grafts was
smaller. The difference between their results and ours could be
attributed to these factors.

In terms of graft size selection, Ahmad et al.30 showed that a
donor site of 8 mm in diameter at the intercondylar notch was
filled with fibrous tissue with material properties inferior to
those of normal cartilage. We harvested osteochondral grafts
from the superolateral periphery of the femoral condyle at the
level of the patellofemoral joint. On the basis of a biomechanical
study, Garretson et al.17 recommended graft harvesting from the
distal lateral femoral trochlea. On the other hand, a cadaver study
by Simonian et al.31 demonstrated substantial contact pressure in
this area. It is still controversial which area of the patellofemoral
articular surface is the best for harvesting osteochondral plugs. A
longer duration of follow-up with a greater number of subjects
will allow us to better understand the effects of graft size and
harvest area on morbidity in donor knees.

There are some limitations to this study. First, the minimum
follow-up period was two years. While the radiographic findings
at the time of follow-up showed no evidence of osteoarthritic
changes in the elbow, longer follow-up is needed to confirm this
point. Second, neither arthroscopic second-look observation nor
histological examination of the grafted areas was performed in this
study. Therefore, we could not directly demonstrate hyaline repair
of the osteochondritis dissecans lesions. Finally, this study did not
include concurrent controls, and consequently we compared our
results with unmatched results reported by previous authors.

From our encouraging clinical and radiographic results
at a mean follow-up of four years, we may conclude that mo-
saicplasty is a very good option for treating advanced capitellar
osteochondritis dissecans lesions in teenage athletes. On the
basis of our results, the risk of doing a two-joint procedure
appears to be minimal. Finally, the favorable results obtained by
mosaicplasty can successfully return such patients to their
competitive sports activities.

Appendix
Tables presenting details on all study patients, a summary
of articles previously published on this subject, and the

specifics of the International Cartilage Repair Society classifica-
tion, the Timmerman and Andrews clinical rating system, and
the magnetic resonance imaging scoring system of Roberts et al.
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are available with the electronic versions of this article, on our
web site at jbjs.org (go to the article citation and click on ‘‘Sup-
plementary Material’’) and on our quarterly CD/DVD (call our
subscription department, at 781-449-9780, to order the CD or
DVD). n
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7. Hangody L, Füles P. Autologous osteochondral mosaicplasty for the treatment
of full-thickness defects of weight-bearing joints. Ten years of experimental and
clinical experience. J Bone Joint Surg Am. 2003;85 Suppl 2:25-32.
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