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Background: There is a need to clarify the usefulness of and problems associated with cylindrical costal osteochondral
autograft for reconstruction of large defects of the capitellum due to osteochondritis dissecans.

Methods: Twenty-six patients with advanced osteochondritis dissecans of the humeral capitellum were treated with use
of cylindrical costal osteochondral autograft. All were males with elbow pain and full-thickness articular cartilage lesions of
‡15 mm in diameter. Clinical, radiographic, and magnetic resonance imaging outcomes were evaluated at a mean follow-
up of thirty-six months (range, twenty-four to fifty-one months).

Results: All patients had rapid functional improvement after treatment with costal osteochondral autograft and returned
to their former activities, including sports. Five patients needed additional minor surgical procedures, including screw
removal, loose body removal, and shaving of protruded articular cartilage. Mean elbow function, assessed with use of the
clinical rating system of Timmerman and Andrews, was 111 points preoperatively and improved to 180 points at the time
of follow-up and to 190 points after the five patients underwent the additional operations. Mean elbow motion was 126� of
flexion with 16� of extension loss preoperatively and improved to 133� of flexion with 3� of extension loss at the time of
follow-up. Osseous union of the graft on radiographs was obtained within three months in all patients. Revascularization
of the graft depicted on T1-weighted magnetic resonance imaging and congruity of the reconstructed articular surface
depicted on T2-weighted or short tau inversion recovery imaging were assessed at twelve and twenty-four months
postoperatively. Functional recovery was good, and all patients were satisfied with the final outcomes.

Conclusions: Cylindrical costal osteochondral autograft was useful for the treatment of advanced osteochondritis dis-
secans of the humeral capitellum. Functional recovery was rapid after surgery. Additional operations were performed for
five of the twenty-six patients, whereas the remaining patients showed essentially full recovery within a year. All patients
were satisfied with the results at the time of short-term follow-up.

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

O
steochondritis dissecans of the humeral capitellum is
a common sports-related disorder in young athletes,
especially baseball players and gymnasts. With severe

osteochondritis dissecans, the damaged articular cartilage de-
taches from the capitellum and there is a full-thickness articular

cartilage defect and radiocapitellar incongruity. Treatment for
early-stage osteochondritis dissecans is principally nonoperative.
When the lesion progresses to a large, full-thickness articular
cartilage defect, treatment remains challenging. In the elbow,
arthroscopic debridement has been widely applied with good
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results1-6. However, studies have shown that a large articular
defect should be repaired or reconstructed as this is a risk factor
for subsequent degenerative changes3,7-9.

Results of multiple cylindrical osteochondral plug grafts
for capitellar osteochondritis dissecans with use of a non-
weight-bearing site from the knee (‘‘mosaicplasty’’) have been
encouraging. Shimada et al. reported that postoperative re-
modeling of the graft was observed for two to three years, and
findings from a second look at the reconstructed lesion, in-
cluding histological examination, were excellent10. Several
studies have followed this approach, and most patients re-
turned to their former sports activity without progression of
degenerative changes11-14. However, unavoidable donor-site
problems remain a disadvantage. One report showed no ad-
verse effects on the donor site, whereas another described

unfavorable donor-site problems after mosaicplasty15,16. An-
other disadvantage of this procedure is the fragility of the graft
when placed in the lateral defect of the capitellum10. These are
considered potential risk factors for poor results when the
osteochondritis dissecans lesion is large and involves the lat-
eral aspect of the capitellum11.

The ribs represent another potential donor site for os-
teochondral grafts comprising combined hyaline cartilage and
bone. Several authors have described costal osteochondral
autograft transplantation for upper limb arthroplasty, re-
porting favorable clinical results with minimum donor-site
morbidity17-19. For the elbow, Oka and Ikeda reported the case
of a patient with a large osteochondritis dissecans lesion that
was reconstructed by osteochondral autografting with use of
costal tissue, Sato et al. described several patients treated in

TABLE I Data on the Patients

Case
Age at

Surgery (yr)
ICRS

Classification*

Location and Size of the Lesion

Donor Site
Wedge

Bone Graft
Duration of

Follow-up (mo)

Diameter (mm)

Location† Transverse Vertical Size‡ (%)

1 16 IV LC 20 18 90 5th rib – 51

2 13 III LC 14 18 73 6th rib – 50

3 13 IV C 12 17 71 6th rib – 48

4 16 IV LC 20 15 80 6th rib 1 24

5 43 IV LC 17 13 83 5th rib 1 48

6 13 IV LC 17 21 95 5th rib 1 48

7 14 III C 16 12 69 6th rib – 42

8 16 IV LC 15 12 67 6th rib – 31

9 13 IV LC 18 11 71 6th rib 1 40

10 14 III C 15 21 85 6th rib 1 36

11 16 IV C 11 16 71 5th rib – 32

12 13 III LC 18 15 64 4th and partial
5th ribs

1 42

13 16 IV LC 19 17 92 5th rib 1 36

14 14 III LC 16 18 89 6th rib 1 34

15 15 III LC 13 16 67 6th rib – 34

16 12 IV LC 15 21 71 6th rib 1 32

17 14 III LC 11 16 52 5th rib – 24

18 14 III LC 16 14 64 6th rib 1 36

19 14 III C 13 16 85 6th rib 1 36

20 14 III LC 13 15 53 6th rib 1 36

21 16 IV LC 16 16 71 6th rib – 24

22 14 III C 19 17 70 6th rib 1 36

23 14 III LC 18 19 71 6th rib 1 24

24 16 IV LC 16 12 65 6th rib 1 24

25 16 IV C 13 16 58 6th rib – 33

26 15 IV C 12 17 57 6th rib – 31

Mean 16 16 16 72 36

*ICRS = International Cartilage Repair Society. †LC = lateral aspect of the capitellum, and C = capitellum. ‡Defect size means the percentage of the articular lesion in
the capitellum, as assessed on preoperative radiographs according to the method described by Takahara et al.

7
.
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the same manner, and Mihara et al. followed this procedure
with good results20-23. Costal osteochondral autograft pro-
vides a larger graft than each osteochondral plug in mo-
saicplasty and can cover a large part of the defect, including
the lateral aspect of the capitellum, although the procedure
is technically difficult22. To standardize the procedure, we
modified the costal osteochondral autograft by using a cy-
lindrical graft on the basis of our experiences with mosaic-
plasty. We applied this procedure for severely damaged full-
thickness articular lesions of ‡15 mm in diameter, as a key
advantage of this technique is the applicability to lesions
larger than the diameter of rib cartilage, which is approxi-
mately 15 mm in Japanese males. The goal of this operation is
to obtain a stable and congruent articulation, allowing res-
toration of a painless elbow with good function. This report
describes our retrospective evaluation in a case series of costal
osteochondral autograft for elbows with advanced osteo-
chondritis dissecans.

Materials and Methods

We received institutional review board approval for this clinical research
work.
When a patient is diagnosed with elbow osteochondritis dissecans, grading

is performed on the basis of the results of radiography and magnetic resonance
imaging (MRI), and the treatment is selected according to the treatment chart
(Fig. 1). The surgical indication for cylindrical costal osteochondral autograft is an
International Cartilage Repair Society (ICRS) osteochondritis dissecans (OCD) III
or IV lesion with a diameter of ‡15 mm

24
.

Patients
A total of forty-three patients had undergone this procedure since 2006, with all
surgical procedures performed by one senior surgeon (K.S.). Twenty-six pa-
tients had more than two years of follow-up postoperatively (Table I). Most of
these twenty-six patients were teenage male athletes, with the exception of a
forty-three-year-old man (Case 5) who developed severe elbow pain due to
dislodgement of an old osteochondritis dissecans fragment. The osteochon-
dritis dissecans lesion was located in the central capitellum in eight patients and
in a central-lateral part including the lateral cortex in eighteen patients. The
mean age at the time of surgery was sixteen years (range, twelve to forty-three

Fig. 1

Treatment chart for osteochondritis dissecans (OCD) of the humeral capitellum. Patients with elbow osteochondritis dissecans in the early stage

(suspected ICRS OCD I) are treated conservatively. Patients showing a more advanced stage and/or those for whom conservative treatment for six

months has failed are treated surgically. In patients with ICRS-II lesions, we proceed to stabilizing the lesion (usually with bone peg grafts). For ICRS-III or

IV lesions, we measure the diameter. When the lesion is <15 mm in diameter, we chose a less invasive procedure such as arthroscopic debridement.

When the lesion is ‡15 mm in diameter, we choose a more aggressive reconstructive procedure—initially this was mosaicplasty, but currently we

use osteochondral autograft with costal cartilage. OCD = osteochondritis dissecans, Xp = radiographs, MRI = magnetic resonance imaging, ICRS

OCD = osteochondritis dissecans classification system of the International Cartilage Research Society24, and T1-w and T2-w = T1-weighted and T2-

weighted.
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years). The stage at the time of surgery was ICRS OCD III in twelve patients and
ICRS OCD IV in fourteen patients. The smallest lesion was 11 · 16 mm, and the
largest lesion was 20 · 18 mm. The mean lesion diameter was 16 mm (range,
11 to 21 mm). The mean defect size according to the method described by
Takahara et al. (the ratio of the defect diameter to the capitellum diameter) was
72% (range, 52% to 92%)

7
. The mean duration of follow-up was thirty-six

months (range, twenty-four to fifty-one months).

Surgical Procedure
The surgical procedure consists of five steps (Fig. 2)

25
.

1. Excision or debridement of the unstable lesion. Any loose bodies iden-
tified, particularly in the anterior part of the elbow, are removed arthroscopically.

2. Creation of a cylindrical hole 15 mm deep with use of a high-speed
surgical burr.

3. Elevation of the costal osteochondral junction from the fifth or sixth rib.
4. Preparation of a conical graft approximately 18 mm in height,

including a 5-mm-high cartilage cap and osseous wedges for wedge graft.
5. Packing of graft into the hole, with insertion of a residual osseous

wedge into the cleft between the graft and donor cortex, if necessary. The graft
surface is then shaved to fit the radial head.

One and a half ribs were harvested and grafted in the manner of mo-
saicplasty for a patient with a very large osteochondritis dissecans lesion (Case
12). In the initial two patients (Cases 1 and 2), we added internal fixation using
a compression screw or a headless screw, and the first patient (Case 1) un-
derwent a second operation for removal of the internal fixation. Since estab-
lishing this ‘‘wedge technique,’’ we have not needed to use any internal fixation
because the graft is stable after the procedure.

Postoperative Rehabilitation and Guidance
After two weeks of immobilization of the arm, active exercise is started. The
patient is not allowed to play sports for three months and is allowed to make a
step-by-step return to sporting activities with some limitations once complete
graft union (trabecular continuity) has been achieved. We advise the patient to
return to usual activities without limitation at six months postoperatively, and
allow baseball pitchers to start pitching while limiting the number of pitches per
day and per week until twelve months postoperatively. The patient is subsequently
seen for follow-up evaluation every three or six months in the outpatient clinic.

Assessment
Clinical Assessment
We assessed all patients preoperatively and every three or six months after
surgery (Table II). Subjective findings (pain at rest and during sports or heavy

activity, swelling, catching sensation, and ability to perform activities of daily
living) were obtained, and elbow motion was measured with use of a goni-
ometer (MMI-goniometer; Muranaka Medical Instruments, Osaka, Japan).
Elbow function was assessed according to the clinical rating system described by
Timmerman and Andrews (see Appendix)

26
.

Radiography
Postoperative osseous union of the graft and subchondral osseous remodeling
were assessed on radiography every three to six months. Bridging or continuity
of the trabeculae was defined as osseous union. Three radiographic views,
including anteroposterior, lateral, and a tangential view in 45� of flexion to
assess the anteroinferior area of the capitellum, were made.

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) was performed on a 1.5-T scanner
(MAGNETOM Symphony; Siemens, Erlangen, Germany) at six to twelve
months postoperatively for all patients (three patients at six months and
twenty-three patients at twelve months), with follow-up imaging at eighteen to
twenty-four months postoperatively for twenty-two patients. Conventional
MRI, including T1-weighted, T2-weighted, and short tau inversion recovery
(STIR) imaging was performed with a section thickness of 3.0 mm, in-plane
resolution of 0.8 · 0.6 mm, and field of view of 15 cm. The T1-weighted
imaging used a repetition time of 572 ms, an echo time of 12 ms, and signal
acquisition of one. The T2-weighted imaging used a repetition time of 3500 ms,
an echo time of 71 ms, and signal acquisition of one. STIR imaging used a
repetition time of 4360 ms, an echo time of 82 ms, inversion time of 140 ms,
and signal acquisition of one.

Assessment was performed according to the scoring system of Roberts
et al.

27
(see Appendix). Articular cartilage signal and thickness were not assessed

in this study because those findings were basically different from the sur-
rounding tissue in this operation. Revascularization of the graft was assessed as
changes in underlying bone. The assessment was considered as nearly normal
when most of the graft had regained normal high intensity on T1-weighted
imaging. Postoperative surface integrity and contour of the grafted cartilage
were assessed on T2-weighted or STIR imaging. The assessment was considered
nearly normal when most of the graft surface showed a spherical contour.

Findings at Second-Look Surgery
Additional surgery was performed in five patients at eighteen to twenty-four
months postoperatively because of minor symptoms or for removal of in-
strumentation. We visually assessed the lesion and the reconstructed articular
surface in those five patients.

Fig. 2

Schematic showing the procedure. Detached or unstable articular lesions were completely debrided. Sclerotic subchondral bone was perforated, and the

area of the cartilage defect was deepened cylindrically. The osteochondral junction of the fifth or sixth rib was shaped like a cone and was pressed into the

prepared hole in the recipient site. The cartilage surface was shaped and contoured to fit the radial head with use of a scalpel (black arrows in the

intraoperative photograph). In fifteen patients, residual rib bone was sliced like an osseous wedge and packed into the space between the osteochondral

graft and the posterolateral cortex of the recipient humerus (white arrows in the intraoperative photograph).
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Statistical comparisons of the status preoperatively, postoperatively,
and at the time of the final follow-up were performed. The Timmerman and
Andrews score was assessed with use of Wilcoxon t test because the dates
were nonparametric. Range of motion was assessed with use of the paired
t test because the dates were parametric. P values of <0.05 were considered
significant.

Source of Funding
No external funding source played any role in the investigation in this study.

Results
Clinical Findings

All patients had substantial elbow pain during daily life or
sports activity before the operation. Pain disappeared or

was markedly reduced at the time of follow-up. All patients
returned to previous daily activities without pain within four to
six weeks postoperatively, and all achieved a successful return
to former sporting activities by six months postoperatively. Ten

TABLE II Clinical, Radiographic, and Magnetic Resonance Imaging Data on the Twenty-six Elbows �

Timmerman and Andrews Score* Elbow Range of Flexion-Extension (deg)

Preop. At Follow-up After Revision Preop. Follow-up After Revision

Case Total Pain Overall Total Pain Overall Total Pain Overall Flex. Ext. Flex. Ext. Flex. Ext.

1 70 5 P (130) (20) F 160 20 G 120 245 (125) (230) 135 225

2 125 10 F 175 25 G 175 25 130 210 125 215 125 215

3 110 10 P 195 25 E 195 25 125 215 130 0 130 0

4 120 10 F 200 25 E 200 25 115 0 125 10 125 10

5 135 10 F 200 25 E 200 25 120 0 135 10 135 10

6 50 5 P 140 25 F 140 25 110 240 125 25 125 25

7 125 10 F 200 25 E 200 25 120 25 140 0 140 0

8 110 5 P (95) (10) P 200 25 E 125 210 (125) (230) 135 5

9 115 5 P 200 25 E 200 25 135 25 140 10 140 10

10 145 10 F (170) (20) G 200 25 E 130 25 (140) (5) 140 0

11 145 10 F 200 25 E 200 25 145 25 135 0 135 0

12 120 5 F (170) (20) G 200 25 E 130 25 (130) (0) 135 15

13 65 10 P 200 25 E 200 25 125 245 140 0 140 0

14 85 5 P (130) (10) F 180 25 E 130 230 (135) (220) 130 25

15 140 10 F 200 25 E 200 25 130 0 140 5 140 5

16 45 5 P 180 25 E 180 25 110 265 135 25 135 25

17 110 5 P 195 25 E 195 25 125 225 140 25 140 25

18 130 5 F 200 25 E 200 25 135 25 140 5 140 5

19 135 5 F 175 25 G 175 25 130 215 125 210 125 210

20 145 5 F 200 25 E 200 25 135 0 135 10 135 10

21 120 5 F 200 25 E 200 25 135 25 140 5 140 5

22 145 10 F 200 25 E 200 25 125 25 130 10 130 10

23 115 10 P 170 20 G 170 20 120 220 135 210 135 210

24 115 10 P 175 25 G 175 25 115 25 120 215 120 215

25 80 5 P 200 25 E 200 25 115 220 140 0 140 0

26 90 5 P 185 25 E 185 25 135 230 140 210 140 210

Mean# 111 7 180§ 23 190§ 25 126 216 133§ 23§ 134§ 21§

*According to the criteria of Timmerman and Andrews26, an overall score of E indicated excellent (180-200); G, good (160-179); F, fair (120-159); and P, poor (<120).
Final follow-up status of these patients was the status after revision surgery. †Marrow, or revascularization, was assessed with T1-weighted MRI scans, N indicates
nearly normal marrow intensity, and A indicates abnormal low intensity. Congruity was assessed with T2-weighted short tau inversion recovery scans, with N indicating
round spherical articular surface and A indicating abnormal contour such as protrusion or irregular articular surface. ‡MRI was performed at six months postoperatively
in Cases 1, 2, and 6, as indicated by parentheses. Dates are shown in parentheses. MRI was performed for the other twenty-three patients at nine to twelve months
postoperatively. MRI was performed a second time at approximately twenty-four months postoperatively or before revision surgery. §A significant increase was
detected compared with the preoperative status (p < 0.05) for the Timmerman and Andrews total score at follow-up (p = 0.000009 [or 0.0000084]) and after revision
(p = 0.000008 [or 0.0000083]) and for elbow flexion (p = 0.000141) and extension (p = 0.000377) at follow-up and after revision (p = 0.000041 and p = 0.000015,
respectively). #The Timmerman and Andrews overall score was F for thirteen patients and P for thirteen preoperatively; E for sixteen, G for six, F for three, and P for one
patient at the time of follow-up; and E for twenty, G for five, and F for one after revision. The average arc of motion of the elbow was 110� preoperatively, 131� at follow-
up, and 133� after revision. All twenty-six patients had osseous union. At nine to twelve months, MRI demonstrated a total of ten elbows with normal findings and
sixteen with abnormal findings for marrow and twenty elbows with normal findings and six with abnormal findings for congruity. At twenty-four months or before revision,
twenty elbows had normal findings and two had abnormal findings for marrow and thirteen had normal findings and nine had abnormal findings for congruity. Imaging
was not available for four elbows.
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baseball pitchers started a pitching program at six months, re-
turning to full pitching activity within nine to twelve months.
After returning to full sports and/or daily activity, seven patients
(including five pitchers) showed catching symptoms or mild
pain during heavy elbow activity with deteriorated findings on
MRI. Five of the twenty-six patients received additional minor
surgery at eighteen to twenty-four months postoperatively. The
reconstructed articular surface was identified in those patients.
Two patients had catching (Case 8) or motion pain (Case 14) at
eighteen and twenty-four months, respectively, after the os-
teochondral autografting procedure and showed recurrence
of a loose body or unstable cartilaginous flap lesion repre-
senting part of the cartilage that had peeled off from the re-
constructed capitellum. These lesions were removed and the
rough articular surface was debrided. The involved lesions
were smaller than the original defect as part of the graft sur-
vived. Two patients (Cases 10 and 12) showed a rough surface
protrusion on the lateral corner of the graft area on follow-up
MRI. This protrusion represented hypertrophy of the re-

constructed cartilage and was arthroscopically identified and
shaved (Figs. 3-A and 3-B). Another patient (Case 1) had
already shown osteoarthritic changes before surgery. He was
the first patient in the series, and graft fixation was augmented
with use of a compression screw. The screw was removed with
additional osteophyte debridement as a scheduled operation
at twenty-four months postoperatively. All of these patients
returned to former activities soon after the second surgery,
without any limitation.

The mean arc of motion for elbows was 110� preopera-
tively (126� of flexion to –16� of extension), improving to 130�
(133� of flexion to –3� of extension) postoperatively and to
133� (134� of flexion to –1� of extension) at the time of final
follow-up after all second surgical procedures. Elbow motion
improved significantly both in flexion and in extension from
the preoperative status to the postoperative status (p =
0.000141 for flexion and p = 0.000377 for extension) and to the
status at the time of the final follow-up (p = 0.000041 for
flexion and p = 0.000015 for extension). Elbow function, as

Osseous Union

MRI at 9 to 12 Months†
MRI at 24 Months or Before

Revision†

Marrow Congruity Marrow Congruity Additional Surgery

1 (A)‡ (N)‡ 2 2 At 24 mo postop, removal of screw and
shaving of osteoarthritis

1 (A)‡ (N)‡ 2 2

1 N N N N

1 A N N N

1 A A 2 2

1 (A)‡ (A)‡ N A

1 A N N N

1 A A N A At 18 mo, removal of free body (partial)

1 A N 2 2

1 A N N A At 21 mo, shaving of protruding cartilage

1 N N N N

1 N A N A At 20 mo, shaving of protruding cartilage

1 A N N N

1 A N N A At 24 mo, removal of unstable cartilage tissue

1 N N N N

1 N N N A

1 N N N N

1 A A A A

1 N N N N

1 A N N N

1 N N N N

1 N N N N

1 A N A A

1 A A N A

1 A N N N

1 N N N N

1

TABLE II (continued)
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assessed with use of the clinical rating system of Timmerman
and Andrews, was initially 111 (including thirteen elbows with
fair results and thirteen with poor results), improving to 180
(including sixteen elbows with excellent results, six with good,
three with fair, and one with poor results), and to 190 (in-
cluding twenty elbows with excellent results, five with good,
and one with fair results) at the time of the final follow-up. This
improvement from the preoperative status was significant
compared with the postoperative status (p = 0.000009) and
with the status at the time of final follow-up (p = 0.000008). All
patients returned to their previous level of activity, including
sports or heavy manual labor, and were satisfied with the final
results.

Image Findings
Osseous union of the graft was obtained within three months
in all patients. Grafted cartilage was usually thicker than the
cartilage of the recipient area and continued to be identifiable
as an osseous defect on radiography, but five patients showed
new bone formation compensating for the defect (Figs. 4-A
and 4-B). The defect was not completely buried, but bone
remodeling progressed to match the capitellum in these pa-
tients. One patient (Case 6) showed slight sinking of the re-
constructed capitellum followed by hypertrophic remodeling
of the radial head. Clinical assessment in this patient was rated
as fair because of limitation of motion, but he returned to
playing baseball as an infielder. No other patients showed de-
generative changes or progression of osteoarthritic changes
after surgery.

MRI scans at six months postoperatively did not show
homogeneous signal hyperintensity of the bone part of the
graft on T1-weighted imaging in three patients, which may
indicate poor revascularization. Ten (43%) of twenty-three
patients examined at twelve months postoperatively showed
homogeneous signal hyperintensity on T1-weighted imag-
ing, and the remaining thirteen patients (57%) showed a
combination of high and low-signal intensity, indicative
of possible remodeling. Ten of the patients with low-
signal intensity showed progression of revascularization
at eighteen to twenty-four months. Twenty (77%) of the
twenty-six patients showed congruous joint contours on
T2-weighted or STIR images at six to twelve months post-
operatively. Thirteen (59%) of the twenty-two patients ex-
amined at eighteen to twenty-four months postoperatively
showed congruous joint contours. Those with good pat-
terns on both T1-weighted and T2-weighted imaging gen-
erally experienced a good clinical course (Figs. 5-A and
5-B). Of the patients with an incongruent articular surface
on MRI, two had recurrence of loose or unstable cartilagi-
nous lesions and another two showed a slight hypertrophied
protrusion (Figs. 3-A and 3-B). All four of these patients
were baseball pitchers who returned to high-level activity
within a year. Three of these patients showed abnormal
intensity on T1-weighted imaging at twelve months post-
operatively. The other patients with abnormal findings
on MRI scans at twenty-four months postoperatively had
no symptoms at the time of follow-up, but continued to be
followed.

Fig. 3

Case 10. A patient who returned to activity as a baseball pitcher nine months postoperatively, but had mild pain recur at twenty-one months postoperatively

after overuse. A T2-weighted image (left) shows a spherical but protruding articular surface in the grafted area (white arrows). This protruding articular

surface (right) was identified arthroscopically (black arrows), and the protruding area was shaved. The patient quickly returned to sporting activity after

the second operation.
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Complications
No patient had infection or difficulties with wound-healing.
One patient had postoperative pneumothorax because of dam-
age to the costal pleura during the harvesting of the costal car-
tilage. It was treated with insertion of a chest tube and resolved in

one day. All patients reported donor-site pain for a few days
postoperatively, but no complaints were made after that time.
Some patients showed new subperiosteal bone formation at the
donor site on chest radiography without any symptoms at two
years postoperatively.

Fig. 5

Case 11. MRI scans made twelve months postoperatively. A T1-weighted sagittal image (left) shows well-revascularized subchondral bone in the graft

area, and congruent articular contours are apparent on a T2-weighted sagittal image (right). The patient returned to sporting activity as a Judo athlete

within one year.

Fig. 4

Case 3. Anteroposterior elbow radiograph made immediately postoperatively (left) and anteroposterior elbow radiograph made forty-eight months

postoperatively (right). These images indicate subchondral remodeling of the graft with no progression of degeneration.
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Discussion

Treatment for early-stage osteochondritis dissecans is prin-
cipally conservative, but many patients continue to play

sports, resulting in lesion progression. Unfortunately, most of
our patients with elbow osteochondritis dissecans are in the
progressive stage, showing a large full-thickness articular le-
sion. The elbow is not a weight-bearing area, but it receives very
high load, pressure, and shearing stress during heavy daily and
sports activity. Patients are typically eager to return to their
original activities, including sports, but insufficient treatment
or inadequate guidance can lead to irreversible progressive
osteoarthritis, resulting in not only an end to the sporting ac-
tivity but also to disturbance of daily life. Numerous treatment
options are available for elbow osteochondritis dissecans, such
as open or arthroscopic debridement with or without abrasion
by microfracture or drilling1-9,28; fixation of the osteochondral
fragment with osseous pegs or fixation materials such as wires,
screws, staples, and biodegradable pins with additional bone
graft29-36; and closed-wedge osteotomy of the distal end of the
humerus37,38. However, consensus has been lacking with regard
to dislodgment of loose fragments or very unstable lesions such
as those classified as ICRS OCD III and IV39. This is attributable
to the poor outcomes seen in patients who have undergone re-
section and/or debridement arthroplasty, particularly for large
lesions involving >70% of the capitellum, and to the uncertain
fixation of fragmented unstable osteochondral lesions in com-
petitive athletes1,3,7-9,33.

Osteochondral autograft is one of the most reliable re-
constructive procedures for the treatment of full-thickness
articular defects currently available. This method allows si-
multaneous reconstruction of both the cartilage surface and
the subchondral osseous support. Non-weight-bearing or min-
imal weight-bearing parts of the femoral condyle represent
popular donor sites in the surgical treatment of osteochondral
defects in the knee. Matsusue et al. first described the transfer of
multiple cylindrical osteochondral plugs, and studies by Bobić
and by Hangody et al. popularized this transfer with the use of
sophisticated instruments40-42. These instruments facilitated firm
fixation of the graft, and osteochondral autograft procedures
have thus gained popularity and increased application as so-
called mosaicplasty in other joints, including the elbow42-44.
Shimada et al. reported the usefulness of osteochondral auto-
graft from the knee for elbow osteochondritis dissecans in the
first English-language report of a case series10. Numerous case
series have followed, and the results have generally been excel-
lent11-14. In a recent review article, mosaicplasty was considered
for the treatment of extended lesions in elbow osteochondritis
dissecans45. However, disadvantages such as donor-site problems
and surface irregularity are unavoidable because of the ‘‘mosaic
fashion’’ of the reconstructed articular surface10. For example,
lesions of ‡15 mm in diameter usually need four cylindrical
osteochondral plugs. This means that four deep cylindrical
holes must be created in the patient’s knee. One report on
capitellar osteochondritis dissecans showed no adverse effects
on the donor site; however, another study on talar osteo-
chondritis dissecans found unfavorable donor-site problems

after mosaicplasty15,16. Donor-site problems for large lesions
must therefore be considered. Large lesions located in the lat-
eral capitellum are still technically difficult, even in mosaic-
plasty, as perpendicular insertion of the osteochondral plugs is
difficult, and oblique insertion of the plugs results in an in-
congruent articular surface. Excessively lateral insertion results
in exposure of the fragile cancellous bone of the grafted plug
following breakage10,11. The optimal reconstructive technique
for large osteochondritis dissecans defects would provide sta-
ble, congruent articular reconstruction with minimal donor-
site morbidity.

The ribs represent another potential donor site for re-
construction of articular defects with osteochondral autograft.
This procedure has already been introduced for the treatment
of defects involving the mandible, fingers, carpal bones, and
elbow17-23,46. Good clinical results have been demonstrated,
although the cases of relatively few patients have been re-
ported and the procedure has not been firmly established.
Costal cartilage is hyaline cartilage with similar biomechanical
properties to articular cartilage, and the composition of the
osteochondral junction resembles the subchondral area of the
synovial joint. The technical difficulties and restrictions to
surgical indications for costal osteochondral grafts have been
described20. Matching the shape of the graft with the articular
defect is difficult and requires a very precise technique22. In
the present study, we introduced a new technique using costal
tissue on the basis of our experience with cylindrical os-
teochondral autograft from the knee. We created a cylindrical
hole in the elbow, press-fitted the graft, and shaved the car-
tilage surface using a scalpel to obtain a congruent surface
(Fig. 2)25. Measurement of the depth of the hole and prepa-
ration of the graft height enabled replacement of the sub-
chondral component. In the case of very large lesions, a cleft
exists between the graft and the posterolateral wall of the
recipient capitellum. We shaped the remnant of the rib into a
wedge that was packed into this cleft to stabilize the graft. This
wedge technique was used in fifteen patients (58%), and the
results were similar to those in patients who had osteochon-
dral autograft alone. Donor-site morbidity was low. Careful
stripping of the rib periosteum is important when harvesting
the graft, as accidental laceration of the costal pleura can cause
pneumothorax. New bone formation in the harvested area
and hard scar tissue around the donor site were observed
within two years postoperatively. No patient in this series had
any chest and/or rib discomfort or deformity at the time of
follow-up.

We encountered two patients with recurrent loose
bodies and two patients with impingement of hypertrophied
fibrous tissue over the graft. These patients were baseball
pitchers, all of whom had returned to sports activities after six
to twelve months postoperatively. T1-weighted MRI scans
from three of those patients showed immature remodeling of
the underlying bone at twelve months postoperatively. These
symptoms occurred at around eighteen months postoperatively
and could have resulted from excessive shearing stress on the
immature graft and surrounding tissue. Baseball pitching at six
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to twelve months postoperatively may be excessively strenuous
for the elbow with insufficient graft maturity. Stress on the
grafted cartilage too early is likely to risk poor results. For
athletic patients, timing of the return to activities should be
carefully planned, particularly for those who do not show ad-
equate remodeling of the graft on MRI. We currently allow
such patients to increase participation in sporting activities in a
step-by-step manner after six months postoperatively. Full
activity is allowed for patients showing homogeneous signal
intensity on T1-weighted imaging and a congruous articular
surface on T2-weighted or STIR imaging at twelve months
postoperatively.

Overall results of cylindrical costal osteochondral au-
tograft were comparable with those for previously described
procedures such as arthroscopic debridement or mosaic-
plasty. Clinical findings were good, with minimal donor-site
morbidity at a mean follow-up of thirty-six months. MRI
is useful for postoperative assessment of the lesion. Patients
were quickly able to return to previous activities and were
satisfied with the results, although proper postoperative
guidelines for athletes must be considered. While long-term
follow-up is clearly necessary, the approach described in the
present study could represent a new surgical option for ar-
ticular reconstruction of elbows with full-thickness articular
cartilage lesions, such as osteochondritis dissecans of the
capitellum.

Appendix
Tables showing the clinical rating system described by
Timmerman and Andrews26 and the magnetic resonance

image scoring system of Roberts et al.27 are available with the
online version of this article as a data supplement at jbjs.org. n
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