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Osteochondral Transplantation
in the Elbow Leads to Good Clinical
and Radiologic Long-term Results

An 8- to 14-Year Follow-up Examination

Stephan Vogt,*y MD, Sebastian Siebenlist,z MD, Daniel Hensler,y MD, Lizzy Weigelt,y

Patrick Ansah,y MD, Klaus Woertler,§ MD, and Andreas B. Imhoff,y MD
Investigation performed at Klinikum rechts der Isar, Technische
Universität München, Munich, Germany

Background: In the long-term follow-up after debridement, microfracture, or drilling of osteochondral lesions in the elbow, sub-
sequent osteoarthritis is a problem. Osteochondral transplantation for these defects has become a more common procedure.
However, long-term results are unknown.

Purpose: This study was undertaken to evaluate long-term clinical and radiologic outcomes of advanced osteochondral lesions in
the elbow treated with osteochondral transplantation.

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

Methods: The study included 8 patients with osteochondral lesions in the elbow who were treated by autologous osteochondral
transplantation between 1996 and 2002. Patients (average age, 17 years) were evaluated pre- and postoperatively by Broberg-
Morrey score to assess elbow function and by American Shoulder and Elbow Surgeons (ASES) score for pain analysis. In addi-
tion, radiographs (at the first postoperative day, and at 5-year and 10-year follow-up) and magnetic resonance images (8 to 12
weeks postoperatively, and at 5-year and 10-year follow-up) were made to evaluate the joint status. At last follow-up (range,
8-14 years postoperatively), 7 of 8 patients were seen for clinical examination and radiologic analysis.

Results: The Broberg-Morrey score increased from an average of 75.9 6 13.1 to 96.4 6 2.4 and ASES score significantly improved
as follows: worst pain, 7.9 6 1.1 to 1.6 6 1.9; rest pain, 3.14 6 2.7 to 0.6 6 1.5; weight-lifting pain, 7.6 6 0.8 to 3.1 6 1.6; and repet-
itive movement pain, 5.3 6 2.4 to 1.6 6 1.5. Compared with the contralateral side, there was a mean preoperative flexion lag of
12.5� 6 11.6�. At the final follow-up, flexion was free. The mean extension lag was reduced from average 5.4� 6 5.7� to 0�. Radio-
graphs of 2 patients made at final follow-up showed mild signs of osteoarthritis (Kellgren and Lawrence grade I). Postoperative mag-
netic resonance images showed graft viability in all and a congruent chondral surface in 6 of 7 patients.

Conclusion: Clinical long-term results after osteochondral transplantation in the elbow are good to excellent and comparable
with midterm results in the literature. Therefore, this technique is a reliable option for satisfactory long-term results regarding treat-
ment of advanced osteochondral lesions in the elbow.

Keywords: osteochondral lesion; osteoarthritis; osteochondral transplantation; elbow

Osteochondral lesions mainly affect adolescent and young
adult athletes engaged in repetitive overhead and upper

extremity weightbearing activities. Often, these lesions
are found in the humeral capitellum of teenaged baseball
players.16,45 Different mechanisms have been discussed
for pathogenesis of osteochondral lesions in the
elbow.1,4,5,10,25,32,35,39 In particular the repetitive compres-
sion by valgus extension overload is considered the main
cause leading to osteochondral lesions of the capitellum.4,32

Early stages of osteochondral lesions in the elbow are usu-
ally managed nonoperatively, and good clinical results can be
expected.42 Lesions in patients with open growth plates are
classified as stable if elbow mobility is good. In contrast,
lesions in patients after epiphyseal plate closure are classi-
fied as unstable if elbow mobility is poor.41 The lack of
response to nonoperative treatment and the separation or
fragmentation of the osteochondral lesion are generally
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classified as indications for surgical therapy. Diverse surgi-
cal techniques have been described in the past including
removal of free fragments, drilling, abrasion arthroplasty,
closed-wedge osteotomy, and reattachment of the frag-
ments.18,24,26,34,36,43 Nevertheless, debridement procedures
in particular often lead to insufficient clinical results and
show a high risk of subsequent osteoarthritis.6,9

In the last several years, the autologous osteochondral
transplantation method was introduced for treatment of
advanced osteochondral lesions in the elbow.3,19,20,28,45 In
the present study, autologous osteochondral transplantation
was performed in stage III or IV lesions according to the sys-
tem of Dipaola et al.13,30 Short-term to midterm results of this
surgical technique in the elbow were encouraging in several
studies, showing both good to excellent clinical results and
no or less increase in degenerative radiologic changes.3,19,20,45

However, no clinical results with an average follow-up of
more than 5 years are reported in the literature. It was shown
in the glenohumeral joint that in the long-term follow-up after
osteochondral transplantation, degenerative changes
increased.23 This is one concern in the treatment of osteochon-
dral lesions in the elbow. Another concern is possible donor-
site morbidity in the long-term follow-up,33 whereas after
up to 5 years postoperatively, this was not a problem.3,21,31

The purpose of this study was to evaluate the clinical
and radiologic long-term results of patients with advanced
osteochondral lesions in the elbow treated by autologous
osteochondral transplantation.

MATERIALS AND METHODS

Patients

Eight patients with advanced osteochondral lesions in the
elbow, including the capitellum humeri (n = 6), the trochlea

(n = 1), and the radial head (n = 1), who were treated by
autologous osteochondral transplantation between 1996
and 2002 were evaluated (Table 1). There were 4 women
and 4 men with an average age of 17 years (range, 15-21
years) at the time of surgery. Affected were 4 left and 4 right
elbows; all patients were right-hand dominant. Five
patients were actively engaged in competitive sports (bas-
ketball, skiing, tennis, gymnastics, soccer). Two patients
were playing volleyball and 1 was playing tennis at a recre-
ational level. All patients had preoperative radiographs and
MRI showing stage III or IV lesions classified by the staging
system of Dipaola et al.13 Six patients had failure of nonop-
erative treatment after more than 6 months, with consistent
pain and functional elbow restrictions in activities of daily
living. In 2 patients, previous surgeries had failed (refixa-
tion of a loose fragment in 1 patient and arthroscopic
debridement in another). In the present study, the indica-
tions for osteochondral transplantation in the elbow were
an unsuccessful nonoperative treatment longer than 6
months or failed previous surgery in combination with an
osteochondral defect grade III (breached articular cartilage,
high-signal T2 changes behind fragment) or IV (loose body
with defect of articular surface) in the elbow according to
the classification system of Dipaola et al.13

Operative Technique

Surgery was performed in all patients by the senior author
(A.B.I.). The operative technique was described previously.
Briefly, the patient was positioned supine on the operating
table under general anesthesia. A tourniquet was placed
on the affected upper arm. Mostly, a lateral approach
with a longitudinal incision extending from the lateral epi-
condyle along the radial head and the anconeus muscle
was used. The fascia was split between the anconeus and

TABLE 1
Patients With Osteochondral Lesions in the Elbowa

Level of Sports

Patient Age, y Defect Side

Dominant

Side

Before

Treatment

After

Treatment

Graft

Size,

mm

Broberg-

Morrey

Pre/Post

ASES

Worst

Pre/Post

ASES

Rest

Pre/Post

ASES

WL

Pre/Post

ASES

Repet

Pre/Post

Lysholm

Pre/Post

Follow-

up, y

1 15 Capitellum R R Tennis

(recreational)

Tennis

(recreational)

10 76/95 6/2 2/0 8/4 4/2 100/100 14

2b 21 Capitellum L R Basketball

(competitive)

Basketball

(competitive)

11 79/100 5/2 1/0 5/0 3/0 100/100 7

3 15 Capitellum L R Skiing

(competitive)

Mountain

infantry

9 87/100 8/0 2/0 8/0 8/0 100/100 11

4 15 Radial head R R Tennis

(competitive)

Tennis

(competitive)

10 48/100 9/5 4/0 6/4 7/4 100/100 9

5 18 Capitellum L R Gymnastics

(competitive)

Gymnastics

(competitive)

11 79/95 8/3 1/0 8/5 8/3 100/100 9

6 15 Trochlea R R Volleyball

(recreational)

Volleyball

(recreational)

9 78/95 9/0 8/0 8/3 5/1 100/70 9

7 19 Capitellum R R Soccer

goalkeeper

(competitive)

Body

building

9 76/95 8/0 0/0 8/3 2/0 100/89 8

8 16 Capitellum L R Volleyball

(recreational)

Volleyball

(recreational)

9 87/95 7/1 5/0 7/3 3/1 100/70 8

aPre/Post, preoperative/postoperative; ASES, American Shoulder and Elbow Surgeons pain scores; WL, weight-lifting (pain); repet, repetitive movement.
bPatient was not able to evaluate clinically at the 10-year follow-up (2010); last follow-up for this patient was 7 years postoperative.
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extensor carpi ulnaris muscles. The joint capsule was
exposed and then longitudinally incised anterior to the
radial head. The annular ligament was preserved. A prox-
imal release (with later repair) of the lateral collateral lig-
ament was necessary to access lesions that were centrally
located in the capitellum or in the radial head. In the case
of a dorsal capitellum lesion, a dorsoradial approach was
used and for an anterior capitellum lesion, an anterolateral
approach was used. Usually the defect was well exposed in
full elbow extension. However, for dorsal capitellum
lesions, the exposure was better in flexion. The size of
the lesion was measured and the defect was excised as
a cylindrical bone plug, with use of a special device (Osteo-
chondral Autograft Transfer System [OATS], Arthrex,
Naples, Florida). Subsequently, an osteochondral cylindri-
cal donor graft was harvested from the non-weightbearing
area2,3 of the proximal lateral femoral condyle of the ipsi-
lateral knee through a small lateral parapatellar arthrot-
omy. The obtained cylinder of appropriate depth was
then transplanted and press-fit into the recipient site of
the elbow. Because of different cartilage thicknesses
between knee11,14 and elbow joints,40 it was important to
consider this for the implantation of the osteochondral
graft to achieve cartilage congruity. As a result, both the
subchondral bone of graft and host were often not
congruent.

Postoperative Management

The postoperative regimen involved free passive range of
elbow motion, emphasizing full flexion and extension for 2
weeks, and then active range of motion was free. Weightbear-
ing or lifting of heavy loads was restricted for at least 6
weeks. Weightbearing on the knee was allowed as tolerated.

EVALUATION

Eight patients were evaluated at an average follow-up of
10 years (range, 8-14 years) after surgery. One patient
(patient 2) was only evaluated by a telephone call at the
10-year follow-up. He was not willing to come for clinical
examination and radiologic analysis at this time. Seven
of 8 patients were seen pre- and postoperatively in the out-
patient clinic at last follow-up. For the study evaluation,
personal interviews and physical examinations were car-
ried out by an independent investigator not involved in
the patients’ initial surgical management. The examina-
tion included the range of motion of the elbow, the assess-
ment of Broberg-Morrey scores for functional outcome, and
patient self-evaluation of American Shoulder and Elbow
Surgeons (ASES) scores for analysis of pain. The ipsilateral
knee was additionally examined for donor-site morbidity
(Lysholm score). Follow-up radiographs were taken on
the first postoperative day and at 5-year follow-up and at
10-year follow-up; an MRI scan was acquired 8 to 12 weeks
postoperatively, at the 5-year follow-up (exception at 5-
year follow-up: patient 1), and at 10-year follow-up evalua-
tion (exception at 10-year follow-up: patient 2) to control

ingrowth, positioning, viability of the transplanted graft,
and degenerative changes.27

Statistical Analysis

Statistical analysis was performed using a paired t test to
determine the effect of osteochondral transplantation for
the treatment of osteochondral lesions in the elbow on objec-
tive and subjective scores. Significance was set at P \ .05.

RESULTS

Seven patients returned for evaluation after an average
follow-up of 10 years (range, 8-14 years). One patient (patient
2; Table 1) could only be evaluated by a telephone call. He
was completely free of symptoms in the treated elbow and
the donor knee. The clinical and radiologic outcomes are
summarized in Tables 1 and 2. The average diameter of
the defect was 9.9 6 1.0 mm (range, 9-11 mm). In every
case, the transplantation of 1 autologous osteochondral cylin-
der was sufficient to cover the defect. At the final follow-up
visit, the extension lag was reduced from 5.4� 6 5.7� (range,
0�-15� preoperatively) to 0� postoperatively; flexion was
increased by 12.5� 6 11.6� (range, 0�-30�) and was equal to
the contralateral side in all patients. The Broberg-Morrey
score increased significantly from preoperative 75.9 6 13.1
to 96.4 6 2.4 (P \ .0091) and pain was significantly reduced
measured by the ASES score (worst pain, 7.9 6 1.1 to 1.6 6

1.9, P \ .0001; rest pain, 3.14 6 2.7 to 0.6 6 1.5, P \ .0298;
weight-lifting pain, 7.6 6 0.8 to 3.1 6 1.6, P \ .0004;
repetitive movement pain, 5.3 6 2.4 to 1.6 6 1.5, P \
.0026). In radiographs of patients 1 and 3 taken at the 10-
year follow-up visit, minimal signs of osteoarthritis were
detected; the radiographs of all other patients were without
any degenerative changes (Figures 1 and 2). In patient 3,
small osteolytic lesions and cortical irregularities at the lat-
eral (radial) condyle were seen. In patient 1, very small cor-
tical irregularities of the lateral (radial) condyle were
detected. There was no joint narrowing in radiographs of
any patient. In addition, according to the staging system of
Kellgren and Lawrence,22 the grade of osteoarthritis was
analyzed. Radiographs of patients 1 and 3 showed grade I
osteoarthritis. In every patient, the last MRI showed graft
viability and full integration of the transplant (Figure 3). A
slightly incongruent chondral surface was seen in 1 patient
(patient 1; Table 1, Figure 4). In 3 patients (patients 1, 3,
and 6), subchondral cysts were seen (Table 2) and in 2 of
them (patients 3 and 6), an additional subchondral edema
was seen. In patients 1 and 3, cartilage lesions of the capitel-
lum and in patients 1, 3, 4, and 7 cartilage lesions of the
radius were seen on MRI. These lesions were detected by
an increase of the cartilage T2 signal. In addition, in patient
3, there was a partial-thickness defect of transplanted carti-
lage (Noyes score II15). However, because of different carti-
lage thicknesses in the elbow and knee joint, it is difficult
to detect a partial-thickness defect. Therefore, it is necessary
to analyze cartilage quality in MRI at different time points.
In comparison with previous MRI analyses (8-12 weeks and
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5 years postoperatively), there was a detectable loss of carti-
lage thickness only in patient 3.

No additional surgical procedure was necessary in any
patient. All patients returned to sports without limitations.
However, 2 of the 8 changed discipline and activity level, not
because of the clinical outcome but because of their age and
work requirements. Three patients complained casually
about mild pain in the donor knee at the 10-year follow-up
visit. The Lysholm score for the donor knee was 89.9 6

14.14 (range, 70-100) at this time. All patients were satisfied
and would undergo the same procedure again.

DISCUSSION

The clinical results (Broberg-Morrey and ASES scores) of
the current study were good to excellent after osteochon-
dral transplantation in the elbow at 10-year follow-up
(range, 8-14 years). In MRI, all transplants were viable
and integrated and there were only minimal signs of

osteoarthritis in radiographs of 2 patients. An incongruent
chondral surface was seen in 1 patient. Small subchondral
cysts were found in 3 patients and subchondral edema in 2
patients. However, these radiologic findings did not corre-
late with clinical results. For example, the clinically
‘‘worst’’ patient had the ‘‘best’’ radiographs and MRI. These
results are comparable with those of a current published
study for osteochondral transplantation in the talus. Imh-
off et al17 detected cysts of the subchondral bone, similar to
our patients, without any correlation to clinical outcomes.

Osteochondral lesions in early stages in young patients
often heal with nonoperative treatment.42 If nonoperative
treatment fails,3,41 patients can have persistent pain and
reduced range of motion because of the presence of loose
bodies in the joint and surgical intervention may become
necessary. Sometimes loose fragments can be reattached.26

Several treatment options have been described, such as

TABLE 2
Radiologic Results of MRI and Radiograph Imaging at 10-Year Follow-up Visita

Patient Integration Vitality Incongruency Cysts Edema

Noyes Score
Capitellum/

Trochlea, 0-IV
Noyes Score
Radius, 0-IV

Osteoarthritis
Kellgren-

Lawrence, 0-IV

1 Complete Complete Yes Yes No I I I
2 X X X X X X X X
3 Complete Complete No Yes Yes II I I
4 Complete Complete No No No 0 I 0
5 Complete Complete No No No 0 0 0
6 Complete Complete No Yes Yes 0 0 0
7 Complete Complete No No No 0 I 0
8 Complete Complete No No No 0 0 0

aX indicates no radiologic examination at 10-year follow-up (2010).

Figure 1. Postoperative radiographs, AP (A) and lateral (B),
of the right elbow in patient 1 showing minimal degenerative
changes 14 years after osteochondral transplantation in the
capitellum.

Figure 2. Postoperative radiographs, AP (A) and lateral (B),
of the left elbow in patient 3 showing minimal signs of oste-
oarthritis 11 years after osteochondral transplantation in the
capitellum. Arrow indicates a loose body.

2622 Vogt et al The American Journal of Sports Medicine



debridement, microfracture, or drilling of the defect to
induce replacement tissue.7-9,36 Overall long-term results
of these methods are not satisfying. Bauer et al6 reported
more than 50% of patients with reduced range of motion,
radiologic signs of osteoarthritis, and increase of the radial
head diameter. Brownlow et al9 reported in 2006 about 29
patients with osteochondral defects of the capitellum and
arthroscopic debridement. After 77 months, the majority
of patients had mild or no pain. However, 38% had recur-
rence of locking or catching. Radiographs of 18 patients
with mild or moderate tenderness over the capitellum
identified evidence of flattening of the capitellum in 12

patients, degenerative changes in 6 patients, and loose
bodies in 5 patients.

Short- to medium-term follow-up studies of osteochon-
dral transplantation in the elbow have shown overall
good to excellent clinical and radiologic results. In 2001,
Nakagawa et al29 reported on osteochondral grafting and
arthroplasty in 1 case with end-stage osteochondritis disse-
cans achieving a good result at a follow-up of 35 months.
Yamamoto et al45 described an osteochondral autograft
transplantation for osteochondritis dissecans in the elbow
in juvenile baseball players who had a good outcome after
a minimum 2-year follow-up interval. In addition, Tsuda
et al44 reported a successful outcome in a series of non-
throwing athletes but with a short follow-up. In our previ-
ously published study,3 in which we reported on patients 2
through 8 of the present case series, radiographs docu-
mented no increase of radial head diameter or development
of osteoarthritis. The postoperative MRI showed graft via-
bility in all cases. In MRI and radiographs, there were no
signs of osteoarthritis. All patients returned to free range
of motion and full weightbearing. Even though they
returned to sports without limitation, 2 of 7 changed disci-
pline and level. This was not caused by the clinical outcome
of the surgical procedure but because of their age and work
requirements.

To our knowledge, a long-term follow-up of osteochon-
dral transplantation in the elbow has not been published
in the literature. Kircher et al23 reported an increase in
degenerative changes in the glenohumeral joint 9 years
after autologous osteochondral transplantation in contrast
to their first examination after 3 years.38 However, the
clinical results were good.

The present study has some limitations, including the
small number of patients. Furthermore, this study did not
involve baseball players. Osteochondral lesions of the capi-
tellum are often found in teenaged baseball players.
Because of higher loading and impact to the elbow joint,16,32

the outcomes of patients playing baseball might be different
from nonthrowing athletes as reported in our series.

It is possible that metabolic differences of chondrocytes
in the elbow and knee exist, because these differences were
already found in different regions of a single joint (eg, the
knee37). However, until now there is no proof of differences
between the elbow and knee regarding chondrocyte metab-
olism. Such differences may influence the long-term sur-
vival of the transplanted cartilage.

An obvious disadvantage of the described procedure is
the necessity to expose the knee joint. After a mean
follow-up of 5 years, no patient complained about knee
pain or functional problems. In contrast, after a mean
follow-up of 10 years, 3 patients had sometimes mild
knee pain and a decreased Lysholm score compared with
preoperative levels (without additional trauma). Our
results for the Lysholm score (89.9 6 14.14) are slightly
unfavorable when compared with normal subjects. Demi-
rdjian et al12 administered the Lysholm score to a normal
population consisting of 418 individuals with an average
age of 17.6 years. For male participants, the Lysholm score

Figure 3. Postoperative MRI scans, T1 coronal (A) and T2
sagittal (B), of the left elbow in patient 5 taken 9 years after
osteochondral transplantation in the capitellum. MRI shows
graft viability and a congruent chondral surface, and no
detection of subchondral cysts or bone edema.

Figure 4. Postoperative MRI scans, T1 sagittal (A) and T2
coronal (B), of the right elbow in patient 1 taken 14 years after
osteochondral transplantation in the capitellum. MRI shows
graft viability and a slight incongruent surface, and detected
a subchondral cyst in the transplanted graft.
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was on average 99.1, and for females it was 97.2. However,
8 to 14 years postoperatively, there could be also age- or
work-related reasons for a declined Lysholm score (body-
builder, patient 7; waitress, patients 6 and 8).

CONCLUSION

The transplantation of autologous osteochondral cylinders
provides the opportunity to repair advanced osteochondral
lesions with hyaline cartilage and to restore the subchon-
dral bone. The clinical long-term results are particularly
encouraging, although mild signs of osteoarthritis were
detected in 2 patients. Compared with other surgical tech-
niques like microfracture or debridement in the literature,
clinical results are better and degenerative changes are
less in our patients.
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