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Osteochondral Transplantation to
Treat Osteochondral Lesions in the Elbow

By Patrick Ansah, MD, Stephan Vogt, MD, Peter Ueblacker, MD,
Vladimir Martinek, MD, Klaus Woertler, MD, and Andreas B. Imhoff, MD

Investigation performed at the Department of Orthopedic Sports Medicine, Technical University Munich, Munich, Germany

Background: Effective treatment of osteochondral lesions in the elbow remains challenging. Arthroscopic débride-
ment and microfracture or retrograde drilling techniques are often insufficient and provide only temporary symptom-
atic relief. The purpose of this study was to evaluate the treatment of these lesions with osteochondral autografts.

Methods: From 1999 to 2002, seven patients with osteochondral lesions of the capitellum humeri (five patients),
trochlea (one patient), or radial head (one patient) were treated with cylindrical osteochondral grafts, which were har-
vested from the non-weight-bearing area of the proximal aspect of the lateral femoral condyle. The patients (three
female and four male patients with an average age of seventeen years) were evaluated preoperatively and postopera-
tively, with an average follow-up of fifty-nine months. The Broberg and Morrey score was chosen for functional evalua-
tion of the elbow (with regard to motion, pain, strength, activities of daily living, and stability), and the American
Shoulder and Elbow Surgeons score was used for the analysis of pain. All patients had imaging studies done preop-
eratively to evaluate the defect and postoperatively to assess the ingrowth and viability of the graft. The ipsilateral
knee was examined for donor-site morbidity.

Results: The Broberg and Morrey score improved from a mean (and standard deviation) of 76.3 + 13.2 preopera-
tively to 97.6 £ 2.7 postoperatively, and pain scores were significantly reduced (p < 0.05). The mean elbow extension
lag of 4.7° £ 5.8° was reduced to 0° postoperatively. Compared with the contralateral side, there was a mean preop-
erative flexion lag of 12.9° + 13.8°. At the time of the final follow-up, flexion was free and was equal bilaterally in all
patients. None of the plain radiographs made at the time of follow-up showed any degenerative changes or signs of
osteoarthritis. The postoperative magnetic resonance imaging scans showed graft viability and a congruent chondral
surface in all seven patients. No donor-site morbidity was noted at one year postoperatively.

Conclusions: The osteochondral autograft procedure described in the present study provides the opportunity to re-
tain viable hyaline cartilage for the repair of osteochondral lesions in the elbow while restoring joint congruity and
function and perhaps reducing the risk of osteoarthritis. These medium-term results suggest that the risks of a two-
joint procedure are modest and justifiable. In addition, the described technique provides an option for revision sur-
gery after the failure of other surgical procedures.

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

the elbow are a treatment challenge. In most cases, the ~ chondritis dissecans affecting the capitellum', the trochlea™, or
radiohumeral joint is affected. These conditions have  the radial head. All of these may lead to osteoarthritis.
been variably described as Panner disease (juvenile osteonecro- Panner disease by definition occurs between the ages of

O steonecrosis and chondral or osteochondral lesions in  sis of the capitellum humeri) or osteochondral lesions or osteo-
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TABLE | Magnetic Resonance Imaging Classification of Osteochondral Lesions and/or Osteochondritis Dissecans According to

the Staging System Described by Dipaola et al.*

Grade Characteristics on Magnetic Resonance Imaging

I\ Loose body with defect of articular surface

| No break in articular cartilage and thickening of articular cartilage
I Articular cartilage breached, with low-signal rim behind fragment indicating fibrous attachment

1} Articular cartilage breached, with high-signal T2 changes behind fragment suggesting fluid behind the lesion

six and ten years with a predilection for males, and it resolves
spontaneously’. Osteochondral lesions and osteochondritis
dissecans primarily affect adolescent and young adult athletes
engaged in repetitive overhead and upper extremity weight-
bearing activities. The cause of these conditions is unknown.
Genetic predisposition, repetitive microtrauma, ischemia, or
microvascular thrombosis all have been implicated’"*. Usually
the dominant side is affected"”. Schenck et al. showed that the
cartilage comprising the lateral aspect of the capitellum is
weaker than the medial cartilage. Thus, valgus extension over-
load may lead preferentially to damage in this area™.

Patients present with pain in the affected elbow, which
increases with activity and is often accompanied by stiffness,
pain at night, loss of range of motion, and sometimes clicking
and locking.

The diagnosis can usually be made radiographically. In
addition to standard radiographs, including anteroposterior
and lateral views, tangential radiographs at 45° of elbow flex-
ion* should be made to show the extent and stage of the dis-
ease. Marked flattening of the lateral aspect of the capitellum
humeri can been seen in the early stages”?'. Magnetic reso-
nance imaging allows earlier diagnosis and better classifica-
tion of the lesions with use of the staging system of Dipaola et
al.?* (Table I). This staging system was first used for osteo-
chondral lesions and/or osteochondritis dissecans of the knee
and talus and has accurately correlated magnetic resonance
imaging with arthroscopic findings. More recently, it has been
used to classify osteochondritis dissecans of the elbow™.

Nonoperative treatment''"*** may be chosen for young
patients before physeal closure in stage-1 and II (stable) lesions
and in stage-IIT and IV (unstable) lesions when the symptoms
have been present for less than six months. For surgical treat-
ment, various procedures that have been described include ar-
throscopic débridement, microfracture, retrograde drilling,
reattachment of a loose fragment, or even closing-wedge os-
teotomy of the lateral aspect of the distal end of the humerus to
reduce compression forces across the radiohumeral joint"*¥.
These techniques, however, may be insufficient, provide only
temporary relief, and still carry a high risk of subsequent
arthritis®. Furthermore, none of these techniques can restore
hyaline cartilage except for reattachment of a loose fragment.
In contrast, osteochondral transplantation can replace the de-
fect with hyaline cartilage. This technique, initially established
by Hangody et al. as mosaicplasty’ for focal cartilage defects in
the femoral condyle, has found widespread acceptance and has

been used in several joints”*. The aim of this study was to as-
sess whether osteochondral transplantation in the elbow is a
reasonable option to treat osteochondral lesions.

Materials and Methods
F rom 1999 to 2002, seven patients with osteochondral le-
sions of the capitellum humeri (five patients), trochlea
(one patient), or radial head (one patient) were treated sur-
gically with osteochondral transplantation (Table II). Over
the same period, this method was used to treat lesions in
other joints (femoral condyle, tibial plateau, patella, ankle
joint, and glenohumeral joint) in more than 400 patients
in our department. Cylindrical osteochondral grafts were
harvested from the non-weight-bearing area” of the proxi-
mal part of the lateral femoral condyle in the ipsilateral knee
and were transplanted into the defect zone with use of an os-
teochondral autotransplantation system (OATS; Arthrex,
Naples, Florida). There were three female and four male pa-
tients with an average age of seventeen years (range, fifteen
to twenty-one years) at the time of surgery. Four left and
three right elbows were affected, and all patients were right-
hand dominant. The average duration of follow-up was 59.3
months (range, forty-two to eighty-three months). For ev-
ery patient, plain radiographs were made and magnetic
resonance imaging scans were acquired preoperatively, post-
operatively, and at the time of the final follow-up to evaluate
the lesions and to assess ingrowth, positioning, and viability
of the transplanted graft®. Five patients had been previously
actively engaged in competitive sports, and the other two
patients played volleyball at a recreational level. All patients
had stage-III or IV* lesions on magnetic resonance imaging
(Fig. 1). All had either had failure of nonoperative treatment
after more than six months or failure of a previous surgery
(repeat fixation of a loose fragment in one patient and ar-
throscopic débridement in another patient). All patients
were seen preoperatively and postoperatively and were eval-
uated in the outpatient clinic during follow-up visits by one
of us (P.A.). The Broberg and Morrey score was chosen for
functional evaluation of the elbow. This clinical score, sug-
gested by Morrey et al.**, considers motion, pain, strength,
activities of daily living, and stability. The completion of an
American Shoulder and Elbow Surgeons (ASES) form was
used to assess pain®'. The ipsilateral knee was examined for
donor-site morbidity. Radiographs were made on the first
postoperative day and at the time of the five-year follow-up
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Fig. 1

Preoperative anteroposterior radiograph (A) and T2-weighted magnetic resonance imaging

scan (B) of the right elbow demonstrating an isolated osteochondral defect of the capitel-

lum. The articular cartilage is breached, and there are high-signal changes behind the

fragment, suggesting the presence of fluid behind the lesion. This is a grade-lll lesion.

and/or the last follow-up visit. A magnetic resonance imag-
ing scan was acquired eight to twelve weeks postoperatively
and at five years and/or the final follow-up evaluation.

Operative Technique

Under general anesthesia, the patient is positioned supine on
the operating table and a tourniquet is placed on the affected
upper arm. The arm and ipsilateral knee are draped and dis-

TABLE Il Patients with Osteochondritis Dissecans in the Elbow

infected in a standard manner. Preoperatively, a single dose
of antibiotic (1.5 g of cefuroxime) is given intravenously. We
use a lateral approach with a longitudinal incision extending
from the lateral epicondyle along the radial head and the an-
coneus muscle. The fascia is split between the anconeus and
the extensor carpi ulnaris muscles. The joint capsule is ex-
posed and then longitudinally incised anterior to the radial
head. The annular ligament is preserved. Depending on the

Level of Sports

Defect Dominant Before After
Case Age (yr) Location Side Side Treatment Treatment
1 21 Capitellum L R Basketball (competitive) Basketball (competitive)
2 15 Capitellum R Skiing (competitive) Mountain infantry
3 15 Radial head R R Tennis (competitive) Tennis (competitive)
4 18 Capitellum L R Gymnastics (competitive) Gymnastics (competitive)
5 15 Trochlea R R Volleyball (leisure) Volleyball (leisure)
6 19 Capitellum R R Soccer goalkeeper (competitive) Fitness sports
7 16 Capitellum L R Volleyball (leisure) Volleyball (leisure)

*The values are given as the preoperative score/postoperative score.
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Fig. 2

A: Surgical exposure of the right elbow from the lateral view, demonstrating an osteochondral de-
fect of the capitellum humeri. B: The defect has been repaired with use of a single osteochondral

autograft cylinder.

location of the lesion, a proximal release (with later repair)
of the lateral collateral ligament may be necessary. For ante-
rior lesions, a proximal release for up to 2 to 3 mm is nor-
mally sufficient and, for central lesions, a complete release
may be required. In the case of a dorsal lesion, a dorsoradial
approach is used. With this approach, release of the lateral
collateral ligament is not necessary.

Once the radiohumeral joint is well exposed, moving
the joint in extension and flexion as well as rotating the radius
allows a thorough inspection. Usually the defect in the capitel-
lum is well exposed in full elbow extension. The size of the le-
sion is measured and the defect is excised as a cylindrical bone
plug, with use of a special device (OATS; Arthrex). Subse-
quently, an osteochondral cylindrical donor graft is harvested
from the non-weight-bearing area” of the proximal aspect of
the lateral femoral condyle of the ipsilateral knee through a
small lateral parapatellar arthrotomy. The obtained cylinder of
appropriate depth is then press-fit into the recipient site of the
elbow, with care being taken to ensure congruity of the chon-
dral surfaces (Fig. 2). The donor cylinder must be cut to the

correct length so that its cartilage surface is congruent with
that of the host bone. If it is too short, additional cancellous
bones should be obtained from the donor site of the knee and
packed underneath the graft. The postoperative regimen in-
volves free passive range of motion, emphasizing full flexion
and extension for two weeks, and then free active range of mo-
tion is allowed. Weight-bearing or lifting of heavy loads is re-
stricted for at least six weeks. Weight-bearing on the donor
knee is allowed as tolerated.

Statistical Analysis

Statistical analysis was performed with use of a paired t test
to determine the effect of osteochondral transplantation on
the treatment of the osteochondral lesion as calculated on
the objective and subjective scores. Significance was set at
p < 0.05.

Results
rom 1999 to 2002, seven osteochondral lesions in the el-
bow (involving the capitellum in five elbows and the tro-

TABLE Il (continued)

American Shoulder and
Elbow Surgeons Pain Score*
Diameter of Morrey Worst Rest Weight- Pain with Repetitive Duration of
Graft (mm) Score* Pain Pain bearing Pain Movements Follow-up (mo)
11 79/100 5/2 1/0 5/0 3/0 83
9 87/100 8/0 2/0 8/0 8/0 78
10 48/100 9/0 4/0 6/1 7/1 60
11 79/95 8/3 1/0 8/3 8/2 59
9 78/100 9/0 8/0 8/0 5/0 50
9 76/95 8/4 0/0 8/4 2/0 43
9 87/93 7/4 5/2 7/2 3/0 42
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Fig. 3

Case 4. An eighteen-year-old patient with a lesion in the capitellum of the left elbow. Postopera-

tive anteroposterior and lateral radiographs with the elbow in 45° of flexion show no signs of os-

teoarthritis five years after osteochondral transplantation of the capitellum.

chlea and the radial head in one each) were treated by autolo-
gous osteochondral transplantation. The mean duration of
follow-up was 59.3 months (range, forty-two to eighty-three
months). The diameter of the defect was an average (and stan-
dard deviation) of 9.7 = 1.0 mm (range, 9 to 11 mm). In every
case, transplantation of one autologous osteochondral cylin-
der was sufficient to cover the defect. The Broberg and Morrey
score improved significantly from a mean preoperative value
of 76.3 £ 13.2 to 97.6 * 2.7 postoperatively (p < 0.05), and
pain as measured by the ASES score was significantly reduced
(from 7.7 £ 1.4 preoperatively to 1.9 £ 1.9 postoperatively for
the worst pain; from 3.0 £ 2.8 to 0.3 £ 0.8, respectively, for
pain at rest; from 7.1 £ 1.2 to 1.4 £ 1.6 for weight-bearing

Fig. 4

pain; and from 5.1 £ 2.5 to 0.4 *+ 0.8 for pain with repetitive
movements; p < 0.05 for all). The mean extension lag was re-
duced from 4.7° £ 5.8° (range, 0° to 15°) preoperatively to 0°
postoperatively. Compared with the contralateral (normal)
side preoperatively, the flexion lag was a mean of 12.9° + 13.8°
(range, 0° to 30°). At the time of follow-up, flexion was free
and was equal bilaterally in all patients. Postoperatively, no
patient demonstrated varus laxity or instability of the elbow
joint. None of the final follow-up plain radiographs showed
degenerative changes or signs of osteoarthritis (Fig. 3). In ev-
ery patient, the postoperative magnetic resonance imaging
scan demonstrated viability of the graft and a congruent artic-
ular surface (Fig. 4). Six of the seven patients had no symp-

Case 1. A twenty-one-year-old patient with a lesion in the capitellum. Postoperative T1-weighted
magnetic resonance imaging scan of the left elbow acquired five years after osteochondral trans-

plantation of the capitellum. The graft appears viable and has a congruent chondral surface.
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toms at the donor site, but one patient had mild pain during
sports with high impact loads to the knee (tennis and beach
volleyball) for one year and then he became asymptomatic.
No patient had any additional complications as a result of the
surgery. No additional procedure was necessary in any patient.
At the time of the final follow-up, all patients returned to
sports and did not complain of any restrictions in the activi-
ties of daily life. All patients stated that they were satisfied and
would undergo the procedure again.

Discussion
Treatment of osteochondral lesions of the elbow remains a
challenge. Osteonecrosis of the capitellum (Panner dis-
ease) and the early stages of osteochondritis dissecans in
young patients often heal with nonoperative treatment'""*.
If nonoperative treatment fails’, 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 reat-
tached”. Other methods that have been described, such as
arthroscopic removal of loose bodies and débridement, mi-
crofracture, or antegrade or retrograde drilling of the defect
to induce replacement tissue""”***, have not provided satis-
factory overall long-term results. Bauer et al. reported on a
series of thirty-two elbows (thirty-one patients) with osteo-
chondritis dissecans with high rates of reduced range of el-
bow motion (eleven of thirty elbows), radiographic signs of
osteoarthritis (nineteen of thirty-one elbows), and an in-
crease in radial head diameter (eighteen of thirty-one el-
bows)”. In that study, twenty-three of the thirty-two elbows
had been treated surgically (débridement). Brownlow et al.
reported on twenty-nine patients with osteochondritis disse-
cans of the capitellum that was treated by arthroscopic
débridement®™. At a mean of seventy-seven months, the ma-
jority of the patients had mild or no pain. However, eleven of
the twenty-nine patients had recurrence of locking or catch-
ing. Radiographs of eighteen elbows with mild or moderate
tenderness over the capitellum demonstrated flattening of the
capitellum in twelve elbows, degenerative changes in six, and
loose bodies in five.

In this mid-term follow-up study of seven patients, we
obtained overall good to excellent results. The radiographs
did not demonstrate an increase in radial head diameter, and
the postoperative magnetic resonance imaging scans showed
graft viability and a congruent chondral surface in all el-
bows. All elbows achieved a full range of motion and were
able to resume weight-bearing activity. While the patients re-
turned to sports without limitation, two of the seven
changed discipline and activity level, not because of the clin-
ical outcome of the surgical procedure but because of their
age and work requirements.

In recent years, the technique initially developed by
Hangody et al. as mosaicplasty’ to treat focal cartilage defects
in the femoral condyle has found widespread acceptance and
has been used for several joints” . Good to excellent results
have been reported for both the knee and ankle joints®”. An

obvious disadvantage of the procedure is the need to expose
the knee joint to harvest the graft. For the elbow, however, the
size of the defect is limited. Compared with the amount of
graft that needs to be harvested for the treatment of large os-
teochondral lesions in the knee or ankle, only one cylinder of
graft harvested through a small arthrotomy of the knee was
sufficient in all seven of our patients. All of our patients re-
gained excellent function of their knees. Six patients were
pain-free after a few weeks, and only one patient complained
of mild pain with high-impact loads in sports for one year,
and then he became asymptomatic. As in the treatment of le-
sions in the knee, we believe that the success of this procedure
depends on an exact fit of the graft with anatomical alignment
of the cartilage surface.

There are few reports in the literature on the treatment
of elbow lesions with this technique, and they have described
only short-term follow-up. In 2001, Nakagawa et al. reported
on osteochondral grafting and osteotomy in one patient with
osteoarthritis who achieved a good result at a follow-up of
thirty-five months”. Yamamoto et al. described osteochon-
dral autograft transplantation for osteochondritis dissecans of
the elbow in eighteen juvenile baseball players who had a good
outcome after a minimum two-year follow-up interval®, and
Tsuda et al. reported a successful outcome in a series of non-
throwing athletes* but with short-term follow-up.

Currently, only the technique of transplantation of autol-
ogous osteochondral grafts (e.g., OATS or mosaicplasty) pro-
vides the opportunity to repair cartilage defects with hyaline
cartilage. At an average follow-up of five years, our results are
encouraging and we believe that the congruent repair with au-
tologous hyaline cartilage with use of the osteochondral graft
transfer system will reduce the incidence of osteoarthritis and
lead to better long-term results than other procedures. Accord-
ing to our results, the risks of performing a two-joint procedure
are justifiable because of the limited donor-site morbidity. In
addition, this technique provides an option for revision surgery
after previously failed attempts with other surgical procedures.
We will continue to follow our patients closely to see if any de-
generative joint changes occur in the future.
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