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Abstract
Purpose The purpose of this study was to evaluate the
clinical outcomes of osteochondral autograft transplantation
(OAT) for juvenile osteochondritis dissecans (JOCD)
lesions of the knee, especially time to return to sports.
Methods Twelve knee JOCD lesions with OCD grade 3 and
4 categorised by magnetic resonance imaging (MRI) were
treated with OAT. Nine male and two female skeletally
immature patients averaging 13.7 years old were included.
The OCD lesions were assessed arthroscopically and then
fixed in situ using multiple osteochondral plugs harvested
under fluoroscopy from the distal femoral condyle without
damaging the physis. International Cartilage Repair Society
(ICRS) score and Lysholm score were assessed pre- and
postoperatively.
Results After a mean follow-up of 26.2±15.1 months, the
International Knee Documentation Committee (IKDC) sub-
jective score significantly improved (p<0.01). According to
the IKDC score, objective assessment showed that ten of 12
(83 %) had excellent results (score: A) after OAT and
significantly improved (p<0.01). Based on ICRS criteria,
results were satisfactory in all patients. No patients experi-
enced complications at the graft harvest site. All patients
returned to their previous level of athletic activity at an
average of 5.7 months after the surgery.
Conclusions OAT for JOCD of the knee provided satisfactory
results in all patients at a mean follow-up of 26.2 months.

Introduction

Osteochondritis dissecans (OCD) was first described by Paget
in 1870. OCD is defined as “a fragment of articular cartilage
together with subchondral bone that has become separated
partly or completely from a joint surface”. This classically
occurs on the lateral aspect of the medial femoral condyle.

OCD of the knee is often subcategorised into juvenile
osteochondritis dissecans (JOCD) and adult OCD. JOCD
occurs most frequently in children who are athletically ac-
tive between the age of ten and 20, with a mean age of
13.4 years at diagnosis [1, 2]. The difference between JOCD
and adult OCD depends on skeletal maturity determined by
whether the physis is closed. This categorisation is useful
because JOCD has shown more spontaneous healing with
conservative treatment than adult OCD [3–7]. In addition,
the stability of the OCD is important, because stable frag-
ments more frequently respond to conservative therapy [8,
9]. When JOCD is properly categorised, non-weight-bearing
and immobilisation for six weeks followed by activity mod-
ification has reportedly led to successful healing by three to
12 months in up to 90 % of cases [2, 4, 6, 10]. However,
patients failing to heal after conservative treatment require
surgical interventions resulting in a long drawn out healing
process. As unstable OCD lesions frequently fail to respond
to conservative treatment and thus often require surgical
intervention, correct assessment of JOCD stability prior to
treatment selection is important.

When surgery is necessary, the optimum surgical treatment
for unstable lesions remains controversial [2]. In general, un-
stable lesions require partial removal with debridement to
remove fibrous tissue and restore vascularity, followed by
drilling [11], screw fixation [12, 13], osteochondral autologous
transplantation (OAT), autologous chondrocyte implantation
[14] and a combination of them [15]. However, there have
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been a few reports of OAT used as surgical treatment
for JOCD [16, 17].

The purpose of this study was to evaluate the clinical
outcomes of OAT for JOCD lesions of the knee. In this
paper we report the functional outcome of surgical treatment
with OAT in 12 JOCD lesions, assessed as grade 3 or 4 by
magnetic resonance imaging (MRI).

Materials and methods

OAT was performed in 12 knees (nine boys and two girls,
one boy was a bilateral case) for JOCD. All patients had
open physes and persistent pain in their knees despite
restrictions in their daily activities (Fig. 1a, b). Their OCD

lesions were confirmed by radiography and MRI using the
Nelson et al. classification [18] (Fig. 1c, d). The images
were assessed based on T2-weighted images: grade 0, nor-
mal; grade 1, intact cartilage with signal changes; grade 2, a
high-signal breach of the cartilage; grade 3, a thin, high-
signal rim extending behind the osteochondral fragment,
indicating synovial fluid around the fragment; and grade 4,
mixed- or low-signal loose body, either in the centre of the
lesion or free within the joint.

JOCD lesions with MRI grades of 3 or 4 were selected for
treatment with OAT (grade 3, ten knees; grade 4, two knees).
The patients desired an early return to previous activities.

The mean time from the onset to the operation was
13.5 months (range three to 36). All of them were primary
operations. The mean age at surgery was 13.7 years (range
12–16 years old) and the mean follow-up was 26.2 months
(range six to 60 months).

Surgical techniques

All patients underwent arthroscopic surgery with standard
anterior portals (Fig. 1e). The JOCD lesion was assessed for
congruity and stability of the chondral surface according to
the International Cartilage Repair Society (ICRS) classifica-
tion of OCD lesions [19]. For ICRS OCD II (partial discon-
tinuity, stable on probing), the articular fissure was probed.
For ICRS OCD III (complete discontinuity, “dead in situ”,
not dislocated), when the fragment was relatively stable,
debridement was not performed. When the lesion had an
unstable fragment, it was gently debrided. For ICRS OCD
IV (dislocated fragment, loose within the bed or empty
defect), the lesion base was debrided. All patients with ICRS
OCD IV had no large fragment or loose body. The diameter
of the plugs was determined based on the defect size. The
mean lesion size was 2.7 cm2.

Small cylindrical osteochondral plugs were retrieved via
a small arthrotomy from the non-weight-bearing regions of
the ipsilateral or contralateral knee and implanted into the
holes well-prepared using an OAT device (OATS, Arthrex,
Inc., Naples, FL, USA or Mosaicplasty, Smith & Nephew
Endoscopy, Andover, MA, USA). To prevent damage to the
epiphyseal plate, we harvested plugs from part of the fem-
oral condyle distal from the physis. The size and number of
the osteochondral grafts that would adequately cover the
JOCD defects or fix the JOCD lesions were decided by
using sizers before recipient holes were created in the JOCD
lesions. To avoid damage to the physis, the osteochondral
plugs were carefully harvested using fluoroscopy from the
distal side of the physis. When the fragment of JOCD was
stable (ICRS OCD II and III), the fragment was fixed by
osteochondral plugs. In case of total loss of cartilage (ICRS
OCD IV), we performed the original mosaicplasty technique
to resurface the chondral defect [20–22].

Fig. 1 A 13-year-old girl with JOCD of the lateral femoral condyle
who became asymptomatic after OAT (case 9). Anteroposterior radio-
graph reveals a lucent lesion (arrow) on the lateral femoral condyle (a).
Lateral view (b). Coronal T1-weighted (c) and T2-weighted (d) MRI
examinations of the knee performed before surgery showing a bone
fragment in situ and high-signal intensity line between the bone and the
fragment (grade 3) (arrow). Arthroscopic examination of the JOCD
lesion of this case demonstrated a cartilage fissure in the lateral femoral
condyle. The lesion was relatively stable on probing (e)
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Rehabilitation protocol

After surgery, the knee was immobilised for one week
with a knee brace, and range of motion exercises were
started from week two. Weight-bearing was not permitted
during the first four weeks postoperatively. Full weight-
bearing was allowed from seven weeks after surgery.
After 12 weeks, patients gradually returned to their sports
with a moderate level of athletic activity to the degree
that their pain permitted.

Evaluation

Radiographs were obtained at three and six months after
surgery for evaluation of the cartilage surface and subchon-
dral bone at the graft implant and harvest site (Fig. 2d, e).

The clinical outcome was analysed at three and
six months after the operation using the International Knee
Documentation Committee (IKDC) form.

Follow-up assessment also included the rating system
described by Lysholm to evaluate clinical results [23]. In
addition, we recorded when the patients returned to their
previous levels of athletic activity.

Statistical analysis

Statistical analysis was performed using a paired t test and
Wilcoxon signed rank test to determine the effect of OAT for
JOCDs. The Wilcoxon signed rank test was used for com-
parison of preoperative and postoperative IKDC objective
results. Significance was set at p<0.05.

Results

The patients’ data are shown in Table 1. Eight of the chon-
dral lesions were situated on the medial and four on the
lateral femoral condyle. Arthroscopic findings and ICRS
OCD classification showed grade II in nine knees, grade
III in one knee and grade IV in two knees. The mean number
of plugs was 2.3±1.2. In three cases, one plug was used, and
in five cases, two plugs were used. The reason we used more
than three plugs in four cases was that the JOCD lesions
were larger than the others. The diameter of the osteochon-
dral plugs was between 3.5 and 10 mm.

In the entire series, there were no infections. The preop-
erative IKDC subjective score for patients averaged 63.4±
11.3 points, and the score significantly increased to 87.8±
10.4 points at six months after surgery (p<0.01). The pre-
operative IKDC objective scores, which were class B in one
patient, class C in ten patients and class D in one patient,
were significantly improved at six months after surgery with
class A in ten patients and class B in two patients (p<0.01).

The average Lysholm scores six months after the operation
were significantly improved to 96.0±5.6 points compared to
the preoperative score of 74.1±12.0 points (p<0.01).

All patients returned to their previous level of athletic
activity at an average of 5.7±2.4 months after surgery.

Discussion

The most important finding of this study was that the use of
OAT for JOCD of the knee was a potential strategy to
provide good clinical outcome with earlier return to activi-
ties. In this study, OAT for JOCD of the knee provided
satisfactory results in all 12 patients at a mean follow-up
of 26.2 months.

JOCD and adult OCD are separate entities, differentiated
by whether there is growth plate fusion. JOCD of the knee
has a much better prognosis than adult OCD. When patients
are properly selected, results of non-operative treatment for
JOCD of the knee are very successful. In fact, a course of
conservative therapy is proposed for skeletally immature
patients with stable (grade 1 or 2) OCD lesions [7, 24–26].
However, even among these patients, if there are continued
symptoms or healing failure confirmed by radiograph or

Fig. 2 Examination of case 9 revealed ICRS OCD III. The cartilage
was fixed by four 6-mm diameter osteochondral plugs (13 mm length)
harvested from the ipsilateral lateral condyle (a). Two-month postop-
erative radiographs of case 9 demonstrated apparently smooth joint
congruity and an open physis (b, c). Coronal T1-weighted (d) and
sagittal T1-weighted (e) MRI of the knee performed 2 months later
showed that the intensity of the lesion was similar to that of the
surrounding normal articular cartilage, but an interface still existed
between the plugs and subchondral bone
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MRI findings after six to 12 months, surgical treatment is
indicated. Although conservative treatment by restricting
daily activities and sporting activities is reasonable, many
athletes do not want to stop sports activities for six to
12 months or have to change their activities. Such patients
may also be candidates for earlier surgery.

To obtain successful clinical outcomes, monitoring the type
and stage of OCD lesions is essential. Although Brückl et al.
described a classification based on radiography, some
researchers have encountered patients in whom the arthro-
scopic findings did not correspond with their radiographic
classification [27]. Because of this, Nelson et al. reported on
the classification of OCDs by MRI [18]. This classification is
simple and useful for monitoring OCD lesions preoperatively
and corresponds well to arthroscopic findings. Based on the
classification, therefore, we performed OAT for JOCD in all
patients with grade 3 or grade 4 lesions. Patient selection
based on these criteria enabled us to obtain excellent results
including significant improvement in objective and subjective
IKDC scores. In addition, clinical results assessed by Lysholm
score were also significantly improved postoperatively.

In our series, all patients returned to their previous levels
of athletic activity as early as 5.7 months. There is no report
that mentions the period of return to sports activity after
OAT for JOCD. Gudas et al. reported superiority of OAT to
microfracture [28]; 93 % of athletes receiving OAT for the
treatment of articular cartilage defects (adult OCDs)
returned to sports activities at their pre-injury levels at an
average of 6.5 months after the operation (range four to
eight months). On the other hand, 52 % of athletes after
microfracture returned to their previous sports activities at
the same time. Peterson et al. reported that patients who
were treated for JOCD with autologous chondrocyte trans-
plantation were able to return to work and athletic activity
within 18 months after surgery [29]. Thus, when patients are
appropriately selected, it seems OAT can promote successful
outcomes in JOCD lesions of the knee.

Recently, two studies introduced the use of OAT for JOCD,
and both reported that biological fixation with cylindrical
osteochondral autografts provided healing of the osteochon-
dral fragment with promising results [16, 17]. However, to the
best of our knowledge, this study is the first case series to
show the clinical results of treatment with OAT for JOCD
lesions. Although most patients with JOCD heal successfully
with conservative treatment, in some patients, surgical
treatment, especially by OAT, may be useful.

However, there are some limitations to this study.
Although no abnormalities were noted in any patients at
the final follow-up, long-term observation is necessary to
monitor any unexpected long-term complications especially
in lesions at the harvest site. Moreover, the utility of this
operation should be further substantiated by a randomised
study comparing it to another operative procedure.

In conclusion, we performed OAT for 12 JOCD lesions
of the knee, MRI grades 3 or 4. All patients were subse-
quently symptom free and suffered no side effects such as
infection or restriction of knee motion. Based on our study,
we believe that OAT for JOCD is a useful choice for surgical
treatment when patients are appropriately selected.
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