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Abstract

Purpose: the unstable osteochondritis dissecans
(oCD-type ii and iii according to the iCRs classifi-
cation) of  the knee largher than > 2.5 cm2 in adults are
uncommon lesions and there is no consensus on how
to treat them. Medium-term studies have reported
good re sults using autogenous osteochondral plugs
(mosaicplasty). the aim of  this study is to analyze the
long-term results of  this technique for the treatment
of  unstable oCD in a selected group of  adult
patients.
Methods: four patients with oCD at either one of
the femoral condyles were included in this prospective
study. the average age was 21.2 years (range, 18-24
years). the oCD lesions were classified as type ii in
three patients and type iii in one patient and the ave-
rage size was 3.8 cm2 (range, 2.55-5.1 cm2). the
lesions were treated in situ with a variable number of
autogenous osteochondral plugs (Ø 4.5 mm2). the
Modified Cincinnati, Lysholm ii and tegner scores
were used for clinical and functional evaluation.
Magnetic resonance arthrography (MRA) was perfor-
med before surgery and at 2, 5 and 10 years after sur-
gery. A modified MoCARt score was used to evalua-
te MRA findings.

Results: the average follow-up duration was ten years
and 6 months (range, 10-11 years). no complications
occurred. At the final follow-up, all scores (clinical,
functional and MoCARt) improved. in all but one of
the patients MRA showed complete osteochondral
repair. 
Conclusions: the fixation of  large and unstable oCD
lesions with mosaicplasty may be a good option for trea-
ting type ii or iii oCD lesions in adults. the advantages
of  this technique include stable fixation, promotion of
blood supply to the base of  the oCD fragment, and
grafting of  autologous cancellous bone that stimulates
healing with preservation of  the articular surface.
Level of  evidence: Level iV, therapeutic case series.

Keywords: osteochondritis dissecans, osteochondral
graft, adults, MR arthrography.

Introduction

osteochondritis dissecans (oCD) is a common lesion
that mainly affects children and adolescents with a
prevalence of  approximately 15-29 cases per 100,000
(1). the exact prevalence in adults is unknown. Large
(> 2.5 cm2) unstable lesions, classified as type ii (par-
tial discontinuity, stable on probing) or type iii (com-
plete discontinuity, “dead in situ”, not dislocated osteo-
chondral fragment) by the international Cartilage
Repair society (iCRs) (2), are rare lesions in adults
that require surgical treatment due to their limited hea-
ling potential and more deleterious clinical course
compared with juvenile oCD (3). several techniques
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to address these lesions have been described (drilling
and fixation with metal or absorbable screws, pins and
bone pegs), with success rates of  80 to 90% of
patients (1, 4). However, most previous studies are
limited by, small case series that do not allow separate
analysis of  results in juvenile and adult patients, the
different indications considered, the absence of  com-
parison between different fixation methods, and their
only short- or medium-term follow-up. Moreover, this
type of  surgery is not devoid of  complications related
to metal screw removal (when needed), biodegrada-
tion of  synthetic polymers and host response (5, 6). 
the aims of  surgical treatment in oCD should inclu-
de maintenance of  joint congruity, rigid fixation of
unstable fragments, and biological repair of  the osteo-
chondral fragment (7, 8). in 1999, Berlet et al. (9)
described a new technique designed to fix unstable
oCD fragments and to stimulate the healing response;
this technique used autologous osteochondral plugs in
the same manner as in the original mosaicplasty tech-
nique. two studies are reported in literature with good
or excellent results ranging between 95 and 91% at
medium-term follow-up (10, 11). 
in this prospective cohort study, a selected group of
adult patients undergoing fixation of  unstable oCD
(iCRs type ii or iii) of  the knee with autologous
osteochondral plugs (mosaicplasty) was evaluated cli-
nically, functionally and with magnetic resonance arth-
rography (MRA). the study hypothesis was that this
technique is an effective treatment for these lesions.

Methods

Study design
the present study was designed as a prospective
cohort study with a minimum follow-up of  10 years
after the index surgery. 

Patients
All patients gave written informed consent before
entering the study. inclusion criteria were: adult
patients with symptomatic, unstable oCD lesions
(iCRs type ii or iii) of  the femoral condyles larger
than 2.5 cm2 at MRA evaluation, non-responsive to
conservative treatment for more than 6 months, and
who practiced sports at least at recreational level.
Patients were excluded from the present study if  one

or more of  the following findings were present:
metabolic diseases, a history of  patellofemoral pa -
thology, meniscal or ligamentous tear requiring
repair or reconstruction, and previous surgery of  the
affected knee. 
the patients underwent clinical examination and the
following imaging studies: anteroposterior, standing
weight-bearing, and lateral radiographs of  the injured
knee, and skyline views of  both patellae with the
knees at 30° of  flexion, and MRA. Knee examination
under anesthesia and diagnostic arthroscopy were per-
formed in each patient at the time of  the index sur-
gery. oCD lesion type, were classified according to the
iCRs rating system (2). Macroscopic assessment was
then compared with MRA findings.

Surgical technique and rehabilitation protocol
A diagnostic arthroscopy using standard anteromedial
and anterolateral portals was performed with the
patient supine and a tourniquet applied to the thigh.
the oCD lesion was assessed for position, size (using
an arthroscopic rod), and stability (using a probe). the
lesions were treated in situ with a variable number of
osteochondral plugs (Ø 4.5 mm2) harvested from the
edges of  the trochlea using the MosAiCPLAstY™
system (smith & nephew, inc., Andover, MA - UsA)
as described by Berlet et al. (9). Briefly, osteochondral
plugs were inserted until rigid stability of  the oCD
lesion was obtained starting from the center of  the
lesion. the plugs length was calculated, on preopera-
tive MRi aiming to pass at least as far into the normal
underlying subchondral bone as the distance it has
passed through the lesion and across the interface
(Fig. 1). Donor sites were filled with fibrin glue
(tissucol, Baxter spa, Deerfield, illinois, UsA). After
wound closure, the joint was covered with a compres-
sive elastic bandage.
Postoperatively, isometric strengthening of  the quadri-
ceps and unrestricted range of  motion began on the
first day, while partial weight bearing was allowed after
6 weeks and full weight bearing shortly thereafter. the
timing of  return to sports depended on the type of
joint impact involved in the specific activity: sports
involving low loading stresses on the knee (e.g. swim-
ming and cycling) could be resumed three months
after surgery, while return to activities involving jum-
ping, twisting and running (e.g. soccer and basketball)
was not allowed for at least six months.
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Outcome evaluations
Clinical and functional evaluations were performed by
an independent observer (Ps), blinded to the surgical
treatment, using the modified Cincinnati rating system
(12), the Lysholm function score (13), and the tegner
activity scale (14) at regular intervals: preoperatively
and at 2, 4, 8, 12, and 24 weeks after surgery, and then
annually. Patients were also asked whether they had
returned to their sport and, if  so, whether they had
returned to the same, a lower or a higher level compa-
red to the preinjury level. 
MRA was performed preoperatively, as well as at 2, 5
and 10 years postoperatively using a dedicated coil
(quad knee) with a 1.5-t tomograph: Eclipse (Picker-
Marconi, Koninklijke Philips, netherlands) (unit 1) and
Avanto (siemens, Erlangen, Germany) (unit 2). All
patients gave their written informed consent before the
procedure. MRA was performed after intra-articular
injection of  40 ml paramagnetic contrast agent
(Magnevist 2 mmol/l; Bayer-schering, Berlin, Ger -
many; Dotarem 2.5 mmol/l; Guerbet, Villepinte,
France). the “unit 1” MRA protocol involved the use
of  sagittal, coronal or axial sE t1 sequences; sagittal or
coronal fat-saturated FsE PD/t2 sequences; and 3D
fat-saturated FsE t1 sequences in axial or coronal pla-

nes. the “unit 2” protocol consisted of  3D isotropic
t1 sequences in the axial plane; sagittal and coronal
tsE t1 sequences; and sagittal or coronal fat-saturated
FsE PD/t2 sequences. An independent observer
(GA), blinded to the surgical treatment, evaluated the
MRA findings using the modified MoCARt scoring
scale (15). 

Data analysis
statistical comparison between preoperative and
postoperative values was not possible, owing to the
limited data.

Results

the study included 4 patients (3 males and 1 female)
with a mean age of  21.2 years (range, 18-24 years) at
the time of  surgery. the mean follow-up was 10 years
and 6 months (range, 10 - 11 years). the oCD lesions
were classified as iCRs type ii in 3 patients and type
iii in 1 patient with an average size of  3.8 cm2 (range,
2.55 - 5.1 cm2) at preoperative MRA. in all cases the
arthroscopic evaluation confirmed the lesion type and
size. in three cases the medial femoral condyle was
involved and in one case the lateral femoral condyle.
two osteochondral plugs were used in two cases and
three osteochondral plugs in the other two cases (Tab.
1). no complications were observed postoperatively
or at long-term follow-up. At the time of  the latest
follow-up the mean modified Cincinnati rating system
score increased from 3.75 ± 1.25 preoperatively to
9.25 ± 0.95, the mean Lysholm score from 44.5 ± 5.32
to 96.5 ± 4.35, the mean tegner scale score from 3 ±
1.15 to 6 ± 1.41, and the mean modified MoCARt
scale score from 40 ± 4.08 to 66.25 ± 8.53 (Figs. 2,
3). in 1 case the modified MoCARt score was less
than 60 points (Fig. 4). At an average follow-up of  6.5
months (range, 5-8 months), all patients returned to
sports at the same preinjury level.

Discussion

Juvenile oCD lesions are typically stable and have the
potential to heal with non-surgical treatment whereas
adult oCD lesions are more likely to show instability
(1). the gold-standard surgical treatment for large

Fig. 1. Case 2. A. Arthroscopic view of type II OCD lesion of the
medial femoral condyle. B. The OCD fragment measures 3 x 1.7 cm.
C. The osteochondral plug is inserted in the recipient site with the
plunger. D. Final view with two plugs that match the surrounding arti-
cular surface (arrows).
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unstable oCD lesions in adults is still debated.
Different techniques such as drilling and fixation with
metal screws or simple pins and biodegradable
implants have been proposed with not predictable
results due to a not homogenous and small case series,
different indications (juvenile and adult oCD) and

fixation methods (3, 4, 8, 16-19) considered, the
results of  these techniques cannot be considered pre-
dictable. Various complications have been reported,
such as cartilage lesions, bone necrosis, bone loose-
ning following metal screw removal, synovitis and
implant breaking up with the formation of  loose

Fig. 2. Histograms showing the preoperative and postoperative scores on various clinical and functional evaluation scales of 4 patients at pre-
op, 2, 5 and 10 years follow-up.

Table 1. Patient data.

Case no.            Age             Sex               Site                   Size (cm²)          ICRSa classification       No. of                        Follow-up
                                                                                                                                                              osteochondral          (months)
                                                                                                                                                              plugs                         
                          
1                        21               M                 L-LFC              3.00                     ii                                      2                                 132
2                        18               M                 R-MFC             5.10                     ii                                      3                                 126
3                        22               F                  L-MFC             2.55                     ii                                      2                                 126
4                        24               M                 L-MFC             4.55                     iii                                     3                                 120

aiCRs, international Cartilage Repair society; M, male; F, female; L, left; R, right; LFC, lateral femoral condyle; MFC, medial femoral condyle.

pre-op 2 years 5 years 10 years
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bodies when biodegradable implants were used (4-6).
if  failure occurs, fragmentation or loss of  the bony
component of  the oCD fragment creates many pro-
blems in reconstructing the osteochondral unit and
reproducing the normal condyle shape (7). Moreover,
many of  these methods stabilize the fragment in the
absence of  biological healing of  the oCD fragment
and between the fragment and the surrounding tissue
(1). the goals of  surgical treatment should be to pro-
mote healing through breaking of  the sclerotic inter-
face between the oCD fragment and the healthy
bone, increasing of  the blood supply to the base of
the fragment by drilling, bone grafting with autolo-
gous cells and growth factors across the fragment and
its base, and to obtain stable fixation leaving the oCD
fragment as intact as possible (1, 7, 9). in 1999, Berlet
et al. (9) proposed a modified mosaicplasty technique
to fix in situ unstable oCD with autologous osteo-
chondral plugs. two studies with an average follow-up
of  3.4 and 4.5 years reported good or excellent results

in 95 and 91% of  patients respectively (10, 11). our
study confirms the efficacy of  this technique, with
good results obtained at long-term follow-up and all
patients returning to sport at the same level as prior to
their injury. We used 4.5-mm-diameter osteochondral
plugs because a previous study demonstrated that
grafts with a diameter of  3.5 mm or less did not have
sufficient biomechanical strength and would collapse,
whereas 6.5-mm-diameter grafts led to degenerative
changes at the patellofemoral joint (20). the number
of  plugs used depends on the lesion size: two plugs for
lesions smaller than 3 cm2, three plugs for lesions lar-
ger than 3 cm2 (11). We did not observe any complica-
tion related to the osteochondral plug  harvesting. We
filled the donor sites with fibrin glue to reduce bleeding
and to stimulate fibrocartilaginous repair (21). several
Authors have reported no donor-site morbidity pro-
blems when four osteochondral grafts of  5.5-mm-dia-
meter harvested from the margins of  the femoral
trochlea were used (22, 23). in all but one of  our
patients MRA showed complete osteochondral repair
with disappearance of  the sclerotic interface between
the oCD fragment and the healthy bone and a signal
indicating revascularization of  the fragment. MRA did
not reveal any irregularities of  the articular surface and
showed good integration of  the cartilage of  the oCD
fragment with the surrounding tissue. We used MRA
because it can show the presence of  minimal clefts bet-
ween the oCD fragment and the condyle and between
the osteochondral plugs and the surrounding cartilage,
otherwise no evident at standard MR (15). in all cases
the arthroscopic evaluation confirmed the type and
size of  the lesions highlighted by MRA. A discrepancy
between good clinical results and an insufficient
MoCARt score was found in just one patient. We
suppose that the partial interruption of  the sclerotic
interface, the absence of  bone marrow edema and the
integrity of  articular cartilage could explain the clinical
outcome, despite the MR appearance.
Major strengths of  the present study are its prospecti-
ve nature and the long-term follow-up. the patient
selection process was very accurate, so that the proce-
dure was performed only in patients without knee
malalignment, meniscal or ligamentous lesions.
Furthermore, two independent observers blinded to
the surgical treatment performed clinical and MRi
evaluations. Weaknesses of  this study are the relatively
small number of  patients included and the lack of  a

Fig. 3. Case 2. MR arthrography (Sagittal oblique SE T1-weighted ima-
ging). A. Type II OCD lesion of the medial femoral condyle with scle-
rotic interface between the OCD fragment and the healthy bone. B-C.
2 and 10 years after surgery. Repair of the OCD fragment that shows
an homogeneous signal compared with  surrounding cancellous
bone. Disappearance of the sclerotic interface with continuous arti-
cular cartilage surface.

Fig. 4. Case 1. MR arthrography (Sagittal oblique SE T1-weighted ima-
ging). A. Type II OCD lesion of the medial femoral condyle. B-C. 2 and
10 years after surgery. A progressive bony fragmentation of the OCD
can be appreciated despite the continuous articular cartilage surface.
No bone marrow edema is evident and there is a partial interruption
of the sclerotic interface.
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control group. However, large type ii-iii oCD
lesions in a selected group of  adult patients without
any concomitant articular lesions are not common,
and it would have been next to impossible to collect a
number of  patients large enough to randomize into
two groups for a single orthopaedic department.
Previously, Miniaci and tytherleigh-strong (10) repor-
ted a series of  20 patients that included only 9 adults,
while the 12 patients reported by Miura et al. (11)
included only 3 adults. Moreover, previous or conco-
mitant surgeries were reported in 8 out of  20 and 2
out of  12 patients respectively (11). these findings
can be considered a bias when evaluating the efficacy
of  the procedure. the prognosis for healing of  an
oCD lesion after surgery depends on skeletal matu-
rity, and in younger patients with open physes the pro-
gnosis is more favorable (1). Previous or concomitant
surgery can jeopardize the final result of  a cartilage
repair procedure (4). 
on the basis of  the good clinical and MRA results
obtained at long-term follow-up, mosaicplasty can be
considered a safe and reliable option for the treatment
of  unstable oCD in adult patients. the biological and
mechanical principles of  this procedure allow to treat
these complex lesions in a simple way preserving the
oCD fragments. the superiority of  this technique
over others can only be established through an ade-
quately multicentre powered randomized controlled
trial with long term follow-up.
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