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Abstract

Osteochondritis dissecans (OCD) is an acquired idio-
pathic lesion of subchondral bone that can produce
delamination and sequestration with or without arti-
cular cartilage involvement and instability.

The cause of OCD is still debated: the most recogni-
zed etiology is the occurrence of repetitive micro-trau-
mas associated with vascular impairment, causing pro-
gressive ankle pain and dysfunction in skeletally
immature and young adult patients.

Ankle OCD is classically located in the medial part of
the talus, while lateral and posterior involvement is
less frequent.

Diagnosis of OCD, based on MRI findings, is quite
straightforward; MRI examination can also be very
useful for dating the defect and obtaining information
about the associated bone bruise.

Osteochondritis dissecans, if not recognized and trea-
ted appropriately, may lead to secondary osteoarthritis
with pain and functional limitation.

Surgical treatment is mandatory especially in young
patients with unstable cartilage fragments. There are
various surgical options: fixation, microfracture, or
substitution using autologous chondrocyte implanta-
tion techniques.
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Introduction

Osteochondritis dissecans (OCD) of the talus is a sub-
chondral bone pathology that presents as an osteo-
chondral lesion of the talar dome with consequent
articular cartilage abnormalities. In 1888 Konig was
the first author to use the term osteochondritis disse-
cans to describe loose bodies found in the knee joint;
he believed them to be fragments from an avascular
bone lesion (1). In 1922 Kappis was the first to descri-
be a similar lesion in the ankle joint (2). The talus is
the third most frequently affected anatomical site,
after the knee and the elbow joints (3, 4). According
to the literature, OCD of the talus has an incidence of
0.09% and a prevalence of 0.002/100,000 person/year
(5, 6). OCD is most frequent in the second decade of
life, even though its clinical manifestations can appear
later than this (7).

Before taking an in-depth look at this disease, it is
important to point out that it is the subject of consi-
derable semantic inaccuracy, perpetuated since 1959
when Berndt and Harty developed the first classifica-
tion of osteochondral lesions of the talus (8). These
authors, assuming the disease to have a traumatic etio-
logy, united under the same name two lesions that
other authors subsequently considered, from different
perspectives (etiology, epidemiology, clinical presenta-
tion and treatment), as separate entities. In addition,
subsequent histological studies failed to confirm an
underlying inflammatory basis for this disease.
Therefore, although the term “osteochondritis” is
commonly used in clinical practice, it would be more
appropriate to talk of “osteochondrosis”, as already
suggested by Howald (9).

In the present article, the term osteochondritis disse-
cans (OCD) will be used to refer to mainly non-trau-
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matic lesions in the child or adolescent, while the term
osteochondral fractures will instead be used to indica-
te injuries of traumatic origin involving both the car-
tilage and the subchondral bone and occurring predo-
minantly in adults.

Etiology

Although OCD of the talus is, by definition, detach-
ment of an osteochondral fragment of the talar dome
occurring in a growing patient, symptomatic OCD is
more typically observed in adults. This apparently
greater frequency of OCD in adults compared with
adolescents is explained by the fact that the disease
often remains asymptomatic for a long time before
finally manifesting itself, after a trauma, in adulthood
(10-13).

The etiology of OCD is not yet clearly understood,
mainly because histological studies can only be perfor-
med on fragments that have already become detached,
and therefore in the last stage of the disease. There are
various etiological theories for OCD: traumatic, ische-
mic and micro-traumatic.

Most OCD patients do not have a history of previous
traumatic events, and it has been suggested that repe-
titive micro-traumas could instead contribute to the
development of the lesion (10, 13, 14). This latter
hypothesis is supported by the fact that the majority of
patients with OCD had long practiced sport at inten-
se levels (15). It is also possible that OCD is more
likely to become symptomatic, and thus more likely to
be diagnosed, in more active individuals.

On the basis of the most recent histological studies in
animals, the ischemic theory seems to be the most
likely one (16). During endochondral ossification, the
process responsible for the growth of long bones, the
epiphyseal cartilage is supplied with nutrients via ves-
sels that arise from the perichondrium and run in
channels called cartilage canals (17). As cartilage tissue
matures, these channels gradually close and the
medullary cavity takes over as the source of nourish-
ment. This “handover” is characterized by the forma-
tion of anastomoses between vessels in the epiphyseal
cartilage and vessels in the advancing ossification
front; however, these anastomoses can be particularly

unstable and fail, mainly due to local factors such as
lack of chemical or mechanical support for neoangio-
genesis (18). The result, in such cases, is lack of vascu-
larization and nourishment in a well-defined area of
subchondral bone, which therefore evolves towards
avascular necrosis (19, 20). This phenomenon can
manifest itself either as an area of subchondral bone
necrosis with an intact overlying layer of cartilage, a
situation showing potential for spontaneous healing,
or as an already detached osteochondral fragment.
Histological studies of osteochondral fragments remo-
ved from adolescents with OCD seem to confirm the
above-described pathogenic mechanism.

The complete absence of a calcified cartilage layer and
subchondral bone plate in adolescents with OCD is a
finding which implies that juvenile OCD develops
while the endochondral ossification process is still
ongoing; therefore, it is unlikely to be a primary dis-
ease of the subchondral bone (21, 22). Many genetic
risk factors have been proposed. Since the first descrip-
tions of OCD, there have been several reports of fami-
lies in which two or more individuals were affected
(23-25). Rare cases of families with a high incidence of
OCD across multiple generations, even in different
joints, seem to point to an autosomal dominant form
of OCD with variable penetrance (26, 27).

Sporadic OCD, which is the most common form,
seems to be polygenic in nature; that is, the combined
effects of several gene variants determine the risk of
latent disease. At present, however, there are no
ongoing studies to identify such genes.

Clinical presentation

As indicated above, the disease often remains asymp-
tomatic for a long time, before being discovered by
chance when the patient, even in adulthood, under-
goes an X-ray of the ankle for other reasons. When it
is symptomatic, the patient complains of intermittent
weight-bearing pain, mainly when running.

When the osteochondral fragment is detached, the
symptoms are more marked, consisting of: intense pain
(the so-called “articular crisis”), joint swelling, instabi-
lity during walking and even locking. In 6.5% of cases
the onset of symptoms follows an ankle sprain (28).
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The patient should be questioned about the onset of
the symptoms, any prior ankle trauma, and the evolu-
tion and exact features of the pain. Onset of symptoms
immediately after a severe injury of the ankle suggests
an osteochondral fracture or (only after excluding this
first possibility) post-traumatic displacement of an
OCD fragment.

An osteochondral fracture is always found to be the
consequence of a serious ankle injury, frequently a
sprain sustained with the foot in inversion and inter-
nal rotation. Consequently, the most common site of
injury is the lateral margin of the talar dome.

During the clinical examination of the ankle, it is
important to look for any localized tenderness; the
talar dome can be palpated by placing the ankle in
extreme dorsal flexion. The range of motion and pos-
sible associated ligamentous laxity should be measu-
red, also in comparison with the contralateral side.

Imaging

The first investigation to perform is the standard
radiographic examination. In antero-posterior projec-
tion it is often possible to see a subchondral halo, a
sign outlining the osteochondral fragment; it is also
possible to discern OCD from an intraosseous mucoid
cyst or a dystrophic lesion. A radiograph with the

ankle in 15° of internal rotation is particularly useful
for investigating the supero-lateral corner of the talus
given that, in this position, it is free from fibular over-
lap. Stress X-rays are not of paramount importance in
this disease and may actually be impossible to perform
in acute situations.

Osteochondritis dissecans is predominantly located in
the supero-medial corner of the talus; it occurs more
four times frequently in this site than in the supero-
lateral corner (29, 30). The location of the lesion is a
factor that differentiates OCD from traumatic osteo-
chondral fracture, which is more frequent on the late-
ral side. In addition, traumatic injuries are often more
superficial while OCD always involves the subchon-
dral bone (31, 32). A CT scan without contrast gives
precise information about the location and extent of
the lesion, but does not allow assessment of the inte-
grity of the cartilage. This can instead be obtained
using magnetic resonance imaging (MRI) or CT-arth-
rography (CTA). Although MRI has the advantage of
being non-invasive, it does not allow precise evalua-
tion of the depth of the osteochondral lesion whose
edges are blurred by edema of the surrounding bone.
Osteochondral fragments appear hypointense on T1-
weighted images; on T2-weighted images they have a
very variable intensity, however they are always cha-
racterized by a hyperintense line at their base, which is
a sign of the detachment (33) (Fig. 1).

Fig. 1. Magnetic resonance images of the right ankle of a 19-year-old man with symptomatic OCD. A: Coronal proton density-
weighted image that shows the OCD lesion detached from the supero-lateral corner of the talar dome, with loss of cartilage con-
tinuity. The lesion is classified as stage lll. B: Sagittal T1-weighted image showing extensive subchondral bone edema.
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ying cartilage layer is comple-
tely intact (stage I). Stage I and
stage II lesions in teenagers are
usually treated conservatively
(31, 34, 35). For stage I lesions,
treatment consists of leg cast
immobilization and protected
weight bearing on the affected
ankle for six weeks; physical
activity should be limited for at
least six months. In stage II
lesions, weight bearing is prohi-
bited for six weeks; this period
is followed by two weeks of pro-

Fig. 2. Arthro-CT images of the right ankle of a 17-year-old girl. The patient is sedentary and asymp-
tomatic. A: Coronal image showing a stage Il lesion of the superomedial corner of the talar dome. The
contrast medium does not breach the cavity, a sign of integrity of the cartilaginous layer. B: Sagittal

image showing the extent of the lesion (1.7 cm wide).

In theory, CTA is the examination of choice because it
allows effective assessment of both the cartilage and
the actual size of the lesion (Fig. 2). However, because
of its invasiveness — it requires intra-articular injection
of contrast medium and it exposes the patient to ioni-
zing radiation — its use must be carefully evaluated,
especially in adolescents.

Although, over the years, various classifications have
been proposed using CT, MRI or arthroscopy, Berndt
and Harty’s classification is still the most widely used

(Tab. 1).

Table 1. Berndt and Harty classification (8).

Stage 1. Small area of compression of the subchondral bone

Stage 2. Partially detached osteochondral fragment (flap)

Stage 3. Completely detached osteochondral fragment but undi-
splaced

Stage 4. Free osteochondral fragment

Treatment

Treatment of OCD is guided by the patient’s age at the
onset of symptoms, their severity, and the disease stage
according to the Berndt and Harty classification.
OCD can remain asymptomatic throughout a patien-
ts life, or it can become symptomatic as a result of a
trauma, even in adulthood.

In most cases discovered during adolescence, the overl-

tected weight bearing.
Indications for surgery are:
stage I1I or IV lesion, failure of
conservative treatment, detach-
ment of the fragment or decreased potential for reva-
scularization. Younger patients show greater potential
for healing with conservative treatment; therefore,
while early surgery is indicated in adolescents and in
adults, in children younger than 12 years old it is cor-
rect to persevere with conservative treatment for up to
a year (5, 7, 29). Pettine and Morrey (35) suggested
that surgical treatment should be performed earlier in
lesions of the lateral side of the dome. Higuera et al.
(30) recommended surgical treatment only for displa-
ced lesions or if revascularization is unlikely. In their
series of 18 patients with a mean age of 12.6 years, 13
(73%) had stage III lesions and 11 underwent conser-
vative treatment. They obtained good to excellent cli-
nical results in 94.8% of cases, and good to excellent
radiographic results in 68.5%. This discordance bet-
ween clinical and radiographic results in juvenile
OCD is found in all the studies. Perumal et al. (36)
examined the evolution of 32 OCD lesions treated
conservatively in patients with a mean age of 11.9
years; 72% were stage II lesions. Only 16% of the
patients obtained clinical and radiographic healing
after six months of treatment; 77% of patients were
slightly symptomatic at six months with a lesion still
visible on plain radiographs; 42% of them (10
patients) underwent surgery, but 46% (11 patients)
continued conservative treatment for a further six
months: all obtained clinical healing, and four also
radiographic healing.
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Conservative treatment in the adult population does
not give such a high percentage of good clinical results.
In a series of 224 grade III and IV lesions, Berndt and
Harty (8) documented poor results in 73.9% of cases.
Instead, of the group that underwent surgery (56
patients), 78.6% had good clinical results.

A more recent systematic review performed by
Verhagen et al. (37) reported successful results of con-
servative treatment in only 45% of adult patients.
Surgical treatment options include: debridement of
the necrotic subchondral bone, internal fixation of the
fragment or its removal followed by debridement of
the crater, bone marrow stimulation techniques such
as drilling or microfractures performed arthroscopi-
cally, or tissue transplantation techniques: osteochon-
dral auto or allograft, autologous chondrocyte implan-
tation (ACI), and matrix-induced autologous chon-
drocyte implantation (MACI). The general principle
of surgical treatment is to recreate the cartilage or to
refill the defect, restore the articular surface and pre-
vent the evolution towards osteoarthritis.

Zengerink et al. (38) performed a review of the litera-
ture on the surgical treatment of OCD lesions.
Fragment removal led to a clinical success rate of 54%;
the addition of debridement of the crater increased the
success rate to 88%. The association of removal, debri-
dement and marrow stimulation techniques led to the
best result, with a success rate of 85% in stage III or
IV lesions smaller than 1.5 cm.

Retrograde drilling is generally indicated in cases of
OCD with an intact overlying cartilaginous layer, even
if a subchondral cyst is present. The aim of this kind
of surgery is to provide blood supply to the lesion
without damaging the cartilage. Dirilling is performed
under arthroscopic control, through the sinus tarsi for
medial lesions, or anteromedially for lateral lesions.
Kono et al. (39) and Taranow et al. (40) reported suc-
cess rate of 81-100%.

Transmalleolar drilling should be considered in lesions
located in a posterior position in the talar dome,
which are difficult to reach. With this technique, a K-
wire is drilled into the tibia 3 cm proximally to the tip
of the medial malleolus and directed towards the
lesion through the malleolus and the talar cartilage.
Robinson et al. (41) described this technique and
reported a success rate of 63%.

Arthroscopic microdrilling or microfractures are per-
formed with the aim of breaking the subchondral cal-
cified layer in order to obtain growth factors from the
bone marrow; these molecules should induce filling of
the cartilage defect with the less specialized fibrocarti-
lage (Fig. 3). Even though their effectiveness in resto-
ring a functional cartilaginous layer is debatable, their
value in reducing symptoms has been demonstrated
(42). The lesion most suitable for treatment with
microfractures is a small (<6 mm), mostly chondral
lesion with little involvement of the subchondral bone
(43). Chuckpaiwong et al. (44), reviewing 105 OCD
lesions treated with microfractures, reported no failu-
res in the case of lesions smaller than 15 mm (73
patients), but obtained only one good result in lesions
greater than 15 mm (32 cases) (45). An older age, a
high body mass index, a traumatic etiology and the
presence of osteophytes are all factors that negatively
affect the result.

Arthroscopic debridement, bone marrow stimulation
techniques and retrograde or anterograde drilling are
the only surgical procedures that can be performed in
children and adolescents. Highly invasive techniques
such as osteochondral transplant or ACI are not
recommended in growing subjects. Moreover, some

Fig. 3. Arthroscopic image of the right ankle of a 24-year-old footbal-
ler affected by stage IV OCD. After removal of the loose body, which
was too fragmented to be refixed, microfractures were performed.
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surgical approaches, needing a medial or lateral mal-
leolar osteotomy to reach certain lesion sites, are not
feasible because of the risk of growth plate damage and
subsequent deviation of the limb axis (Fig. 4).
Fragment refixation is an option to consider in the
presence of large loose osteochondral fragments in the
joint; however, the subchondral bone should still be
vital. Fixation should be performed with metallic
screw concealed in the cartilage layer, K-wires, resor-
bable pins or fibrin glue. This technique has shown a
high success rate in recent osteochondral fractures; in
chronic OCD lesions the quality of fixation that can
be obtained is debatable on account of sclerotic frag-
ment margins.

Several authors have suggested using autografts to treat
large stage III or IV OCD lesions (>1.5 cm).
Kouvalchouk et al. (45) proposed a technique consi-
sting of debridement of the lesion and filling of the
defect with autologous cancellous bone harvested

Fig. 4. Postoperative X-ray of a 26-year-old man affected by stage IV
OCD located in the postero-medial corner of the left talar dome. The
patient underwent autologous matrix-induced chondrogenesis
(AMIC). To reach the site of the lesion, a medial malleolus osteotomy
was performed and then fixed with a lag screw.

from the distal tibia; they obtained good functional
results in 22 of 27 patients at one year of follow-up.
For extensive OCD lesions, different osteochondral
autograft transplantation techniques have been propo-
sed, i.e. the use of a single block graft (osteochondral
autograft transplantation, OAT) or several smaller
osteochondral blocks (mosaicplasty), and more
recently ACI, even associated with a synthetic matrix
(MACI). The single block graft is generally harvested
from the medial side of the trochlea of the ipsilateral
knee; it is then press-fitted in the talar defect. Lesions
typically treated with this technique are usually exten-
sive, located on the medial side of the talus and have
an underlying subchondral cyst.

The mosaicplasty technique consists of harvesting
several small osteochondral cylinders (3.5-4.5 mm in
diameter) from the non-weight-bearing segment of the
lateral or medial femoral ridge of the ipsilateral knee
or, if the lesion is smaller, from the most anterior sur-
face of the talar dome. The cylinders are then inserted
perpendicularly in the defect. This technique can be
used to fill lesions measuring up to 4 cm?.
Techniques used for grafting and restoration of the
articular surface have given excellent results. In a series
of 50 patients submitted to mosaicplasty, Scranton et
al. (46) reported good results in 90% of cases at a
mean 36-month follow-up; Hangody and Fules (47)
obtained good or excellent results in 94% of 36
patients at a mean 4.2-year follow-up. The drawback
of this technique is donor site morbidity, which can
occur in up to 15-16% of cases (37).

The ACI technique used for the talar dome does not
differ from the more widespread one used for the
knee. It consists of two surgical steps. The first one is
the harvesting of chondrocytes from the knee or the
ankle, arthroscopically performed. The second step is
performed after the cells have been allowed to grow
and expand 7z vitro for 6-8 weeks; it consists of an
open procedure in which the defect is filled with the
cells and then closed with a periosteal patch harvested
from the distal tibia.

Giannini et al. (48) reported a series of 10 patients
with a mean age of 25.8 years and a mean talar defect
of 3.1 cm?, followed up for 10 years after ACI. At the
last follow-up, their mean American Orthopaedic Foot
and Ankle Society (AOFAS) score was still 92.7 and
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Table 2. Outcome of the various surgical treatment for OCD.

Surgical treatment

Number of studies Number of patients Number of patients Success rate in %

Success range

successfully treated in %
Debridement 14 251 177 71 30-100
Refixation 7 78 64 82 0-100
Bone marrow stimulation 24 422 319 76 33-100
Transplantation (ACI e OATS) 21 352 294 84 1-100

MR T2-mapping findings were comparable to those of
native cartilage.

After several studies in the knee joint, the technique
of autologous matrix-induced chondrogenesis
(AMIC) was also proposed for the talar dome. This
technique consists of filling the cartilage defect with a
synthetic membrane, usually collagen-based. Its
microarchitecture encourages chondrocytes coming
from the healthy periphery and of the lesion to grow
and to produce extracellular matrix. The AMIC tech-
nique replaces only the cartilaginous layer, therefore it
must be associated with a cancellous bone autograft to
fill the subchondral defect. Valderrabano et al. (49)
recently presented a series of 26 patients treated with
this technique and followed up for a mean of 31
months.

The clinical results were very good and the mean
AQFAS score at the last follow up was 89. Complete
filling of the cartilaginous defect was achieved in 35%
of cases; hypertrophic growth was found in 50%.
Seventy-three % practiced sports before the onset of
symptoms; 62% resumed their sport activity after sur-

gery.

Discussion

Even through the various techniques proposed for
treating OCD of the talus have shown good and pro-
mising results, clear indications remain to be develo-
ped. Most articles are case series, with a level IV of evi-
dence; they examined small populations and often
presented results at short-term follow-up (50). There
are no randomized controlled trials in the literature,
except for one which involved 15 patients followed up
for six months. Moreover, there is no uniformity in cli-

nical evaluation, therefore studies cannot easily be
compared. Few studies have added instrumental
(MRI) or histological findings.

In view of these limitations, surgical treatments for
OCD of the talus present an overall success rate of
79%. This rate depends on the stage of the lesion,
being lower for stage IV lesions (76%) and higher for
low-grade lesions (82% for stage I, 86% for stage II
and 83% for stage III). This finding seems to confirm
the paramount importance of early surgical treatment
for OCD.

Most patients with stage I-III lesions are treated with
bone marrow stimulation techniques; instead the ACI
technique and osteochondral autografts are applied in
stage IV lesions.

Analyzing the results according to the surgical techni-
que used, ACI and autografts showed a higher success
rate (84%) compared with refixation of the fragment
(82%), bone marrow stimulation techniques (76%)
and debridement (71%) (Tab. 2). This finding is par-
ticularly interesting because the techniques that sho-
wed a lower success rate are the ones usually used to
treat early-stage lesions; instead ACI and osteochon-
dral autograft transplantation techniques are com-
monly used in stage IV lesions.

In conclusion, although OCD of the talus is a confusing
disease, also as regards the terminology used, there is a
growing awareness of its pathogenesis and evolution.
Accordingly, the therapeutic strategies and surgical
interventions being proposed to treat it are increasing
and improving.

Nevertheless, the results of research in this area are spo-
radic and, despite a number of promising future direc-
tions for the treatment of OCD, more scientific eviden-
ce is needed to obtain a treatment that demonstrates
adequate safety and efficacy.
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