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� Osteochondral lesions of the talus are common injuries in recreational and professional athletes, with up to 50% of
acute ankle sprains and fractures developing some form of chondral injury. Surgical treatment paradigms aim to
restore the articular surface with a repair tissue similar to native cartilage and to provide long-term symptomatic relief.

� Arthroscopic bone-marrow stimulation techniques, such as microfracture and drilling, perforate the subchondral
plate with multiple openings to recruit mesenchymal stem cells from the underlying bone marrow to stimulate the
differentiation of fibrocartilaginous repair tissue in the defect site. The ability of fibrocartilage to withstand me-
chanical loading and protect the subchondral bone over time is a concern.

� Autologous osteochondral transplantation techniques replace the defect with a tubular unit of viable hyaline
cartilage and bone from a donor site in the ipsilateral knee. In rare cases, a graft can also be harvested from the
ipsilateral talus or contralateral knee. The limitations of donor site morbidity and the potential need for an oste-
otomy about the ankle should be considered. Some anterior or far posterior talar lesions can be accessed without
arthrotomy or with a plafondplasty.

� Osteochondral allograft transplantation allows an osteochondral lesion with a large surface area to be replaced
with a single unit of viable articular cartilage and subchondral bone from a donor that is matched to size, shape,
and surface curvature. The best available evidence suggests that this procedure should be limited to large-volume
cystic lesions or salvage procedures.

� Autologous chondrocyte implantation techniques require a two-stage procedure, the first for chondrocyte harvest
and the second for implantation in a periosteum-covered or matrix-induced form after in vivo culture expansion.
Theoretically, the transplantation of chondrocyte-like cells into the defect will result in hyaline-like repair tissue.

Osteochondral lesions of the talus present a difficult clinical
problem to orthopaedic surgeons. Ankle sprains are a common
injury, with up to two million acute sprains occurring each year
in the United States alone1,2. Approximately one-half of these
acute ankle sprains are likely to result in some form of cartilage
injury3. Ankle fractures also present a substantial risk for chon-
dral injury, with rates reported to be as high as 73% (sixty-one of

eighty-four acute ankle fractures)4. Clinically effective cartilage
repair techniques are paramount in providing symptomatic relief
and returning the patient to sports and activities of daily living.

The operative treatment paradigms for osteochondral
lesions of the talus are controversial and a subject of frequent
debate. A Cochrane review performed by Loveday et al. con-
cluded that there was a lack of evidence to determine which
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operative treatment strategy is most beneficial in treating os-
teochondral lesions of the talus in adults5. Treatment tech-
niques include arthroscopic bone-marrow stimulation, tissue
transplantation, and other cell-based techniques. Biological
adjuncts to cartilage repair are also becoming increasingly in-
vestigated and utilized. In this review, we provide, where pos-
sible, an evidence-based critical discussion of the basic science,
indications, advantages, outcomes, and limitations associated
with these operative treatment and augmentation strategies for
osteochondral lesions of the talus.

Arthroscopic Bone-Marrow Stimulation
Arthroscopic bone-marrow stimulation involving drilling and
microfracture is the most commonly utilized primary treat-
ment strategy for symptomatic osteochondral lesions of the
talus that are £15 mm in diameter6-13. This treatment is low-
cost, technically undemanding, and minimally invasive, with
low complication rates and minimal postoperative pain. Bone-
marrow stimulation should be accompanied by excision and
curettage of the defect site, such that the calcified layer is re-
moved at the foundation and a stable margin of healthy car-
tilage is achieved14,15.

The primary objective of bone-marrow stimulation is to
breach the subchondral plate at multiple 3 to 4-mm intervals,
thereby allowing pluripotent mesenchymal stem cells to accu-
mulate into the base of the defect site from the underlying bone
marrow (Figs. 1-A, 1-B, and 1-C)13. Intraoperatively, the release
of fatty droplets from the fracture apertures can be utilized as a
clinical indicator that adequate depth has been achieved. The
subsequent formation of a fibrin clot initiates an inflammatory
response, during which the release of cytokines and growth
factors stimulates tissue healing16-19. Mesenchymal stem cells
begin to differentiate into chondrocyte-like cells that ultimately
form a repair tissue expressing mainly type-II collagen in a
proteoglycan matrix at six to eight weeks after injury20-22. How-
ever, the ensuing surface fibrillation, proteoglycan depletion, and
chondrocyte death result in a biological shift to fibrocartilagi-
nous repair tissue exhibiting primarily type-I collagen at one
year21-24. Type-I collagen retains inherently different biological
and mechanical properties compared with hyaline cartilage, and
it may degenerate over time21.

Outcomes of Arthroscopic Bone-Marrow Stimulation
Currently, no study, to our knowledge, has described the long-
term outcomes (i.e., at ten years or more) after arthroscopic
bone-marrow stimulation of the talus. Likewise, we are not
aware of Level-I clinical trials comparing bone-marrow stim-
ulation with other cartilage repair techniques. A systematic
review by Zengerink et al.12 concluded that excision, curettage,
and bone-marrow stimulation represented the treatment
strategy of choice for primary osteochondral lesions of the
talus, with an 85% success rate in a total of 386 patients.

The lesion size best suited for treatment with arthroscopic
bone-marrow stimulation has not been established. However,
strong associations have been reported between smaller lesion
size and a successful clinical outcome. Chuckpaiwong et al.

performed an analysis of 105 patients followed prospectively
for a mean of 31.6 months and reported no treatment failures
in lesions with a size of <15 mm, irrespective of lesion loca-
tion25. Conversely, there was only one successful outcome in
thirty-two patients with a lesion size of >15 mm. Choi et al. also
evaluated the effect of lesion size on clinical outcome in 117
patients and found the lowest clinical failure rate to be asso-
ciated with a defect area of <100 mm2 (5.2% of fifty-eight
ankles)26. Analyses by several authors have noted that age and a
history of trauma have no effect on overall outcome25-30.

One prospective randomized study (Level-II evidence)
compared the outcomes of microfracture with those of alter-
native cartilage repair techniques. Gobbi et al. randomized
thirty-two patients (thirty-three ankles) to receive microfracture,
osteochondral autologous transplantation, or chondroplasty, all
performed arthroscopically31. At a mean follow-up of fifty-three
months, no significant difference was detected among treatment
groups with respect to the American Orthopaedic Foot & Ankle
Society (AOFAS) Ankle-Hindfoot Scale or the Single Assessment
Numeric Evaluation rating32,33. The microfracture and chon-
droplasty groups, however, had lower Numeric Pain Intensity
Scores in comparison with the osteochondral autologous
transplantation group twenty-four hours postoperatively. There
were several limitations to this study, including the fact that
patients were not truly randomized but assigned a treatment
according to the treating surgeon. There were also differences
between treatment groups with regard to lesion size, patient sex,
and age, yet it appears that outcomes for reparative and restor-
ative strategies are both good.

Several authors have reported good results following ar-
throscopic bone marrow stimulation28,34,35. Lee et al.35 reported
good to excellent results after microfracture in 89% of thirty-five
patients under fifty years of age and with lesions of <1.5 cm2.
Becher and Thermann, in a prospective study of thirty patients
treated with arthroscopic microfracture and followed for a mean
of twenty-four months28, reported that 83% had excellent or
good results according to the Hannover Scoring System36.
However, all patients had fibrillation and fissuring on magnetic
resonance imaging (MRI) at the time of the final follow-up.

In addition to these encouraging results, there are also sev-
eral reports of poorer outcomes after arthroscopic bone-marrow
stimulation37-41. Kumai et al., in a study of eighteen ankles treated
with arthroscopic drilling and followed for a mean of 4.6 years,
reported that thirteen patients (72%) had good clinical results and
five (28%) had fair results37. While Schuman et al. found good to
excellent results in 82% of patients at a mean of 4.8 years of follow-
up, 45% reported being limited or not able to return to sporting
activities after surgery38. Recently, Cuttica et al. assessed edema on
follow-up MRI studies after microfracture in twenty-nine patients
with thirty osteochondral lesions of the talus40. At a mean of 81.5
weeks after surgery, sixteen ankles (53%) had a fair or poor out-
come, with better results seen in patients with a lower grade of
edema intensity.

To our knowledge, Lee et al. were the first to report a case
series using second-look arthroscopy, which was performed on
twenty ankles one year after microfracture42. Despite good to
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Fig. 1-A

Fig. 1-B Fig. 1-C

Figs. 1-A, 1-B, and 1-C Arthroscopic bone-marrow stimulation for the repair of symptomatic osteochondral lesions of the talus. Fig. 1-A After curettage and

debridement of the defect, removal of the calcified layer at the base of the defect is of critical importance in the procedure in order to facilitate clot

adhesion15. Bone-marrow stimulation is then accomplished by perforating the subchondral bone at 3 to 4-mm intervals in the base of the defect to stimulate

the formation of a fibrocartilaginous repair tissue. Fig. 1-B Coronal cartilage-sensitive fast spin-echo MRI study, acquired twenty-five months following

microfracture of the lateral margin of the talar dome, demonstrates depression of the subchondral plate and overlying high-signal-intensity repair cartilage

(arrow). Hardware is evident in the distal aspect of the fibula from a previous open reduction and internal fixation. Fig. 1-C Corresponding coronal

quantitative T2 map demonstrates diffuse prolongation of T2 values and loss of color stratification at the site of cartilage repair (arrow), representing

immature repair cartilage. Normal cartilage typically demonstrates T2 stratification, with lower values (i.e., red-orange) near the subchondral plate and

progressively higher values (i.e., yellow-green) toward the articular surface. Abnormal cartilage (either damaged cartilage or fibrocartilaginous repair tissue)

typically demonstrates prolongation of T2 relaxation values (i.e., yellow-green-blue) and loss of T2 stratification. (Figs. 1-B and 1-C reproduced, with

permission of Sage Publications, from: Murawski CD, Foo LF, Kennedy JG. A review of arthroscopic bone marrow stimulation techniques of the talus: the

good, the bad, and the causes for concern. Cartilage. 2010;1[2]:137-44. All rights reserved. Copyright [2010]. http://online.sagepub.com.)
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excellent AOFAS scores for 90% of the ankles, the repair tissue in
eight ankles (40%) was graded as abnormal (grade III) according
to the International Cartilage Repair Society system43,44, while
seven ankles (35%) demonstrated incomplete healing (stage D)
according to the Ferkel and Cheng classification system45. Sep-
arately, Ferkel et al. retrospectively evaluated fifty patients, in-
cluding forty-four who had drilling and six who had an abrasion
arthroplasty, with a mean follow-up of seventy-one months46.
Thirty-four percent of the patients demonstrated advancement
by at least one grade of arthritis on radiographs, and a subset of
seventeen patients demonstrated a 35% decline in the modified
Weber score47 over five years. Collectively, therefore, these data
are concerning and suggest deterioration of the fibrocartilage
infill and declining outcome scores over time. While arthro-
scopic bone-marrow stimulation remains a technically unde-
manding and viable primary treatment strategy for small
osteochondral lesions of the talus, size guidelines that facilitate
symptomatic relief in the long term are not yet established.

Tissue Transplantation
Autologous Osteochondral Transplantation
Autologous osteochondral transplantation involves trans-
planting one or more tubular units of cartilage and bone har-
vested from the ipsilateral knee to a defect site in the talus (Figs.
2-A, 2-B, and 2-C). Mosaicplasty is one form of autologous
osteochondral transplantation and consists of multiple circular
plugs, often of varying sizes, arranged in a side-by-side configu-
ration. Historically, autologous osteochondral transplantation
has been indicated in patients with highly cystic lesions or sec-
ondarily after failed index procedures, whereas several recent
studies have advocated its use in large primary lesions as well12,48-50.
The inherent advantages of this technique include replacing
the defect with viable hyaline cartilage, without the need for a
two-stage procedure. Despite this, however, there are disadvan-
tages, including the need for graft harvest and the associated
donor site morbidity, differences in surface curvature between
the graft and host tissues, the poor potential for spontaneous
healing at the cartilage interface of the graft, and the possible
need for an osteotomy. On the basis of the exact location of the
lesion, various osteotomies, including plafondplasty as well as
osteotomy of the medial malleolus, the lateral aspect of the tibia,
and the fibula, can be performed. A fibular osteotomy can be
combined with lateral ligament release, depending on the ap-
proach required51.

Placing the donor graft(s) in the most congruent position
possible to avoid surface incongruities on the talus should be
considered of critical importance to the surgeon when per-
forming this procedure. Two recent studies have investigated
the effect of graft height on contact mechanics in cadaveric
ankles52,53. In one of these studies, Fansa et al. transplanted a
graft harvested from the ipsilateral knee to the centromedial
aspect of the talus in the most congruent position possible
relative to the surrounding cartilage53. Utilizing a six-degrees-
of-freedom robotic arm, the authors demonstrated a restora-
tion of force measurements on the medial one-third of the talus
to within an insignificant 6% of normal.

Outcomes of Autologous Osteochondral Transplantation
To our knowledge, the largest case series of autologous os-
teochondral mosaicplasties to date was reported by Hangody
et al. and included the cases of 1097 patients, ninety-eight of
whom had the procedure performed in the talus54. The authors
reported that 93% of the patients had good to excellent clinical
results in the talus on the basis of evaluation with the Hannover
Scoring System36. Long-term donor-site knee pain was present in
3% of the overall population. Similarly, Kennedy and Murawski
also reported good functional results at a mean follow-up of
28.02 months postoperatively in seventy-two patients who un-
derwent autologous osteochondral transplantation49. Three pa-
tients (4%) reported donor-site knee pain after the operation,
and one patient required the decompression of a cyst that had
developed beneath the graft site two years after the operation.

The role of autologous osteochondral transplantation
procedures in returning patients to sporting activities has also
been investigated. Paul et al. reported on 131 patients who were
followed retrospectively for a mean of sixty months postopera-
tively55. The authors found that, while patients were able to re-
turn to sporting activities, they tended to modify the level of
activity, particularly if they competed in high-impact or contact
sports.

The results after medial malleolar osteotomy have also
been reported. Lamb et al. recently described the results of a
chevron-type medial malleolar osteotomy in sixty-two pa-
tients56. At a median follow-up duration of 34.5 months after
surgery, fifty-eight patients (94%) were asymptomatic at the
site of the osteotomy, with a median time to radiographic
healing of six weeks (range, four to six weeks). Quantitative T2-
mapping MRI revealed that relaxation times in the deep half of
the repair tissue at the osteotomy interface were restored rel-
ative to those of normal tibial cartilage, while those in the
superficial half indicated a more fibrocartilaginous repair.

Two studies have evaluated donor-site knee pain after
osteochondral graft harvest. Paul et al. evaluated graft harvest
from an asymptomatic knee in 112 patients with a minimum
follow-up of two years (mean, fifty-five months)57. Patients were
evaluated using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and Lysholm knee score58,59.
The mean WOMAC and Lysholm scores were 5.5% and 89
points, respectively, at the time of final follow-up, and a higher
body mass index (BMI) negatively influenced outcome scores.
Reddy et al., in a retrospective evaluation of eleven patients with
a mean follow-up of forty-seven months after the operation,
reported a final mean Lysholm score of 81 points60. The number
of grafts obtained had no effect on clinical outcome.

Autologous osteochondral transplantation of the talus has
the potential to provide good clinical outcomes in the short to
medium-term time periods, with results that do not appear to
decrease over time. Emphasis should be placed on implanting
the donor graft(s) in the most congruent position possible rel-
ative to the native cartilage. An osteotomy may be required to
access the talar dome, but it does not appear to be a reported
cause for concern. However, donor-site knee pain is a concern in
some series.
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Fig. 2-A

Fig. 2-B Fig. 2-C

Figs. 2-A, 2-B, and 2-C Autologous osteochondral transplantation for the replacement of an osteochondral lesion of the talus. Fig. 2-A One or more tubular

units of viable hyaline cartilage and bone (circles in inset) are harvested from the ipsilateral knee and transplanted into the defect site of the talus in a press-

fit configuration. Placing the graft in the most congruent position possible relative to the surrounding native articular surface of the talus should be

considered crucial. The blue lines are used for alignment of the plug with the native surface of the talus. (Reproduced, with permission of Sage Publications,

from: Kennedy JG, Murawski CD. The treatment of osteochondral lesions of the talus with autologous osteochondral transplantation and bone marrow

aspirate concentrate: surgical technique. Cartilage. 2011;2:327-36. All rights reserved. Copyright [2011]. http://online.sagepub.com.) Fig. 2-B Coronal

cartilage-sensitive fast spin-echo MRI study of an autologous osteochondral plug (arrow) transplanted into the medial margin of the talar dome dem-

onstrates good fill of the cartilage defect and restoration of the radius of curvature of the articular surface by repair cartilage, which maintains gray-scale

stratification and is flush with the adjacent native cartilage. There is good osseous incorporation of the graft. Fig. 2-C Corresponding coronal quantitative T2

map demonstrates normal color stratification of T2 values at the site of cartilage repair (arrow), similar to that of native cartilage. Placing the graft in a

congruent position resulted in a step-off in the bone at the graft site relative to the surrounding bone as a result of thicker cartilage in the knee compared with

the ankle. (Figs. 2-B and 2-C reproduced, with permission of Sage Publications, from: Murawski CD, Foo LF, Kennedy JG. A review of arthroscopic bone

marrow stimulation techniques of the talus: the good, the bad, and the causes for concern. Cartilage. 2010;1[2]:137-44. All rights reserved. Copyright

[2010]. http://online.sagepub.com.)
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Osteochondral Allograft Transplantation
Osteochondral allograft transplantation is a replacement pro-
cedure in which a cadaver graft of viable articular cartilage and
its underlying subchondral bone are harvested to a specific size,
depth, and orientation of curvature (Fig. 3). In comparison
with the knee, the ankle is a highly congruent joint, and thus
the graft must be matched meticulously to the native talus. The
advantages of using osteochondral allograft include the trans-
plantation of viable hyaline cartilage without the need for graft
harvest from an asymptomatic knee, the ability to replace large
defects with a single dowel of cartilage and bone, and the ability
to fashion the graft to a specific fit and radius of curvature.
However, the disadvantages of osteochondral allograft include
a technically demanding process of graft preparation, high cost,
limited availability, and the potential for disease transmission.
Several types of osteochondral allografts exist and can be
characterized on the basis of the methods of storage or pres-
ervation prior to use. Fresh allografts are the most commonly
utilized in clinical practice, as both fresh-frozen and cryo-
preserved allograft have been reported previously to have
decreased chondrocyte viability in the donor tissue61,62. Im-
mediately after being harvested from the cadaver, grafts un-
dergo a rigorous screening process based on guidelines set forth
by the American Association of Tissue Banks, during which
time they are maintained in a temperature-controlled envi-
ronment (typically between 2� and 4�C)63-65. In this regard, an
expedient yet thorough process is critical, as chondrocyte via-
bility in fresh allograft decreases with time. Williams et al. in-
vestigated the effect of prolonged storage on osteochondral
allografts and found that, while chondrocyte viability and vi-
able cell density were not altered through fourteen days, a
significant (p < 0.001) decline in viable chondrocytes to 70% of
the original amount occurred at twenty-eight days66. Every
effort should be made by the surgeon and patient to conduct

the procedure at the earliest possible time following release of
the allograft.

Outcomes of Osteochondral Allograft Transplantation
Presently, the evidence supporting the use of osteochondral
allograft in the talus remains limited, with only a few retro-
spective and prospective case series available. Raikin prospec-
tively evaluated fifteen patients with a mean follow-up of
forty-four months (minimum, twenty-four months) after fresh
bulk osteochondral allograft transplantation for large-volume,
cystic osteochondral lesions of the talus that were >3000 mm3

in size65. At the time of final follow-up, the mean AOFAS score
had improved from 38 points preoperatively to 83 points
postoperatively, while the visual analog scale (VAS) pain score
decreased from a mean of 8.5 points preoperatively to 3.3
points postoperatively. Radiographic findings revealed evi-
dence of collapse or resorption in ten ankles (67%) and joint
space narrowing in nine ankles (60%). Two (13%) of the fifteen
ankles required subsequent conversion to ankle arthrodesis.

The remaining literature for fresh osteochondral allograft
transplantation of the talus comprises retrospective case series.
El-Rashidy et al. evaluated thirty-eight patients with a mean
follow-up duration of 37.7 months64. The mean AOFAS ankle-
hindfoot score increased significantly from 52 points preopera-
tively to 79 points postoperatively. Graft failure, defined as the
need for conversion to arthrodesis or arthroplasty, occurred in
four patients. Fifteen patients in the cohort also underwent MRI
follow-up after surgery. Graft subsidence was found in only one
patient, who also had graft failure. However, graft incorporation
was rated as fair or poor in twelve patients (80%), while one-
third of the grafts were also graded as unstable according to the
De Smet criteria, in which signs of instability on MRI have been
found to include one or more high-signal lines, a focal defect, an
articular fracture, and an adjacent cyst.

Fig. 3

A fresh osteochondral allograft is harvested from a donor talus matched to the size and radius of curvature of the native articular surface (left). The graft is

then transplanted into the prepared talus and is typically secured using two bioabsorbable screws (right).
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On the basis of the available evidence, patients for
osteochondral allograft transplantation should be chosen
carefully to include those needing salvage procedures or with
large-volume, cystic lesions not amenable to arthroscopic bone-
marrow stimulation or standard autograft procedures. When
used in select patients, this procedure has the potential to reduce
pain and improve function for those seeking to avoid or delay
more permanent procedures, such as ankle arthrodesis or total
ankle arthroplasty.

Autologous Chondrocyte Implantation
Autologous chondrocyte implantation was first developed by
Brittberg et al., in 1994, as an innovative operative approach for
treating cartilage defects of the knee67. In principle, the primary
advantage of autologous chondrocyte implantation is that it
involves the transplantation of viable, cultured chondrocytes
into the defect, thereby facilitating a presumably hyaline-like
repair tissue. However, a two-stage operation is required.

Periosteum-Covered Technique
The periosteum-covered, or first-generation autologous chon-
drocyte implantation, technique utilizes an injection of chon-
drocyte cell suspension under a sutured periosteal flap harvested
from the distal end of the tibia. The limitations of this technique
include a technically demanding procedure, the potential for cell
dedifferentiation, cell leakage, uneven distribution of cells within
the defect, delamination, and periosteal hypertrophy.

Matrix-Associated Technique
Matrix-induced autologous chondrocyte implantation, or the
so-called second-generation autologous chondrocyte implan-
tation technique, evolved in response to the complications
associated with the first-generation technique. In the matrix-
associated technique, harvested chondrocytes are typically
cultured on a bioabsorbable, porcine type-I/III collagen
membrane before implantation into the defect68. There are also
various other types of matrices, including type-I collagen gel
and hyaluronic acid-based membrane69. The advantages of the
matrix-induced autologous chondrocyte implantation tech-
nique over the first-generation technique are that a periosteal
graft harvest is avoided, there is a more even cell distribution,
the procedure can be performed arthroscopically, and the
culturing process is thought to prevent the dedifferentiation of
chondrocytes. Presently, matrix-induced autologous chon-
drocyte implantation is not marketed in the United States.

Outcomes of Autologous Chondrocyte Implantation
The clinical outcomes after techniques of autologous chondro-
cyte implantation in the talus have been reported only in case
series. In a recent meta-analysis of Level-I evidence, Niemeyer
et al. evaluated the effectiveness of autologous chondrocyte im-
plantation for osteochondral lesions of the talus70. In the review of
sixteen studies meeting the inclusion criteria, the mean modified
Coleman Methodology Score was 65 points and the overall
clinical success rate was 89.9%. The Coleman Methodology Score
has been used previously to evaluate studies of cartilage repair71.

Definitive conclusions could not be reached because of a lack of
controlled studies comparing autologous chondrocyte implan-
tation techniques with other methods of cartilage repair.

Periosteum-Covered Technique
Giannini et al. reported the long-term, ten-year clinical and MRI
results after periosteum-covered autologous chondrocyte
implantation in ten patients72. The authors reported that the
mean AOFAS score improved from 37.9 points preoperatively to
92.7 points postoperatively. Morphological MRI follow-up, using
the Magnetic Resonance Observation of Cartilage Repair Tissue
scoring system73, revealed integration of the regenerated tissue, as
well as subchondral edema in two patients (20%). Battaglia et al.
recently reported the results of an arthroscopic autologous
chondrocyte implantation technique in twenty patients with a
mean age of thirty-five years and a mean follow-up duration of
five years74. The mean AOFAS functional outcome score increased
from 59 points preoperatively to 84 points postoperatively, while
quantitative T2-mapping evaluation revealed a repair tissue sim-
ilar to native cartilage covering 69% of the total defect area.

Matrix-Associated Technique
Giannini et al. reported what we believe is the largest case series,
which involved forty-six patients undergoing matrix-induced
autologous chondrocyte implantation in the talus for posttrau-
matic lesions75. The patients were followed prospectively for
thirty-six months and demonstrated a significant improvement
in the mean AOFAS score from 57.2 points preoperatively to
89.5 points postoperatively. The initial three patients in the series
underwent second-look arthroscopy with tissue biopsy; subse-
quent histological examination revealed repair tissue similar to
hyaline cartilage. Recently, Magnan et al. evaluated thirty pa-
tients with a mean lesion size of 2.36 cm2 who were treated with
matrix-induced autologous chondrocyte implantation76. The
mean AOFAS score improved from 36.9 points preoperatively to
83.9 points at a mean follow-up of forty-five months (range,
eighteen to ninety-six months). Only 50% of the patients re-
turned to their previous sporting activities. In a separate study by
Quirbach et al., who evaluated twelve patients after matrix-
induced autologous chondrocyte implantation, T2 and T2* MRI
relaxation times revealed a repair tissue that was not significantly
different from the tissue in a healthy control group77.

Despite promising results with the autologous chondro-
cyte implantation technique, including improved function in
patients having a revision, definitive recommendations cannot
be made. Patients should be counseled thoroughly with regard to
the need for a two-stage procedure and other potential risk
factors, such as those associated with periosteal harvest.

Biological Adjuncts to Cartilage Repair
Concentrated Bone-Marrow Aspirate
Bone-marrow aspirate contains a source of mesenchymal stem
cells and growth factors and can be harvested intraoperatively
using a simple, one-step aspiration technique from several
sources, including the iliac crest, proximal or distal aspect of the
tibia, and calcaneus78. While the site and aspirate volume may
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play a role in the quantity of mesenchymal stem cells and
progenitor cells, sex and age-related differences have also been
reported79,80.

The use of concentrated bone-marrow aspirate as an ad-
junct to microfracture has been investigated in a preclinical
large-animal model. Fortier et al. created 15-mm, full-thickness
defects on the lateral trochlear ridge of the stifle joint in twelve
horses and treated them with microfracture and concentrated
bone-marrow aspirate or microfracture alone81. The animals
were killed at eight months, at which time histological data re-
vealed greater type-II collagen, proteoglycan, and glycosami-
noglycan content in the concentrated bone-marrow aspirate
group. Clinically, several investigators have employed concen-
trated bone-marrow aspirate in uncontrolled studies; the use-
fulness of these studies in delineating the exact efficacy in the
treatment of osteochondral lesions of the talus is therefore
limited49,82.

Hyaluronic Acid
Hyaluronic acid is a carbohydrate component contained within
synovial fluid that confers its viscoelastic properties and experi-
mentally enhances the proliferation of cultured chondrocytes
in vitro83,84. To our knowledge, hyaluronic acid is the only bio-
logical adjunct for the treatment of osteochondral lesions of the
talus that is supported by Level-I evidence. Recently, Doral et al.
reported that three intra-articular hyaluronic acid injections per-
formed weekly, beginning in the third postoperative week after
arthroscopic debridement and microfracture, significantly im-
proved clinical outcome compared with the microfracture-only
control83.

Overview
The surgical treatment of osteochondral lesions of the talus
remains controversial among orthopaedic surgeons worldwide.
Depending on lesion size, both arthroscopic bone-marrow

stimulation and autologous osteochondral transplantation
can be utilized as primary treatment strategies with good suc-
cess (Table I). Osteochondral allograft transplantation and
other cell-based techniques should only be utilized in carefully
considered patients in whom other primary techniques have
failed previously. Well-designed clinical trials of high meth-
odological quality are required to substantiate these clinical
guidelines. n

Christopher D. Murawski, BS
John G. Kennedy, MD, MCh, MMSc, FRCS (Orth)
Hospital for Special Surgery,
523 East 72nd Street, Suite 507,
New York, NY 10021
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