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Abstract
Purpose: to verify the capability of scaffold-supported
bone marrow-derived cells to be used in the repair of
osteochondral lesions of the talus.
Methods: using a device to concentrate bone marrowderived cells, a scaffold (collagen powder or hyaluronic
acid membrane) for cell support and platelet gel, a
one-step arthroscopic technique was developed for
cartilage repair. In a prospective clinical study, we investigated the ability of this technique to repair talar
osteochondral lesions in 64 patients. The mean follow-up was 53 months. Clinical results were evaluated
using the American Orthopaedic Foot and Ankle
Society (AOFAS) scale score. We also considered the
influence of scaffold type, lesion area, previous surgery,
and lesion depth.
Results: the mean preoperative AOFAS scale score was
65.2 ± 13.9. The clinical results peaked at 24 months,
before declining gradually to settle at a score of around
80 at the maximum follow-up of 72 months.
Conclusions: the use of bone marrow-derived cells
supported by scaffolds to repair osteochondral lesions
of the talus resulted in significant clinical improvement, which was maintained over time.
Level of Evidence: level IV, therapeutic case series.
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Introduction
Osteochondral lesions of the talus frequently occur
after inversion or eversion ankle sprains in young
patients participating in sports activities (1, 2). Since
chondral tissue has poor healing abilities (3), the
damage may be irreversible (4) and lead to chronic
symptoms and early osteoarthritis, with a reported frequency ranging from 17 to 50% (5-7).
Various surgical options have been proposed to restore
an adequate cartilaginous layer on the talar dome (8),
but of these, only autologous chondrocyte implantation and osteochondral grafting have shown the ability
to repair the lesion site with hyaline cartilage (9).
Tissue-engineering approaches have been suggested,
including the use of biodegradable scaffolding, such as
Hyalograft C (Fidia Advanced Biopolymers, Abano
Terme, Italy) for cell support and proliferation, and
matrix-induced autologous chondrocyte implantation.
These procedures allow entirely arthroscopic autologous chondrocyte implantation with a substantial
reduction in surgical morbidity (10-14). However,
autologous chondrocyte implantation continues to
have drawbacks, namely the need for two operations
and the high costs involved (12, 13). The major disadvantages of osteochondral grafting, on the other
hand, are the limited donor area available, the risk of
damage to a healthy joint during the plug harvesting
phase, possible discontinuous cartilage repair at the
recipient site owing to slight discrepancies in plug
orientation, and the need for open surgery at the
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donor and recipient sites, a malleolar osteotomy
usually being required (15, 16). These considerations
have prompted the search for new cartilage repair
methods able to overcome these disadvantages.
Recently, mesenchymal stem cells (MSCs), because of
their ability to differentiate into various lineages,
including osteoblasts and chondrocytes (17, 18), were
proposed as a new option for the treatment of articular cartilage defects (19). MSC differentiation in the
desired direction may be achieved as a result of environment, mechanical stimulation, and growth factors
present in the platelet gel, capable of stimulating cells
toward osteogenesis and chondrogenesis (13, 20, 21).
Although the use of MSCs as a pure cell lineage has
been advocated (19), the key role in the described
technique, following the selective elimination of cells
that do not express the typical markers of MSCs, is
played by the surrounding microenvironment (or
niche).
The potential of a multipotent cell may be considered
not only in terms of its intrinsic capability, but also in
terms of its interaction with its physiological niche,
which provides a signaling network (i.e., the extracellular matrix, adhesion molecules, growth factors, cytokines, and chemokines secreted by the resident cells)
(22-24). Autologous bone marrow contains not only
stem cells and precursor cells as a source of regenerative tissue, but also accessory cells that support angiogenesis and vasculogenesis by producing several growth
factors. This suggests that, contrary to the case of autologous chondrocyte implantation, there may be no
need for cell selection and expansion in the laboratory,
and consequently that it may be possible to perform
the transplant in a single surgical procedure.
Using a kit to concentrate bone marrow-derived cells
in the operating room, collagen powder or hyaluronic
acid membrane (as scaffolds for cell support) and platelet gel, a one-step arthroscopic technique was developed (25, 26).
The purpose of the present study was to verify whether
the one-step arthroscopic technique using bone marrow-derived cells supported by different scaffolds and
platelet gel to treat osteochondral lesions of the talus
would improve the clinical, imaging and histological
outcome.
The hypothesis of the study was that treatment of
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osteochondral lesions of the talus with bone marrowderived cells supported onto scaffolds may provide
significant clinical improvement thanks the formation
of repair tissue.

Methods
From 2006 to 2008, we enrolled 64 patients with focal
osteochondral lesions of the talar dome for treatment
with arthroscopic bone marrow-derived cell transplantation using a one-step technique and one of two scaffolds. The treatment was indicated for focal osteochondral lesions of the talar dome classified as chronic
type II (1.5 cm2 in area, <5 mm deep) (27). We excluded patients younger than 15 years or older than 50
years, patients with osteoarthritis or kissing lesions of
the ankle, and patients with rheumatoid arthritis.
Malalignment of the lower limb and the presence of
joint laxity were considered relative contraindications
to be corrected if present. The ethics committee of our
institution approved the human protocol for this investigation.
The patient sample comprised 34 men and 30 women
with a mean age of 30.5 ± 10.5 years. All the patients
were affected by post-traumatic type II lesions (27).
The initial clinical evaluation of each patient included
a complete history and a physical examination. We
recorded any known cause of ankle trauma and previous failed treatment attempts. Two researchers involved in the study checked the ankle for instability,
malalignment, and range of movement and calculated
the American Orthopaedic Foot & Ankle Society
(AOFAS) scale score (28) preoperatively. A standard
radiographic examination, including AP and lateral
weight-bearing views, and MRI of the affected ankle
were performed preoperatively.
The mean size of the lesions was 5.27 ± 0.68 cm2, and
their mean depth was 4.1 ± 1.1 mm. The lesion involved the right ankle in 31 patients and the left ankle in
33; the lesion was located medially in 49 and laterally
in 15. In 50 patients, the lesion had a definite posttraumatic origin. Six patients had a previous ankle
fracture and 44 had a previous ankle sprain without
fracture (mean time from the trauma, 37.4 ± 48.5
months), whereas 14 were not able to recall a specific
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major traumatic event, only various minor traumas to
the affected ankle. Seventeen patients had been treated
previously with: microfractures (eight patients), arthroscopic ankle debridement (six patients) and autologous chondrocyte implantation (three patients). Three
patients presenting with a history of failed autologous
chondrocyte implantation had previously undergone
microfracture treatment (one) or arthroscopic debridement (two); therefore, the bone marrow-derived cell
transplantation was these patients’ third operation.
All investigations were conducted in conformity with
ethical principles of research, and a written informed
consent form was signed by all the patients enrolled in
this study.
The scaffolds used for cell support in this series were
either a porcine collagen powder (Spongostan1
Powder; Johnson & Johnson Medical Ltd, Gargrave,
Skipton, UK), which, once mixed with autologous cell
concentrate and platelet gel becomes a malleable paste,
or a hyaluronic acid membrane (HYAFF1-11; Fidia
Advanced Biopolymers) with the addition of platelet
gel. According to commercial availability, the first 23
patients were treated using the collagen powder, whereas the following 41 patients received the hyaluronic
acid membrane.
Before the clinical trial we performed a laboratory characterization of the implanted biomaterials to verify
their in vitro capability to support bone marrow-derived cells. This was evaluated considering the viability
and chondrogenic and osteogenic potential of the cells.
The platelet-rich fibrin gel was produced the day before surgery using the Vivostat System1 (Vivolution A/S,
3460 Birkeroed, Denmark). We harvested and processed 120 ml of the patient’s venous blood to obtain 6
ml of platelet-rich fibrin gel. This product was cryopreserved at - 80 °C and returned to ambient temperature 30 minutes before the surgical procedure.
Bone marrow harvesting was performed in the same
surgical session as the bone marrow-derived cell transplantation. The bone marrow was harvested from the
posterior iliac crest in a sterile regimen, with the
patient in the prone decubitus position and under
general or spinal anesthesia. After insertion of a marrow needle (size, 11G 9 100 mm) 3 cm deep into the
spongy bone, only 5 ml of bone marrow was aspirated
into a 20-ml plastic syringe internally coated with cal-
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cium-heparin solution. The needle was then rotated
90 degrees and another 5 ml was harvested. Additional
harvestings of 5 ml were obtained by rotating and
slightly withdrawing the needle in the same location.
This procedure was repeated with three to four perforations into the iliac crest, through the same skin opening, until a total of 60 ml of bone marrow aspirate
had been collected. The marrow was aspirated in small
fractions from different points to maximize harvesting
of marrow stromal cells and reduce dilution by peripheral blood. The harvested bone marrow was reduced
in volume directly in the operating room by removing
most of the red cells and plasma. In this way, it was
possible to obtain a concentrate of nucleated cells,
including stem cells, monocytes, lymphocytes, and
other bone marrow resident cells. The bone marrow
was concentrated with a cell separator-concentrator
(Smart PReP1; Harvest Technologies Corp, Plymouth, MA) using a sterile and disposable dedicated
kit (BMAC1; Harvest Technologies Corp). The 60 ml
of bone marrow aspirate to be processed (the minimum amount required by the manufacturer) was
injected into the posterior portion of the double
chamber device. The device was placed vertically on
the rotor of the centrifuge. A three-minute centrifugation at 2500 rpm separated the red cells from the other
components with the help of a semipermeable membrane; then, during a two-minute arrest period, the
buffy coat separated from the erythrocytes was transferred into the anterior chamber. Finally, a nine-minute phase at 2300 rpm separated the cellular component from the plasma in the anterior chamber; at the
end of the entire process, the majority of the red cells
remained in the posterior chamber of the device. Once
separated from the red cells, the mononuclear cells
remained at the bottom of the anterior chamber covered by the platelet-poor plasma. Finally, they were
aspirated from the anterior chamber with a syringe
and re-suspended in an adequate volume of the platelet-poor plasma to obtain 6 ml of cell concentrate.
After the bone marrow harvesting phase, we performed
ankle arthroscopy with the patient in a supine position
with a tourniquet at 280-mm Hg pressure applied at
the thigh of the affected limb. Two standard approaches, anteromedial and anterolateral, were used. The
lesion site was observed and prepared by removing the
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detached cartilage fragment and subchondral malacic
bone until the healthy bone was reached. With the help
of a calibrated probe, we measured the lesion size.
Then, the composites to be implanted were prepared.
When collagen was used, 1g powder was mixed with 2
ml bone marrow concentrate and 1 ml platelet-rich
fibrin gel to create a malleable paste rich in bone marrow progenitor cells and growth factors. Instead, the
hyaluronic acid membrane was cut to an appropriate
size following the area of the lesion and loaded by capillary action with 2 ml bone marrow concentrate and 1
ml platelet-rich fibrin gel. The composites were placed
using the same instrumentation described elsewhere for
arthroscopic autologous chondrocyte implantation
(CITIEFFE Srl, Calderara di Reno, Italy) (11) (Fig. 1).
The cannula was inserted through the arthroscopic
portal closest to the lesion with the help of the dedicated trochar, the distension liquid flow was stopped, and
the liquid was removed from the articular environment. The final composite was run through the cannula onto a sliding positioner up to the margin of the
lesion, where it was positioned with the help of a
probe. We then removed the cannula and carefully fitted the composite into the lesion site using a flattened
probe (Fig. 2). A layer of platelet-rich fibrin gel then
was spread on the implant to provide an additional
supply of growth factors and to optimize its stability

Fig. 1. Surgical instruments originally designed for autologous chondrocyte implantation and then adapted for bone marrow-derived cell
transplantation.
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Fig. 2. Implantation of the biomaterials using the cannula.

through the clotting capability of the gel. We performed multiple sagittal ankle movements under arthroscopic control to verify the stability of the implant.
Twenty-two patients underwent associated surgical
procedures: osteophytectomy in 17, synovectomy for
synovial hypertrophy in two, loose body extraction in
two, and calcaneal osteotomy for flatfoot correction in
one. The skin was sutured using absorbable 3-0 suture,
with a single stitch for each portal.
Active and passive ankle motions were recommended
the day after surgery. The range of motion was increased gradually according to pain tolerance for the first
three weeks. The patients were advised to walk with
crutches and to avoid weight bearing on the affected
ankle for the first six weeks after surgery.
Partial weight bearing increasing to complete weight
bearing was permitted from six to eight weeks after
surgery, while low-impact sports activity could be
resumed four months after surgery. At 10 to 12
months, we allowed running and progressive training
for high-impact activities such as tennis and soccer.
Patients had clinical follow-ups at 6, 12, 18, and 24
months after surgery, and every year thereafter, until
the maximum follow-up of 72 months. Clinical outcome at the follow-up visits was assessed on the basis
of the AOFAS score and the patient’s return to sports
activities. Results were compared with baseline values
and analyzed according to the following predictors:
type of scaffold, lesion area and depth, previous surgical procedures at the same lesion site.
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Results
The mean follow-up duration was 53 months. No
patients were lost to follow-up.
We encountered no intraoperative complications.
Postoperatively, one patient had a superficial infection
of an arthroscopic portal, which resolved with oral
antibiotic therapy.
The mean preoperative AOFAS scale score was 65.2 ±
13.9. The mean AOFAS score improved to 83.7 ± 9.1
at 6 months’ follow-up, 89.1 ± 8.1 at 12 months, 89.2
± 9.5 at 18 months, and 91.1 ± 8.7 at 24 months. At
36 months, the mean AOFAS score was 85.6 ± 10.1,
at 42 months 82.4 ± 12, at 60 months 80 ± 13.5, and
finally at 72 months 80.7 ± 14.1. Sixty of the 64
patients (94%) were participating in a low-impact
sports activity at a mean of 4.8 months after the surgery, whereas 49 of the 64 patients (77%) were participating in a high-impact sports activity at a mean of
11.9 months. All the patients showed a similar pattern
of improvement at each follow-up, regardless of the
scaffold type used (collagen powder in 21 patients and
hyaluronic membrane in 43).
The percentages of maximum possible improvement
also were similar between the groups. As the results
were not affected by the type of scaffold used, the following correlations were calculated in the whole group
of patients.
We observed no correlation between the area of the
lesion and the preoperative AOFAS score, but did
observe a relationship between the area of the lesion
and the AOFAS score at each follow-up. We also
observed a relationship between the area of the lesion
and the percentage of maximum possible improvement in the AOFAS score at each follow-up. The percentage of maximum possible improvement in the
AOFAS score was similar between the two groups at
each follow-up. No relationship was observed between
the AOFAS score and the depth of the lesion.

Discussion
Autologous chondrocyte implantation is widely considered the state of the art in cartilage regeneration,
having shown its ability to regenerate reparative tissue

106

with physical characteristics similar to those of healthy
cartilage (18). Furthermore, the use of a tissue-engineered biomaterial composed of autologous chondrocytes grown on a scaffold made entirely of HYAFF111 has been found to enhance the applicability of the
technique, permitting a completely arthroscopic procedure in the knee and ankle (11, 29). Nevertheless,
the need for two surgical operations and the high costs
of cell expansion are major drawbacks of this technique, which may never be overcome. Furthermore,
chondrocytes are differentiated cells, which are able to
regenerate only cartilaginous tissue.
The rationale of the present study is based on the
hypothesis that bone marrow-derived cells may be
used to repair osteochondral lesions of the talus, overcoming all the drawbacks associated with autologous
chondrocyte implantation.
The clinical results, after peaking at 24 months, declined gradually to settle at an AOFAS score of around
80 at the maximum follow-up of 72 months. The
main parameter influencing the final functional score
was the area of the lesion. The presence of previous
surgery negatively influenced the score preoperatively
and postoperatively, whereas no differences in percentage of clinical improvement were found between
patients who had and those who had not previously
undergone surgery.
The use of two different bone marrow-derived cell
scaffolds (due to the commercial availability of the
materials during the study) is a weakness of this study.
Nevertheless, the results obtained with the two scaffolds showed a similar pattern of improvement, indicating that they provide equivalent support for transplanted bone marrow-derived cells.
Transplantation of the entire bone marrow cellular
pool, thereby transferring the entire regenerative
potential present in the bone marrow to the lesion
site, allows the cells to be processed directly in the
operating room without the need for a laboratory
phase and thus allows the technique to be performed
in a single step. Although longer follow-up is needed
to confirm the validity of the repair over time, this
arthroscopic one-step technique represents an advance in osteochondral regeneration, achieving high clinical scores, without the major disadvantages of previous techniques.
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