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Osteochondral Lesions of the Knee: A New
One-Step Repair Technique with
Bone-Marrow-Derived Cells

By Roberto Buda, MD, Francesca Vannini, MD, PhD, Marco Cavallo, MD, Brunella Grigolo, PhD,
Annarita Cenacchi, MD, and Sandro Giannini, MD

steochondral lesions of the knee are defects of the
cartilaginous surface and underlying subchondral
bone, most frequently traumatic in origin'. These le-
sions are predominantly located on the medial femoral con-
dyle, and associated ligamentous or meniscal pathology is
reported in 40% of cases™ (Fig. 1). Biomechanical studies have
demonstrated increased stress concentration on the rim of the
osteochondral defect, which may have important implications

for cartilage longevity’. Due to poor hyaline cartilage repair
capability, larger osteochondral lesions of the knee are associ-
ated both with immediate significant clinical impairment and
with symptoms appearing approximately one decade earlier
than the degenerative cartilage changes that are associated with
idiopathic osteoarthritis®.

Surgery is frequently needed to treat knee symptoms in
patients with osteochondral lesions of the knee and to restore

Fig. 1

Fig. 2
Fig. 1 Osteochondral lesions can affect all areas of articular cartilage, but the femoral condyle is most often involved. Fig. 2 Bone marrow is
aspirated from the posterior iliac crest.
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Fig. 3

Fig. 4

Fig. 3 Arthroscopic view showing the osteochondral lesion. Fig. 4 Arthroscopic view showing a low-profile drill being used to debride the osteochondral

lesion.

the cartilage on the articular surface, which lessens the risk of
the development of osteoarthritis®. Various surgical options
have been proposed for osteochondral repair®” but only a few
have shown the ability to provide repair of the lesion site with
hyaline cartilage>'*". Traditionally, hyaline cartilage repair has
been achieved through cartilage replacement (osteoarticular
transfer system [OATS; Arthrex, Naples, Florida], which is a
type of mosaicplasty)” or cartilage regeneration through au-
tologous chondrocyte implantation®'. Cartilage replacement
procedures have the advantage of repairing cartilage defects
with use of already mature autologous cartilage cells; however,
donor-site pathology, discontinuity in the orientation of the
cartilage plugs, and fibrocartilage in the gaps are disadvantages
of these techniques'. Cartilage regeneration by autologous
chondrocyte implantation provides continuous cartilage repair
with no or minimal donor-site pathology. For the past sixteen
years in which autologous chondrocyte implantation has been
used, several studies have reported successful treatment of le-
sions ranging in size from 0.7 cm? to 22.0 cm?, with stable and
satisfactory results over time®”'*'*. However, since autologous
chondrocyte implantation treatment requires two operative
procedures and is therefore associated with higher costs, new
methods of cartilage regeneration have been sought.

Recently, bone-marrow-derived mesenchymal stem cells
have been identified as a new option for the treatment of os-
teochondral defects, and a new one-step technique for bone-
marrow-derived mesenchymal stem-cell transplantation has
been proposed”. After encouraging results were obtained in
the ankle”, bone-marrow-derived mesenchymal stem-cell trans-
plantation is now being utilized for osteochondral lesions of the
knee.

The aim of this study was to investigate the validity of the
“one-step” technique in repair of osteochondral lesions of the
knee and to present the results of a series of twenty patients
who were consecutively treated.

Materials and Methods
etween April 2006 and May 2007, twenty patients (twelve
males, eight females) who had osteochondral lesions of the
knee underwent the one-step procedure. In eighteen patients,
the lesions were posttraumatic in origin, whereas, in two pa-
tients, the lesions were due to osteochondritis dissecans. The
treatment was indicated in patients who had grade-III or grade-
IV osteochondral lesions (according to the classification system
of the International Cartilage Repair Society [I[CRS])* involving
the femoral condyle, with clinical symptoms of pain, swelling,
locking, or giving-way.
The medial femoral condyle was involved in fourteen
patients and the lateral femoral condyle was involved in four

Fig. 5
Arthroscopic view demonstrating a circular area after debridement, with
healthy cartilage margins for biomaterial implantation.



4

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 92-A - SUPPLEMENT 2 - 2010

OSTEOCHONDRAL LESIONS OF THE KNEE: A NEW ONE-STEP REPAIR
TECHNIQUE WITH BONE-MARROW-DERIVED CELLS

Fig. 6
The scaffold is filled with 2 mL of bone-marrow concentrate (A) and loaded onto the
delivery device (B, C). The delivery device was used to cut the scaffold and load the
biomaterial. More than one patch may be obtained from each scaffold.

patients. In two patients, both the medial and the lateral femoral
condyle had cartilage defects.

Associated comorbidities were meniscal injury in seven
(four injuries affecting the medial meniscus and three injuries
affecting the lateral meniscus), anterior cruciate ligament in-
juries in two, femorotibial malalignment in three, and osteo-
phyte presence in three.

A partial meniscectomy was performed in six cases,
whereas the meniscus was repaired in one patient. In the pa-
tients with anterior cruciate ligament injuries, anterior cruciate

ligament reconstruction was accomplished with semitendino-
sus and gracilis tendon grafts and an “over-the-top” technique.
In the three patients who had femorotibial malalignment, a high
tibial osteotomy was performed, whereas, in the three patients
with osteophytes, the osteophytes were tangentially resected. One
patient had a previous surgical procedure for attempted cartilage
repair by microfracture.

Exclusion criteria were an age younger than fifteen years
or older than fifty years, diffuse osteoarthritis, comorbidities
with general medical conditions (e.g., diabetes or rheumatoid
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Fig. 7
Fig. 7 Arthroscopic view of the biomaterial positioned in the cartilage lesion. Fig. 8 Arthroscopic view of multiple scaffold cuts positioned to
fill the entire defect.

arthritis), hematological disorders, and infections. The study
protocol was approved by an independent Ethical Committee,
and signed informed consent for participation in this investi-
gation was obtained from all of the included patients.

Surgical Technique

Platelet Gel Production

120 mL of the patient’s venous blood was harvested and pro-
cessed the day before surgery with use of the Vivostat System
(Vivostat, Alleroed, Denmark) in order to provide 6 mL of
platelet-rich fibrin gel**"*.
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IKDC12 Months

Fig. 8

Aspiration of Bone Marrow

A total of 60 mL of bone marrow aspirate was harvested from
the posterior iliac crest, with the patient positioned prone and
under spinal or general anesthesia. The bone-marrow harvest-
ing was performed with a marrow needle (size 11 G X 100 mm)
inserted 3 cm deep into the marrow of the iliac crest. Five
milliliters of bone marrow was aspirated into a 20-mL plastic
syringe that was internally coated with calcium-heparin so-
lution, and the procedure was repeated, with several perfora-
tions made into different points in the iliac crest through the
same skin opening, until a total of 60 mL of bone marrow

IKDC18 Months  IKDC24 Months

IKDC evaluation preoperatively and at the time of follow-up showed increased clinical im-

provement over time.
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KOOS evaluation preoperatively and at the time of follow-up showed increased clinical im-

provement over time.

aspirate was collected. The marrow was aspirated in small frac-
tions from different points to maximize the harvesting of the
marrow stromal cells and to reduce dilution by peripheral blood
(Fig. 2).

Concentration of Bone Marrow

The harvested bone marrow was processed directly in the oper-
ating room, by removing most of the erythrocytes and plasma.
A cell separator (SmartPReP; Harvest Technologies, Plymouth,
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Fig. 11

Massachusetts), consisting of a centrifuge and a disposable
double chamber device, provided 6 mL of concentrate con-
taining nucleated cells after fifteen minutes of multiple cen-
trifugation cycles.

Transplantation of Arthroscopic

Bone-Marrow-Derived Mesenchymal Stem Cells

After the bone-marrow harvesting phase, a standard knee ar-
throscopy was performed, with the patient in the supine po-

PREIKDC IKDC6
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IKDC 18
Months

IKDC 24
Months

IKDC outcome in (A) patients with no associated procedures and (B) patients with associated procedures. Associated procedures
significantly decreased the IKDC score at twelve months, while no differences were found at the time of final follow-up.
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sition. The cartilage lesion was identified (Fig. 3), and a flipped
cannula was inserted into the portal ipsilateral to the lesion to
enable insertion of the surgical instruments and to retract the
fat pad from the operative field". A specifically designed low-
profile drill (Fig. 4) was used to debride the lesion, resulting in
a circular area with regular healthy cartilage margins for bio-
material implantation (Fig. 5).

A hyaluronic acid membrane (Hyalofast; Fidia Advanced
Biopolymers, Abano Terme, Italy) was used for cell support.
The scaffold was filled with 2 mL of bone-marrow concentrate
(Fig. 6, A) and loaded onto the delivery device (Fig. 6, Band C),
which was used to position the biomaterial within the defect
(Fig. 7). Multiple stamp-sized pieces of membrane can be
overlapped in order to cover the whole area (Fig. 8). A layer of
platelet-rich fibrin was finally applied onto the implanted
material in order to provide growth factors. The stability of
implanted stamps was evaluated from flexion to extension
through the arthroscope.

OSTEOCHONDRAL LESIONS OF THE KNEE: A NEW ONE-STEP REPAIR
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Postoperative Treatment

On the day after surgery, gradual passive and active mobilization
of the knee was begun, with no weight-bearing allowed. Four
weeks postoperatively, the patient was advanced to muscular
reinforcement exercises, closed kinetic-chain proprioceptive re-
habilitation, static and walking exercises with partial and gradual
weight-bearing, and swimming. Ten weeks after the surgery, the
patient advanced to exercises that focused on recovery of mus-
cular function; these included open kinetic-chain rehabilitation
exercises, walking with full weight-bearing, and cycling. Six
months after the operation, light running was permitted, and,
at twelve months postoperatively, the patient was permitted to
resume high-impact sports.

Follow-up Evaluation

Clinical

Assessment was performed before surgery and at six, twelve,
eighteen, and twenty-four months postoperatively; this as-

Fig. 12
A and B: Preoperative magnetic resonance imaging. Fat-saturated proton-density fast-spin-echo coronal view (A) and T1-weighted fast-spin-echo sagittal

view (B) of a patient with osteochondritis dissecans of the medial femoral condyle. C and D: Postoperative magnetic resonance imaging. Fat-saturated

proton-density fast-spin-echo coronal view (C) and gradient echo sagittal view (D) of the same patient at the time of follow-up at twenty-four months.
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Isointense

Patients with a hyperintense signal on magnetic resonance imaging at the time of final follow-
up had a lower KOOS score than patients with an isointense signal did.

sessment consisted of clinical evaluation with the International
Knee Documentation Committee (IKDC) subjective question-
naire and the Knee Injury and Osteoarthritis Outcome Score
(KOOS) questionnaire, which were to be completed by the

patients™*,

Magnetic Resonance Imaging
A magnetic resonance imaging scan was acquired for all patients
in the study preoperatively, at six months, at twelve months, and
at the time of final follow-up. Imaging sequences were carried
out according to the cartilage repair tissue grading scale (the
MOCART scoring system)™.

Biopsy

After obtaining approval from the local ethics committee and
informed consent from the patients, the first two consecutive
patients underwent a second-look arthroscopy and a biopsy
twelve months after surgery. The cartilage specimens under-
went hematoxylin and eosin and safranin-O staining as well as
collagen type-I and II immunohistochemical analyses.

Biopsy samples were fixed in 10% buffered formalin,
washed, and decalcified with a 4% HCI, 5% formic acid so-
lution until the sample became decalcified. The samples were
then dehydrated through a graded series of alcohols and
embedded in paraffin. Four-micrometer-thick sections were
obtained from the specimens, and the slides were stored at
room temperature until analysis. Slides were stained with
0.001% fast green and 0.1% safranin-O (Sigma, St. Louis,
Missouri) to visualize the proteoglycan content of the extra-
cellular matrix and to highlight the presence of hyaline-like
tissue, and with hematoxylin and eosin to evaluate the cellular
component.

Histochemical analysis was performed with hematoxylin
and eosin, safranin-O, and alcian-blue staining, and immu-

nohistochemical analysis was carried out with mouse mono-
clonal anti-human type-I collagen (MAB1340; Chemicon
International, Temecula, California) and mouse monoclonal
anti-human type-II collagen antibody (MAB1330; Chemicon
International).

For immunohistochemical analyses, the slides were in-
cubated with the primary antibodies to anti-human type-I or
type-1I collagens diluted 1:20 in 0.04 M Tris-buffered saline
solution (pH 7.6) containing 1% bovine serum albumin and
0.1% Triton X-100 for one hour at room temperature. The
slides were washed three times with 0.04 M Tris-buffered saline
solution (pH 7.6) and incubated with goat anti-mouse and
anti-rabbit immunoglobulins labeled with dextran molecules-
alkaline phosphatase (EnVision; Dako, Carpinteria, California)
at room temperature for thirty minutes. After three washes
with 0.04 M Tris-buffered saline solution (pH 7.6), the reac-
tions were developed with use of the new fuchsin kit (New
Fuchsin Substrate System, Dako) in the presence of 5 mM
levamisole (Sigma) to block endogenous alkaline phosphatase.
Negative staining controls were performed either by omitting
the primary antibody or by using a control isotype-matched
antibody. Slides were counterstained with hematoxylin and
mounted in glycerol gel. All of the samples were visualized
with a Zeiss Axio Scope microscope (Carl Zeiss, Oberkochen,
Germany).

Statistical Analysis

The Wilcoxon test, the Mann-Whitney test, and the Student
paired t test were used to test for significant differences between
baseline and various follow-up measurements. A p value of
<0.05 was considered significant.

Source of Funding
No external funding source was used in this investigation.
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TABLE | Different Parameters of the MOCART Score Were Evaluated at the Final Follow-up

Integration to Surface of the Structure Signal
Degree of the Surrounding Repaired of the Intensity Subchondral Subchondral
Defect Repair Cartilage Tissue Repaired Tissue DPFSE* Lamina Bone Adhesions Effusion
Complete (14) Complete (16) Intact (14) Homogeneous (6) Isointense (13) Intact (6) Intact (6) No (20) No (17)
Hypertrophy (4) Incomplete (2) Damaged (6) Inhomogeneous (14) Hyperintense (7)  Not intact (14) Not intact (14) Yes (0) Yes (3)
Incomplete (2) Defect visible (2) Hypointense (0)
*DPFSE = proton-density fast-spin-echo magnetic resonance imaging.

Results
Clinical
he mean IKDC score (and standard deviation) was 32.9 +
14.2 before surgery and 90.4 + 9.2 at a mean of 29.0 + 4.1
months (p < 0.0005), while the KOOS score was 47.1 + 14.9

"

oy
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Fig. 14

Safranin-O staining (original magnification, x40) of one repre-
sentative case. The extracellular matrix is positive in the medium
and deep zones for proteoglycans (in red) while a wide layer of
the superficial zone is composed of collagen fibers. The sub-
chondral bone and the tidemark are evident.

before surgery and 93.3 £ 6.8 at a mean of 29.0 £ 4.1 months
(p < 0.0005).

The age of the patient at the time of surgery, the sex of the
patient, and the size of the cartilage defect did not affect the
results. The clinical improvement was significant with regard to
both IKDC and KOOS scores at each follow-up visit, with in-
creased clinical improvement over time (Figs. 9 and 10). As-
sociated procedures significantly decreased the IKDC score at
twelve months (p < 0.0005), while no differences were found at
the time of final follow-up (Fig. 11).

Imaging
The control magnetic resonance imaging at the follow-up times
of twelve and twenty-four months showed regeneration of the
subchondral bone and the cartilaginous tissue in the different
parameters of the MOCART score (Fig. 12, Table I).

A significant relationship was found between the KOOS
score at twenty-four months and signal intensity (p < 0.03).
Patients with a hyperintense signal (seven patients) had a mean
KOOS score of 89 + 7 at the twenty-four-month follow-up
period, while patients with an isointense signal (thirteen pa-
tients) had a mean KOOS score of 96 + 5 (Fig. 13).

No other significant relationships were found between
clinical score and MOCART parameters.

Histological Analysis

Safranin-O staining of the regenerated tissue that was per-
formed at twelve months showed a proteoglycan-rich matrix,
particularly in the middle and deep zones. The superficial layer
was almost regular. The subchondral bone and the tidemarks
were evident (Fig. 14). Hematoxylin and eosin staining showed
the presence of cells homogeneously distributed throughout
the tissue. In both specimens, immunohistochemical analysis
showed a positivity for type-II collagen throughout the entire
thickness of the biopsies, while analysis for type-I collagen was
negative (data not shown).

Complications
Neither intraoperative nor postoperative complications were
observed in this series.

Discussion
he autologous chondrocyte implantation technique, in-
troduced in 1994 by Brittberg et al., has been proven to
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regenerate cartilage tissue with biomechanical properties that
are comparable with those of the surrounding healthy cartilage
and that are biomechanically superior to the regenerated car-
tilage induced by other techniques™.

In various studies, reliable and durable clinical results have
been reported with use of open-field surgery and, more recently,
with use of matrix-based techniques, which permitted evolution to
an entirely arthroscopic technique® . Still, the need for two surgical
procedures and the high costs associated with cell expansion have
been major drawbacks of autologous chondrocyte implantation,
which led to the search for new methods of cartilage repair™®.

Mesenchymal stem cells represent 2% to 3% of the total
mononuclear cells in bone marrow and have the ability to dif-
ferentiate into various lineages, including osteoblasts and
chondroblasts®™*'. The rationale of the “one-step technique” is
based on the idea of transplanting the entire bone-marrow cel-
lular pool instead of isolated and expanded mesenchymal stem
cells”. This allows cells to be processed directly in the operating
room, without the need for a laboratory phase, and allows bone-
marrow-derived mesenchymal stem cell transplantation to be
performed in “one step” rather than the two steps that are re-
quired for autologous chondrocyte implantation**™*.

In the present study, the results that we obtained with use
of the one-step technique in the repair of osteochondral lesions
of the knee closely resemble those obtained with autologous
chondrocyte implantation in similar lesions®”'**".

We found a significant improvement in both the IKDC
score and the KOOS score from the time of testing before the
operation to the time of testing at each of the follow-up visits (p <
0.0005). Patients with associated procedures experienced a delay
in clinical improvement between six and twelve months, although
the findings at the time of final follow-up were not affected.

Magnetic resonance imaging examination showed satis-
factory growth of bone and cartilage, nearly complete defect

OSTEOCHONDRAL LESIONS OF THE KNEE: A NEW ONE-STEP REPAIR
TECHNIQUE WITH BONE-MARROW-DERIVED CELLS

filling, and satisfactory integration of the graft in 80% of patients
at the time of follow-up. Of the various magnetic resonance
imaging parameters, only signal intensity was significantly cor-
related to the KOOS score at the follow-up period of twenty-four
months. A larger number of patients may be required in order to
further investigate the correlation between magnetic resonance
imaging findings and clinical data.

Both the histochemical as well as the immunohistochemical
biopsy specimens showed regenerated cartilage tissue in an ad-
vanced remodeling phase. Immunohistochemical analysis con-
firmed the presence of proteoglycans and type-II collagen, which
are well-recognized markers of hyaline cartilage. Although the
number of patients who were treated was limited, the clinical,
imaging, and histological results to date are satisfactory for a high
percentage of these patients.

Although further studies with longer follow-up are required
to confirm our results, the one-step technique was demonstrated
to be a good and reliable option for the treatment of osteochon-
dral lesions of the knee and it overcame the major drawbacks of
previous techniques, with comparable clinical results. B
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