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he success of any cartilage repair procedure is

measured by its ability to moderate symptoms

and return the patient to a high level of func-

tion while postponing—or even eliminating—
the need for arthroplasty. Osteochondral autograft
transplantation (OAT) and autologous chondrocyte
implantation (ACI) are two of the most common
restorative treatment options for articular cartilage
defects in the knee. Both procedures aim to restore nor-
mal articular cartilage to a damaged weight-bearing sur-
face, especially when prior palliative or reparative
alternatives have failed.

When deciding how to treat a specific focal chondral
defect, the surgeon must consider previous treatment,
the characteristics of the lesion, local comorbidities, and
the patient’s age and activity level. Salient features of
each lesion include its size, depth, degree of contain-
ment, and location. Local comorbidities that can affect
the success of surgery include varus or valgus malalign-
ment and deficiencies of the meniscus or of the ante-
rior or posterior cruciate ligament.

GENERAL INDICATIONS
AND CONTRAINDICATIONS

The ideal candidate for any cartilage repair or restoration
procedure is a young, compliant patient who has a symp-
tomatic focal lesion in an otherwise normal knee. Any
clinically significant malalignment or meniscus or cruci-
ate deficiency must be corrected either concurrently or
before the cartilage surgery. Otherwise the procedure will

American Academy of Orthopaedic Surgeons

likely fail because of the increased loads in the affected
compartment. Corrective surgery could require a medial
opening wedge high tibial osteotomy, in the case of a
medial compartment lesion in a varus knee, or a distal
femoral osteotomy, for a valgus knee with a lateral com-
partment lesion. Most patellofemoral lesions are treated
concomitantly with an anteromedialization of the tibial
tubercle. An inability to correct mechanical malalignment,
ligament insufficiency, or meniscus deficiency signals a
contraindication to articular cartilage restoration alone.
Most comorbidities can be successfully addressed at the
same time as the cartilage restoration; however, staging
the procedures is an acceptable alternative. The surgical
plan must be carefully explained to the patient in advance
so that compliance with the postoperative instructions
and rehabilitation will be as high as possible.

Little convincing evidence exists in the literature of
the superiority of one technique over another for cer-
tain lesions. Every lesion is unique and must be evalu-
ated carefully. The decision-making process in the
treatment of focal chondral defects is complicated by
the fact that some lesions may be asymptomatic, and
the natural history of these lesions is unknown and
unpredictable. Nonetheless, it is widely accepted that,
left untreated, a symptomatic cartilage lesion is likely to
persist or worsen.!2 Symptomatic lesions are most likely
to be large, deep, and located in the weight-bearing por-
tion of the knee of a highly active patient. Preexisting
instability, meniscus damage, or malalignment presents
an inhospitable environment for any articular cartilage
lesion and predisposes to further degeneration.
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In general, the osteochondral autograft procedure is
used as a secondary procedure for small lesions (2 to 4
cm?) that have failed microfracture or that involve sub-
chondral bone. It also can be used for small, irrepara-
ble osteochondritis dissecans lesions. Relatively large,
shallow lesions are more amenable to ACI. The ideal
candidate for ACI is a young patient with a contained
lesion that is 2 to 10 cm?,
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OSTEOCHONDRAL AUTOGRAFT
TRANSFER o

Preoperative Evaluation

The histories of patients with lesions that are amenable
to OAT are often nonspecific and can be quite variable.
Pain and swelling, along with episodes of mechanical
symptoms such as locking or catching, are frequently
noted. The physical examination may reveal an effusion
and tenderness over the joint line of the affected com-
partment. Care must be taken to evaluate the knee thor-
oughly for ligamentous instability, meniscal pathology,
and malalignment. Imaging studies are crucial to the
evaluation process. Required radiographs include
weight-bearing AP and PA flexion views (needed to eval-
uate the posterior condyles and OCD lesions) and lat-
eral and Merchant views. These views are used to assess
bony involvement or early degenerative arthritis. Axial
alignment also must be assessed using weight-bearing
hip-to-ankle radiographs. MRI helps to assess the depth,
size, and exact location of lesions.

Surgical Technique

OAT involves the relocation of a healthy osteochondral
plug from a low-weight-bearing area to a damaged area.
Mosaicplasty is the term used for this technique when
multiple small plugs are used to fill a larger defect. The
major advantage of this technique is that the donor plug
is autologous, which minimizes infectious or immuno-
logic risks. The procedure is limited by donor site mor-
bidity. Many commercially available osteochondral
autografting systems exist.

OAT can be performed either entirely arthroscopically
or, more commonly, via a small arthrotomy. When the
procedure is performed arthroscopically, proper portal
placement is important to permit perpendicular access
to the harvest and defect sites. I recommend vertical por-
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FIGURE 1

Preparation of a facal chondral defect in the knee for the osteachon-
dral autologous transfer (OAT) procedure. First the lesion is débrided
using curets (A) and angled osteotomes (B) until it has stable borders
and vertical walls, in preparation for sizing of the defect. (Reproduced
with permission from Levy A, Meier SW, in Cole BJ, Malek M (eds): Artic-
ular Cartilage Lesions. New York, NY, Springer-Verlag, 2004, p 75.)

tals, which can be easily extended if an arthrotomy needs
to be performed.

The first step in the procedure is the accurate sizing of
the defect. Sizing is done only after the lesion has been
appropriately débrided to a point at which it has stable
borders and vertical walls (Figure 1, A and B). The appro-
priate length, size, and number of plugs is then deter-
mined. Next, the appropriately sized graft harvester
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FIGURE 2
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Harvesting and placing the graft in the OAT procedure. A The
_appropriately sized graft cutter is introduced. B, The plug is har-
‘vested via a twisting clockwise and counter-clockwise motion
of the cutter. C, The graft is placed in a clear delivery tube. D,
Schematic showing perpendicular graft insertion into the
defect. E, Schematic showing final seating of graft by gentle
tapping with an oversized tamp. (Reproduced with permission
from Levy A, Meier SW, in Cole B), Malek M (eds): Articular Car-
tilage Lesions. New York, NY, Springer-Verlag, 2004, pp 76-77.)

(Figure 2, A) is introduced perpendicular to the donor
site. (The most typical donor sites include the intercondy-
lar notch of the femur and the periphery of the lateral
femur immediately proximal to the sulcus terminalis.) To
harvest the plug, the harvester is tapped into the cartilage
and underlying bone to a depth of 12 to 15 mm (or deeper
depending on the depth of the defect), twisted clockwise
and counterclockwise sharply to break the plug away from
the base of the subchondral surface, and pulled straight
out (Figure 2, B). The graft is placed in a clear delivery tube
(Figure 2, C). The recipient site is then prepared to a depth
1 to 2 mm shallower than the plug extracted from the
donor site. Once the recipient site is prepared, the plug is
removed from the delivery tube with a plunger that pushes
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the donor graft into the defect. Care must be taken to
maintain a constant knee angle during placement of the
donor plug. The plug and harvester are placed over the
prepared site and the plug is advanced into the defect, as
the surgeon maintains a perpendicular‘orientation and a
steady angle (Figure 2, D). It is important to keep constant
pressure on the donor harvester while advancing the plug,
because the harvester has a tendency to back off the artic-
ular surface. Usually, the donor plug rests a few millime-
ters proud and the final seating of the plug is executed by
tapping it gently with an oversized tamp (Figure 2, E). Ide-
ally, the donor plug should rest flush with the surround-
ing articular cartilage. Gentle use of the tamp will
minimize the possibility of chondrocyte damage.

33




SURGICAL MANAGEMENT OF ARTICULAR CARTILAGE DEFECTS IN THE KNEE

Postoperative Therapy

A hinged knee brace is used postoperatively, with active
and passive range of motion encouraged. Weight bear-
ing is protected-with crutches for 6 weeks. Once radi-
ographic evidence of bone healing is noted, between 6
and 8 weeks, weight bearing can be initiated. A contin-
uous passive motion (CPM) device is used for 6 to 8
hours daily at 1 cycle per minute for the first 6 weeks.
Running and light sports should be avoided for 4 to 6
months. In general, patients are advised against ever
engaging in high-impact activities after undergoing this
procedure.

AUTOLOGOUS CHONDROCYTE
IMPLANTATION

Preoperative Evaluation

Arthroscopic evaluation of the knee remains the defini-
tive procedure to determine a patient’s candidacy for ACL
MRI is becoming more sensitive in its ability to detect
and characterize chondral lesions; however, the location,

depth, and size of a specific focal chondral defect are still*

best assessed arthroscopically. Arthroscopy also permits
close evaluation of the cartilage that is adjacent to the
defect, so the surgeon can determine whether the lesion
is well “shouldered” by healthy surrounding cartilage and
can evaluate the status of the opposing chondral surface.

The best candidate for this procedure is a physically
active and motivated patient who has a symptomatic,
full-thickness defect surrounded by healthy cartilage in
an otherwise normal knee. In general, this scenario is
rare and, as with alternative techniques, treatment of
concomitant pathology must be considered before or
during ACI surgery. Most lesions treated with ACI are
larger than 2 cm?2. Multiple lesions may be treated simul-
taneously, but ACI is not approved for the treatment of
advanced osteoarthritis. It is therefore important to per-
form a comprehensive physical examination and order
pertinent radiographs, including weight-bearing AP and
45° PA views, a lateral view, and a Merchant view to help
rule out advanced disease or malalignment.

Surgical Technique

The ACI technique was initially described by Brittberg
and associates? in 1994. ACI is a two-stage cartilage
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repair strategy that involves first taking a tissue sample,
from which chondrocytes are separated and cultured. In
the second stage, the cultured cells are implanted into
the host defect, which is covered with a periosteal patch.
The initial biopsy stage permits a thorough evaluation
of the knee to confirm the appropriateness of ACI before
obtaining the cartilage biopsy. This method has been
shown to be effective in treating symptomatic articular
cartilage defects.

Stage 1

During the initial operation, a thorough arthroscopic
examination of the knee must be performed. The lesion
should be photographed and measured, and the sur-
rounding cartilage should be evaluated. The most com-
mon sites for biopsy are the superomedial edge of the
femoral condyle and the lateral intercondylar notch,
which is where cartilage and bone are often removed
during a notchplasty for anterior cruciate ligament
(ACL) reconstruction surgery. A ring curet or arthro-
scopic gouge can be used to remove two or three small,
200- to 300-mg slivers of hyaline cartilage. These slivers
need be no larger than 3 to 4 mm. The cells are then
expanded to yield approximately 20 to 50 times the ini-
tial chondrocyte cell count. The cultured cells are then
preserved and a surgical date for the second stage of the
procedure is set.

Stage 2

The procedure performed to implant the cultured chon-
drocytes includes an open arthrotomy to prepare the
defect (Figure 3, A and B), followed by the harvesting of
a patch of periosteum, which is used to contain and cover
the cells. The periosteal patch is sewn to the surround-
ing healthy cartilage with interrupted 6-0 vicryl sutures
and sealed with fibrin glue so that it is watertight. In the
final step, the chondrocytes are injected into the defect
under the periosteal cover (Figure 3, C and D).

The surgical approach often uses a midline incision,
which facilitates exposure during any future knee sur-
gery. Depending on lesion location and size, a medial or
lateral mini-arthrotomy may be used to expose the
defect. The surgeon must consider both concomitant
procedures and the periosteal harvest site when plan-
ning the surgical incision. Patellar lesions require enough
exposure to fully evert the patella, and posterior femoral
condyle lesions require larger incisions for adequate
exposure.
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