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Fresh osteochondral allografts represent an effective solution for treatment of isolated cartilage defects. The key to
successful allograft transplantation is cell viability, with current methods of storage up to 42 days while
maintaining acceptable levels of cell viability. Ongoing research and investigations into ways of extending storage
time will result in greater availability of osteochondral allografts and pave the road for use of this technique in
other joints (ie, shoulder, elbow, wrist, and talus). This article describes the indications, preoperative planning,
operative technique, and postoperative care for this procedure.
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Fresh osteochondral allografts were first used in 1908 by
Lexer! to restore the articular surface. He reported a 50%
success rate, with good function of the allograft after in-
corporation.? In the 1940s and 1950s, it was thought that
allografts could represent a biological alternative to total
joint arthroplasty in young patients with limited articular
cartilage damage.® In the 1970s, several investigators re-
ported moderate success with massive frozen and cryo-
preserved osteochondral allografts used for limb salvage
after resection of bone tumors.*#> Due to increased graft
availability, fresh osteochondral allografts are being used
more frequently to treat isolated articular cartilage and
osteoarticular defects.

GRAFT SELECTION

Chondrocyte viability is the principle determinate for os-
teochondral allograft selection, as frozen grafts have dem-
onstrated decreased cell viability, deterioration in the form
of fissuring or fibrosis, and progressive breakdown.® The
definition of a fresh graft varies from those that are imme-
diately implanted to those that are implanted at up to 42
days, depending upon the preservation methodology.
Chondrocytes survive without a significant immune re-
sponse, because they are believed to be immunologically
privileged.”® The tissue must be retrieved, handled, and
processed in strict accordance with the criteria of the
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American Association of Tissue Banks.® The risk of disease
transmission with allograft tissue is extremely low due to
current screening techniques; however, the risk cannot be
completely eliminated.’®12 The risk of human immunode-
ficiency virus (HIV) transmission from bone allografts has
been estimated to be 1 in 1,667,600 when all screening
criteria are met.13

INDICATIONS

Typically, osteochondral allografts are indicated in pa-
tients who have larger, deeper, and more extensive chon-
dral or osteochondral lesions. Patient age is a relative
consideration. Skeletal maturity (ie, growth plate closure)
is required; the upper age limit is typically around 50 to 55
years, most commonly due to the presence of frank osteo-
arthritis, which is more appropriately treated with arthro-
plasty. Pain and symptoms should correlate with the lo-
cation of the cartilage lesion. Optimal outcomes are
achieved when a single articular defect of greater than 2
cm? (ie, femoral condyle, trochlea, patella) in 1 compart-
ment is replaced, the ligaments are competent, menisci are
present, and no angular deformities exist.!4-16

For many articular cartilage lesions, both osteochondral
allografts and autologous chondrocyte implantations are
viable options. In making this difficult decision, we cur-
rently use several clinical parameters. In older, lower de-
mand patients with large, relatively deep lesions (ie,
deeper than 6 to 8 mm of subchondral bone loss), we
prefer osteochondral allografts. As experience is increas-
ing, bipolar allograft reconstruction may prove to be a
viable option in select patients. Alternatively, in younger,
higher demand patients with medium to large size lesions
involving minimal bone loss, we typically recommend
autologous chondrocyte implantation.

Contraindications include inflammatory arthropathy,
uncorrected ligamentous instability, uncorrected mal-
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alignment, diffuse arthrosis within the knee joint, diffuse
avascular necrosis, and uncorrected meniscus deficiency.

PREOPERATIVE PLANNING

All associated knee pathology must be thoroughly
evaluated and addressed. Ligamentous instability, mal-
alignment, or meniscal deficiencies are not absolute con-
traindications to performing an osteochondral allograft.
However, this pathology must be addressed prior to im-
plantation or at the time of surgery. Realignment proce-
dures are performed when even a few degrees of mal-
alignment toward the involved compartment exist com-
pared to the contralateral limb. Radiographs, including a
45° flexion posterior to anterior weight bearing radiograph
and mechanical axis views, should be obtained to assess
the degree of arthritic change and alignment. Preoperative
radiographs are also used to match the size of the recipient
with the donor. Precise matching of the geometry of the
donor and recipient articular surface is necessary to ensure
long-term survival. The authors measure the bony width
of the tibial plateau on the anteroposterior radiograph
taken 1 cm below the articular surface, after correcting for
magnification, in addition to measuring the femoral con-
dyle width and defect size. Specific details regarding the
defect location, size, depth, degree of containment, and
associated pathology are typically obtained at the arthro-
scopy that commonly leads to the indication for osteo-
chondral allograft transplantation.

OPERATIVE TECHNIQUE
Setup

The patient is positioned supine on the table with a tour-
niquet around the thigh. The leg is draped free.

-

Fig 1. Example of a femoral condyle articular cartilage lesion
having failed microfracture technique in a 38-year-old male.
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Fig 2. Graft size is determined using a series of cannulated
sizing cylinders placed over a centering guide pin drilled
within the center of the defect.

Preparing the Cartilage Lesion

Diagnostic arthroscopy is usually unnecessary, since this
was usually performed as part of the preoperative plan-
ning. If questions remain regarding coexisting pathology,
a diagnostic arthroscopy is performed to determine the
definitive management of the patient’s pathology. Expo-
sure of the lesion can be performed with a standard mid-
line knee arthrotomy. However, in many cases, a medial
or lateral peripatellar miniarthrotomy can be used to ex-
pose the lesion. The lesion is assessed to determine the
graft shape that will best fit the defect (Fig 1). Whenever
possible, an instrumentation system (Arthrex, Inc, Naples,
FL) is used to create and harvest a circular graft. Because
of the close tolerance between the donor plug and recipi-
ent socket that results from this technique, one can press fit
the graft, eliminating the need for supplemental internal
fixation. If the lesion is not amenable to a circular graft, a
shell graft can be fashioned freehand, typically in a trap-
ezoidal configuration that matches a hand-prepared defect
bed using a motorized burr and oscillating saw with cold
irrigation. Freehand sizing of a graft is more time-consum-
ing and often requires fixation, as the fit is less precise.

The diameter of the defect is matched to the sizing
cylinder (15, 18, 20, 25, 30, or 35 mm) that best incorporates
the majority of the defect. Holding the sizing cylinder
centered and perpendicular to the defect, a guide pin is
drilled in the center of the lesion to a depth of 2 to 3 cm
(Fig 2). While irrigating with normal saline, the cannulated
counter bore is drilled over the pin to create a cylindrical
defect to a depth of 8 to 10 mm (Fig 3). Bone depth is
intentionally minimized, as the subchondral bone is
known to be the most immunologic component of the
composite graft. A sterile marking pen is used to mark the
12 o’clock position of the lesion to appropriately orient the
donor plug, and the depth of the recipient lesion is mea-
sured in 4 quadrants to determine the exact depth of the
final cut of the donor plug (Fig 4).

169



Fig 3. Under cold irrigation, a counter bore reamer is used to
prepare the recipient defect socket.

Allograft Preparation

If an entire hemicondyle is made available, it is first sec-
tioned to create a flat surface perpendicular to the pro-
posed harvest site (Fig 5). The allograft is secured in the
allograft workstation with 4 set screws (Fig 6). The bush-
ing is secured such that the donor site matches the location
and angle of the recipient site, as viewed from the side of
the workstation using the sizing cylinder for orientation
(Fig 7). While matching the location of the defect on the
donor condyle is preferred, defects smaller than 2 cm” are
easily matched from most regions of the hemicondyle. The
12 o’clock position of the donor graft is marked. While
irrigating with normal saline, the donor graft is then
drilled through its entire depth with a harvester, and the
graft is extracted (Fig 8). A ruler is used to measure and
mark the graft to match the graft depth to the 4 quadrants
measured previously at the recipient site. Holding forceps
are used to secure the allograft while it is irrigated and cut
using an oscillating saw (Fig 9). To facilitate insertion, the

Fig 4. The depth of the recipient lesion is measured in 4
quadrants with measurements transferred to the graft prior
to final preparation.

170

Fig 5. The hemicondyle is cut perpendicular to the proposed
graft harvest site to allow it to sit anatomically within the
holding jig.

edge of the allograft is slightly beveled with a ronguer (Fig
10). Prior to insertion, the graft is pulsatile lavaged to
remove blood and bone marrow elements to reduce the
chance of disease transmission and graft immunogenic-
ity.1”

Graft Implantation

A calibrated dilator is inserted in the recipient socket to
dilate the socket an additional 0.5 mm. The graft is press fit
into the socket by hand after carefully aligning the 4
quadrants to the recipient site (Fig 11). Recent studies have
demonstrated chondrocyte death in response to mechani-
cal compression.'® Thus, if the graft requires impaction to
fully seat it, an oversized tamp may be used with gentle
tapping with a mallet. Additional fixation is typically un-
necessary. However, if the graft is particularly large, fixa-
tion can be achieved with bioabsorbable pins or metal
screws. While bioabsorbable devices avoid the need for a
second surgery for removal, they currently lack the ability
to compress the graft. When necessary, we prefer a head-

Fig 6. The condyle is secured in the jig.
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Fig 7. The orientation of the bushing is adjusted and then
secured, while visualizing the sizing cylinder relative to the
graft from the side of the jig.

less screw (Acumed, Beaverton, OR), which provides ex-
cellent compression but may need to be removed at a later
date if not properly recessed.

The wound is closed in the usual fashion, and the pa-
tient is placed in a hinged knee immobilizer with a cold
therapy unit applied over a thin sterile dressing. Typically,
patients are discharged the day of surgery unless other
procedures are performed simultaneously, such as osteot-
omy, ligament reconstruction, or allograft meniscus trans-
plantation.

POSTOPERATIVE CARE

Restricted weight bearing is recommended for at least 8
weeks to protect the cartilage surface and to minimize the
chance for subchondral collapse during the creeping sub-
stitution phase of graft healing. Because these grafts are
equivalent to a “shell allograft” with minimum bone thick-
ness, the risk of graft collapse is relatively low. Continuous

Fig 8. The cylindrical coring reamer is used to harvest the
donor graft, while using irrigation solution to minimize ther-
mal necrosis of the graft.
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Fig 9. A serrated holding forceps secures the graft with
markings in place transferred from the recipient site to indi-
cate the proper depth to cut the graft.

passive motion is used for 6 to 8 hours per day at 1 cycle
per minute, starting at 45° and advancing to 90° as toler-
ated for the first 4 to 6 weeks. Return to normal activities
of daily living and light sport activity is considered at 4 to
6 months. In general, high-impact sports are not recom-
mended after osteochondral allografting for large articular
cartilage lesions due to the theoretical risk of graft collapse
and potential deterioration in the long-term survival of the
graft.19.20

RESULTS

Between May 1999 and May 2002, the senior author
(B.J.C.) performed osteochondral allograft reconstruction
in 18 patients (average age, 38 years; range, 32-42 years).
The average follow-up period is 15.3 months (range, 2-32
months). Eleven patients had concomitant procedures, in-
cluding 3 with meniscus transplants and 4 with osteoto-
mies. Using the Rush Cartilage Restoration Center rating

Fig 10. A pituitary rongeur is used to slightly bevel the edges
of the graft to facilitate placement within the recipient bed.
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Fig 11. The allograft is implanted by hand after proper ori-
entation is obtained to best match the convexity of the fem-
oral condyle.

system, there were 11 excellent, 3 good, 3 fair, and 1 poor
results.

Other studies have looked at long-term survivorship to
determine the durability of osteochondral allografts.
Ghavazi et al*! demonstrated 95% survival at 5 years, 71%
at 10 years, and 66% at 20 years. McDermott et al' found
a 75% success rate at 5 years; at 10 years the success rate

Fig 12. Arthroscopic view of a dislodged and degenerated
osteochondral allograft from the left knee of an 18-year-old
male with bilateral osteochondritis dissecans of the medial
femoral condyles. The patient was initially treated with a
unilateral opening wedge osteotomy on the right knee at the
time of osteochondral grafting and isolated osteochondral
grafting of the left knee without osteotomy. The left knee
osteochondral graft failed early, presumably related to bio-
mechanical overload.

was 64%, and at 14 years it fell to 63%. Beaver et al'
reviewed 92 knees with posttraumatic osteochondral de-
fects treated with fresh osteochondral allografts. At 5
years, there was a 75% success rate. At 10 years, there was
a 64% success rate that fell to 63% at 14 years.

Fig 13. One-year radiograph following revision allograft surgery and osteotomy of the left knee and 2-year radiograph of the
right knee following osteotomy and osteochondral grafting of the same patient in Figure 12, demonstrating bilaterai healed
opening wedge osteotomies and well-incorporated osteochondral allografts of the medial femoral condyles.
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COMPLICATIONS

Potential complications include infections, arthrofibrosis,
and graft failure. Graft failure occurs both early and late
and is often due to biologic and biomechanical consider-
ations (Figs 12 and 13). Early failures include the failure of
graft incorporation or early graft collapse/fragmentation.
Late failures can be due to graft collapse/fragmentation
and progressive joint space narrowing.

DISCUSSION

Fresh osteoarticular allografts represent a viable solution
to treat articular cartilage disease. Relatively large defects
can be treated with a single-stage procedure. At present,
the knee is the most commonly treated joint in a patient
group that is typically relatively young with isolated ar-
ticular or osteoarticular cartilage disease. With appropri-
ate indications and increased graft availability, this treat-
ment option can be readily extended to other joints, in-
cluding the shoulder, elbow, wrist, and talus. The key to
successful allograft transplantation is cell viability. Kwan
et al?> has demonstrated preservation of the histological,
biomechanical, and chemical characteristics of articular
cartilage for up to 28 days. Significant cell viability (ie,
more than 65% to 80%) was also demonstrated by Cole et
al® in a model evaluating 28-day specimens of canine
fresh articular cartilage cultured with similar methodol-
ogy used by tissue banks. After implantation, several stud-
ies have shown that the chondrocytes do survive. Czitrom
et al?* were the first to demonstrate the viability of artic-
ular cartilage in transplanted osteochondral allografts in
humans. They demonstrated 69% to 99% cell viability and
proteoglycan production in the biopsies of a small number
of allografts 12 to 72 months after surgery. Correcting even
minor degrees of malalignment when the mechanical axis
falls through the affected compartment is currently recom-
mended to improve patient outcomes.!525

CONCLUSION

The use of fresh osteochondral allografts for isolated ar-
ticular cartilage lesions is an effective means of treating
cartilage lesions. Excellent results can be obtained when
the patient has normal or corrected malalignment, a stable
knee, and a unipolar lesion. The risk for disease transmis-
sion from the allograft is low, but present. Ongoing inves-
tigations are exploring ways to extend the time that allo-
grafts can be stored and still maintain a high percentage of
chondrocyte viability. Improved preservation techniques
will make osteochondral allografts more readily available
in the future. Osteochondral allograft transplantation pro-
vides an excellent option for single-stage treatment of
chondral and osteochondral lesions with good long-term
results.
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