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Abstract

The first allograft used in the knee was articular cartilage. The need to use fresh
grafts and the absence of proper instruments for shaping and sizing implants have
prevented widespread usage of articular cartilage allografts. Patient selection is
very important; young, active, well-motivated individuals with defects smaller
than 4 cm? caused by trauma or osteochondritis dissecans have the best results.
Failure is evidenced by crumbling of the supporting bone and fragmentation of
the graft, a process identical to that seen in osteonecrosis. The use of allografts to
reconstruct knee ligaments has gained wider acceptance. The availability of high-
quality tissue from modern tissue banks, excellent preservation methods, a
decrease in short-term surgical morbidity, and results at 2- to 5-year follow-up
that are essentially equivalent to those obtained with autogenous grafts have com-
bined to make allografts an alternative to using the patient’s own tissue.
However, long-term stability results are needed for comparison with autogenous
grafts. Replacing an unsalvageable meniscus with an allograft is an appealing
concept, with the potential for restoring normal load distribution, lubrication, and
stability in the knee. Healing of the grafts and pain reduction have been reported
by several investigators, but concerns about graft shrinkage, central hypocellular-
ity, and long-term functional survival remain.
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The loss of hyaline articular carti-
lage is disabling and usually leads
to degenerative arthritis of the
knee. Many surgical procedures
have been used to overcome this
loss of cartilage, including fat
interposition, tibial and femoral
osteotomies, abrasion chondroplas-
ty, drilling, microfracture, and total
joint replacement. Attempts to
repair a defect by abrasion, micro-
fracture, or drilling result in pro-
duction of a fibrocartilage repair,
which is inferior to hyaline articu-
lar cartilage in weight-bearing and
wear characteristics. More recent-
ly, autogenous articular-plug graft-
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ing and free chondrocyte implanta-
tion have gained considerable
attention. These techniques are
new, and long-term follow-up will
be necessary to assess their efficacy.

Articular Cartilage
Allografts

Use of allograft articular cartilage
to resurface a defect in the knee is a
seldom used but proven alterna-
tive. Despite the requirement that
all allografts must come from fresh
specimens, investigation into hya-
line articular cartilage transplanta-

tion continues. The advantages of
no donor-site morbidity and a rela-
tively inexpensive graft source are
important considerations.

History

In 1925, Lexer! was the first to
report the transplantation of articu-
lar cartilage. He reported a 50% suc-
cess rate in 23 cases involving the
knees, fingers, and elbows. Reports
of articular cartilage allografts were
absent from the literature until the
1960s. Their reemergence coincided
with increased understanding of
organ transplantation and the role of
the immune system.

Indications
Patient selection is critical for a
successful articular cartilage allo-
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graft. Currently there are two
indications for their use: (1) an
articular defect caused by trauma
and (2) an articular defect caused
by osteochondritis dissecans. Use
of allografts in patients with
rheumatoid arthritis, generalized
osteoarthritis involving both sides
of the joint, and corticosteroid-
induced osteonecrosis has univer-
sally met with failure and is not
recommended.

Patients being considered for an
articular cartilage allograft should
be active and well motivated. Any
limb malalignment must be cor-
rected before transplantation. Most
articular-cartilage allografting pro-
cedures have involved resurfacing
defects of the femoral condyles, but
defects involving the tibial plateau,
patella, trochlea of the humerus,
elbow, and talus have also been
grafted successfully.

Surgical Considerations
Transplantation of articular car-
tilage requires implantation of an
underlying portion of bone both
for support and as a means of rigid
internal fixation. Failure of articu-
lar cartilage allografts is usually
preceded by collapse of the under-
lying bone with fragmentation of
both the bone and the articular car-
tilage, similar to the process seen in
osteonecrosis. This process may be
due, at least in part, to a subclinical
immune response that is unde-
tectable. However, early attempts
failed as a result of resorption and
collapse of the osseous platform.
Recently, tissue matching and
the use of immunosuppressant
drugs have gained attention in the
transplantation of articular-cartilage
allografts. Lipson et al? reported
that grafts transplanted in tissue-
matched rats appeared normal at 6
months, and Gotfried et al® demon-
strated an immune rejection reac-
tion with articular-cartilage allo-
grafts in tissue-mismatched ani-
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mals. Stevenson et al* had superior
results with massive fresh articular-
cartilage allografts that were tissue-
matched. They demonstrated viable
articular cartilage, although it was
somewhat thinner and duller than
normal cartilage. Their frozen mis-
matched grafts had the appearance
of fragmentation and degeneration,
similar to that seen in degenerative
arthritis.

Czitrom et al®> obtained biopsy
specimens of human articular-
cartilage allografts 12 and 72
months postoperatively and found
that all had viable, functionally and
metabolically active chondrocytes.
Oakeshott et al® reported that 12
failures in a series of 108 articular-
cartilage transplantations appeared
to have fragmentation of the
underlying bone and changes of
osteoarthritis.

Procurement of articular-carti-
lage allografts is a challenge.
Articular-cartilage matrix is dam-
aged by preservation with freezing
with or without cryopreservation;
therefore, the most widely used
method of transplantation is the
use of a fresh graft. Most grafts
have been implanted within 24
hours of death of the donor, and
problems with sizing and timing
have been noted.

The surgical procedure requires
an arthrotomy for directly visualiz-
ing and removing any fibrous tis-
sue from the defect. The best
results are obtained with lesions
measuring 4 cm? or less, although
there are reports of successful re-
surfacing of larger defects. How-
ever, the efficacy of transplantation
for these smaller defects has not
been directly compared with that
of other techniques. The graft
should be shaped and fitted for
rigid internal fixation.

Postoperatively, motion is begun
immediately. Weight bearing is
delayed at least 8 weeks, depend-
ing on the size of the graft.

Results

The largest reported series of
articular-cartilage allografts is that
of Zukor et al,” from the University
of Toronto. Their series began in
1972, which coincided with the
establishment of their tissue bank.
In 100 cases, the best clinical results
were seen with traumatic unipolar
grafts. Success was also reported
with osteochondritis dissecans but
was less predictable. Of the 59
allografts with more than 1-year
follow-up (55 in the knee, 2 in the
talus, 1 in the humeral capitellum,
and 1 in the finger), 45 (76%) were
successful. The graft failed in all
four patients in whom both sides of
the joint were grafted. At 5 years,
the success rate in 92 knees was
75%; at 10 years, 64%; at 14 years,
63%.

Garrett® reported an 85% suc-
cess rate for allograft reconstruc-
tion of 2- to 4-cm? knee defects due
to osteochondritis dissecans. At
second-look arthroscopy, success-
fully treated knees demonstrated
normal-appearing articular carti-
lage. Failed grafts were character-
ized by failure of incorporation of
the underlying bone and fragmen-
tation of the graft.

Mankin et al® reported success
with partial survival of articular car-
tilage after the use of massive allo-
grafts in tumor reconstruction. In
that study, cryopreserved tissue,
rather than fresh cartilage, was used.

Summary

The ultimate success of an
articular-cartilage allograft de-
pends on the survival of the articu-
lar matrix with its chondrocytes
and the union of underlying bone.
Normal function of chondrocytes is
mandatory if the cartilage is to sur-
vive. The best results are obtained
in young persons with a defect
measuring less than 4 cm? that
affects only one side of the joint,
preferably the femoral condyle.
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Osteochondral fractures and osteo-
chondritis dissecans are the only
surgical indications at present. The
use of tissue matching and im-
munosuppression may improve
future results.

The need for fresh grafts is a major
reason why few surgeons have used
articular-cartilage allografts. The lack
of special instruments for graft sizing
and shaping is also a problem.
Whether renewed interest is shown
in articular-cartilage allografts and
whether this concept will be by-
passed by newer ones, such as free
chondrocyte implantation and plug
autografting, remain to be seen.

Ligament Allografts

History

The importance of knee stability
to the long-term function of the
knee has been well established.
Chronic knee instability is associat-
ed with an increased frequency of
meniscal tears and the develop-
ment of osteoarthritis over time.
The immediate effects of an unsta-
ble knee can often prevent an ath-
lete from returning to sports.

Treatment options include reha-
bilitative exercises, bracing, and sur-
gical reconstruction. Braces are usu-
ally an important addition to the
overall treatment, but few patients
can resume normal running and
cutting movements with bracing
and exercise alone. Surgical recon-
struction is most often required,
especially for young, active patients.

The search for the ideal graft
source for knee ligament recon-
struction has included autografts,
allografts, xenografts, and synthet-
ics. Autografts and allografts offer
several tissue choices, including
patellar tendon, quadriceps tendon,
fascia lata, hamstring tendon, and
Achilles tendon. Allografts have the
obvious advantage of decreasing
surgical donor-site morbidity and
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can be used in revision cases when
no suitable autogenous tissue is
available.

Indications

The decision to use a knee-
ligament allograft depends on sever-
al factors, including patient and sur-
geon preference, the particular liga-
ment being reconstructed, the avail-
ability of suitable autogenous tissue,
and the availability of a safe, high-
quality source of allografts. The sur-
gical techniques and methods of fix-
ation for allografts are identical to
those for autografts. Postoperative
morbidity with allografts is less, due
in large part to the fact that no
donor tissue is harvested. Rehabili-
tation with rapid institution of
range-of-motion and other exercises
is generally applicable to allografts,
as it is with autogenous tissue.

Although a variety of allograft
tissues are available for use, the tis-
sue most commonly used for anteri-
or cruciate ligament (ACL) recon-
struction is the bone—patellar ten-
don-bone composite. While some
advocate allograft patellar tendon
for primary ACL reconstruction,
most surgeons prefer autogenous
tissue and rely on patellar tendon
allograft reconstruction for revision
procedures. An Achilles tendon
allograft is commonly used for the
reconstruction of the posterior cru-
ciate ligament because of its size,
strength, length, and ease of inser-
tion. Other structures that have
been reconstructed with an allograft
include the medial collateral liga-
ment, the patellar tendon, the later-
al collateral ligament, and the poste-
rior capsule. However, due to the
limited number of cases, insufficient
evaluable data are available to reach
conclusions regarding graft choices
and indications for these areas.

Surgical Considerations
Once the remodeling phase is
complete, implanted allograft liga-
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ment tissue appears similar to the
native ACL. Shino et al'® demon-
strated that by 52 weeks after
surgery, bone—patellar tendon-bone
allografts implanted in dogs had
regained a fibrous framework his-
tologically similar to that seen in a
normal ligament. Arnoczky et all
found that after 1 year dog patellar
tendon allografts resembled nor-
mal ACLs both grossly and histo-
logically. In their study in a goat
model, Drez et al!2 found that
bone-patellar tendon-bone allo-
grafts histologically resembled nor-
mal ACL tissue after 26 weeks.
Also using a goat model, Jackson et
al'® demonstrated a similar connec-
tive tissue pattern in native and
allograft ACLs, as well as periliga-
mentous and endoligamentous
vascular patterns consistent with a
normal ACL. Second-look arthros-
copy findings reported by Shino et
al'4 illustrated that ACL allografts
had reached histologic maturity by
18 months postoperatively. Cord-
rey et al'> observed that while vas-
cularization and recollagenization
occur in autograft and allograft lig-
aments in a similar fashion, those
processes occur more slowly in
allograft tissue.

The histologic and vascular
characteristics of ligament allo-
grafts are well established; howev-
er, their tensile strengths vary
widely. Thomas and Gresham¢
demonstrated that freeze-dried fas-
cia lata grafts are initially equal in
strength to fresh allograft tissue.
During incorporation, ligament
grafts are weakest during the
phases of revascularization and
maturation, with maximum weak-
ness occurring 6 months after
implantation. Drez et al'? found
that allograft ACLs had a maxi-
mum load to failure of 43% of nor-
mal at 26 weeks postoperatively.
Jackson et all3 showed a maximum
load to failure of 27% of normal for
allograft ACLs, compared with
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62% of normal for autografts. In
contrast, Nikolaou et all” demon-
strated 90% normal strength in cryo-
preserved dog allograft ACLs at 36
weeks. Despite the fact that liga-
ment allografts are weaker during
incorporation, there are no pub-
lished reports citing increased like-
lihood of failure during this phase.
With this variability in results,
no clear-cut conclusion can be
reached regarding the maximum
load to failure of allograft liga-
ments in an animal model. Despite
the variation in tensile strength
data, the encouraging early clinical
results reported by Noyes and
Barber!8 and by Shino et al' have
led to the acceptability of allograft
tissue in reconstructing knee liga-
ments. The advantages are smaller
incisions, less surgical time, and
potentially less surgical morbidity.

Results

Most of the data collected on allo-
grafts deal with reconstruction of
the ACL with bone—patellar tendon—
bone grafts. Shino et al,!® using
Achilles tendons or multiple-strand
peroneal tendons to treat 84 pa-
tients, reported good to excellent re-
sults in 94% at follow-up examina-
tions 3 years or more after surgery;
on arthrometric measurement, 84%
had side-to-side differences of 3
mm or less. Indelicato et al? re-
viewed fresh-frozen bone-patellar
tendon-bone allografts with an
average 27-month follow-up; their
objective results were similar to
their experience with autograft
patellar tendons, with 93% of
patients having Lachman scores of
grade I or less and 78% having a
completely negative pivot-shift
examination. Shelton et al?! found
no statistical difference between auto-
graft and allograft bone—patellar
tendon-bone ACL reconstructions
in terms of pain, effusion, stability,
range of motion, patellofemoral
crepitus, and thigh circumference

172

when evaluated a minimum of 24
months after surgery. Harner et
al?2 found similar results when
comparing allograft and autograft
ACL reconstructions at 3- to 5-year
follow-up. Noyes et al?® compared
bone-patellar tendon-bone allo-
grafts with fascia lata allografts
with a 2-year follow-up and re-
ported 89% good to excellent re-
sults in both groups; however,
they found better arthrometric sta-
bility results with bone—patellar
tendon-bone grafts.

Overall, the results of primary
reconstruction with use of allo-
grafts are similar to those obtained
with autografts. Some concern has
been expressed that allografts
might begin to show increased laxity
or re-rupture rates 5 years or more
after surgery, but no series with
data showing evidence of these
possibilities has been published.
Allografts are often reserved for
use in revision ACL reconstruc-
tions, but revision surgeries have
proved less successful than prima-
ry reconstructions.

Studies showing the results of
allograft use in posterior cruciate
ligament reconstruction are not as
numerous as those dealing with the
ACL. Noyes and Barber-Westin?*
demonstrated good restoration of
posterior stability with either
bone-patellar tendon-bone or
Achilles tendon allografts and
found no benefit with synthetic
augmentation. Bullis and Paulos?
reported on 63 patients, many with
combined injuries, and demonstrat-
ed good results with the use of
Achilles allografts, but with only a
12-month follow-up. Noyes and
Barber-Westin26 reported the re-
sults in 20 patients with posterior
lateral instability who were treated
with Achilles tendon, fascia lata,
and bone-patellar tendon-bone
allografts; at the follow-up evalua-
tion a mean of 42 months after
surgery, the success rate was 76%.

Summary

The use of allograft tissue as a
graft source for reconstruction of
knee instabilities is an alternative
for ligament reconstruction. Many
factors enter into the decision to
use an allograft, including patient
age, the preference of the patient
and the surgeon, fear of disease
transmission, and availability of
quality tissue. Both the surgeon
and the patient must be aware that
although the graft will react much
like autogenous tissue in revascu-
larization and remodeling, this
process tends to progress more
slowly. Long-term studies with a
minimum 5-year follow-up are
lacking, and there is the possibility
that allografts will be found to
have stretched when checked at
longer intervals.

Meniscal Allografts

History

The meniscus was long thought
to be a rudimentary appendage
with no function or purpose. Sur-
gical concepts were developed that
advocated total meniscectomy for
any suspected or established patho-
logic condition. Removal of the
meniscus was proposed to enhance
ligament stabilization by allowing
the creation of an extra tuck when
tightening the posterior medial
capsule. The regenerated meniscus
after total meniscectomy was noted
to be a perfect replica of the origi-
nal, although smaller. Unfortu-
nately, this regenerated meniscal
tissue does not functionally distrib-
ute the stress of weight bearing or
prevent postmeniscectomy degen-
erative arthritis.

Attitudes about the importance
of the meniscus began to change
after Fairbank’s 1948 article?”
showed that the late radiographic
findings after meniscectomy repre-
sent degenerative arthritis. As a
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greater awareness of the impor-
tance of the meniscus has evolved
over the past 30 years, strategies
for meniscal salvage by partial
meniscectomy and meniscal repair
have been developed.

The problem of the unsalvage-
able meniscus remained, leading to
the concept of meniscal replace-
ment with an allograft. Arnoczky
et al?8 proved the feasibility of
transplanting an allograft meniscus
by demonstrating peripheral heal-
ing, cellular repopulation, and the
lack of an immune response in a
dog model.

Indications

The ideal candidate for a menis-
cal allograft is a young, active indi-
vidual with pain over a previously
meniscectomized compartment.
The general consensus at recent
Meniscal Allograft Study Group
meetings is that the best results are
obtained in knees with little or no
arthritic damage. Standing radio-
graphs should demonstrate accept-
able limb alignment, and any mal-
alignment should be corrected be-
fore considering a meniscal re-
placement.

Instability should be corrected
before or during meniscal replace-
ment because abnormal forces
applied to a meniscus placed in an
unstable joint will likely lead to
failure. The combination of a
meniscal allograft and ligament
reconstruction should have a syn-
ergistic effect by enhancing stabili-
ty and restoring more normal knee
kinematics.

The expense of a meniscal allo-
graft must be considered. The cost
of the graft itself can range from
$2,500 to $3,500; when that is
added to surgical, anesthesia, and
facility fees, the total bill may
exceed $15,000. Many third-party
insurers have resisted approving
the allografts, citing the investiga-
tional nature of the procedure.

Vol 6, No 3, May/June 1998

Long-term outcome studies docu-
menting a reasonable cost-benefit
ratio will be required to improve
reimbursement.

Surgical Considerations

Preoperative planning is impor-
tant to ensure proper sizing of the
meniscal allograft. Plain radio-
graphs are sent to the tissue bank,
and after allowing for magnifica-
tion, a properly sized graft is select-
ed. Itis kept frozen on dry ice until
immediately before transplanta-
tion.

Early meniscal allografts were
implanted with an open technique,
often with collateral ligament re-
lease. Anatomic placement and
peripheral suturing were straight-
forward with this exposure, but
operative morbidity was consider-
able. Arthroscopic implantation
techniques evolved rapidly, lower-
ing morbidity and cost but increas-
ing technical demands.?? Meniscal
allografts are now done as outpa-
tient procedures with arthroscopi-
cally assisted methods.

The anchoring of both meniscal
horns with either bone plugs or
slots was added to overcome peri-
pheral extrusion of the graft with
weight bearing. Peripheral sutur-
ing of the graft completes the pro-
cedure, and rehabilitation is simi-
lar to that used after meniscal
repair.

Results

Most of the menisci that have
been implanted as allografts were
provided by CryoLife, Inc (Ken-
nesaw, Ga). A total of 1,080 Cryo-
Life cryopreserved menisci (784
medial, 296 lateral) were implanted
between 1989 and 1996 by 165 sur-
geons. The data collected on 720 of
these grafts with a minimum 8-
month follow-up showed that 94%
medial and 93% lateral survival
rates were obtained when bone
anchors were used. Recent papers
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suggest that relief of pain has been
the most consistent clinical benefit.
Results at 2- to 5-year follow-up
show pain relief in more than 90%
of allograft recipients.

Decreased range of motion,
increased swelling, and clinical
rejection have not been problems in
any series. Shrinkage of the graft
has been noted but is difficult to
measure; the incidence has been es-
timated as 10% to 15% on second-
look arthroscopy but 30% on mag-
netic resonance (MR) imaging stud-
ies. Certainly, any shrinkage
would decrease the ability of the
meniscus to distribute weight over
a large surface area and thereby
render it less functional. Biopsy
specimens have demonstrated
peripheral healing and surface
hypercellularity but central hypo-
cellularity.

At the 1995 meeting of the
Meniscal Allograft Study Group,
Noyes reported poor results with
the use of irradiated grafts in a
series of 96 meniscal allografts. In
that series, 66% of the recipients
had arthritic knees, and 78% of the
menisci failed or healed only par-
tially. Only 12% of failures were
seen by 6 months. He has empha-
sized caution when evaluating
meniscal allograft studies with a
follow-up period of less than 2
years and no MR imaging or
arthroscopic second-look data.

Our results in 17 patients fol-
lowed up for an average of 40
months (range, 13 to 64 months)
showed improvements in Lysholm
and Tegner scores and excellent
subjective pain relief in 15 of the 17.
The MR imaging studies of 9 of the
patients showed no peripheral
extrusions of the allograft meniscus
but only 71% of the volume of the
normal meniscus in the opposite
knee. The loss of meniscal volume
is a problem because the function
of load distribution, and thus pro-
tection of the articular cartilage, is
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compromised by any loss of menis-
cus size.

Summary

Currently, the only indication
for a meniscal allograft is the pres-
ence of persistent pain in a menis-
cectomized compartment in a
young patient with minimal or no
arthritic change in the knee. The
technical aspects of the procedure
are very demanding; therefore, it
should be performed only after
considerable practice.

The short-term reports of pain
relief in most recipients are en-

couraging; however, one must
always bear in mind that pain relief
is subjective and the possibility of
some placebo effect must be con-
sidered. Long-term studies docu-
menting the preservation or degra-
dation of the articular cartilage and
the survival of the allograft menis-
cus are necessary before transplan-
tation of a meniscal allograft can be
considered a good solution to the
problem of the unsalvageable
meniscus. The problem that must
be investigated next is the preven-
tion of graft shrinkage and central
hypocellularity.

Conclusion

The use of an allograft has become a
useful option when planning knee
reconstructions. Advances in im-
munology and prevention of disease
transmission should enhance future
results. Long-term results with more
than 5 years of follow-up are needed
to assess the durability of these
replacement grafts. The ultimate goal
should be a graft that adequately
replaces the damaged ligament, carti-
lage, or meniscal surface; heals in a
high percentage of patients; and func-
tions well over a long period of time.
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