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Figure 1 The dowel technique for osteochondral allograft transplantation. A, An arthrotomy is made exposing the lesion on the femoral
condyle. B, The lesion is sized, and C, a core reamer is used to remove the remaining cartilage and subchondral bone to a bleeding base.
D, The corresponding location of the lesion is identified on the allograft, and E, a tube saw is used to produce an allograft of matching
size. F, The allograft is implanted into the defect in the native knee, using finger pressure.

recent meta-analysis identified only four Level III clinical
studies that compared CPM to no CPM, which offered no
good evidence for its widespread use.*

At 4 weeks patients are allowed to perform closed chain
exercises and progressive weightbearing is permitted at 3
months. When functional rehabilitation is complete, usu-
ally at 6 months, patients can return to recreational sports
activities but should be cautioned about excessive impact
loading of the allograft. The preoperative goals that had
been discussed with the patient should be re-visited as they
will vary greatly between the young patient with a focal le-
sion and patients undergoing osteochondral allografting in
a salvage situation.

Complications

As discussed earlier, the risk of viral or bacterial infection af-
ter osteochondral allografting is very low in grafts harvested
by the appropriate protocol. Transmission of a bacterial
infection is rare but can be devastating to the allograft and
the patient and has been reported.*® Deep infection needs to
be distinguished from superficial infection on the basis of
physical examination and joint aspiration if necessary. Treat-
ment of deep infection requires irrigation and debridement
and graft removal, as the fresh tissue may be the source or
a nidus for infection recurrence.

Progression of arthrosis can lead to a poor clinical out-
come. Patients will present with new onset pain or mechani-
cal symptoms. Fragmentation and late graft collapse can
also cause a clinical failure of the procedure. The degree
of creeping substitution and revascularization is variable,

especially with larger grafts. Magnetic resonance imaging
can assess for other causes of pain and assess the host-graft
incorporation. Caution in interpreting these MRI images is
necessary, however, as well-functioning grafts can demon-
strate signaling abnormalities that may resolve over a period
of years as creeping substitution occurs.*®

Results

For over 20 years, successful outcomes have been reported
following the use of osteochondral allografts in the knee.*
The orthopaedic literature is full of Level III/IV studies
evaluating the effectiveness of osteochondral allografting
in the knee. These studies are summarized in Table 1. The
studies utilize many different techniques, treat differing
pathology, and have different methodology making com-
parisons between them difficult; however, the depth of
data from osteochondral allografting in the knee allows
some conclusions to be drawn about its effectiveness. As
previously discussed, the majority of new research and data
fueling the use of allografts involves graft processing and
storage to maximize chondrocyte viability.

There is limited data on osteochondral allografting in the
patellofemoral joint. Jamali and coworkers retrospectively
reviewed the outcomes of 20 knees in 18 patients with a
mean age of 42 years who had undergone a mean of 2.6
prior surgical procedures for patellofemoral lesions.** At a
mean of 7.5 years of follow-up the investigators reported
good to excellent results in 60% of the study patients with
survivorship analysis demonstrating 67% graft survival at 10
years. Despite the relatively lower rate of clinical success,
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Table 1 Studies Evaulating the Outcome of Osteochondral Allografts of the Knee

Mean
Average  Follow-up

Study Site of Lesion N Age (yrs) Outcomes Notes
Bugbee 2011 MEFC, LFC 576 34 7 Graft survival 82/72/70%  Risks for failure: age > 40,

at 5/10/25 yrs female, defect > 10 cm?
Laprade 2009 MEFC, LFC 23 30 3 IKDC 52 — 68 Average graft storage 20

Cinci 49 — 69 days
Emmerson 2007 MEFC, LFC 66 28 7.7 72% good to excellent 10% reoperation
Davidson 2007 MFC, LFC, 10 32 33 IKDC 27 — 79 Second look arthroscopies

trochlea
McCulloch 2007 MEFC, LFC 25 35 3 84% satisfaction Consecutive prospective
cohort

Gross 2005 MEFC, LFC 60 <60 10 85% survival at 10 years Histological analysis
Jamali 2005 PF 20 42 7.8 75% improved clinical Patellofemoral only

SCOrecs

14 of 16 patients interviewed (87.5%) reported pain relief
following the procedure, and 87.5% said they would have
the operation again if necessary.

Ghazavi and colleagues reviewed the usage of osteochon-
dral allografts in the treatment of post-traumatic defects of
the knee in 126 patients and reported clinical success in 85%
at a mean follow up of 7.5 years.* Failure was associated
with age over 50 years, bipolar defects, malaligned knees,
and workers’ compensation cases. Similarly, Gross and as-
sociates found an 85% graft survival rate at 10-year follow-
up in 60 patients.”” Emmerson and colleagues reported the
results of their case series of 65 knees in 63 patients with a
mean age of 28.6 years treated for osteochondritis dissecans
lesions of the femoral condyle.** At a mean follow-up of 7.7
years, 47 knees (72%) were rated as good to excellent on
the modified D’ Aubigne and Postel scale. Subjective knee
function improved from 3.4 preoperatively to 8.4 on a 10
point scale at the time of final evaluation.

McCullough and coworkers, in a prospective consecu-
tive study of 25 patients, examined the effectiveness of
prolonged-fresh grafts (mean storage 24 days) in the treat-
ment of osteochondral defects in the femoral condyles.*®
They reported significant improvements in mean Lysholm
scores, 39 preoperatively to 67 postoperatively; International
Knee Documentation Committee (IKDC) scores, 29 to 58;
and SF-12 physical component scores, 36 to 40, at a mean
of 35 months of follow-up. The study patients reported
84% satisfaction with their clinical outcome believing that
their operative knee functioned at 79% of their unaffected
contralateral side. Radiographically, 88% had complete graft
incorporation.

Davidson and colleagues reported on 10 patients (out
of a cohort of 67) who underwent second-look arthroscopy
with biopsy of both graft and host cartilage, histological
analysis, and MRI at a mean of 40 months following the
index osteochondral allografting procedure on the femoral
condyles or trochlea.*® Average prolonged-fresh graft storage

time was 36 days in cell culture medium at 4° C. At second-
look arthroscopy, the mean International Cartilage Repair
Society score was 10, and the mean Outerbridge score of
the repaired defect improved from 4.3 preoperatively to 0.6.
MR imaging demonstrated complete graft incorporation, and
biopsy specimens demonstrated no significant difference in
chondrocyte viability and density between the grafted tissue
and the surrounding normal articular cartilage.

In a histologic analysis of osteochondral allografts, Gross
and associates noted that early failures were due to a lack of
chondrocyte viability while late failures demonstrated viable
chondrocytes, functional preservation of matrix, and complete
replacement of the graft bone with the host bone.® They
concluded that long-term allograft survival depends on graft
stability by fixation of host bone to graft bone, and that with
the stable osseous graft base, the hyaline cartilage portion of
the allograft can survive and function for 25 years or more.

In another study of prolonged-fresh osteochondral al-
lografts, LaPrade and coworkers reported their experience
in 23 consecutive cases (average age of 30) of femoral
osteochondral defects managed with osteochondral al-
lografts implanted after a mean of 20.3 days of storage in
culture medium at 4° C.%' At a mean of 3 years of follow-
up, significant improvement in both Cincinnati knee scores
was reported, 49.2 preoperatively to 69.0 postoperatively
and IKDC scores, 52 to 68.5. Postoperative radiographs
demonstrated evidence of stable host incorporation of the
implanted allograft in 22 of the 23 cases. They concluded
that prolonged-fresh grafts stored in culture medium at 4° C
can provide significant functional and clinical improvement
after an average follow-up of 3 years in patients treated for a
full-thickness osteochondral defect of the femoral condyle.

The longest follow-up to date was presented by Bugbee
and colleagues, who reported on their experience of 25 years
(576 knees) of osteochondral allografting.*® The average age
of the patient was 34 years of age, with a mean follow-up of
7 years. They reported graft survival rates of 82%, 72%, and
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70% at 5, 10, and 25 years, respectively. Overall patient sat-
isfaction scores were 90%, and patients with a diagnosis of
osteochondritis dissecans significantly outperformed those
with a diagnosis of osteoarthritis. In a regression analysis
for risk of failure, they identified age greater than 40, female
gender, and a mean defect size of greater than 10 cm?

Conclusion

Osteochondral allografting in the knee has been performed
for decades and continues to have a role in treating articular
pathology of the knee that include both osseous and carti-
lage components. Osteochondral allografting is a one-stage
procedure that can compensate for bone loss, restore normal
architecture, and allow osseous integration. With regard
to fresh grafts, basic science research has determined that
culture medium storage at 4° C for less than 28 days is the
optimum setting prior to implantation. The ability to use
these prolonged-fresh grafts with high chondrocyte viability
allows sufficient time for rigorous serologic and bacterio-
logic testing by tissue banks, which improves patient safety.
Similarly, with additional time available before implantation,
more centers will be able to obtain fresh grafts and meet the
increasing demand. Despite these advances, high cost, and
limited availability will continue to remain a challenge to
both surgeons and patients.

A thorough discussion with the patient regarding goals
and expectations prior to osteochondral allografting surgery
is imperative. The surgical procedure for femoral condylar
lesions requires precision to limit chondrocyte death during
graft impaction and early graft failure due to poor fixation.
The rigorous postoperative course requires attention to detail
and an adherent patient. Future research into modulating the
healing response to improve graft integration may further
advance short- and long-term outcomes. With enhanced graft
safety and availability, fresh osteochondral allografting for
the treatment of osteoarticular lesions in the knee continues
to develop as an effective cartilage restoration procedure.
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