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Abstract: We present an evidence-based approach to optimize the biologic incorporation of osteochondral allografts:
(1) The donor graft is gradually rewarmed to room temperature to reverse the metabolic suppression from cold storage.
(2) The graft is harvested while submerged in saline to limit thermal necrosis. (3) Subchondral bone depth is preferred at 4
to 6 mm depth (total plug depth w5-8 mm including articular cartilage) to reduce graft immunogenicity and to promote
incorporation. (4) The bone is prepared with grooves/beveling to decrease impaction forces, increase access to subchondral
deep zones during preparation, and promote graft-host interface healing. (5) High-pressure pulsed lavage is used to reduce
antigenicity by removing marrow elements. (6) Pressurized carbon dioxide following pulsed lavage further reduces
marrow elements and improves graft porosity for orthobiologic incorporation. (7) Orthobiologic substances
(e.g., concentrated bone marrow aspirate) may enhance incorporation on imaging and result in greater osteogenic po-
tential. (8) A suture is placed behind the graft to facilitate removal and repositioning; atraumatic graft insertion without
high impaction forces maintains chondrocyte viability. These evidence-based pearls for osteochondral allograft handling
optimize metabolic activity, reduce thermal necrosis, reduce antigenicity with removal of marrow elements, enhance
biologic potential, and maintain chondrocyte viability to optimize biologic healing and clinical success.
steochondral allograft transplantation is a versatile
Osolution for the treatment of symptomatic chondral
or osteochondral defects of the knee. This cartilage-
restoration treatment is particularly useful for deep and
larger osteochondral lesions with extensive subchondral
edema and obviates the concern for donor-sitemorbidity.
However, successful allograft plug osseointegration is
critical for success. The purpose of this Technical Note is to
highlight the authors’ experience and data to provide
pearls tomaximize biologic healing and clinical success for
osteochondral allograft transplantation.
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Surgical Technique (With Video Illustration)
The key pearls are demonstrated in Video 1 and

summarized in Table 1.

Step 1: Gradual Graft Rewarming
A fresh, cold-preserved osteochondral allograft is

used. It is important to note that cold preservation of
the graft suppresses metabolic activity of chondrocytes.
Gradual rewarming of the allograft results in increased
proteoglycan synthesis and decreases nitrate/nitrite
production relative to abrupt re-warming.1 Therefore,
that could have appeared to influence the work reported in this paper. Full
ICMJE author disclosure forms are available for this article online, as
supplementary material.
This presentation was selected as the Best Orthoregeneration Pearl &

Technique in the category of Cartilage Repair and Restoration at the
Arthroscopy Association of North America (AANA) 2023 conference in
conjunction with the Orthoregeneration Network (ON) Foundation.
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Table 1. Summary of the Authors’ Key Pearls for Osteochondral Allograft Transplantation

Pearl/Step Technique Purpose/Benefit

1) Gradual graft rewarming Warm the fresh cold-preserved allograft in
room temperature saline.

- Reverse metabolic suppression and
improve metabolic activity

- Decrease nitric oxide formation
2) Submerged graft harvest Ream the graft while submerged in saline. - Reduce thermal necrosis

- Maintain chondrocyte viability
3) Optimize subchondral bone depth Aim for a total plug depth of 5-8 mm

including the articular cartilage surface
(or 4-6 mm of subchondral bone depth).

- Reduce antigenicity
- Limit cyst formation

4) Bone preparation Chamfer bony edges and create grooves
within subchondral bone with small
oscillating saw.

- Decrease impaction forces
- Improve access to graft deep zones

5) Pulsed lavage Apply high-pressure pulsed lavage of
normal saline to the subchondral bone of
the graft for up to two minutes.

- Reduce antigenicity
- Improve graft porosity

6) CO2 preparation Apply pressurized CO2 to the subchondral
bone of the graft.

- Reduce antigenicity
- Improve graft porosity

7) Orthobiologic application Apply an orthobiologic substance such as
concentrated bone marrow aspirate to the
subchondral bone.

- Enhance incorporation
- Reduce large cysts on imaging
- Decrease subsequent surgeries

8) Rescue suture and minimizing impaction
loads

Place a rescue suture behind the graft during
insertion. Insert the donor graft plug into
the recipient socket with manual
pressure, limiting the use of a mallet if
possible.

- Atraumatic graft removal
- Easier graft manipulation
- Maintain chondrocyte viability

CO2, carbon dioxide.
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the authors suggest warming the allograft in room-
temperature saline (Fig 1).

Step 2: Submerged Graft Harvest
Thermal energy is harmful to the chondrocytes.

Traditionally, bulb irrigation has been used to limit
thermal necrosis during graft preparation with power
tools such as the reamer or saw. The authors now
Fig 1. The fresh, cold-preserved osteochondral allograft is
gradually rewarmed in room temperature saline to optimize
metabolic activity.
harvest their allograft plug while the whole allograft is
submerged in saline (Fig 2). Our unpublished cellular
analysis demonstrates that submerging the graft im-
proves cartilage cell viability relative to traditional bulb
irrigation (72% whole plug chondrocyte viability sub-
merged harvest vs 61% whole plug chondrocyte
viability bulb irrigation harvest, P ¼ .003; unpublished
data).
Fig 2. The plug is harvested with the reamer from the allograft
while the whole allograft is submerged in saline to preserve
chondrocyte viability.



Fig 3. The authors aim for a total plug depth
of 5-8 mm including the articular surface. (A)
The plug is oriented and the desired depth is
marked. (B) Care is taken to understand how
the depth of the plug may vary in each of the
12-, 3-, 6-, and 9-o’clock positions for proper
orthogonal graft placement.

Fig 4. The bone is prepared with a small oscillating saw. The
edges of the bone may be chamfered to ease graft insertion.
The authors place several small grooves within the bone to
facilitate graft insertion and increase access to deep sub-
chondral bone zones of the graft during subsequent graft
preparation steps.
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Step 3: Optimize Subchondral Bone Depth
The depth of the plug is important to optimize. The

subchondral bone is known to be the most immuno-
genic portion of the graft and does not necessarily heal
with full creeping substitution.2 Having a plug that is
deep will increase the immunogenicity. Deeper bone
plugs on the graft side also make it more challenging to
later access the deep zones of the graft during graft
preparation techniques.3,4 However, grafts that are too
shallow (i.e., less than 4-5mm of depth) may also be
associated with increased cyst formation.5

Taking these data into consideration, the authors aim
for a total plug depth of 5-8 mm, including the articular
cartilage surface (Fig 3). We aim for this depth
throughout the graft at each of the 12-, 3-, 6-, and 9-
o’clock positions. We mark the 12-o’clock position on
the graft to maintain graft orientation. Graft depth in
each position may be more uniform on the femoral
condyles; however, on the trochlear and patellar sur-
faces, the depth may vary greater throughout the graft
boundaries (Fig 3). Maintaining graft orientation is
critical to place it orthogonally to allow for a flush
articular surface.

Step 4: Bone Preparation
The authors prepare the bone using a small oscillating

saw. The bone edges may be chamfered along the
perimeter. Small grooves are also created within the
subchondral bone (Fig 4). The goal of the bony prepa-
ration is to facilitate graft insertion via decreased
impaction forces, improve access to the deep zones
during subsequent graft preparation to remove marrow
elements, and facilitate graft removal if necessary.

Step 5: Pulsed Lavage
High-pressure pulsed lavage of normal saline is used

to cleanse the osteochondral allograft plug (Fig 5). Data



Fig 5. The graft is cleansed with high-
pressured pulse lavage of normal saline to
reduce immunogenic elements. There is often
a visual change in color from before (left) to
after (right) cleansing with pulse lavage.

e4 S. ALLAHABADI ET AL.
suggest that for fresh osteochondral allografts, high-
flow irrigation increases marrow space better than
standard flow.6 Furthermore, there is ongoing reduc-
tion in marrow elements for up to 2 minutes of pulsed
lavage.6 The pulsed lavage is focused on the sub-
chondral bone portion of the graft.

Step 6: Carbon Dioxide (CO2) Preparation
Following pulsed lavage with normal saline, the au-

thors use pressurized CO2 on the subchondral bone of
the graft (CarboJet CO2 Bone Preparation System;
Kinamed Inc., Camarillo, CA) (Fig 6). Pressurized CO2

significantly improves the removal of immunogenic
marrow elements from osteochondral allografts when
combined with pulsed lavage, relative to pulsed lavage
alone.4 This enhanced effect is seen in each of the su-
perficial, middle, and deep zones of the subchondral
bone.4
Fig 6. Pressurized carbon dioxide is applied to
the subchondral bone of the allograft to
further reduce immunogenic marrow ele-
ments throughout the subchondral bone
depth after pulsed lavage with saline. There is
often a visual change in color from before
(left) to after (right) use of pressurized carbon
dioxide, with a visual improvement in
porosity.
Step 7: Orthobiologic Application
Cleansing the subchondral bone of marrow elements

with the high-pressure pulsed lavage and pressurized
CO2 reduces the percent fill of the subchondral bone
space and improves porosity.4 These steps also allow for
improved incorporation and more uniform and deeper
absorption of orthobiologic substances such as concen-
trated bone marrow aspirate (Fig 7).
When possible, the authors prefer to use concentrated

bone marrow aspirate7 to provide factors thought to
improve healing and incorporation. A currently un-
published study has demonstrated that patients
receiving concentrated bone marrow aspirate applied to
the subchondral bone of the osteochondral allograft
plug have a reduction in large cysts on postoperative
imaging.8 Furthermore, those with concentrated bone
marrow aspirate had a significantly lower rate of sub-
sequent surgeries for persistent or new symptoms



Fig 7. After pulsed lavage and pressurized carbon dioxide, the graft is better prepared for orthobiologic substance application.
Concentrated bone marrow aspirate application may reduce large cysts and decreased the rate of subsequent surgeries for
ongoing symptoms. (A) Before application of concentrated bone marrow aspirate to subchondral bone that has been prepared
with pulsed lavage and pressurized carbon dioxide. (B) After application of concentrated bone marrow aspirate to subchondral
bone that was not prepared with pressurized carbon dioxide. There is less fluid uptake within the graft. (C) After application of
concentrated bone marrow aspirate applied to subchondral bone that was prepared with both pulsed lavage and pressurized
carbon dioxide. There is more uniform uptake of the fluid within the graft.
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(5.3% subsequent surgeries with concentrated bone
marrow aspirate vs 35.3% without, P ¼ .02).8

Step 8: Rescue Suture and Minimizing Impaction
Loads
Whenplacing the donor graft into the recipient site, care

is taken to limit impaction forces. Limiting impaction
forces on the graft maintains cell viability. Studies
demonstrate that greater impaction loads directly corre-
late with reduction in cell viability relative to controls.9

Therefore, the authors limit the use of a mallet to
place the graft when possible. The graft is placed
Fig 8. Minimal impaction force is used while
placing the graft to maintain cell viability. The
authors limit use of a mallet and utilize
manual pressure when at all possible. A rescue
suture is placed behind the graft to allow for
better graft control and facilitates graft removal
if necessary. (A) The donor patellar osteo-
chondral allograft is placed within the recip-
ient site on the patella with manual pressure
while controlling the graft with the rescue
suture. (B) The final osteochondral allograft
plug sits within the patella.
gently using manual pressure. Furthermore, a rescue
suture is placed behind the graft subchondral bone
surface during graft placement (Fig 8). The suture
allows for better control of the graft to fine-tune graft
positioning for minimal force insertion. In addition,
the suture provides a way to remove the graft if
necessary. Table 1 summarizes the authors’ pearls and
their benefits.

Rehabilitation Protocol
Alterations in the rehabilitation protocol may be

dictated by concomitant procedures. Postoperatively,
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patients are placed in a hinged knee brace. For isolated
osteochondral allograft transplantation to the medial
or lateral femoral condyle, patients are heel-touch
weightbearing from postoperative weeks 0 to 6.
Range of motion is advanced as tolerated. After week 6,
patients transition to weight-bearing as tolerated and
the goal is to achieve full range of motion. For patel-
lofemoral (i.e., patellar or trochlear) osteochondral
allograft transplantation, patients are permitted full
weight-bearing as tolerated with the knee locked in
extension from weeks 0-6.
Low-impact activities such as elliptical and swimming

are permitted typically at 12 weeks’ postoperatively. At
6 months postoperatively, functional activity is
advanced and sport-specific activity and impact is
permitted typically at approximately 8 months
postoperatively.

Discussion
Osteochondral allograft transplantation has demon-

strated reliable clinical success for appropriately indi-
cated symptomatic osteochondral defects at mid-term10

and long-term follow-up.11,12 Although certain factors
may increase risk of failure, such as number of previous
surgical procedures, age, body mass index, and limb
malalignment,10,13 numerous tools exist for the sur-
geon to optimize success after transplantation. Within
the operating room, the goal of each step of the
osteochondral allograft transplantation should be with
ultimate biologic integration in mind.
In 2021, a study by the Metrics of OsteoChondral

Allografts (MOCA) Group published consensus state-
ments on the use of viable osteochondral allografts.14

These statements are in concordance with the au-
thors’ recommendations. Specifically, the consensus
statements included a similar optimal depth for femoral
osteochondral allograft and using pulsed lavage on the
bone before implantation.14 In addition to pulsed
lavage, the authors advocate for use of pressurized CO2

to further remove immunogenic elements and increase
marrow space within the graft.4

Since the time of the publication of those statements,
which had strong consensus for the statement “it is
unknown whether osteochondral allograft bone incor-
poration can be enhanced by biologic adjuncts,”14

further research has been performed on the benefits
of augmenting treatment with adjuncts such as
concentrated bone marrow aspirate. Thus far, research
suggests that concentrated bone marrow aspirate im-
proves osseous integration with reduction in cysts and
may improve pain scores and decrease failure rates.8

Furthermore, concentrated bone marrow aspirate may
be better for osteogenic potential than platelet rich
plasma.7 Further research in this area is ongoing, but
the authors advocate for orthobiologic adjunct use (and
preferably concentrated bone marrow aspirate) when
possible. Another statement with unanimous agree-
ment was that “a standardized method for testing
cartilage viability and metabolic activity should be
established.”14 Steps that the authors use with the goals
of preserving metabolic activity and cell viability
include gradual graft rewarming, reaming the graft
while submerged in saline, preparing the bone for
easier insertion, and using minimal impaction force
when placing the graft into the socket.
The presented evidence-based pearls for osteochon-

dral allograft handling and preparation optimize meta-
bolic activity, reduce thermal necrosis, reduce
antigenicity with removal of marrow elements,
enhance biologic potential, and maintain chondrocyte
viability to optimize biologic healing and clinical
success.
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