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Osteochondral Allograft Transplantation of the
Lateral Femoral Condyle and Distal Femoral

Osteotomy in the Setting of Failed Osteochondritis
Dissecans Fixation
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Abstract: Osteochondritis dissecans (OCD) is a pathologic condition, most commonly affecting the knee joint in ado-
lescents and young adults, although pathology can also be found at the elbow and ankle. Lesions to the medial femoral
condyle are classically associated with varus alignment, while lesions to the lateral femoral condyle are seen in patients
with valgus malalignment. Common risk factors for failed fixation of OCD lesions include unstable lesions to the lateral
femoral condyle, screw breakage, older age, and closed physes. The purpose of this technical note is to describe the
preoperative planning and step-by-step surgical approach for treatment of failed fixation of an OCD lesion of the posterior
aspect of the lateral femoral condyle in young, active patients using an osteochondral allograft, a lateral opening wedge
distal femoral osteotomy to correct malalignment, and a tibial tubercle osteotomy to facilitate access to the lesion.
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and young adults, in which a portion of the sub-
chondral bone detaches from its surrounding superficial
structures and results in subsequent cartilage injury.1,2

Surgical intervention is often reserved for juvenile
lesions that fail conservative management, unstable
lesions, detached lesions in which physeal closure will
occur within 6 to 12 months, and osteochondral frag-
ment nonunion.1,3-5 Surgical options for juvenile OCD
lesions include transarticular drilling for stable lesions
and fixation for unstable lesions.6 On the other hand,
adult OCD lesions are often treated surgically with
fixation of the fragment in combination with drilling
the subchondral bone to stimulate healing potential,
the application of cancellous bone grafting, or a variety
of osteochondral transfer procedures depending on the
degree of cartilage damage.1

Commonly, OCD lesions on the lateral femoral
condyle (LFC) of the knee can be associated with valgus
deformities.1,7 In these clinical scenarios, surgical
correction of coronal malalignment and concomitant
management of OCD lesions may be considered to
reduce the risk of malunion and improve subchondral
healing potential.1

As such, the purpose of this technical note is to
describe a step-by-step surgical approach for the treat-
ment of failed fixation of an OCD lesion of the posterior
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aspect of the lateral femoral condyle in young, active
patients, using an osteochondral allograft (OCA), a
lateral opening wedge distal femoral osteotomy (DFO)
to correct malalignment, and a tibial tubercle osteotomy
(TTO) to facilitate access to the lesion (Video 1).

Technique

Preoperative Evaluation and Surgical Decision-
Making
Anteroposterior (AP), lateral, sunrise, and 45� flexed

weightbearing radiographs are obtained to evaluate the
joint spaces as well as the size and position of the
osteochondral fragment on the lateral femoral condyle.
A full-length standing radiograph is also obtained to
assess coronal alignment at the knee. An AP radiograph
of the knee reveals the location and size of the OCD
lesion occupying the lateral femoral condyle; the lateral
radiograph may be less revealing (Fig. 1a,b). Using
full-length standing radiographs, the mechanical axis,
the lateral distal femoral angle (LDFA), and the medial
proximal tibial angle (MPTA) are measured to deter-
mine whether the deformity is based in the femur or in
the tibia (Fig. 1c). An LDFA >90� indicates a varus
deformity, and <85� indicates a valgus deformity orig-
inating from the femur. An MPTA <85� indicates a
varus deformity based in the proximal tibia, and an
angle >90� indicates a valgus deformity. Additionally, a
computed tomography (CT) scan with 3D reconstruc-
tion allows for visualizing the extent of the osteo-
chondral defect in all planes to estimate the size of the
required osteochondral allograft (Fig. 1d,e). Magnetic
resonance imaging (MRI) is often needed to fully assess
the extent of any articular damage.
Nonoperative measures including anti-inflammatory

medications, activity modification, physical therapy,
and use of a lateral unloader brace should be attempted
initially to determine whether the patient has
improvement in symptoms. Surgical intervention
should be considered in patients with continued pain
and functional decline refractory to nonoperative
treatment. In the setting of previously attempted fixa-
tion with subsequent nonunion and progressive erosion
and expansion of the chondral defect, the use of an
osteochondral allograft to restore the integrity of the
femoral condyle, and correction of the femoral-based
valgus deformity of the femur is warranted. To facili-
tate access to the posterior location of the defect, a tibial
tubercle osteotomy may be used.

Patient Positioning and Anesthesia
The patient is placed supine on an operating table.

After the induction of general anesthesia and antibiotic
prophylaxis, a tourniquet is placed high on the opera-
tive extremity, and the knee is prepped and draped in a
sterile fashion. The ipsilateral anterior iliac crest is also
Figure 1. Preoperative imag-
ing and planning for left knee
osteochondral allograft and
distal femoral osteotomy.
Standing anteroposterior (A)
and lateral (B) radiographs
assessing the location of the
deformity to the posterolateral
femoral condyle. (C) The me-
chanical lateral distal femoral
angle (mLDFA) of 82.1� and
mechanical medial proximal
tibial angle (mMPTA) of 88.9�

with a mechanical valgus of
3.6� is seen from the standing
weightbearing radiographs.
Sagittal (D) and axial (E) cuts
of a computed tomography
scan with 3D reconstruction
allow for visualizing the extent
of the osteochondral defect,
which helps with planning for
the required size of the osteo-
chondral allograft.
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draped to harvest bone marrow aspirate concentrate
(BMAC) that will be used to augment osteochondral
allograft fixation later in the procedure.
Surgical landmarks including the patella, patellar

tendon, tibial tubercle, lateral tibial plateau, and lateral
femoral condyle are outlined. High anterolateral and
anteromedial parapatellar portals are marked for diag-
nostic arthroscopy, and the planned surgical incision is
drawn as an 8-cm curvilinear incision centered over the
lateral aspect of the femur and extending distally to the
tibial tubercle (Fig. 2a).
Surgical Approach

Diagnostic Arthroscopy
Diagnostic arthroscopy is performed to evaluate any

intra-articular pathology before performing the
arthrotomy. Further inspection of the lateral compart-
ment is completed to assess the posterior lateral femoral
condyle and associated defect. Before proceeding
further, 60 cc of iliac crest aspirate is obtained from the
anterior iliac crest and added to a centrifuge to obtain
BMAC (Arthrex Angel cPRP & Bone Marrow Process-
ing System; Arthrex, Naples, FL) to be used later in the
procedure.
Figure 2. Surgical landmarks and
tibial tubercle osteotomy of the
left knee. (A) The planned
osteotomy incision is drawn as an
8-cm curvilinear incision centered
over the lateral aspect of the fe-
mur and extending distally to the
tibial tubercle. (B) A layered
dissection is carried down to the
iliotibial band, and a Cobb
elevator is used to bluntly dissect
soft tissue from the surface. (C)
Kirschner wires (0.045 inch) are
drilled from medial to lateral
through the tibial tubercle to
mark out the planned tibial tu-
bercle osteotomy site. (D) An
oscillating saw is used to create
the tibial osteotomy, and a
straight osteotome is used to
release the tibial bone block.
Tibial Tubercle Osteotomy
A tibial tubercle osteotomy is then performed using

the previously marked laterally based incision. Layered
dissection is carried down to the iliotibial band, and a
Cobb elevator is used to bluntly dissect soft tissue from
the surface (Fig. 2b). A posteriorly based incision is
made in line with the fibers of the iliotibial band, and
the underlying vastus lateralis is mobilized and retrac-
ted anteriorly to expose the lateral femoral condyle
proximally and tibial periosteum distally. Kirschner
wires (K-wires; 0.045 inch) are then drilled from
medial to lateral and posterior to the tibial tubercle to
mark out the planned osteotomy site (Fig. 2c). Future
sites of tubercle fixation to the tibial metaphysis are
drilled from anterior to posterior using a 4.5-mm drill
on the anterior tibial cortex and a 3.2-mm drill bicort-
ically to the posterior tibial cortex to allow for later
compression of the osteotomy at the conclusion of the
procedure. An oscillating saw is then used to start the
tibial osteotomy, and a straight osteotome is used to
release the tibial bone block (Fig. 2d). The bone block is
retracted proximally, and electrocautery is used to
release adherent soft tissue along the edges of the
patellar tendon to allow for improved visualization of
the entire lateral femoral condyle and access the pos-
teriorly based defect.
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Lateral Femoral Condyle Osteochondral Allograft
The operative knee is placed in deep flexion, and the

posterior aspect of the lateral femoral condyle is visu-
alized and inspected. A straight osteotome is used to
remove areas of damaged and unstable cartilage
(Fig. 3a). An oblique bony cut is made to reveal healthy
bone underneath the damaged cartilaginous area. Care
is taken to maintain the integrity of the popliteus that
was detached during removal of this portion of the
lateral femoral condyle.
On the back table, a lateral femoral condyle osteo-

chondral allograft (JRF Ortho, Englewood, CO) is
measured and prepared. The size of the graft is
repeatedly compared to the patient’s native condyle
and modified with an oscillating bone saw to ensure a
congruent fit with the patient’s anatomy (Fig. 3b). Once
size and position of the graft are confirmed, the graft is
soaked in the previously harvested BMAC and provi-
sionally fixed with K-wires (Fig. 3c). Position of the
graft is confirmed with intraoperative radiographs and
fixed with two 3.5-mm cannulated headless screws
(Fully Threaded Headless Compression Screws;
Arthrex) (Fig. 3d).
To further restore the patient’s native anatomy, the

previously detached popliteus tendon is repaired using
a 1.9-mm all-suture anchor double-loaded with 1.3-
mm suture tape (FiberTak Soft Anchor; Arthrex) at
the native popliteus insertion on the femur. Sutures are
passed in a mattress configuration through the remnant
popliteus tendon and tied.

Distal Femoral Osteotomy
Attention is then directed to the distal femoral

osteotomy to offload the lateral compartment and
address the valgus deformity. Two guide pins are
placed, aiming toward the adductor tubercle, and
confirmed under fluoroscopy. An osteotomy guide is
inserted over the guide pins to create a straight line for
the osteotomy. An oscillating saw is applied to score the
lateral cortex, followed by straight osteotomes to
advance the osteotomy site anteriorly, posteriorly, and
finally across the center of the femur (Fig. 4a). Intra-
operative fluoroscopy is used to avoid iatrogenic dam-
age to the medial cortex and maintain a 1-cm medial
bony hinge.
On the back table, a rongeur is used to remove

adherent soft tissue and any remaining cartilage from
the remnant diseased native lateral femoral condyle, as
any remaining bone will be used as structural bone
graft at the femoral osteotomy site. After confirmation
of the maintained hinge medially, a spreader device is
inserted in the osteotomy site, under fluoroscopic
guidance, to carefully distract the medial cortex. In
general, an osteotomy opening of 1 mm per degree of
Figure 3. Preparation of the left
knee osteochondral allograft of
the lateral femoral condyle. (A) A
straight osteotome is used to
remove areas of damaged and
unstable cartilage to the lateral
femoral condyle. (B) A lateral
femoral condyle osteochondral
allograft (JRF Ortho) is measured
and prepared. The size of graft is
repeatedly compared to the pa-
tient’s native condyle and modi-
fied with an oscillating bone saw
to ensure a congruent fit with the
patient’s anatomy. (C) The
osteochondral graft is provision-
ally fixed with Kirschner wires,
and the position of the graft is
confirmed with intraoperative ra-
diographs. (D) The graft is fixed
with two 3.5-mm cannulated
headless screws (Fully Threaded
Headless Compression Screws;
Arthrex).



Figure 4. Distal femoral osteotomy of the left knee. (A) Two guide pins are placed, aiming toward the adductor tubercle and
confirmed under fluoroscopy, followed by application of an oscillating saw to score the lateral cortex and straight osteotomes to
advance the osteotomy site, anteriorly, posteriorly, and finally across the center of the femur. (B) A spreader device is inserted in
the osteotomy site, under fluoroscopic guidance, to carefully distract the medial cortex. (C) A locking plate (ContourLock
Femoral Osteotomy Plate; Arthrex) is applied along the lateral cortex with 4 cancellous screws distally and 3 cortical screws
proximally (Arthrex).
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valgus correction is desired (Fig. 4b). A bone tamp is
used to further secure the graft, and a locking plate
(ContourLock Femoral Osteotomy Plate; Arthrex) is
applied along the lateral cortex with 4 cancellous
screws distally and 3 cortical screws proximally
(Arthrex) (Fig. 4 c).
Finally, the tibial tubercle osteotomy is fixed with two

4.5-mm fully threaded cannulated screws (Large Frag-
ment LCP Instrument and Implant Set; Depuy Synthes,
Raynham, MA) through previously drilled holes. Final
screw placement is confirmed with fluoroscopy. The
wound is thoroughly irrigated and closed in a layered
fashion.
Figure 5. Radiographs of the left
knee 2 weeks postoperatively.
Anteroposterior (A) and lateral
(B) radiographs of the lateral
opening wedge distal femoral
osteotomy with appropriate
placement of plating and screws.
Rehabilitation
The patient remains non-weightbearing for 12 weeks

with the knee in extension in a hinged knee brace.
Deep venous thrombosis prophylaxis is given for
4 weeks, and physical therapy begins in the initial
perioperative period with a focus initially on quadriceps
sets and straight leg raises as well as progressive in-
creases in range of motion. Radiographs should be ob-
tained 2 weeks postoperatively to assess hardware
placement (Fig. 5a,b). Repeat CT (Fig. 6) and MRI
(Fig. 7) scans are obtained 8 weeks postoperatively to
assess graft fixation and hardware placement. 12 weeks
postoperatively, the patient will begin weightbearing



Figure 6. Computed tomography
scan of the left knee preopera-
tively and 8 weeks post-
operatively. Coronal preoperative
(A), coronal postoperative (B),
sagittal preoperative (C), and
sagittal postoperative (D) views of
the left knee lateral femoral
condyle osteochondral allograft
transplantation 8 weeks post-
operatively showing well-fixed
hardware and healing of the
large shell graft.
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exercises, with a slow incorporation of closed-chain
activities after the compression screws are removed in
an arthroscopic procedure.

Discussion
Cartilage defects of the knee can be debilitating in-

juries for athletes, resulting in prolonged pain, dimin-
ished function, and difficulty or inability to return to
high level of play.8 Small lesions (<2.5 cm2) treated
with marrow stimulation procedures (e.g., micro-
fracture) have shown some improvements in pain and
function, but these results ultimately deteriorate with
time, possibly because of the formation of fibrocartilage
rather than hyaline cartilage during the healing pro-
cess.9-14 Autologous chondrocyte implantation (ACI)
has also demonstrated significant improvements in
pain and function, in both adult and adolescent
patients.15-19 A systematic review assessing techniques
for managing chondral defects in athletes also
reported improved outcomes after ACI and
osteochondral autologous transplantation (OAT)
compared with microfracture.20 Moreover, overall re-
turn to preinjury level of play was seen in 66% of pa-
tients, with the slowest rates seen after ACI and fastest
rates after OAT. However, OAT procedures are limited
by donor site morbidity and challenges when matching
available grafts to pre-existing defect size, contour, and
cartilage thickness.
Graft healing following OCA is paramount to clinical

success and is dependent on the neovascularization of
surrounding tissues and cellular repopulation.21 Failure
of cartilage healing is typically due to either a loss of the
integrity or viability of the cartilage or a lack of graft
bone integration into the host.22 Animal studies have
noted that OCAs saturated with BMAC ultimately had
increase osteoinductive proteins and osteoprogenitor
cells within 2 weeks.23 Further, Oladeji et al.24 found
improved osseous integration and decreased sclerosis



Figure 7. Magnetic resonance
imaging scan of the left knee
preoperatively and 8 weeks post-
operatively. Coronal preoperative
(A), coronal postoperative (B),
sagittal preoperative (C), and
sagittal postoperative (D) views of
the left knee lateral femoral
condyle osteochondral allograft
transplantation 8 weeks post-
operatively showing well-fixed
hardware, healing of the large
shell graft, and appropriate artic-
ular surfaces.
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on radiographic imaging obtained 6 months post-
operatively for femoral condyle OCAs augmented with
BMAC compared with nontreated allografts. Although
the literature on the efficacy of BMAC’s ability to
improve allograft integration is in relative infancy, there
is promise in the potential benefits that may exist to aid
healing in the setting of revision cartilage procedures.
Table 1. Pearls and Pitfalls

Pearls
- Tibial tubercle osteotomy (TTO) screw placement/fixation is held until
osteotomy to maximize visualization during the procedure

- Predrilling the anterior cortex of the TTO site allows for easy final pl
- Careful removal, preservation, and repair of the popliteus tendon s
anatomy and lateral constraints of the knee

- Hyperflexion of the knee is required to fully visualize the posterior la
- Intraoperative fluoroscopy is used judiciously to confirm osteochondr

Pitfalls
- Avoiding intraoperative fluoroscopy during osteotomy creation can r
and potential fracture

- Premature fixation of TTO will compromise visualization needed f
transplantation

- Procedure requires extensive tourniquet time that has potential for i
Overall, OCA of the knee in young and athletic
populations has good outcomes and high rates of return
to sport.21,25-28 Emmerson et al.25 reported on a case
series of 66 knees in 64 patients with OCD lesions of the
LFC or MFC who underwent fresh OCA with minimum
2-year follow up. They found that mean clinical scores
and subjective function significantly improved
after fixation of the condylar graft and completion of the distal femoral

acement of the screws
tump to the femoral condylar allograft is essential to restore native

teral femoral condyle cartilage defect
al allograft congruence and evaluate the distal femoral osteotomy site

esult in an unstable osteotomy construct that can lead to early failure

or the distal femoral osteotomy (DFO) and osteochondral allograft

schemia if not appropriately managed intraoperatively



Table 2. Advantages and Limitations

Advantages
- Constellation of procedures can be performed in a single-stage fashion, resulting in decreased burden to the patient and health care system
for multiple surgical procedures

- Both valgus deformity and large defects are addressed; they would not be addressed with an internal fixation of the fragment
- Realignment of the mechanical axis with a distal femoral osteotomy (DFO) results in improved weight distribution along the tibiofemoral
joint, decreasing risk for early progressive arthritis

Limitations
- Allografts may not be available in certain resource-limited locations and thus not operative options for large defects to the femoral condyle
- Patients are required to be non-weightbearing for 10 to 12 weeks, ultimately limiting activity and function during the perioperative period
- Large allografts require substantial preoperative planning for allograft acquisition
- Osteochondral allografts have a small potential for disease transmission and host immunologic response, resulting in rejection of the graft
- There is potential risk of damage to the anterior or posterior horn of the lateral meniscus during the osteochondral allograft transplantation of
the lateral femoral condyle
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postoperatively, with 72% of patients reporting
“excellent” or “good” clinical scores. McCarthy et al.26

later performed a retrospective review of high-level
athletes at the high school, collegiate, and professional
levels (mean age 19.2 years) with large (>2.5 cm2)
chondral lesions managed with isolated femoral
condyle OCA. Of 13 athletes, 77% returned to play at a
mean of 7.9 months, with 38% returning to preinjury
level of sports. Of note, the majority that did not return
to preinjury levels cited graduation from school and the
pursuance of other interests. Krych et al.27 reported
similarly high return-to-play rates in a group of 43
athletes, with 88% returning in a limited capacity and
79% at preinjury levels at a mean of 9.6 months. They
did note that worse return rates were seen in patients
�25 years of age or with preoperative symptoms
>12 months. When evaluating adolescents specifically,
Murphy et al.21 found that 89% of patients were
extremely satisfied or satisfied and had 90% graft
survivorship at 10 years.
Distal femoral osteotomies (DFOs) may be indicated

for young, active patients with unicompartmental
tibiofemoral arthritis or an isolated symptomatic
chondral defect. Moreover, DFOs are commonly per-
formed in conjunction with cartilage procedures to
further offload the affected compartment and prevent
further arthritic progression. Biomechanical studies
reveal lateral opening wedge DFO significantly de-
creases lateral compartment contact pressures through
all degrees of flexion.29,30 In the setting of lateral
compartment overload and valgus malalignment, either
a lateral opening wedge or medial closing wedge
osteotomy may be performed with similar out-
comes.31,32 Cameron et al.33 performed a retrospective
study of 31 knees that underwent lateral opening
wedge DFO for arthritis or a joint preservation pro-
cedure (e.g., OCA, meniscal transplantation). While
both groups were found to have improved pain and
clinical outcome scores, the joint preservation group
had notably higher survivorship (92% vs. 74%). A
recent systematic review including 7 studies and 149
patients found an overall return-to-sport rate of 70% to
100% from 8.3 to 16.9 months postoperatively; only
41.6% returned to the same or higher level of play.34

In this technique, a combination of a TTO, OCA with
BMAC supplementation, and lateral opening wedge
DFO were performed for a large LFC OCD lesion that
failed previous treatment. Use of a large lateral para-
patellar arthrotomy, in combination with TTO, is key to
obtaining adequate exposure of the posterior condyle
for proper allograft fit. OCA is an appropriate solution
to address the resulting large defect and restore the
articular surface of the joint. Given the extent of
the resection, it may be necessary to partially detach the
popliteus. When this occurs, it is important to repair
the popliteus before performing the DFO to restore the
native knee anatomy. Moreover, the addition of the
DFO allows for correction of the valgus deformity and
restoration of the mechanical axis; this in conjunction
with OCA allows for improved loadbearing through the
tibiofemoral joint and thus decreases the risk of pro-
gression to osteoarthritis, which is of utmost important
in the adolescent patient. It is also important to pay
attention to tourniquet time, as leaving the cuff inflated
throughout the case can lead to ischemia. It is recom-
mended to deflate for the last third of the procedure
duration.
A limitation to this technique is that although large

allografts require substantial preoperative planning for
adequate allograft acquisition, it may not be feasible to
obtain such allografts in areas with more limited
resources, thus limiting options for restoring large
femoral condyle defects. Moreover, patients must be
non-weightbearing for 10 to 12 weeks postoperatively,
which is highly limiting, especially for competitive
athletes (Tables 1 and 2).
Surgeons faced with young, athletic patients under-

going revision procedures for large OCD lesions with
concomitant malalignment can consider this combined,
multiprocedural approach to decrease the risk of
persistent pain, functional impairment, and early
osteoarthritis.
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