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Background: Osteochondral allograft transplantation (OCAT) allows the restoration of femoral condyle osteochondritis dissecans
(OCD) lesions using an osteochondral unit. When OCD lesions are irreparable, or treatments have failed, OCAT is an appropriate
approach for revision or salvage surgery. Based on its relative availability, cost-effectiveness, lack of donor site morbidity, and
advances in preservation methods, OCAT is also an attractive option for primary surgical treatment for femoral condyle OCD.

Hypothesis: OCAT for large femoral condyle OCD lesions would be highly successful (.90%) based on significant improvements
in knee pain and function, with no significant differences between primary and salvage procedure outcomes.

Study Design: Cohort study; Level of evidence, 3.

Methods: Patients were enrolled into a registry for assessing outcomes after OCAT. Those patients who underwent OCAT for
femoral condyle OCD and had a minimum of 2-year follow-up were included. Reoperations, treatment failures, and patient-
reported outcomes were compared between primary and salvage OCAT cohorts.

Results: A total of 22 consecutive patients were included for analysis, with none lost to the 2-year follow-up (mean, 40.3 months;
range, 24-82 months). OCD lesions of the medial femoral condyle (n = 17), lateral femoral condyle (n = 4), or both condyles (n = 1)
were analyzed. The mean patient age was 25.3 years (range, 12-50 years), and the mean body mass index was 25.2 kg/m2 (range,
17-42 kg/m2). No statistically significant differences were observed between the primary (n = 11) and salvage (n = 11) OCAT
cohorts in patient and surgical characteristics. Also, 91% of patients had successful outcomes at a mean of .3 years after
OCAT with 1 revision in the primary OCAT cohort and 1 conversion to total knee arthroplasty in the salvage OCAT cohort. For
both primary and salvage OCATs, patient-reported measures of pain and function significantly improved at the 1-year and final
follow-up, and .90% of patients reported that they were satisfied and would choose OCAT again for treatment.

Conclusion: Based on the low treatment failure rates in conjunction with statistically significant and clinically meaningful improve-
ments in patient-reported outcomes, OCAT can be considered an appropriate option for both primary and salvage surgical treat-
ment in patients with irreparable OCD lesions of the femoral condyles.
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Osteochondritis dissecans (OCD) is an osteochondral disor-
der most commonly diagnosed in patients between 12 and
19 years of age.3,14 The incidence is highest in men, with
the femoral condyles being most affected, such that
patients typically present due to knee pain, effusion, and/
or mechanical symptoms. Depending on the extent and

severity of symptoms, in conjunction with diagnostic imag-
ing findings, management for femoral condylar OCD may
be nonsurgical or surgical. Nonsurgical management con-
sisting of activity restrictions, orthotics, and physical ther-
apy may be initially indicated but can be associated with
high rates of failure to relieve symptoms as well as early
onset osteoarthritis, particularly in patients with unstable
lesions.25 Surgical management can include a wide array of
procedures, including retroarticular drilling, bone grafting,
marrow-stimulation procedures, osteochondral fixation,
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offloading osteotomy, autologous chondrocyte implantation,
osteochondral autograft transfer, or osteochondral allograft
(OCA) transplantation (OCAT).8,21,30

While fixation to stabilize and repair viable OCD lesions
is preferable, when possible, OCD cartilage is often patho-
logic, and subchondral bone is often necrotic and insub-
stantial.3 Other surgical treatment options can be
considered, but each has significant limitations. Osteo-
chondral autograft transfer is often not indicated based
on lesion size, location, extent, and/or severity.10,16,21

Marrow-stimulation procedures, retroarticular drilling,
and autologous chondrocyte implantation have reported
failure rates as high as 33%.19,20,34 For these techniques,
failure mechanisms are typically related to poor articular
cartilage repair tissue quality and/or poor quality subchon-
dral bone.17 OCAT addresses these limitations by allowing
anatomic restoration of femoral condyle OCD lesions using
an osteochondral unit consisting of viable hyaline cartilage
with an intact cartilage-bone interface and structurally
intact subchondral bone. When OCD lesions are irreparable
or primary treatments have failed, OCAT has been reported
to be an appropriate approach for revision surgery, even
when performed as a salvage procedure.5,7,9,15,24,31 In con-
junction with its relative availability, cost-effectiveness,
and lack of donor site morbidity, recent advances in tis-
sue-preservation methods, surgical techniques, and patient
management strategies make OCAT an attractive option for
primary surgical treatment for femoral condyle
OCD.6,22,23,26–29 In general, previous studies have reported
higher success rates for primary versus salvage OCAT for
the treatment of femoral OCD.7,9,24 However, to date, the
authors are not aware of any prospective studies directly
comparing salvage versus primary OCAT for the treatment
of femoral condylar OCD.

The present study aimed to prospectively assess out-
comes for patients undergoing OCAT for femoral condylar
OCD based on patient-reported outcome measures for pain
and function, as well as reoperation and treatment failure
rates, and compare primary versus salvage OCAT
treatment. Based on recent advances in allograft tissue
preservation, transplantation techniques, and patient
management strategies associated with reduced treatment
failure rates,22,23,27-29 this study was designed to test the
hypothesis that OCAT for large femoral condyle OCD

lesions would be highly successful (.90%) based on signif-
icant improvements in knee pain and function, with no sig-
nificant differences between primary and salvage
procedure outcomes.

METHODS

The study protocol received institutional review board
approval and included participants who provided written
informed consent. Patients were prospectively enrolled
into a dedicated registry established to follow OCAT out-
comes. All OCAs transplanted for this study were obtained
from an American Association of Tissue Banks–accredited
source (MTF Biologics), preserved for up to 56 days after
recovery using a commercially available preservation
method (Missouri Osteochondral Preservation System),
and used in conformance with the United States Food
and Drug Administration classification of a human cell
and tissue product under section 361 of the Public Health
Services Act.29

Study Patients

Patients were identified from those enrolled in the registry
between January 1, 2016, and December 31, 2021, who
underwent OCAT for �1 large (.2 cm2) OCD lesions
involving 1 or both femoral condyles. Additional inclusion
criteria were as follows:

� Failed nonsurgical and/or surgical treatments for the
primary problem

� Absence of global knee osteoarthritis or degenerative
knee osteoarthritis in any compartment

� Absence of infectious, inflammatory, or immune-
mediated arthritides

� Intact knee ligament stability or stability/ligament
reconstruction achieved concurrently with OCAT

� Neutral limb alignment or neutral limb alignment
achieved concurrently with OCAT by realignment
osteotomy

� Willingness and ability to comply with postoperative
weightbearing restrictions and rehabilitation
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Patients were categorized into 2 study cohorts based on
previous OCD treatments, as follows:

� Primary OCAT: OCAT performed for femoral condyle
OCD as the first definitive surgical treatment attempt
(ie, only nonsurgical management with or without diag-
nostic arthroscopy or minor arthroscopic procedure (ie,
chondroplasty performed previously)

� Salvage OCAT: OCAT performed for femoral condyle
OCD and at least 1 previous major surgical treatment
attempt (ie, retroarticular drilling, bone grafting,
marrow-stimulation procedure, osteochondral fixation,
offloading osteotomy, autologous chondrocyte implanta-
tion procedure, osteochondral autograft transfer, and/
or OCAT)

Surgical Procedures

All OCATs were performed using press-fit cylindrical
(plug) or custom-cut patient-specific shell OCAs to resur-
face the entire portion of the femoral condyle affected by
the OCD, as previously described26,27 (Figures 1 and 2).
Once the OCA was configured to match the recipient bed,
2.0-mm diameter subchondral drill holes were created in
the base of the recipient socket for marrow stimulation
and in the OCA bone to provide channels for cellular repo-
pulation and revascularization of the allograft bone. The
donor bone was then thoroughly irrigated with 1 to 1.5 L
of isotonic saline to remove residual donor marrow ele-
ments and saturated with autogenous bone marrow aspi-
rate concentrate (BMAC; Angel System; Arthrex)
immediately before implantation. In cases requiring resec-
tion of recipient bone to a depth greater than the desired 7
to 9 mm to reach viable, bleeding bone, a Reamer Irrigator
Aspirator (RIA; DePuy Synthes) bone graft obtained from
the ipsilateral femur was placed into the defect before
OCA implantation.32 Cylindrical OCAs were press-fit into
the recipient socket. Shell OCAs were stabilized with bio-
absorbable nails (ConMed).

If relevant comorbidities were noted in the affected
knee, such as lower extremity malalignment or ligament-
related instability, these were addressed accordingly at
the time of OCAT (eg, autograft or allograft ligament
reconstruction, distal femoral osteotomy, high tibial osteot-
omy). Osteotomy planning was performed using commer-
cially available software (mediCAD) to determine the
optimal location and the degree of correction required to
achieve the desired limb alignment.

The viable chondrocyte density (VCD) of OCAs at the
time of OCAT was determined when possible, based on
the patient’s informed consent and nonimplanted donor
tissue availability, as previously described.28 Briefly, the
number of viable chondrocytes based on Calcein-AM stain-
ing was counted for 6 tissue sections and divided by the tis-
sue area (in mm2) to determine the VCD for each OCA
assessed; then, the %VCD was calculated using the follow-
ing formula: (VCD of donor OCA/VCD at mean time of
recovery) 3 100.28,29

Rehabilitation Protocol

Each patient received procedure-specific postoperative
rehabilitation instructions based on the location and size
of the grafts transplanted.6,22,23 In general, patients under-
went 6 to 8 weeks of nonweightbearing postoperatively.
Range of motion exercises and formal physical therapy
were initiated within the first 2 weeks to prevent the
risk of arthrofibrosis. Physical therapists at our institution
attended pre- and postoperative clinic visits, provided
inpatient therapy, and coordinated outpatient therapy.
Follow-up appointments were scheduled for 2 weeks, 6
weeks, 3 months, 6 months, 1 year, and then annually,
with standardized radiographic imaging ordered for each
appointment after the 2-week postoperative visit.

Outcome Measures

Patient electronic medical records were used to determine
descriptive data, operative data, postoperative complications,

Figure 1. Intraoperative images demonstrating (A) a large OCD lesion on the lateral femoral condyle, (B) cylindrical plug OCA
created from donor lateral femoral condyle with inset showing a deep portion of the allograft with subchondral drill holes after
thorough irrigation with isotonic saline and saturation with autogenous BMAC, and (C) OCA positioned over prepared recipient
socket immediately before transplantation. BMAC, bone marrow aspirate concentrate; OCA, osteochondral allograft; OCD,
osteochondritis dissecans.
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and reoperations. Patient-reported outcomes included the
Patient-Reported Outcomes Measurement Information Sys-
tem (PROMIS) Physical Function and Mobility domains,
the International Knee Documentation Committee (IKDC)
form, the Single Assessment Numeric Evaluation, and the
visual analog scale (VAS) for pain, which were collected pre-
operatively at 3 months, 6 months, and yearly after sur-
gery.1,2,4,12 Patient satisfaction was measured through 2
questions taken from the Surgical Satisfaction Question-
naire–8: ‘‘How satisfied are you with the results of your sur-
gery?’’ and ‘‘Looking back, if you ‘had to do it all over again’
would you have the surgery again?’’11 Treatment failure
was defined as reoperation to revise any of the previously
implanted osteochondral allografts (revision) or conver-
sion to arthroplasty at any time during the follow-
up. Treatment was categorized as successful when
patients returned to functional activities without the
need for revision or arthroplasty surgery. The initial suc-
cess rate was calculated using the following formula:
100% – (% revision 1 % arthroplasty).

Statistical Analysis

Data were included for statistical analyses when applica-
ble registry data were available for patients undergoing
OCAT for femoral condyle OCD with .2-year follow-up
data, including patient characteristics, operative data,
complications, reoperations, revisions, failures, and
patient-reported outcomes. Descriptive statistics were cal-
culated to report means, medians, ranges, and percen-
tages. Normality tests were performed. One-way analyses
of variance with Tukey post hoc analyses were used to
assess for significant differences in patient-reported out-
come measures over time. Differences in patient-reported
outcome measures were also evaluated for minimum clini-
cally important differences.13,18,33 Primary and salvage
cohorts were compared for statistically significant

differences using t tests or Fisher exact tests. Statistical
significance was set at P \ .05.

RESULTS

All eligible patients with femoral condyle OCD who were
prospectively enrolled in the registry and met the inclusion
criteria (n = 22 consecutive cases) were included for analy-
sis, with none lost to the 2-year follow-up (mean, 40.3
months; range, 24-82 months). OCD lesions of the medial
femoral condyle (n = 17), lateral femoral condyle (n = 4),
or both medial and lateral condyles (n = 1) were included.
The mean patient age was 25.3 years (range, 12-50 years),
and the mean body mass index was 25.2 kg/m2 (range, 17-
42 kg/m2). On average, patients had undergone 2.5 previ-
ous knee surgeries (range, 0-6) before their OCAT. The
mean lesion size at the time of OCAT was 5.6 cm2 (range,
2-9.6 cm2), with 17 classified as osteochondral and 6 as
chondral. Also, shell allografts and plug allografts were
used to treat 15 and 7 patients, respectively. The
Reamer-Irrigator-Aspirator system was used in 2 patients.
The mean VCD of the assessed OCAs (n = 12) was 99.1%
(range, 79%-117%) at the time of transplantation. Four
patients underwent surgical procedures to address comor-
bidities, with 1 patient undergoing concurrent anterior
cruciate ligament reconstruction (ACLR) with meniscal
allograft transplantation (MAT), 1 patient undergoing con-
current MAT with trochlear OCAT, 1 patient undergoing
subsequent distal femoral osteotomy, and 1 patient under-
going concurrent high tibial osteotomy.

Eleven primary and 11 salvage OCAT patients were
included. Data for patient and surgical characteristics as
well as %VCD are provided in Table 1. No statistically sig-
nificant differences between primary OCAT and salvage
OCAT cohorts were noted.

Treatment Outcomes

The overall success rate for the entire study population
was 90.9% (20/22) at a mean follow-up of 40.3 months
(range, 24-82 months). One patient in the primary OCAT
cohort required revision OCAT, and 1 patient in the sal-
vage OCAT cohort required conversion to total knee
arthroplasty (TKA). The revision OCAT was performed in
a 20-year-old male patient 22 months after primary
OCAT of the medial femoral condyle. This patient’s pri-
mary OCAT was performed using a custom-cut shell allo-
graft, which required resection of recipient bone to
a depth of 15 mm to reach viable, bleeding bone and a cor-
responding donor tissue thickness. This patient experi-
enced a fall 15 months postoperatively, and subsequent
magnetic resonance imaging revealed evidence for incom-
plete OCA osteointegration and concern for impending fail-
ure (Figure 3).

Revision OCAT was performed using another custom-
cut shell allograft; the patient had radiographic evidence
for osteointegration and returned to functional activities
without further surgery 24 months after revision. As

Figure 2. Intraoperative images demonstrating (A) a 30 mm-
diameter press-fit cylindrical (plug) OCA transplanted into the
medial femoral condyle of a patient with OCD in the right
knee. (B) a large custom-cut shell OCA transplanted and sta-
bilized with bioabsorbable nails into the lateral femoral con-
dyle of a patient with OCD in the right knee. OCA,
osteochondral allograft; OCD, osteochondritis dissecans.
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such, the overall success rate for the entire study popula-
tion at .2 years was 95.5% when including this successful
revision OCAT. The TKA was performed in a 55-year-old
female patient 53 months after salvage OCAT of the
medial femoral condyle. This patient opted for TKA based
on the progression of knee pain and dysfunction with
radiographic evidence for degenerative knee OA after 4.5
years of return to functional activities.

In addition, 4 other reoperations (18.1%) were per-
formed, including 1 distal femoral osteotomy, 1 lysis of
adhesions, and 2 implant (hardware) removals. One
implant removal was performed in a 30-year-old female

patient 39 months after primary OCAT of the medial fem-
oral condyle with concurrent ACLR and MAT, allowing for
arthroscopic assessment of the transplants (Figure 4).

Patient-Reported Outcomes and Satisfaction

VAS pain, IKDC, Single Assessment Numeric Evaluation,
PROMIS-Physical Function, and PROMIS-Mobility scores
showed statistically significant (P \ .05) and clinically
meaningful13,18,33 improvements in both study cohorts at
the 1-year and final follow-up (Table 2). There were no sig-
nificant differences in patients undergoing primary or sal-
vage OCAT. At the final follow-up, 20 patients (90.9%)
reported that they were satisfied or very satisfied, and 21
patients (95.5%) reported that they would choose OCAT
again for treatment.

DISCUSSION

The results of this study provide evidence to support the
acceptance of the hypothesis in that osteochondral allo-
graft transplantation as surgical treatment for large femo-
ral condyle OCD lesions was highly successful in
significantly improving knee pain and function with no sig-
nificant differences between primary and salvage proce-
dure outcomes. In the present study, 91% of patients had
successful outcomes at a mean of .3 years after OCAT,
with 1 revision in the primary OCAT cohort and 1 conver-
sion to TKA in the salvage OCAT cohort. The revision
OCAT was associated with radiographic healing and
restored knee function 2 years after the revision trans-
plant, bringing the overall success rate to 96%. The TKA
conversion was performed 4.5 years after salvage OCAT
when the patient’s age (55 years) was considered more
appropriate for arthroplasty. For both primary and salvage
OCATs, patient-reported measures of pain and function
significantly improved at the 1-year and final follow-up,
and .90% of patients reported that they were satisfied
and would choose OCAT again to treat their femoral con-
dyle OCD. Taken together, the data suggest that OCAT
is an appropriate option for primary surgical treatment

TABLE 1
Patient and Surgical Characteristics and %VCD by Study Cohorta

Variable Primary OCAT (n = 11) Salvage OCAT (n = 11) P

Age, y 23.9 26.6 .54
BMI, kg/m2 26.4 24.1 .41
MFC/LFC/both, n 7/4/0 10/0/1 .31
Lesion size, cm2 5.5 5.7 .96
Chondral/osteochondral, n 3/8 3/9 ..99
Plug/shell, n 5/6 2/9 .36
VCD, % 93 101 .19

aData are reported as mean unless otherwise indicated BMI, body mass index; both, medial and lateral femoral condyles transplanted;
chondral, chondral only with no bony involvement; LFC, lateral femoral condyle; MFC, medial femoral condyle; OCAT, osteochondral allo-
graft transplant; osteochondral: bone and cartilage involvement; VCD, viable chondrocyte density.

Figure 3. Coronal plane T1-weighted MRI of the left knee of
a 20-year-old male patient 22 months after primary OCAT of
the medial femoral condyle, showing evidence for incomplete
OCA osteointegration and concern for impending failure.
MRI, magnetic resonance imaging; OCA, osteochondral
allograft.
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and as a salvage procedure for patients who experience
treatment failure after another primary surgical interven-
tion for femoral condyle OCD when high-chondrocyte-
viability OCAs, optimized transplantation techniques,
and robust patient management strategies can be imple-
mented.22,23,27-29

Previous studies assessing outcomes after OCAT for the
treatment of OCD lesions in the knee have reported simi-
larly high success rates, ranging from 80% to 100%; none-
theless, they have not directly compared primary versus
salvage cohorts.7,9,15,24 In the largest study to date, Sadr
et al24 reported outcomes for 135 patients treated with
OCAT for OCD lesions of the femoral condyles (n = 123),
trochlea, or patella, 81% of which were considered salvage
surgeries. The authors reported a reoperation rate of 23%
and a treatment failure rate of 8% at a mean follow-up of
6.3 years. They did not find age, sex, previous surgery,
graft size, anatomic location, or preoperative function
scores significantly associated with failures. Our results
demonstrated similar reoperation (18%) and treatment
failure (9%) rates. In addition, the 1 revision OCAT per-
formed to address a primary OCAT treatment failure was
associated with a successful outcome; most reoperations
(eg, lysis of adhesions, ‘‘hardware’’ removal) were not
directly related to the OCA, and TKA conversion was per-
formed after 4.5 years of functional graft survival such that
it could be considered an effective bridging procedure for
this patient.

While cohort sizes in the present study prevented valid
determination of risk factors for reoperations or treatment
failures, primary and salvage cohorts were similar for all
variables assessed, and treatment success rates were iden-
tical between cohorts. In conjunction with previous data
suggesting that salvage OCAT is superior to other methods
for revision of failed OCD surgical treatments,5,31 current
evidence indicates that OCAT may provide the most con-
sistent results for surgical treatment of femoral condyle
OCD across the spectrum of patients affected, both as a pri-
mary and a salvage surgical treatment option. Based on
the documented advantages over other surgical treatment
options, consideration should be given to the use of OCAT
as a primary treatment option for patients with irreparable
femoral condyle OCDs who have failed nonsurgical
management.

Figure 4. Arthroscopic image from an anterolateral portal in
the right knee of a 30-year-old female patient 39 months after
primary plug OCAT for the treatment of medial femoral con-
dyle OCD with concurrent ACLR and MAT, showing the
integrity of the osteochondral and meniscus allografts.
ACLR, anterior cruciate ligament reconstruction; MAT,
meniscal allograft transplantation; OCAT, osteochondral allo-
graft transplantation; OCD, osteochondritis dissecans.

TABLE 2
Patient-Reported Outcomes Overall and by Study Cohorta

VAS Pain IKDC SANE PROMIS-PF PROMIS-Mobility

All (n = 22)
Preop 5.0 (2-8) 44.8 (26-62) 54.5 (20-85) 39.7 (21-49) 40.5 (27-60)
1-y follow-up 1.5 (0-8.5) 60.1 (38-91) 68.4 (42-100) 45.6 (33-59) 44.8 (30-60)
Final follow-up 1.3 (0-6) 69.9 (51-98) 80.4 (48-100) 49.8 (36-61) 50.0 (36-60)

Primary OCAT
Preop 5.2 (2-8) 47.3 (36-62) 50.9 (20-82) 37.2 (21-44) 37.7 (27-43)
1-year follow-up 1.2 (0-5) 62.6 (38-91) 72.0 (42-100) 46.5 (39-58) 46.3 (40-60)
Final follow-up 1.2 (0-6) 72.6 (52-98) 87.3 (70-100) 51.5 (40-61) 50.8 (42-60)

Salvage OCAT
Preop 4.8 (3-7.5) 42.8 (26-54) 58.1 (25-85) 41.5 (34-49) 42.7 (33-60)
1-y follow-up 1.7 (0-8.5) 57.5 (45-85) 64.7 (45-85) 44.7 (33-59) 42.7 (30-60)
Final follow-up 1.3 (0-4) 67.4 (51-91) 75.3 (48-90) 48.0 (36-60) 49.4 (36-60)

aData are reported as mean (range). IKDC, International Knee Documentation Committee; OCAT, osteochondral allograft transplant; PF,
physical function; preop, preoperative; PROMIS, Patient-Reported Outcomes Measurement Information System; SANE, Single Assessment
Numeric Evaluation.
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Limitations

This study was limited by its relatively small sample size
and the fact that it was performed at a single institution
specializing in joint preservation surgery. As such, these
outcomes may not be generalizable. In addition, the results
reported represent only short- to mid-term outcomes, such
that conclusions regarding long-term outcomes after pri-
mary and salvage OCAT cannot be determined. Further,
direct comparisons to other surgical treatment options for
femoral condyle OCD were not included in the experimen-
tal design, making outcomes only applicable to OCAT.
Given the relative infrequency of surgically indicated
OCD lesions at a single institution, however, this study
provides valuable data to the body of literature assessing
outcomes of OCAT for this pathology, particularly in com-
paring primary versus salvage surgical treatment options.

CONCLUSION

Based on the low treatment failure rates in conjunction with
statistically significant and clinically meaningful improve-
ments in patient-reported outcomes, osteochondral allograft
transplantation can be considered an appropriate option for
primary and salvage surgical treatment for patients with
irreparable OCD lesions of the femoral condyles.
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