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Background: Articular cartilage defects of the knee can significantly impair function among young, high-demand patients. There
are several techniques for chondral restoration, including osteochondral allograft transplantation (OCA), that may alleviate pain and
re-create the native anatomy. However, clinical outcomes among athletic cohorts are limited.

Purpose: To evaluate the efficacy and functional outcomes of OCA for medium to large osteochondral defects of the knee in
physically active United States military servicemembers.

Study Design: Case series; Level of evidence, 4.

Methods: A military health care database was queried to identify all OCA procedures performed between January 2009 and March
2013. Inclusion criteria were army personnel with a minimum of 2 years’ follow-up. Exclusion criteria included incomplete follow-
up, inaccurate coding, and nonmilitary status. Variables of interest included sex, age, lesion location, grade and size of the lesion,
body mass index, tobacco use, preoperative and postoperative visual analog scale (VAS) scores for pain, and presence of peri-
operative complications. Overall failure was defined as the inability to return to preoperative functional activities because of
persistent knee complaints (clinical failure) or a revision cartilage procedure or arthroplasty (surgical failure).

Results: A total of 61 patients (52 male; mean age, 31.7 years) were identified, with a mean 46.2-month follow-up. The mean VAS
pain score improved from 4.10 ± 2.17 preoperatively to 2.68 ± 2.73 postoperatively (P < .0009), and only 6 (9.8%) required a
subsequent revision chondral procedure. Overall, 39 patients (63.9%) were able to return to a level of activity that allowed for the
completion of military duties. Risk factors for clinical failure were preoperative body mass index, preoperative pain as measured on
the VAS, and moderate to severe postoperative pain on the VAS. The risk factor for surgical failure was the presence of a
complication. Risk factors for overall failure were the presence of a complication and moderate to severe postoperative pain on
the VAS.

Conclusion: OCA provided moderate success in retaining active-duty army servicemembers. Approximately two-thirds of
patients undergoing OCA were able to return to their preinjury occupational activity, while approximately 57% of patients returned
to prior levels without a subsequent revision chondral procedure or arthroplasty.
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Articular cartilage defects of the knee are relatively com-
mon, occurring in up to 60% of patients undergoing knee
arthroscopic surgery.39 Unfortunately, the treatment of
chondral lesions is limited by the poor inherent regenera-
tive capacity of hyaline cartilage,14 and neglected articular
cartilage defects may result in significant pain and even-
tual arthritic progression. In 2001, Lindahl et al19 showed
through the Swedish health care system that the cost of
work time lost because of knee chondral defects over a
10-year period before surgery amounted to approximately

US$122,000, whereas the direct cost from medical treat-
ments amounted to almost US$6000. Furthermore, chon-
dral lesions may be even more problematic for younger,
more athletic patients who desire to maintain a physically
active lifestyle without debilitating symptoms.

Numerous treatment options exist for articular cartilage
defects, including debridement, marrow stimulation, osteo-
chondral autograft transfer (OAT), particulated juvenile
allograft transplantation, autologous chondrocyte implan-
tation (ACI), and osteochondral allograft transplantation
(OCA). With fresh OCA, high levels of viable donor chon-
drocytes and the surrounding extracellular matrix may be
maintained up to 28 days after the harvest using current
guidelines.40 Newer methods have allowed for an increased
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time between graft harvest and implantation, thereby
potentially expanding the pool of allografts available for
use.7,38 Advantages of this technique include the lack of
donor site morbidity, the transfer of mature articular car-
tilage, and the ability to treat larger lesions via autograft
transfer. Newly published findings in a canine model have
shown that 12 months after surgery, there are no signifi-
cant differences between allograft and autograft sources in
terms of biomechanical properties, osseous integration,
gross morphology, and overall histology.22 In addition, the
involvement of subchondral bone in chondral defects is
common and has been shown to decrease the efficacy of
surface-based treatments such as ACI.30 Fresh allograft
transfer has the ability to address the entire subchondral
unit as well as the ability to address sizable lesions unsuit-
able for autograft transfer, making it an appealing alterna-
tive for defects in young, active populations.

Numerous studies have shown good to excellent results
of OCA among broader demographics.2,6,12 However, com-
parable investigations detailing the outcomes among ath-
letes or other high-demand patient subsets are limited,
with less predictable clinical results.35,36 The purpose of
this study was to evaluate the functional outcomes and
short-term (2- to 6-year follow-up) revision rate of OCA
performed within a physically active military population.
Military servicemembers are often required to perform pro-
longed load-bearing activities, with full-duty loads in
excess of 50 to 100 lb and frequent exposure to uneven
terrain and austere conditions. We hypothesized that OCA
would reliably restore the majority of military servicemem-
bers to preoperative occupational function with lower rates
of secondary revision or short-term to midterm surgical
failure.

METHODS

After obtaining approval from the local institutional review
board, a retrospective review of the Management Analysis
and Reporting Tool (M2) database within the United States
Military Health System was performed to identify all
active-duty servicemembers who underwent OCA (Current
Procedural Technology codes 27415 and 29867) between
January 2009 and March 2013. Inclusion criteria included
active-duty US Army servicemembers with a minimum 2-
year follow-up and confirmed treatment of OCA for a
medium to large osteochondral lesion (>2 cm2). Exclusion

criteria consisted of nonmilitary beneficiaries (eg, family
members, retirees, Veterans Affairs beneficiaries), other
branches of military service (navy, air force, marines),
insufficient follow-up period, inadequate health record doc-
umentation, and procedure miscoding (eg, particulated
juvenile allograft transplantation).

Demographic data that were recorded included age, sex,
race, branch of service, insurance beneficiary status, and
date of service. Rank was defined as junior enlisted (E1-
E4), senior enlisted (E5 and above), and officer (including
chief warrant officers). Patients were subsequently cross-
referenced with the military electronic medical record
(Armed Forces Health Longitudinal Technology Applica-
tion [AHLTA]), and an independent chart review was per-
formed to confirm the presence of an index OCA procedure.
After identification, additional demographic data were
obtained from the electronic health record to include cur-
rent military rank, body mass index (BMI), and tobacco use.
Clinical data were also extracted, including lesion location,
size of the allograft used, prior procedures, preoperative
and postoperative (final follow-up) visual analog scale
(VAS) for pain scores, concurrent or staged procedures
(eg, high tibial osteotomy), and clinical course. The inde-
pendent variables examined for an association with the
final outcomes included sex, age, lesion location, lesion size,
preoperative BMI, tobacco use, preoperative VAS score,
postoperative VAS score, presence of a perioperative com-
plication, and subsequent ipsilateral knee procedure. VAS
scores were subdivided into mild (score <4) or moderate to
severe pain (score �4).

Overall failure was subdivided according to clinical fail-
ure, defined as the inability to return to modified military
activities because of persistent knee dysfunction or medical
separation from the military (Medical Evaluation Board
[MEB]), or surgical failure, defined as a revision chondral
or osteochondral procedure and/or subsequent arthro-
plasty. We did not track separation data for patients who
lacked a 2-year follow-up. A revision cartilage procedure
was defined as secondary osteochondral transplantation,
marrow stimulation, ACI, or other repair or reconstructive
techniques at the site of the index OCA. For the purposes of
this study, the rate of subsequent graft debridement or
chondroplasty was recorded; however, this was not consid-
ered a failure or revision procedure, as it did not necessitate
a full rehabilitation course associated with other chondral
restoration procedures. Complications included infections,
fractures, and arthrofibrosis; subsequent graft-specific and/
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or complication-related procedures were also recorded.
Hardware removal was not considered a complication or
unplanned reoperation in this series, as some patients were
counseled preoperatively about the potential for secondary
hardware removal if prominent or localized symptoms
persisted.32

Statistical Analysis

Data analysis was performed using the SPSS statistical
package (version 24; IBM). Significance was set at
P < .05. Descriptive statistics were generated. Univariate
analysis was performed to assess for associations between
the identified variables with either clinical or surgical fail-
ure. Cutoff values for variables were selected, when appro-
priate, from statistical analysis. Furthermore, bivariate
analysis was performed to see which variables were associ-
ated with any type of failure. The relative risk was quanti-
fied through the use of odds ratios (ORs) with 95% CIs.

RESULTS

Demographics

Overall, 763 patients were coded using the procedural
codes of interest. Of these, 648 were excluded (353 were
non-army personnel, 241 lacked a minimum 2-year
follow-up, 54 were excluded for miscellaneous issues, and
54 were coded incorrectly), leaving 61 patients (52 male, 9
female) eligible for consideration (Table 1). The mean
patient age was 31.7 ± 8.0 years, and patients had a mean
follow-up of 46.2 months. Senior enlisted personnel made

up the majority of the cohort; 41 patients (67.2%) did not
use nicotine or tobacco products of any kind.

Surgical Variables

A total of 63 lesions were identified in 61 knees. The most
common location was the medial femoral condyle (MFC)
(n ¼ 40; 63.5%), followed by the patella (n ¼ 12; 19.0%),
lateral femoral condyle (n ¼ 8; 12.7%), and trochlea (n ¼
3; 4.8%) (Table 2). Two knees had multiple lesions, includ-
ing 1 with defects of the MFC and trochlea and another
with bipolar lesions of the patella and trochlea. The major-
ity of knees (n ¼ 39; 63.9%) had undergone �1 prior proce-
dures, with only 22 (36.1%) being performed as an index
procedure (not inclusive of prior staged arthroscopic sur-
gery). A total of 58 prior therapeutic procedures had been
performed, with the most common being microfracture,
unrelated to the primary OCA (n ¼ 19; 32.8%), followed
by chondroplasty (n ¼ 12; 20.7%). Open OCA was per-
formed in isolation for the majority of patients (n ¼ 37;
60.7%), but a total of 33 concomitant procedures were per-
formed in 24 patients. The most common concomitant pro-
cedures were off-loading tibial tubercle osteotomy (n ¼ 10)
and high tibial osteotomy (n ¼ 10; 16.4%) (Table 3).

Surgical Outcomes and Complications

The mean postoperative VAS pain score at final follow-up
was 2.68 ± 2.73, an improvement by a mean of 1.42 ± 3.06
from 4.10 ± 2.17 preoperatively, which was statistically sig-
nificant (P < .0009). Episodic joint line pain was present in
34 patients (55.7%) postoperatively. Of the patients with
continued pain, 25 (41.0% of the total cohort) could be rated
as moderate to severe, as defined by a VAS score �4. There
were 6 surgical failures requiring revision (9.8%). Five com-
plications (8.2%) were identified, including 1 stress fracture
(due to tibial tubercle osteotomy) that was managed non-
operatively, 2 cases of arthrofibrosis requiring arthroscopic
lysis of adhesions, and 2 infections requiring intravenous
antibiotics and surgical debridement (Table 4).

Revision and Secondary Surgery

There were 17 patients (27.9%) who required a total of 23
subsequent procedures. In 2 patients, the subsequent

TABLE 1
Demographics of Patients (N ¼ 61)

Mean ± SD or n (%)

Age, y 31.7 ± 8.0
Age group
<31 y 28 (45.9)
�31 y 33 (54.1)

Sex
Male 52 (85.2)
Female 9 (14.8)

Body mass index
<30 kg/m2 43 (70.5)
�30 kg/m2 18 (29.5)

Rank
Junior enlisted 19 (31.1)
Senior enlisted 31 (50.8)
Officer/chief warrant officer 11 (18.0)

Race
White 30 (49.2)
Black 16 (26.2)
Asian 2 (3.3)
Unknown 13 (21.3)

Tobacco use
Yes 20 (32.8)
No 41 (67.2)

Follow-up, mo 46.2 ± 14.5

TABLE 2
Anatomic Location of Lesionsa

Overall,
n (%)

Mean Size,
mm2

Revision,
n (%)

Clinical Failure,
n (%)

MFC 40 (63.5) 364 4 (10.0) 13 (32.5)
LFC 8 (12.7) 328 2 (25.0) 4 (50.0)
Patella 12 (19.0) 325 1 (8.3) 4 (33.3)
Trochlea 3 (4.8) 700 1 (33.3) 1 (33.3)
Total 63 365 8 22

aLFC, lateral femoral condyle; MFC, medial femoral condyle.
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procedures were unrelated to the initial cartilage surgery
(lateral release and medial collateral ligament repair). Five
patients required 6 revision cartilage procedures (revision
OCA: n ¼ 4 [6.6%]; revision ACI, n ¼ 1 [1.6%]), with 1
patient undergoing 2 secondary procedures and 1 patient
(combined MFC and trochlear lesions) being converted to
total knee arthroplasty (Table 4). Secondary chondroplasty
or graft debridement was performed in 5 patients (8.2%) for
partial graft delamination. In the 2 patients with multiple
lesions, both were able to resume occupational function
postoperatively with continued military service. However,
the patient with MFC and trochlear lesions required con-
version to total knee arthroplasty for persistent medial
pain. The patient with bipolar patellofemoral lesions did
not require any subsequent procedures.

Clinical Outcomes

A total of 22 patients (36.1%) were unable to return to mod-
ified preoperative function because of persistent, rate-
limiting knee pain after OCA, while 39 (63.9%) were able
to return to preoperative military function. Of the patients
who underwent revision cartilage procedures, 3 of the 5
(60.0%) were able to return to military duty, and the 1
patient who underwent subsequent arthroplasty was also
able to resume military service with permanent limitations
on impact activities. Accordingly, the overall failure rate, as
defined in this study, was 42.6% (n ¼ 26).

Risk Factor Analysis

Risk factors for clinical failure on logistic regression anal-
ysis were found to be preoperative BMI, preoperative VAS
score, and moderate to severe postoperative pain (VAS
score �4) (Table 5), whereas the only significant risk factor
for surgical failure was the presence of a complication. Risk
factors for overall failure were found to be the presence of
�1 complications (OR, 7.33) and moderate to severe post-
operative pain on the VAS (OR, 9.92). Lesion size and
lesion location were not found to be factors in contributing
to either surgical or clinical failure. Rank was not found to
be a risk factor for failure of OCA. Osteotomy and any
prior procedure, specifically including prior chondral
treatments, also were not found to contribute to either
mode of failure.

DISCUSSION

In this series of active-duty army servicemembers, repre-
senting the largest cohort to date of OCA performed on
military personnel, OCA was found to reduce knee pain
associated with medium to large osteochondral lesions and
to afford a return to preoperative military function in
approximately 64% of patients. Overall, revision surgery
occurred in 8.2%, and 1.6% underwent conversion to knee
arthroplasty at short-term to midterm follow-up. Further-
more, moderate and higher postoperative VAS pain scores
and the presence of a perioperative complication were iden-
tified as significant risk factors for overall failure, defined

TABLE 3
Additional Procedures Performeda

Prior Concurrent Subsequent Total

Meniscal procedures
Debridement 4 0 1 5
Repair 2 1 0 3
Transplantation 1 2 0 3

Ligamentous procedures
Anterior cruciate

ligament repair
3 1 0 4

Posterior cruciate
ligament repair

0 1 0 1

Medial collateral
ligament repair

0 0 1 1

Lateral release 0 4 1 5
Osteotomy

High tibial osteotomy 3 10 0 13
Distal femoral osteotomy 0 1 0 1
Tibial tubercle osteotomy 0 10 0 10

Cartilage procedures
Chondroplasty 12 0 5 17
ORIF for osteochondritis

dissecans
4 0 0 4

Microfracture 19 3 0 22
OAT 5 0 0 5
OCA 0 0 4 4
ACI 2 0 1 3

Arthroplasty 0 0 1 1
Lysis of adhesions 0 0 2 2
Hardware removal 0 0 5 5
Irrigation and debridement 0 0 2 2
Otherb 3 0 0 3
Total 58 33 23

aData are reported as No. Procedures are listed according to
type and timing of surgery relative to OCA. ACI, autologous chon-
drocyte implantation; OAT, osteochondral autograft transfer;
OCA, osteochondral allograft transplantation; ORIF, open reduc-
tion internal fixation.

bAnterior interval release, medial collateral ligament repair,
and scar revision.

TABLE 4
Outcomes and Complicationsa

n (%)

Surgical outcomes
Persistent pain 34 (55.7)
Revision cartilage procedure 5 (8.2)
Total knee arthroplasty 1 (1.6)

Clinical outcomes
MEB 22 (36.1)
Return to duty 39 (63.9)

Overall outcomes
Return to duty without revision 35 (57.4)
Total failure 26 (42.6)

Complications
Infection 2 (3.3)
Arthrofibrosis 2 (3.3)
Fracture 1 (1.6)

aMEB, Medical Evaluation Board for separation from military.
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as either the requirement for revision surgery or knee-
related medical discharge.

The management of persistently symptomatic chondral
defects among young, active patients is problematic. The
optimal solution for this problem has not yet been eluci-
dated. While technically easier and readily available as a
single-staged procedure, the efficacy and long-term durabil-
ity of microfracture have often been called into question,
especially with larger lesions.8,26 Studies in National Bas-
ketball Association (NBA) players have shown that patients
who underwent microfracture were at significant risk of not
returning to competitive play, while those who did resume
elite competition had a significant reduction in points per
game.5,13 Conversely, in a systematic review, OAT has
shown more enduring results at long-term follow-up.31 In a
meta-analysis of available techniques for chondral repair or
restoration, OAT was associated with the highest rates of
return to sport, followed by OCA and ACI, respectively.17

Unlike other techniques, the success of OAT may be attrib-
utable to its use of mature, organized, autogenous articular
cartilage as well its general use for smaller, focal lesions
versus that for more mosaicplasty applications.3

The role of subchondral bone in the setting of chondral
defects should not be minimized.21 Minas et al23,24 showed
that despite favorable results at 10-year follow-up after
ACI, a subset of patients with worse outcomes had under-
gone a prior marrow stimulation procedure, which resulted
in a compromised subchondral bone architecture. OCA has
been found to be effective in the setting of prior marrow
stimulation and other prior chondral procedures because
of the transplant of the entire osteochondral unit as a
whole.9-11 In a large case series report by Sadr et al,34 OCA
was found to be a very effective treatment modality for
osteochondritis dissecans lesions that had failed other
treatment strategies. OAT also affords for the transfer of

a mature construct but is constrained by lesion size, match-
ing of the radius of curvature, limited availability of har-
vest sites, and incomplete treatment with the mosaicplasty
technique in larger lesions up to 4 cm2.20,25,27 Alternatively,
the use of a fresh, size-matched osteochondral allograft
obviates these constraints and allows complete reconstitu-
tion of the surrounding osteoarticular anatomy.

OCA has been proven to be very effective at alleviating
pain, mechanical symptoms, and symptomatic effusion
while restoring function for lower demand activities.1,2,12

Few studies have investigated the outcomes of OCA in
active, athletic patient subsets.37 At 2.5-year follow-up,
Krych et al18 reported that 88% of 43 athletes (74% recre-
ational, 26% competitive) returned to limited sporting
activities, with 79% achieving a full return to preinjury
levels. In the group that achieved full return to sport, the
average time to full sporting activity was 9.6 months. Niel-
sen et al29 recently showed that at 6-year follow-up, just
over 75% of patients who underwent OCA were still partici-
pating at their preoperative level of sport, both recreational
and competitive. By contrast, cell-based surface treatments
that use an immature chondral construct may delay a
return to impact sporting activities for up to 12 to
18 months postoperatively, and the implanted cartilage
may continue to develop its mature architecture over
another 12 to 18 months,15,28 although other reports have
found conflicting results and improved return-to-sport
rates.16 Additionally, although Pestka et al33 showed that
73% of patients undergoing ACI returned to sport, in-depth
analysis indicated that high-impact and start-stop activi-
ties were typically exchanged for endurance and low-
impact activities. An elite level of sporting activities was
maintained in less than 1% of the patient population.

The current study is one of the few assessing functional
outcomes among higher demand patients with significant

TABLE 5
Risk Factors for Failurea

Clinical Failure Surgical Failure Overall Failure

OR P OR P OR P

Total lesion size 1 .474 1 .999 1 .748
Preoperative body mass index 1.18 .029 0.75 .054 1.07 .322
Tobacco use 1.29 .655 4.88 .083 1.56 .417
Preoperative VAS score 1.32 .043 1.06 .779 1.28 .054
Moderate to severe postoperative pain on VAS 1.36 .007 18.52 .056 9.92 .0002
Lesion location

MFC 0.64 .425 1.06 .95 0.73 .568
LFC 1.94 .384 4.08 .146 2.54 .234
Patella 0.86 .826 0.27 .398 0.61 .470
Trochlea 0.88 .920 5.30 .203 2.83 .406
�1 complications 1.22 .777 148.76 .002 7.33 .018
Age <31 y 0.73 .557 6.96 .086 1.02 .973
Female sex 2.57 .197 0.38 .538 1.85 .400
Any prior surgery 1.86 .286 3.09 .318 2.81 .073
Any prior chondral surgery 2.14 .160 0.65 .630 2.24 .129
Osteotomy 1.14 .811 0.35 .353 0.75 .605

aBolded data indicate statistical significance (P < .05). LFC, lateral femoral condyle; MFC, medial femoral condyle; OR, odds ratio; VAS,
visual analog scale.
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occupational requirements. Unlike the results shown by
Krych et al18 and Nielsen et al,29 the return to high-
demand lower extremity functionality among military
patients was more variable, with moderate success at
returning patients to preoperative occupational activities.
Despite a smaller sample size, the demands placed on army
servicemembers put them at a level beyond a purely recre-
ational athletic level, and this may explain the disparity in
and definitions for postoperative “success.” Servicemem-
bers are often required to perform prolonged load-bearing
activities, with full-duty loads in excess of 50 to 100 lb and
frequent exposure to uneven terrain and austere condi-
tions. Scully et al35 showed that in 16 patients undergoing
OCA performed at a single military institution, 9 (56.3%)
underwent medical separation from the military (MEB)
within 24 months, and of the remaining 7 patients, 6
(37.5% of total) required significant activity limitation.
Another military study by Shaha et al36 yielded somewhat
similar results to the present study, with 16 of 38 (42.1%)
servicemembers who underwent OCA being unable to
return to military duty. This is almost identical to our over-
all failure rate (42.6%) and very similar to our clinical fail-
ure rate (36.1%). However, it is important not to conflate
surgical failure with knee-related medical separation, as
many military servicemembers may experience successful
functional outcomes in a civilian environment with more
limited daily occupational demands.

Chronological age is a factor that is commonly thought to
affect clinical outcomes after cartilage procedures. Zarka-
dis et al41 demonstrated comparatively worse outcomes in
patients younger than 30 years undergoing ACI for patel-
lofemoral lesions. Particularly in the military population,
this is thought to be related to the preponderance of youn-
ger servicemembers holding junior enlisted rank positions.
These servicemembers often lack individual autonomy or
the ability to self-regulate their activity levels upon return
to duty. Conversely, older patients tend to be officers or
senior enlisted personnel who are given more authority to
dictate their level of physical activities. In the current
study, we did not find a significant effect for age and the
rate of failure. We also did not find any trends in failure
according to lesion location. Traditional difficult-to-treat
areas, such as the patella and trochlea, have shown good
outcomes in previous studies when treated with OCA.4,10 A
revision chondral procedure or conversion to arthroplasty
did not guarantee that the servicemember would need a
medical discharge due to his/her knee defect. The need for
osteotomy also did not, by itself, portend a poor outcome.
The fact that there was no difference in outcomes between
those who did and did not undergo osteotomy does not lend
itself to the conclusion that osteotomy itself is an unneces-
sary procedure. Rather, osteotomy removes malalignment
(with the resultant abnormal loading forces) as a source of
failure and thus essentially places all the chondral lesions
in an equivalent biomechanical environment.

Despite its modest size, this study features numerous
strengths. The military framework provides a closed health
care setting that is ideal for the surveillance of musculo-
skeletal conditions because of a centralized electronic med-
ical record and injury reporting system. Additionally, the

high-demand physical profile of military servicemembers
and the underlying emphasis on physical fitness standards
and military readiness may translate well to other physi-
cally active patient populations, particularly athletes and
those involved in heavy-labor occupations. However, cer-
tain limitations must also be acknowledged. Because of the
scope and retrospective nature of this investigation, surgi-
cal technique, technical proficiency, and rehabilitation
course could not be controlled for. Radiographic studies
were not available to further evaluate and classify lesions.
Furthermore, additional validated patient-reported out-
come measures and advanced radiographic imaging con-
firming graft incorporation were not routinely available
in the medical record.

Additionally, graft processing technique is an important
consideration but one that we were unable to account for in
the present study. Several patients had multiple cartilage
lesions, which may have limited the effectiveness of OCA.
The lack of patient-reported outcomes, which cannot be
easily extrapolated from military separation data, is also
a point of contention. Additionally, we did not have separa-
tion data on patients who were lacking 2-year follow-up, so
it is possible that some patients who separated early from
the military because of their knee symptoms were not cap-
tured. Last, while we sought to objectively identify patients
with persistent knee symptoms that precluded a return to
preoperative military function, we cannot exclude the
potential for secondary gain motivations in pursuing per-
manent activity limitation or physician-directed medical
discharge to prevent further reinjuries.

CONCLUSION

Approximately two-thirds of active-duty military service-
members undergoing OCA were able to return to preinjury
occupational activities. Moderate to severe postoperative
pain and the presence of a complication were risk factors
for overall failure. Patients should be counseled preopera-
tively regarding expectation management and should be
aware that although pain is likely to improve, certain per-
manent activity restrictions may exist.

REFERENCES

1. Assenmacher AT, Pareek A, Reardon PJ, Macalena JA, Stuart MJ,

Krych AJ. Long-term outcomes after osteochondral allograft: a sys-

tematic review at long-term follow-up of 12.3 years. Arthroscopy.

2016;32(10):2160-2168.

2. Briggs DT, Sadr KN, Pulido PA, Bugbee WD. The use of osteochon-

dral allograft transplantation for primary treatment of cartilage lesions

in the knee. Cartilage. 2015;6(4):203-207.

3. Brittberg M, Lindahl A, Nilsson A, Ohlsson C, Isaksson O, Peterson L.

Treatment of deep cartilage defects in the knee with autologous chon-

drocyte transplantation. N Engl J Med. 1994;331(14):889-895.

4. Cameron JI, Pulido PA, McCauley JC, Bugbee WD. Osteochondral

allograft transplantation of the femoral trochlea. Am J Sports Med.

2016;44(3):633-638.

5. Cerynik DL, Lewullis GE, Joves BC, Palmer MP, Tom JA. Outcomes of

microfracture in professional basketball players. Knee Surg Sports

Traumatol Arthrosc. 2009;17(9):1135-1139.

6 Thomas et al The Orthopaedic Journal of Sports Medicine



6. Chahal J, Gross AE, Gross C, et al. Outcomes of osteochondral allo-

graft transplantation in the knee. Arthroscopy. 2013;29(3):575-588.

7. Cook JL, Stoker AM, Stannard JP, et al. A novel system improves

preservation of osteochondral allografts. Clin Orthop Relat Res.

2014;472(11):3404-3414.

8. Gobbi A, Karnatzikos G, Kumar A. Long-term results after microfrac-

ture treatment for full-thickness knee chondral lesions in athletes.

Knee Surg Sports Traumatol Arthrosc. 2014;22(9):1986-1996.

9. Gobbi A, Scotti C, Lane JG, Peretti GM. Fresh osteochondral allo-

grafts in the knee: only a salvage procedure? Ann Transl Med. 2015;

3(12):164.

10. Gracitelli GC, Meric G, Pulido PA, Gortz S, De Young AJ, Bugbee WD.

Fresh osteochondral allograft transplantation for isolated patellar car-

tilage injury. Am J Sports Med. 2015;43(4):879-884.

11. Gracitelli GC, Meric G, Pulido PA, McCauley JC, Bugbee WD. Osteo-

chondral allograft transplantation for knee lesions after failure of car-

tilage repair surgery. Cartilage. 2015;6(2):98-105.

12. Gross AE, Kim W, Las Heras F, Backstein D, Safir O, Pritzker KP.

Fresh osteochondral allografts for posttraumatic knee defects: long-

term followup. Clin Orthop Relat Res. 2008;466(8):1863-1870.

13. Harris JD, Walton DM, Erickson BJ, et al. Return to sport and perfor-

mance after microfracture in the knees of National Basketball Asso-

ciation players. Orthop J Sports Med. 2013;1(6):2325967113512759.

14. Hunter W. Of the structure and disease of articulating cartilages:

1743. Clin Orthop Relat Res. 1995;317:3-6.

15. Jones DG, Peterson L. Autologous chondrocyte implantation. Instr

Course Lect. 2007;56:429-445.

16. Kon E, Filardo G, Berruto M, et al. Articular cartilage treatment in

high-level male soccer players: a prospective comparative study of

arthroscopic second-generation autologous chondrocyte implanta-

tion versus microfracture. Am J Sports Med. 2011;39(12):2549-2557.

17. Krych AJ, Pareek A, King AH, Johnson NR, Stuart MJ, Williams RJ

3rd. Return to sport after the surgical management of articular carti-

lage lesions in the knee: a meta-analysis. Knee Surg Sports Traumatol

Arthrosc. 2017;25(10):3186-3196.

18. Krych AJ, Robertson CM, Williams RJ 3rd. Return to athletic activity

after osteochondral allograft transplantation in the knee. Am J Sports

Med. 2012;40(5):1053-1059.

19. Lindahl A, Brittberg M, Peterson L. Health economics benefits follow-

ing autologous chondrocyte transplantation for patients with focal

chondral lesions of the knee. Knee Surg Sports Traumatol Arthrosc.

2001;9(6):358-363.

20. Lynch TS, Patel RM, Benedick A, Amin NH, Jones MH, Miniaci A.

Systematic review of autogenous osteochondral transplant out-

comes. Arthroscopy. 2015;31(4):746-754.

21. Madry H, Orth P, Cucchiarini M. Role of the subchondral bone in

articular cartilage degeneration and repair. J Am Acad Orthop Surg.

2016;24(4):e45-e46.

22. McCarty EC, Fader RR, Mitchell JJ, Glenn RE Jr, Potter HG, Spindler

KP. Fresh osteochondral allograft versus autograft: twelve-month

results in isolated canine knee defects. Am J Sports Med. 2016;

44(9):2354-2365.

23. Minas T, Gomoll AH, Rosenberger R, Royce RO, Bryant T. Increased

failure rate of autologous chondrocyte implantation after previous

treatment with marrow stimulation techniques. Am J Sports Med.

2009;37(5):902-908.

24. Minas T, Von Keudell A, Bryant T, Gomoll AH. The John Insall Award:

a minimum 10-year outcome study of autologous chondrocyte

implantation. Clin Orthop Relat Res. 2014;472(1):41-51.

25. Miniaci A, Martineau PA. Technical aspects of osteochondral auto-

graft transplantation. Instr Course Lect. 2007;56:447-455.

26. Mithoefer K, McAdams T, Williams RJ, Kreuz PC, Mandelbaum BR.

Clinical efficacy of the microfracture technique for articular cartilage

repair in the knee: an evidence-based systematic analysis. Am J

Sports Med. 2009;37(10):2053-2063.

27. Mithoefer K, Scopp JM, Mandelbaum BR. Articular cartilage repair in

athletes. Instr Course Lect. 2007;56:457-468.

28. Mithofer K, Peterson L, Mandelbaum BR, Minas T. Articular cartilage

repair in soccer players with autologous chondrocyte transplantation:

functional outcome and return to competition. Am J Sports Med.

2005;33(11):1639-1646.

29. Nielsen ES, McCauley JC, Pulido PA, Bugbee WD. Return to sport

and recreational activity after osteochondral allograft transplantation

in the knee. Am J Sports Med. 2017;45(7):1608-1614.

30. Niemeyer P, Salzmann G, Steinwachs M, et al. Presence of subchon-

dral bone marrow edema at the time of treatment represents a neg-

ative prognostic factor for early outcome after autologous

chondrocyte implantation. Arch Orthop Trauma Surg. 2010;130(8):

977-983.

31. Pareek A, Reardon PJ, Maak TG, Levy BA, Stuart MJ, Krych AJ. Long-

term outcomes after osteochondral autograft transfer: a systematic

review at mean follow-up of 10.2 years. Arthroscopy. 2016;32(6):

1174-1184.

32. Payne J, Rimmke N, Schmitt LC, Flanigan DC, Magnussen RA. The

incidence of complications of tibial tubercle osteotomy: a systematic

review. Arthroscopy. 2015;31(9):1819-1825.

33. Pestka JM, Feucht MJ, Porichis S, Bode G, Sudkamp NP, Niemeyer

P. Return to sports activity and work after autologous chondrocyte

implantation of the knee: which factors influence outcomes? Am J

Sports Med. 2016;44(2):370-377.

34. Sadr KN, Pulido PA, McCauley JC, Bugbee WD. Osteochondral allo-

graft transplantation in patients with osteochondritis dissecans of the

knee. Am J Sports Med. 2016;44(11):2870-2875.

35. Scully WF, Parada SA, Arrington ED. Allograft osteochondral trans-

plantation in the knee in the active duty population. Mil Med. 2011;

176(10):1196-1201.

36. Shaha JS, Cook JB, Rowles DJ, Bottoni CR, Shaha SH, Tokish JM.

Return to an athletic lifestyle after osteochondral allograft transplan-

tation of the knee. Am J Sports Med. 2013;41(9):2083-2089.

37. Shasha N, Aubin PP, Cheah HK, Davis AM, Agnidis Z, Gross AE.

Long-term clinical experience with fresh osteochondral allografts for

articular knee defects in high demand patients. Cell Tissue Bank.

2002;3(3):175-182.

38. Stoker A, Garrity JT, Hung CT, Stannard JP, Cook J. Improved pres-

ervation of fresh osteochondral allografts for clinical use. J Knee Surg.

2012;25(2):117-125.

39. Widuchowski W, Lukasik P, Kwiatkowski G, et al. Isolated full thick-

ness chondral injuries: prevalance and outcome of treatment. A ret-

rospective study of 5233 knee arthroscopies. Acta Chir Orthop

Traumatol Cech. 2008;75(5):382-386.

40. Williams SK, Amiel D, Ball ST, et al. Prolonged storage effects on the

articular cartilage of fresh human osteochondral allografts. J Bone

Joint Surg Am. 2003;85(11):2111-2120.

41. Zarkadis NJ, Kusnezov NA, Garcia EJ, Pallis MP, Waterman BR.

Return to preoperative function after autologous cartilage implanta-

tion of the knee in active military servicemembers. Orthop J Sports

Med. 2017;5(5):2325967117706057.

The Orthopaedic Journal of Sports Medicine OCA for the Knee 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


