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Cartilage Restoration of Bipolar Lesions Within the
Patellofemoral Joint Delays Need for Arthroplasty: A

Systematic Review of Rates of Failure

Anirudh K. Gowd, M.D., Alexander E. Weimer, B.S., Danielle E. Rider, B.S.,

Edward C. Beck, M.D., M.P.H., Avinesh Agarwalla, M.D., Lisa K. O’Brien, D.O.,
Michael J. Alaia, M.D., Cristin M. Ferguson, M.D., and Brian R. Waterman, M.D.
Purpose: The purpose of the present review is to systematically review the available literature for failure rates and
complications of cartilage restoration of bipolar chondral defects in the patellofemoral (PF) joint to assess the ability to treat
these lesions without arthroplasty. Methods: PubMed and MEDLINE databases were queried between 2000 to 2020
using the keywords “osteochondral” and “knee” and “microfracture,” “autologous chondrocyte implantation (ACI),” or
“transplantation.” Patient selection included patients with bipolar chondral lesions of the patellofemoral joint that were
treated with cartilage restoration procedures. Treatment of PF joints were reviewed for surgical indications/technique,
rates of failure, defect characteristics, and time to failure. For the purposes of this study, failure was defined by each
individual author on their respective studies. Results: After screening 1,295 articles, there were 8 publications analyzed
quantitatively and 10 articles analyzed both quantitatively and qualitatively. A total of 249 knees involved bipolar
lesions of the patellofemoral joint. The weighted average age was 36.5 � 10.4 years, and weighted average follow-up was
89.0 � 31.7 months. There were failures in 0% to 50% of cases, revision procedures in 0% to 10% of cases, conversion to
arthroplasty in in 0% to 50% of cases, and unsatisfactory outcome without revision in 0% to 8.3% of cases. The range
in average failure rate was 0% to 50.0% (I2 ¼ 68.0%), whereas the range in average time to failure was 2.9 to 6.8 years
(I2 ¼ 79.0%). Conclusion: From the available data, established cartilage restoration procedures may provide favorable
patient-reported function, avoidance of secondary surgery, and joint preservation in at least 80% of patients at short- to
mid-term follow-up. Level of Evidence: Level IV, systematic review of Level IV studies.
he patellofemoral (PF) joint maintains a high
Tcarrying load that can reach up to 7.8 times that of
body weight during daily physiological activities such as
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the deep knee bend or squatting.1 As a result of this
high carrying load, the PF articulation experiences
unique loading patterns and exposure to shear stresses
with rotational moments about the knee, which often
leads to cartilage pathology developing within the PF
joint.2 These stresses may be further exacerbated by
selected patient-specific anatomic risk factors, such as
patella alta, rotational malalignment, trochlea hypo-
plasia, and tissue hyperlaxity. Bipolar, or so-called
“kissing,” lesions of the PF joint represent a subset of
patients with advanced pathology resulting in recip-
rocal cartilage defects of the patella and trochlea.3,4

Cartilage restoration has been shown to be an effica-
cious treatment in suitable patients for cartilage lesions
in the PF joint5; however, there are limited data on
comprehensive surgical outcomes with treatment of
bipolar PF lesions.
Treatment of chondral lesions of the PF joint can

often be challenging because of the high stress borne by
the compartment. Furthermore, patellar maltracking
that is attributable to patella alta, ligamentous
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instability, or limb alignment, further complicates
treatment modalities. If left untreated, patients with
focal defects of the PF joint may potentially have
progression or peripheral expansion of cartilage
damage, with increasing pathologic loading of the un-
derlying subchondral bone and advancement toward
early-stage arthritis.6 With early arthritis, there may
multicompartment involvement, and the cytokinetic
process of cartilage degeneration may no longer be
reversible.7

In response to this possible sequela, cartilage resto-
ration and joint preservation techniques, such as
osteochondral allograft (OCA) and autologous chon-
drocyte implantation (ACI), have become increasingly
used for treatment of large patellofemoral chondral
defects in the knee.8 Under previous historical algo-
rithms,9e11 bipolar lesions have traditionally been
considered a relative contraindication for cartilage
restoration. However, with advancement of surgical
techniques, numerous reports have suggested guarded
optimism with cartilage restoration of bipolar chondral
defects in order to improve function and potentially
delay the need for arthroplasty.12e21 The purpose of
this study is to systematically review the available
literature for failure rates and complications of cartilage
restoration of bipolar chondral defects in the PF joint to
assess the ability to treat these lesions without use of
arthroplasty. The hypothesis is that operative
intervention via either OCA or ACI maintain failure
rates less than 20% and therefore are feasible options
for the management of bipolar patellofemoral lesions in
well-selected patients.

Methods

Search Strategy
PubMed and MEDLINE databases were queried be-

tween 2000 to 2020 using the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
analyses) guidelines. The keywords used for the
search were: “osteochondral” and “knee” and “micro-
fracture” and “autologous chondrocyte implantation”
or “transplantation.” An initial search was performed
on November 17, 2019, and then reviewed on March 1,
2020, for new articles. References of included articles
were also reviewed to determine eligibility of inclusion.

Selection Criteria
Articles were included if a subset of the population

examined bipolar lesions; in these cases, data were
extracted to include only outcomes regarding bipolar PF
pathology. Articles were reviewed to ensure that lesions
were reciprocal on the patella and trochlea, rather than
multifocal. Nonhuman studies and non-English studies
were excluded. Articles were not excluded by study
design.
Quality Evaluation
No randomized clinical trials were available for review.

As such, theMethodological Index for Non-Randomized
Studies (MINORS) checklist was used to evaluate the
quality of nonrandomized studies.22 This checklist
involved a 12-item survey, 4 of which are applicable to
comparative studies only. Scoring was on a scale from
0 to 2 where 0 ¼ not reported, 1 ¼ reported but poorly
done and/or inadequate, and 2 ¼ reported well and
adequately done. Noncomparative studies had a
maximumscore of 16,whereas comparison studies had a
maximum score of 24. Each study included was scored
by 2 authors (D.R. andA.E.W.), and a third reviewerwas
used (A.K.G.) if there was a disagreement.

Data Extraction
Articles that were deemed eligible based on inclusion/

exclusion criteria were reviewed for the following in-
formation: study design, patient demographics, follow-
up period, osteochondral defect size, surgical technique,
rate of failure, and time to failure. Each article was
qualitatively analyzed for definition of failure as defined
by each individual author. Subsequently, information
regarding rate of revision restoration procedure, pro-
portion of concomitant procedures, rate of conversion
to arthroplasty, and poor clinical outcome was
tabulated as author definitions of failure were variable.

Statistical Analysis
RStudio software version 1.0.143 (R Foundation for

Statistical Computing) was used for statistical analysis.
The rate of failure was the primary outcome collected,
as determined by procedure performed. Secondary
outcomes were time to failure, rate of revision resto-
ration procedure, rate of conversion to arthroplasty,
rate of poor clinical outcome, and varying indications
for treatment. These outcomes were graphically repre-
sented using forest plots and the I2 value was used for
heterogeneity. The DerSimonian-Laird estimator was
used to determine treatment effect sizes.23 A random
effects model was used because there was a high level
of expected heterogeneity. Articles were inherently
heterogeneous because of slightly varying indications
for surgery, different surgeries performed, varying rates
of concomitant procedure, and varying levels of
pathology. Publication bias was evaluated using a
funnel chart. The treatment effect was plotted on the x-
axis, whereas the size of each study was plotted on the
y-axis. Point estimates were checked to be distributed
evenly and symmetrically around the real effect of
treatment to determine if no bias existed by Egger’s test
for asymmetry.24

Results
The initial search query yielded 1,295 articles.

Following inclusion/exclusion criteria, there were 8



Fig 1. Preferred reporting items for sys-
tematic reviews and meta-analyses dia-
gram of included articles available for
analysis regarding bipolar lesions in the
knee.
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publications available for quantitative analysis and a
total of 10 articles for both quantitative and qualitative
analysis (Fig 1). In total, there were 559 knees;
however, only 237 knees involved bipolar lesions of the
patellofemoral joint. The weighted average age was
36.5 � 10.4 years (14-74 years) and weighted average
follow-up was 89.0 � 31.7 months (6-236 months). All
studies were classified as retrospective case series (Level
of Evidence IV). The range in MINORS criteria was 10.0
to 16.0. Demographic information is summarized in
Table 1. Publication bias was assessed via funnel plot,
which demonstrates symmetric alignment of treatment
effect size failure rates (P ¼ .076) (Fig 2).
Concomitant procedures were routinely performed

with cartilage restoration; however, most articles lacked
the granularity to indicate which procedures were
performed with bipolar procedures. Indications for
treatment and concomitant procedures are also
summarized in Table 2. Most commonly performed
procedures within this cohort were tibial tubercle
osteotomy (n ¼ 86), lateral retinacular release (n ¼ 55),
and high tibial osteotomy (n ¼ 53). Only 3 articles re-
ported the average lesion sizes in identified patients
with bipolar defects. Yabumoto et al.20 performed
osteochondral autograft transplantation (OATs) and
thereby reported smaller lesions (1.0-7.5 cm2 for
trochlear and 1.0-2.25 cm2 for patellar). The reported
range in reported lesion size in the other 2 studies was
5.6 to 7.1cm2 (5.3 � 2.7 cm2) for patellar lesions and
4.2 to 13.2 cm2 (5.2 � 2.9 cm2) for trochlea lesions.12,17

Operative treatments and surgical techniques for bipolar
chondral restoration varied widely. Four articles investi-
gated fresh OCA, whereas five articles investigated ACI.
One article investigated OATs from nonweightbearing



Table I. Demographic Characteristics of Included Studies Regarding Operative Management of Bipolar Defects in the Knee

Author (Year) Study Population Age, years (range)* Follow-Up, months (range)* Study Design MINORS

Jamali et al.12 (2005) Ntotal: 20
Nbipolar: 12

47.0 (31 e 64) 84.7 (24 e 200) Case series 12

Torga Spak et al.13 (2006) Ntotal: 14
Nbipolar: 12

37.0 (24 e 56) 120 (30 e 210) Case series 14

Farr18 (2007) Ntotal: 38
Nbipolar: 5

31.2 (15 e 50) 37.2 (6 e 61.2) Case series 14

Minas et al.14 (2010) Ntotal: 155
Nbipolar: 30

38.3 (17 e 60) 64.2 (24 e 132) Case series 13

Vasiliadis et al.15 (2011) Ntotal: 92
Nbipolar: 18

35.0 (14 e 57) 151.2 � 27.6 Case series 11

Gomoll et al.19 (2014) Ntotal: 110
Nbipolar: 30

33.0 (15 e 55) 31.7 (48 e 192) Case series 16

Meric et al.16 (2015) Ntotal: 48
Nbipolar: 48

40.2 (15 e 66) 84 (24 e 236.4) Case series 11

Yabumoto et al.20 (2017) Ntotal: 7
Nbipolar: 7

61.1 (47 e 74) 46.9 (24 e 84) Case series 12

Mirzayan et al.21 (2020) Ntotal: 15
Nbipolar: 15

28.9 (16 e 52) 32.2 (12 e 64) Case series 10

Ogura et al.17 (2019) Ntotal: 60
Nbipolar: 60

36.6 (16 e 55) 105.6 (24 e 192) Case series 12

Ntotal, total number of patients that were included within each study; Nbipolar, total number of patients with bipolar, reciprocal lesions in the
patellofemoral compartment represented within each study.
*In reference to the total article because demographic information was not subdivided by bipolar patients.
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areas.20 Four articles used first-generation ACI with
periosteum transplantation,14,15,18,19 whereas 1 article
used a combination of both first-generation ACI with
periosteum transplantation and second-generation ACI
with type I/III porcine bilayer collagen membrane.17

Failure definitions and study conclusions are sum-
marized in Table 3. There were failures in between 0%
to 50% of cases. A revision cartilage restoration pro-
cedure (either ACI or OCA) was performed 0% to 10%
of cases. Between 0% to 50% of patients were
converted to either patellofemoral or total knee
arthroplasty. Last, 0% to 8.3% of patients had an un-
satisfactory clinical outcome based on continued
symptoms but did not undergo revision procedure or
conversion to arthroplasty. The range in average failure
rate was 0% to 50.0% (I2 ¼ 68.0%). By procedure, the
range in average failure rate was 0.0% to 33.3%
(I2 ¼ 80.9%) for OCA and 6.7% to 50.0% (I2 ¼ 33.1%)
for ACI. Three articles reported time to failure in
years.12,13,17 The range in average time to failure was
Fig 2. Funnel plot demonstrating publica-
tion bias in articles examining failure rates
following treatment of bipolar cartilage
defects. The treatment effect (failure rate)
was plotted on the x-axis, while the size of
each study was plotted on the y-axis.



Table 2. Procedural Characteristics of Included Articles Regarding Management of Bipolar Lesions

Author (Year)
Lesion

Location (N) Procedure Concomitant Procedures (N) Indications for Surgery

Jamali et al.12 (2005) PF (12) OCA Lat RR (9) Unspecified, presence of PF
arthritis receiving OCA

Torga Spak et al.13 (2006) PF (12) OCA None End-stage PF arthritis less than 55
years of age

Farr18 (2007) PF (5) ACI (P-ACI) TTO (28), MAT (1), Lat RR (2),
ACLR (1), MPFL (1), medial
release (1), scar debridement
(1)

Unspecified, ICRS 3 or 4 that
received ACI

Minas et al.14 (2010) PF (30) ACI (P-ACI) HTO (47)
TTO (44)
MAT (7)
Ligament (4)
DFO (1)*

Outerbridge III-IV, <50% joint
space loss on radiograph

Vasiliadis et al.15 (2011) PF (18) ACI (P-ACI) Unspecified realignment (38)
Unspecified extensor
mechanism (22)*

Unspecified, consecutive patients
with full-thickness cartilage
lesions treated with ACI

Gomoll et al.19 (2014) PF (30) ACI (P-ACI) TTO (75), Lat RR (45), VMO
advancement (22),
trochleoplasty (5), MPFL (1)

Disabling anterior knee pain
unresponsive to conservative
measures without >50% joint
space narrowing and presence
of medium to large chondral
defects

Meric et al.16 (2015) PF (14) OCA HWR (9)
RR (7)
Meniscectomy (2)
Lateral imbrication (1)
HTO (1)
DFO (1)*

Unspecified, included reciprocal
lesions in patellofemoral or
tibiofemoral joint, ICRS III/IV,
patients who failed other
therapies

Yabumoto et al.20 (2017) PF (7) OATS None Isolated ICRS 3 or 4 in PF joint
without malalignment

Ogura et al.17 (2019) PF (60) ACI (P-ACI, n¼18)
(C-ACI, n¼42)

Lat RR (46)
TTO (35)
TTOþHTO (5)
TTOþDFO (1)
HTO (1)
VMO advancement (35)
Patelloplasty (6)
Trochleoplasty (2)
Sandwich technique (2)

Unspecified

Mirzayan et al.21 (2020) PF (15) OCA MPFL (11)
TTO (1)

Patients with III/IV lesions on PF
joint, who declined PF
arthroplasty

P-ACI, periosteum-ACI; C-ACI, collagen membrane-ACI; RR, retinacular release; HTO, high tibial osteotomy; DFO, distal femoral osteotomy;
VMO, vastus medialis oblique; MAT, meniscus allograft transplantation; MPFL, medial patellofemoral ligament.
*Concomitant procedures were not separated by bipolar lesions.
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2.9 to 6.8 years (I2 ¼ 79.0%). Failures and time to
failure are summarized in Figures 3 and 4, respectively.

Discussion
Classically, cartilage restoration of bipolar lesions

involving the patellofemoral joint have been viewed as
salvage procedures in patients not suitable for arthro-
plasty. However, findings from the present study
suggest that restorative procedures for these patients
may be viable options for preserving function and
delaying secondary surgery. From the available pub-
lished series, failure of these treatments was observed in
less than half of patients, and when present, delayed
arthroplasty by a mean of 2.8 to 6.8 years. Further-
more, there was a high prevalence of concomitant
realignment and soft tissue procedures that likely
contributed to the high success rate of operation. Given
the summary of these findings, treatment of bipolar
lesions within the PF joint should be considered as a
treatment option in suitable candidates.
Patient selection for treatment of bipolar lesions

remains challenging. Treatment with either OCA or
ACI is reserved for medium to large, high-grade carti-
lage lesions. Specifically in treatment of patellofemoral
bipolar lesions, studies have indicated a requirement
for >50% joint space preservation on dedicated



Table 3. Definitions of failure and conclusions from included studies

Author (Year) Failures Definition for failure Study Conclusions

Jamali et al.12 (2005) 3/12 Requiring revision surgery Patellofemoral alignment is critical in success of
grafts

Torga Spak et al.13 (2006) 4/12 TKA, allograft revision, radiographic
evidence of collapse, clinical rating < 70
on KSS and LKS scales

All surviving allografts were bipolar. Those that
failed, successfully delayed time to
arthroplasty

Farr18(p2) (2007) ND Either removal of graft, partial or full
delamination of graft, loss of defect fill, or
violation of subchondral bone

While many cases required reoperation, bipolar
defects were not associated with failure.

Minas et al.14 (2010) 2/30 Revision allografting, progression of OA
disease beyond originally transplanted
defect, inadequate pain relief, TKA

Success of ACI is dependent on detection and
treatment of comorbidities; unloading
osteotomy always performed for bipolar
lesions

Vasiliadis et al.15 (2011) 2/18 Revision surgery Periosteal hypertrophy more prevalent
following kissing lesions. Kissing lesions have
inferior outcomes, but still demonstrate
improvement

Gomoll et al.19 (2014) ND Structural failure of graft on MRI requiring
revision surgery

No difference in polarity regarding treatment
failures. Large majority of patients would
choose to undergo procedure again, despite
failures

Meric et al.16 (2015) 7/14 Revision allografting, conversion to
arthroplasty, arthrodesis, patellectomy

Larger bipolar cartilage lesions represent later
stage of disease; caution should be taken
when total surface area of lesions are >24.6
cm2 (median size of failures)

Yabumoto et al.20 (2017) NA Unspecified OATS had limited donor site morbidity and
effectively improved patient symptoms with
isolated PF OA

Ogura et al.17 (2019) 11/60 Persistent/recurrent symptom þ MRI and/or
arthroscopic evidence of failure

ACI for treatment of bipolar lesions produces
significant improvements, particularly when
patellar maltracking is corrected; the best
results were observed for ACI in combination
with TTO

Mirzayan et al.21 (2020) 0/15 Revision surgery Bipolar OCAs for patellofemoral joint can
provide comparable results to unipolar
defects

TKA, total knee arthroplasty; KSS, Knee Society System; LKS, Lysholm Knee Score; OA, osteoarthritis; ND, not differentiated; MRI, magnetic
resonance imaging; NA, not application.
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radiographic imaging.4,14 Age also serves as a primary
consideration, as younger (i.e., <50 years), and more
active patients are less likely to be suitable candidates
for arthroplasty. Interestingly, Niemeyer et al.25 noted
that increasing preoperative athletic activity may place
greater stress on the patellofemoral joint and correlate
with heightened expectations after surgery, which may
hinder their chance at a successful outcome. From a
series involving military service members, Zarkadis
et al.26 corroborated these findings, indicating that pa-
tients younger than 30 years of age were more likely to
fail patellofemoral ACI, although there was no adverse
association with bipolar defects. Melugin et al.27 simi-
larly reviewed bipolar lesions in both tibiofemoral and
patellofemoral compartments and found cartilage
restoration to be safe options with a low rate of major
complications. Overall, included articles did not delin-
eate strict indications for treatment for bipolar PF le-
sions, which indicates that the decision to proceed with
surgery in these patients is complicated, multifactorial,
and must be performed on a case-by-case basis.
Correction of patellar maltracking has been shown to

have a significant effect on graft success. Patellar mal-
tracking predisposes the PF joint to abnormal shear
forces that preclude early graft incorporation and
further remodeling, particularly with cell-based treat-
ments.28,29 An expert panel on cartilage restoration
deemed concurrent correction of anatomic abnormal-
ities to be of paramount importance during the cartilage
restoration procedure.30 The biomechanical literature
has demonstrated that unloading procedures, such as
tibial tubercle osteotomy (TTO) can reduce joint surface
pressures by up to 30%.28,29 Literature examining
unipolar chondral defects have demonstrated improved
reported outcomes when realignment osteotomy was
performed.31,32 However, Peterson and co-authors
noted that patellofemoral lesions had comparable pa-
tient outcomes following ACI whether or not



Fig 3. Incidence of failure by procedure of operative management bipolar patellofemoral lesions. Definitions of failure were
dependent on each individual author. N, total number of bipolar cases; Q, Cochran’s Q-statistic for heterogeneity; df, degrees of
freedom; p, statistical significance test for heterogeneity; I2, measure of heterogeneity.
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realignment surgery was also performed.33 Included
articles had a high prevalence of realignment and
patellar maltracking procedures through soft tissue
release, osteotomy, and medial patellofemoral ligament
reconstruction that help explain the low rate of failures
despite the high level of pathology. Yet, Ogura et al 17

found no statistically significant difference in out-
comes between patients who received ACI alone versus
those who received concomitant TTO. Of note, this
series is subject to selection bias becasue patients
receiving realignment had maltracking or instability not
present in patients receiving ACI alone.17

Bipolar lesions of the PF joint represent advanced
pathology of cartilage degradation. Meric et al.16 notes
that overall lesions sizes exceeding 31.8 cm2 are likely
not amenable to restorative procedures. In such cases,
patients may be exhibiting an irreversible progression
toward osteoarthritis, underlying subchondral bone
remodeling, and a catabolic, inflammatory cascade
driven by the adjacent synovial tissue.11 An interme-
diate option may lie with isolated patellofemoral
Fig 4. Time to failure of operative management of bipolar patello
Cochran’s Q-statistic for heterogeneity; df, degrees of freedom; p
heterogeneity.
arthroplasty, with recent studies demonstrating a high
rate of return to preoperative range of motion and pa-
tient reported outcomes.34e36 However, the rate of
conversion to total knee arthroplasty ranges from 8.0%
to 18.1% within 5 years, and the results in younger,
more active patient subsets remains unclear.37 Alter-
natively, PF arthroplasty is an alternative consideration.
Long-term data suggest that this procedure is inevitably
an intermediate procedure as tibiofemoral degeneration
is reported to occur in 25% of patients, and implant
loosening is relatively uncommon.38,39 Surgical
decision-making should be informed through a shared
decision-making process, and the ultimate treatment
must be made on the basis of a holistic assessment of
individual patient factors and expectations.

Limitations
The present article is limited by its inability to com-

plete a meta-analysis because of the high heterogeneity
and limited set of Level IV case studies included, which
precluded pooling of data. Articles had varying
femoral lesions. N, refers to total number of bipolar cases; Q,
, statistical significance test for heterogeneity; I2, measure of
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indications, surgeries performed, lesion sizes treated,
and concomitant procedures performed, which may
bias results, along with the nonrandomized methodol-
ogy of the studies. Additionally, all articles were case
series, which lack any control group. Therefore it is
unclear whether treatment of bipolar lesions truly
altered a patient’s course of disease. The studies
included did not use a consistent definition for failure or
time to failure, which made drawing conclusions from
our “rate of failure” outcome measure challenging.
Furthermore, use of a funnel plot may be biased in
reviews with fewer than 10 studies.

Conclusion
From the available data, established cartilage resto-

ration procedures may provide favorable patient-
reported function, avoidance of secondary surgery,
and joint preservation in at least 80% of patients at
short- to mid-term follow-up.
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