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Cartilage Restoration for Tibiofemoral Bipolar Lesions
Results in Promising Failure Rates: A Systematic

Review

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 study is to systematically review the available literature for management of bipolar
lesions within the tibiofemoral joint and determine whether tibiofemoral cartilage restoration is an effective treatment
modality. Methods: PubMed and MEDLINE databases were queried between 2000 and 2020 using the following
keywords: “osteochondral” and “knee” and “microfracture,” “autologous chondrocyte implantation (ACI),” or “trans-
plantation." Articles were reviewed for the presence of a bipolar or “kissing” tibiofemoral lesion and reported lesion size,
concomitant procedures, failure rates, and time to failure. Results: After screening 1,295 articles, there were 4 articles
available for analysis and a total of 152 knees involving the management of bipolar tibiofemoral lesions. Age ranged from
14 to 60 years, and mean follow-up was between 12 and 240 months. There was 1 retrospective cohort study (36 knees)
and 3 case series (mean, 38.7 � 17.5 knees). There were 58 knees treated with bipolar osteochondral allograft (OCA)
transplantation, 58 knees treated with bipolar ACI, 20 knees treated with femoral OCA and tibial debridement, and 16
knees treated with femoral OCA and tibial microfracture. There were 37 failures (24.3%): 16 patients (10.5%) were
converted to unicompartmental or total knee arthroplasty, 4 restorative procedures (2.6%) were revised, and 8 patients
(1.6%) had unsatisfactory outcomes only. The remaining 15 failures (9.9%) had an unspecified combination of objective
failure. The mean rate of failure ranged between 0% and 44.1% (I2 ¼ 83.2%). The mean time to failure ranged between
2.7 and 4.1 years (I2 ¼ 79.1%). Conclusions: Cartilage restoration, through both ACI and OCA, had failure rates be-
tween 0% and 44% in patients with bipolar lesions of the tibiofemoral compartment. Although a higher level of evidence
is required to prove efficacy, the current study demonstrates midterm survivorship rates between 55% and 100%, which
may delay the need for secondary arthroplasty. Level of Evidence: Level IV, systematic review of Level IV studies.
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Fment are highly prevalent and can be identified in
over 60% of patients undergoing knee arthroscopy.1
ke Forest University Baptist Medical Center, Winston-Salem,
ina, U.S.A. (A.K.G., A.E.W., D.E.R., E.C.B., L.K.O., C.M.F.,
stchester Medical Center, Valhalla, New York, U.S.A. (A.A.); and
University Langone Health, New York, New York, U.S.A.

rs report that they have no conflicts of interest in the authorship
tion of this article. Full ICMJE author disclosure forms are
this article online, as supplementary material.
uly 5, 2020; accepted March 31, 2021.
orrespondence to Anirudh K. Gowd, M.D., Department of Or-
gery, Wake Forest University Baptist Medical Center, 1 Medical
Winston-Salem, NC 27157, U.S.A. E-mail: anirudhkgowd@

HE AUTHORS. Published by Elsevier Inc. on behalf of the
Association of North America. This is an open access article under
C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
/201056
.org/10.1016/j.asmr.2021.03.020

Arthroscopy, Sports Medicine, and Rehabilitation,
These chondral lesions can serve as a nidus for
significant pain, loss of function and activity, and
progression of osteoarthritis. Surgically, these pathol-
ogies are challenging to treat as they may stem from
varying causes, including trauma, malalignment,
meniscal deficiency, ligamentous insufficiency, or
vascular compromise; they are further compounded by
the poor healing properties of cartilage.2,3 Bipolar, or
“kissing,” lesions are defined as reciprocal lesions
within the same compartment of the knee and repre-
sent advanced pathology that has even greater risk of
progression to osteoarthritis.4,5 Research aimed at joint
preservation and operative technique is of significant
value to activity restoration to certain patient pop-
ulations, particularly when they do not meet criteria for
knee arthroplasty.
Historically, bipolar lesions were considered a relative

contraindication to cartilage restoration procedures due
to inferior outcomes.6 However, without treatment,
these patients often demonstrate progression of disease
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until eventual arthroplasty. This may be a poor option
for patients who desire a high level of activity or whose
age precludes arthroplasty in the near future. Over the
past 2 decades, large advancements have been made in
knee preservation, primarily through more expansive
use of osteochondral allograft (OCA) and autologous
chondrocyte implantation (ACI) procedures alongside
adjunctive realignment and meniscal preservation or
transplantation procedures.7

Increasing information from case series has become
available regarding the outcomes of treatment of
bipolar tibiofemoral defects. Despite this, there is still no
consensus on appropriate indications for treatment,
procedures, and expected outcomes following treat-
ment. The purpose of the present study is to system-
atically review the available literature for management
of bipolar lesions within the tibiofemoral joint and
determine whether tibiofemoral cartilage restoration is
an effective treatment modality. Our hypothesis is that
both OCA and ACI, when combined with realignment
procedures, are viable options to treat bipolar lesions
with a low failure rate at short- to midterm follow-up.

Methods

Search Strategy
A literature search was performed using PubMed and

MEDLINE databases under PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-analyses)
guidelines to create a systematic review of the scientific
literature from 2000 to 2020. The following keywords
were used in the search: “osteochondral” AND “knee”
AND “microfracture,” “autologous chondrocyte im-
plantation,”OR “transplantation.” The initial search was
performed on November 17, 2019, and reviewed on
March 1, 2020, for new articles. During full article
review, references within included articles were
reviewed to include additional articles not found in the
initial literature search.

Selection Criteria
Two authors (D.E.R. and A.E.W.) reviewed the

searched articles to determine inclusion and exclusion
criteria. Articles were selected based on whether they
reported clinical outcomes on bipolar or “kissing” le-
sions of either the medial or lateral tibiofemoral
compartment. The treatment of multifocal lesions alone
did not meet eligibility for article inclusion. Included
articles specifically involved bipolar or “kissing” lesions
and reported concurrent procedures, failure rates,
lesion sizes, and patient-reported outcomes after sur-
gery. Study designs included case series, cohort studies,
and randomized controlled trials. Articles were
included if a subset of their population examined bi-
polar lesions. Data were then extrapolated from these
articles to specifically involve bipolar lesion patients.
Excluded articles were those not in English, not
involving “bipolar” or “kissing” lesions of the tibia and
femur or patella and femur, or those involving animal
or cadaveric populations.

Quality Evaluation
As the literature search did not yield any randomized

trials, the MINORS (Methodological Index for Non-
randomized Studies) checklist was used to evaluate
the quality of nonrandomized surgical studies. Quality
was assessed using 12 items on the checklist, 4 of which
are applicable to comparative studies. The 4 additional
criteria specific to comparative groups assessed bias
present in articles when selecting cohorts. Scoring was
on a scale from 0 to 2: 0, not reported; 1, reported but
poorly done and/or inadequate; and 2, reported well
and adequately done. Noncomparative studies had a
maximum score of 16, while comparison studies had a
maximum score of 24. Each study included was scored
by 2 authors (D.E.R. and A.E.W.), and a third reviewer
was used (A.K.G.) if there was a disagreement.

Data Extraction
Following inclusion/exclusion of all articles, full arti-

cles were reviewed for the following categories of
information: (1) article information, (2) patient de-
mographics and follow-up period, (3) osteochondral
defect locations and size, (4) surgical technique used,
(5) rate of failure, and (6) time to failure. Additionally,
to account for implicit heterogeneity of articles, the
definition of failure and individual conclusions of each
article were collected for qualitative review.

Statistical Analysis
Statistical analysis was performed using RStudio

software version 1.0.143 (R Foundation for Statistical
Computing). The primary outcome collected was the
rate of failure as determined by study authors. Sec-
ondary outcomes were time to failure in those patients
who had experienced failure, rates of revision chondral
procedure, rates of conversion to arthroplasty, rates of
inferior objective outcomes, and varying indications for
treatment. These outcomes were graphed via forest
plots, and the I2 index was used to measure heteroge-
neity. The DerSimonian-Laird estimator was used to
determine treatment effect sizes.8 High levels of het-
erogeneity were expected due to the predominance of
case series available for study, so a random-effects
model was used. Articles were likely heterogeneous
because of varying indications for surgery, different
surgeries performed, differences in patient population,
and varying levels of pathology. Pooled rates of failure
and pooled time to failure were compared using a Wald
test. Publication bias was evaluated using a funnel
chart. The treatment effect was plotted on the x-axis,
while the size of each study was plotted on the y-axis.



Fig 1. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
diagram of included articles available
for analysis regarding bipolar lesions in
the knee.
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Point estimates were checked to be distributed evenly
and symmetrically around the real effect of treatment
to determine if no bias existed.9

Results
The initial search query yielded 1,295 articles.

Following inclusion/exclusion criteria, there were 4
publications available for analysis (Fig 1). This included
a total of 226 knees from 206 patients, 111 males and
95 females. However, only 152 knees were specifically
identified with management of knees with bipolar or
kissing lesions. The mean age was between 14 and 60
years, and mean follow-up ranged from 12 to 240
months. In total, there was 1 retrospective cohort study
and 3 case series. The mean MINORS criteria were
13.3 � 3.9 (range, 11-19). Demographic information is
summarized in Appendix 1 (available at www.
arthroscopyjournal.org). Publication bias was assessed
via funnel plot, which demonstrates symmetric align-
ment of treatment effect size failure rates. However, 2
populations are outside the projected funnel, which
reflects article heterogeneity (Fig 2).
There were 63 procedures performed in the medial

compartment, 65 performed in the lateral compart-
ment, and 24 procedures that did not specify whether
medial or lateral compartment. Indications for treat-
ment and concomitant procedures are also summarized
in Table 1. All articles reported total surface area of
cartilage defects. The range in mean total surface area
treated per article was 3.28 to 19.2 cm2 (I2 ¼ 98.2%). A

http://www.arthroscopyjournal.org
http://www.arthroscopyjournal.org


Fig 2. Funnel plot demonstrating publication
bias in articles examining failure rates
following treatment of bipolar cartilage
defects.
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single article reported mean lesion sizes within each
compartment: 8.3 � 3.8 cm2 in the medial femoral
condyle, 3.4 � 1.8 cm2 in the medial tibial plateau,
5.9 � 3.4 cm2 in the lateral femoral condyle, and
3.4 � 1.5 cm2 in the lateral tibial plateau (Fig 3).10

Three articles investigated OCA, including 1 study
detailing results after femoral-sided OCA and either
debridement or microfracture for the tibial-sided lesion.
Table 1. Procedural Characteristics of Included Articles Regardin

Author (Year)
Lesion Location

(No.) Procedure

Meric et al. (2015)16 Medial (14)
Lateral (20)

OCA

Getgood et al. (2015)18 TF (24) OCA

Hannon et al. (2017)30

Debridement:
Microfracture:

Medial (14)
Lateral (6)
Medial (3)
Lateral (13)

OCA þ tibial debridement
OCA þ tibial microfract

Ogura et al. (2018)10 Medial (32)
Lateral (26)

ACI (P-ACI, n ¼ 23)
(C-ACI, n ¼ 35)

ACI, autologous chondrocyte implantation; C-ACI, collagen membrane
HTO, high tibial osteotomy; HWR, hardware removal; ICRS, internationa
allograft transplantation; OCA, osteochondral allograft transplantation; P-A
release; TF, tibiofemoral; TTO, tibial tubercle osteotomy.
*Concomitant procedures were not separated by bipolar lesions.
A single article investigated ACI. This article used a
combination of first-generation ACI with periosteum
transplant as well as second-generation ACI with type I/
III collagen membrane. Concomitant procedures were
highly prevalent among all included articles, including
67 meniscal allograft transplants, 32 high tibial osteot-
omies, 15 tibial tubercle osteotomies, 10 distal femoral
osteotomies, 7 retinacular releases, 2 meniscectomies, 2
g Management of Tibiofemoral Bipolar Lesions

Concomitant
Procedures (No.) Indications for Surgery

HWR (9)
RR (7)
Meniscectomy (2)
HTO (1)
DFO (1)

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

MAT (48)* Unspecified, included combined
osteochondral defect of femoral
condyle or tibial plateau and
meniscus deficiency

ure
Medial MAT (4)

Lateral MAT (2)
HTO (2)
DFO (2)
PLC (1)
Lateral MAT (12)
Medial MAT (1)
DFO (1)

Skeletally mature patients with
symptomatic ICRS III/IV of femur
with reciprocal tibial defect

HTO (14)
TTO (9)
HTO þ TTO (15)
DFO þ TTO (6)

Unspecified, included patients with
greater than 1 articular cartilage
defect

autologous chondrocyte implantation; DFO, distal femoral osteotomy;
l cartilage regeneration & joint preservation society; MAT, meniscus
CI, periosteum autologous chondrocyte implantation; RR, retinacular



Fig 3. Total surface area of treated tibiofemoral chondral defects.
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anterior cruciate ligament reconstructions, and 1
posterolateral corner operation performed alongside
cartilage restoration. Of note, in articles with hetero-
geneous populations, concomitant procedures were not
separated by lesion location.
Failure definitions and study conclusions are sum-

marized in Table 2. In total, 37 (24.3%) failures
occurred. A revision cartilage restoration procedure
(ACI: n ¼ 2; OCA: n ¼ 2) was performed in 4 cases
(2.6%). A total of 16 patients (10.5%) were converted
to unicompartmental (n ¼ 2), bicompartmental (n ¼ 1),
or total (n ¼ 13) knee arthroplasty. Eight patients
(1.6%) had an unsatisfactory clinical outcome based on
continued symptoms but chose not to undergo revision
procedure or conversion to arthroplasty. The remaining
15 failures (9.9%) had an unspecified combination of
requiring revision OCA, arthroplasty, or arthrodesis
after recurrent infection. The range in mean failure rate
was 0% to 44.1% (I2 ¼ 83.2%). The range in
mean time to failure was 2.7 to 4.1 years (I2 ¼ 79.1%)
(Fig 4).
Table 2. Definitions of Failure and Conclusions From Included S

Author (Year) LOE Definition for Failur

Meric et al. (2015)16 IV Revision allografting, conversi
arthroplasty, arthrodesis

Getgood et al. (2015)18 IV Removal of osteochondral allo

Hannon et al. (2017)30 III Revision allograft, TKA, arthro

Ogura et al. (2018)10 IV Persistent/recurrent symptom
and/or arthroscopic evidenc

ACI, autologous chondrocyte implantation; LOE, level of evidence; MAT,
OCA, osteochondral allograft transplantation; TKA, total knee arthroplast
Discussion
In 152 knees with bipolar or kissing lesions in the

tibiofemoral compartment, the mean rate of failure
ranged from 0% to 44.1% (I2 ¼ 83.2%) with an mean
time to failure between 2.7 and 4.1 years (I2 ¼ 79.1%).
Operative management of these cartilage lesions is
challenging due to the advanced state of pathology on
presentation and sparsity of current literature. How-
ever, the findings of the present study would
support the viability of cartilage restoration in the
management of these lesions. Both ACI and OCA were
used to treat large, bipolar lesions, often with mean
cumulative surface areas greater than 10 cm2 in
selected studies. Furthermore, the failure rate
ranged between 0% to 44%. In the event of failure, the
elapsed time was typically greater than 2 years after the
index surgery. While the current findings are limited by
study heterogeneity, these results challenge the
commonly held dogma indicating that the presence of
bipolar lesions is an absolute contraindication to
restorative procedures. Particularly when combined
tudies

e Study Conclusions

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

graft Although not significant, trend toward better
outcomes in unipolar disease for combined
OCA þ MAT

desis Patients with bipolar defects treated with femoral
OCA have clinically meaningful improvements
despite tibial treatment

þ MRI
e of failure

ACI for treatment of bipolar lesions was successful;
use of a collagen membrane led to greater
survival than periosteum

meniscus allograft transplantation; MRI, magnetic resonance imaging;
y.



Fig 4. (A) Incidence of failure by procedure and (B) time to failure.
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with appropriate realignment and other restorative
procedures, operative management may significantly
delay the need for secondary arthroplasty, improve
patient-reported function, and preserve overall quality
of life.
While the study findings suggest that bipolar lesions

are treatable, patient selection for this procedure re-
mains a difficult challenge. Among included articles,
there remains an area of inconclusive evidence
without consensus. Age and activity level may be
considered relative indications as these may preclude
alternative reconstructive options for patients. Mean
age between all articles ranged from 27.0 to 40.2
years. Clinical outcomes, particularly regarding return
to sport and failure rates, are improved in younger
patients with acute injuries.11-15 This may also be due
to the fact that younger patients have less degenera-
tive changes in the knee outside the focal defects.
Lesion size is another consideration as both ACI and
OCA are invasive procedures that are reserved for
medium to large cartilage defects of greater than 2
cm2.2,3 A maximum threshold for treatment has also
not been thoroughly discussed; however, Meric
et al.16 affirmed that total lesion size above 24.6 cm2
may not be amenable to restoration. While this is an
arbitrary cutoff based off a single series, this does
represent a very large area of disease burden. In such
cases, it remains difficult to assess focal chondral de-
fects vs degenerative arthrosis in progression, and
further research may be necessary to discern consis-
tent predictors of failure.
Distinguishing patients with advanced focal cartilage

disease vs those with initial signs of irreversible arthritis
remains a challenge, especially with regard to allocating
appropriate treatment. Osteoarthritis of the knee
constitutes a progressive disease characterized by
osteophyte formation, degeneration of articular carti-
lage matrix, subchondral bone sclerosis, and deformity
of the bone contour.1,17 Giannini et al.12 suggest that
graft failure may be elicited by immunologic rejection
by catabolic factors already present in arthritic knees.
Interestingly, both Meric et al.16 and Getgood et al.18

found a higher proportion of failures in patients
treated for degenerative bipolar chondral lesions, albeit
this was not statistically significant. Continued analysis
of synovial fluid cytokines may provide valuable insight
in selecting patients with the least likelihood to reject
implantation.19
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The effect of realignment procedures should also not
be underscored in management of tibiofemoral bipolar
lesions. Varus and valgus alignment places excess stress
on medial and lateral weightbearing surfaces, respec-
tively, and can be influential in both creating the
reciprocal lesions or causing the donor graft to fail.20

High tibial osteotomy alone has been shown to result
in partial cartilage repair at an incidence of 16% to
92%, demonstrating the efficacy of realignment
itself.21-24 Kim et al.22 found that bipolar lesions greater
than 1.5 cm were not amenable to repair by high tibial
osteotomy alone. In their institutional analysis of fail-
ures among cartilage repair procedures, Krych et al.25

highlighted that untreated malalignment was the
most common reason. An expert panel on cartilage
restoration deemed concurrent anatomic abnormalities
to be of utmost importance to be corrected during the
cartilage restoration procedure.26 The biomechanical
literature has demonstrated that unloading procedures
can reduce joint surface pressures by up to 30%.27-29 To
this note, Black et al.28 also remark on the importance
of controlling tibial slope to prevent unwanted loads to
the tibial plateau. Included articles had a high preva-
lence of realignment procedures through soft tissue
release and osteotomy that help explain the low rate of
failures despite the high level of pathology. From the
available literature, it is challenging to determine
whether success in intervention for tibiofemoral bipolar
lesions may be attributed to correction of varus/valgus
alignment vs cartilage restoration.
Further, advances in meniscus preservation and

restoration have improved the success of cartilage
repair.18,30,31 Anatomically or functionally meniscus-
deficient patients are predisposed to increased contact
pressures and, as a result, attritional cartilage loss.32,33

Meniscal surgery, either through transplant or repair,
has significantly increased over the past decade, even
with cartilage restoration procedures.34-37 Addressing
the meniscus allows repaired cartilage to have the
greatest likelihood of successful implantation and
preservation of joint integrity.38 Lee et al.39 performed
meniscal allograft transplant (MAT) alone on 222
patients and found this treatment to be effective in
managing patients with advanced cartilage disease. The
failure rate for isolated MAT was 11.3%, but this
increased to 23% in patients with high-grade bipolar
defects.39 Harris et al.40 reported significant improve-
ments on an initial series of patients who received
combined corrective osteotomy, MAT, and articular
cartilage restoration. In their series, the authors
reported a 5.6% rate of conversion to total knee
arthroplasty and a 5.6% revision of either MAT or an
articular cartilage procedure.40 The triad of malalign-
ment, meniscal deficiency, and articular cartilage dis-
ease may be treated either staged to reduce morbidity
or in a combined procedure based on multifactorial
decision making. These findings echo the advanced
state of pathology in patients with bipolar lesions, in
whom extensive restorative procedures may be
required to prevent the eventual progression of arthritis
and need for arthroplasty. Despite qualitative review of
the literature and assessment of individual study
conclusions, further clinical trials are required to
demonstrate the efficacy of cartilage restoration upon
bipolar defects, particularly as it pertains to delaying the
normal degenerative process of the knee. Additional
study is also required for optimizing patient selection
and differentiating between the use of ACI vs OCA,
as the included articles did not shed light on this
decision-making process.

Limitations
The present study must acknowledge certain limita-

tions. There is a high level of heterogeneity with respect
to the included articles. Articles varied with regard to
demographics, follow-up time, indications for surgery,
operations performed, pathologies treated, and
definitions for success and failure. Furthermore, very
few studies had comparative cohorts.

Conclusions
Cartilage restoration, through both ACI and OCA, had

failure rates between 0% and 44% in patients with
bipolar lesions of the tibiofemoral compartment.
Although a higher level of evidence is required to prove
efficacy, the current study demonstrates midterm
survivorship rates between 55% and 100%, which may
delay the need for secondary arthroplasty.
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