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Background: Many surgical options for treating patellofemoral (PF) cartilage lesions are available but with limited evidence com-
paring their results.

Purpose: To determine and compare outcomes of PF cartilage restoration techniques.

Study Design: Systematic review and meta-analysis.

Methods: PRISMA (Preferred Reporting Items for Systematic Meta-Analyses) guidelines were followed by utilizing the PubMed,
EMBASE, and Cochrane Library databases. Inclusion criteria were clinical studies in the English language, patient-reported out-
comes after PF cartilage restoration surgery, and .12 months’ follow-up. Quality assessment was performed with the Coleman
Methodology Score. Techniques were grouped as osteochondral allograft transplantation (OCA), osteochondral autograft transfer
(OAT), chondrocyte cell–based therapy, bone marrow–based therapy, and scaffolds.

Results: A total of 59 articles were included. The mean Coleman Methodology Score was 71.8. There were 1937 lesions (1077
patellar, 390 trochlear, and 172 bipolar; 298 unspecified). The frequency of the procedures was as follows, in descending order:
chondrocyte cell–based therapy (65.7%), bone marrow–based therapy (17.2%), OAT (8%), OCA (6.6%), and scaffolds (2.2%).
When compared with the overall pooled lesion size (3.9 cm2; 95% CI, 3.5-4.3 cm2), scaffold (2.2 cm2; 95% CI, 1.8-2.5 cm2)
and OAT (1.5 cm2; 95% CI, 1.1-1.9 cm2) lesions were smaller (P\ .001), while chondrocyte cell–based therapy lesions were larger
(4.7 cm2; 95% CI, 4.1-5.3 cm2; P = .039). Overall, the instability pool was 11.9%, and the anatomic risk factors pool was 32.1%.
Statistically significant improvement was observed on at least 1 patient-reported outcome in chondrocyte cell–based therapy
(83%), OAT (78%), OCA (71%), bone marrow–based therapy (64%), and scaffolds (50%). There were no significant differences
between any group and the overall pooled change in International Knee Documentation Committee score (30.2; 95% CI, 27.4-
32.9) and Lysholm score (25.2; 95% CI, 16.9-33.5). There were no significant differences between any group and the overall
pooled rate in minor complication rate (7.6%; 95% CI, 4.7%-11.9%) and major complication rate (8.3%; 95% CI, 5.7%-
12.0%); however, OCA had a significantly greater failure rate (22.7%; 95% CI, 14.6%-33.4%) as compared with the overall
rate (6.8%; 95% CI, 4.7%-9.5%).

Conclusion: PF cartilage restoration leads to improved clinical outcomes, with low rates of minor and major complications. There
was no difference among techniques; however, failures were higher with OCA.

Keywords: knee; cartilage; patella; trochlea; patellofemoral; clinical outcomes; cartilage restoration; systematic review; meta-
analysis

Focal chondral and osteochondral defects of the knee are
common injuries and can significantly impair patients’ qual-
ity of life.1 Cartilage lesions are a common cause of knee mor-
bidity in patients and are documented in 61% to 66% of
reported knee arthroscopies, with a third of those being in
the patellofemoral (PF) joint.4,16,46 If cartilage lesions are

not repaired, they can accelerate joint degeneration and
lead to osteoarthritis.57,60 Since articular cartilage is largely
avascular and hypocellular, surgical intervention has become
the primary method of restoration owing to the tissue’s lim-
ited intrinsic healing.36 The goal is to mitigate patients’
pain and improve the physiological function of the affected
joint, while possibly delaying and/or preventing the progres-
sion to arthritis and the need for knee arthroplasty.50

Many techniques have been described for cartilage restora-
tion in the PF joint, including osteochondral allograft trans-
plantation (OCA) and autologous chondrocyte implantation
(ACI) among others.34,42 Long-term improvement has been
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described with these techniques.7,12,38,63,67,73,83,85 In addition,
recently other emerging techniques, such as bone marrow aspi-
rate concentration (BMAC) implantation and particulated juve-
nile articular cartilage allograft (PJAC), have had increased
utilization.26,33,43-45,81,82 Consequently, there is extensive litera-
ture on the outcomes of cartilage repair surgery in the PF joint.
However, there is a lack of studies that provide a summary
and/or comparison of the results of these procedures.

The purpose of this systematic review and meta-analysis
was to determine and compare outcomes of PF cartilage res-
toration techniques. We hypothesized that cartilage restora-
tion of the PF joint would lead to favorable clinical outcomes
with minimal complications.

METHODS

Literature Search

PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analyses) guidelines were followed dur-
ing the database search.64 An extensive literature search
was conducted on October 8, 2018, in the PubMed,
EMBASE, and Cochrane Library databases. We included
studies that described outcomes for cartilage repair in
the PF joint. Inclusion criteria were as follows: therapeutic
studies with evidence levels 1, 2, 3, and 4 (randomized con-
trolled trials, prospective cohort studies, case-control stud-
ies, and case series); treatment of full-thickness or nearly
full-thickness cartilage lesions and osteochondral lesions;
human participants; and English language. Exclusion cri-
teria were as follows: \12 months of follow-up; \5 patients
with PF lesions; the absence of any validated patient-
reported outcomes (PROs); PROs that were not reported
separately when PF was only a part of the cohort (unless
authors directly provided those data); and studies that
included identical participant populations, unless they
evaluated different data parameters (when data were the
same, we included the last follow-up). The search was con-
ducted via a method grouping relevant terms by defect,

location, and procedure. Relevant articles were determined
to be those that included at least 1 term from each
grouping:

Defect: cartilage lesion, chondral lesion, osteochondral
lesion, cartilage defect, chondral defect, chondrocytes,
osteochondritis dissecans, and osteochondral defect

Location: patella, trochlea, and patellofemoral
Procedure: cartilage repair, cartilage restoration, cartilage

implantation, cartilage transplantation, implantation,
transplantation, microfracture, autologous matrix-
induced chondrogenesis, AMIC, autologous chondrocyte
implantation, ACI, matrix-assisted autologous chondro-
cyte implantation, MACI, osteochondral autologous
transfer, OATS, mosaicplasty, osteochondral allograft
transplantation, Neocart, DeNovo, BioCartilage, Carti-
form, and ProChondrix

Quality Assessment

The level of evidence of the articles was collected. The
methodological quality of the articles included in this
meta-analysis was assessed by the Coleman Methodology
Score (CMS). Two authors independently applied the
CMS (E.L.P. and C.A.B.), and a final score was reached
by consensus. The CMS is computed by summation of 10
criteria (study size, follow-up, number of procedures, type
of study, diagnostic certainty, description of surgical tech-
nique, rehabilitation and compliance, outcome criteria,
outcome assessment, and selection process), leading to
a total possible score of 100. The higher the score, the
more probable the study avoids chance and other biases
characteristic of poor methodology. Mean and standard
deviation were calculated for each criterion. Also, publica-
tion bias was analyzed with a funnel plot.

Data Extraction and Analysis

All study data were extracted with a standardized prede-
termined criterion form: study (first author and year),
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technique used for the repair of the cartilage lesion, num-
ber of knees with PF lesions (sorted by sex if possible), loca-
tion of PF lesions (patellar, trochlear, or bipolar), lesion
size, follow-up, associated pathology, associated proce-
dures, clinical results, complications, and failures. When
standard deviation was not available, authors were con-
tacted to request the remaining data.

To interpret and synthesize results, the techniques
were grouped on the basis of their fundamental mecha-
nism of action. The 5 groups were as follows:

� OCA transplantation
� Osteochondral autograft transfer (OAT)—as either

a single cylinder transfer or a mosaicplasty
� Chondrocyte cell–based therapy—ACI with periosteum,

ACI with membrane without chondrocytes already in
the membrane, matrix-induced ACI (MACI), and PJAC

� Bone marrow–based therapy with or without orthobio-
logic augmentation—autologous matrix-induced chon-
drogenesis with or without platelet-rich plasma,
BMAC implantation, microfracture

� Scaffolds—TruFit and 3-dimensional osteochondral
scaffold

Under the subheading ‘‘associated PF pathology,’’ insta-
bility was included when objective patellar subluxation or
dislocation was reported (with or without PF risk factors)
and anatomic risk factors when maltracking, malalign-
ment, or PF risk factors without instability were reported.
PF risk factors included increased lateral quadriceps vec-
tor, patella alta, increased lateral tilt, and trochlear dys-
plasia. Under the subheading ‘‘associated procedures,’’
realignment procedures included tibial tuberosity osteoto-
mies (TTOs), distal femoral osteotomy, Roux-Goldthwait,
and other soft tissue extensor mechanism realignment;
trochleoplasty included all trochleoplasty techniques; soft
tissue procedures included medial PF ligament reconstruc-
tions and retinaculum releases; and non-PF procedures
included other concomitantly performed procedures that
did not affect the PF compartment.

Minor complications were considered the ones that did not
require further surgical intervention, while major complica-
tions were the ones that did require surgical interventions
(other than revisions of the cartilage restoration procedures).
Interventions were considered failures when the additional
surgical procedures were revisions of the cartilage restora-
tion procedures, either with another cartilage restoration
procedure or with PF arthroplasty or total knee arthroplasty.

The term study is used distinctly from article in our
analysis. Study refers to each technique or lesion location
within an article that reports a PRO. Therefore, some
articles included only 1 study; however, some articles had
numerous studies (ie, if they reported separate PROs for
numerous lesion locations within the PF joint or compared
techniques). When .1 technique was utilized in 1 study,
the data from each technique were reported in the appro-
priate group. In a similar manner, when data from .1 loca-
tion within the PF joint (patellar, trochlear, or bipolar)
were reported, the data from each lesion location were
reported separately in the appropriate group.

Statistical Analysis

The metafor package as part of RStudio software (v 1.0.143;
R Foundation for Statistical Computing) was used for data
analysis. Each article was stratified by procedure. Forest
plots were created for lesion size, major and minor complica-
tions, failures, and change in International Knee Documen-
tation Committee (IKDC), Cincinnati, and Lysholm scores.
Predicted meta-regressions for each group were compared
against the meta-regression for the overall population to
demonstrate any deviation by using a Wald test.80 Pairwise
comparison of each group was performed with the Wald test
to determine differences in associated PF pathology and
associated procedures. The I2 index was used to measure
heterogeneity of included studies.41 Effect sizes were calcu-
lated with random effects models via the DerSimonian-
Laird estimator.18,77 A random effects model was used to
plot data with high heterogeneity, while a fixed effects
model was used for data with low heterogeneity.9 Articles
with comparative groups were separated into homogeneous
techniques. All outcomes of analysis were reported as the
weighted mean with a 95% CI. A funnel chart was used to
evaluate publication bias. The estimated treatment effect
was plotted on the x-axis, while the size of each study was
plotted on the y-axis. Smaller studies were plotted near
the bottom, while larger studies were plotted at the top.
Point estimates were checked to be distributed evenly and
symmetrical around the real effect of treatment to deter-
mine if no bias existed.78

RESULTS

Literature Search

The initial review of the literature, with the predetermined
search terms, yielded 1247 journal articles. Inclusion and
exclusion criteria were met by 59 articles and 62 studies.
The articles included in this study were published between
1999 and 2018. No randomized controlled trial was found in
our search, and all articles were case series. The flowchart
of search, exclusion, and inclusion is included in Figure 1.

Literature Quality Assessment

The level of evidence breakdown is as follows: level 1 (n = 0),
level 2 (n = 12), level 3 (n = 3), and level 4 (n = 44). The mean
CMS score was 71.8. From analysis of variance, there was
no statistical difference in composite CMS score among sub-
groups (P = .260). A funnel plot demonstrates the publica-
tion bias (Figure 2). The pooled loss of reduction was
calculated for each article used in the meta-analysis. Publi-
cation bias was best assessed from a funnel plot constructed
from the pooled loss of reduction of all articles. Studies of
larger effect sizes were plotted higher in the funnel, while
those of lower effect sizes were plotted near the base. Stud-
ies were inherently heterogeneous from the different opera-
tive techniques performed for similar pathology.
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Systematic Review Results

The frequency of procedures performed were as follows, in
decreasing order (n = number of knees): chondrocyte cell–
based therapy (n = 1274, 65.7%), bone marrow–based ther-
apy with or without orthobiologic augmentation (n = 334,
17.2%), osteochondral autografts transfer (n = 156, 8%),
OCA transplantation (n = 129, 6.6%), and scaffolds (n =
44, 2.2%) (Tables 1-5).

Lesion locations were as follows (n = number of knees):
patellar lesions (n = 1077, 65.7%), trochlear lesions (n =
390, 23.8%), and bipolar lesions (n = 172, 10.5%). Bipolar
lesions were not included in the patellar or trochlear lesion
numbers. Specific lesion location within the PF joint was
not reported in 298 lesions. All but the scaffolds group
included patellar, trochlear, and bipolar lesions.

Instability was reported in 167 knees (18.5% of the 905
that acknowledged instability), and anatomic risk factors
were reported in 698 knees (43.5% of the 1603 that
acknowledged anatomic risk factors). Although reporting
of risk factors by the included articles was variable, exam-
ples of the more common anatomic risk factors were tibial
tuberosity–trochlear groove .15 to 20 mm, tilt .10� to 20�,
valgus .5�, and trochlea dysplasia.

The most common PROs were IKDC (26 studies), Lysholm
(21 studies), and Modified Cincinnati (15 studies). Statistically

significant improvement was observed on at least 1 PRO in
chondrocyte cell–based therapy (30 studies, 83%), OAT (7
studies, 78%), OCA (5 studies, 71%), bone marrow–based ther-
apy (7 studies, 64%), and scaffolds (1 study, 50%).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Meta-Analyses) flow diagram outlining meta-analysis algorithm.

Figure 2. Funnel plot of publication bias for all articles
included in meta-analysis.
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Overall, there were 127 (8.6%) major complications. For
comparison among major complications, the following
groups were created: problems with range of motion (n =
38, 32.2%), which includes manipulation under anesthesia
as well as arthroscopy for arthrofibrosis or scar tissue
removal related to limited range of motion; arthroscopy
for debridement (n = 34, 28.8%), which includes chondro-
plasty and any other graft-related debridement; and hard-
ware removal (n = 35, 29.7%). The minor complications (n =
163, 11.1%) were more variable than the major complica-
tions, but the most important complications reported
were graft hypertrophy, deep vein thrombosis, quadriceps
weakness, and superficial infection.

Relevant and summarized data of the studies are
reported in Tables 1 to 5. Techniques are grouped as previ-
ously described.

Variables Analysis

Age. In studies with mean ages from 29.9 to 45.5 years,
age was found not to influence clinical outcomes in
ACI,25,35,73 PJAC,90 and MACI and BMAC implantation.33

Wang et al90 additionally found no differences in magnetic
resonance imaging (MRI) scores when comparing patients
aged \30 years and �30 years. However, Niemeyer et al68

found that age affected outcomes in patients with ACI in
the patella.

Sex. Farr25 and Gomoll et al35 found sex not to influence
results in patients treated with ACI, while Perdisa et al70

found women to have worse outcomes in patients treated
with a scaffold.

Etiology. Tompkins et al82 found that patients treated
with PJAC who had patellar instability had higher activity
levels per the Tegner score than the ones with chronic PF
pain, but there were no differences in other scores. Gobbi
et al33 found etiology not to influence outcomes in patients
treated with MACI or BMAC implantation.

Tibiofemoral vs Patellofemoral. Cvetanovich et al,17

comparing ACI in femoral condyles and ACI in the PF
(65% of associated TTO), found that both groups improved,
with no differences in the amount of improvement.

Bipolar vs Unipolar. In patients treated with ACI,
Peterson et al73 found bipolar lesions to have worse out-
comes than unipolar, while Gomoll et al35 found no
differences.

Trochlea vs Patella. Filardo et al28 found that MACI in
the trochlea had better PROs and sports activities than in
the patella. In a multivariate analysis considering lesion
site, sex, and realignment procedures, it was confirmed
that lesion site was the most important variable to deter-
mine the outcome. In addition, Gobbi et al33 found that

TABLE 1
Results of Patellofemoral Cartilage Restoration: OCA (n = 129, 6.6%)a

First

Author

(Year) Technique Knees, n

Lesion

Location

Overall

Lesion

Size, cm2

Mean

Follow-up,

mo

Associated

Pathology

Associated

Procedures PRO Results, D

Complications and

Failures, n (%)

Study Design, CMS,

and LOE

Jamali

(2005)47

OCA 20 P, BP Nm 94 Instability: Nm,

anatomic risk

factors: 20

Realignment: 0,

trochleoplasty: 0,

soft tissue: 9, non-

PF: 0

Mod Merle

d’Aubigné-Postel:

3.85

Minor: 0, major: 0,

failures: 5 (25)

Case series, CMS: 59,

LOE: 4

Torga Spak

(2006)83

OCA 14 P, BP Nm 110 Instability: 14,

anatomic risk

factors: 14

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Lysholm: 52.5 Minor: 0, major: 0,

failures: 2 (14.3)

Case series, CMS: 56,

LOE: 4

Gracitelli

(2015)39

OCA 28 P 10.1 116.4 Instability: 1,

anatomic risk

factors: 3

Realignment: 4,

trochleoplasty: 0,

soft tissue: 8, non-

PF: 1

IKDC: 30b Minor: 0, major: 0,

failures: 8 (28.6)

Case series, CMS: 65,

LOE: 4

Cameron

(2016)12

OCA 29 T 6.1 84 Instability: Nm,

anatomic risk

factors: Nm

Realignment: 0,

trochleoplasty: 1,

soft tissue: 7, non-

PF: 2

IKDC function: 40,b

IKDC pain: –27b

Minor: 0 (3.4), major:

5 (17.2), failures: 1

(3.4)

Case series, CMS: 65,

LOE: 4

Frank

(2017)30

OCA 8 P, T 10.1 59.8 Instability: Nm,

anatomic risk

factors: Nm

Realignment: 4,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 1

IKDC: 36.95,b

Lysholm: 31.79b

Minor: 1 (12.5),

major: 2 (25),

failures: 2 (25)

Prospective, case

series, CMS: 74,

LOE: 2

Wang

(2018)89

OCA 10 T 7.4 49.2 Instability: 0,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 25.8b Minor: 0, major: 2

(20), failures: 1

(10)

Prospective, case

series, CMS: 76,

LOE: 2

Wang

(2018)88

OCA 23 P, T, BP 7.1 43.2 Instability: Nm,

anatomic risk

factors: 2

Realignment: 1,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 16.1b Minor: 0, major: 3

(13), failures: 8

(34.8)

Prospective, case

series, CMS: 80,

LOE: 2

7 studies OCA 129 P, T, BP 6.1-10.1 43.2-116.4 Instability: 15,

anatomic risk

factors: 39

Realignment: 9,

trochleoplasty: 1,

soft tissue: 24,

non-PF: 4

Outcomes

improvement: 5

(71%), no

difference: 2 (29%)

Minor: 1 (0.7), major:

12 (9.3), failures:

27 (20.9)

CMS: 67.9 (56-80),

LOE: 2 (n = 3) and

4 (n = 4)

aBP, bipolar lesion; CMS, Coleman Methodology Score; IKDC, International Knee Documentation Committee; LOE, level of evidence; Nm, not mentioned;

OCA, osteochondral allograft transplantation; P, patellar lesion; PF, patellofemoral (location not specified); PRO, patient-reported outcome; T, trochlear lesion.
bStatistically significant finding.
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outcomes with MACI in the patella deteriorated after 2
years as compared with trochlea. However, Wang et al90

found no differences in PJAC clinical and MRI outcomes
between the trochlea and patella, as did Farr25 for ACI.

Location in the Patella. In patients treated with ACI
and concomitant TTO as indicated, Gillogly and Arnold,32

Gomoll et al,35 Farr,25 and Vanlauwe et al84 found no dif-
ferences in regard to location. However, Niemeyer et al68

found that ACI in patients with patellar lesions, without
maltracking and no concomitant TTO, had better outcomes
for defects located on the lateral facet than for those on the
medial facet or involving both facets. As well, Astur et al5

found better results after OAT in the lateral facet as com-
pared with combined medial and lateral lesions.

Lesion Size. Farr25 and Gomoll et al35 found lesion size
not to influence results in patients treated with ACI. How-
ever, Niemeyer et al68 found that ACI in patients with

patellar defect, without maltracking and no concomitant
TTO, had worse results in larger lesions, and Gobbi
et al33 found patients with MACI had worsened VAS scores
after 2 years in lesions .10 cm2 versus �10 cm2.

Tibial Tuberosity Osteotomy. When TTO was performed
selectively to correct maltracking, various authors found
no differences in clinical outcomes between those patients
who had TTO and those who did not, as associated with
ACI,25,35,69,73,84 scaffolds,70 and PJAC.90 Wang et al90 addi-
tionally found no differences in MRI scores. Tompkins
et al82 found that patients treated with PJAC and concom-
itant TTO had lower VAS scores, but there were no differ-
ences in other scores.

Combined Factors. Kon et al51 found that MACI in
women with patellar lesions requiring realignment had
a combination of factors that synergistically led to worse
outcomes among PF cartilage lesions. Kreuz et al53 also

TABLE 2
Results of Patellofemoral Cartilage Restoration: OAT (n = 156, 8%)a

First Author

(Year) Technique Knees, n

Lesion

Location

Overall

Lesion

Size, cm2

Mean

Follow-up,

mo

Associated

Pathology

Associated

Procedures PRO Results, D

Complications and

Failures, n (%)

Study Design, CMS,

and LOE

Nho (2008)66 OAT-M 22 P 1.656 28.7 Instability: 2,

anatomic risk

factors: 9

Realignment: 12,

trochleoplasty: 0,

soft tissue: 13,

non-PF: 0

IKDC: 27.2b Minor: 0, major: 4

(18.2), failures: 0

Case series, CMS: 80,

LOE: 4

Visonà

(2010)86

OAT-M 6 P 0.84 26 Instability: 1,

anatomic risk

factors: 2

Realignment: 1,

trochleoplasty: 0,

soft tissue: 3, non-

PF: 0

IKDC: 29.1, Lysholm:

26.7

Minor: 0, major: 0,

failures: 0

Case series, CMS: 61,

LOE: 4

Figueroa

(2011)27

OAT-1 10 P 1.2 37.3 Instability: 10,

anatomic risk

factors: 6

Realignment: 1,

trochleoplasty: 0,

soft tissue: 6, non-

PF: 0

IKDC postoperative:

93.6,c Lysholm:

16.7

Minor: 8 (80), major:

0, failures: 0

Prospective case

series, CMS: 66,

LOE: 2

Cohen

(2012)15

OAT-1 17 P 1.5 19.8 Instability: Nm,

anatomic risk

factors: Nm

Realignment: 0,

trochleoplasty: 0,

soft tissue: 7, non-

PF: 0

Lysholm: 21.17b Minor: Nm, major:

Nm, failures: Nm

Prospective cohort,

CMS: 73, LOE: 2

Astur

(2014)5
OAT-1 33 P 1.5 30.2 Instability: Nm,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Lysholm: 23.49b Minor: 0, major: 3

(9.1), failures: 0

Case series, CMS: 80,

LOE: 4

Emre

(2017)23

OAT-M 33 P, T 2.4 19.3 Instability: 0,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Lysholm: 36.3b Minor: 5 (15.2),

major: 0, failures:

0

Case series, CMS: 55,

LOE: 4

Astur

(2017)6
OAT-1 20 P 1.16 24 Instability: Nm,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Kujala: 21b Minor: 14 (70), major:

0, failures: 0

Case series, CMS: 80,

LOE: 4

Chadli

(2017)13

OAT-M 8 P Nm 28.6 Instability: 1,

anatomic risk

factors: Nm

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 36.2,b

Lysholm: 34.5b

Minor: Nm, major:

Nm, failures: Nm

Case series, CMS: 51,

LOE: 4

Yabumoto

(2017)92

OAT-1, OAT-Md 7 BP 4.31 46.9 Instability: Nm,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Normal or nearly

normal IKDC:

57.1%b

Minor: 0, major: 0,

failures: 0

Case series, CMS: 61,

LOE: 4

9 studies OAT-1, OAT-M 156 P, T, BP 0.84-4.31 19.3-46.9 Instability: 14,

anatomic risk

factors: 17

Realignment: 14,

trochleoplasty: 0,

soft tissue: 29,

non-PF: 0

Outcomes

improvement: 7

(78%), no

difference: 2 (22%)

Minor: 27 (20.6),

major: 7 (5.3),

failures: 0 (0)

CMS: 67.4 (51-80),

LOE: 2 (n = 2) and

4 (n = 7)

aBP, bipolar lesion; CMS, Coleman Methodology Score; IKDC, International Knee Documentation Committee; LOE, level of evidence; Nm, not mentioned;

OAT-1, osteochondral autograft transfer (1 cylinder); OAT-M, osteochondral autograft transfer (mosaicplasty); P, patellar lesion; PF, patellofemoral (location

not specified); PRO, patient-reported outcome; T, trochlear lesion.
bStatistically significant finding.
cPreoperative values were not given; therefore, the D in PROs could not be calculated, and the included values are postoperative.
dA mixture of single and multiple plugs were used on the patient population. Results were not stratified by the number of osteochondral plugs.
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TABLE 3
Results of Patellofemoral Cartilage Restoration: Chondrocyte Cell–Based Therapy (n = 1274, 65.7%)a

First Author

(Year) Technique Knees, n

Lesion

Location

Overall

Lesion

Size, cm2

Mean

Follow-up,

mo

Associated

Pathology

Associated

Procedures PRO Results, D

Complications and

Failures, n (%)

Study Design, CMS,

and LOE

Alfredson and

Lorentzon

(1999)2

pACI 57 P 7.63 40.68 Instability: 10,

anatomic risk

factors: Nm

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Nm Minor: 3 (5.3), major:

0, failures: 0

Case series, CMS: 68,

LOE: 4

Peterson

(2000)72

pACI 34 P, BP 4.66 32.4 Instability: Nm,

anatomic risk

factors: 19

Realignment: 19,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Nm Minor: 4 (11.8),

major: 0, failures:

2 (5.9)

Case series, CMS: 59,

LOE: 4

Peterson

(2002)71

pACI 17 P Nm 88.8 Instability: Nm,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Mod Cincinnati: 50b Minor: 0, major: 2

(11.8), failures: 0

Case series, CMS: 61,

LOE: 4

Minas (2005)62 pACI 8 P 4.34 46.4 Instability: 0,

anatomic risk

factors: 5

Realignment: 5,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Mod Cincinnati: 15b Minor: 0, major: 0,

failures: 4 (50)

Prospective cohort,

CMS: 80, LOE: 2

Minas (2005)62 pACI 9 T 4.74 46.4 Instability: 0,

anatomic risk

factors: 6

Realignment: 6,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Mod Cincinnati:

16.6b

Minor: 0, major: 0,

failures: 2 (22.2)

Prospective cohort,

CMS: 80, LOE: 2

Minas (2005)62 pACI 4 BP 12.59 46.4 Instability: 0,

anatomic risk

factors: 3

Realignment: 3,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Mod Cincinnati:

17.5b

Minor: 0, major: 0,

failures: 2 (50)

Prospective cohort,

CMS: 80, LOE: 2

Henderson and

Lavigne

(2006)40

pACI 50 P, BP 3.07 27.55 Instability: Nm,

anatomic risk

factors: 22

Realignment: 22,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 25.8,b Mod

Cincinnati: 31b

Minor: 26 (52), major:

2 (4), failures: 0

Retrospective

comparative study,

CMS: 83, LOE: 3

Kreuz (2007)54 pACI 27 P, T 6.42 36 Instability: Nm,

anatomic risk

factors: 0

Realignment: Nm,

trochleoplasty:

Nm, soft tissue:

Nm, non-PF: Nm

Mod Cincinnati:,

14.8b

Minor: Nm, major:

Nm, failures: Nm

Case series, CMS: 78,

LOE: 4

Mandelbaum

(2007)59

pACI 40 T 4.5 59 Instability: Nm,

anatomic risk

factors: 8

Realignment: 11,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 14

Mod Cincinnati: 33b Minor: 16 (40), major:

6 (15), failures: 0

Case series, CMS: 60,

LOE: 4

Farr (2007)25 pACI 39 P, T, BP 5.5 37.2 Instability: 28,

anatomic risk

factors: Nm

Realignment: 28,

trochleoplasty: 0,

soft tissue: 6, non-

PF: 1

Lysholm: 30,b Mod

Cincinnati: 20b

Minor: 29 (74.4),

major: 0, failures:

0

Case series, CMS: 80,

LOE: 4

Steinwachs and

Kreuz (2007)79

mACI 19 P 6.07 36 Instability: Nm,

anatomic risk

factors: Nm

Realignment: Nm,

trochleoplasty:

Nm, soft tissue:

Nm, non-PF: Nm

Mod Cincinnati: 20 Minor: 0, major: 0,

failures: 0

Case series, CMS: 80,

LOE: 4

Steinwachs and

Kreuz (2007)79

mACI 10 T 6.26 36 Instability: Nm,

anatomic risk

factors: Nm

Realignment: Nm,

trochleoplasty:

Nm, soft tissue:

Nm, non-PF: Nm

Mod Cincinnati: 51b Minor: 0, major: 0,

failures: 1 (10)

Case series, CMS: 80,

LOE: 4

Niemeyer

(2008)68

pACI,

mACI, MACIc

70 P 4.41 38.4 Instability: Nm,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC postoperative:

62,d Lysholm

postoperative: 73,d

Mod Cincinnati:

27.06b

Minor: 0, major: 0,

failures: 0

Case series, CMS: 71,

LOE: 4

Pascual-Garrido

(2009)69

pACI 52 P, T, BP 4.2 48 Instability: 1,

anatomic risk

factors: Nm

Realignment: 28,

trochleoplasty: 0,

soft tissue: 4, non-

PF: 3

IKDC: 26,b Lysholm:

26,b Mod

Cincinnati: 20b

Minor: 0, major: 0,

failures: 4 (7.7)

Case series, CMS: 83,

LOE: 4

Gigante (2009)31 MACI 14 P, BP Nm 36 Instability: 3,

anatomic risk

factors: 14

Realignment: 14,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Lysholm: 37.5,b Mod

Cincinnati: 60b

Minor: 1 (7.1), major:

2 (14.3), failures: 0

Prospective cohort,

CMS: 76, LOE: 2

Peterson

(2010)73

pACI 57 P, BP 7.18 153.6 Instability: Nm,

anatomic risk

factors: 25

Realignment: 30,

trochleoplasty: 23,

soft tissue: 2, non-

PF:0

Lysholm: 3, Mod

Cincinnati

postoperative: 51d

Minor: Nm, major:

Nm, failures: Nm

Case series, CMS: 61,

LOE: 4

Vasiliadis

(2011)85

pACI 65 P, T, BP 5.5 151.2 Instability: Nm,

anatomic risk

factors: 65

Realignment: 27,

trochleoplasty: 23,

soft tissue: 73,

non-PF: 0

Lysholm: 9.5 Minor: 29 (44.6),

major: 7 (10.8),

failures: 5 (7.7)

Case series, CMS: 51,

LOE: 4

Macmull

(2012)58

mACI 25 P 4.73 45 Instability: Nm,

anatomic risk

factors: Nm

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Mod Cincinnati: 6.64 Minor: 0, major: 0,

failures: 0

Case series, CMS: 83,

LOE: 4

(continued)
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TABLE 3
(continued)

First Author

(Year) Technique Knees, n

Lesion

Location

Overall

Lesion

Size, cm2

Mean

Follow-up,

mo

Associated

Pathology

Associated

Procedures PRO Results, D

Complications and

Failures, n (%)

Study Design, CMS,

and LOE

Macmull

(2012)58

MACI 23 P 4.76 35.3 Instability: Nm,

anatomic risk

factors: Nm

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Mod Cincinnati: 13 Minor: 0, major: 0,

failures: 0

Case series, CMS: 83,

LOE: 4

Vanlauwe

(2012)84

mACI 40 P, T, BP 4.89 37 Instability: Nm,

anatomic risk

factors: 12

Realignment: 12,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

KOOS: 25.7b Minor: 9 (22.5),

major: 16 (40),

failures: 0

Case series, CMS: 80,

LOE: 4

Teo (2013)81 pACI 20 P Nm 72 Instability: 0,

anatomic risk

factors: 6

Realignment: 6,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 30,b Lysholm:

20b

Minor: 2 (10), major:

0, failures: 0

Case series, CMS: 65,

LOE: 4

Kreuz (2013)53 MACI 20 P, T 5.4 48 Instability: Nm,

anatomic risk

factors: 0

Realignment: Nm,

trochleoplasty:

Nm, soft tissue:

Nm, non-PF: Nm

IKDC: 22.12,b

Lysholm: 26.8b

Minor: Nm, major:

Nm, failures: Nm

Prospective cohort,

CMS: 80, LOE: 2

Petri (2013)74 MACI 10 PF 3.4 36 Instability: 0,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 29.6,b

Lysholm: 21.1,b

Mod Cincinnati:

24.7b

Minor: 0, major: 0,

failures: 0

Retrospective match-

pair analysis,

CMS: 65, LOE: 4

Tompkins

(2013)82

PJAC 15 P 2.4 28.8 Instability: 5,

anatomic risk

factors: Nm

Realignment: 3,

trochleoplasty: 0,

soft tissue: 5, non-

PF: 0

IKDC postoperative:

73.3d

Minor: 5 (33.3),

major: 0, failures:

0

Case series, CMS: 61,

LOE: 4

Filardo (2014)29 MACI 49 P, T, BP 3 60 Instability: Nm,

anatomic risk

factors: 0

Realignment: 7,

trochleoplasty: 1,

soft tissue: 14,

non-PF: 9

IKDC: 38.6b Minor: Nm, major:

Nm, failures: Nm

Cohort study, CMS:

83, LOE: 2

Gillogly and

Arnold

(2014)32

pACI 25 P 6.4 90.7 Instability: Nm,

anatomic risk

factors: 25

Realignment: 25,

trochleoplasty: 4,

soft tissue: 0, non-

PF: 0

IKDC: 33,b Lysholm:

39,b Mod

Cincinnati: 40b

Minor: 1 (4), major: 9

(36), failures: 1 (4)

Case series, CMS: 80,

LOE: 4

Meyerkort

(2014)61

MACI 24 P, T 3.5 60 Instability: Nm,

anatomic risk

factors: 9

Realignment: 7,

trochleoplasty: 0,

soft tissue: 7, non-

PF: 0

KOOS ADL: 19,b

KOOS Pain: 20.6,b

KOOS QoL: 31.3,b

SF-36 Physical:

8.7b

Minor: 6 (25), major:

3 (12.5), failures: 0

Case series, CMS: 80,

LOE: 4

Gomoll (2014)35 pACI 110 P, BP 6.63 90 Instability: 75,

anatomic risk

factors: 75

Realignment: 75,

trochleoplasty: 5,

soft tissue: 46,

non-PF: 22

IKDC: 29.2,b Mod

Cincinnati: 30b

Minor: 0, major: 0,

failures: 9 (8.2)

Case series, CMS: 86,

LOE: 4

Gobbi (2015)33 MACI 19 P, T, BP 7.12 59.69 Instability: Nm,

anatomic risk

factors: 8

Realignment: 11,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 1

IKDC: 29.33b Minor: 0, major: 4

(21.1), failures: 0

Prospective

comparative study,

CMS: 70, LOE: 3

Ebert (2015)21 MACI 47 P, T 3.3 .24 Instability: 0,

anatomic risk

factors: 19

Realignment: 19,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

KOOS ADL: 18.5,b

KOOS Pain: 21.9,b

KOOS QoL: 30.4,b

SF-36 Physical:

12.2b

Minor: Nm, major:

Nm, failures: Nm

Case series, CMS: 83,

LOE: 4

Müller (2015)65 MACI 16 P, T 5.6 48 Instability: 0,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 27b Minor: 0, major: 0,

failures: 0

Prospective cohort,

CMS: 76, LOE: 2

Kon (2016)51 MACI 32 P, T, BP 4.45 120 Instability: Nm,

anatomic risk

factors: 10

Realignment: 10,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 6

IKDC: 32.6b Minor: 0, major: 0,

failures: 1 (3.1)

Case series, CMS: 80,

LOE: 4

von Keudell

(2017)87

pACI 30 P 4.7 88 Instability: Nm,

anatomic risk

factors: 18

Realignment: 0,

trochleoplasty: 5,

soft tissue: 28,

non-PF: 23

Mod Cincinnati: 26b Minor: 0, major: 18

(60), failures: 3

(10)

Case series, CMS: 80,

LOE: 4

Cvetanovich

(2017)17

mACI 14 P, T 4 55.2 Instability: Nm,

anatomic risk

factors: Nm

Realignment: 18,

trochleoplasty: 0,

soft tissue: 4, non-

PF: 0

IKDC: 32.6b Minor: Nm, major:

Nm, failures: Nm

Case series, CMS: 80,

LOE: 4

Ebert (2017)22 MACI 67 P, T 3 24 Instability: Nm,

anatomic risk

factors: 3

Realignment: 26,

trochleoplasty: 0,

soft tissue: 26,

non-PF: 0

KOOS ADL: 17.6,b

KOOS Pain: 21.3,b

KOOS QoL: 29.5,b

SF-36 Physical:

10.5b

Minor: 4 (6), major: 0,

failures: 3 (4.5)

Cohort study, CMS:

71, LOE: 3

(continued)
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found that female patients with lesions in the PF, especially
in the patella, had worse results as compared with male
patients. For male patients, there were no differences in
the results between tibiofemoral and PF compartments.

Meta-analysis Results

Lesion Size. In comparison with the overall pooled lesion
size (44 studies; 3.9 cm2; 95% CI, 3.5-4.3 cm2), scaffold (2
studies; 2.2 cm2; 95% CI, 1.8-2.5 cm2) and OAT (8 studies;
1.5 cm2; 95% CI, 1.1-1.9 cm2) had a significantly smaller
lesion size (P \ .001), while chondrocyte cell–based therapy
had a significantly larger lesion size (24 studies; 4.7 cm2;
95% CI, 4.1-5.3 cm2; P = .039) (Appendix Figure A1, avail-
able in the online version of this article). Similarly, in com-
parison with the overall pooled patellar lesion size (30
studies; 3.4 cm2; 95% CI, 3.1-3.7 cm2), scaffold had a signifi-
cantly smaller patellar lesion size (2 studies; 2.2 cm2; 95%
CI, 1.8-2.5 cm2; P \ .001), and chondrocyte cell–based ther-
apy had a significantly larger patellar lesion size (15 stud-
ies; 4.6 cm2; 95% CI, 3.9-5.2 cm2; P = .002). However,
there was no significant difference observed between any
of the groups and the overall pooled trochlear lesion size
(11 studies; 4.3 cm2; 95% CI, 3.4-5.2 cm2).

Age. Overall weighted mean age (67 studies) was 37.5
years (range, 15-72 years). Of 36 studies reporting distri-
bution, the mean age was 34.4 years (95% CI, 31.2-37.6
years; Q value = 1839.7; df = 35; P \ .001; I2 = 98.1%).
In comparison with the overall distribution, patients
receiving bone marrow–based procedures were signifi-
cantly older (39.7 years; 95% CI, 37.2-42.2 years; P = .01).

Follow-up. Overall weighted mean follow-up (67 stud-
ies) was 56.1 months (range, 19.3-153.6 months). Of 22

studies reporting distribution, mean follow-up was 49.5
months (95% CI, 43.5-55.5 months; Q value = 22,219.5;
df = 21; P \ .001; I2 = 99.9%). In comparison with the over-
all distribution, there was a statistically shorter follow-up
in the OCA group (36.1 months; 95% CI, 26.2-45.9 months;
P = .026) and bone marrow–based group (36.4 months; 95%
CI, 30.1-42.8 months; P = .003).

Associated PF Pathology. The overall pool (29 studies) of
instability was 11.9% (95% CI, 0.5%-22.0%; Q value =
196.9; df = 28; P \ .001; I2 = 85.8), and the overall pool
(52 studies) of anatomic risk factors was 32.1% (95% CI,
4.4%-41.4%; Q value = 283.8; df = 51; P \ .001; I2 =
82.0%). OCA had the highest rates of instability (25.9%;
95% CI, 0.0%-95.5%) and anatomic risk factors (43.0%;
95% CI, 0.4%-88.9%). However, there was no significant
difference in associated PF pathology between the overall
pooled rate and each group, and neither in a pairwise com-
parison between groups.

Associated Procedures. There was no significant differ-
ence observed between any of the groups and the overall
pool (52 studies) rate of trochleoplasty (3.3%; 95% CI,
0.4%-5.2%; Q value = 105.8; df = 51; P \ .001; I2 =
51.8%), rate of soft tissue procedures (52 studies; 10.6%;
95% CI, 0.9%-15.9%; Q value = 234.2; df = 51; P \ .001;
I2 = 78.2%), and rate of non-PF procedures (52 studies;
4.9%; 95% CI, 0.4%-7.6%; Q value = 150.3; df = 51; P \
.001; I2 = 66.1%). Realignment was most commonly per-
formed in chondrocyte cell–based therapy (37.0%; 95%
CI, 7.0%-48.3%) and bone marrow–based therapy (42.1%;
95% CI, 1.4%-78.2%). OCA frequency was 8.4% (95% CI,
0.7%-23.0%). However, the overall pool (52 studies;
27.7%; 95% CI, 3.7%-36.3%; Q value = 286.9; df = 51; P \
.001; I2 = 82.2%) was significantly different (P = .025)

TABLE 3
(continued)

First Author

(Year) Technique Knees, n

Lesion

Location

Overall

Lesion

Size, cm2

Mean

Follow-up,

mo

Associated

Pathology

Associated

Procedures PRO Results, D

Complications and

Failures, n (%)

Study Design, CMS,

and LOE

Wang (2018)90 PJAC 30 P, T, BP 2.14 46 Instability: 10,

anatomic risk

factors: 10

Realignment: 0,

trochleoplasty: 0,

soft tissue: 13,

non-PF: 4

IKDC: 25.35b Minor: 0, major: 0,

failures: 0

Case series, CMS: 70,

LOE: 4

Berruto (2017)8 mACI 13 P, T 5.5 60 Instability: Nm,

anatomic risk

factors: Nm

Realignment: Nm,

trochleoplasty:

Nm, soft tissue:

Nm, non-PF: Nm

IKDC: 34.8b Minor: 0, major: 0,

failures: 1 (7.7)

Prospective cohort,

CMS: 61, LOE: 2

Zarkadis

(2018)93

mACI 73 P, T, BP 4.5 52 Instability: 4,

anatomic risk

factors: 15

Realignment: 66,

trochleoplasty: 0,

soft tissue: 3, non-

PF: 0

VAS: –3.3b Minor: 0, major: 26

(35.6), failures: 3

(4.1)

Case series, CMS: 67,

LOE: 4

38 studies pACI, mACI,

MACI, PJAC

1274 P, T, BP 2.14-12.59 24-153.6 Instability: 136,

anatomic risk

factors: 377

Realignment: 478,

trochleoplasty: 61,

soft tissue: 231,

non-PF: 83

Outcomes

improvement: 30

(83%), no

difference: 6 (21%)

Minor: 135 (12.7),

major: 95 (9.0),

failures: 41 (3.9)

CMS: 73.2 (51-86),

LOE: 2 (n = 8), 3

(n = 3), and 4

(n = 27)

aADL, Activities of Daily Living; BP, bipolar lesion; CMS, Coleman Methodology Score; IKDC, International Knee Documentation Committee; KOOS, Knee

injury and Osteoarthritis Outcome Score; LOE, level of evidence; mACI, autologous chondrocyte implantation with membrane; MACI, matrix-induced autolo-

gous chondrocyte implantation; Mod Cincinnati, Modified Cincinnati; Nm, not mentioned; P, patellar lesion; pACI, autologous chondrocyte implantation with

periosteum; PF, patellofemoral (location not specified); PJAC, particulated juvenile articular cartilage allograft; PRO, patient-reported outcome; QoL, Quality

of Life; T, trochlear lesion; VAS, visual analog scale.
bStatistically significant finding.
cVarious chondrocyte techniques were utilized, but the specific generation was not discretely defined.
dPreoperative values were not given; therefore, the D in PROs could not be calculated, and the included values are postoperative.
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from only the OAT group (8.2%; 95% CI, 0.2%-30.9%).
From pairwise comparison, there was a greater incidence
of realignment procedures in the chondrocyte cell–based
group than the OAT (P = .027) and OCA (P = .004) groups.
There was also a greater incidence of realignment proce-
dures in the bone marrow–based group than the OCA
group (P = .041). There was a greater incidence of soft

tissue procedures in the OCA group than the bone
marrow–based group (P = .049).

Patient-Reported Outcomes. For the meta-regressions of
PROs, scores from the IKDC (22 studies and 5 groups),
Lysholm (12 studies and 4 groups), and Cincinnati (10
studies and 2 groups) were utilized (Figure 3 and Appendix
Figure A2, available online). There were no significant

TABLE 4
Results of Patellofemoral Cartilage Restoration: Bone Marrow–Based Therapy

With or Without Orthobiologic Augmentation (n = 334, 17.2%)a

First Author

(Year) Technique Knees, n

Lesion

Location

Overall

Lesion

Size, cm2

Mean

Follow-up,

mo

Associated

Pathology

Associated

Procedures PRO Results, D

Complications and

Failures, n (%)

Study Design, CMS,

and LOE

Kreuz

(2006)52

MFx 11 P 2.0 36 Instability: Nm,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Mod Cincinnati:, 14.5 Minor: Nm, major:

Nm, failures: Nm

Case series, CMS: 78,

LOE: 4

Kreuz

(2006)52

MFx 16 T 2.31 36 Instability: Nm,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

Mod Cincinnati:, 10.6 Minor: Nm, major:

Nm, failures: Nm

Case series, CMS: 78,

LOE: 4

Dhollander

(2011)20

AMIC-PRP 5 P 2 24 Instability: Nm,

anatomic risk

factors: Nm

Realignment: 3,

trochleoplasty: 0,

soft tissue: 1, non-

PF: 0

KOOS ADL: 28,

KOOS Pain: 28,

KOOS QoL: 25,

Kujala: 33

Minor: Nm, major:

Nm, failures: Nm

Case series, CMS: 76,

LOE: 4

Wu (2011)91 MFx 201 P, T, BP Nm 50 Instability: 0,

anatomic risk

factors: 201

Realignment: 0,

trochleoplasty: 0,

soft tissue: 201,

non-PF: 0

Satisfactory

postoperative mod.

Kujala (.32) in

78.1%b

Minor: Nm, major:

Nm, failures: Nm

Case series, CMS: 61,

LOE: 4

Kusano

(2012)56

AMIC 20 P 4.4 29.3 Instability: Nm,

anatomic risk

factors: 18

Realignment: 18,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 23,b Lysholm:

27b

Minor: 0, major: 9

(45), failures: 0

Case series, CMS: 65,

LOE: 4

Petri

(2013)74

MFx 10 PF 3.0 36 Instability: 0,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC postoperative:

50.1,c Lysholm

postoperative:

59.6,c Mod

Cincinnati

postoperative:

53.8c

Minor: Nm, major:

Nm, failures: Nm

Retrospective match-

pair analysis,

CMS: 65, LOE: 4

Teo (2013)81 BMAC 3 P Nm 72 Instability: 0,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 30,b Lysholm:

20b

Minor: 0, major: 0,

failures: 0

Case series, CMS: 65,

LOE: 4

Dhollander

(2014)19

AMIC 10 P, T 4.2 24.9 Instability: 0,

anatomic risk

factors: 0

Realignment: 3,

trochleoplasty: 0,

soft tissue: 1, non-

PF: 0

KOOS ADL: 20.5,

KOOS Pain: 20.5,

KOOS QoL: 9.6,

Kujala: 17.9b

Minor: Nm, major:

Nm, failures: Nm

Prospective cohort,

CMS: 76, LOE: 2

Gobbi

(2015)33

BMAC 18 P, T, BP 5.54 54.16 Instability: Nm,

anatomic risk

factors: 5

Realignment: 10,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 2

IKDC: 43.74b Minor: 0, major: 4

(22.2), failures: 0

Prospective

comparative study,

CMS: 70, LOE: 3

Buda

(2019)11

BMAC 28 P, T 2.31 48 Instability: Nm,

anatomic risk

factors: 28

Realignment: 28,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

IKDC: 37.0,b Kujala:

19b

Minor: 0, major: 0,

failures: 0

Case series, CMS: 75,

LOE: 4

Sadlik

(2018)75

AMIC 12 P 2.46 38 Instability: 1,

anatomic risk

factors: 4

Realignment: 3,

trochleoplasty: 0,

soft tissue: 2, non-

PF: 0

IKDC: 52.7b Minor: 0, major: 0,

failures: 0

Case series, CMS: 76,

LOE: 4

11 studies MFx, BMAC,

AMIC, AMIC-PRP

334 P, T, BP 2.0-5.54 24-72 Instability: 1,

anatomic risk

factors: 256

Realignment: 65,

trochleoplasty: 0,

soft tissue: 205,

non-PF: 2

Outcomes

improvement: 7

(64%), No

difference: 4 (36%)

Minor: 0 (0), major:

13 (12.0), failures:

0 (0)

CMS: 70.7 (61-76),

LOE: 2 (n = 1), 3

(n = 1), and 4

(n = 9)

aADL, Activities of Daily Living; AMIC, autologous matrix-induced chondrogenesis; AMIC-PRP, autologous matrix-induced chondrogenesis with platelet-rich

plasma; BMAC, bone marrow aspirate concentrate; BP, bipolar lesion; CMS, Coleman Methodology Score; IKDC, International Knee Documentation Committee;

KOOS, Knee injury and Osteoarthritis Outcome Score; LOE, level of evidence; MFx, microfracture; Mod Cincinnati, Modified Cincinnati; Nm, not mentioned; P,

patellar lesion; PF, patellofemoral (location not specified); PRO, patient-reported outcome; QoL, Quality of Life; T, trochlear lesion.
bStatistically significant finding.
cPreoperative values were not given; therefore, the D in PROs could not be calculated, and the included values are postoperative.
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differences observed between any of the groups and the
overall pooled change in IKDC score (30.2; 95% CI, 27.4-
32.9) and Lysholm score (25.2; 95% CI, 16.9-33.5). In the
Cincinnati score (overall 20.4; 95% CI, 15.9, 24.9), there
was a reduced change (P \ .001) observed after bone mar-
row–based therapy (4.7; 95% CI, 1.9-7.5) as compared with
the overall distribution.

Complications and Failures. No significant differences
were observed between any group and the overall (53 stud-
ies, 5 groups) pooled rate in minor complication rate (7.6%;
95% CI, 4.7%-11.9%) and major complication rate (8.3%;
95% CI, 5.7%-12.0%). In comparison with the overall
pooled failure incidence (6.8%; 95% CI, 4.7%-9.7%), OCA
had a significantly greater incidence of failure (22.7%;
95% CI, 14.6%-33.4%) (Figure 4 and Appendix Figure A3,
available online).

DISCUSSION

The most important findings of this study were that PF
cartilage restoration procedures are reported in a large
number of patients, most commonly in the patella. Chon-
drocyte cell–based therapy was the most common tech-
nique utilized, in 65.7% of the studies. Anatomic risk
factors were frequently associated (43.5%) as well as PF
instability (18.5%). Significant clinical improvement was
more often reported in studies of chondrocyte cell–based
therapy (83%) and OAT (78%). However, there was no dif-
ference in change in IKDC and Lysholm scores in the
meta-analysis. Rates of minor and major complications
were not different among the techniques; however, failures
were higher with OCA. The patella, which is the most fre-
quent location of cartilage lesions in the PF joint,4,16,46 was
also found to be the most common site for cartilage repair
procedures (65.7%). This is similar to what Shanmugaraj
et al76 reported on PF cartilage restoration, evaluating
28 studies.

In terms of frequency of techniques, chondrocyte cell–
based techniques were performed in 65.7% of the knees,

followed by bone marrow–based procedures at 17.2%.
This finding is in agreement with what Shanmugaraj
et al76 found. The frequency of chondrocyte cell–based
therapy was to be expected, since it was described .20
years ago and has good long-term outcomes in the PF
joint.10,35,63,87 In the bone marrow–based therapy, there
has been a clear shift from microfracture, which has been
shown to have high failure rates in the PF joint,55 to
enhanced bone marrow therapy, such as autologous
matrix-induced chondrogenesis or BMAC implanta-
tion.11,19,20,33,56,75 OCA is another classic procedure but is
rarely performed in the PF joint (6.6%), while it is much
more common in the femoral condyles.14,24 This is probably
related to the fact that the shapes of the patella and troch-
lea are more highly variable than the shape of the con-
dyles, which makes matching of the morphology more
challenging, particularly with the involvement of the cen-
tral trochlear groove and median patellar ridge. As a result,
focal contained lesions of the patella and trochlea in these
regions may be more technically amenable to cell therapy
techniques rather than osteochondral procedures.

To interpret clinical outcomes, it is important to under-
stand how variables can interfere in those results. Data are
conflicting, but the variables analysis review suggests that
age, etiology, location in the patella, and a TTO performed
selectively likely do not affect outcomes, while female
patients, lesions in the patella, large lesions, and bipolar
lesions might have worse results.yy It is also known that
persistent malalignment leads to worse results and that
after 10 to 20 years, the outcomes can begin to deteriorate
for some patients.10,73 It is also important to consider the
context in which those variables were evaluated—
typically, focal cartilage lesions of medium size (3.9 cm2)
in young patients with otherwise healthy knees. Further-
more, some techniques are suitable or used on a narrower
range of lesion size (eg, OAT and microfracture in small
lesions, ACI and OCA in large lesions), limiting the ability

TABLE 5
Results of Patellofemoral Cartilage Restoration: Scaffold (n = 44, 2.2%)a

First Author

(Year) Technique Knees, n

Lesion

Location

Overall

Lesion

Size, cm2

Mean

Follow-up,

mo

Associated

Pathology

Associated

Procedures PRO Results, D

Complications and

Failures, n (%)

Study Design, CMS,

and LOE

Joshi

(2012)49

TruFit 10 P 2.64 24 Instability: Nm,

anatomic risk

factors: 0

Realignment: 0,

trochleoplasty: 0,

soft tissue: 0, non-

PF: 0

KOOS: 5.2 Minor: 0, major: 0,

failures: 7 (70)

Case series, CMS: 76,

LOE: 4

Perdisa

(2017)70

3D-OCS 34 P 2.1 24 Instability: 1,

anatomic risk

factors: 9

Realignment: 9,

trochleoplasty: 0,

soft tissue: 2, non-

PF: 4

IKDC: 28.1b Minor: 0, major: 0,

failures: 0

Case series, CMS: 80,

LOE: 4

2 studies TruFit

and 3D-OCS

44 P 2.1-2.64 24 Instability: 1,

anatomic risk

factors: 9

Realignment: 9,

trochleoplasty: 0,

soft tissue: 2, non-

PF: 4

Outcomes

improvement: 1

(50%), no

difference: 1 (50%)

Minor: 0 (0), major:

0 (0), failures: 7

(15.9)

CMS: 78 (76-80),

LOE: 4 (n = 2)

a3D-OCS, 3-dimensional osteochondral scaffold; CMS, Coleman Methodology Score; IKDC, International Knee Documentation Committee; KOOS, Knee

injury and Osteoarthritis Outcome Score; LOE, level of evidence; P, patellar lesion; PF, patellofemoral (location not specified); PRO, patient-reported outcome.
bStatistically significant finding.

yyReferences 5, 17, 25, 28, 32, 33, 35, 51, 53, 68-70, 73, 82, 84, 90.
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to compare results. Thus, for example, age may not have
been recognized to influence outcomes within the range
of the population most commonly treated (patients \45
years old), but we cannot generalize the information to
an older population that has not been studied. In addition,
reporting of cartilage lesion characteristics and associated
procedures is not ideal in the literature48 and results in
lower-quality studies, and we found that studies were inher-
ently heterogeneous from different operative techniques
performed for similar pathology. However, we still have,
on average, studies with moderate quality (mean CMS,
71.76) included in this review, and there was no statistical
difference among groups to bias our results. Related to those
variables, we found the following. The overall lesion size of
the chondrocyte cell–based therapy was larger, while OAT
and scaffold lesions were smaller. Patients undergoing
bone marrow–based procedures were older than the overall
distribution. Follow-up was shorter in the OCA and bone
marrow–based groups. Instability and anatomic risk factors
(11.9% and 32.1%, respectively) were shown to be prevalent
and without differences among the groups. This is in accor-
dance with a case-control study by Ambra et al,3 who found
that 75% of patients with deep focal PF cartilage lesions

(without PF instability or arthritis) have at least 1 anatomic
risk factor. Realignment procedures (including osteotomies)
were more frequently performed in the chondrocyte cell–
based and bone marrow–based groups than in the OCA
group.

We found that outcomes improvement is likely achieved
after cartilage repair procedures in the PF joint. More than
70% of the studies on chondrocyte cell–based therapy,
OCA, and OAT reported statistically significant improve-
ment in clinical outcomes, while 64% and 50% reported
improvement in bone marrow–based therapy and scaffolds,
respectively. However, no differences were observed
between any group and the overall pooled change in
IKDC score (all groups included) or Lysholm score (all
but scaffold). In the Cincinnati score (only chondrocyte
cell–based vs bone marrow–based therapy), there was
a reduced change in bone marrow. Complication rates
were relatively low (minor complications, 11.1%; major
complications, 8.6%) but still higher than those reported
by Gowd et al.37 In their study evaluating a registry with
15,609 cartilage procedures for lesions in all compart-
ments, the overall complication rate was 2.1% for chondro-
plasty, 1.4% for microfracture, 1.8% for arthroscopic OAT,

Figure 3. Change in International Knee Documentation Committee (IKDC) score after patellofemoral cartilage restoration proce-
dures. Heterogeneity: Q value = 51.6, df = 21, P \ .001, I2 = 59.3%.
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1.0% for arthroscopic OCA, 1.4% for open OAT, 1.1% for
open OCA, and 0.75% for ACI. We found no significant dif-
ferences in minor and major complication rates, but OCA
procedures had a significantly greater incidence of failure.
Length of follow-up in studies introduces heterogeneity, as
the likelihood of failing treatment will increase with time.
The present analysis found OCA and bone marrow–based

therapies to have shorter follow-up periods; still, there
was an increased incidence of failure with the OCA popula-
tion. One hypothesis is that the decreased rate of realign-
ment procedures performed in the OCA population—one
that has an associated PF pathology similar to that of
the population of the other techniques—may be account-
able for the higher rate of failures in that group.

Figure 4. Incidence of failures after patellofemoral cartilage restoration procedures. Heterogeneity: Q value = 117.0; df = 52; P \
.001; I2 = 55.5%.
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Alternatively, the higher failure rate of OCA may reflect
its selective use in complex or salvage situations (uncon-
tained lesions, cystic osteochondral defects, failure from
prior cartilage restoration procedure). These data may
not be clearly reflective of its potential utility as a primary
cartilage repair choice in the PF joint for appropriately
selected lesions, especially those with significant bone
deficiency.

As with all systematic reviews and meta-analyses, the
power of the findings is directly proportional to the quality
of the studies. The Coleman analysis points to this limita-
tion, as the mean quality was moderate and there were no
randomized controlled trials. In addition, the high number
of studies reporting zero failures (or not reporting them)
increases the concern regarding the quality of the studies.
Most of those studies are in the OAT and bone marrow–
based therapy groups; alternatively, the smaller lesion
size found in the OAT group and the shorter follow-up found
in the bone marrow–based therapy can partially explain
those zero failure rates. Therefore, those studies should be
viewed with caution but do not need to be disregarded.
The studies also comprise heterogenic demographics, lesion
characteristics, and PF alignment and morphology, which
make a direct comparison not possible. Furthermore, some
studies did not report on those specific characteristics that
can influence outcomes; as such, these data were not avail-
able for a direct assessment in the meta-analysis. Those
characteristics were, however, reported in the variable anal-
ysis section of the systematic review for consideration. In
addition, we defined, in the meta-analysis, the mean of
many of the variables for each group and were able to infer
their possible influences in the results. There is heterogene-
ity in the reporting of subjective and objective outcomes;
therefore, the number of studies included in the meta-anal-
ysis for each PRO is small. In addition, the techniques for
each procedure and the management of comorbidities have
been subtly refined over the reporting years. That is, earlier
studies may not be fully representative of current practice,
but older and newer studies were weighted equally. Last,
as with all systematic reviews, it is possible that relevant
articles or patient populations were not identified with our
search criteria.

CONCLUSION

Overall, considering the number of procedures performed,
the differences in variables, and the clinical outcomes, we
believe that, to date, there is more consistent evidence to
support the use of chondrocyte cell–based therapy in large
lesions and OAT in small lesions as a means to obtain
reliable and successful long-term clinical improvement.
However, in light of the smaller number of reports of the
other techniques, we cannot conclusively comment on their
efficacy other than what the raw data demonstrate. That
said, it can be concluded that PF cartilage lesions can be
successfully addressed with all the techniques evaluated.
Going forward, higher-quality studies with greater

numbers of participants, universally accepted PROs, and
standardized treatment of comorbidities will be essential
in creating an algorithm for optimal use of cartilage resto-
ration in the PF compartment.

An online CME course associated with this article is avail-
able for 1 AMA PRA Category 1 CreditTM at https://
www.sportsmed.org/aossmimis/Members/Education/AJSM
_Current_Concepts_Store.aspx. In accordance with the
standards of the Accreditation Council for Continuing Med-
ical Education (ACCME), it is the policy of The American
Orthopaedic Society for Sports Medicine that authors, edi-
tors, and planners disclose to the learners all financial rela-
tionships during the past 12 months with any commercial
interest (A ‘commercial interest’ is any entity producing,
marketing, re-selling, or distributing health care goods or
services consumed by, or used on, patients). Any and all
disclosures are provided in the online journal CME area
which is provided to all participants before they actually
take the CME activity. In accordance with AOSSM policy,
authors, editors, and planners’ participation in this educa-
tional activity will be predicated upon timely submission
and review of AOSSM disclosure. Noncompliance will
result in an author/editor or planner to be stricken from
participating in this CME activity.
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