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Abstract

Background: Isolated patellofemoral osteoarthritis (PF-OA) is a common subtype of knee osteoarthritis, leading
to a huge economic burden on health care systems. Although previous studies have shown that patellofemoral
arthroplasty (PFA) and total knee arthroplasty (TKA) have good clinical effects, it remains largely unclear which
treatment is more effective for patients with isolated PF-OA. We aimed to compare postoperative function,
complications, revision rates, level of physical activity, and satisfaction rate between the two surgical techniques.

Methods: Our study followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines. Search of literature was conducted in MEDLINE, EMBASE, Cochrane Library, and Web of Science until
November 2020. The included studies were those that provided direct comparison of postoperative outcomes
between PFA and TKA. Data were extracted from eligible studies and combined to calculate the pooled odds ratio
(OR) and 95% confidence interval (Cl). Sensitivity analysis and subgroup analysis were conducted to evaluate
heterogeneity between the two groups.

Results: A total of 7 eligible studies (3 recent randomized controlled trials and 4 nonrandomized controlled trials)
were included in this meta-analysis. The pooled results showed that both the PFA group and the TKA group had
improved postoperative indicators, suggesting that the two operation modes could improve the knee function and
quality of life of patients. Throughout the first 2 years postoperatively, higher activity level, and better functional
recovery were observed for PFA compared with TKA in this study; moreover, the differences between the two
operation modes were statistically significant (p < 0.05). We found no significant difference in complications,
revision rates, and satisfaction rate between the two procedures.
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combined with the doctor’s personal experience.

outcome measure, Systematic review, Meta-analysis

Conclusion: Although there was no observed difference in the complications, revision rates, and satisfaction rate
between PFA and TKA, PFA was superior to TKA in terms of knee function and physical activity in the first 2 years
postoperatively. Therefore, PFA is a safe, effective, and less invasive treatment for patients with isolated PF-OA. Our
findings are consistent with the systematic review of current evidence that PFA may be more suitable for younger
patients with high activity needs. Patient selection is, therefore, thought to be of paramount importance.
Individualized surgical plan should be designed according to the patient's age, BMI, KOA site, and activity level and

Keywords: Patellofemoral osteoarthritis, Patellofemoral arthroplasty, Total knee arthroplasty, Patient-reported

Introduction

Osteoarthritis (OA) of the knee is a common form of
degenerative joint disease, which affects individuals all
over the world. Over 100,000 primary knee arthroplas-
ties are conducted annually in the United Kingdom (UK)
and were predicted to increase 6-fold by 2030 (UK
National Joint Registry 2014) [1]. One-third of OA pa-
tients are affected in only one compartment [2]. Studies
have shown that the isolated patellofemoral osteoarth-
ritis (PF-OA) affects 11% to 24% of the general popula-
tion with knee pain who are 55 years and older, with a
female preponderance [3, 4]. PF-OA has a substantial
negative socioeconomic impact on the health care sys-
tem due to a high prevalence and the chronic relapsing
nature of symptoms.

In the early stage of isolated PF-OA, the treatment op-
tions include conservative therapies and minor surgical
procedures, such as arthroscopy, cartilage stimulation
with microfractures, lateral retinacular release, tibial tu-
berosity transposition, and cartilage replacement proce-
dures [5-11]. In the late stages, when severe pain is
present, joint arthroplasty such as patellofemoral arthro-
plasty (PFA) and total knee arthroplasty (TKA) may be
recommended [12-14]. TKA is perceived to be the gold
standard treatment of symptomatic late-stage knee
osteoarthritis (KOA) and provides good long-term out-
comes [15]. However, for the isolated PF-OA, TKA is
not the preferred treatment strategy, especially for youn-
ger and highly active patients. PFA is an alternative to
TKA for the treatment of isolated PF-OA [16, 17], pre-
serving both tibiofemoral joints and ligamentous struc-
tures as a less invasive operation, and enabling a faster
recovery [18]. A previous review suggested PFA and
TKA have similar results in terms of complications and
reoperation rates for isolated PF-OA [19]. However, a
recent randomized controlled trial (RCT) comparing
TKA with the Avon PFA in patients with isolated patel-
lofemoral disease found a greater overall knee-specific
quality of life and improved range of movement 2 years
postoperatively for the Avon group [20]. PFA and TKA
are two kinds of prostheses with different designs and

require different surgical techniques. Choosing the ap-
propriate prosthesis type for isolated PF-OA surgery re-
mains somewhat controversial for patients with isolated
PF-OA. Therefore, we conducted a systematic review
and meta-analysis to compare PFA and TKA for patients
with isolated PF-OA.

The aim of our study was to quantitatively evaluate if
the outcomes of PFA and TKA differs with regard to (1)
postoperative complications, (2) rates of revision, (3)
function, (4) postoperative physical activity, and (5) satis-
faction rate.

Methods

Search strategy

We strictly conducted this study in accordance with the
PRISMA statement (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) [21]. First, the
research protocol for this review was determined by all
coauthors and then the literature searches begin. With
the assistance of an experienced librarian, two authors
(Guanrong Peng and Min Liu) developed the search
strategy following the PICOS methodology. By Novem-
ber 13, 2020, according to the comprehensive retrieval
strategy, we have systematically searched the four major
electronic databases, including MEDLINE (through
PubMed), EMBASE (through OvidSP), SCI (through
Web of Science), and CENTRAL (Cochrane Central
Register of Controlled Trials, through the Cochrane
Library). To maximize sensitivity, we had no restrictions
on the language and publication date of the articles in
the whole retrieval process. The literature search strat-
egy for the four databases followed Medical Subject
Headings combination with terms. Additionally, the ref-
erence lists of each comparative study and reviews were
also examined to identify additional relevant studies.
The detailed search strategy of this study is shown in
Additional file 1.

Inclusion and exclusion criteria
Two authors (Guanrong Peng and Min Liu) independ-
ently evaluated the search results by scanning the titles
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or abstracts or full text. Eligible studies were included in
the current systematic review. If there was a disagree-
ment between the two authors on qualification issues, a
consensus could be reached by consultation with an-
other author (Yirong Zeng).

All RCTs or non-randomized controlled trials (nRCT's)
that directly compared PFA with TKA to treat isolated
PF-OA were identified and included. The inclusion cri-
teria were (1) in the original comparative studies, all sur-
gical procedures were primary PFA and TKA; (2) there
was no difference in baseline data between the two
groups, including age, gender, body mass index (BMI),
previous procedures and preoperative outcome mea-
sures; (3) complete data were available to calculate the
pooled odds ratios (OR) with 95% confidence interval
(CI); and (4) at least one of the following outcome indi-
cators was reported: function (e.g., knee function score
or range of motion), daily physical activity score, compli-
cations (e.g., pain, postoperative joint stiffness, infection,
thrombosis, periprosthetic fractures), revision rate of
prostheses, and postoperative satisfaction. Exclusion cri-
teria were as follows: (1) literature without available data
due to incomplete or unclear information; (2) revision
surgery was included; (3) included other surgical proce-
dures; (4) repetitive articles, unable to obtain full text,
conference and case reports, reviews, systematic reviews
and expert opinions; (5) animal experiments; (6) authors
could not distinguish languages; (7) non-conformity with
inclusion criteria; and (8) without clear outcome mea-
sures and evaluation standard of curative effect.

Study quality assessment

To determine whether biases might have affected the re-
sults, the Cochrane Risk Bias Tool (CRBT) was used to
assess the risk of bias in RCTs [22]. We assessed the risk
of bias in the nonrandomized studies using the Risk of
Bias in Non-Randomized Studies of Interventions
(ROBINS-I) assessment tool [23]. The ROBINS-I tool
evaluates bias including the following aspects: bias due
to confounding, bias in the selection of participants, bias
in measurement of interventions, bias due to departures
from intended interventions, bias due to missing key
data, bias in measurement of outcomes, and bias in se-
lection of the reported result. Each study included was
independently assessed by two authors (Guanrong Peng
and Min Liu). In the case of any controversy, a final con-
sensus was reached through discussion or resolved by a
third author (Yirong Zeng).

Data extraction

The first author extracted data from all included studies
based on a standardized date collection form, and then
two other authors repeated this process to extract data.
This standardized data extraction format included the
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following aspects: (1) study general information (ie.,
author, country, journal, year of publication and type of
study); (2) population information of study (i.e., sex, age,
BMI, and diagnosis); (3) surgery type and follow-up
time; and (4) outcome measures (i.e., functional out-
comes of knee, daily physical activity score, complica-
tions, revision rates, health-related quality of life
(HRQOL), and satisfaction rate). Complications were de-
fined as postoperative unfriendly issues. Except the study
by Ivan Kamikovski et al. [24], we contacted the author
by phone, email, or other means for more information
when the key data of the studies were missed.

Statistical analysis

We used the OR and associated 95% CI for statistical
analysis of each study containing dichotomous variables,
such as complications, revision incidence, and satisfac-
tion rate. For continuous variables, including daily
physical activity score and knee function score, the mean
difference (MD) or standard mean difference (SMD) was
used. For continuous data with mean and range values
as the outcomes, we used statistical algorithms to calcu-
late standard deviations [24]. Our system analysis only
counted those studies that gave both means and stand-
ard deviations. The heterogeneity between studies was
evaluated by * and P value. While the statistical result
was P >0.1 or I’ <50% (no heterogeneity among the
studies), the fixed effect model was applied to merge the
effect quantities. Otherwise, the random effect model
was used.

After selecting the test mode, sensitivity analysis was
conducted when necessary to evaluate the stability of the
results. We obtained more specific conclusions through
subgroup analysis if data were available. Moreover, forest
plots were used to explain the results of individual stud-
ies and estimated the effect of each merger separately.
Funnel plots were used to detect publication bias for any
results. In this system analysis, Review Manager (version
5.3.5 for Windows, the Cochrane Collaboration, the
Nordic Cochrane Centre, Copenhagen, 2014) was used
for all statistical analyses.

Results

Study selection

We extracted a total of 1189 potentially relevant
citations from the four electronic databases (MEDLINE
= 314, EMBASE = 237, SCI = 600, CENTRAL = 38).
First, 410 repetitive studies were eliminated by citation
management software. Second, 624 irrelevant citations
were excluded by browsing the titles and abstracts.
Third, 148 of which were excluded again for reasons,
such as commentary (or reviews, n = 80), no control
groups (n = 41), containing other orthopedic surgery (n
= 10), case report (n = 8), lacking raw data (n = 3), no



Peng et al. Journal of Orthopaedic Surgery and Research

useful outcome date (1 = 3), analysis of reasons for revi-
sion (n = 2), and surgery technique (n = 1). Finally, a
total of 7 articles [15, 20, 25—-29] were included in this
research. The detailed screening process of this study
was shown in Fig. 1.

Study characteristics and quality

In these 7 studies that included 505 patients (509 knees)
with isolated PF-OA, there were 246 cases (250 knees)
in the PFA group and 259 patients (259 knees) in the
TKA group. Two of the seven studies were from
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Denmark [15, 20], two from the UK [25, 27], one from
Canada [28], one from Germany [29], and one from the
USA [26]. Two studies were published in 2020 [15, 27],
two in 2019 [25, 28], two in 2018 [20, 29], and one in
2010 [26]. The follow-up period of the seven studies was
differ ranging from 1 year [27] to 15 [25] years. The
mean age ranged from 50years [28] to 72years [29].
Study characteristics, information of related research
journals, interventions, patient demographic details, and
clinical results for the 7 studies in this meta-analysis
were shown in Tables 1 and 2.
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Table 2 Summary of clinic outcomes (throughout the first 2 years after operation) for each study
Author Year Group Follow-up Complication Function score UCLA activity HRQOL Satisfaction
(revision) score (YES/NO)

Fredborg et al. [15] 2020 PFA 2Y 8 (1) NC NC 0.84 £ 0.13 (EQ-5D) NC

TKA 13 (0) 0.79 £ 0.20 (EQ-5D)
Joseph et al. [27] 2020 PFA 1-5Y 4 (0) 13.7 + 83 (OKS) 55+16 0.68 + 0.24 (EQ-5D) 17/3

TKA 9(0) 154 £ 9.2 (OKS) 47£12 0.63 £ 0.34 (EQ-5D) 21/2
Odgaard et al. [20] 2018 PFA 2Y 42 8.0 £ 7.4 (OKS) NC 106 + 34 (KOOS QOL) NC

TKA 7 (0) 13.0 + 7.4 (OKS) 9.6 + 34 (KOOS QOL)
Clement et al. [25] 2019 PFA 10.1 (8-15)Y 8 (4) 31.0 £ 104 (OKS) NC 478 £11.0 (SF-12) 39/6

TKA 97 8-12)Y
2019 PFA 516 £152Y NC
TKA 538+ 125Y

Kamikovski et al. [28]

31.2 £ 105 (OKS)
537 £ 122 (WOMAQ)
59.2 + 9.0 (WOMAQ)

48.6+10.8 (SF-12) 36/10
4.2 =43 (KOOS QOL)  NC
10.2 £3.2 (KOOSQOL)

5714
6.7 £1.7

Perrone et al. [29] 2018  PFA 327+93M  5(1) 29.5 + 10.5 (OKS) NC NC NC
TKA 6 (3) 38.7 £84 (OKS)

Dahm et al. [26] 2010 PFA 29 24-499 M 6 (0) 84+49.7 (AKSS) 6.6+4.6 NC 17/6
TKA 27 (24-33) M 6 (0) 73+39.5 (AKSS) 4.2+34 18/4

OKS Oxford Knee Score, OKS is a 12-item knee function assessment, ranging from 0 (best score) to 48 (worst score); WOMAC Western Ontario and McMaster
Universities Osteoarthritis Index, WOMAC function score, primary outcome measure, range ranging from 0 (worst score) to 68 (best score); UCLA University of
California Los Angeles, UCLA activity score ranging from 0 (worst score) to 10 (best score); AKSS American Knee Society scoring, AKSS measures function, range
from 0 (worst outcome) to 100 (best outcome); KOOSQOL The Knee injury and Osteoarthritis Outcome Score quality of life, ranging from 0 (worst score) to 16
(best score); Y year; M month; PFA patellofemoral arthroplasty; TKA total knee arthroplasty; HRQOL health-related quality of life; SF-12 the 12-ltem Short-Form

Health Survey; EQ-5D EuroQol five-dimension questionnaire

We included 3 RCTs [15, 20, 27] and 4 nRCTs [25, 26,
28, 29]. Subgroup analysis was used in the 3 RCTs.
RCTs were assessed using the CRBT according to 6 do-
mains of potential biases, while nRCTs were evaluated
using ROBINS-I according to 7 domains of potential
biases. The specific test qualities of all studies were
shown in Additional files 2 and 3.

Complications

Complications were defined as postoperative unfriendly
issues. Except the study by Ivan Kamikovski et al. [28], a
total of 463 patients were evaluated in 6 studies [15, 20,
25-27, 29] to estimate the incidence of complications.
Main complications included pain, joint stiffness, activity
limitation, infection, unequal length of lower limbs, deep
vein thrombosis, revision, operation area paralysis, and
periprosthetic fracture. We divided the studies into the
RCT and nRCT groups for subgroup analysis. Six arti-
cles were tested for heterogeneity, which showed that
the heterogeneity of the selected studies was not statisti-
cally significant(P = 0.69> 0.1, I* = 0% < 50%; Fig. 2). The
pooled data showed no statistical significance in the inci-
dence of complications between the two groups in the
fixed effect model (OR 0.66, 95% CI 0.41-1.07, Z = 1.68,
P = 0.09; Fig. 2). The funnel symmetry demonstrated
that there was no significant publication bias regarding
the incidence of complications between the two group
(Fig. 3). In other words, there was no significant

difference in the incidence of complications between the
two groups.

Revision rates

Six studies assessed the incidence of revisions in a total
of 463 patients [15, 20, 25-27, 29]. Revision surgery was
reported in both groups. However, subgroup analysis in-
dicated that the revision rates between the PFA and
TKA groups were not statistically different (OR 2.23,
95% CI 0.70-7.06, Z = 1.36, P = 0.17; Fig. 4). That was
to say, the revision rate of PFA was not higher than that
of TKA.

Functional results

The results of knee function were compared by the
patient-reported outcome measures. Fredborg et al. [15]
did not give a knee function score. Therefore, six [20, 25—
29] out of the seven studies assessed knee function using
different knee function scoring systems. Ivan Kamikovski
et al. [28] used Western Ontario and McMaster Univer-
sities Osteoarthritis Index (WOMAC) functional score (0
best, 68 worst). Dahm et al. [26] used the American Knee
Society scoring system (AKSS, 0 worst, 100 best). The
remaining four studies used the Oxford Knee Score sys-
tem (OKS, 0 worst, 48 best) [20, 25, 27, 29]. Five out of six
studies reported better functional scores in the PFA group
[20, 25 - 27, 29]. Furthermore, among four studies that
used the OKS [20, 25, 27, 29], the pooled data showed that
there was a statistical difference between PFA and TKA
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PFA TKA Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
1.1.1RCT
Anders 2018 4 50 7 50 15.4% 0.53[0.15,1.95)
Fredborg 2020 8 50 13 50 26.1% 0.54 [0.20, 1.45) — &
Joseph 2020 4 Ky g 29 19.3% 0.33[0.08,1.22)
Subtotal (95% Cl) 131 129 60.8%  0.47[0.24,0.92] ~ll—
Total events 16 29
Heterogeneity: Chi*=0.40, df=2 {(P=0.82); F=0%
Test for overall effect. Z=2.19 (P=0.03)
1.1.2nRCT
Clement 2019 8 54 10 54  20.3% 0.77[0.28,2.12) - 1T
Diane 2010 B 23 ] 22 10.8% 0.94 [0.25, 3.53)
Perrone 2018 5 19 ] Ky 8.0% 1.49(0.38, 5.77)
Subtotal (95% Cl) 96 107 39.2%  0.96[0.48, 1.92] -
Total events 19 22
Heterogeneity: Chi*=0.59, df=2 (P=0.74), F=0%
Test for overall effect: Z=0.11 (P =0.91)
Total (95% Cl) 227 236 100.0%  0.66 [0.41, 1.07] N
Total events 35 51
Heterogeneity: Chi*= 3.07, df= 5 (P = 0.69); F= 0% f f f f f t
Test for overall effect: Z=1.68 (P = 0.09) 0.1 0.2 Favouorg THA Fav0L12rs PFA 5 10
Test for subgroup differences: Chi*= 2.09, df=1 (P=0.15), F=52.2%
Fig. 2 Comparison of complications incidence between PFA and TKA groups

(MD - 3.78; 95% CI, - 7.18, - 0.38; Z = 2.18, P = 0.03 <

0.05; Fig. 5).

Daily physical activity scores

Three studies reported using the University of California
Los Angeles Physical Activity Rating Scale (UCLA, 0

worst, 10 best) to assess physical activity [26—28]. There
was significant heterogeneity among these three stu-
dies(P = 0.002< 0.1, > = 84% >50%). The study of Ivan
Kamikovski et al. [28] was excluded in sensitivity ana-
lysis. While the UCLA activity scores of the two groups
were improved in the final follow-up, the recovery of
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Fig. 3 Funnel plot illustrating a meta-analysis of the incidence of complications between PFA and TKA. OR, odds ratio; SE, standard error
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PFA TKA Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI
1.2.1RCT
Anders 2018 2 50 0 50 11.8% 5.21[0.24,111.24]
Fredborg 2020 1 50 0 50 12.0% 3.06([0.12, 76.99]
Joseph 2020 0 N 0 29 Mot estimable
Subtotal (95% CI) 131 129 23.7% 4.12[0.45,37.51] —e
Total events 3 0
Heterogeneity: Chi*= 0.06, df=1 {(P=0.81); F=0%
Test for overall effect. Z=1.26 (P=10.21)
1.2.2 nRCT
Clement 2019 4 54 1 54 229% 4.24[0.46,639.24] *
Diane 2010 0 23 0 22 MNot estimable
Perrone 2018 1 19 3 31 53.4% 0.52[0.05,5.38] i
Subtotal (95% CI) 96 107 76.3%  1.64[0.40,6.62] —~l—
Total events 5 4
Heterogeneity: Chi*=1.63, df=1 (P =0.20); F=39%
Test for overall effect: Z= 0.69 (P = 0.49)
Total (95% CI) 227 236 100.0%  2.23[0.70,7.06] —
Total events 8 4
Heterogeneity: Chi*= 2.15, df= 3 (P = 0.54); F= 0% 0501 051 1=0 160
Test for overall effect Z=1.36 (P=0.17) : ) y )
Test for subgroup differences: Chi*= 0.48, df=1 (P = 0.49), = 0% Favours TiA - Favours PFA
Fig. 4 Comparison of the revision rates between PFA and TKA groups
physical activity was better in the PFA group (MD 0.93, Discussion

95% CI 0.25-1.62, Z = 2.68, P = 0.007; Fig. 6).

Satisfaction rate

A total of 213 patients were finally followed up for the rate
of satisfaction in three studies [25-27]. Compared with
TKA, PFA had higher functional results and physical ac-
tivity scores. However, the pooled data showed no signifi-
cant difference in satisfaction rates between PFA and TKA
(OR 0.95, 95% CI 0.44-2.05, Z = 0.14, P = 0.89; Fig. 7).

In recent years, studies have shown that both PFA and
TKA have achieved satisfactory results in the treatment
of patients with PF-OA [30-35]. However, surgical treat-
ment options for severe symptomatic isolated PF-OA re-
main controversial. We objectively and quantitatively
designed this meta-analysis to compare the effectiveness
of PFA and TKA for isolated PF-OA. Perrone et al. [29]
noted that patient-reported outcome measures (PROMs)
are extensively used as an important outcomes measure
to evaluate patients undergoing joint replacement

PFA TKA
Study or Subgroup _Mean _SD Total Mean SD Total Weight
1.3.1RCT
Anders 2018 8 74 50 13 74 50 31.0%
Joseph 2020 13.7 83 31 154 92 29 23.8%
Subtotal (95% CI) 81 79 54.7%

Heterogeneity: Tau*=1.78; Chi*=1.49, df=1 (P=0.22); F= 33%
Test for overall effect: Z=2.39 (P =0.02)

1.3.2nRCT

Clement 2019 31 104 54 312 105 54 26.0%
Perrone 2018 295 105 19 387 84 31 198.3%
Subtotal (95% CI) 73 85 45.3%

Heterogeneity: Tau®= 34.44; Chi*=6.68, df=1 (P=0.010); F=85%
Test for overall effect: Z=1.00 (P =0.32)

Total (95% CI) 154 164 100.0%
Heterogeneity: Tau®= 7.54;, Chi*= 8.32, df= 3 (P = 0.04); F=64%

Test for overall effect: Z=2.18 (P=0.03)

Test for subgroup differences: Chi*=0.02, df=1 (P =0.89), F= 0%

Fig. 5 Forest plot of RCTs and nRCT reporting function results (throughout the first 2 years after operation) for PFA and TKA patients

Mean Difference Mean Difference
IV, Random, 95% CI IV, Random, 95% CI
-5.00 [-7.90,-2.10] -
-1.70[-6.14, 2.74] — T
-3.80[-6.91,-0.68] <
-0.20[-4.14,3.74) -
-9.20 [14.77,-3.63] —
-4.48[-13.28, 4.33] e
-3.78[-7.18, -0.38] &>
20 -0 0 10 20
Favours TKA Favours PFA
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PFA TKA Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Diane 2010 66 46 23 42 3.4 22 8.4%  2.40(0.04,4.76)
Ivan 2019 57 1.4 23 6.7 1.7 23 0.0% -1.00[-1.80,-0.10]
Joseph 2020 55 1.6 31 47 1.2 29 91.6%  0.80(0.09,1.51) _._
Total (95% Cl) 54 51 100.0% 0.93[0.25, 1.62] -
Heterogeneity: Chi*= 1.62, df=1 (P = 0.20); F= 38% " Y ? 3 1
Test for overall effect: Z= 2.68 (P = 0.007) Favours TKA Favours PFA
Fig. 6 Comparison of the Physical Activity Scores between PFA and TKA groups

surgery. Studies included in our meta-analysis also per-
formed PROMs as evaluation methods of outcome. All
the outcome measures were improved in both PFA and
TKA groups, suggesting that the two operation modes
could improve the function and quality of life. Through-
out the first 2 years after operation, a higher physical ac-
tivity level and better functional recovery were observed
for PFA compared with TKA, which was consistent with
the conclusion of previous studies [15, 20, 28]. The
pooled data showed no statistical difference between the
two groups in terms of complications, revision rates, and
satisfaction rate.

The premise for any surgical operation to obtain satis-
factory clinical efficacy and high safety is to strictly grasp
its indications and contraindications. Therefore, select-
ing the suitable patients for PFA is a challenge for the
surgeons. PFA has been defined by 6 classic indications
and 11 consensus contraindications [36—38]. Indications
include (1) isolated degenerative osteoarthritis of patello-
femoral joint, (2) severe patellofemoral joint degener-
ation with ineffective long-term conservative treatment
(at least 3—-6 months) and/or failure of conservative
surgery, (3) posttraumatic patellofemoral arthritis, (4)
generalized grade III patellofemoral arthritis chondropa-
thy, (5) failure of a previous extensor unloading surgical
procedure, and (6) degenerative changes with or without
instability due to patellofemoral dysplasia. The contrain-
dications include (1) no conservative treatment or other
sources of pain cannot be excluded, (2) arthritis of
greater than Kellgren-Lawrence Grade 1 involving the
tibiofemoral articulation, (3) osteoarthritis or chondrosis

of the patellofemoral joint of Grade 3 or less, (4) uncor-
rected patellofemoral instability or malalignment, (5) pa-
tella baja, (6) systemic inflammatory arthritis, (7) active
infection, (8) uncorrected tibiofemoral mechanical mala-
lignment (varus> 5° or valgus> 8°), (9) psychogenic pain,
(10) evidence of chronic regional pain syndrome, and
(11) fixed loss of knee range of motion (- 10° of exten-
sion to 110° of flexion at a minimum).

PFA is a relatively early clinical technology, so far a
large number of scholars have carried out research and
reported their results. Leadbetter WB et al. [37] reported
that factors including gender, age(< 40 years), obesity
(BMI of >30kg/m?), primary osteoarthritis, patella alta,
and a high activity level might compromise the clinical
outcomes of PFA. Van Jonbergen et al. [39] considered
that obesity (BMI >30) was not only a risk factor for
patellofemoral arthritis, but also a risk factor for revision
after PFA. Nevertheless, Jared et al. [40] proffered that
35 obese (BMI > 30) patients with isolated PF-OA could
achieve the same improvement in function as non-obese
(BMI: 18.5-25) patients following PFA, and there was
no difference in PFA revision rate between the two. As
is known to all, the mold of implant is one of the most
important considerations affecting the clinical results.
Modern PFA implants have been widely used due to
their higher functional success rates and lower complica-
tion rate. Moreover, as technology advances, including
custom implants and robotic assistive programs, the ad-
vantages of PFA may be further enhanced [41, 42]. Add-
itionally, studies have already shown that 66% to 100%
of patients with PFA achieved good to excellent results

PFA TKA Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Clement 2019 6 45 10 46 65.1% 0.55[0.18, 1.68) —
Diane 2010 6 23 4 22 229% 1.59[0.38, 6.63) o
Joseph 2020 3 20 2 23 120% 1.85[0.28,12.39]
Total (95% Cl) 88 91 100.0%  0.95[0.44,2.05] —eagliEn—
Total events 15 16
Heterogeneity: Chi*= 1.88, df= 2 (P = 0.39); F= 0% t t t f t t
Test for overall effect. Z=0.14 (P = 0.89) 01 D.zFavouUr.ssTVA1 Favofu‘s PFA 5 10
Fig. 7 Forest plot of reporting satisfaction rates for PFA and TKA patients
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over a 3- to 17-year follow-up [43-47]. For example,
Cartier et al. [44] reported on a study of the first-
generation of PFA that 55 of 65 patients achieved good
to excellent results at 4 years. Van der List JP et al. [47]
found that the 5-, 10-, 15- and 20-year survival rate of
PFA prosthesis was 91.7%, 83.3%, 74.9%, and 66.6%, re-
spectively. In addition, in a study of 62 patients with a
mean follow-up of 5.0 + 2.1years, Jonas Pogorzelski
et al. [46] demonstrated that 94% of the patients with
PFA were able to return to the same or higher level of
exercise, while 74% of the patients showed improved
ability to perform sports.

Admittedly, the “gold standard” for the primary treat-
ment of symptomatic advanced KOA is TKA. Mean-
while, TKA is considered as a benchmark for the
treatment of isolated PF-OA [15]. Nevertheless, the re-
section of cruciate ligament in TKA affects the participa-
tion and range of motion in high demand activities [48,
49]. Besides, the revision rate increased by two to three
times among young patients who received TKA in the
following decades [50]. In recent years, many scholars
have shown renewed interest in the field of PFA. With
the improvement of PFA prosthesis design and surgical
techniques, modern PFA has become a reasonable
choice for young isolated PF-OA patients to delay TKA
[44]. It has shown a three to four times improved sur-
vivorship than the first generation implants [51]. There
were 3 RCTs [15, 20, 27] and 4 nRCTs [25, 26, 28, 29]
comparing PFA and TKA for patients with isolated
PE-OA found no difference between the interventions
in terms of satisfaction rates, complications, and revi-
sion rates. Shubin Stein et al. [52] noted that the ma-
jority of PFA patients could return to preoperative
level of physical activity, which was also found in our
study. Leadbetter et al. [53] discovered that PFA pa-
tients could return to tennis, ballet, skiing and other
activities in the short term.

Compared with TKA, the advantages of PFA include
lower intraoperative blood loss, shorter surgical duration
and tourniquet time, the minimal femoral bone loss as
well as the preservation of the tibiofemoral articulation,
menisci, and ligaments [41, 42]. The minimally invasive
PFA technology allows a faster rehabilitation and better
range of motion and function for young patients in a
short time after operation. Notably, for younger patients
with isolated PF-OA, TKA is defined as a more invasive
procedure because it requires the replacement of two
healthy tibiofemoral joints [31, 37]. Compared with the
older population, TKA has a higher revision rate among
younger patients [54]. What is more, PFA is at least
1.0% more effective than TKA in the terms of cost-
effectiveness [50]. PFA may bring good clinical effects
and economic benefits to patients when it is accepted as
a practical technique for the treatment of isolated PF-
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OA. Additionally, if tibiofemoral arthritis progression or
implant failure occurs, PFA can be used as a bridge op-
eration for TKA in the future potentially reducing the
revision rates. Of note, based on a proper patient selec-
tion, precise prosthesis design and accurate surgical
technique, Shubin Stein et al. [52] believed that PFA
should be more and more popular in the young active
patients with isolated PF-OA. However, previous studies
have been reported that the progression of tibiofemoral
arthritis is considered to be a common cause of failure
of modern PFA prostheses [31, 44]. Furthermore, Dahm
et al. suggested that patients with idiopathic PF-OA may
be more likely to develop generalized tibiofemoral arth-
ritis [26]. Odgaard et al. [20] reported that there were
two revisions within 2 years in patients with PFA. Select-
ing the right patient for PFA, therefore, thought to be of
paramount importance.

To the best of our knowledge, this appears to be the
first meta-analysis to compare PFA and TKA for pa-
tients with isolated PF-OA in terms of postoperative
function, complications, revision rate, physical activity
and satisfaction. Furthermore, the great strength of this
study is that it's the latest meta-analysis to objectively
and quantitatively compare the efficacy between the two
surgical techniques. Compared with a previous system-
atic review and meta-analysis [51], we included a num-
ber of new clinical studies [15, 20, 25, 27-29] up to
2020. We noted that an excellent meta-analysis has been
published previously by Dy et al. [51], but the purpose
was mainly to compare the postoperative complications
of PFA and TKA. Consequently, our results are more
up-to-date. Furthermore, we conducted the current
study in accordance with the PRISMA statement and
critically evaluated the quality of all selected studies.

However, our meta-analysis has some limitations,
which should be considered when interpreting the re-
sults. First, some studies have been inevitably omitted or
not identified due to search strategy, although we con-
sulted a professional librarian and optimizing the re-
trieval strategy. Second, only 3 of 7 studies were RCTs
in our research, in which it is very hard to blind partici-
pants and investigators. Because surgical procedures are
determined by the patient and the physician, it is diffi-
cult to maintain a baseline balance between the PFA and
TKA groups. Third, the results of our systematic analysis
may be influenced by different prosthesis types, surgical
technique and postoperative care. Fourth, the follow-up
period of 7 studies included in this meta-analysis is
heterogenous ranging from 1 to 15years, which may
have introduced recall bias and varying time points for
collection of postoperative patient-reported outcome
measures. Finally, this meta-analysis included studies
that chose results cutoff of two years after surgery, the
postoperative outcomes may also be associated with the
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follow-up time. Therefore, longer follow-up is necessary
to compare the medium and long-term efficacy of the
two surgical methods.

Conclusions

In this up-to-date meta-analysis, while satisfactory clin-
ical effectiveness was achieved by both PFA and TKA,
PFA showed superior functional results and UCLA
scores compared with TKA. There were no significant
differences in complications, revision rates and satisfac-
tion rate between PFA and TKA for isolated PF-OA.
Thus, younger active patients may be good candidates
for PFA. High-quality, multicenter, large sample pro-
spective randomized controlled trials are needed to con-
firm these findings. In general, our study may provide
more reliable objective evidence for clinical treatment of
isolated PF-OA.
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