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Abstract

Background According to the mobilization technique of the intraoperative patella, total knee arthroplasty (TKA)
can be categorized into patellar eversion (PE) and patellar lateral retraction (PLR). Comparisons between the two
procedures are inconclusive; therefore, the study purpose was to assess the postoperative clinical efficacy to identify
the most suitable procedure.

Methods Electronic databases were searched, including Web of Science, ScienceDirect, PubMed, Embase, OVID, the
Cochrane Library, CINAHL, CNKI, and WANFANG, to identify clinical trials of PLR versus PE from inception to May 2023.
The statistical software Stata 15.0 and Review Manager 5.4 were applied to the data analysis.

Results Fifteen studies evaluating a total of 1349 patients and 1409 knees were ultimately included. Statistically
significant differences emerged between the PLR and PE groups with respect to blood loss (P=0.02), incision length
(P<0.001), operation time (P=0.01), straight leg raise (P<0.001), knee range of motion (ROM; P<0.05), the Knee
Society Score (KSS) functional score (P=0.0003), the visual analogue scale (VAS) score (1 and 3 months, both P<0.05),
and operative complications (P=0.02). Furthermore, the PLR and PE groups had similar clinical efficacy in terms of
quadriceps strength, VAS score (1 week and 1 year), Hospital for Special Surgery score, KSS pain score, Insall-Salvati
ratio, and the occurrence of patella baja (all P> 0.05).

Conclusions The PLR procedure is superior to PE in terms of blood loss, incision length, straight leg raise, knee ROM,
VAS score (1 and 3 months), KSS functional score, and operative complications, although PE could decrease the
operation time. PLR could achieve better postoperative clinical outcomes than could PE. Therefore, it is recommended
that experienced surgeons prioritize PLR in TKA.
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Background

The total knee arthroplasty (TKA) is widely regarded as
the most effective treatment for advanced knee osteoar-
thritis (KOA), which can effectively relieve the symptoms
of knee pain and limit movement [1]. In conventional
TKA, patellar eversion (PE) is often used to expose the
knee joint space to facilitate release, osteotomy, and pros-
thesis installation [2]. With advances in medical tech-
nology and the increasing focus on minimally invasive
techniques recently, conventional TKA has gradually
failed to meet the needs of patients for faster recovery
and has evolved towards minimally invasive total knee
arthroplasty (MIS TKA) [3, 4]. Compared with con-
ventional TKA, the MIS TKA procedure is generally
accepted to be more conservative, with patellar lateral
retraction (PLR) instead of PE, resulting in a shorter sur-
gical incision, less soft tissue injury, avoidance of disloca-
tion of the femoral-tibial joint, protection of the extensor
mechanism, etc [5]. Several studies have demonstrated
that MIS TKA has significant advantages in terms of
early postoperative recovery, pain relief, increased early
knee range of motion, and improved patient satisfaction
[6-8]. However, there are some controversies regard-
ing the effect of PLR on knee function after TKA. Some
scholars believe that PLR is beneficial for recovering the
muscle strength of the quadriceps femoris and reduc-
ing postoperative knee pain in patients [9, 10], and it can
also reduce the incidence of patella baja [11]. In contrast,
other scholars believe that both PLR and PE during TKA
can achieve satisfactory clinical outcomes and that PLR
is not conducive to the exposure of the surgical field,
which undoubtedly increases the difficulty of surgery so
that PLR is not necessary [12, 13]. Currently, compari-
sons between the PLR and PE procedures in TKA are
inconclusive.

To systematically evaluate the distinct benefits asso-
ciated with two surgical procedures, verify whether the
mobilization technique of the intraoperative patella
affects the recovery of knee function after TKA, and
establish a more evidence-based foundation for the inter-
vention protocols of KOA, the study compared the post-
operative recovery of knee function after the two surgical
procedures in TKA. It was hypothesized that the post-
operative functional recovery of knees in the PLR group
outperformed the PE group.

Methods
This study was conducted in accordance with the guide-
lines outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [14].

Search strategy

Following the Cochrane Collaboration’s recommenda-
tions, we conducted searches in several comprehensive
databases for studies, including Web of Science, Science-
Direct, PubMed, Embase, OVID, the Cochrane Library,
CNKI, CINAHL, and WANFANG, spanning from incep-
tion to May 2023. All relevant studies were systematically
identified without imposing any language constraints and
professionally translated when needed. The systematic
search was performed using the keywords “total knee
arthroplasty’, “TKA7, “MIS TKA’, “conventional TKA’
“patella(r)’; “eversion’, and “lateral retraction” The search
strategy was performed by using all fields, i.e., “((con-
ventional total knee arthroplasty) OR (patellar turnover)
OR (patellar eversion)) AND ((MIS TKA) OR (minimally
invasive total knee arthroplasty) OR (patellar lateral
retraction) OR (patellar lateral displacement))”. The rel-
evant studies and abstracts were identified through man-
ual searching, subsequent to an initial search, in order to
find those meeting the criteria.

Study selection

According to the initial retrieval of the studies” abstracts,
independent reviews were conducted by two members of
our team, who selected appropriate studies for a compre-
hensive analysis. If the corresponding information was
not contained in the abstract, we reviewed the study’s full
text.

This study’s inclusion criteria included the following
aspects: (1) individuals diagnosed with degenerative knee
disease (unilateral or bilateral involvement) of any sex,
race, or age; (2) studies that focused on comparing PLR
versus PE; (3) studies that focused mainly on the recov-
ery of knee function after surgery; (4) retrospective con-
trolled studies and prospective controlled studies, and (5)
studies that provided detailedly subject counts in the PLR
and PE groups, along with the means, standard devia-
tions, or odds ratios of the parameters. The exclusion cri-
teria were (1) duplicate publications; (2) commentaries,
case reports, expert opinions, editorials, cadaveric stud-
ies, reviews, and letters; (3) studies that reported insuffi-
cient or incomplete outcomes; (4) no studies meeting the
inclusion criteria with respect to study interventions; (5)
patients diagnosed with rheumatoid arthritis, traumatic
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arthritis, or arthritis caused by tumours, haemophilia,
etc.; and (6) original studies not designed accurately.

Data extraction and quality assessment

Two investigators used the preestablished data extraction
form to gather information from the studies included,
and settled any differences by referring to a third
investigator.

The data collected encompassed (1) the studies’ basic
characteristics, i.e., journal title, publication date, coun-
try, the authors, and article title; (2) the demographic
information, i.e., age, sex, race, BMI, disease course and
severity; (3) the methodological aspects, i.e., controlled,
randomized, and blinded; and (4) surgical approach,
sample size, outcomes, and follow-up time. If key details
were incomplete or unclear, preventing further analysis,
we communicated with the corresponding authors for
additional information. The quality of methodology in
these included randomized controlled trials (RCTs) was
reviewed by the risk of bias assessment tool provided
by the Cochrane Handbook [15]. For the included non-
RCTs, the Methodological Index for Non-Randomized
Studies (MINORS) score was performed to evaluate
study quality [16].

Outcome measures

The outcomes encompassed the operation-related
parameters (operation time (OT), blood loss (BL), and
incision length (IL)), knee function parameters (num-
ber of days until postoperative active straight leg raising
(SLR), postoperative quadriceps strength (QS; 6 weeks, 3
months, and 6 months), and postoperative knee range of
motion (ROM; 1 week, 1 month, 3 months, and 1 year)),
knee scores (postoperative visual analogue scale (VAS)
score (1 week, 1 month, 3 months, and 1 year), Hospital
for Special Surgery (HSS) score, and Knee Society Score
(KSS) functional and pain scores), and other parameters
(postoperative Insall-Salvati (IS) ratio, occurrence of
patella baja (PB), and occurrence of operative complica-
tions (OCQC)).

Statistical analysis

We represented continuous outcomes by weighted mean
difference (WMD) or standard mean deviation (SMD),
while dichotomous outcomes were presented using odds
ratios (ORs), all presented with 95% confidence intervals
(CIs). The synthetic data of the IL, the VAS score, and the
IS ratio was expressed using the WMD. The OT, BL, SLR,
QS, ROM, and KSS and HSS scores were expressed using
the SMD because different testing methods were used or
the means were too large. The OR was used to express
the occurrence of PB and OC. Heterogeneity was identi-
fied through an evaluation of discrepancies among stud-
ies, with these inconsistencies attributed to actual study
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differences rather than random errors or chance occur-
rences [17]. In this study, heterogeneity was assessed
through /? and chi-square tests. A random effects model
was selected if heterogeneity was statistically significant
(I > 50%), whereas a fixed effects model was employed
when no significant heterogeneity (I> < 50%) was found
[18]. When heterogeneity was detected, sensitivity anal-
ysis was conducted by removing study that contributed
to it. Besides, we conducted meta-regression analysis to
explore potential factors influencing the results and iden-
tified the source of heterogeneity, and publication bias
was assessed using Egger’s test. We ultimately analysed
the data when heterogeneity was not detected. Except
for heterogeneity test, difference was deemed to be sta-
tistically significant while P<0.05. The results analyses
were conducted using statistical software Stata 15.0 and
Review Manager 5.4 supplied by the Stata Corp and Nor-
dic Cochrane Centre, respectively.

Results

Search and selection

A total of 315 articles were initially identified through
both our online and manual searches. After removing
234 duplicated studies, eighty-one studies were retained.
Of these, after examining the abstracts, fifty-two stud-
ies were eliminated as they were not applicable to the
purpose. After reviewing the entire texts, fourteen were
eliminated due to incomplete relevant data or the absence
of a comparison between PLR and PE. Ultimately, this
meta-analysis included fifteen studies (ten in English
and five in Chinese) containing 1349 patients and 1409
knees [6, 9, 11, 12, 19-29]. The flow diagram adhering to
the PRISMA 2020 framework is illustrated in Fig. 1. A
prospective comparison was conducted across thirteen
studies based on the measured parameters [6, 9, 11, 12,
21-29], whereas the remaining two studies [19, 20] com-
pared parameters retrospectively. Nine studies [6, 12, 19,
21-26] compared groups according to operation-related
parameters; thirteen [6, 9, 12, 19-23, 25-29] compared
knee function parameters; twelve [6, 9, 11, 12, 19-23, 26,
27, 29] compared knee scores; and fourteen [6, 9, 11, 12,
19-28] compared other parameters. The general charac-
teristics of fifteen studies are summarized in Table 1.

The meta-analysis encompassed fifteen studies,
employing I” and chi-square tests to assess heterogeneity
across these study outcomes. Thirteen of the studies were
RCTs [6, 9, 11, 12, 21-29], and the Fig. 2 shows the risk
of bias summary and graph. The remaining two studies
were retrospective controlled studies [19, 20], and their
MINORS scores are shown in Table 2. The methodologi-
cal quality was overall good, characterized by a low risk
of bias.
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Fig. 1 The flow diagram of searching studies

Operation-related parameters

Among the fifteen studies, operation-related parameters,
including OT, BL, and IL, were compared between the
PLR and PE groups in nine studies involving 991 knees
(501 in the PLR group and 490 in the PE group). Nine of
these studies compared OT between the PLR (n=501)
and PE (n=490) groups. The PLR group showed a sta-
tistically significant increase in OT compared to the PE
group, with a standard mean difference of 0.28 (I° = 64%,
P=0.01, 95% CI: 0.07 to 0.50, Fig. 3a). Five studies com-
pared the BL between the PLR (#=315) and PE (n=307)
groups. The PE group showed a statistically significant
increase in BL compared to the PLR group, with a stan-
dard mean difference of -0.29 (I = 57%, P=0.02, 95%
CI: -0.54 to -0.04, Fig. 3b). Three studies compared the
IL between the PLR (#=152) and PE (n=152) groups.
The PE group showed a statistically significant increase
in IL compared to the PLR group, with a weighted mean

difference of -0.83 cm (I = 26%, P<0.001, 95% CI: -1.07
to -0.59, Fig. 3c). Significant differences were found
between the original analysis and the sensitivity analysis
with regard to the OT and BL (Table 3).

Knee function parameters

This study focused on the SLR, QS, and ROM in terms
of knee function parameters. The SLR between the PLR
(n=481) and PE (n=489) groups was compared in thir-
teen studies. The PE group showed a statistically signifi-
cant increase in SLR compared to the PLR group, with
a standard mean difference of -0.63 (I* = 38%, P<0.001,
95% CI: -0.76 to -0.50, Fig. 4a). QS was divided into three
subgroups according to the follow-up time: 6 weeks, 3
months and 6 months. The standard mean differences
in QS in the three subgroups were all favouring the PLR
group, but the differences were not statistically signifi-
cant. (all P>0.05, Fig. 4b). The ROM was divided into
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Table 2 Methodological Index for Non-Randomized Studies
scores for included non-randomized controlled trials

MINORS checklist Guoet Huang
al.[19] etal.
[20]

A clearly stated aim 2 2
Inclusion of consecutive patients 2 2
Prospective collection of data 2 2
Endpoints appropriate to the aim of the study 2 2
Unbiased assessment of the study endpoint 1 1
Follow-up period appropriate to the aim of the 2 2
study

Loss to follow up less than 5% 2 2
Prospective calculation of the study size 0 0

An adequate control group 2 2
Contemporary groups 2 2
Baseline equivalence of groups 2 2
Adequate statistical analyses 2 2

Total 21 21
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Fig. 2 (a) Risk of bias summary of the included studies. (b) Risk of bias
graph

0-16: poor research quality; 17-20: fair research quality; 21-24: high research
quality

four subgroups according to the follow-up time: 1 week, 1
month, 3 months, and 1 year. The pooled results revealed
that the PLR group achieved a greater ROM than did the
PE group in any subgroup (all P<0.05, Fig. 5). No signifi-
cant difference was found between the original analysis
and the sensitivity analysis regarding the knee function
parameters (Table 3).

Knee scores

Within the studies included, twelve compared the knee
scores between the PLR (#=578) and PE (n=581) groups,
which focused mainly on the VAS, KSS, and HSS scores.
The VAS score was divided into four subgroups accord-
ing to the follow-up time: 1 week, 1 month, 3 months,
and 1 year. The pooled results demonstrated that the PLR
group achieved a lower VAS score than did the PE group
at 1 month and 3 months (both P<0.05, Fig. 6), whereas
the scores of the two groups were not significantly dif-
ferent (both P>0.05) at 1 week and 1 year. The KSS was
separated into two components: the KSS function score
and the KSS pain score. The pooled results revealed that
the PLR group had higher KSS function scores compared
to the PE group (I? = 43%, P=0.0003, SMD =0.37, 95% CIL:
0.17 to 0.57, Fig. 7a), whereas the KSS pain scores of the
two groups did not significantly differ (I* = 48%, P=0.41,
SMD =0.11, 95% CI: -0.15 to 0.38). The results revealed
that the PLR group had a higher HSS score compared to
the PE group, yet this difference did not achieve statisti-
cal significance (I” = 87%, P=0.09, SMD=0.58, 95% CIL:
-0.08 to 1.25, Fig. 7b). Significant differences were found
between the original analysis and the sensitivity analysis
regarding the knee score parameters (Table 3).
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PLR PE Std. Mean Difference Std. Mean Difference
r r Mean D Total Mean D _Total Weigh IV, Random, 95% ClI 1V, Random, 95% ClI
Arnout 2009 63 9 30 56 10 30 8.6% 0.73[0.20, 1.25]
Guo 2021 81.27 9.56 53 78.85 10.36 45 11.0% 0.24 [-0.16, 0.64] ™
Jenkins 2014 702 20 60 679 225 57 11.8% 0.11 [-0.26, 0.47] il i<
Majima 2011 98.9 182 100 88.6 14.6 100 13.6% 0.62[0.34, 0.91] ==
Sun 2016 74.4 101 40 679 9.7 40 10.0% 0.65 [0.20, 1.10] -
Tang 2021 66.17 8.63 86 67.54 6.35 86 13.3% -0.18 [-0.48, 0.12] el
Umrani 2013 86.7 19.3 36 82 15.7 36 9.7% 0.26 [-0.20, 0.73] T S—
Yuan 2020 79.23 8.42 52 77.87 10.52 52 11.3% 0.14 [-0.24, 0.53] i i
Zan 2016 722 25.2 44 694 231 44  10.6% 0.11 [-0.30, 0.53] | i
Total (95% Cl) 501 490 100.0% 0.28 [0.07, 0.50] 0
Heterogeneity: Tau? = 0.07; Chi? = 21.97, df = 8 (P = 0.005); I = 64% 2 1 z 1 2
Test for overall effect: Z = 2.59 (P = 0.010) PLR PE
b Blood Loss PLR PE Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD__Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Guo 2021 73.93 18.51 53 75.81 18.29 45 18.9% -0.10 [-0.50, 0.30] i
Majima 2011 548 348 100 631 335 100 24.9% -0.24 [-0.52, 0.04] i
Sun 2016 927 236 40 1126 19.8 40 16.2% -0.90 [-1.37, -0.44] —
Tang 2021 96.46 8.91 86 975 1294 86 23.8% -0.09 [-0.39, 0.21] L
Umrani 2013 751.1 4191 36 858 342.5 36 16.1% -0.28 [-0.74, 0.19] -
Total (95% Cl) 315 307 100.0% -0.29 [-0.54, -0.04] ’
Heterogeneity: Tau? = 0.05; Chi? = 9.33, df = 4 (P = 0.05); I = 57% 2 1 : 1 2
Test for overall effect: Z = 2.29 (P = 0.02) PLR PE
C Incision Length PLR PE Mean Difference Mean Difference
| _Weigh IV, Fixed, 95% CI 1V, Fix 5% Cl
Arnout 2009 6 1 30 7 1 30 22.7% -1.00[-1.51,-0.49] —
Tang 2021 12.83 1.24 86 134 1.38 86 37.8% -0.57[-0.96,-0.18] =
Umrani 2013 9.74 0.81 36 10.72 0.85 36 39.5% -0.98[-1.36,-0.60] -
Total (95% CI) 152 152 100.0% -0.83 [-1.07, -0.59] L 2
Heterogeneity: Chi? = 2.71, df = 2 (P = 0.26); I = 26% P 2 3 2 4’
Test for overall effect: Z = 6.74 (P < 0.00001) PLR PE

Fig. 3 Forest plot of operation related parameters in the two groups. (a) the operation time; (b) the blood loss; (c) the incision length

Other parameters

In addition, this study focused on the IS ratio and the
occurrence of PB and OC in terms of other parameters.
Six studies compared the IS ratios between the PLR
(n=290) and PE (n=290) groups. The weighted mean
difference in the IS ratio was 0.05 for the PLR group
between the two groups, but no significant difference was
found (I” = 91%, P=0.13, 95% CI: -0.01 to 0.11, Fig. 8a).
The occurrence of PB was compared between the PLR
(n=341) and PE (n=341) groups in eight studies. The
odds ratio for PB between the two groups was 0.48 for
the PE group, but no significant difference was found (I*
=0%, P=0.11, 95% CI: -0.19 to 1.20, Fig. 8b). Eleven stud-
ies compared the occurrence of OC between the PLR
(n=510) and PE (n=521) groups. The odds ratio for OC
between the two groups was 0.57 for the PE group, which
had a statistically significant impact (I* = 0%, P=0.02,
95% CI: 0.36 to 0.92, Fig. 8c). No significant difference
was found between the original analysis and the sensitiv-
ity analysis regarding the other parameters (Table 3).

Meta-regression analysis

Table 4 presents the findings from the meta-regression
analysis of the ROM-3 M and IS ratios between the PLR
and PE groups with regard to study type, publication
year, country, and sex. These variables had no signifi-
cant effect on the mean difference in the ROM-3 M or IS
ratio between the two groups, according to the results (all
P=>0.05).

Publication bias analysis

As indicated in Table 5, the findings from the publication
bias analysis are displayed. Egger’s test was performed to
evaluate publication bias in ROM-3 M and the IS ratio.
The findings demonstrated that publication bias was
negligible and had no significant effect on the ROM-3M
(P=0.493) or IS ratio (P=0.310) between the two groups.

Discussion

Our results found that the knee functional recovery in
the PLR group was better than or similar to that in the
PE group except for the operation time, which supported
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Table 3 Sensitivity analysis
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Study Parameter Before exclusion After exclusion Statistical significance
Tangetal.[22]  OT SMD=0.28,95% Cl=0.07 to 0.50, I’ = 64% SMD=0.35,95% Cl=0.17 t0 0.53, I*= 40% Difference
Sunetal. [21] BL SMD =-0.29, 95% Cl =-0.54 t0 -0.04, ’=57% SMD =-0.17,95% Cl = -0.34 t0 0.00, = 0% Difference
Guoetal.[19] IS ratio WMD=0.05,95% Cl=-0.01t00.11,’=91%  *>50% No difference
Huang et al. [20]

Jenkins et al. [24]

Reid et al. [27]

Suetal [11]

Tang et al. [22]

Tangetal.[22]  VAS-TM  WMD=-0.58,95% Cl=-1.13t0-0.02, = 96% WMD =-0.29,95% Cl =-042t0-0.16,/°=0% Difference
Reid et al. [27] VAS-3 M WMD =-0.36, 95% Cl = -0.64 t0 -0.08, ’= 83% WMD =-0.20, 95% Cl =-0.32 t0 -0.08,/°=0% Difference
Zan et al. [26] VAS-1Y WMD =-0.07,95% Cl =-0.21 t0 0.06, I’=66% WMD =-0.13,95% Cl =-0.23 t0 -0.03, /°=26% Difference
Daluryetal.[29] ROM-3M  SMD=0.48,95% Cl =-0.00 to 0.96, I*= 85% 17> 50% No difference
Guo et al. [19]

Huang et al. [20]

Reid et al. [27]

Sun et al. [21]

Zan et al. [26]

Suetal [11] HSS SMD=0.58,95% Cl =-0.08 to 1.25, = 87% SMD=0.20,95% Cl = -0.03 to 0.42, = 0% Difference

SMD, standard mean difference; WMD, weighted mean difference; Cl, confidence interval; OT, operation time (min); BL, blood loss (ml); ROM, knee range of motion
(*); VAS, visual analogue scale score; HSS, Hospital for Special Surgery score; IS, Insall-Salvati ratio

the previous hypothesis that the postoperative functional
recovery of patients’ knees in the PLR group outper-
formed that in the PE group.

As a standard surgical procedure for severe KOA,
TKA effectively alleviates knee pain, corrects deformi-
ties, enhances knee function, and significantly improves
patients’ quality of life, with positive clinical efficacy
[1, 30]. During TKA, the patella must be mobilized to
achieve clear surgical exposure for optimal visualiza-
tion [8]. Theoretically, the PLR procedure can reduce the
pressure on the extensor mechanism and the related soft
tissue injury, which promotes better recovery of exten-
sor function [31]. Bonutti et al. [5] reported that when
no PE occurred during the operation, the pressure on the
quadriceps tendon decreased by 8% and 16%. The disad-
vantage of PLR is that the joint space is not fully exposed,
which makes it difficult to place the prosthesis and may
lead to the occurrence of prosthesis dislocation [32]. In
contrast, PE can increase the exposure of the joint space,
which is more conducive to placing a prosthesis, but it
increases the pressure on the extensor mechanism, which
may cause quadriceps injury and damage the patellar
tendon, leading to scarring, shortening, and even the
occurrence of patella baja [5, 32]. Some prospective stud-
ies have compared PLR with PE, but the results and con-
clusions are not the same or similar [9, 10, 12]. It is still
uncertain whether PLR is weaker or stronger than PE
regarding the knee function recovery.

A systematic review of six RCTs conducted by Zan
et al. [33] revealed that PE could shorten the operation
time, but the skin incision was longer, which was con-
sistent with our results. One study concluded that the

disadvantage of PLR was the inadequate exposure of the
surgical field, which made intraoperative manoeuvres
such as osteotomies and fitting of prostheses difficult, and
this was the main reason for the increase in the operative
time of the MIS TKA group [12]. Both Majima et al. [23]
and Umrani et al. [25] found that the amount of intraop-
erative blood loss associated with PLR was less than that
associated with PE, but the results were not significantly
different. According to our results, the amount of intra-
operative blood loss associated with PE was greater than
that associated with PLR. One possible explanation for
the above difference is the sample size, which also reflects
the advantages and necessity of this meta-analysis.

The SLR embodies the functional recovery of the knee
extensor mechanism, especially the quadriceps strength,
and is the main index for evaluating the knee early after
surgery. Some studies have shown that the PE group
reached the SLR significantly later than the PLR group
did [26, 28]. Dalury et al. [29] compared the proportion
of SLR between the two groups on Days 1, 2, 3, and 10
postoperatively, but the comparison revealed no sig-
nificant differences. In our study, the results found that
patients undergoing PLR reached the SLR more quickly,
and we believe that this is beneficial for the early recovery
of knee function after surgery; this may be because PLR
can better protect the blood supply around and inside
the patella. Some studies reported no significant differ-
ences in quadriceps strength between the two groups at
6 months or 1 year postoperatively [12, 24], which was
consistent with our results. Based on these results, we
speculate that the difference in surgical procedures does
not affect quadriceps strength at 6 weeks postoperatively.
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PLR PE Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD__Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Chowdhury 2021 2.88 1.44 41 349 127 41 8.8% -0.45 [-0.88, -0.01]
Guo 2021 1.93 0.31 53 226 0.36 45  9.5% -0.98 [-1.40, -0.56]
Huang 2016 2.03 0.81 40 217 0.68 45  9.2% -0.19[-0.61, 0.24] - 1
Majima 2011 1.02 0.14 100 2.13 2.3 100 20.7% -0.68 [-0.96, -0.39] —
Sun 2016 2 06 40 2.7 0.7 40 7.6% -1.06 [-1.53, -0.59] -
Tang 2021 2.16 0.38 86 244 049 86 17.9% -0.64 [-0.94, -0.33] -
Walter 2007 1.16 0.37 25 153 081 36 6.2% -0.55 [-1.07, -0.03] -
Yuan 2020 19 07 52 2.2 0.8 52 11.2% -0.40 [-0.78, -0.01] -
Zan 2016 21 07 44 2.7 0.8 4  8.9% -0.79 [-1.23, -0.36] -
Total (95% Cl) 481 489 100.0% -0.63 [-0.76, -0.50] L 2

Heterogeneity: Chi? = 12.89, df = 8 (P = 0.12); I = 38%
Test for overall effect: Z = 9.57 (P < 0.00001)

-2 -1 0 1 2
PLR PE

Std. Std. Mean Difference

IV, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

b Quadriceps Strength PLR PE

Study or Subgroup Mean SD Total Mean SD__Total Weight
6 weeks

Dalury 2009 94 513 37 853 535 37 12.3%
Umrani 2013 118.3 49.7 36 1088 33.6 36 12.0%
Subtotal (95% ClI) 73 73 24.3%
Heterogeneity: Chiz = 0.03, df = 1 (P = 0.86); I = 0%

Test for overall effect: Z = 1.16 (P = 0.25)

3 months

Chowdhury 2021 3249 756 41 2973 542 41 13.4%
Dalury 2009 1125 74.8 37 1203 721 37 12.4%
Umrani 2013 134.4 526 36 1299 337 36 12.0%
Subtotal (95% CI) 114 114 37.8%

Heterogeneity: Chi? = 2.66, df = 2 (P = 0.26); I1> = 25%
Test for overall effect: Z = 1.09 (P = 0.28)

6 months

Chowdhury 2021 3473 80 41 326.3 64 41
Dalury 2009 1256 73.5 37 1365 79.8 37
Umrani 2013 178.9 80.9 36 1785 3741 36
Subtotal (95% CI) 114 114
Heterogeneity: Chi? = 1.84, df = 2 (P = 0.40); I? = 0%

Test for overall effect: Z = 0.44 (P = 0.66)

Total (95% CI) 301 301

Heterogeneity: Chi? = 4.97, df =7 (P = 0.66); I>= 0%
Test for overall effect: Z = 1.52 (P = 0.13)
Test for subgroup differences: Chi2 = 0.44. df =2 (P = 0.80). I?= 0%

13.6%
12.3%
12.0%
37.9%

100.0%

0.16 [-0.29, 0.62]
0.22 [-0.24, 0.69]
0.19 [-0.13, 0.52]

0.42[-0.02, 0.85]
-0.11 [-0.56, 0.35]
0.10 [-0.36, 0.56] I

0.15 [-0.12, 0.41] <>
0.29 [-0.15, 0.72] T
-0.14 [-0.60, 0.32] —T
0.01 [-0.46, 0.47] -1
0.06 [-0.20, 0.32] <&
0.12 [-0.04, 0.28] 1‘
2 - 0 1 2
PLR PE

Fig. 4 Forest plot of the days taken until straight leg raising (a) and quadriceps strength (b) in the two groups

Both Arnout et al. [12] and Zan et al. [26] demon-
strated that the PLR group was significantly superior to
the PE group in terms of active and passive ROM, with
a statistically significant difference, which was similar to
our results. We noticed that patients who underwent PLR
were superior to those who underwent PE in terms of
knee ROM at 1 week, 1 month, 3 months and 1 year post-
operatively. This may be because PE overstretches the
extensor mechanism, leading to microtrauma, which in
turn causes fibrosis of the patellar tendon, thus adversely
affecting the knee ROM after surgery.

The VAS score, HSS score, KSS pain score, and KSS
function score are the main indices used to reflect the
long-term recovery of knee function and efficacy after
TKA. In this study, we reported that the PLR group

was better than the PE group in terms of the above four
scores, but no statistically significant differences were
found in the VAS-1 W, VAS-1Y, KSS pain, or HSS scores.
Some studies compared the VAS scores of the two groups
during rest and activity and reported that the VAS score
significantly improved both at rest and after activity, with
the minimum score occurring 1 year postoperatively [24].
One possible explanation for the above phenomenon is
that the incision has not healed at one week postopera-
tively, and at one year after the operation or until the final
follow-up, the knee function or proprioception has basi-
cally recovered. In addition, the VAS, HSS, KSS pain, and
KSS function scores are subjective perception scores of
patients, which may introduce some biases to the results.
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Knee Range of Motion PE

1 week

Sun 2016 1208 11.2 40 1158 114 40  5.3%
Zan 2016 122 12 44 116 15 44  55%
Subtotal (95% CI) 84 84 10.8%
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df =1 (P = 1.00); I = 0%

Test for overall effect: Z = 2.80 (P = 0.005)

1 month

Guo 2021 105.72 4.26 53 103.43 4.23 45  57%
Tang 2021 102.63 4.42 86 101.54 4.22 86 6.8%
Subtotal (95% CI) 139 131 12.5%
Heterogeneity: Tau? = 0.01; Chi* = 1.22, df =1 (P = 0.27); > = 18%

Test for overall effect: Z = 2.61 (P = 0.009)

3 months

Dalury 2009 117.9 8.4 37 1209 7 37 51%
Guo 2021 121.72 3.62 53 112.63 8.32 45  5.3%
Huang 2016 111.5 7.8 40 109.04 6.48 45  54%
Reid 2014 102 4.14 34 101 537 34  5.0%
Sun 2016 1284 126 40 122 116 40 53%
Zan 2016 128 1 44 120 1 44 54%
Subtotal (95% Cl) 248 245 31.5%
Heterogeneity: Tau? = 0.31; Chi? = 34.35, df = 5 (P < 0.00001); I* = 85%

Test for overall effect: Z=1.95 (P = 0.05)

1 year

Arnout 2009 125 1 30 115 16 30 4.6%
Huang 2016 118.88 5.88 40 118.27 4.71 45  55%
Majima 2011 132 7.08 100 129 57 100 7.0%
Reid 2014 109 3.992 34 108 3.68 34  5.0%
Sun 2016 135.4 76 40 1292 8.5 40  52%
Tang 2021 11713  3.92 86 116.83 3 86 6.8%
Yuan 2020 1341 9.8 52 1299 10.2 52 5.8%
Zan 2016 136 8 44 131 10 44 55%
Subtotal (95% CI) 426 431 45.3%
Heterogeneity: Tau? = 0.02; Chiz = 10.77, df = 7 (P = 0.15); I* = 35%

Test for overall effect: Z = 4.47 (P < 0.00001)

Total (95% CI) 897 891 100.0%

Heterogeneity: Tau? = 0.08; Chi? = 47.51, df = 17 (P = 0.0001); I* = 64%
Test for overall effect: Z = 5.25 (P < 0.00001)
Test for subgroup differences: Chi2 = 0.25. df = 3 (P =0.97). I? = 0%

Fig. 5 Forest plot of the knee range of motion in the two groups

The Insall-Salvati ratio is a measure of patellar height.
Usually, when the IS ratio is less than 0.8, patella baja
occurs [24, 27]. A study compared the IS ratio between
the two groups at 1 year after surgery and reported that
the IS ratio in the PE group was inferior to that in the
PLR group, and it was believed that the PE group was
more likely to have a low patella [12]. In this study, no
difference was found between the PLR and PE groups
with regard to the IS ratio, which is consistent with the
results of Sharma et al. [34]. Interestingly, the occur-
rence of patella baja was similar to that of the IS ratio in
the two groups. In addition, our findings revealed that
the PE group had more operative complications than did
the PLR group. Patellofemoral problems are common
postoperative complications and can be caused by many
factors. Some studies have revealed the sensitivity of the
patellar blood supply to knee flexion and the PLR, and
especially to PE [10]. The patellar blood supply could be
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Std. Mean Difference
95% Cl

Std. Mean Difference
IV, Random, 95% CI

0.44 [-0.01, 0.88]
0.44 [0.01, 0.86]

0.44[0.13, 0.74] <&

0.54 [0.13, 0.94]
0.25 [-0.05, 0.55]
0.36 [0.09, 0.63]

H{

-0.38 [-0.84, 0.08]
1.45[1.00, 1.90]
0.34 [-0.09, 0.77]
0.21[-0.27, 0.68]
0.52[0.08, 0.97]
0.721[0.29, 1.15]
0.48 [-0.00, 0.96]

b1

0.72 [0.20, 1.24]
0.11[-0.31, 0.54]
0.46 [0.18, 0.75]
0.26 [-0.22, 0.73]
0.76 [0.31, 1.22]
0.09 [-0.21, 0.38]
0.42 [0.03, 0.81]
0.55[0.12, 0.97]
0.39 [0.22, 0.57]

IR

0.43 [0.27, 0.59]

related to functional recovery of the knee and complica-
tions, which are associated with the mobilization of the
patella [33, 35]. These factors must be further confirmed
with larger sample sizes.

Although some new discoveries have been made, this
study has certain limitations that ought to be noted. First,
this study was a meta-analysis and included a relatively
small number of studies, so its results and conclusions
are biased. Second, three different surgical approaches
were used in the present study, which may reduce the
accuracy of the conclusions. Third, due to the different
materials and types of prostheses used, performance dif-
ferences cannot be excluded. Fourth, the impact of patel-
lar replacement on the study results cannot be ruled out.
Finally, publication bias and meta-regression analyses
were conducted for the IS ratio and ROM-3 M, yet no
sources of heterogeneity were identified. Therefore, when
applying the results to broader contexts, it is important to
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Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Visual Analogue Scale PLR PE

r re Mean D Total Mean SD__Total Weight
1 week
Chowdhury 2021 6.02 1.04 41 6.54 1.1 41 4.5%
Sun 2016 44 12 40 45 14 40  3.9%
Zan 2016 41 1.2 44 4.2 1.1 44  44%
Subtotal (95% Cl) 125 125 12.7%
Heterogeneity: Tau? = 0.00; Chi* = 1.94, df =2 (P = 0.38); I? = 0%
Test for overall effect: Z = 1.78 (P = 0.07)
1 month
Chowdhury 2021 48 1.08 41 532 1.01 41 4.5%
Guo 2021 3.11 0.53 53 3.37 0.26 45  6.1%
Tang 2021 258 05 86 3.79 0.59 86 6.1%
Zan 2016 1.8 06 44 21 0.7 44  56%
Subtotal (95% Cl) 224 216 22.2%

Heterogeneity: Tau? = 0.30; Chi? = 74.09, df = 3 (P < 0.00001); I = 96%
Test for overall effect: Z = 2.03 (P = 0.04)

3 months

Chowdhury 2021 2.34 1.02 41 2.661 1.02 41 4.6%
Guo 2021 1.73 0.37 53 191 042 45  6.1%
Huang 2016 1.59 0.68 40 182 0.62 45 55%
Reid 2014 1.08 0.44 34 193 054 34 57%
Sun 2016 1.8 07 40 2 0.6 40 55%
Subtotal (95% Cl) 208 205 27.4%
Heterogeneity: Tau? = 0.08; Chi? = 23.69, df = 4 (P < 0.0001); I> = 83%

Test for overall effect: Z =2.51 (P =0.01)

1 year

Arnout 2009 13 16 30 1.8 1.9 30 25%
Chowdhury 2021 0.71 0.68 41 068 0.72 41 5.4%
Huang 2016 1.09 0.57 40 125 057 45  57%
Reid 2014 0.9 0.38 34 1.1 047 34  59%
Sun 2016 15 04 40 1.5 0.3 40  6.1%
Tang 2021 1.08 0.28 86 129 046 86 6.2%
Yuan 2020 0 0 52 0 0 52

Zan 2016 14 04 44 1.2 0.5 44 6.0%
Subtotal (95% Cl) 367 372 37.7%

Heterogeneity: Tau? = 0.02; Chi? = 17.45, df = 6 (P = 0.008); I> = 66%

Test for overall effect: Z = 1.04 (P = 0.30)

Total (95% Cl)

924

918 100.0%
Heterogeneity: Tau? = 0.13; Chi? = 196.67, df = 18 (P < 0.00001); I = 91%
Test for overall effect: Z = 3.20 (P = 0.001)

Test for subgroup differences: Chi2 = 6.15. df = 3 (P = 0.10). I?=51.2%

Fig. 6 Forest plot of the visual analogue scale score in the two groups

account for the above limitations. As more high-quality
studies emerge, these discoveries need to be confirmed in
future studies.

Conclusions

As the most current systematic review and meta-analy-
sis encompassing the maximum number of patients and
studies, our findings indicated that PLR is superior to PE
in terms of BL, IL, SLR, ROM, the VAS-1 M, VAS-3 M,
and KSS functional scores, and the occurrence of OC;
PE could decrease the operation time; and no signifi-
cant differences were found for other outcome measures.
The PLR procedure could achieve better postoperative
clinical outcomes. However, as more high-quality studies

-0.52 [-0.98, -0.06]
-0.10 [-0.67, 0.47]
-0.10 [-0.58, 0.38]
-0.26 [-0.55, 0.03]

¢

-0.52 [-0.97, -0.07]
-0.26 [-0.42, -0.10]
-1.21 [-1.37, -1.05]
-0.30 [-0.57, -0.03]
-0.58 [-1.13, -0.02]

-0.32[-0.76, 0.12]
-0.18 [-0.34, -0.02]
-0.23 [-0.51, 0.05]
-0.85 [-1.08, -0.62]
-0.20 [-0.49, 0.09]
-0.36 [-0.64, -0.08]

-0.50 [-1.39, 0.39]
0.03 [-0.27, 0.33]
-0.16 [-0.40, 0.08]
-0.20 [-0.40, 0.00]
0.00 [-0.15, 0.15] T
-0.21[-0.32, -0.10] -
Not estimable
0.20 [0.01, 0.39]
-0.07 [-0.21, 0.06] ¢

-0.29 [-0.47, -0.11]

emerge, the results require further validation in future
study.
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a Knee Society Score PLR PE

Std. Mean Difference
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Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed. 95% Cl 1V, Fixed, 95% CI
KSS Function score

Arnout 2009 78 21 30 66 22 30 9.6% 0.55[0.03, 1.07]

Chowdhury 2021 76.8 5.83 41 7568 6.37 41 13.5% 0.18 [-0.25, 0.62] T
Dalury 2009 81.1 16.5 37 817 16.2 37 12.3% -0.04 [-0.49, 0.42] /1

Guo 2021 89.56 3.77 53 85.91 6.26 45 15.1% 0.711[0.30, 1.13] -
Huang 2016 59.88 12.73 40 54.69 11.67 45 13.7% 0.42[-0.01, 0.85] D3l
Subtotal (95% Cl) 201 198 64.2% 0.37 [0.17, 0.57] L 2
Heterogeneity: Chi? = 7.02, df =4 (P = 0.13); I? = 43%

Test for overall effect: Z = 3.66 (P = 0.0003)

KSS Pain score

Arnout 2009 82 15 30 76 18 30 9.8% 0.36 [-0.15, 0.87] T
Dalury 2009 45 77 37 465 27 37 12.2% -0.26 [-0.71, 0.20] -

Huang 2016 7465 9.16 40 7222 9 45 13.9% 0.27 [-0.16, 0.69] T
Subtotal (95% CI) 107 112 35.8% 0.11 [-0.15, 0.38] >
Heterogeneity: Chi? = 3.88, df = 2 (P = 0.14); I = 48%

Test for overall effect: Z=0.83 (P = 0.41)

Total (95% Cl) 308 310 100.0% 0.28 [0.12, 0.44] 2
Heterogeneity: Chiz = 13.23, df = 7 (P = 0.07); I = 47% 2 1 0 1 2
Test for overall effect: Z = 3.43 (P = 0.0006) PLR PE

Test for subgroup differences: Chi2 =2.33. df =1 (P =0.13). 2= 57.0%

Hospital for Special

Surgery Score PLR PE

vie O dDg ean Otd ear Otld veign
Majima 2011 89 75 100 873 7.1 100 36.6%
Su 2020 87 8 25 75 7 25 28.7%
Yuan 2020 913 55 52 90.6 5.1 52 34.6%
Total (95% CI) 177 177 100.0%

Heterogeneity: Tau? = 0.30; Chi? = 15.90, df = 2 (P = 0.0004); I* = 87%
Test for overall effect: Z = 1.71 (P = 0.09)

Fig. 7 Forest plot of the Knee Society Score (a) and Hospital for Special Surgery score (b) in the two groups

Std. Mean Difference
Random, 95% Cl

Std. Mean Difference
IV.R % Cl

0.23[-0.05, 0.51]
1.57 [0.93, 2.21]
0.13[-0.25, 0.52]

0.58 [-0.08, 1.25]
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a Insall-Salvati Ratio PLR PE Mean Difference Mean Difference
Study or Subgroup Mean _SD Total Mean SD__Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Guo 2021 1.17 0.13 53 1.01 0.17 45 15.9% 0.16 [0.10, 0.22] -
Huang 2016 1.1 0.14 40 11 013 45 16.1% 0.00 [-0.06, 0.06] T

Jenkins 2014 1.21 0.19 56 11 017 53 15.3% 0.11[0.04, 0.18] -
Reid 2014 1.13 0.06 30 1.15 0.05 36 18.2% -0.02 [-0.05, 0.01] -

Su 2020 1.01 0.09 25 0.92 0.08 25 16.9% 0.09 [0.04, 0.14] -
Tang 2021 1.02 0.12 86 1.06 0.13 86 17.6% -0.04 [-0.08, -0.00] ™

Total (95% CI) 290 290 100.0% 0.05 [-0.01, 0.11] p

Heterogeneity: Tau? = 0.01; Chi? = 54.19, df = 5 (P < 0.00001); I> = 91% '
Test for overall effect: Z=1.50 (P = 0.13) ’

PLR PE
b Patella Baja PLR PE Odds Ratio Odds Ratio
Study or Subgroup __Events Total Events Total Weight M-H. Fixed, 95% Cl M-H. Fixed. 95% CI
Chowdhury 2021 0 41 0 41 Not estimable
Guo 2021 0 53 2 45 19.4% 0.16 [0.01, 3.48] L
Huang 2016 0 40 0 45 Not estimable
Jenkins 2014 3 56 2 53 14.1% 1.44[0.23, 9.00] -
Reid 2014 1 30 0 36 3.1%  3.71[0.15,94.51]
Su 2020 1 25 6 25 41.8% 0.13[0.01, 1.19] — &
Yuan 2020 0 52 1 52  10.8% 0.33[0.01, 8.21] -
Zan 2016 0 44 1 44 10.8% 0.33[0.01, 8.22] -
Total (95% CI) 341 341 100.0% 0.48 [0.19, 1.20] o
Total events 5 12 ) ) . )
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Fig. 8 Forest plot of other parameters in the two groups. (a) the Insall-Salvati ratio; (b) the occurrence of patella baja; (c) the occurrence of operative
complications
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Table 4 Meta-regression analysis in the knee range of motion (3 months) and Insall-Salvati ratio between two groups

Parameters Variable Coefficient Standard error P value 95% confidence interval
ROM-3 M Year 0.194 0.056 0.179 -0.517 to 0.904
Type 0.590 0.636 0.524 -7491 10 8672
Country -0.144 0.231 0.645 -3.080to0 2.792
Sex -0.675 0.944 0.605 -12.67510 11.325
Constant -389.837 112.827 0.179 -1823.436 t0 1043.763
IS ratio Year 0.099 0.231 0.742 -2.8321t03.030
Type 0452 1.077 0.747 -13.237 to 14.141
Country 0.230 1.086 0.529 -13.564 to 14.023
Sex -1.662 1.819 0.867 -24.777 to 21.454
Constant -199.084 466.973 0.743 -6132.539to 5734.371

ROM, knee range of motion (°); IS, Insall-Salvati ratio

Table 5 Publication bias analysis (Egger’s test) in the knee range of motion (3 months) and Insall-Salvati ratio between two groups

Parameters Standard effect Coefficient Standard error P value 95% confidence interval
ROM-3 M slope 5934 7.215 0457 -14.099 to 25.966
bias -23.829 31.587 0493 -111.528 t0 63.870
IS ratio slope -1.148 1.205 0.394 -4493102.196
bias 6.716 5.775 0.310 -9.319t0 22.751
ROM, knee range of motion (°); IS, Insall-Salvati ratio
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