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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”, “TKA”, “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 

Registration  This study was registered in the PROSPERO international registry (Registration ID: CRD42023440722).
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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 (OC)).

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 

differences rather than random errors or chance occur-
rences [17]. In this study, heterogeneity was assessed 
through I² and chi-square tests. A random effects model 
was selected if heterogeneity was statistically significant 
(I² > 50%), whereas a fixed effects model was employed 
when no significant heterogeneity (I² ≤ 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 I² 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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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 (I² = 64%, 
P = 0.01, 95% CI: 0.07 to 0.50, Fig. 3a). Five studies com-
pared the BL between the PLR (n = 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 (I² = 57%, P = 0.02, 95% 
CI: -0.54 to -0.04, Fig.  3b). Three studies compared the 
IL between the PLR (n = 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 (I² = 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 (I² = 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 

Fig. 1  The flow diagram of searching studies
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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 (n = 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 (I² = 43%, P = 0.0003, SMD = 0.37, 95% CI: 
0.17 to 0.57, Fig. 7a), whereas the KSS pain scores of the 
two groups did not significantly differ (I² = 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 (I² = 87%, P = 0.09, SMD = 0.58, 95% CI: 
-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).

Table 2  Methodological Index for Non-Randomized Studies 
scores for included non-randomized controlled trials
MINORS checklist Guo et 

al. [19]
Huang 
et al. 
[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 
study

2 2

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

Fig. 2  (a) Risk of bias summary of the included studies. (b) Risk of bias 
graph
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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 (I² = 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 (I² 
= 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 (I² = 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 

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

Table 3  Sensitivity analysis
Study Parameter Before exclusion After exclusion Statistical significance
Tang et al. [22] OT SMD = 0.28, 95% CI = 0.07 to 0.50, I² = 64% SMD = 0.35, 95% CI = 0.17 to 0.53, I² = 40% Difference
Sun et al. [21] BL SMD = -0.29, 95% CI = -0.54 to -0.04, I² = 57% SMD = -0.17, 95% CI = -0.34 to 0.00, I² = 0% Difference
Guo et al. [19] IS ratio WMD = 0.05, 95% CI = -0.01 to 0.11, I² = 91% I² > 50% No difference
Huang et al. [20]
Jenkins et al. [24]
Reid et al. [27]
Su et al. [11]
Tang et al. [22]
Tang et al. [22] VAS-1 M WMD = -0.58, 95% CI = -1.13 to -0.02, I² = 96% WMD = -0.29, 95% CI = -0.42 to -0.16, I² = 0% Difference
Reid et al. [27] VAS-3 M WMD = -0.36, 95% CI = -0.64 to -0.08, I² = 83% WMD = -0.20, 95% CI = -0.32 to -0.08, I² = 0% Difference
Zan et al. [26] VAS-1Y WMD = -0.07, 95% CI = -0.21 to 0.06, I² = 66% WMD = -0.13, 95% CI = -0.23 to -0.03, I² = 26% Difference
Dalury et al. [29] ROM-3 M SMD = 0.48, 95% CI = -0.00 to 0.96, I² = 85% I² > 50% No difference
Guo et al. [19]
Huang et al. [20]
Reid et al. [27]
Sun et al. [21]
Zan et al. [26]
Su et al. [11] HSS SMD = 0.58, 95% CI = -0.08 to 1.25, I² = 87% SMD = 0.20, 95% CI = -0.03 to 0.42, I² = 0% Difference
SMD, standard mean difference; WMD, weighted mean difference; CI, 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
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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.

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

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 

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

emerge, the results require further validation in future 
study.

Fig. 6  Forest plot of the visual analogue scale score in the two groups
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Fig. 7  Forest plot of the Knee Society Score (a) and Hospital for Special Surgery score (b) in the two groups
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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

 



Page 14 of 15Dong et al. BMC Musculoskeletal Disorders          (2025) 26:279 

Acknowledgements
Thanks to Dr Wang Beiyang from Shanxi Medical University for his help in the 
collection of data.

Author contributions
YF and QJ conceived the study. MD and XS wrote the first draft of the 
manuscript. YUG and PS collected the clinical studies included. MD and YJG 
independently extracted the data. WR analyzed the results information. YW 
and HF revised the manuscript. All authors contributed to the article and 
approved the submitted version.

Funding
The authors declare that no funds, grants, or other support were received.

Data Availability
All data generated or analysed during this study are included in this published 
article.

Declarations

Ethical approval
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Orthopaedics, The Second Hospital of Shanxi Medical 
University, No.382 Wuyi Road, Taiyuan 030001, China
2Shanxi Key Laboratory of Bone and Soft Tissue Injury Repair, Taiyuan, 
China

Received: 28 October 2023 / Accepted: 17 March 2025

References
1.	 Li C, Dong M, Yang D, Zhang Z, Shi J, Zhao R, et al. Comparison of posterior 

cruciate retention and substitution in total knee arthroplasty during gait: a 
systematic review and meta-analysis. J Orthop Surg Res. 2022;17(1):152.

2.	 Meftah M, Jhurani A, Bhat JA, Ranawat AS, Ranawat CS. The effect of patellar 
replacement technique on patellofemoral complications and anterior knee 
pain. J Arthroplast. 2012;27(6):1075–e801.

3.	 Watanabe T, Muneta T, Ishizuki M. Is a minimally invasive approach superior 
to a conventional approach for total knee arthroplasty? Early outcome and 2- 
to 4-year follow-up. J Orthop science: official J Japanese Orthop Association. 
2009;14(5):589–95.

4.	 Boerger TO, Aglietti P, Mondanelli N, Sensi L. Mini-subvastus versus medial 
parapatellar approach in total knee arthroplasty. Clin Orthop Relat Res. 
2005;440:82–7.

5.	 Bonutti PM, Mont MA, McMahon M, Ragland PS, Kester M. Minimally invasive 
total knee arthroplasty. J bone joint Surg Am volume. 2004;86-A Suppl 
2:26–32.

6.	 Yuan M, Wang Y, Wang H, Ding Z, Xiao Q, Zhou Z. Optimal Handling of the 
Patella in Tourniquet-Free Total Knee Arthroplasty: Eversion or Lateral Retrac-
tion? Orthop Surg. 2020;12(6):1870–81.

7.	 Ito H, Ichihara K, Tamari K, Amano T, Tanaka S, Uchida S. Factors characterizing 
gait performance of patients before and soon after knee arthroplasty. J Phys 
Therapy Sci. 2021;33(3):274–82.

8.	 Unwin O, Hassaballa M, Murray J, Harries W, Porteous A. Minimally invasive 
surgery (MIS) for total knee replacement; medium term results with mini-
mum five year follow-up. Knee. 2017;24(2):454–9.

9.	 Chowdhury S, Arya RK, Sinha S, Naik AK, Jain VK. Postoperative clinical out-
come between lateral retraction and eversion of patella following simultane-
ous bilateral total knee arthroplasty. J Clin Orthop trauma. 2021;17:74–7.

10.	 Stoffel KK, Flivik G, Yates PJ, Nicholls RL. Intraosseous blood flow of the 
everted or laterally-retracted patella during total knee arthroplasty. Knee. 
2007;14(6):434–8.

11.	 Su S, Ye Y, Tong X, Hu L, Rong G, Xie H. Effect of patellar eversion or lateral 
retraction on incidence of patella baja in total knee arthroplasty (in Chinese). 
Chin J Joint Surg (Electronic Edition). 2020;14(03):308–13.

12.	 Arnout N, Victor J, Cleppe H, Soenen M, Van Damme G, Bellemans J. Avoid-
ance of patellar eversion improves range of motion after total knee replace-
ment: a prospective randomized study. Knee surgery, sports traumatology, 
arthroscopy. official J ESSKA. 2009;17(10):1206–10.

13.	 Halder A, Beier A, Neumann W. [Mini-subvastus approach for total knee 
replacement]. Operative Orthopadie und Traumatologie. 2009;21(1):14–24.

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 -7.491 to 8.672
Country -0.144 0.231 0.645 -3.080 to 2.792
Sex -0.675 0.944 0.605 -12.675 to 11.325
Constant -389.837 112.827 0.179 -1823.436 to 1043.763

IS ratio Year 0.099 0.231 0.742 -2.832 to 3.030
Type 0.452 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 -6132.539 to 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 5.934 7.215 0.457 -14.099 to 25.966

bias -23.829 31.587 0.493 -111.528 to 63.870
IS ratio slope -1.148 1.205 0.394 -4.493 to 2.196

bias 6.716 5.775 0.310 -9.319 to 22.751
ROM, knee range of motion (˚); IS, Insall-Salvati ratio



Page 15 of 15Dong et al. BMC Musculoskeletal Disorders          (2025) 26:279 

14.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ (Clinical Res ed). 2021;372:n71.

15.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane 
Handbook for Systematic Reviews of Interventions. 2nd ed. Chichester (UK): 
Wiley. 2019.

16.	 Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological 
index for non-randomized studies (minors): development and validation of a 
new instrument. ANZ J Surg. 2003;73(9):712–6.

17.	 Nha KW, Shon OJ, Kong BS, Shin YS. Gait comparison of unicompartmental 
knee arthroplasty and total knee arthroplasty during level walking. PLoS ONE. 
2018;13(8):e0203310.

18.	 Dong M, Fan H, Yang D, Sun X, Yan C, Feng Y. Comparison of spatiotemporal, 
kinematic, and kinetic gait characteristics in total and unicompartmental 
knee arthroplasty during level walking: A systematic review and meta-analy-
sis. Gait Posture. 2023;104:58–69.

19.	 Guo Q, Ju Y, Feng M, Gu X. Efficacy of Patellar Turnover versus Lateral 
Displacement in Total Knee Arthroplasty (in Chinese). Orthopaedics. 
2021;12(4):329–33.

20.	 Huang Y, Zhang M, Niu J, Wang Y, Tan Y. Comparison of clinical effects of 
patellar turnover and lateral patellar displacement in total knee arthroplasty 
(in Chinese). Chin J Clinicians(Electronic Edition). 2016;10(14):2197–200.

21.	 Sun F, Wang J, Wang L, Wang T. Functional recovery and complications in 
elderly patients with total knee arthroplasty after patellar lateral displace-
ment (in Chinese). Chin J Tissue Eng Res. 2016;20(4):476–80.

22.	 Tang H, Weng W, Li H, Yang H, Sun Z. Comparison of the clinical effect of 
patella reversal and lateral displacement on total knee arthroplasty (in Chi-
nese). ZH J J Trauma. 2021;26(5):810–5.

23.	 Majima T, Nishiike O, Sawaguchi N, Susuda K, Minami A. Patella Eversion 
Reduces Early Knee Range of Motion and Muscle Torque Recovery after 
Total Knee Arthroplasty: Comparison between Minimally Invasive Total 
Knee Arthroplasty and Conventional Total Knee Arthroplasty. Arthritis. 
2011;2011:854651.

24.	 Jenkins D, Rodriguez J, Ranawat A, Alexiades M, Deshmukh A, Fukunaga T, 
et al. A randomized, controlled, prospective study evaluating the effect of 
patellar eversion on functional outcomes in primary total knee arthroplasty. J 
bone joint Surg Am volume. 2014;96(10):851–8.

25.	 Umrani SP, Cho KY, Kim KI. Patellar eversion does not adversely affect 
quadriceps recovery following total knee arthroplasty. J Arthroplast. 
2013;28(4):591–4.

26.	 Zan P, Wu Z, Yu X, Fan L, Xu T, Li G. The Effect of Patella Eversion on Clinical 
Outcome Measures in Simultaneous Bilateral Total Knee Arthroplasty: A 
Prospective Randomized Controlled Trial. J Arthroplast. 2016;31(3):637–40.

27.	 Reid MJ, Booth G, Khan RJ, Janes G. Patellar eversion during total knee 
replacement: a prospective, randomized trial. J bone joint Surg Am volume. 
2014;96(3):207–13.

28.	 Walter F, Haynes MB, Markel DC. A randomized prospective study evaluating 
the effect of patellar eversion on the early functional outcomes in primary 
total knee arthroplasty. J Arthroplast. 2007;22(4):509–14.

29.	 Dalury DF, Mulliken BD, Adams MJ, Lewis C, Sauder RR, Bushey JA. Early 
recovery after total knee arthroplasty performed with and without patellar 
eversion and tibial translation. A prospective randomized study. J bone joint 
Surg Am volume. 2009;91(6):1339–43.

30.	 Ruckenstuhl P, Revelant F, Hauer G, Bernhardt GA, Leitner L, Gruber G, et al. 
No difference in clinical outcome, pain, and range of motion between fixed 
and mobile bearing Attune total knee arthroplasty: a prospective single-
center trial. BMC Musculoskelet Disord. 2022;23(1):413.

31.	 Pagnano MW, Meneghini RM. Minimally invasive total knee arthroplasty with 
an optimized subvastus approach. J Arthroplast. 2006;21(4 Suppl 1):22–6.

32.	 Flören M, Davis J, Peterson MG, Laskin RS. A mini-midvastus capsular 
approach with patellar displacement decreases the prevalence of patella 
baja. J Arthroplast. 2007;22(6 Suppl 2):51–7.

33.	 Zan P, Sun W, Yang Y, Cai X, Ma X, Li G. No difference in clinical outcome 
between patella eversion and lateral retraction in total knee arthroplasty: 
a systemic review and meta-analysis. Knee surgery, sports traumatology, 
arthroscopy: official journal of the ESSKA. 2015;23(6):1791–8.

34.	 Sharma V, Tsailas PG, Maheshwari AV, Ranawat AS, Ranawat CS. Does patellar 
eversion in total knee arthroplasty cause patella baja? Clin Orthop Relat Res. 
2008;466(11):2763–8.

35.	 Shi WP, Jia B, Jiang YP, Liu D, Wang YZ, Zhang HN, et al. Lateral retraction could 
achieve better early postoperative knee function than patellar eversion in 
total knee arthroplasty: a systematic review and meta-analysis. Eur Rev Med 
Pharmacol Sci. 2023;27(11):5059–69.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Comparison of the clinical efficacy of patellar lateral retraction and patellar eversion in total knee arthroplasty: a systematic review and meta-analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Search strategy
	﻿Study selection
	﻿Data extraction and quality assessment
	﻿Outcome measures
	﻿Statistical analysis

	﻿Results
	﻿Search and selection

	﻿Operation-related parameters
	﻿Knee function parameters
	﻿Knee scores
	﻿Other parameters
	﻿Meta-regression analysis
	﻿Publication bias analysis

	﻿Discussion
	﻿Conclusions
	﻿References


