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Background. During total knee arthroplasty (TKA), surgeons mobilize the patella to facilitate clear visualization of the articular
surfaces and allow better prosthesis placement. According to the manipulation, this manipulation can be divided into patellar
eversion and noneversion. However, the effect of patellar eversion in TKA is controversial, with substantial variability in
clinical practice. This systematic review is aimed at assessing the adverse effects of patellar eversion and patellar noneversion
duration in TKA. Methods. This updated systematic literature review identified randomized controlled trials comparing patellar
eversion and noneversion durations in TKA. Two investigators independently extracted data and evaluated the quality of the
studies. A meta-analysis was performed using RevMan version 5.3. Results. Nine studies with a total of 608 patients (730
knees) were included. Of these, 374 knees were classified in the eversion group and 356 knees in the noneversion group. The
quality of the studies was high. The results showed that patellar eversion could increase the postoperative complication rate
(relativerisk [RR] = 1.67; 95% confidence interval [CI], 1.09-2.54; P=0.02) and postoperative pain before discharge
(mean deviation [MD] = 0.19; 95% CI, 0.04-0.34; P=0.01), compared to noneversion. Additionally, patellar eversion could
prolong the time until the patient is able to raise the leg while straightened (MD = 0.42; 95% CI, 0.24-0.59; P < 0.00001) and
increase the length of stay (MD = 0.65; 95% CI, 0.05-1.25; P = 0.03). However, patellar eversion did not influence postoperative
pain at 1 year (MD = 0.02; 95% CI, -0.23-0.28; P = 0.85), operative time (MD = —2.66; 95% CI, -8.84-3.52; P = 0.40), recovery of
quadriceps force throughout the follow-up period, and Insall-Salvati ratio (MD =-0.04; 95% CI, [-0.11-0.02]; P =0.23).
Conclusions. The patellar eversion could increase the postoperative complication rate and postoperative pain. Current evidence
supports the avoidance of patellar eversion in TKA. Further large-sample and long-term trials are required to validate these results.

1. Introduction In patellar eversion, the patella is twisted along the longi-

tudinal axis of the quadriceps mechanism and laterally

Total knee arthroplasty (TKA) has become one of the most
vital operative strategies for patients with severe knee arthri-
tis [1]. This technique provides excellent outcomes for
deformity correction, pain relief, and functional improve-
ment [2, 3]. During the operation, surgeons mobilize the
patella to facilitate clear visualization of the articular surfaces
and allow better prosthesis placement. This mobilization can
be of two types based on the manipulation: patellar eversion
and noneversion.

retracted [4]. Eversion has the advantage of better exposure
but results in perioperative torsion and increased tension
on the extensor mechanism. This insult may potentially
cause fibrosis and scarring of the quadriceps and patellar ten-
dons, which may lead to patellar baja and decreased mechan-
ical advantage of the extensor mechanism with a less optimal
position of the patella in the flexion and extension arc [5-7].
Patellar noneversion requires retraction or subluxation of the
patella without eversion and is increasingly performed by
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orthopedic surgeons. Lateral retraction or subluxation of the
patella provides suboptimal surgical exposure. This can
potentially increase the risk of component malposition,
lateral tibial overhang, and traction damage to the patellar
tendon [8].

Several randomized controlled trials (RCTs) have been
conducted 2007 to 2021 to compare the relative effects of
patellar eversion and patellar noneversion during TKA.
These individual RCT's involved a small sample size, making
the results inconclusive. Additionally, three classical meta-
analyses [9-11] and one overlapping meta-analysis [12]
from 2015 to 2019 compared the two types of surgical expo-
sure. However, the conclusions of these studies are inconsis-
tent. The reason for this difference is that the primary or
interesting endpoints in these reviews varied. Zan et al.
[11] and Jia et al. [9] concluded that patellar eversion and
lateral patellar retraction achieved similar clinical outcomes.
In contrast, Yang et al. [10] concluded that patellar nonever-
sion leads to a shorter hospital stay and lower incidence of
postoperative complications in the same RCTs. Several new
RCTs have reported on this topic.

In this updated systematic review, we mainly compared
two adverse postoperative effects: complications and pain.
We hypothesize that patellar eversion contributes to more
complications and serious pain. Therefore, this meta-analysis
will determine the adverse effects of patellar eversion and
patellar noneversion based on the duration of TKA and com-
pare the results.

2. Materials and Methods

The study was performed according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) [13] and Assessing the Methodological Quality
of Systematic Reviews (AMSTAR) guidelines. We have reg-
istered the study as INPLASY PROTOCOL [14].

2.1. Inclusion and Exclusion Criteria. The inclusion criteria
were based on the PICOS principle: (1) population: patients
of all ages and sexes who required primary TKA; (2) inter-
vention: patellar eversion duration in TKA; (3) comparison:
patients who did not undergo patellar eversion during the
procedure; (4) outcomes: postoperative complications, post-
operative pain, operative time, length of hospitalization,
quadriceps strength, straightened leg raising (SLR), and
Insall-Salvati ratio follow-up period; (5) study design: RCTs.
The exclusion criteria were case series studies without com-
parison groups and those that did not report the outcomes
of interest.

2.2. Literature Search. We searched the studies in MED-
LINE, Embase, and Cochrane Library databases. The search-
ing strategy was (TKA OR total knee arthroplasty OR TKR
OR total knee replacement) AND (eversion) AND (patellar).
The retrieval dates included the period from database crea-
tion to August 2021. There were no limitations to the search
process.

2.3. Outcome Measures. The primary endpoints were post-
operative complications and pain. The secondary endpoints
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included operative time, length of hospitalization, quadri-
ceps strength, SLR, and Insall-Salvati ratio follow-up period.
The complications included revision, rupture or avulsion of
the patellar tendon, wound infection, patella baja or tilt, and
pulmonary embolism. We used a visual analog scale (VAS)
to measure postoperative pain intensity.

2.4. Data Extraction and Quality Evaluation. We screened all
titles of the retrieved articles and removed duplicates. After
eliminating irrelevant articles, the summaries of the remain-
ing articles were assessed to confirm the adequacy of the
information, followed by full texts reading. Two investigators
resolved disagreements through discussion, and unresolved
disagreements were discussed with a third investigator.

The methodological quality was evaluated using the
assessment tool recommended by the Cochrane Handbook
for Systematic Reviews of Interventions [15]. The authors
independently assessed each included study. Disagreements
were resolved by discussion and, if necessary, scrutiny by a
third reviewer. For each study, the risk of bias was catego-
rized as low, high, or unclear.

2.5. Statistical Methods. RevMan version 5.3 (The Cochrane
Collaboration, Copenhagen, Denmark) was used to perform
analyses. Relative risk (RR) and weighted mean differences
(WMDs) were used as effect sizes, with 95% confidence inter-
vals (CIs). The statistical methods included the Mantel-
Haenszel and inverse variance tests. Heterogeneity was
assessed using the I? statistic. A fixed-effects model was
employed during quantitative synthesis for low heterogeneity
(I* < 50%, P > 0.1). When heterogeneity was high (I* > 50%,
P <0.1), we first explored the possible sources of heterogene-
ity or used a random effects model. P < 0.05 was considered
statistically significant at P < 0.05.

3. Results

3.1. Included Studies. After the search, 334 eligible articles
were obtained. However, most were excluded because of
duplicates and lack of relevance. After screening and assess-
ment, nine studies corresponded to the inclusion criteria.
The selected studies were written in English and published
between 2009 and 2021. Figure 1 shows the flow of the study
throughout the trial.

3.2. Characteristics and Quality Evaluation of the Included
Studies. Nine studies with 608 patients (730 knees) were
included. The 85 patients in three RCTs [16-18] received
simultaneous bilateral TKAs, while those in the remaining
seven studies [19-24] received unilateral TKA. Of these,
374 knees were classified in the eversion group and 356 in
the noneversion group. The sample size ranged from 61
[23] to 120 [20] patients. Seven studies [16-20, 22, 24]
reported that patients were diagnosed with osteoarthritis,
and the remaining two studies [21, 23] did not report the
diagnosis. All RCTs reported the surgical approach: medial
parapatellar approach in seven studies [16-21, 24] and mid-
vastus approach in two studies [22, 23]. Regarding the
patella, eight studies [16, 17, 19-24] reported the procedure:
resurfacing in four studies [19, 20, 22, 23] and no resurfacing
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F1GURE 1: Flowchart of the studies included in the meta-analysis.

in four studies [16, 17, 21, 24]. The follow-up duration var-
ied from 3 months to 1 year (Table 1).

Table 2 showed the summarized results of each RCT
including number and kind of complications, pain, hospital
stay, and operation time.

The quality of the included studies was assessed accord-
ing to the Cochrane Handbook for Systematic Reviews of
Interventions (Figures 2 and 3). Among the nine RCTs, eight
studies [16-18, 20-24] described adequate methods of ran-
dom sequence generation; the method of randomization in
Arnout et al. [19] was not mentioned. Allocation conceal-
ment was well described in seven trials [16-19, 21, 23, 24]
and unclear in the other two studies [20, 22]. However,
patients were blinded to the procedure in six studies [16,
17, 19-21, 24], and three studies did not report detailed
information on blinding of the participants [18, 22, 23].
Additionally, all included studies reported blinding of the
outcome assessors.

3.3. Primary Endpoints

3.3.1. Postoperative Complications. As shown in Figure 4,
eight studies [16, 17, 19-24] reported complications. The
I? value for heterogeneity was 0% (P =0.50); therefore, a
fixed-effects model was applied. Postoperative complications
in the eversion group were higher than those in the nonever-
sion group (RR =1.67; 95% CI, 1.09-2.54; P =0.02). When
the aggregate results of these studies were changed to a
random-effects model, the result was the same as that of
the fixed-effects model (RR =1.73; 95% CI, 1.12-2.67; P =
0.01). When we introduced subgroups according to the sur-
gical approach, the results from the midvastus approach
showed no significant differences between the eversion and
noneversion groups (RR=0.69; 95% CI, 0.05-10.59; P =

0.79). The results from the medial parapatellar approach
showed that postoperative complications in the eversion
group were higher than those in the noneversion group
(RR=1.71; 95% CI, 1.11-2.63; P =0.01).

After we introduced subgroups according to the pres-
ence or absence of patellar resurfacing, we found that post-
operative complications in the eversion group were higher
than those in the noneversion group with resurfacing
(RR =1.80;95% CI, 1.09-2.99; P = 0.02). The results without
resurfacing showed no statistical difference (RR =1.44; 95%
CI, 0.68-3.08; P =0.34).

3.3.2. Pain. We introduced two subgroups to assess pain:
before discharge and 1 year postoperatively. Six studies [16,
17, 19, 20, 23, 24] reported pain before discharge. The aggre-
gate resulted in an I* value for heterogeneity of 21% (P =
0.27); thus, a fixed-effects model was used. The eversion
group had higher pain intensity than the noneversion group
(MD =0.19; 95% CI, 0.04-0.34; P=0.01). However, the
results were not stable when the model was changed to a
random-effects model (Figure 5). Additionally, five studies
[16, 17, 19, 21, 24] reported pain at 1 year postoperatively.
Using the random-effects model, we found no statistical dif-
ference between the two groups (MD = 0.02; 95% CI, -0.23—-
0.28; P = 0.85).

3.4. Secondary Endpoints

3.4.1. Operative Time. Three studies [17, 19, 24] reported
the operative time. As shown in Figure 6, the aggregate
resulted in an I value for heterogeneity of 73% (P =0.02);
thus, the random-effects model was used. There was no sig-
nificant difference in the operative time between groups
(MD = -2.66; 95% CI, -8.84-3.52; P = 0.40).
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3.4.2. Length of Hospital Stay. As shown in Figure 7, five
studies [19-21, 23, 24] reported the length of hospital stay.
As the I? value for heterogeneity was 78% (P =0.001), the
random-effects model was used. The eversion group had a
significantly longer stay than the noneversion group
(WMD =0.65; 95% CI, 0.05-1.25; P =0.03). However, the
results did not show stability in the sensitivity analysis when
individual studies were excluded.

3.4.3. Quadriceps Function. Quadriceps function included
quadriceps strength and time to return of SLR. Four studies
[18-20, 22] measured quadriceps strength using a dyna-
mometer. Umrani et al. [22], Arnout et al. [19], Dalury
et al. [18], and Jenkins et al. [20] reported that there were
no statistical differences between the two groups throughout
the follow-up period in the recovery of quadriceps force.
Three studies [17, 23, 24] reported the time to return to
SLR. The aggregate resulted in an I? value for heterogeneity
of 1% (P = 0.36); thus, the fixed-effects model was used. We

found that the time to return of SLR in the eversion group
was longer than that in the noneversion group (MD = 0.42;
95% CI, 0.24-0.59; P < 0.00001). This result was stable when
the random-effects model was used.

3.4.4. Insall-Salvati Ratio. Four studies [19-21, 24] reported
the Insall-Salvati ratio. The aggregate resulted in an I? value
for heterogeneity of 88% (P <0.001); thus, the random-
effects model was used. We found no significant difference
in the Insall-Salvati ratio between the two groups (MD =
~0.04; 95% CI, [-0.11-0.02]; P = 0.23).

4. Discussion

In this systematic review, we added three new studies [16,
17, 24] and updated the clinical evidence regarding the
effects of patellar eversion in TKA. There were 189 patients
in these three studies, including 137 knees that underwent
patellar eversion and 137 knees that underwent patellar
noneversion. Overall, the results showed that patellar
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FIGURE 4: Forest plot comparing complications between the patellar eversion and noneversion groups (fixed-effects model and random-

effects model).

eversion could increase the postoperative complication rate
and postoperative pain intensity before discharge, as com-
pared to the noneversion group. Additionally, patellar
eversion could prolong the time for return of SLR and
increase the length of hospital stay. However, patellar ever-
sion did not influence pain at 1 year postoperatively, oper-
ative time, recovery of quadriceps force throughout the
follow-up period, and the Insall-Salvati ratio. This updated
meta-analysis showed different results from previous meta-
analyses [9, 11] and one overlapping meta-analysis [12].
Previous published review sets the clinical outcome as
primary outcome, and they found that no difference in
clinical outcome between patella eversion and noneversion
[9, 11, 12], while the complications and pain were set as
primary outcomes in this meta-analysis because the effect
of surgical management of the patella is mainly on adverse
effect in early knee functional recovery [16]. In additional,
there were more patients in these nine RCTs than Yang
et al. [10] on this topic.

The complications included revision, rupture or avulsion
of the patellar tendon, wound infection, patella baja or tilt,
and pulmonary embolism. The overall complication rates
were 13.5% (45/333) and 8.5% (27/318) in the eversion
and noneversion groups, respectively. As for TKA revision,

there were no reported cases in the short term. Regarding
rupture or avulsion of the patellar tendon, pooled results
from six studies [18-23] did not show a difference between
the two groups (RR=1.12; 95% CI, 0.29-4.36; P =0.87).
Regarding patella baja or tilt, pooled results from five studies
[11, 16, 20, 21, 24] did not show a difference between the two
groups (RR =0.99; 95% CI, 0.31-3.15; P =0.99).

Regarding the overall complications, when introducing
subgroups according to the surgical approach, we found that
the medial parapatellar approach had a postoperative com-
plication rate compared to the midvastus approach. In a ret-
rospective analysis of 875,166 elective operations, Blom et al.
[25] reported that the midvastus approach was associated
with lower revision rates than the medial parapatellar
approach. In a meta-analysis, Alcelik et al. [26] found that
the midvastus approach did not increase the complication
rates. After introducing subgroups according to patellar res-
urfacing, we found that TKA with resurfacing was associated
with higher postoperative complications compared to those
without resurfacing. In a prospective RCT, Deroche et al.
[27] reported that patellar tilt occurred in 43% of resurfaced
knees and 29% of nonresurfaced knees. Crawford et al. [28]
reported that patients with patellar resurfacing had a signif-
icantly higher incidence of manipulation under anesthesia
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FIGURE 5: Forest plot comparing pain between the patellar eversion and noneversion groups.
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Yuan 2020 79.23 8.42 52 77.87 10.52 52 41.3% 1.36 [-2.30, 5.02]
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FIGURE 6: Forest plot comparing operation time between the patellar eversion and noneversion groups.
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Jenkins 2014 48 26 57 4 14 60 18.4% 0.80 [0.04, 1.56] "

Reid 2014 8.62 1.32 36 7.09 1.65 30 18.8% 1.53 [0.80, 2.26] =

Walter 2007 294 0.75 36 3.1 0.86 25 232%  -0.16 [-0.58, 0.26] =

Yuan 2020 561 192 52 493 145 52 20.0% 0.68 [0.03, 1.33] "

Total (95% CI) 212 197 100.0% 0.65 [0.05, 1.25] b

Heterogeneity: Tau? = 0.36; Chi® = 18.08, df = 4 (P = 0.001); I* = 78% T T T T
-4 -2 0 2 4

Test for overall effect: Z = 2.13 (P = 0.03)
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FIGURE 7: Forest plot comparing length of stay between the patellar eversion and noneversion groups.

than those without resurfacing. Choe et al. [29] reported that
complications after TKA without patellar resurfacing are
infrequent.

Regarding postoperative pain, we divided the results into
before discharge and at 1 year postoperatively in our analy-

sis. We found that patellar eversion increased the postoper-
ative pain before discharge. The duration of the operation
and traction force to the muscle by patellar eversion may
affect the recovery of muscle strength and increase pain
[30]. Majima et al. [30] found that the noneversion group
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showed a lower VAS score than the eversion group until 4
weeks postoperatively. The reason the previous meta-
analysis drew contradictory conclusions might be the short
subgroups of time points. Moreover, the inconsistent use
of tourniquets may lead to the development of different
levels of lower limb ischemia-reperfusion injury, which
might affect the evaluation of anterior knee pain. Another
reason might be that knee pain was measured using VAS,
which is a subjective scale scored by the patients themselves
[16]. However, postoperative pain at 1 year postoperatively
was comparable between the two groups. We considered
that the side effects of patellar eversion would decrease.

Regarding the secondary endpoints, patellar eversion
could prolong the time for return of SLR and increase
the length of hospital stay but did not influence the oper-
ative time, recovery of quadriceps force, or the Insall-Sal-
vati ratio. These endpoints reflected functional recovery.
Generally, patellar eversion during surgery could delay
short-term postoperative recovery but not long-term func-
tional recovery.

Based on these results, we recommend the avoidance
of patellar eversion in clinical practice. However, the sur-
geons’ habits and knee anatomy in patients vary greatly.
If the surgeon can implant the component in a good posi-
tion without tibial overhang, there is no need to reverse
the patella. The quality of RCTs is an important factor.
In the included RCTs, most studies reported vital elements
according to guidance. The risk of bias was relatively low.

This systematic review had some limitations. First, two
studies [21, 23] did not report the diagnosis and required
only primary TKA for patient inclusion. We could not
identify patients with rheumatoid or traumatic arthritis,
which should be analyzed in the subgroups. Second, slight
clinical heterogeneity was observed due to differences in the
surgical approach, patellar procedure, and follow-up between
studies. These factors may have contributed to the heteroge-
neity. Third, we tried to determine the confounding factors
by metaregression, but failed because the number of included
studies was small. Therefore, we could not evaluate possible
confounding factors, including bone mineral density and
type of prosthesis. Thus, these results should be interpreted
with caution.

5. Conclusions

The patellar eversion could increase the postoperative com-
plication rate and postoperative pain. Current updated evi-
dence supports avoidance of patellar eversion in TKA.
Further large-sample and long-term trials are required to
validate our results.
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