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REVIEW ARTICLE

Patellar Denervation with Electrocautery Reduces
Anterior Knee Pain within 1 Year after Total Knee
Arthroplasty: A Meta-Analysis of Randomized
Controlled Trials

Ming-cheng Yuan, MM, Zi-chuan Ding, MM, Ting-xian Ling, MD, Zongke Zhou, MD

Department of Orthopedics, West China Hospital/West China School of Medicine, Sichuan University, Chengdu, 610041, China

Objective: The effect of patellar denervation with electrocautery (PD) on anterior knee pain (AKP) after total knee
arthroplasty (TKA) is still debated. The aim of this meta-analysis was to evaluate the current evidence regarding the
use of PD in TKA without patellar resurfacing.

Methods: A computerized search of published studies was performed in the PubMed, Embase and Cochrane Library
databases in December 2019. Eligible studies were randomized controlled trials (RCTs) comparing clinical outcomes
of the PD group and the non-PD group. Subgroup analyses were carried out according to the follow-up time
(3, 12 months, and over 12 months) to evaluate whether the clinical effect of PD changed with time.

Results: Ten RCTs were included in this meta-analysis. Pooled results showed a lower rate of AKP (Risk Ratio
[RR] = 0.70; 95% confidence interval [CI], 0.50 to 0.97; P = 0.03) and a reduction in visual analogue scale (VAS) for
AKP (mean difference, —0.37; 95% Cl, —0.69 to —0.05; P = 0.02) in the PD group when compared to the non-PD
group. Subgroup analyses found the differences in AKP incidence and VAS for AKP were significant at 3- and 12-month
follow-up but not after 12-month follow-up. No significant difference was observed in functional scores between the
two groups. No specific complication directly or indirectly related to PD was found.

Conclusion: PD can decrease the incidence and severity of AKP within 12 months after TKA, but the effect cannot be
maintained after 12-month follow-up. Without significant associated complication and reoperation, the use of PD is
still recommended in TKA without patellar resurfacing.
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Introduction 29.0%°°. The underlying cause for AKP still remains

Orthopaedic Surgery

Total knee arthroplasty (TKA) is considered to be the suc-
cessful treatment of choice for end-stage knee osteoar-
thritis, and can provide excellent postoperative pain relief,
remarkable deformity correction, and satisfactory function
recovery. However, residual anterior knee pain (AKP) after
TKA has been a common and persistent complaint, and
results in dissatisfaction and low quality of life of patients"?.
The reported incidence of AKP ranges from 17.5% to

unclear, but its development was believed to be associated
with the presence of substance P nociceptive afferent fibers
in the peripatellar soft tissues®’.

Theoretically, patellar denervation with electrocautery
(PD) can disable the pain receptors, interrupt the pain path-
ways, achieve denervation of the anterior knee region, and
consequently prevent AKP after TKA. PD has been widely
performed among surgeons who do not carry out patellar
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resurfacing in TKA. It has been reported that 56% of the sur-
geons in the Netherlands routinely use PD to prevent AKP
in TKA without patellar resurfacing®. However, the exact
effect of PD on the incidence and severity of AKP after TKA
is still debated. A number of randomized controlled trials
(RCTs) regarding the effect of PD have been published with
controversial results. Some indicated that PD has no clear
advantage over non-patellar denervation (non-PD)*'°, while
some believed PD can reduce incidence of AKP and improve
knee function after TKA'"'>. Moreover, several recent stud-
ies found that PD can improve clinical outcomes at the early
stage of postoperative period but the effect cannot be
maintained after a longer follow-up time, suggesting that the
clinical effect of PD on TKA changed in a time-dependent
manner'>™",

The literature search in the most recently published
meta-analysis on this topic by Zhang et al'°. was conducted in
February 2015. A total of six RCTs were included in the previ-
ous meta-analysis and the authors concluded that PD has a
superior effect on clinical outcomes than non-PD. Another
meta-analysis including seven RCTs by Xie et al. found PD
can significantly reduce AKP and improve early knee function
after TKA'”. But the advantages disappear after a prolonged
period of follow-up. Importantly, several additional RCTs
have been published in this field in recent years. In order to
draw an updated conclusion to help orthopaedic surgeons
make a wiser clinical decision, a meta-analysis of RCTs was
performed to investigate the effect of PD on AKP after TKA
without patellar resurfacing, and to determine whether the
clinical effect of PD changes with time.

Materials and Methods
he meta-analysis performed adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines'® and AMSTAR (Assessing the
Methodological Quality of Systematic Reviews) Guidelines'®.

Search Strategy

A computerized search was performed in the PubMed,
Embase and Cochrane Library databases in December 2019
for studies published. No time frame was specified with
respect to publication date and there was no language restric-
tion. The following keywords were used along with the Bool-
ean operator: Denervation, Electrocautery, Knee arthroplasty.
Details of the search strategy are shown in Table 1. Manual
search of bibliographies from reviews and selected studies
was also performed for additional studies.

Article Selection

The inclusion criteria were: (i) patients underwent primary
TKA without patellar resurfacing; (i) PD were performed in
the experimental group; (iii) non-PD were performed in the
control group; (iv) follow-up data about postoperative AKP
or knee function were provided; and (v) randomized con-
trolled trials. Exclusion criteria were: (i) studies which

PD repuces AKP arter TKA

TABLE 1 Details of search strategy

Database Search strategy

Pubmed (Denervation[tiab] OR Electrocautery[tiab] OR
Electrocoagulation[tiab] OR Denervation
[MeSH] OR Electrocoagulation[MeSH]) AND
(Knee arthroplasty[tiab] OR Knee
replacement[tiab] OR Arthroplasty,
Replacement, Knee[MeSH])

#1 “Denervation”:ab,ti OR “Electrocautery”:
ab,ti OR “Electrocoagulation”:ab,ti

#2 “Denervation”/exp.

#3 “Electrocoagulation”/exp.

#4 “Knee arthroplasty”:ab,ti OR “Knee
replacement”:ab,ti

#5 “Knee arthroplasty”/exp.

#6 (#1 OR #2 OR #3)

#7 (#4 OR #5)

#8 (#6 AND #7)

#1 Denervation OR Electrocautery OR
Electrocoagulation:ti,ab,kw

#2 MeSH descriptor: [Denervation] explode all
trees

#3 MeSH descriptor: [Electrocoagulation]
explode all trees

#4 Knee arthroplasty OR Knee replacement:
ti,ab,kw

#5 MeSH descriptor: [Arthroplasty,
Replacement, Knee] explode all trees

#6 (#1 OR #2 OR #3)

#7 (#4 OR #5)

#8 (#6 AND #7)

Embase

Cochrane Library

included patients with knee deformity, lower limb fracture,
or previous surgery of lower limb.

Two reviewers independently assessed the titles and
abstracts for initial screening of studies, and then the full
texts of articles selected from initial screening were evaluated.
Disagreement was resolved by discussion and consensus.
When the decision was still not reached, a third reviewer’s
opinion was sought.

Assessment of Risk of Bias

The risk of bias of RCT was graded as high, low, or unclear
according to the Cochrane Risk of Bias Tool based on the
following domains: selection bias, performance bias, detec-
tion bias, attrition bias, reporting bias, and other bias®.
Other bias was defined as the study with unbalanced baseline
characteristics of patients between the PD and non-PD
group. Two reviewers independently assessed the risk of bias
of included studies. Any disagreement between reviewers was
resolved by a third reviewer.

Study Outcomes

Incidence of Anterior Knee Pain (AKP)

The primary outcome measure of interest was the incidence
of AKP after TKA, which was the proportion of patients
having AKP after TKA. AKP has been the most common
complaint after TKA, and often results in dissatisfaction and
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low quality of life of patients, ,. The reported incidence of
AKP ranges from 17.5% to 29.0%; .

Visual Analogue Scale (VAS) for Anterior Knee

Pain (AKP)

The visual analogue scale (VAS) was the secondary outcome
of this study. The visual analogue scale (VAS) is the most
commonly used method for measuring pain. For measure-
ment of the magnitude of pain, the most used scale is “no
pain” (corresponding to the scale of 0) and “pain too intense
to be tolerated” (corresponding to the scale of 10). The sever-
ity of the AKP after TKA is evaluated by VAS in most stud-
ies regarding the use of PD in TKA.

Range of Motion (ROM)

The range of motion (ROM) was the secondary outcome of
this study. ROM is the degree of flexion and extension of the
knee, which is of vital importance to reflect the knee func-
tion after TKA.

Patellar Score (PS)

The Patellar Score (PS) was the secondary outcome of this
study. The PS is a questionnaire which includes items on
anterior knee pain, quadriceps strength, and ability to rise
from a chair and climb stairs; these scores range from 3 to
30 points, with 30 points representing the best score.

American Knee Society Score (KSS)

The secondary outcomes included American Knee Society
Score (KSS), which consists of knee score and function score,
each with a maximum of 100 points. The American Knee
Society knee score (KSS knee) evaluates the knee joint based
on pain, stability and range of motion, with deduction for
flexion contracture, extension lag and malalignment. The
American Knee Society function score (KSS function) scores
the patient’s ability to walk and climb stairs, with deduction
for aids.

Oxford Knee Score (OKS)

The secondary outcomes included Oxford knee score (OKS),
which is a patient-reported outcome measure that consists of
12 questions about an individual’s activities of daily living
and how they have been affected by pain over the last
4 weeks. It is a reliable tool to evaluate the pain and function
of the knee after TKA.

Postoperative Complication and Reoperation
All postoperative complications and reoperations reported in
the included studies were extracted.

Data Extraction

Lead author, publication year, country of origin, participant
characteristics (age and gender), depth of electrocautery, sur-
gical approach, follow-up time, and study conclusion were
extracted from each included study by two independent
reviewers.

PD repuces AKP arter TKA
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Age Gender (female)

No. of knees

Follow-up time
(mean; months)

Depth of
electrocautery  Approach

Conclusion

PD NPD

NPD

PD NPD  Total

Country

References

38-Month result: favor PD

37.4 (PD); 39.0 (NPD)
36 (24-60)

Within 2 mm MP
12

NA NA

NA
68

184 NA

92
35
94

Saudi Arabia

Turkey

Alomran, 20152
Altay et al., 20121
Baliga, 2012°

36-Month result: favor PD

MV

2-3 mm
Within 1 mm

74.3%
55.3%
100%

64.1%

74.3%

70 68

35

3-, 6- and 12-Month results: neutral

MP

185 69.0 69.2 44.0%
100 66.3 67.0 100%
92 643 680 71.7%

91

United Kingdom

Korea

3-, 6- and 60-Month results: neutral
3-Week result: favor PD; 3-, 6- and

64.8 (60-70)

MP
10

About 1 mm

50
46

50
46

Kwon et al., 2015°

Mv

1-2 mm

New Zealand

Motififard et al., 20182°

10-month results: neutral
3-Month result: favor PD; 12- and

26.5 (PD); 26.3 (NPD)

MP

NA

126 69.9 69.8 50.8% 57.1%

63

63

United Kingdom

Pulavarti et al., 2014*3

24-month results: neutral
10-Month result: favor PD

1 (PD); 10 (NPD)

12

MP

1 mm
Within 1 mm

NA NA

NA
72

19 38 NA
262

131

Egypt 19
131

Saoud, 200423
van Jonbergen et al.,

12-Month result: favor PD

72.5% 64.1% MP

71

The Netherlands

2011
van Jonbergen et al.,

44-Month result: neutral

44.4 (12-50)

Within 1 mm MP

72.8% 65.7%

202 70 71

99

103

The Netherlands

20141
Yim et al., 201224

21-Month result: neutral

21 (12-48)

100 70.2 70.2 100% 100% Within 2-3 mm MP

50

50

Korea

MP, medial parapatellar approach; MV, midvastus approach; NA, not available; NPD, non-patellar denervation; PD, patellar denervation.
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TABLE 3 Results of subgroup analyses of different follow-up times

Participants (No. of knees) Overall effect
Follow-up time and outcomes Studies PD NPD Overall OR/WMD (95% Cl) P
3 Months
VAS 2 109 109 218 —0.52 (-0.89, -0.14) 0.007
PS 3 159 159 318 1.50 (-0.76, 3.75) 0.19
KSS knee 3 159 159 318 —1.01 (-3.77, 1.75) 0.47
KSS function 2 109 109 218 4.67 (2.07, 7.26) <0.001
OKS 2 154 157 311 0.66 (-1.19, 2.51) 0.48
12 Months
AKP 4 304 306 610 0.70 (0.50, 0.98) 0.03
VAS 3 200 202 402 —0.51 (-0.84, -0.19) 0.002
PS 3 159 158 317 0.07 (-0.76, 0.90) 0.88
KSS knee 4 290 289 579 0.21 (-2.06, 2.48) 0.85
KSS function 3 240 239 479 0.81 (-1.75, 3.37) 0.54
OKS 2 154 156 310 -0.18 (-2.92, 2.57) 0.90
Over 12 months
AKP 4 306 299 605 0.68 (0.46, 1.00) 0.05
VAS 2 96 93 189 —-0.31 (-0.82, 0.19) 0.22
ROM 3 188 185 373 7.68 (0.33, 15.04) 0.04
PS 3 146 143 289 0.75 (-0.25, 1.75) 0.14
KSS knee 3 188 184 372 1.83(-0.28, 3.94) 0.09
KSS function 2 138 134 272 3.66 (0.29, 7.04) 0.03
KSS function, American Knee Society function score; KSS knee, American Knee Society knee score; NPD, non-patellar denervation; OKS, Oxford knee score; PD,
patellar denervation; PS, Patellar score; ROM, range of motion; VAS, visual analogue scale.

Statistical Analysis

Risk Ratio (RR) and 95% confidence intervals (CI) were cal-
culated for dichotomous outcomes using the Mantel-
Haenszel (M-H) method. Mean difference (MD) and 95% CI
were calculated for continuous outcomes using the Inverse
Variance (IV) method. If the original study did not report
standard deviation (SD), we estimated SD according to Hozo
et al”'. A random effects model was used to pool the data.
Heterogeneity between studies was measured by the I* statis-
tics (I” > 50% representing significant heterogeneity). If zero
event was reported for one group in a comparison, a value of
0.5 was added to both groups for each such study. If studies
reported zero events in both groups, the data was not
included in the meta-analysis®>. To evaluate whether the
clinical effect of PD changes with time, subgroup analyses of
the function outcomes were carried out according to follow-
up time (3 months, 12 months, and over 12 months;
Table 3). Outcomes with only one study reporting were not
included in subgroup analyses. Besides, subgroup analysis
was carried out according to different depths of electrocau-
tery. Publication bias was assessed by generating funnel plots.
The level of significance was defined as P < 0.05. Statistical
analyses were performed by using Review Manager 5.3.

Results

Article Selection and Characteristics
The initial literature search identified 1198 studies, and man-
ual search yielded one additional study”. After duplicates

were removed, titles and abstracts of 664 studies were
assessed. The full texts of 42 studies were then evaluated,
and ultimately 10 studies that met the inclusion criteria were
included in this meta-analysis’'>**~%,

The flow diagram is presented in Fig. 1. Two studies
by van Jonbergen et al. from the same cohort were included
as they had different follow-up times (12 and
44 months)'*'°, The earlier study in 2011 with 12-month
follow-up was included in the subgroup analysis'*.

Characteristics of included studies are summarized in
Table 2. The 10 included RCTs were published from 2004
to 2019, with sample sizes ranging from 38 to 262 subjects.
Participants had unilateral TKA procedures in all studies
except one by Yim et al. (bilateral TKA)**. The age and
gender of participants were comparable between PD and
non-PD group in all studies that reported related details.
The depths of electrocautery in PD group was varied
among studies: from within 1 mm to within 10 mm. Eight
of the 10 included studies used medial parapatellar
approach during TKA procedure and two of them used
midvastus approach. The follow-up time of included studies
ranged from 10 to 64 months.

Details of risk of bias are presented in Figs 2 and 3.
Three studies did not provide methodology information
about randomization and blinding, and thus were assessed as
unclear risk of bias in selection bias, performance bias, and
detection bias'>****, Two studies that did not provide base-
line data for both groups were assessed as unclear risk of bias
in other bias®>**,
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Fig. 1 Flow diagram of included studies.

Meta-analysis Results

Incidence of Anterior Knee Pain (AKP)

Six studies compared the incidence of AKP between PD
and non-PD patients. A total of 99 patients out of
416 patients (23.8%) in the PD group and 139 out of
412 patients (33.7%) in the non-PD group had AKP. As
shown in Fig. 4, PD was associated with significantly lower
rate of AKP (RR = 0.70; 95% CI, 0.50 to 0.97; P = 0.03),
without significant heterogeneity (I, = 47%). In subgroup
analysis, PD was associated with significantly lower rate of
AKP at 12-month follow-up (RR = 0.70; 95% CI, 0.50 to
0.98; P =0.03). No significant difference was observed in
AKP incidence between the PD group and non-PD group

after 12-month follow-up (RR = 0.68; 95% CI, 0.46 to 1.00;
P =0.05) (Table 3).

Visual Analogue Scale (VAS) for Anterior Knee

Pain (AKP)

Four studies involving 466 patients reported the VAS for
AKP. PD was associated with a reduction in VAS (mean dif-
terence, —0.37; 95% CI, —0.69 to —0.05; P = 0.02; Fig. 5). No
significant heterogeneity was observed across studies
(I = 43%). In the subgroup analysis, PD was associated with
lower VAS at 3-month follow-up (mean difference, —0.52;
95% CI, —0.89 to —0.14; P = 0.007;) and 12-month follow-up
(mean difference, —0.51; 95% CI, —0.84 to —0.19; P = 0.002).
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Fig. 2 Summary of the risk of bias across the included studies.
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Fig. 3 Risk of bias in each study. “+” indicates a low risk of bias; “-”
indicates a high risk of bias; “?” indicates unclear risk of bias.
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After 12-month follow-up, no significant difference was
observed in VAS between the PD group and non-PD group
(mean difference, —0.31; 95% CI, —0.82 to 0.19; P =0.22)
(Table 3).

Range of Motion (ROM)

Three studies investigated ROM of the involved knee. PD
was associated with significantly higher ROM after
12-month follow-up (Mean difference, 7.68; 95% CI, 0.33 to
15.04; P = 0.04; Fig. 6; Table 3).

Patellar Score (PS)

Four studies involving 381 patients compared the PS
between two groups. There was no significant association
between PD and increased PS (mean difference, 0.61; 95%
CL, —0.28 to 1.49; P = 0.18; Fig. 7). Subgroup analysis
showed the results remained unchanged in the subgroups of
3-month, 12-month and over 12-month follow-up (Table 3).

American Knee Society Knee Score (KSS Knee)

Five studies involving 589 patients evaluated the KSS knee,
and found no significant difference between two groups
(mean difference, 1.40; 95% CI, —0.18 to 2.98; P = 0.08;
Fig. 8). The results remained unchanged with different
follow-up times. (Table 3).

American Knee Society Function Score (KSS Function)

Four studies involving 489 patients evaluated the KSS func-
tion, and found no significant difference between the two
groups (mean difference, 1.88; 95% CI, —1.19 to 4.94;
P =0.23; Fig. 9). In the subgroup analysis, KSS function had
an increased mean difference of 4.67 in favor of PD at
3-month follow-up (95% CI, 2.07 to 7.26; P < 0.001) and
increased mean difference of 3.66 in favor of PD after
12-month follow-up (95% CI, 0.29 to 7.04; P = 0.03). There
was no difference at follow-up time of 12 months (Table 3).

Oxford Knee Score (OKS)

There was no significant difference in OKS between the two
groups (mean difference, —0.22; 95% CI, —2.55 to 2.10;
P =0.85; Fig. 10). No significant difference was observed in
the subgroup analysis (Table 3).

Postoperative Complication and Reoperation

Nine studies with 1157 patients reported postoperative com-
plication and reoperation. Five studies found no complica-
tion occurred in either group and seven studies found no
reoperation occurred in either group. There was no signifi-
cant difference in complication rate (RR = 0.97; 95% CI, 0.44
to 2.14; P = 0.95; Fig. 11) and in reoperation rate (RR = 0.53;
95% CI, 0.23 to 1.22; P = 0.14; Fig. 12) between the PD
group and non-PD group. No complication related to the
patella, such as patellar osteonecrosis, fracture, or dislocation,
was reported in the included study.



20

ORTHOPAEDIC SURGERY

VoLUME 13 « NUMBER 1 * FEBRUARY, 2021

PD repuces AKP arter TKA

PD NPD Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Alomran 2014 12 92 30 92 16.8% 0.40([0.22,0.73] —
Baliga 2012 35 91 kL] 94 267% 0.93 [0.65, 1.33]
Pulavarti 2014 15 G1 14 58 159% 1.02 [0.54,1.92] _—r
Saoud 2004 3 15 10 19 7.0% 0.30[0.10, 093] -
van Jonbergen 2014 27 103 38 99 24.2% 0.68[0.45,1.03] —
Yim 2012 7 a0 a a0 §9.4% 0.88 [0.34, 2.23] ]
Total (95% CI) 416 412 100.0% 0.70 [0.50, 0.97] L 4
Total events 99 139
Heterogeneity: Tau®= 0.07; Chi*= 9.41, df= 5 (P = 0.09); F= 47% = = = !
Testfor overall effect Z= 215 {F=0.03) 0.0 mFavcnrs PD ! Favors NP1DD 100
Fig. 4 Forest plot of incidence of anterior knee pain (AKP).
PD NPD Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Altay 2012 22 11 35 282 12 35 222% -0D62[1.16,-0.08] b
Baliga 2012 118 1.33 91 1.82 1.67 94  2845% -0.64 [-1.07,-0.21] b
Motififard 2019 86 18 46 8.7 2 46 127%  -010[-0.80,0.70]
Pulavarti 2014 21 0.9 61 2.2 092 58 36.6%  -010[-0.43,0.23 L
Total (95% Cl) 233 233 100.0% -0.37 [-0.69, -0.05]
Heterogeneity: Tau= 0.05; Chi= 5.26, df= 3 (P = 0.15); F= 43% F . f !
Testfor overall effect 2= 225 (P=0.02) 1on SDFavnrs PDUFavors NP?:)D oo
Fig. 5 Forest plot of visual analogue scale (VAS) for anterior knee pain.
PD NPD Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Alornran 2015 1267 83 892 1125 48 92 343% 14.20[12.24,16.16] u
Altay 2012 121.57 714 35 117.42 668 35 33.0% 4.15[0.91,7.39]
Pulavarti 2014 1036 9.3 61 992 98 58 327% 4,40 [0.96, 7.84]
Total (95% CI) 188 185 100.0%  7.68[0.33, 15.04]
Heterogeneity: Tau®= 40.01; Chi®= 40.33, df= 2 (P < 0.00001); *= 95% F g - = =
Test for overall effect: 2= 2.05 (P = 0.04) 100 Fg\?‘nurs I‘JF'DDFa'v'nurs Pgu 100
Fig. 6 Forest plot of knee range of motion (ROM).
PD NPD Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Kiwwon 2014 252 39 50 253 45 50 18.6%  -010[-1.75,1.55]
Altay 2012 27.82 1.63 35 2637 1.39 35 39.3% 1.45[0.74, 2.16]
Motififard 2019 252 39 46 253 45 46 17.6%  -010[-1.82,1.62)
Pulavarti 2014 26 3.8 61 257 35 58 24.4% 0.30[-1.01,1.81]
Total (95% Cl) 192 189 100.0% 0.61[-0.28, 1.49]
Heterogeneity: Tau®= 0.39; Chi*= 5.82, df= 3 (P = 0.12); F= 48% Hon 0 ) s 100

Testfor overall effect Z=1.34 (P=0.18)

Fig. 7 Forest plot of Patellar score (PS).

Subgroup Analysis of Depths of Electrocautery

In subgroup analysis of different depths of electrocautery, we
found no significant difference in the incidence of AKP
between PD and non-PD patients (within 1 mm subgroup:

Favors PD Favors NPD

RR = 0.54; 95% CI, 0.26 to 1.12; P = 0.10; within 2-10 mm

subgroup: RR = 0.69; 95% CI, 0.38 to 1.24; P = 0.22; Fig. 13).
In within 1 mm subgroup, PD was associated with a reduc-
tion in VAS (mean difference, —0.62; 95% CI, —1.16 to
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Fig. 8 Forest plot of American Knee Society knee score (KSS knee).
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Fig. 9 Forest plot of American Knee Society function score (KSS function).
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Fig. 10 Forest plot of Oxford knee score (OKS).
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Fig. 11 Forest plot of postoperative complication.
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Fig. 12 Forest plot of postoperative reoperation.
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Fig. 13 Forest plot of incidence of AKP in subgroup analysis of different depths of electrocautery.

—0.08; P = 0.02; Fig. 14). In within 2-10 mm subgroup, no
significant difference was observed in VAS between the PD
and non-PD group (mean difference, —0.48; 95% CI, —0.96
to 0.01; P = 0.05; Fig. 14). There was no significant associa-
tion between PD and increased PS in both subgroups
(within 1 mm subgroup: mean difference, —0.10; 95% CI,
—1.75 to 1.55; P = 0.91; within 2-10 mm subgroup: mean
difference, 0.88; 95% CI, —0.58 to 2.35; P = 0.24; Fig. 15).
There was no significant association between PD and
increased KSS in both subgroups (within 1 mm subgroup:
mean difference, 1.24; 95% CI, —2.08 to 4.56; P = 0.46;
within 2-10 mm subgroup: mean difference, 1.21; 95% CI,
—2.20 to 4.63; P = 0.49; Fig. 16). PD was not associated
with increased KSS function in both subgroups (within

1 mm subgroup: mean difference, 1.70; 95% CI, —2.67 to
6.07; P = 0.45; within 2-10 mm subgroup: mean difference,
1.79; 95% CI, —4.65 to 8.22; P = 0.59; Fig. 17).

Publication Bias

The funnel plots for the nine outcomes are shown in
Figure 18. No significant funnel plot asymmetry was
detected, suggesting no evidence of publication bias.

Discussion
he most important finding of this study was that PD can
significantly relieve AKP within 12 months after TKA.
Incidence and severity of AKP were both lower in the PD group
than in the non-PD group at 3- and 12-month follow-up,
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Fig. 14 Forest plot of VAS for AKP in subgroup analysis of different depths of electrocautery.
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Fig. 15 Forest plot of PS in subgroup analysis of different depths of electrocautery.

but the difference was not significant after 12-month follow-
up. The PD group showed significantly higher ROM than
the non-PD group after 12-month follow-up. There was no
strong evidence to support the idea that PD had a positive
effect on functional scores after TKA. No specific complica-
tion directly or indirectly related to PD was found, and the
overall complication rate and reoperation rate were compa-
rable between PD and non-PD group. As a result, the use of
PD is recommended in primary TKA without patellar
resurfacing to reduce incidence and severity of AKP at the
early stage of postoperative period. We believe that the present
study, which includes the largest number of RCTs available in
the literature, represents the most comprehensive evaluation
comparing PD and non-PD, provides an updated synthesis
research of the latest findings, and guides clinical practice in the
management of the patella during a TKA procedure reliably.
Total joint arthroplasty is considered to be the successful
treatment of choice for end-stage joint osteoarthritis, which can

provide excellent pain relief®. The presence of AKP has been a
common and persistent complaint after TKA, and can result in
dissatisfaction and low quality of life of patients”. A number
of factors were believed to potentially contribute to the occur-
rence of AKP, including patellofemoral degeneration27,
patellofemoral joint instability”®, abnormal patellofemoral joint
loading®®', and prosthetic design®’. There is no consensus on
the optimal management of the patella during a TKA proce-
dure, and which treatment can be effective to prevent the devel-
opment of AKP remains unknown. The use of patellar
resurfacing and its effect on APK are still controversial. The
most recent meta-analysis involving 20 RCTs failed to show
the association between patellar resurfacing and superior clini-
cal outcomes, such as lower incidence of AKP and higher knee
function scores’. Thus, patellar retention may be routinely rec-
ommended to reduce surgical time, decrease hospital cost and
avoid severe complications related to patellar resurfacing®>*,
However, AKP still occurred in 22.6% of the patients without
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Fig. 16 Forest plot of KSS knee in subgroup analysis of different depths of electrocautery.
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Fig. 17 Forest plot of KSS function in subgroup analysis of different depths of electrocautery.

patellar resurfacing’. Since substance P nociceptive afferent
fibers were found to be rich in the peripatellar soft tissues, PD
has been recommended by some surgeons to reduce the likeli-
hood and severity of AKP through desensitization or denerva-
tion of pain receptors in anterior knee region.

Several previous meta-analyses comparing PD and
non-PD in TKA without patellar resurfacing showed discor-
dant results; one of them concluded PD had no clear advantage
over non-PD*> while others found PD can provide superior
postoperative clinical results'®***. One meta-analysis per-
formed by Xie et al'’. investigated the association between PD
effects and follow-up period, and found that PD can signifi-
cantly relieve AKP and improve knee function of TKA for up
to 12 months of follow-up but not for over 12 months of
follow-up. Including an additional three RCTs, this study con-
firms that PD is effective for relieving AKP within 12 months
of follow-up but the effect cannot be maintained more than

12 months after surgery. Besides, the result of this study indi-
cates PD patients have no superior knee function to non-PD
patients at any follow-up time point, which is different from
the result of the previous meta-analysis'’.

The findings of this study are in accordance with the
results of several published RCTs with good design and ade-
quate follow-up time'> ">, The disappeared effect of PD at
longer follow-up times may be explained by the large amount
of potential contributors of AKP, as discussed above. Besides,
it is noteworthy that the occurrence of AKP itself is a dynamic
process. A gradual decline in the incidence of AKP over time
was observed in several studies®®*’, which may explain the
weakened preventive effect of PD on AKP after longer follow-
up time. Better pain relief at early postoperative stage may
enhance the rapid recovery and functional rehabilitation after
TKA, contributing to the better ROM in the PD group. In the
subgroup analysis of different depths of electrocautery, there
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Fig. 18 Funnel plots for detecting publication bias. A: Anterior knee pain (AKP). B: Visual analogue scale (VAS). C: Range of motion (ROM). D: Patellar
score (PS). E: American Knee Society knee score (KSS knee). F: American Knee Society function score (KSS function). G: Oxford knee score (OKS).

H: Postoperative complication. I: Postoperative reoperation.

is almost no difference in AKP and knee function between the
PD and non-PD group. The reason for this finding is still
unclear. Limited number of studies and participants included
in each subgroup may explain the insignificant difference.
Concerns about PD-related complications still remain.
Compromised patellar blood supply caused by circumpatellar
electrocautery and concomitant soft tissue injury were theo-
retically associated with patellar osteonecrosis and frac-
However, no specific complication directly or
indirectly related to PD, such as patellar osteonecrosis, patel-
lar fracture, patellar clunk, patellar dislocation, or extensor
mechanism disruption, has been reported in the included
study. No significant difference was observed in the overall
complication rates and reoperation rates between the PD

and non-PD group. The majority of the reported complica-
tions were superficial wound complications, limited ROM
needing manipulation under anesthesia and deep vein
thrombosis, which were almost all successfully managed
non-operatively. Van Jonbergen et al. reported three cases of
secondary patellar resurfacing in the PD group and seven
cases in the non-PD group at a mean follow-up of
44 months'>. The indication for secondary patellar
resurfacing in the study was severe disabled AKP after
12-month follow-up. Besides, some surgeons hypothesized
that the proprioception disturbance of the patella caused by
PD might induce abnormal patellofemoral joint loading®,
which was believed to be a risk factor for the occurrence of
AKP?!. However, the result of our study did not support the
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hypothesis but instead the PD can decrease the incidence
and severity of AKP within 1 year after TKA.

This study has several limitations. First, significant het-
erogeneity was found in the outcomes of PS, KSS function,
and OKS, which may be explained by the difference in the
way the outcome was measured. In addition, some potential
risk factors of AKP, such as race of patients, ratio of female
to male, and age group, were inconsistent among included
studies, which may lead to significant clinical heterogeneity.
Second, not all studies provided follow-up data for each out-
come. Thus, the number of studies and sample size were lim-
ited for several outcomes, which made it difficult to perform
further subgroup analysis and sensitivity analysis. Third,
there is notably unclear risk of bias in several included stud-
ies due to poorly described methodology. Considering the
limitations in this meta-analysis, additional high-quality

PD repuces AKP arter TKA

RCTs with adequate follow-up time are required to
strengthen the evidence.

Conclusion

In conclusion, PD can decrease the incidence and severity of
AKP within 12 months after TKA, but the effect cannot be
maintained after 12-month follow-up. Better pain relief at
early postoperative stage may improve ROM in the PD
group after 12-month follow-up. Without significant associ-
ated complication and reoperation, the use of PD is rec-
ommended in TKA without patellar resurfacing. Additional
high-quality RCT's are required to strengthen the evidence.
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