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Abstract

This study was conducted to compare the changes in different clinical scores and imaging indexes of patients who underwent
robot-assisted total knee arthroplasty (RA-TKA) and manual total knee arthroplasty (M-TKA). PubMed, Web of Science,
Cochrane Library and Embase were searched according to PRISMA guidelines in June 2024. Search terms included “robot-
assisted”, “manual” and “total knee arthroplasty”. Outcome indicators included American Knee Society Score (KSS), West-
ern Ontario McMaster Universities Osteoarthritis Index (WOMAC), Oxford Knee Score (OKS), range of motion (ROM),
Hospital for Special Surgery (HSS) score, Forgotten Joint Score (FJS), 36-Item Short Form Health Survey (SF-36), opera-
tion duration (min), intraoperative blood loss (ml), pain score, patient’s satisfaction scores, hip—knee—ankle (HKA) angle,
frontal femoral component angle, frontal tibia component angle, lateral femoral component angle and lateral tibia component
angle. A total of 1,033 articles were obtained after removing duplicates, and 12 studies involving 2,863 patients (1,449 RA-
TKAs and 1,414 M-TKAs) were finally meta-analyzed (22-32). The baseline data of both groups were similar in all results.
Meta-analysis suggested a better performance of the RA-TKA group than the M-TKA group regarding the HKA angle. The
manual TKA reduced the operation time and significantly improved the range of motion. The results of > 6 months follow-
up showed that M-TKA was better than RA-TKA in terms of KSS score and WOMAC. Compared with M-TKA, RA-TKA
can produce more accurate prosthetic alignment, but it does not lead to better clinical results. Orthopedic surgeons should
choose between two surgical procedures according to their own experience and patients’ characteristics.
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Introduction

Total knee arthroplasty (TKA) is highly effective for treat-
ing advanced knee osteoarthritis [1]. Despite its great
success and rapid development over the past two dec-
ades, 20% of patients experience unsatisfactory clinical
outcomes after surgery [2, 3]. The precise positioning of
components and alignment of the limb are critical factors
influencing patient satisfaction and functional results fol-
lowing TKA [4]. In practice, achieving these standards
manually can be very challenging for surgeons. The devel-
opment of orthopedic robots has facilitated the widespread
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adoption of robot-assisted total knee replacement systems
in clinical settings [5—8]. Many reports have indicated that
robotic-assisted total knee arthroplasty (RA-TKA) enables
more accurate bone cutting and implant placement and
achieves balanced extension and flexion gaps tailored to
the patient's skeletal anatomy and natural ligament bal-
ance, reducing the probability of detrimental stress and
wear [9, 10]. The approach can theoretically promise more
significant improvements in clinical outcomes. However,
controversy persists regarding whether RA-TKA yields
superior functional and clinical outcomes compared to
manual TKA (M-TKA). Multiple studies report no statis-
tically significant difference in clinical outcomes, despite
favorable radiological outcomes during follow-up visits
[11-13]. Based on that, many scholars have disputed its
clinical significance. Therefore, we collected relevant
articles and performed a meta-analysis. The study aims
to compare the clinical outcomes and radiological results
of RA-TKA and M-TKA through the analysis of relevant
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studies, thus providing a basis for physicians’ decision-
making processes. The hypothesis of this study is that RA-
TKA yields significantly superior outcomes than M-TKA,
both clinically and radiologically.

Materials and methods
Literature retrieval

This study complied with the standards for Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA 2020) [14] and registered in PROSPERO prospec-
tively (CRD420234731153). Articles published in English
were systematically retrieved from PubMed, Web of Sci-
ence, Cochrane Library and Embase up to June 1, 2024 to
comprehensively compare the efficacy and/or safety of RA-
TKA and M-TKA in treating knee osteoarthritis. The follow-
ing terms were searched in the database: "robot-assisted",
"robotic-assisted", "robot", "robotic", “Arthroplasty”, "Knee
Replacement Arthroplasties”, "Robotic Assisted Surgery"
and "Total Knee Arthroplasty” (Table S1). Two authors
independently and impartially examined the articles that
met the inclusion criteria according to the search strategy,
performed data extraction and manually examined the refer-
ence list of all included studies.

Inclusion and exclusion criteria

Studies that contained the following features were included:
1. studies with a randomized control, cohort or case—con-
trol design; 2. patients with end-stage knee osteoarthritis; 3.
studies that compared RA-TKA and M-TKA; 4. evaluations
including no less than one of the following indicators: Amer-
ican Knee Society Score (KSS), Western Ontario McMaster
Universities Osteoarthritis Index (WOMAC), Oxford Knee
Score (OKS), joint range of motion (ROM), 36-Item Short
Form Health Survey (SF-36) score, Hospital for Special Sur-
gery (HSS) score, Forgotten Joint Score (FJS), pain score,
patient satisfaction score, operation length (min), intraopera-
tive blood loss (ml), hip—knee—ankle (HKA) angle, frontal
femoral component angle, frontal tibia component angle,
lateral femoral component angle and lateral tibia component
angle; 5. articles containing enough data for calculating odds
ratio (OR) or weighted mean difference (WMD).

Studies were excluded if they were reviews, letters, com-
ments, case reports, abstracts for conference presentation,
articles on pediatrics and unpublished articles. We included
studies on patients who underwent unilateral RA-TKA or
M-TKA, and also excluded studies involving single-com-
partment knee arthroplasty.
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Data extraction

Data was extracted systematically and independently by
two investigators (Fu Xinyu and She Yiming). Disagree-
ments were finally resolved by the third researcher (Jin Ri).
We extracted the data on first author and publication year
of the article, research duration, research country, research
design, sample size, patient’s age and body mass index
(BMI), follow-up time and interventions. Continuous
variables in the included studies presented as the median
and interquartile range (IQR) or range were calculated to
obtain the mean + standard deviation using verified math-
ematical methods [15, 16]. For studies with missing or
unreported data, the corresponding author was contacted
to request for complete (if any) data.

Quality assessment

Randomized controlled trials (RCTs) as well as cohort
studies were evaluated, respectively, using the Cochrane
Quality Assessment Scale and Newcastle—Ottawa Scale
(NOS) [17]. The scale mainly includes three dimensions:
subject selection, comparability between groups and
measurement of results. Studies were given a score from
0 to 9, with a score of 7-9 representing high quality [18].
Research quality and level of evidence were separately
reviewed by two researchers, and differences were handled
via discussion.

Statistical analysis

Evidence synthesis was conducted using Review Man-
ager 5.4 (Cochrane Collaboration, Oxford, UK). Weighted
mean difference (WMD) and risk ratio (OR) were adopted
to assess continuous and binary variables, respectively.
Indicators were all presented using 95% confidence inter-
val (CI). Then heterogeneity (Cochran's Q) and inconsist-
ency index (/%) of all studies were assessed by the Chi-
square (XZ) test [19]. A p value for the x 2 test beneath
0.05 or I* over 50% was considered as remarkable hetero-
geneity. If there was remarkable heterogeneity, a random
effects model was employed to approximate the pooled
WMD or OR. If not, the fixed effects model was utilized.
To assess the influence of the eligible studies on the
pooled results containing remarkable heterogeneity, one-
way sensitivity analysis was also performed. The funnel
plot was produced using Review Manager 5.4 (Cochrane
Collaboration, Oxford, UK). The results involving > three
studies were tested by the Egger’s regression test in Stata
15.0 (Stata Corp, College Station, TX, USA) [20], and the
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publication bias was visually assessed. A p value of lower
than 0.05 was deemed to have statistical significance.

Results
Literature retrieval and study characteristics

The process of literature retrieval and screening is dis-
played in detail in Fig. 1. Through systematic literature
retrieval, 1,711 related articles were finally obtained from
PubMed (n=342), Embase (n=644), Cochrane (n=150)
and Web of Science (n=575). Then 1,033 titles and
abstracts of studies were screened after deleting dupli-
cates. Finally, 12 full-text articles were included, concern-
ing 2,863 patients (1,449 RA-TKAs and 1,414 M-TKAs)
for pooled analysis [11-13, 21-29]. Among them, five
were RCTs [11, 12, 21-23] and seven were cohort studies

[13, 24-29]. The specific features of all included studies
are presented in Table 1. Quality evaluation of eligible
cohort studies and RCTs is shown in Table S2 and Fig. 2,
respectively.

Change of Knee Society Score

In the analysis of KSS improvement from preoperative
to postoperative stages, the RA-TKA and M-TKA groups
exhibited similar changes in KSS scores (WMD: —1.18;
95%CI: —3.41, 1.05: p=0.30), with significant heteroge-
neity observed (I?=98%, p<0.00001) (Fig. 3a). The sub-
group analysis of > 6-month follow-up duration revealed a
significantly lower KSS score in the RA-TKA group com-
pared to the M-TKA group (WMD: —0.61; 95%CI: —0.89,
—0.33: p<0.00001) (Table 2).

Fig. 1 Flowchart of the system- i i X i X
atic search and selection process [ Identification of studies via databases and registers }
M)
- Records identified from*:
k=) databases (n =1711):
§ PubMed (n =342) Duplicate records removed
= Cochrane (n = 150) > (n = 678)
c Embase (n =644)
§ Web of Science (n =575)
Records screened »| Records excluded
(n =1033) (n=2891)
=)
c
s
[}
o
[T}
(77}
Reports assessed for eligibility
(n = 142) — | Reports excluded:
Comment (n = 18)
Duplicate (n = 10)
Not in English (n =7)
Review (n = 95)
v
3
° Reports of included studies
=]
° (n=12)
(=
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Table 1 Baseline characteristics

. . Authors Study period Country Study design Patients (n) Median
of the included studies follow-u
RA-TKA/M-TKA p
(months)

Clement et al. 2019-2021 UK Prospective 46/41

Xu et al. 2022 China Prospective 37/35 3
Lietal. 2020-2021 China Prospective 69/74 3
Kim et al. 2002-2008 South Korea Prospective 674/674 156
Lincoln et al. 2015-2016 USA Prospective 31/29 24
An et al. 2022 China Retrospective 27127 6
Kenanidis et al. 2020-2021 Greece Retrospective 30/30

Khlopas et al. 2016-2018 USA Retrospective 150/102 3
Jin et al. 2004-2007 South Korea Retrospective 160/230 120
Babar et al. 2016-2017 UK Retrospective 60/60 70
Moussa et al. 2019-2022 France Retrospective 100/100 12
Kayhan et al. 2019-2020 Poland Retrospective 70/46 24

Change of Western Ontario McMaster Universities
Osteoarthritis Index

Five studies reported WOMAC. The pooled analysis indi-
cated that RA-TKA and M-TKA groups demonstrated

. Selective reporting (reporting bias)

® O @ @@ |ncomplete outcome data (attrition bias)

‘ . ‘ ‘ . Blinding of participants and personnel (performance bias)
. . . ’ . Blinding of outcome assessment (detection bias)

‘ . . ‘ . Random sequence generation (selection bias)
® O @ @ | ® | Anocation concealment (selection bias)
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g
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Clement 2023 +
Kim 2020 2 | @®
Li 2022 ® 0
Lincoln 2016 ? ‘
Xu 2022 ® e

Fig.2 Risk of bias graph summary for randomized controlled trials
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similar changes in WOMAC scores (MD: 2.32; 95%CI:
-4.27, 8.91; p=0.49), with salient heterogeneity observed
(1=98%, p <0.00001) (Fig. 3b). The subgroup analysis
of > 6-month follow-up duration unveiled a significantly
lower WOMAC score in the RA-TKA group in contrast to
the M-TKA group (WMD: —3.40; 95%CI: —3.72, —3.08;
p<0.00001) (Table 2).

Change of Oxford Knee Score

OKS was reported in four studies, which unraveled that the
RA-TKA and M-TKA groups presented with similar OKS
scores (WMD: 5.70; 95% CI: -0.97, 12.37; p=0.09), with
salient heterogeneity found (P=100%, p <0.00001) (Fig. 3).
Sensitivity analysis showed that after excluding the research
published by Lincon et al. in 2016 [23], the result changed
from insignificant to significant, indicating instability of
the index (Fig. 4c). The subgroup analysis of cohort stud-
ies, > 6-month follow-up duration, and European population
revealed a significantly higher ROM score in the RA-TKA
group compared to the M-TKA group (Table 2).

Change of joint range of motion

Seven studies reported ROM. The comprehensive analysis
suggested a significantly lower ROM score improvement
in the RA-TKA group in contrast to the M-TKA group
(WMD: —-2.84; 95% CI: —3.72, —1.95; p=0.00001), with
significant heterogeneity observed (I*=98%, p <0.00001)
(Fig. 3d). Sensitivity analysis uncovered that after excluding
the research published by Kim et al. in 2020 [12] or Jin et al.
in 2018, the result changed from significant to insignificant,
indicating instability of the index (Fig. 4d).
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Fig.3 Forest plots of score: a
KSS, b WOMAC, ¢ OKS, d
ROM, e SF*36, f HSS, g FIS

B

C

D

Study or Subgroup Mean SD _Total Mean SD

Mean Difference
Weight 1V, Random, 95% CI

RA-TKA M-TKA

Mean Difference
IV, Random, 95% CI

An 2023 812 241 27 855 327 27 19% 1570[0.38,31.02)
Babar 2023 4118 181 60 3871 17.96 B0 7.7% 2.47(-3.98,892)
Jin 2018 384 147 155 39 113 196 218% -060[-088,-0.32)
Khlopas 2019 20 173 150 1929 231 102 216% 0.71[0.18,1.24]
Lincoln 2016 216 432 31 228 525 29 17.3% -1.30[-374,1.14]
Moussa 2023 255 2499 100 311 207 100 79% -560[11.96, 076
Xu 2022 3335 135 37 381 086 35 216% -475[527,-423)
Total (95% CI) 560 549 100.0% -1.18[-3.41,1.05]
Heterogeneity: Tau®= 5.92; Chi*= 254 50, df= 6 (P < 0.00001); F= 98%
Test for overall effect: Z=1.03 (P = 0.30)
RA-TKA M-TKA Mean Difference
or Subgroi n Total Mean I_Weight IV, Rands
An 2023 -214 18 27 -25 109 27 163% 3.60[-4.34,1154]
Clement 2023 -35 355 46 -11 489 a1 211% 7.50(5.69,9.31]
jin 2018 -663 1.7 155 -629 163 196 214% -340[375,-3.09
Li2022 -383 7.1 69 -471 689 74 209% 8.80(6.49,11.11]
Xu 2022 -147.3 7.36 37 -1426 689 35 203% -470[7.99,-141]
Total (95% CI) 334 373 100.0% 2.32[-4.27,8.91]

Heterogeneity: Tau?= 52.77; Chi*= 235.13, df = 4 (P < 0.00001); = 98%
Test for overall effect: Z= 0.69 (P = 0.49)

*

20 - 20
Favours [RA-TKA] Favours [M-TKA]

Mean Difference
Rand 95%Cl

20 10 0 10 20
Favours [RA-TKA] Favours [M-TKA]

RA-TKA M-TKA Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV.Random.95%Cl IV, Random, 95% CI
Babar 2023 22 909 60 2082 733 60 242% 118[1.77,413] =
Clement 2023 -25 177 46 -48 232 41 253% 2.30(1.42,318) .
Kenanidis 2022 329 11 30 19 119 30 253% 13.90(13.32,14.48) =
Lincoln 2016 -153 188 31 -205 183 29 252% 5.20(4.23,6.17) L
Total (95% CI) 167 160 100.0% 5.70[-0.97,12.37] g
Heterogeneity. Tau®= 45 59; Chi* = 585.39, df = 3 (P < 0.00001); = 99% I T

Test for overall effect Z=1.68 (P = 0.09)

Favours [RA-TKA] Favours [M-TKAI]

RA-TKA M-TKA Mean Difference Mean Difference
Study or Subgroup _Mean _ SD Total Mean _ SD Total Weight IV.Random, 95% CI IV, Random, 95% CI
An 2023 2259 2654 27 963 2418 27 04% 12.96(-0.58, 26.50] 1
Jin 2018 59 051 155 102 08 196 308% -4.30[-445-415) .
Kim 2020 -3 033 674 1 041 674 311% -400[4.04,-396] .
Li 2022 147 326 69 116 307 74 217%  310[206,4.14] -
Lincoln 2018 27 418 31 54 384 29 117% -810(1013,-6.07] -
Moussa 2023 67 2484 100 31 2348 100 17% 360(307,1027) =
Xu 2022 105 120 37 145 157 35 26% -400(9.22,122) I—
Total (95% C1) 1093 1135 100.0% -2.84[-3.72,-1.95] ¢
Heterogeneity. Tau®= 0.65; Chi*= 220,96, df= 6 (P < 0.00001); = 97% 2 5 i 2

Test for overall effect Z= 6.30 (P < 0.00001)

Favours [RA-TKA] Favours [M-TKA]

RA-TKA M-TKA Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed. 95% CI

Li2022 1048 307 69 1509 283 74 154% -461[11.10,1.88]

Lincoln 2016 02 444 31 11 629 29 846% -090[-367,1.87]

Total (95% CI) 100 103 100.0% -1.47 [4.02,1.08]

Heterogeneity: Chi*= 1.06, df= 1 (P = 0.30); F= 6% 3 7 T P P

Testfor overall effect: Z=1.13 (P = 0.26) Favours [RA-TKA] Favours [M-TKA]
RA-TKA M-TKA Mean Difference Mean Difference

Study or Subgrou; Mean SD Total Mean SD Total Weight IV, Random.95%Cl IV. Random. 95% CI

jin2018 26 1.0 155 257 088 196 50.7% 0.30(0.09, 0.51)

Li 2022 148 197 69 17.25 2.06 74 493% -245[-3.11,-1.79] -

Total (95% CI) 224 270 100.0%  -1.06 [-3.75, 1.64]

Heterogeneity. Tau®= 3.72; Chi*= 60.40, df= 1 (P < 0.00001); F= 98% E + : : o

Test for overall effect Z= 0.77 (P = 0.44) Favours [RA-TKA] Favours [M-TKA]
RA-TKA M-TKA Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed,95%Cl IV, Fixed, 95% CI

An 2023 797 15 27 764 191 27 51% 3.30[-5.86,12.46) | o —

Babar 2023 7915 1082 60 755 7.98 60 36.9% 3.65(0.25,7.05] -

Clement 2023 308 248 46 201 256 41 38% 1.70[892,12.32] —

Kayhan 2023 684 116 70 639 1286 46 207% 4.50[-0.04,9.04] =

Kenanidis 2022 76 83 30 619 81 30 248% 970[555,13.85) —_—

Moussa 2023 76.3 23 100 686 269 100 889% 7.70[0.76,14.64] R

Total (95% CI) 333 304 100.0% 5.59[3.53,7.66] L 4

Heterogeneity: Chi*= 6.35, df= 5 (P = 0.27), F= 21% 2 T %

Testfor overall effect: Z= 5.31 (P < 0.00001)

Favours [RA-TKA] Favours [M-TKA]
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Fig. 4 SCHSitiVity analysis of A RA-TKA M-TKA Mean Difference Mean Difference
a KSS. b WOMAC. ¢ OKS. d Study or Su Mean SD Total Mean SD Total Weight IV, Random,95% Ci IV. Random. 95% ClI
’ . ’ . An 2023 45 18 27 -44 13 27 286% -0.10[0.94,0.74 =
ROM, e pain score, f operative Clement 2023 612 384 46 -B61 483 41 233%  4.90(3.05,6.75] —
duration, g HKA, h FFC, i FTC jin 2018 25 0.8 155 228 075 196 30.3%  2.20(2.04,2.36) L
. ’ ? ? ? Lincoln 2016 391 528 31 406 582 29 17.8% -1.50[4.32,1.32 —_——
jLFC,kKLTC
Total (95% CI) 259 293 100.0% 1.51 [-0.34, 3.36] -
Heterageneity: Tau®= 2.93; Chi*= 42.93, df= 3 (P < 0.00001); F= 93% L g 3 : P
Test for overall effect: Z=1.60 (P=0.11) Favours [RA-TKA] Favours [M-TKA]
RA-TKA M-TKA Mean Difference Mean Difference
B Study or Sul Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed. 95% CI
Clement 2023 45 97.8 46 36 87.8 41 0.1% 9.00[-30.00, 48.00]
Khlopas 2019 2859 758 150 2842 678 102 545% 0.17 [-1.62,1.96]
Li2022 17 546 69 174 649 74 454% -0.40[-2.36,1.56)
Total (95% CI) 265 217 100.0% -0.08 [-1.40,1.24]
Heterogeneity: Chi*= 0.39, df= 2 (P = 0.82); F= 0% t t T t t
N 4 -50 -25 0 25 50
Test for overall effect: Z=0.12 (P=0.91) Favours [RA-TKA] Favours [M-TKA]
C RA-TKA M-TKA Mean Difference Mean Difference
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Change of the 36-Item Short Form Health Survey
score

The primary analysis demonstrated no statistically signifi-
cant difference in postoperative SF-36 values between the
RA-TKA group and the M-TKA group (WMD: —1.47;95%
CI: —4.02, 1.08; p=0.26) (Fig. 3e), with significant het-
erogeneity (I>=6%, p <0.30). Subgroup analysis similarly
found no statistical difference.

Change of hospital for special surgery

In the analysis of KSS improvement from preoperative to
postoperative stages, the RA-TKA group and the M-TKA
group indicated no statistical difference (WMD: —1.06; 95%
CI: -3.75, 1.64; p=0.44) (Fig. 3F) and notable heterogene-
ity was discovered (> =98%, p <0.00001).
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Favours [RA-TKA] Favours [M-TKA]

Forgotten Joint Score (FJS)

Six studies reported FJS. The pooled analysis unveiled a
significantly higher FJS score in the RA-TKA group in
contrast to the M-TKA group (WMD: 5.59; 95% CI: 3.53,
7.66; p<0.0001) (Fig. 3g), with no significant heterogeneity
(’=21%, p=0.27).

Change of pain score

Four studies reported pain scores. The comprehensive analy-
sis found no significant difference in pain scores between
the RA-TKA and M-TKA groups (WMD: 1.51; 95% CI:
-0.34, 3.36; p=0.11). Sensitivity analysis showed that after
excluding the research published by Linkon et al. in 2016,
the result changed from insignificant to significant, indicat-
ing instability of the index (Fig. 4d).
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Patient satisfaction score

Three studies reported patient satisfaction scores. The
pooled analysis showed that the RA-TKA and M-TKA
groups exhibited similar patient satisfaction scores (WMD:
-0.08; 95% CI: —1.40, 1.24; p=0.91), with no salient het-
erogeneity (1I2=0%, p=0.82) (Fig. 5b).

Favours [RA-TKA] Favours [l.l -TKA]

Operative duration

The operation time was reported in three studies. The com-
prehensive analysis found that the RA-TKA group exhibited
a significantly longer operation time than the M-TKA group
(WMD: 25.97; 95% CI: 12.59, 39.34; p=0.0001), with sig-
nificant heterogeneity (I*=85%, p=0.001) (Fig. 5c). Sen-
sitivity analysis uncovered that after excluding the research
published by Kim et al. in 2020 or Xu et al. in 2022, the
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Fig.6 Radiographic findings: a HKA, b FFC, ¢ FTC, d LFC, e LTC

result changed from significant to insignificant, indicating
instability of the index (Fig. 4f).

Intraoperative blood loss

The comprehensive analysis revealed no statistically sig-
nificant difference in intraoperative blood loss between
the RA-TKA group and the M-TKA group (WMD: —5.53;
95%CI: —1.90, 12.95; p=0.14), with no salient heterogene-
ity (’=0%, p=0.65) (Fig. 5d).

Change of hip-knee-ankle angle

HKA was reported in six studies. The comprehensive anal-
ysis suggested a significantly superior HKA score improve-
ment in the RA-TKA group than that in the M-TKA group
(WMD: 1.10; 95%CI: 0.40, 1.80: p=0.002), with signifi-
cant heterogeneity (I’=99%, p <0.00001) (Fig. 6a).

Frontal femoral component angle

Frontal femoral component (FFC) angle was reported
in three studies. The comprehensive analysis found no
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clinical difference in the FFC angle between the RA-TKA
group and the M-TKA group (WMD: 0.61; 95%CI: —0.19,
1.42; p=0.14), with no salient heterogeneity (I*>=90%,
p <0.0001) (Fig. 6b). Sensitivity analysis indicated that
after excluding the research published by Jin et al. in 2018
[26], the result changed from insignificant to significant,
indicating instability of the index (Fig. 4h). The subgroup
analysis of RCT in a study revealed a significantly higher
FFC score in the RA-TKA group compared to the M-TKA
group (WMD: 1.01; 95%CI: 0.81, 0.21; p <0.0001)
(Table 2).

Frontal tibia component angle

Three studies reported frontal tibia component (FTC)
angle. Pooled analysis revealed no meaningful difference
in FTC angle between the RA-TKA group FFC and the
M-TKA group (WMD: 0.13; 95%CI: -0.99, 1.25; p=0.82),
and there was remarkable heterogeneity (I>=93%,
p <0.00001) (Fig. 6¢).
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Fig. 7 Funnel plots of a KSS, b WOMAC, ¢ OKS, d ROM, e FIS, f pain score, g patients' satisfactory score, h operative duration, i intraopera-

tive blood loss, j HKA, k FFC, 1 FTC, m LFC, n LTC

Lateral femoral component angle

Three studies reported lateral femoral component (LFC)
angle. Pooled analysis revealed no significant difference
in the LFC angle between the RA-TKA group FFC and
the M-TKA group (WMD: —0.80; 95%CI: —3.73, 2.13;
p=0.59), and there was remarkable heterogeneity (I2 =99%,
p <0.00001) (Fig. 6d). The cohort study subgroup analysis
discovered a significantly lower LFC score in the RA-TKA
group than in the M-TKA group (WMD: —2.90; 95%ClI:
—3.42, -2.38; p<0.00001) (Table 2).

Lateral tibia component angle

Three studies reported lateral tibia component (LTC) angle.
Pooled analysis found no meaningful difference in LTC
score between the RA-TKA group and the M-TKA group
(WMD: 0.65; 95%CI: -0.52, 1.81; p=0.28), and remarkable
heterogeneity was noted (*=93%, p<0.00001) (Fig. 6f).
Sensitivity analysis discovered that when the research pub-
lished by Jin et al. in 2018 [26] was excluded, the result
changed from insignificant to significant, indicating that
the index was unstable (Fig. 4k). RCT subgroup analysis
revealed a significantly higher FFC score in the RA-TKA
group than in the M-TKA group (WMD: 1.06; 95%CI: 0.80,
1.31; p<0.0001) (Table 2).

Publication bias

A visual assessment of funnel plots for all outcome meas-
ures (Fig. 7) was performed. Outcome measures showing
potential publication bias were subjected to Egger’s test. No
statistically significant publication bias was observed.

Discussion

The most important findings of this meta-analysis are as fol-
lows: 1. The RA-TKA group demonstrated significantly bet-
ter improvements in HKA angle and postoperative FJS score
compared to the M-TKA group. 2. In contrast to the RA-
TKA group, the operation time was shorter in the M-TKA
group. Subgroup analysis of > 6-month follow-up results
showed that the M-TKA group exhibited more significant
improvements in KSS score and WOMAC score.

With the ultimate goal of building a stable, painless and
long-lasting joint, M-TKA relies on surgical instruments to
measure knee parameters, select a prosthesis and execute a
surgical plan. Despite the proven efficacy and reproducibility
of conventional knee arthroplasty, and ongoing innovations
in prosthetics and surgical instruments, a notable number of
patients remain dissatisfied with knee arthroplasty, attrib-
uted to various known and uncertain reasons [30, 31]. The
primary reason often stems from the stringent standards
of TKA for prosthesis placement, lower limb reconstruc-
tion and postoperative stability, while M-TKA struggles to
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consistently meet these criteria [32—-34]. RA-TKA has been
developed to eliminate potential inaccuracies in implant
positioning and alignment, thus mitigating patient dissat-
isfaction. Numerous studies have unraveled that RA-TKA
results in fewer outliers in component positioning, especially
in the sagittal plane, irrespective of the knee alignment and
balancing techniques employed. Surgeons may balance
the knee more precisely with RA-TKA than with M-TKA
[35]. However, it remains to be validated whether RA-TKA
can improve postoperative function recovery and deliver
superior clinical efficacy compared with M-TKA. On this
basis, we conducted an up-to-date systematic review and
meta-analysis.

The study has demonstrated that the RA-TKA group
exhibited certain advantages in improving the HKA angle,
thereby enhancing the alignment accuracy of the prosthesis
and reducing the deviation of the lower limb force line from
the neutral position. It has been reported that maintaining
the (HKA) angle within a safe range of +3° can increase
implant survival [36]. HKA angle is a crucial factor affect-
ing the longevity of knee prosthesis. Abnormal HKA angle
following TKA may result in prosthetic knee prosthesis dis-
location, early postoperative prosthesis loosening, compro-
mised functional recovery and heightened revision rate [37,
38]. Research by Mary K. Richardson et al. indicates that
patients undergoing RA-TKA have a significantly closer-to-
neutral postoperative HKA angle. In addition, compared to
patients treated with conventional methods, fewer RA-TKA
patients experience HKA angles outside the range of 0° +3°
[39]. Byung Sun Choil et al. have demonstrated that the RA-
TKA achieves superior accuracy and precision in femoral
and tibial prosthesis placement compared to M-TKA, and
all X-ray measurements were reproducible. These findings
uncover that RA-TKA can enhance the accuracy and repeat-

ility of component positioning and overall limb alignmen

[40-43]. It is worth noting that RA-TKA demonstrated the

itionin nhancemen
early patient-reported outcomes [35]. However, the correla-

tion between accurate implant positioning and clinical out-
comes remains contentious. A systematic review by Bensa
et al. indicates that both procedures significantly improve
patients’ symptoms, with no significant difference in clini-
cal outcomes observed between RA-TKA and M-TKA,
aligning with our own findings [44]. This raises questions
about whether achieving a 180° alignment is universally
“normal” and whether it should be the goal of TKA for all
patients. Multiple studies have found that the HKA angle
deviates from 0° in the general non-arthritic population. A
study by Bellemans et al. has reported a varus angle of 1°
in women and 2° in men based on a study of 250 healthy
adults [45]. In addition, Almaavi et al. have reported a large
variation in natural knee anatomy among 4884 CT scans of
the knee, with only 5% of the general population exhibiting
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a natural neutral alignment (HKA angle: 0°) [46]. In most
patients undergoing TKA, the knee may be compelled into
an unnatural position, potentially contributing to the lack
of corresponding clinical outcomes despite achieving better
natural neutral alignment. Given the variability of coronal
knee alignment in non-osteoarthritic knees and the wide var-
iability of all coronal alignment parameters, the necessity is
underscored for a more anatomically precise and individual-
ized approach to knee arthroplasty [47].

The FIS is a joint-specific questionnaire designed to assess
a patient’s ability to “forget" about a joint issue following
joint treatment. It reflects not only the difference between
“good” and “bad”, but also distinguishes between “good”,
“very good” and “excellent” results [48]. In this study, the
RA-TKA group was found to have a superior postoperative
FIJS in contrast to the M-TKA group. A study by Kafelov
M et al. has unveiled that RA-TKA achieved a higher FJS
at 1 year postoperatively compared with M-TKA [29]. Simi-
larly, Kaanni et al. have reported that robot-assisted total knee
arthroplasty is relevant to a statistically significant improve-
ment in FJS compared to conventional total knee arthroplasty,
although these differences fail to reach a minimal clinically
important difference (MCID) at any follow-up interval [28].
Therefore, further comprehensive randomized controlled tri-
als are needed for validation. The lower ceiling effect of the
FIJS allows monitoring of long-term outcomes, particularly
in groups that show favorable outcomes following total joint
arthroplasty. Measurable clinically significant differences
between RA-TKA and M-TKA may be better demonstrated
in future long-term studies [40].

The setup and registration of the robotic system in RA-
TKA are unique and may lead to increased total operative
time [49]. This study observed that the RA-TKA group had
longer operative times than the M-TKA group, possibly due
to the complexity of robotic surgical steps, operator inexpe-
rience, and the longer learning curve associated with RA-
TKA. The study by Xu et al. has unraveled that in RA-TKA,
a significant portion of operative time is devoted to tasks
such as setup, femoral and tibial fixation, and alignment [22].
Longer operative time may elevate the rate of TKA infection,
causing devastating consequences of TKA [50]. This is one
of the disadvantages of RA-TKA, which can be improved
by reducing the time allocated to non-surgical activities.
As surgeons gain proficiency and RA-TKA techniques are
refined, operative times may further decrease. The change of
postoperative ROM in the M-TKA group was superior than
that in the RA-TKA group. However, given the variability
of the results, this result should be interpreted cautiously.
In the subgroup analysis of the > 6-month follow-up, it was
suggested that the improvement of KSS and WOMAC scores
in the M-TKA group was significantly higher than that in
the RA-TKA group, indicating potential advantages of long-
term outcomes for the former. Short-term follow-up results
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were similar between the two groups. A recent meta-analysis
has revealed that short-term patient-reported outcomes (KSS
and WOMAC) are improved in the RA-TKA group com-
pared with the conventional TKA group. However, these dif-
ferences do not exceed the threshold for MCID, suggesting
that they may not be clinically significant [35].

Limitations of the study: firstly, not all of the included
studies were RCTs (5 RCTs and 4 retrospective cohort
studies); secondly, due to limited data availability, no sub-
group analysis was performed for different brands of robotic
assistance systems. Considering the underlying factors, the
results should be interpreted cautiously and may not be
applied to all systems. As robotic systems evolve, new high-
quality studies are warranted to assess the latest advance-
ments in robotic systems. Thirdly, the study was constrained
by a limited number of included studies and relatively small
sample sizes, potentially limiting its representativeness for
the broader population. Future studies with long-term fol-
low-up are needed to establish more definitive conclusions
regarding outcomes and benefits. Despite these limitations,
our study incorporated recent analyses from both prospec-
tive and retrospective cohort studies. Sensitivity analysis and
subgroup analysis were used to test the stability and publi-
cation bias of the results, providing a theoretical basis for
large-scale prospective clinical trials and evidence support
for clinical workers’ treatment choices.

Conclusion

Our research results uncovered that the improvement of the
HKA angle in the RA-TKA group was more significant than
that in the M-TKA group. In terms of the operation time,
improvement of ROM, KSS over 6 months and WOMAC
score, M-TKA outperformed RA-TKA. The experimental
follow-up time of this study was relatively short. Therefore,
large-scale and well-designed clinical research with longer
follow-up time is needed to comprehensively evaluate the
advantages and disadvantages of the two surgical methods.
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