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ABSTRACT

Objective: Robot-assisted (RA) surgeries are a major advancement in the medical field, allowing surgeons to operate remotely with minimal direct
involvement. Over the past decade, robotic systems have been increasingly used in many areas, including orthopedic procedures. This systematic review
and meta-analysis aimed to evaluate the effectiveness of RA-total knee arthroplasty (TKA) and unicompartmental knee arthroplasty (RA-UKA).

Material and Methods: A systematic review and meta-analysis of 12 randomized controlled trials was conducted to compare total and unicompartmental
RA-TKA with each other and with the conventional method. A total of 1.538 participants were included in the studies, which were published between
January 2014 and November 2024. The main outcomes of interest were range of motion (ROM) and pain measured by the visual analogue scale (VAS).
The Cochrane RoB2 tool was used to assess the risk of bias. Subgroup analyses were carried out for RA-TKA and RA-UKA outcomes.

Prospero Registration: CRD42024627463.

Results: RA knee arthroplasty and conventional knee arthroplasty showed no significant differences in either outcome ROM or VAS score for pain with
results of [MD =2.30, 95% Cl: -1.56 to 6.16] and (MD =0.05, 95% Cl: -0.14 to 0.23), respectively. Similarly, the comparison between RA-TKA and RA-UKA in
the subgroup analysis also showed no significant difference, with combined results of (MD =2.30, 95% Cl: -1.56 to 6.16) and (MD =0.05, 95% Cl: -0.14 to
0.23), respectively.

Conclusion: RA knee arthroplasties (RA-TKA and RA-UKA) show similar outcomes to each other and to conventional methods in terms of ROM and
pain reduction (VAS), with both robotic techniques showing comparable alternatives to traditional methods. These techniques also offer advantages
such as greater precision and less direct involvement from the surgeon, which may help reduce human error. RA-TKA and RA-UKA produce similar
results, and either can be used depending on the patient’s knee condition and availability of experienced surgeons in robotics. Future studies with
standardized protocols, larger sample sizes, and longer follow-up periods are needed to better understand and confirm the long-term benefits and
differences between RA-TKA and RA-UKA techniques.
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INTRODUCTION

Osteoarthritis (OA) is a progressive, degenerative joint disease and a leading cause
of disability worldwide. It is marked by the gradual breakdown of articular cartilage,
changes in the subchondral bone, and inflammation of the synovial lining. OA

Cite this article as: Rizvi SB, Ullah N. Tahir M, Al causes pain, stiffness, and limited movement, which can severely affect quality of
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life especially in people over the age of 50. About 70% of those over 55 years old
are affected, and 60% of them are women (1,2). The knee joint is one of the most

commonly affected areas, with knee OA making up a large number of cases (1). In
the early stages, non-surgical treatments such as physical therapy, medication, and
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jointinjections are often helpful. However, in advanced OA, surgery is usually needed
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to restore joint function and reduce pain (2,3).

In orthopedics, especially in knee arthroplasty, robot-assisted (RA) techniques
have gained significant attention. For end-stage OA in the knee, the main surgical
treatment options are total knee arthroplasty (TKA) and unicompartmental
knee arthroplasty (UKA) (4,5). TKA focuses only on the damaged part of the knee,
preserving the healthy areas, while TKA involves replacing the entire knee joint.

Copyright® 2025 The Author(s). Published by Galenos Publishing House on behalf of Turkish Surgical Society.
This is an open access article under the Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) License.


https://orcid.org/0009-0004-3552-3212
https://orcid.org/0009-0006-8964-7071
https://orcid.org/0009-0007-2357-7995
https://orcid.org/0000-0002-1482-9923
https://orcid.org/0009-0006-6801-3889
https://orcid.org/0000-0001-9096-5459
https://orcid.org/0000-0002-8710-3314

Rizvi et al.

429
Traditional manual methods, though effective, rely heavily on Randomized controlled trials (RCTs) published between January
the surgeon’s skill and experience. In contrast, RA surgery has 2014 and November 2024 were identified. Search terms included
become a major advancement in modern medicine, improving " RA-TKA", "TKAUKA", "ROM" and “pain”. Only articles published in
the surgical treatment of OA by offering greater precision and English were included.

allowing surgeons to operate with minimal direct involvement
through remote control (4).

Inclusion and Exclusion Criteria

RCTs were included if they evaluated RA-TKA in patients over
and 18 years old diagnosed with OA requiring arthroplasty. The
outcomes of interest were ROM and VAS score for pain. Studies
were excluded if they did not report these outcomes, if the
authors did not respond, or if the full text was not available.

Previous systematic reviews and meta-analyses have compared
RA-TKA with conventional techniques, showing better results
for the robotic approach (6-12). However, RA-TKA and RA-UKA
have not been compared with each other in any meta-analysis

to determine which gives better outcomes.
Study Selection
This systematic review and meta-analysis aim to fill this gap by

comparing the outcomes of RA-TKA and UKA with each other,
as well as with conventional methods. By focusing on range of
motion (ROM) and the visual analog scale (VAS) for pain, this
study seeks to provide strong evidence on the functional and
clinical effectiveness of robotic systems in knee arthroplasty.

Title and abstract screening was performed by two independent
reviewers. Full texts of eligible or unclear articles were then
reviewed independently by the same reviewers based on the
inclusion criteria. Any disagreements were resolved through
discussion or, if needed, with the help of a third reviewer.

The selection process was documented using a PRISMA flow
MATERIALS and METHODS diagram, as shown in Figure 1.

Search Strategy and Databases

A comprehensive search was conducted in PubMed, Google
Scholar, and the Cochrane Library for studies on RA-TKA.
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Figure 1. PRISMA flow diagram for study selection.

RCT: Randomized controlled trials
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Data Extraction

A specially designed form was used for data extraction. The
extracted information included study characteristics (study
design, sample size, intervention details, comparison group,
follow-up period, and implant used), outcomes of interest (ROM
and VAS score for pain), and indicators of study quality. Excel
tables were used to manage and organize the data, and review
manager 54 was used for analysis. Any disagreements were
resolved with the help of a third reviewer.

Quality Assessment

Each included study underwent an independent risk of bias
assessment by two reviewers using the cochrane risk of bias tool.
This tool evaluates key areas such as allocation concealment,
random sequence generation, blinding of outcome assessment,
blinding of participants and personnel, incomplete outcome
data, selective reporting, and other biases (Figure 2). The final
risk of bias results were used to determine the strength of the
evidence in this study (Figure 3).

Synthesis of Results

A random-effects model was used for all analyses, as differences
among study populations were expected. Since all outcomes
were continuous data, results were analyzed using mean
differences only. No other effect measures were used. Results
were reported with a 95% confidence interval (Cl). Both primary

®
)

and secondary outcomes were analyzed. Heterogeneity was
assessed using the I” statistic, and subgroup analysis was
performed to compare RA-TKA and RA-UKA within the RA-TKA
group for the outcomes in this meta-analysis.

RESULTS

Study Characteristics

Twelve RCTs met the inclusion criteria after full-text review.
These studies evaluated either ROM or VAS score for pain in
RA-TKA, including both TKA and UKA. Out of the 12 studies,
eight compared RA-TKA with conventional TKA (13-20), three
compared RA-UKA with conventional UKA (21-23), and one
study compared two RA-TKA alignment techniques, specifically
the individualized alignment group and the default alignment
group (24). Eleven of the studies reported ROM as an outcome
(13-23) while six studies reported VAS scores for pain (Table 1)
(13,20,22-24). In the study by Adamska et al. (13) two robotic
systems NAVIO and CORI were used, and separate data were
provided for each system for both ROM and VAS outcomes as
shown in Table 2.

A total of 1.657 participants were included across all 12 studies,
with sample sizes ranging from 60 to 351. These studies were
conducted across a broad geographic population. Full details
are presented in Table 1.

Risk of bias domains

Study

0PP00000000
PPPRREEEEOO

0000000000
0000000000
’Yololololo] Tololo] 1

Domains: Judgement

D1: Bias arising from the randomization process. .

D2: Bias due to deviations from intended intervention. ® rion

D3: Bias due to missing outcome data. 2 Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. ‘ Low

Figure 2. Risk of bias traffic plot.
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Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data
Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0%

Figure 3. Risk of bias summary plot.

Outcomes

RA and conventional knee arthroplasty showed no significant
difference in both outcomes ROM and VAS score for pain.
Neither technique showed clear superiority over the other. The
combined effect for ROM was (MD =2.30, 95% Cl: -1.56 to 6.16),
showing a slight tilt in favor of the conventional technique, as
seen in Figure 4. For the VAS pain outcome, the combined effect
was (MD =0.05, 95% Cl: -0.14 to 0.23), as shown in Figure 5.

Subgroup Analysis

In the subgroup analysis of ROM, the RA-TKA subgroup showed
a pooled effect of (MD: 2.61, 95% Cl: -1.95 to 7.16) with high
heterogeneity (I>=96%), indicating large variation among the
studies and no statistical significance (p=0.26), as the Cl crosses
zero. Similarly, the RA-UKA subgroup had a pooled effect of (MD:
1.38,95% Cl:-3.17 to 5.94) with moderate heterogeneity (>=65%)
and also no statistically significant effect (p=0.55). Numerically,
RA-TKA showed a greater potential improvement in ROM than
RA-UKA. However, when comparing the two subgroups (RA-
TKA vs. RA-UKA), the test for subgroup differences showed no
statistically significant difference (p=0.71, ’=0%), suggesting
that both techniques have a similar effect on ROM. The overall
pooled mean difference across both subgroups was (MD: 2.30,
95% Cl:-1.56 to 6.16), further supporting the conclusion that RA-
TKA and RA-UKA produce similar ROM outcomes, as shown in
Figure 6.

Similarly, for the second outcome, VAS score for pain, the pooled
mean difference for the RA-TKA subgroup was (MD: 0.06, 95%
Cl:-0.18 to 0.30) with moderate heterogeneity (I>=37%) and no
statistical significance (p=0.61). For the RA-UKA subgroup, the
pooled mean difference was (MD: 0.26, 95% Cl: -0.74 to 1.26)
with low heterogeneity (I>=0%) and no statistical significance
(p=0.55).The test for subgroup differences showed no significant
difference between RA-TKA and RA-UKA (p=0.71), suggesting
that both techniques had similar outcomes in terms of pain

25% 50% 75% 100%

B owrisk [ someconcems [l High risk

reduction. The overall pooled mean difference for VAS across
both subgroups was 0.05 (95% Cl: -0.14 to 0.23), indicating a
similar effect in pain relief, as shown in Figure 7.

Risk of Bias

In the risk of bias assessment, four studies were found to have
a high risk of bias, while eight studies showed a moderate
risk of bias. The main reasons for these ratings were issues
in the randomization process, deviations from the intended
interventions, and selective reporting of results. No studies
were rated as having a low risk of bias. The detailed risk of bias
assessment for each study is shown in Figures 2 and 3.

DISCUSSION

This systematic review and meta-analysis aimed to evaluate
the comparative effectiveness of RA-TKA and UKA, both in
comparison with each other and with conventional surgical
techniques. The analysis focused on two key clinical outcomes:
ROM and pain, measured by the VAS. Our findings show that
robotic techniques, whether used for total or unicompartmental
procedures, produce similar results to conventional methods,
with no statistically significant advantage in either ROM or VAS
scores.

Subgroup analyses further confirmed that RA-TKA and RA-UKA
had similar outcomes, with both showing comparable pooled
effects for ROM and pain. Although RA-TKA showed slightly
better results numerically for improving ROM compared to
RA-UKA, this difference was not statistically significant. These
findings suggest that the choice between RA-TKA and RA-UKA
should depend on patient-specific factors, such as the severity
and location of joint damage, the surgical indication, and any
existing medical conditions.

Our results suggest that robotic techniques in knee arthroplasty
lead to similar clinical outcomes as conventional methods.
Although robotic systems may provide better precision and
more consistent surgical planning, their clinical benefits in terms

Turk J Surg 2025;41(4):428-436

431



Comparison of robot-assisted total vs. unicompartmental knee arthroplasty

432

“Aisejdoiyiie saus [eruaWRdWOdIUN )N ‘A1se|doiyiie aauy [BI0] 1M1 'S|el) Pa|[0U0D PazIopuey 1 DY

Abojouydal WENYS VYL papullq .
LOIO-YMYNH oy | SWUOWE | oionuanuoy | WHL2R040H osL | euyd spug | LM ceoe SV
10qol |uo WIL s1e1S pulq .
suc-uonnpos | -uonnios 10k | pucnuaAuoy | PHL2RO0Y 89| bayun a1qnog 104 720T | (91) 1239 uibeydA]
pauonusw WAL papullq (L1)1e3e
wa1sAs OIAVN | Sd.uoiba 1o | euonusnuos | PHL10G0d ZsL | puejeyr sbug | oY LT | Uodesenimbuaiy
Swi1sAs dpoqoi | sisayisold WML papullq .
0D PUE OIYN | 11 Asuinor AL oonusnuony | PHOA0Y Slz | puelod oduy | L0d €20 | (€1) e 12 @jswepy
Wa1sAs WAL WAL populig .
SYuow D110gO eul e lo uen
PVAHNYOA | vy | SPUOYE | oionusnuon | VLRG0 09 1 spug | LM 1z0t 001 A
1000y elfuelr 19uI0lg WL pauonuaw .
noyzbuen Py SYuow ¢ [EUOIUBAUOD VML 210qoY il eulyo 10N 104 €C0¢ (81) 219 Uel
(Sd)
10gol | pazijigels WML papulg .
WL-YAHNYAA Jonasod 1eak | [eUOIUSAUOY VYL 210qoYy 09 eulyo ajbus 104 7¢0C (61) e 12 UBNA
pa1uaWa)
Ugm_mw_%wm PN seat VI Ty snogoy 61 N PRs ] 1oy 1207 |  (22)1e10 Al
210001 Oy SHO1SaY | |-SYUOW € | [PUOIIUSAUOD) 9|gnoQ
W1SAS
dipadoyuo MOW N papulg .
SARoBILI e o1y 5183k 7 euonuaAUDS | YN 21090H 6€1 5N 5iBuIS 1Y 8107 | (€2) e 12 nown
-2110q0J Oey
[EYSS
[e216ins dnogol un syIuow wiN $91P1S .
seu-abewr | | Asuinor S0%c9 | jeuonuanuoy | 7N 21090 9 | poyup | PPPUIGION 104 €207 | (1) 7e 12 49|1IRg
OlAeN 1j2gan|g
dnoib dnolb
wiatshs VL shuow ¢ %wweco:m /wwec@_m €Ll euyd 5 b%o__g 10 ¥20 | (v2) e 1e Buem
WALOMNOY | -NMNNY wnesa | pezEnprpy lanog
winshs uaoXa sieak Vil plilelele} E1% | bapunq 10 (F1)e120
5000904 OXON Ll [eUOIUSAUOY VML 2Roqoy LGE 4Inos papullg 10N 104 610¢ 1)l Yo
WIE 51000 verdw pouiad dnoib dnoib | syuedpiyed £1uno Buibul ubisap 1eak fon
Roqoy uedw dn-mojjo4 | uosuedwo) | uonUIAIRIU| Jo 'ON wnos tpulig Apnis | uonedignd pms

S3IPN1S PAPN[DUL JO SDIISIIDRIBYD | d]qel

Turk J Surg 2025;41(4):428-436



Rizvi et al.

433

Robotic surgery Conventional surgery Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Rand 95% Cl IV, Random, 95% CI
Adamska CORI 2023 13241 a 71 1243 126 B8 8.7%  7.80[4.15, 1145 -
Adamska NOVIO 2023 1263 142 76 1243  12B B8 8.4%  2.00[-2.386.38] T
Batailler 2021 52.1 733 496 8.2 33 87%  250[1.18,6.18] T
Blyth 2021 1071 128 34 1107 9.4 42 81%  -3.60[8.78, 158 =
Cho 2018 1307 44 113 130 76 140 9.3%  0.70[-0.80,2.20] 1
Gilmaur 2017 130 176 58 125 10 54 81%  A.00F0.23,10.23 =
Li 2022 1145 1841 B9 1116 1875 74 77%  2.90[3.18,899 T
Lychagin 2022 1273 21 33 1162 13 35 0.4% 1110[10.26,11.94] .
Mingcheng 2021 1071 1087 28 1068 1091 32 7.9%  2.10[3.45 7685 T
Thiengwittayapom 2021 122 141 75 126 141 77 84%  -400[-8.48 048] =
Tian 2023 108,57 1528 23 11664 10.89 14 6.5% -7.07[15.53,1.39 —
Yuan 2024 11082 742 28 10605  7.88 32 87% 4.77 [0.90, 2.64] -
Total (95% Cl) 641 669 100.0%  2.30[-1.56, 6.16] +
Heterogeneity: Tau®= 40.90; Chi®= 226.38, df=11 (P < 0.00001); F= 85% Koo 4 5 & 00
Testfor overall effect Z=1.17 (P=0.24) Favours [RATKA]  Favours [CTHA]
Figure 4. Forest plot for comparison of robotic and conventional technique for ROM.
Cl: Confidence interval, SD: Standard deviation, IV: Intravenous, ROM: Range of motion
Robotic surgery Conventional surgery Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Adamska COR| 2023 233 1.012 Il 212 1.23 68 22.5% 0.27 011, 0.63] b
Adamska NOWVIO 2023 2 1.3588 TE 212 1.23 BE 181%  -012[054 0.30] b
Blyth 2021 24 2.4 34 21 2 42 3.4% 0.30 FO.71,1.31]
Gilmour 2017 3 25 58 5 14.8 54 01%  -2.00}9.55 5558 -
Mingcheng 2021 26 1 28 2.2 1.2 32 108% 0.40 [0.16, 0.96]
Wang 2024 19 07 B1 2 o7 59 452%  -00[0.35 018 N
Total (95% CI) 328 323 100.0% 0.05 [-0.14, 0.23]
Heterogeneity: Tau®= 0.00; Ch#= 6.33, df= 5 (P = 0.38); F= 6% =_1 00 -Ein ] 550 1DU=
Testfor overall effect Z=0.48 (P =0.63) Favours [RATKA] Favours [CTKA]
Figure 5. Forest plot for comparison of robotic and conventional technique for VAS for pain.
Cl: Confidence interval, SD: Standard deviation, IV: Intravenous, VAS: Visual analogue scale
Robotic surgery Conventional surgery Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
1.5.1 ROM RATKA
Adamska CORI 2023 1321 9 71 1243 126 68 87% 7.80[4.15, 11.45] -
Adamska NOVIO 2023 1263 142 76 1243 1286 68 B.4%  2.00[2.38,6.38] T
Cho 2018 1307 44 113 130 76 140 93%  0.70[0.80,220]
Li2022 1145 1841 B9 1116 18.75 T4 T.7% 2.90[3.19, 8.99] T
Lychagin 2022 127.3 2.1 33 162 1.3 5 9.4% 11.10[10.26,11.94] o
Mingcheng 2021 107.1 1097 28 106 1091 32 7.9% 210[3.45,7.65] T
Thiengwittayaporn 2021 122 141 78 126 141 7T B4%  -4.00[8.48, 048] -
Tian 2023 108.57 15.29 23 11664 1089 14 6.4% -7.07[-15.53,1.39] 7
Yuan 2024 110.82 7.42 28 106.05 7.88 32 87% 4.77[0.90, 8.64] ~
Subtotal (95% Cl) 516 540 75.1% 2.61[-1.95,7.16] »
Heterogeneity: Tau®= 43.08; Chi*=200.29, df= & (P < 0.00001); F= 86%
Testfor overall effect Z=1.12 (P = 0.26)
1.5.2 ROM RAUKA
Batailler 2021 521 7 33 49.6 8.2 33 8T% 2.50[1.18,6.18] e
Blyth 2021 1074 129 34 1107 9.4 42 BA1%  -3.60[8.78,1.58] -1
Gilmour 2017 130 175 58 125 10 54 81% 500[-0.23,10.23] ™
Subtotal (95% CI) 125 129 249%  1.38[-3.17,5.94]
Heterogeneity: Tau®= 10.49; Chi*=5.71, df= 2 (P = 0.06); F= 65%
Test for overall effect: Z= 0.60 (P = 0.55)
Total (95% CI) 641 669 100.0%  2.30 [-1.56, 6.16]
Heterogeneity: Tau®= 40.90; Chi®=226.38, df=11 (P < 0.00001); F= 95% 5_1 00 -SID 1 550 1IJEI=

Testfor averall effect Z=1.17 (P=0.24)

Testfor subdroun diferences: Chi*= 014, df=1 (P=

07N F=0%

Figure 6. Forest plot of sub-group analysis for ROM.

Cl: Confidence interval, SD: Standard deviation, IV: Intravenous, ROM: Range of motion

a
Favours [RATKA] Favours [RAUKA]
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Robotic surgery Conventional surgery Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI1

1.6.1VAS for pain RATKA

Adamska CORI 2023 239 1.2 1 212 1.23 BE  225% 0.27 [0.11, 0.65]

Adamska NOVIO 2023 2 1.3598 7B 212 1.23 B8 18.1% -0.12 [-0.54, 0.30]

Mingcheng 2021 26 1 28 2.2 1.2 32 108% 0.40 [-0.16, 0.96]

Wang 2024 149 07 61 2 0.7 59 452%  -0.10[0.35 0.19]

Subtotal (95% CI) 236 227 96.5% 0.06 [-0.18, 0.30]

Heterogeneity Tau®= 0.02; Chi®= 4.78, df= 3 (P = 0.19); F= 37%

Test for averall effect: Z=0.50 (P = 0.61)

1.6.2 VAS for pain RAUKA

Blyth 2021 2.4 24 34 21 2 42 3.4% 0.30 [-0.71,1.31]

Gilmour 2017 3 25 58 a 14.8 54 0.1% -2.00 [-8.55, 5.55] -

Subtotal (95% CI) 92 96  3.5%  0.26 [-0.74, 1.26]

Heterogeneity: Tau®= 0.00; Chi®= 0.35, df=1 (P = 0.55); F= 0%

Testfor overall effect; Z= 051 (P = 0.61)

Total (95% CI) 328 323 100.0% 0.05[-0.14,0.23]

Heterogeneity: Tau®= 0.00; Chi®= 5.33, df=5 (P = 0.38); F= 6% I t y {

-100 -50 0 50 100

Test for overall effect: Z=0.48 (P=0.63) Favours [RATIA] Favours [RAUIKA]

Test for subgroup differences: ChifF=0.14, df=1 (P=0.71), F=0%

Figure 7. Forest plot of sub-group analysis for VAS for pain.

Cl: Confidence interval, SD: Standard deviation, IV: Intravenous, VAS: Visual analogue scale

Table 2. Results for outcomes

Study Outcome Robotic surgery Conventional surgery Mean difference | Cl at 95%

Events/SD Total Events/SD Total

Choetal. (14) Range of motion | 130.7 (4.4) 113 130.0 (7.6) 140 0.7 [-0.80, 2.20]

Batailler et al. (21) Range of motion | 52.1+7 [40,67] 33 49.648.2 [33.8,69.5] |33 2.5 [-1.18,6.18]

Gilmour et al. (23) Range of motion | 130.0 (17.5) 58 125.0 (10.0) 54 5 [-0.23,10.23]
PVAS 3.0(25.0) 58 50(14.8) 54 -2 [-9.55,5.55]

Blyth et al. (22) Range of motion | 107.1 (12.9) UKA | 34 110.7 (9.4) TKA 42 -36 [-8.78, 1.58]
PVAS 24 (24) 34 2.1(2.0) 42 03 [-0 31]

Yuan et al. (19) Range of motion 110.82 (7.42) 28 106.05 (7.88) 32 477 [0.90, 8.64]

Tianetal. (18) Range of motion | 109.57+15.29 23 116.64+£10.89 14 -7.07 [-15.53,1.39]

Yuan et al. (20) Range of motion | 107.10+10.97 28 105.00+10.91 32 2.1 [-3.45,7.65]
PVAS 26£1.0 28 22412 32 04 [-0.16, 0.96]

Adamska et al. (13) Range of motion | 126.3+14.2 76 12434126 68 2 [-2.38,6.38]
PVAS 2413598 76 2124123 68 -0.12 [-0.54, 0.30]

Adamska CORI 2023 Range of motion 132.149.0 71 1243+12.6 68 7.8 [4.15,11.45]
PVAS 2.39+1.012 71 2124123 68 027 [-0.11,0.65]

;r'(e]g?w'“ayapom €' | Range of motion | 1220 (14.1) 75 1260 (14.1) 77 -4 [-8.48, 048]

Lychagin et al. (16) Range of motion (127.34£2.1°) 33 (116.2+1.3°9) 35 1.1 [10.26, 11.94]

Lietal (15) Range of motion 114.5 (1841) 69 111.6 (18.75) 74 29 [-3.19,8.99]

Wang et al. (24) PVAS 1.940.7 61 2.0£0.7 59 -0.1 [-0.35,0.15]

Cl: Confidence interval, SD: Standard deviation, PVAS: Visual analogue scale for pain, TKA: Total knee arthroplasty.
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of ROM and pain are not clearly superior. It is also important to
note that the idea that robotic surgery reduces the need for
surgical skill should be viewed with caution. In practice, robotic-
assisted arthroplasty requires dedicated training and experience.
Many early-career orthopedic surgeons may not yet be skilled in
using robotic systems. Therefore, both conventional and robotic
techniques require a high level of surgical expertise, though the
skills needed may differ.

This study is also the first to directly compare RA-TKA and RA-
UKA. While both robotic techniques showed similar outcomes,
the high heterogeneity found in the ROM subgroup analysis
highlights the differences among the included studies in terms
of design, patient characteristics, and surgical methods.

Implications

The findings of this study have important implications for both
clinical practice and future research. RA-TKA and RA-UKA offers
a viable alternative to conventional techniques, especially in
hospitals where robotic systems are already part of the surgical
process. The similar outcomes between RA-TKA and RA-UKA
suggest that either technique can be chosen based on the
patient’s specific condition and the surgeon’s familiarity with the
method, without expecting a clear clinical advantage.

For healthcare systems, adopting robotic technology in
orthopedic surgery requires careful consideration of cost-
effectiveness, the learning curve for surgeons, and institutional
training programs. Asrobotic systems continue toimprove, future
efforts should focus not only on technological development but
also on strong training pathways to help surgeons use these
systems safely and effectively. Standardizing surgical protocols
and including patient-reported outcomes will also be important
for understanding the real-world benefits of robotic surgery.

Study Limitations

This study has several limitations that should be acknowledged.
First, there was significant variability among the included studies,
which contributed to the high heterogeneity observed in the
ROM analysis. Second, the number of studies directly comparing
RA-TKA and RA-UKA was limited, which made it difficult to draw
strong conclusions about which technique is more effective.
Third, many of the included studies had a moderate to high risk
of bias, highlighting the need for better-designed trials with
standardized methods and proper blinding. Lastly, the outcomes
analyzed in this study ROM and VAS for pain do not fully reflect
other important clinical and functional aspects of robotic knee
arthroplasty, such as alignment accuracy, implant longevity, or
patient-reported satisfaction.

CONCLUSION

RA-TKA shows clinical outcomes similar to those of conventional
methods in terms of ROM motion and pain reduction. Subgroup

analysis further supports that RA-TKA and RA-UKA provide
comparable results, making both techniques suitable options for
the surgical treatment of knee OA. While robotic methods may
offer greater precision, they also come with a steep learning curve
and require specialized training an important consideration,
especially for early-career orthopedic surgeons who may not
yet have hands-on experience with robotic systems. Therefore,
the choice between RA-TKA and RA-UKA should be based
on individual patient needs, the surgeon’s expertise, and the
resources available at the healthcare institution.

Future research should aim to overcome the current limitations
by conducting high-quality RCTs with larger sample sizes and
standardized protocols. It will also be important to explore the
long-term outcomes of robotic knee arthroplasty to better
understand its potential benefits and support its wider adoption
in clinical practice.

Ethics

Ethics Committee Approval: There is no need for ethical approval as this
study does not involve primary data collection from human participants and
is a systematic review and meta-analysis of published data.

Informed Consent: Not necessary.
Acknowledgments

The author would like to thank the Deanship of Scientific Research at Shagra
University for supporting this work.

Footnotes
Author Contributions

Concept-S.B.R, N.U,; Design - S.B.R., N.U,; Data Collection or Processing - N.U.,
MT, YA, ST, HN.T; Analysis or Interpretation - SBR, N.U, ST, NA, HN.T;
Literature Search - SBR, N.U, Y.A; Writing - SBR, M.T.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study received no
financial support.

REFERENCES

1. Geng R, LiJ, Yu C, Zhang C, Chen F, Chen J, et al. Knee osteoarthritis:
current status and research progress in treatment (Review). Exp Ther
Med. 2023,26:481.

2. World Health Organization Osteoarthritis: Key facts. [Internet]. World
Health Organization; 2024. Available from: https.//www.who.int/news-
room/fact-sheets/detail/osteoarthritis

3. Katz JN, Arant KR, Loeser RF. Diagnosis and treatment of hip and knee
osteoarthritis: a review. JAMA. 2021;325:568-578.

4. Banerjee S, Cherian JJ, Elmallah RK, Jauregui JJ, Pierce TP, Mont
MA. Robotic-assisted knee arthroplasty. Expert Rev Med Devices.
2015,12:727-735.

5. Adamson M. Robotic-assisted knee replacement. 2024. Available
from:  https//www.micahadamsonmd.com/robotic-assisted-knee-
replacement-orthopedic-hip-knee-replacement-denver-westminster-
co/b.

6. Alrajeb R, Zarti M, Shuia Z, Alzobi O, Ahmed G, Elmhiregh A. Robotic-
assisted versus conventional total knee arthroplasty: a systematic

review and meta-analysis of randomized controlled trials. Eur J Orthop
Surg Traumatol. 2024;34:1333-1343.

Turk J Surg 2025;41(4):428-436

435



436

Comparison of robot-assisted total vs. unicompartmental knee arthroplasty

Chin BZ, Tan SSH, Chua KCX, Budiono GR, Syn NL, O'Neill GK. Robot-
assisted versus conventional total and unicompartmental knee
arthroplasty: a meta-analysis of radiological and functional outcomes.
JKnee Surg. 2021,34:1064-1075.

Fu X, She Y, Jin G, Liu C, Liu Z, Li W, et al. Comparison of robotic-assisted
total knee arthroplasty: an updated systematic review and meta-
analysis. J Robot Surg. 2024;18:292.

Ruangsomboon F, Ruangsomboon O, Pornrattanamaneewong
C, Narkbunnam R, Chareancholvanich K. Clinical and radiological
outcomes of robotic-assisted versus conventional total knee
arthroplasty: a systematic review and meta-analysis of randomized
controlled trials. Acta Orthop. 2023,94:60-79.

. Zhang F, Li H, Ba Z, Bo C, Li K. Robotic arm-assisted vs conventional

unicompartmental knee arthroplasty: a meta-analysis of the effects on
clinical outcomes. Medicine (Baltimore). 2019;98:¢16968.

. Zhang J, Ndou WS, Ng N, Gaston R Simpson PM, Macpherson GJ, et

al. Robotic-arm assisted total knee arthroplasty is associated with
improved accuracy and patient reported outcomes: a systematic review
and meta-analysis. Knee Surg Sports Traumatol Arthrosc. 2022,30:2677-
2695. Erratum in: Knee Surg Sports Traumatol Arthrosc. 2022;30:2696-
2697.

. Zhang J, Ng N, Scott CEH, Blyth MJG, Haddad FS, Macpherson GJ,

et al. Robotic arm-assisted versus manual unicompartmental knee
arthroplasty : a systematic review and meta-analysis of the MAKO
robotic system. Bone Joint J. 2022,104-B:541-548.

. Adamska O, Modzelewski K, Szymczak J, Swiderek J, Maciqg B,

Czuchaj F, et al. Robotic-assisted total knee arthroplasty utilizing
NAVIO, CORI imageless systems and manual TKA accurately
restore femoral rotational alignment and yield satisfactory clinical
outcomes: a randomized controlled trial. Medicina (Kaunas).
2023;59:236.14.

. Cho KJ, Seon JK, Jang WY, Park CG, Song EK. Robotic versus

conventional primary total knee arthroplasty: clinical and radiological
long-term results with a minimum follow-up of ten years. Int Orthop.
2019:43:1345-1354.

. Li Z, Chen X, Wang X, Zhang B, Wang W, Fan Y, et al. HURWA robotic-

assisted total knee arthroplasty improves component positioning and
alignment - a prospective randomized and multicenter study. J Orthop
Translat. 2022;33:31-40.

20.

21.

22.

23.

24.

. Thiengwittayaporn S, Uthaitas P,

. Lychagin A, Elizarov M, Gritsyuk A, Rukin Y, Elizarov P, Rokityanskaya A,

et al. Robot-assisted knee arthroplasty: randomized clinical trial. Open
Access Maced J Med Sci. 2022;10:559-564.

Senwiruch C, Hongku N,
Tunyasuwanakul R. Imageless robotic-assisted total knee arthroplasty
accurately restores the radiological alignment with a short learning
curve: a randomized controlled trial. Int Orthop. 2021,45:2851-2858.

. Tian R, Duan X, Kong N, Li X, Wang J, Tian H, et al. Robotic-assisted total

knee arthroplasty is more advantageous for knees with severe deformity:
arandomized controlled trial study design. Int J Surg. 2023;109:287-29.

. Yuan M, Ling T, Su Q, Wan X, Lai ¥, Zhou Z. Safety and effectiveness of

robotic-arm assisted total knee arthroplasty. Orthop Surg. 2024;16:882-
893.

Yuan M, Shi X, Su Q Wan X, Zhou Z. [A prospective randomized
controlled trial on the short-term effectiveness of domestic robot-
assisted total knee arthroplasty]. Zhongguo Xiu Fu Chong Jian Wai Ke
Za Zhi. 2021,35:1251-1258. Chinese.

Batailler C, Lording T, Naaim A, Servien E, Cheze L, Lustig S. No difference
of gait parameters in patients with image-free robotic-assisted medial
unicompartmental knee arthroplasty compared to a conventional
technique: early results of a randomized controlled trial. Knee Surg
Sports Traumatol Arthrosc. 2023,31:803-813.

Blyth MJG, Banger MS, Doonan J, Jones BG, MaclLean AD, Rowe PJ.
Early outcomes after robotic arm-assisted bi-unicompartmental knee
arthroplasty compared with total knee arthroplasty: a prospective,
randomized  controlled  trial. Bone Joint J. 2021,103-B:1561-
1570.23.

Gilmour A, Maclean AD, Rowe PJ, Banger MS, Donnelly |, Jones BG, et
al. Robotic-arm-assisted vs conventional unicompartmental knee
arthroplasty. The 2-year clinical outcomes of a randomized controlled
trial. J Arthroplasty. 2018:33:5109-S115.

Wang D, Ye 'Y, Liang X, Li K, Huang W. Enhancing total knee arthroplasty
outcomes: the role of individualized femoral sagittal alignment in
robotic-assisted surgery - a randomized controlled trial. J Orthop Surg
Res. 2024;19:558.

Turk J Surg 2025;41(4):428-436



