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Efficacy of VR in robotic surgical skill training: a systematic review and Meta-analysis

LIANG Yujing', LI Yanghui', XING Wenhui’, WANG Rong'

(1. Department of Adult Cardiac Surgery, the Sixth Medical Center of Chinese PLA General Hospital, Beijing 100048, China; 2. Faculty of
Nursing, Hebei University of Chinese Medicine, Shijiazhuang 050200, China)

Abstract Objective: To comprehensively evaluate the benefits of virtual reality (VR) technology in robotic surgical training through
systematic review and Meta-analysis. Methods: Literature on the application of VR technology in robotic surgical simulation training
was retrieved from PubMed, The Cochrane Library, Elsevier, and the China National Knowledge Infrastructure (CNKI) databases, with a
search spanning from January 1, 2000 to October 1, 2024. Eligible studies were screened based on inclusion criteria. The Cochrane Risk
of Bias Assessment Tool was used to evaluate the quality of included literature, and RevMan 5.4 software was used for Meta-analysis.
Results: A total of 10 studies involving 273 participants were included. Meta-analysis results indicated that VR-based robotic surgical
simulation training showed statistically significant improvements in GEARS scores, task completion time, and time-based scores compared
to traditional training methods (P<0.05). Conclusion: VR technology can facilitate the acquisition of robotic surgical skills. While there is
currently limited evidence to confirm the superiority of VR training over other methods, its advantages such as low cost, repeatability, and
scoring feedback have shown significant development potential.
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Table 2 Participants and evaluated procedures
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EREND (n=17)

FEBREIR( n=30 ), EIEEIH( n=22 )

Amirian M J % 2014""
Butterworth J % 2021%"
Chowriappa A % 2015

Kiely D J % 2015 ERREIG( n=17 ), EEEIH( n=6)
E%4 (n=35)
FBEEND (n=18)
EBEE) (n=20)
fFBREEVD ( n=40)
B4 (n=35)

Raison N 4 2021"
Vaccaro C M % 2013
Valdis M % 2015
Valdis M % 2016"%
Vargas M V & 2017"®

MEE NI BVRIE AT AR I BR AR

NBARXESHTE (RERD)

AR, M8, BE5TE ( TEREEGHVRL )
HBAREDER ( TEGHNYRE )
DA B ERTIRAESTTES (
HES AGHENIRIE I RUSIRAR DIBRA

AT, D8, BE5E ( TEGHYRE )
OFRAEUNEAZLNFIBRIRER QA ZRIBERRIE A FEHE N WHIREL )
DFRELAEATLAEBRIRER QAL A Z LRI AR TER R YIEE )
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Figure 1 Literature screening process and results
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Figure 2 Results of each literature quality assessment
Platform ( SEP; SimSurgery, Oslo, Norway) ;
@ Robotic Surgery System ( RoSS; Simulated Surgical
Systems, San Jose, CA, USA ); @ dV-Trainer ( Mimic,
Seattle, WA, USA ); @ Da Vinci Skills Simulator ( dVSS;
Intuitive Surgical ) ; (® RobotiX Mentor ( 3D Systems,
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Figure 3 Summary results of the literature quality assessment
Simbionix Products, Cleveland, OH, USA) . 90 AR)
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RI2E2], TEARRAREE Bz St Be A ity 20
Training Control

r I Mean D Total Mean D Total Weigh
Almarzouq2020 212 14 7 205 17 7 13.3%
Butterworth2021 21 1.9 17 234 29 17  13.3%
Chowriappa2015 144 1.2 22 119 441 24 13.2%
Kiely2015 18.4 4.97 13 194 4.43 10 11.2%
Raison2021 113 29 13 88 29 9 12.6%
Valdis2015 228 27 10 11 45 10 11.9%
Valdis2016 228 37 10 11 45 10 11.5%
Vargas2017 154 25 19 153 34 16 13.0%
Total (95% Cl) 111 103 100.0%

Heterogeneity: Tau? = 16.31; Chi? = 97.64, df = 7 (P < 0.00001); I* = 93%
Test for overall effect: Z = 2.04 (P = 0.04)
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Figure 4 Forest plot for comparing GEARS scores between

Training Control
1 Mean 1 Weigh
Amirian2014 407.7 74.2 9 3775 515 10 37.8%
Valdis2015 580.4 14.4 10 463.8 86.4 10 38.6%
Valdis2016 957.3 98.9 10 749.1 171.9 10 23.6%
Total (95% CI) 29 30 100.0%

Heterogeneity: Tau? = 4190.96; Chi>=8.55, df =2 (P =0.01); P =77%
Test for overall effect: Z =2.41 (P = 0.02)
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Figure 5 Forest plot for comparing total task time-based between the VR and the control group
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