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[ Abstract] The laminectomy robot is an auxiliary surgical robot developed for laminectomy in recent years. In order to explore the
differences in reducing orthopedic surgeons’ mental workload between laminectomy robot techniques and traditional laminectomy meth-
ods, a multimodal evaluation incorporating an electrocardiogram, eye tracking, and the NASA-TLX scale was utilized to assess the
mental workload of orthopedic surgeons undergoing both surgical procedures. Through simulated surgical trials, 12 orthopedic surgeons
performed laminectomies employing both the robot-assisted and the conventional techniques, collecting multimodal data for both vari-
ance and correlation analyses. The findings indicate significant differences in subjective mental workload between the laminectomy robot
and traditional techniques (P <0.05). However, in terms of electrocardiogram indicators such as average heart rate, the low frequen-
cy/high frequency ratio (LF/HF) , and the standard deviation of NN intervals (SDNN) , no significant differences are noted. Signifi-
cant differences are observed in eye movement indicators, including pupil diameter (P <0.05), fixation rate (P <0.05), and sac-
cade rate (P <0.01). Further correlation analysis underscored a notably significant relationship between pupil diameter and levels of
subjective mental workload in both surgery techniques. In conclusion, compared to traditional laminectomy methods, the use of lami-

nectomy robots can alleviate the mental workload on orthopedic surgeons, with both pupil diameter and subjective mental workload lev-

KiE B 2024-07-21 f&IT HEA . 20250207

EEWE . ERESVAT(2022YFB4700700 ) ; H ok = 7K B< B Ml R ABHIF £ 35 (2022 -PUMCH-C-035)

FE—1EE . BIART-SH5 (1998—) | 45 R  Framms A A B EFgE Ak . BFE 7 1A BE97 A2, E-mail ; ali19801398547@ 163. com,,
CEEEE . BRT(1970—) ,F i, T TR A B, BT B SN, E-mail - zhaoyupumch@ 163. com,

Mtk . www. stae. com. cn



B A5 TR

5370 Science Technology and Engineering

2025,25(13)

els providing effective reflections of the orthopedic surgeons’ mental workload.

[ Keywords] mental workload; multimodal evaluation; orthopedic surgeon; laminectomy robot; laminectomy
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Fig. 1 Experiment scenario
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Fig. 2 Experimental procedure
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Table 1 Comparison of mental workload indicators of orthopedic surgeons under different surgical techniques
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Table 2 Analysis of variance results of the NASA-TLX scale for orthopedic surgeons under different surgical techniques
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Table 3 ANOVA results of physiological indicators of orthopedic surgeons under different surgical techniques
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Table 4 Correlation between multi-modal indicators under traditional surgical techniques
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Table 5 Correlation between multi-modal indicators under laminectomy robot techniques
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