	Supplementary Appendix S1. Ergonomic Assessment Questionnaire
PARTICIPANT CHARACTERISTICS
A. Age (years): ______ 
B. Sex:
□ Male
□ Female 
C. Weight (kg): ______ 
D. Height (cm): ______ 
E. On average, on how many days per week do you perform at least 30 minutes of physical activity? 
□ 1 □ 2 □ 3 □ 4 □ 5 □ 6 □ 7
6. Years of surgical practice (consultants): ______ 
7. Average number of operating room days per week (consultants): ______ 
8. Current residency year (residents): 
□ PGY-1 □ PGY-2 □ PGY-3 □ PGY-4 □ PGY-5
9. Do you routinely perform on-call duties? 
□ Yes □ No
10. Have you received formal training in surgical ergonomics? 
□ Yes □ No
11. If yes, do you apply this training in your surgical practice? 
□ Yes □ No

PROCEDURE CHARACTERISTICS
Procedure date: __________
Role during the procedure:
□ Primary surgeon
□ First assistant
□ Second assistant
Operative time (minutes): ______
Procedure type:
□ Sleeve gastrectomy
□ Roux-en-Y gastric bypass
□ Nissen fundoplication
□ Revisional bariatric surgery
□ Right hemicolectomy
□ Left hemicolectomy
□ Sigmoidectomy
□ Low anterior resection
□ Other: ____________________
Surgical approach:
□ Conventional laparoscopy
□ Robotic surgery
Conversion to laparoscopy or open surgery:
□ Yes □ No
Perceived procedural complexity
Rate the overall complexity of the procedure using a 1–10 visual analogue scale.
0 = Very low complexity
10 = Very high complexity

ERGONOMIC ASSESSMENT
Please rate the following items using a 1–10 visual analogue scale, where higher scores indicate greater symptom severity or worse ergonomic conditions.
Physical workload
· Physical fatigue 
· Shoulder pain 
· Hand/wrist/finger pain 
· Back pain 
· Neck pain 
· Lower-limb pain 
· Headache 
· Visual fatigue 
COMFORT AND POSTURE
· Overall discomfort during the procedure 
· Postural discomfort 
COGNITIVE AND ENVIRONMENTAL FACTORS
Please rate the following items using a 1–10 visual analogue scale, where higher scores indicate greater symptom severity or worse ergonomic conditions.
· Mental fatige
· Intraoperative distractions 
· Preoperative stress related to the procedure 
· Time pressure before or during the procedure 
Scoring
All ergonomic domains were assessed using 1–10 visual analogue scales (VAS).
Higher scores indicate greater symptom severity or poorer ergonomic conditions. The only exception was the original comfort item, which was analyzed as overall discomfort, so that higher scores consistently represented worse ergonomic outcomes across all questionnaire domains.
















Supplementary Appendix S2. 
Table 1. Sensitivity analysis using linear mixed models for primary surgeons

	Symptom
	β OLS
	p OLS
	β mixed
	p mixed
	ICC
	Change in 
significance?

	Physical Fatigue
	-0.92
	0.002
	-1.056
	0.003
	0.664
	No

	Comfort (discomfort)
	-1.113
	0.038
	-1.7
	0.017
	0.182
	No

	Shoulders
	-2.134
	<0.001
	-2.134
	<0.001
	0.0
	No

	Hand
	-1.375
	0.003
	-1.659
	0.001
	0.357
	No

	Back
	-3.64
	<0.001
	-3.947
	<0.001
	0.193
	No

	Neck
	-2.788
	<0.001
	-2.995
	<0.001
	0.258
	No

	Lower limbs
	-1.557
	<0.001
	-1.468
	<0.001
	0.637
	No

	Headache
	-0.197
	0.641
	-0.774
	0.142
	0.385
	No

	Visual Fatigue
	-0.127
	0.774
	-0.253
	0.608
	0.457
	No

	Posture
	-2.44
	<0.001
	-2.442
	<0.001
	0.003
	No

	Distractions
	-1.285
	0.005
	-1.637
	0.003
	0.553
	No

	Stress
	0.649
	0.104
	0.649
	0.031
	0.0
	Yes


ordinary least squares (OLS), β Robotic represents the mean difference in symptom score for the robotic approach relative to the laparoscopic approach (reference), adjusted for perceived complexity and duration. Bold values indicate p < 0.05. The comfort scale was formulated as a degree of discomfort (1 = very comfortable; 10 = extremely uncomfortable), thus following the same direction as the other symptom scales (lower score = better outcome); a negative coefficient for the robotic approach therefore indicates greater comfort (less discomfort), consistent with the other domains.







Table 2. Sensitivity analysis using linear mixed models for assistants

	Symptom
	β OLS
	p OLS
	β mixed
	p mixed
	ICC
	Change in significance?

	Physical Fatigue
	-1.284
	<0.001
	-1.281
	<0.001
	0.082
	No

	Comfort (discomfort)
	-0.793
	0.040
	-0.722
	0.057
	0.11
	Yes

	Shoulders
	-2.45
	<0.001
	-2.378
	<0.001
	0.103
	No

	Hand
	-1.444
	<0.001
	-1.376
	<0.001
	0.102
	No

	Back
	-1.37
	<0.001
	-1.274
	<0.001
	0.175
	No

	Neck
	-0.857
	0.009
	-0.864
	0.007
	0.075
	No

	Lower limbs
	-1.468
	<0.001
	-1.392
	<0.001
	0.078
	No

	Headache
	-0.433
	0.137
	-0.252
	0.344
	0.28
	No

	Visual Fatigue
	-0.049
	0.882
	0.139
	0.643
	0.344
	No

	Posture
	-2.325
	<0.001
	-2.264
	<0.001
	0.147
	No

	Distractions
	0.104
	0.765
	-0.234
	0.492
	0.173
	No

	Stress
	-0.294
	0.323
	-0.429
	0.133
	0.196
	No


ordinary least squares (OLS), β Robotic represents the mean difference in symptom score for the robotic approach relative to the laparoscopic approach (reference), adjusted for perceived complexity and duration. Bold values indicate p < 0.05. The comfort scale was formulated as a degree of discomfort (1 = very comfortable; 10 = extremely uncomfortable), thus following the same direction as the other symptom scales (lower score = better outcome); a negative coefficient for the robotic approach therefore indicates greater comfort (less discomfort), consistent with the other domains.


	
	



