[bookmark: _GoBack]Supplementary Table 1. Surface electromyography (sEMG) sensor placement specifications and maximum voluntary isometric contraction (MVIC) protocols for all target muscles.
	Muscle
	Anatomical landmark
	Sensor placement*
	MVIC protocol (position and resistance application)
	Special notes

	Rectus femoris
	Anterior spina iliac superior (ASIS) and the superior border of the patella
	Midpoint (50%) along line connecting ASIS to superior border of the patellar
	Seated, hip flexed 90°, knee flexed 90°; manual resistance applied to distal anterior tibia during maximal knee extension
	Avoid overlap with vastus lateralis/medialis

	Biceps femoris
	Ischial tuberosity and lateral epicondyle of the tibia
	Midpoint (50%) along line connecting ischial tuberosity and lateral epicondyle of the tibia
	Prone, knee flexed 90°; manual resistance applied to posterior aspect of distal tibia during maximal knee flexion
	Distinguish from semitendinosus by palpating lateral hamstring compartment

	Tibialis anterior
	Tibial tuberosity and medial malleolus
	One-third proximal along line connecting tibial tuberosity to medial malleolus
	Seated, knee flexed 30°, foot plantarflexed 20°; manual resistance applied to medial, dorsal surface of the foot during maximal dorsiflexion and inversion
	Avoid peroneal nerve cross-talk by positioning sensors anterior to fibular head

	Gastrocnemius lateralis
	Head of the fibula and calcaneus
	One-third proximal along line connecting the head of the fibula to calcaneus
	Seated, knee extended, ankle neutral; manual resistance applied to plantar surface of forefoot during maximal plantarflexion
	None

	Transversus abdominis/internal oblique complex (TrA/IO)
	ASIS
	2 cm medial and inferior to ipsilateral ASIS, oriented 45° cranio-medial
	Supine, knees flexed 90°, feet flat; perform abdominal hollowing with manual resistance applied at umbilicus to elicit submaximal reference contraction**
	Capture the TrA/IO composite signals

	Paraspinal muscles (T7 level)
	Spinous process of 7th thoracic vertebra (T7)
	2.5 cm lateral to T7 spinous process
	Prone, arms relaxed at sides; resistance on upper thoracic region during maximal trunk extension
	Avoid sensor placement over scapular spine

	Paraspinal muscles (T12 level)
	Spinous process of 12th thoracic vertebra (T12)
	2.5 cm lateral to T12 spinous process
	Prone; resistance on mid-thoracic region during maximal trunk extension
	Identify T12 as first spinous process below lowest rib attachment

	Paraspinal muscles (L3 level)
	Spinous process of 3th lumbar vertebra (L3)
	2.5 cm lateral to L3 spinous process
	Prone; resistance on lumbar region during maximal trunk extension
	Identify L3 as midpoint between T12 and S2; ensure pelvis stabilized during MVIC to isolate lumbar extensors


* All sEMG signals were recorded using TrignoTM wireless sEMG sensors (Delsys Inc., Natick, MA, USA) with fixed inter-electrode distance as 10 mm.
** sEMG signals of TrA/IO were normalized to a submaximal reference contraction (abdominal hollowing: drawing navel toward spine) due to the absence of consensus for TrA/IO maximal activation tasks.

Supplementary Table 2. The source-detector pairs, Montreal Neurological Institute (MNI) coordinates, and corresponding Brodmann areas for selected regions of interest (ROIs).
D: detector; DLPFC: dorsolateral prefrontal cortex; M1: primary motor cortex; PMC: premotor cortex; S: source; SMA: supplementary motor area; SMG: supramarginal gyrus; S1: primary somatosensory cortex.
	ROIs
	S#-D#
	MNI coordinates
	Brodmann area

	Left DLPFC
	S9-D9
	-14, 56, 37
	9

	
	S10-D4
	-46, 40, 11
	46

	
	S10-D9
	-45, 30, 21
	46

	Right DLPFC
	S8-D2
	48, 38, 12
	46

	
	S8-D8
	35, 48, 31
	46

	
	S9-D8
	13, 61, 30
	9

	Left PMC/SMA
	S14-D15
	-36, -2, 60
	6

	
	S14-D21
	-49, -3, 52
	6

	
	S15-D15
	-24, -1, 69
	6

	Right PMC/SMA
	S12-D14
	22, -1, 70
	6

	
	S12-D20
	34, -4, 62
	6

	
	S17-D20
	44, -4, 53
	6

	Left M1
	S20-D15
	-38, -26, 75
	4

	
	S21-D15
	-27, -26, 68
	4

	
	S21-D28
	-11, -27, 76
	4

	Right M1
	S12-D12
	35, -26, 70
	4

	
	S12-D19
	24, -25, 73
	4

	
	S28-D19
	10, -26, 75
	4

	Left S1
	S20-D11
	-33, -32, 68
	1/2

	
	S21-D11
	-12, -38, 77
	1/3

	Right S1
	S7-D12
	34, -51, 72
	1/2

	
	S7-D19
	17, -35, 78
	1/3

	Left SMG
	S6-D5
	-54, -37, 40
	40

	
	S20-D5
	-50, -46, 53
	40

	Right SMG
	S1-D1
	53, -47, 38
	40

	
	S1-D12
	47, -44, 49
	40




Supplementary Table 3. Technical specifications of the VR system and videos.
	Component
	Parameter
	Specification

	VR goggle
	Model
	G05A

	
	Field of view
	110°

	
	Lens diameter
	42 mm

	
	Interpupillary distance adjustment range
	62-74 mm

	
	Object distance adjustment range
	34-44 mm

	
	Vision correction capability
	Up to -8.00 diopters (myopia)

	
	Weight
	158 g

	Smartphone
	Model
	iPhone 15

	
	Display type
	Super Retina XDR

	
	Display size
	15.5 cm (6.1 inch)

	
	Refresh rate
	60 Hz

	
	Weight
	171 g

	Video 1: Spaceflight
	Duration
	30 s

	
	Resolution
	1920×1080

	
	Frame rate
	60 fps

	
	Optic flow velocity
	0.5 m/s

	Video 2: Moving corridor
	Duration
	30 s

	
	Resolution
	1920×1080

	
	Frame rate
	60 fps

	
	Optic flow velocity
	0.5 m/s

	Video 3: Spiral tunnel
	Duration
	30 s

	
	Resolution
	1920×1080

	
	Frame rate
	60 fps

	
	Optic flow velocity
	0.5 m/s




[bookmark: _Hlk207822153]Supplementary Table 4. The COP-related parameters and statistical results from a two-way repeated-measures ANOVA.
Data were shown as the Mean±SE. * indicated statistical significance (p<0.05). AP: anterior-posterior; EC: eyes-closed; EO: eyes-open; nGVS: noisy galvanic vestibular stimulation; ML: medial-lateral; SaEn: sample entropy; VR: virtual reality perturbation; η2p: the partial eta squared value.
	
	Visual conditions
	nGVS
	Sham
	Interaction
	Vision effect
	nGVS effect

	
	
	
	
	F(2,58)
	p
	η2p
	F(2,58)
	p
	η2p
	F(1,29)
	p
	η2p

	95% confidence ellipse area
	EO
	407.546±79.577
	542.605±90.078
	8.013
	0.001*
	0.217
	111.180
	<0.001*
	0.793
	94.959
	<0.001*
	0.766

	
	EC
	649.799±94.159
	1040.921±144.310
	
	
	
	
	
	
	
	
	

	
	VR
	868.355±158.228
	1274.667±177.558
	
	
	
	
	
	
	
	
	

	AP axis
	EO
	7.688±1.006
	9.087±0.967
	3.796
	0.028*
	0.116
	95.106
	<0.001*
	0.766
	42.121
	<0.001*
	0.592

	
	EC
	10.476±1.054
	13.300±1.244
	
	
	
	
	
	
	
	
	

	
	VR
	11.831±1.068
	14.371±1.296
	
	
	
	
	
	
	
	
	

	ML axis
	EO
	16.293±1.690
	18.539±1.648
	4.332
	0.018*
	0.130
	66.505
	<0.001*
	0.696
	51.364
	<0.001*
	0.639

	
	EC
	19.275±1.517
	24.687±2.516
	
	
	
	
	
	
	
	
	

	
	VR
	22.716±2.455
	27.442±1.997
	
	
	
	
	
	
	
	
	

	SaEn_AP
	EO
	0.051±0.008
	0.058±0.009
	1.251
	0.294
	0.041
	2.681
	0.077
	0.085
	2.390
	0.133
	0.076

	
	EC
	0.052±0.010
	0.072±0.016
	
	
	
	
	
	
	
	
	

	
	VR
	0.065±0.009
	0.086±0.018
	
	
	
	
	
	
	
	
	

	SaEn_ML
	EO
	0.077±0.011
	0.101±0.017
	2.754
	0.072
	0.087
	24.402
	<0.001*
	0.457
	15.748
	<0.001*
	0.352

	
	EC
	0.085±0.017
	0.114±0.020
	
	
	
	
	
	
	
	
	

	
	VR
	0.134±0.025
	0.169±0.031
	
	
	
	
	
	
	
	
	



Supplementary Table 5. The %MVIC values of target muscles and statistical results from a two-way repeated-measures ANOVA.
[bookmark: _Hlk205283982][bookmark: _Hlk205467338][bookmark: _Hlk205467366]Data were shown as the Mean±SE. * indicated statistical significance (p<0.05). BF: biceps femoris; EC: eyes-closed; EO: eyes-open; GL: gastrocnemius lateralis; L: left; L3: paraspinal muscle at the third lumbar vertebral level; nGVS: noisy galvanic vestibular stimulation; R: right; RF: rectus femoris; TA: tibialis anterior; TrA/IO: transversus abdominis/internal oblique complex; T7: paraspinal muscle at the seventh thoracic vertebral level; T12: paraspinal muscle at the twelfth thoracic vertebral level; VR: virtual reality perturbation.
	
	Visual conditions
	nGVS
	Sham
	Interaction
	Vision effect
	nGVS effect

	
	
	
	
	F(2,58)
	p
	η2p
	F(2,58)
	p
	η2p
	F(1,29)
	p
	η2p

	L_RF
	EO
	5.810±1.004
	6.213±1.560
	3.691
	0.031*
	0.113
	4.163
	0.020*
	0.126
	6.849
	0.014*
	0.191

	
	EC
	6.231±1.522
	6.769±1.580
	
	
	
	
	
	
	
	
	

	
	VR
	6.720±1.256
	10.016±1.674
	
	
	
	
	
	
	
	
	

	R_RF
	EO
	6.484±1.382
	8.898±2.036
	3.277
	0.045*
	0.102
	3.699
	0.031*
	0.113
	4.270
	0.048*
	0.128

	
	EC
	7.695±2.024
	10.231±1.835
	
	
	
	
	
	
	
	
	

	
	VR
	9.373±1.543
	12.774±2.254
	
	
	
	
	
	
	
	
	

	L_BF
	EO
	4.679±0.877
	5.798±1.586
	3.331
	0.043*
	0.103
	3.100
	0.053
	0.097
	5.668
	0.024*
	0.163

	
	EC
	5.883±1.241
	6.279±1.584
	
	
	
	
	
	
	
	
	

	
	VR
	7.452±1.238
	10.984±1.871
	
	
	
	
	
	
	
	
	

	R_BF
	EO
	4.924±0.970
	5.791±1.512
	2.113
	0.130
	0.068
	3.890
	0.026*
	0.118
	0.913
	0.347
	0.031

	
	EC
	5.153±1.282
	6.083±2.004
	
	
	
	
	
	
	
	
	

	
	VR
	6.710±1.396
	9.258±1.683
	
	
	
	
	
	
	
	
	

	L_TA
	EO
	5.036±1.253
	6.370±2.112
	0.265
	0.768
	0.009
	0.093
	0.912
	0.003
	2.601
	0.118
	0.082

	
	EC
	5.052±0.719
	6.209±2.684
	
	
	
	
	
	
	
	
	

	
	VR
	5.039±1.176
	6.585±1.792
	
	
	
	
	
	
	
	
	

	R_TA
	EO
	4.656±0.963
	5.425±1.388
	2.768
	0.071
	0.087
	0.751
	0.477
	0.025
	3.977
	0.056
	0.121

	
	EC
	5.137±1.412
	5.005±1.321
	
	
	
	
	
	
	
	
	

	
	VR
	6.585±1.702
	7.579±2.212
	
	
	
	
	
	
	
	
	

	L_GL
	EO
	10.097±2.579
	12.002±2.338
	1.396
	0.256
	0.046
	2.197
	0.120
	0.070
	1.004
	0.325
	0.033

	
	EC
	12.414±1.989
	12.081±2.449
	
	
	
	
	
	
	
	
	

	
	VR
	11.171±2.090
	11.790±2.679
	
	
	
	
	
	
	
	
	

	R_GL
	EO
	9.162±1.745
	10.999±2.018
	3.076
	0.054
	0.099
	2.468
	0.094
	0.078
	1.476
	0.234
	0.048

	
	EC
	11.587±2.122
	12.706±2.442
	
	
	
	
	
	
	
	
	

	
	VR
	11.318±2.199
	12.791±2.099
	
	
	
	
	
	
	
	
	

	L_TrA/IO
	EO
	5.647±1.178
	5.810±1.225
	1.901
	0.159
	0.062
	0.894
	0.415
	0.030
	0.140
	0.711
	0.005

	
	EC
	5.738±1.175
	5.911±1.289
	
	
	
	
	
	
	
	
	

	
	VR
	6.271±1.150
	6.971±1.151
	
	
	
	
	
	
	
	
	

	R_TrA/IO
	EO
	5.626±1.120
	5.444±1.181
	0.516
	0.600
	0.017
	2.620
	0.081
	0.083
	2.333
	0.137
	0.074

	
	EC
	5.707±1.080
	6.462±1.560
	
	
	
	
	
	
	
	
	

	
	VR
	6.266±1.448
	6.353±1.613
	
	
	
	
	
	
	
	
	

	L_T7
	EO
	7.116±1.156
	7.201±1.324
	0.583
	0.561
	0.020
	0.307
	0.737
	0.010
	0.256
	0.617
	0.009

	
	EC
	7.047±1.156
	6.789±1.031
	
	
	
	
	
	
	
	
	

	
	VR
	7.012±1.098
	7.143±1.213
	
	
	
	
	
	
	
	
	

	R_T7
	EO
	5.641±0.903
	6.066±1.196
	2.000
	0.145
	0.065
	1.207
	0.307
	0.040
	1.938
	0.175
	0.063

	
	EC
	6.046±1.015
	6.371±1.455
	
	
	
	
	
	
	
	
	

	
	VR
	6.289±1.235
	6.691±1.252
	
	
	
	
	
	
	
	
	

	L_T12
	EO
	6.345±1.125
	6.586±1.157
	0.512
	0.602
	0.017
	2.104
	0.131
	0.068
	0.844
	0.366
	0.028

	
	EC
	6.709±1.008
	7.077±1.209
	
	
	
	
	
	
	
	
	

	
	VR
	6.782±1.010
	8.256±1.323
	
	
	
	
	
	
	
	
	

	R_T12
	EO
	5.952±0.912
	6.388±0.879
	1.622
	0.206
	0.053
	0.687
	0.507
	0.023
	3.006
	0.094
	0.094

	
	EC
	6.532±1.130
	7.015±1.824
	
	
	
	
	
	
	
	
	

	
	VR
	6.498±0.970
	7.344±2.031
	
	
	
	
	
	
	
	
	

	L_L3
	EO
	7.705±1.312
	8.649±2.005
	0.403
	0.670
	0.014
	0.490
	0.615
	0.017
	2.472
	0.127
	0.079

	
	EC
	9.022±1.901
	10.058±2.419
	
	
	
	
	
	
	
	
	

	
	VR
	9.490±1.724
	10.491±1.950
	
	
	
	
	
	
	
	
	

	R_L3
	EO
	8.138±0.859
	8.887±1.664
	0.944
	0.395
	0.032
	0.386
	0.681
	0.013
	0.145
	0.706
	0.005

	
	EC
	8.936±2.050
	9.684±1.683
	
	
	
	
	
	
	
	
	

	
	VR
	9.195±1.296
	10.075±1.692
	
	
	
	
	
	
	
	
	




Supplementary Table 6. The CCI values of selected muscle pairs and statistical results from a two-way repeated-measures ANOVA.
Data were shown as the Mean±SE. * indicated statistical significance (p<0.05). BF: biceps femoris; EC: eyes-closed; EO: eyes-open; GL: gastrocnemius lateralis; L3: paraspinal muscle at the third lumbar vertebral level; nGVS: noisy galvanic vestibular stimulation; RF: rectus femoris; TA: tibialis anterior; TrA/IO: transversus abdominis/internal oblique complex; T7: paraspinal muscle at the seventh thoracic vertebral level; T12: paraspinal muscle at the twelfth thoracic vertebral level; VR: virtual reality perturbation.
	
	Visual conditions
	nGVS
	Sham
	Interaction
	Vision effect
	nGVS effect

	
	
	
	
	F(2,58)
	p
	η2p
	F(2,58)
	p
	η2p
	F(1,29)
	p
	η2p

	Left RF-BF
	EO
	60.557±7.522
	66.838±6.894
	0.637
	0.533
	0.021
	3.428
	0.039*
	0.106
	7.373
	0.011*
	0.203

	
	EC
	64.871±6.844
	70.082±7.811
	
	
	
	
	
	
	
	
	

	
	VR
	68.126±6.145
	71.347±6.695
	
	
	
	
	
	
	
	
	

	Right RF-BF
	EO
	60.650±7.332
	64.366±6.958
	0.248
	0.781
	0.008
	4.047
	0.023*
	0.122
	6.855
	0.014*
	0.191

	
	EC
	64.225±7.459
	67.975±6.811
	
	
	
	
	
	
	
	
	

	
	VR
	68.996±7.603
	72.844±7.040
	
	
	
	
	
	
	
	
	

	Left TA-GL
	EO
	51.538±9.471
	52.611±9.106
	0.356
	0.702
	0.012
	2.717
	0.074
	0.086
	0.985
	0.329
	0.033

	
	EC
	58.797±7.909
	55.697±9.671
	
	
	
	
	
	
	
	
	

	
	VR
	59.300±9.585
	61.103±8.568
	
	
	
	
	
	
	
	
	

	Right TA-GL
	EO
	51.045±9.251
	53.260±8.932
	1.717
	0.189
	0.056
	2.520
	0.089
	0.080
	0.598
	0.446
	0.020

	
	EC
	55.838±9.541
	54.833±8.963
	
	
	
	
	
	
	
	
	

	
	VR
	59.739±9.719
	55.368±9.027
	
	
	
	
	
	
	
	
	

	Left TrA/IO-L3
	EO
	64.735±8.645
	65.591±10.076
	0.852
	0.432
	0.029
	0.717
	0.493
	0.024
	0.366
	0.550
	0.012

	
	EC
	65.757±9.783
	67.138±9.262
	
	
	
	
	
	
	
	
	

	
	VR
	67.437±9.604
	70.312±8.301
	
	
	
	
	
	
	
	
	

	Right TrA/IO-L3
	EO
	60.836±8.358
	61.924±9.629
	2.416
	0.098
	0.077
	1.987
	0.146
	0.064
	0.236
	0.631
	0.008

	
	EC
	66.812±9.813
	68.473±8.843
	
	
	
	
	
	
	
	
	

	
	VR
	68.127±9.388
	68.489±9.643
	
	
	
	
	
	
	
	
	

	Left-Right RF
	EO
	75.617±7.182
	77.456±6.165
	0.463
	0.632
	0.016
	0.980
	0.381
	0.033
	2.491
	0.125
	0.079

	
	EC
	76.069±6.902
	81.379±6.141
	
	
	
	
	
	
	
	
	

	
	VR
	79.512±6.054
	81.735±6.074
	
	
	
	
	
	
	
	
	

	Left-Right BF
	EO
	71.621±7.157
	72.735±7.822
	1.572
	0.216
	0.051
	0.337
	0.715
	0.011
	1.013
	0.323
	0.034

	
	EC
	74.171±7.750
	74.597±6.266
	
	
	
	
	
	
	
	
	

	
	VR
	75.524±8.316
	76.662±7.229
	
	
	
	
	
	
	
	
	

	Left-Right TA
	EO
	74.067±7.159
	75.967±4.953
	0.036
	0.965
	0.001
	0.175
	0.840
	0.006
	0.052
	0.822
	0.002

	
	EC
	76.358±4.936
	76.053±6.342
	
	
	
	
	
	
	
	
	

	
	VR
	77.050±6.429
	78.188±5.487
	
	
	
	
	
	
	
	
	

	Left-Right GL
	EO
	73.854±8.279
	73.931±6.662
	1.036
	0.368
	0.069
	0.322
	0.727
	0.022
	3.205
	0.095
	0.186

	
	EC
	77.184±7.383
	78.489±4.456
	
	
	
	
	
	
	
	
	

	
	VR
	78.107±5.253
	79.506±5.711
	
	
	
	
	
	
	
	
	

	Left-Right TrA/IO
	EO
	84.332±5.561
	87.869±4.272
	1.311
	0.278
	0.046
	1.701
	0.192
	0.059
	1.795
	0.191
	0.058

	
	EC
	84.946±5.343
	85.206±4.866
	
	
	
	
	
	
	
	
	

	
	VR
	87.882±3.100
	84.912±5.169
	
	
	
	
	
	
	
	
	

	Left-Right T7
	EO
	84.682±3.863
	86.620±3.926
	0.590
	0.557
	0.020
	0.713
	0.494
	0.024
	2.167
	0.152
	0.070

	
	EC
	82.306±4.931
	84.840±4.219
	
	
	
	
	
	
	
	
	

	
	VR
	81.818±4.944
	81.925±4.930
	
	
	
	
	
	
	
	
	

	Left-Right T12
	EO
	85.696±4.538
	88.108±3.385
	0.574
	0.567
	0.020
	0.835
	0.439
	0.029
	2.056
	0.163
	0.068

	
	EC
	84.152±5.578
	84.860±5.093
	
	
	
	
	
	
	
	
	

	
	VR
	84.608±4.663
	85.648±4.338
	
	
	
	
	
	
	
	
	

	Left-Right L3
	EO
	84.100±4.286
	86.639±4.648
	0.590
	0.557
	0.020
	2.193
	0.121
	0.070
	2.167
	0.152
	0.070

	
	EC
	83.370±5.671
	84.496±5.414
	
	
	
	
	
	
	
	
	

	
	VR
	82.811±5.659
	87.160±3.904
	
	
	
	
	
	
	
	
	



