Supplementary Tables
Table S1 Rehabilitation dose, follow-up adherence, device use and safety in the tACS and sham groups.
	rehabilitation log
	tACS
	Sham
	p-value

	PT (Post)(Hospital) α
	9.25 ± 0.65
	9.21 ± 0.69
	0.877a

	PT (F/U)(Self-home exercise/Thrice one week)(Yes/No) β
	20/8
	20/8
	1.000b

	OT-Post(Hospital) α
	6.89 ± 2.94
	7.07 ± 2.65
	0.872a

	Any skin events(Yes/No)β
	1/27
	0/28
	1.000c

	[bookmark: OLE_LINK158][bookmark: OLE_LINK159]Robotic/EMG/NMES used (Yes/No) β
	21/7
	22/6
	1.000b


Statistical analysis by using
aMann-Whitney U test
bChi-square test
cFisher’s exact test
α Data are presented in mean ± SD
β Data are presented in number
PT (Post)(Hospital) and OT-Post(Hospital) are the number of in-hospital sessions completed during the 10-day program, summarized as mean ± SD. PT (F/U) (Self-home exercise/Thrice one week) is reported as Yes(n)/No(n) of participants performing home PT ≥3 times/week at 1-month follow-up. Robotic/EMG/NMES used (Yes/No) indicates any device-assisted training during hospitalization. Any skin events (Yes/No) include transient erythema, itching, tingling or burning under the electrodes; no serious adverse events occurred. Between-group comparisons used Mann–Whitney U test for non-normal ordinal counts (superscript a), Pearson’s χ² test for categorical variables (superscript b), or Fisher’s exact test when any expected cell count < 5 (superscript c). Two-sided p-values are reported; no multiplicity adjustment was applied given the descriptive nature of these outcomes. 
Abbreviations: PT: physiotherapy; OT: occupational therapy; EMG: electromyography-guided training; NMES: neuromuscular electrical stimulation; F/U: follow-up.

Table S2 Assessment of blinding integrity: Participants’ guesses regarding stimulation assignment.
	Guess category
	tACS (n=28)
	Sham(n=28)
	Total

	Guessed real stimulation
	12
	11
	23

	Guessed sham stimulation
	6
	5
	11

	Unsure
	10
	12
	22

	Total
	28
	28
	56


All stroke patients completed the blinding questionnaire. The distribution of guesses (real, sham, unsure) did not differ between the β-tACS and sham groups (χ²(2) = 0.32, p = 0.85). Data are presented as the number of participants (n). A Pearson’s χ2 test was conducted to compare the distribution of guesses (Real, Sham, Unsure) between the tACS and sham groups. A p-value > 0.05 indicates successful blinding.


Table S3 Baseline comparison of whole-brain relative power between stroke patients and healthy controls.
	Band
	Stroke patients mean ± SD
	Healthy controls mean ± SD
	p-value
	q-FDR

	δ
	0.342 ± 0.126
	0.251 ± 0.072
	0.002
	0.004**

	θ
	0.154 ± 0.046
	0.122 ± 0.034
	0.025
	0.042*

	α
	0.185 ± 0.100
	0.243 ± 0.147
	0.101
	0.126

	β
	0.195 ± 0.063
	0.249 ± 0.069
	0.001
	0.004**


Data are presented as mean ± SD. Between-group differences (Stroke vs. Healthy Controls) were assessed using independent label-shuffle permutation tests (5,000 permutations). Multiple comparisons were corrected using the FDR method. Bolded values indicate statistical significance after FDR correction (*q < 0.05; **q < 0.01; ***q < 0.001).



Table S4 Descriptive statistics of relative spectral power at baseline and post-intervention across regions of interest.

	band
	Region of Interest
	Time point
	tACS group
mean ± SD
	Sham group
mean ± SD
	Baseline difference(P-value)

	δ-band
	Whole-brain
	Baseline
	0.358 ± 0.125
	0.326 ± 0.127
	0.327

	
	
	Post
	0.234 ± 0.084
	0.284 ± 0.119
	—

	
	iF
	Baseline
	0.404 ± 0.144
	0.379 ± 0.142
	0.53

	
	
	Post
	0.263 ± 0.093
	0.316 ± 0.126
	—

	
	cF
	Baseline
	0.408 ± 0.150
	0.373 ± 0.156
	0.892

	
	
	Post
	0.257 ± 0.099
	0.323 ± 0.134
	—

	
	iT
	Baseline
	0.344 ± 0.128
	0.334 ± 0.136
	0.891

	
	
	Post
	0.225 ± 0.085
	0.277 ± 0.117
	—

	
	cT
	Baseline
	0.362 ± 0.163
	0.325 ± 0.163
	0.634

	
	
	Post
	0.238 ± 0.097
	0.288 ± 0.147
	—

	
	iC
	Baseline
	0.336 ± 0.124
	0.307 ± 0.125
	0.138

	
	
	Post
	0.215 ± 0.077
	0.261 ± 0.108
	—

	
	cC
	Baseline
	0.335 ± 0.136
	0.313 ± 0.142
	0.39

	
	
	Post
	0.231 ± 0.102
	0.283 ± 0.148
	—

	
	iP
	Baseline
	0.349 ± 0.141
	0.318 ± 0.114
	0.059

	
	
	Post
	0.217 ± 0.106
	0.268 ± 0.119
	—

	
	cP
	Baseline
	0.365 ± 0.157
	0.306 ± 0.129
	0.42

	
	
	Post
	0.237 ± 0.108
	0.276 ± 0.133
	—

	β-band
	Whole-brain
	Baseline
	0.198 ± 0.059
	0.193 ± 0.067
	0.579

	
	
	Post
	0.266 ± 0.092
	0.199 ± 0.080
	—

	
	iF
	Baseline
	0.192 ± 0.067
	0.198 ± 0.075
	0.796

	
	
	Post
	0.266 ± 0.096
	0.212 ± 0.089
	—

	
	cF
	Baseline
	0.189 ± 0.070
	0.194 ± 0.081
	0.909

	
	
	Post
	0.267 ± 0.100
	0.205 ± 0.088
	—

	
	iT
	Baseline
	0.211 ± 0.078
	0.197 ± 0.084
	0.438

	
	
	Post
	0.278 ± 0.095
	0.203 ± 0.082
	—

	
	cT
	Baseline
	0.195 ± 0.076
	0.188 ± 0.087
	0.93

	
	
	Post
	0.255 ± 0.084
	0.199 ± 0.100
	—

	
	iC
	Baseline
	0.212 ± 0.067
	0.205 ± 0.071
	0.383

	
	
	Post
	0.289 ± 0.098
	0.211 ± 0.081
	—

	
	cC
	Baseline
	0.207 ± 0.075
	0.200 ± 0.082
	1

	
	
	Post
	0.277 ± 0.107
	0.204 ± 0.096
	—

	
	iP
	Baseline
	0.190 ± 0.069
	0.179 ± 0.064
	0.357

	
	
	Post
	0.251 ± 0.100
	0.186 ± 0.076
	—

	
	cP
	Baseline
	0.183 ± 0.074
	0.176 ± 0.061
	0.846

	
	
	Post
	0.237 ± 0.092
	0.179 ± 0.078
	—


Data are presented as mean ± SD. Baseline differences between groups were assessed using independent label-shuffle permutation tests (5,000 permutations).


Table S5 Efficacy analysis of tACS on relative spectral power changes.
	Band
	Region of interest
	Between-Group difference mean diff (95% CI)
	Cohen’s d
	ANCOVA F-value
	ANCOVA p-value
	ANCOVA q-FDR 
	tACS mean change
	tACS 
p-value
	tACS 
q-FDR
	Sham mean change
	Sham p-value
	Sham 
q-FDR

	δ-band
	Whole-brain
	-0.058
[-0.112, -0.004]
	-0.6
	4.6
	0.037
	0.037*
	-0.125
	0.002
	0.003**
	-0.042
	0.144
	0.287

	
	iF
	-0.054
[-0.115, 0.006]
	-0.45
	3.3
	0.073
	0.092
	-0.140
	<0.001
	0.003**
	-0.063
	0.147
	0.199

	
	cF
	-0.073
[-0.136, -0.011]
	-0.6
	5.56
	0.025
	0.092
	-0.152
	0.002
	0.003**
	-0.050
	0.174
	0.199

	
	iT
	-0.054
[-0.108, 0.001]
	-0.41
	3.93
	0.052
	0.092
	-0.119
	0.002
	0.003**
	-0.057
	0.076
	0.199

	
	cT
	-0.058
[-0.123, 0.006]
	-0.51
	3.29
	0.081
	0.092
	-0.125
	0.003
	0.003**
	-0.038
	0.166
	0.199

	
	iC
	-0.051
[-0.101, -0.001]
	-0.54
	4.2
	0.046
	0.092
	-0.121
	0.002
	0.003**
	-0.046
	0.079
	0.199

	
	cC
	-0.060
[-0.124, 0.004]
	-0.5
	3.54
	0.065
	0.092
	-0.104
	<0.001
	0.003**
	-0.030
	0.458
	0.458

	
	iP
	-0.057
[-0.117, 0.003]
	-0.54
	3.57
	0.063
	0.092
	-0.132
	0.002
	0.003**
	-0.050
	0.15
	0.199

	
	cP
	-0.052 
[-0.117, 0.013]
	-0.61
	2.59
	0.118
	0.118
	-0.128
	0.002
	0.003**
	-0.030
	0.077
	0.199



	Band
	Region of interest
	Between-Group difference mean diff (95% CI)
	Cohen’s d
	ANCOVA F-value
	ANCOVA p-value
	ANCOVA q-FDR
	tACS mean change
	tACS 
p-value
	tACS 
q-FDR
	Sham Mean Change
	Sham 
p-value
	Sham 
q-FDR 

	β-band
	Whole-brain
	0.066
[0.020, 0.111]
	0.64
	8.29
	0.004
	0.009**
	+0.068
	0.004
	0.004**
	+0.006
	0.498
	0.498

	
	iF
	0.055
[0.005, 0.105]
	0.53
	4.79
	0.034
	0.034*
	+0.074
	0.021
	0.025*
	+0.013
	0.794
	0.92

	
	cF
	0.063
[0.012, 0.113]
	0.59
	6.26
	0.014
	0.02*
	+0.078
	0.012
	0.019*
	+0.011
	0.78
	0.92

	
	iT
	0.071
[0.024, 0.118]
	0.59
	9.34
	0.003
	0.014*
	+0.068
	0.004
	0.011*
	+0.006
	0.335
	0.92

	
	cT
	0.055
[0.006, 0.104]
	0.45
	4.98
	0.03
	0.034*
	+0.060
	0.047
	0.047*
	+0.011
	0.468
	0.92

	
	iC
	0.076
[0.028, 0.123]
	0.7
	10.15
	0.002
	0.014*
	+0.077
	0.003
	0.011*
	+0.006
	0.848
	0.92

	
	cC
	0.072
[0.018, 0.126]
	0.56
	7.06
	0.009
	0.02*
	+0.070
	0.012
	0.019*
	+0.004
	0.735
	0.92

	
	iP
	0.061
[0.015, 0.106]
	0.58
	7.04
	0.011
	0.02*
	+0.061
	0.002
	0.011*
	+0.007
	0.92
	0.92

	
	cP
	0.057
[0.011, 0.103]
	0.52
	6.31
	0.015
	0.02*
	+0.054
	0.022
	0.025*
	+0.003
	0.75
	0.92


Data for treatment effects are presented as the adjusted mean difference with 95% confidence intervals [95% CI]. Within-group changes are presented as the mean change. Statistical Analysis: Between-group differences were assessed using baseline-adjusted Freedman-Lane permutation ANCOVA (5,000 permutations). Effect sizes are reported as Cohen’s d on change scores. Within-group longitudinal changes were assessed using paired sign-flip permutation tests (5,000 permutations) on change scores (Δ). Multiple comparisons across ROIs were corrected using the FDR method. **Bolded values indicate statistical significance after FDR correction (*q < 0.05; **q < 0.01; *** q < 0.001).


Table S6 Descriptive statistics of functional connectivity and graph metrics at baseline and post.
	Band
	Region of Interest
	Time point
	tACS group
Mean ± SD
	Sham group
Mean ± SD
	Baseline difference
(p-value)

	δ-band
	Whole-brain Mean Connectivity
	Baseline
	0.016 ± 0.016
	0.016 ± 0.012
	0.74

	
	
	Post
	0.008 ± 0.004
	0.014 ± 0.012
	—

	
	Network Density
	Baseline
	0.684 ± 0.152
	0.668 ± 0.146
	0.804

	
	
	Post
	0.606 ± 0.127
	0.698 ± 0.134
	—

	
	Mean Edge Weight
	Baseline
	0.022 ± 0.016
	0.022 ± 0.012
	0.989

	
	
	Post
	0.012 ± 0.006
	0.019 ± 0.013
	—

	
	Mean Clustering Coefficient
	Baseline
	0.738 ± 0.122
	0.721 ± 0.126
	1

	
	
	Post
	0.664 ± 0.110
	0.743 ± 0.112
	—

	
	Global Efficiency
	Baseline
	0.029 ± 0.020
	0.029 ± 0.016
	0.744

	
	
	Post
	0.017 ± 0.008
	0.025 ± 0.014
	—

	
	 iF-iT
	Baseline
	0.019 ± 0.018
	0.017 ± 0.016
	0.882

	
	
	Post
	0.008 ± 0.005
	0.015 ± 0.010
	—

	
	cF-cT
	Baseline
	0.018 ± 0.020
	0.018 ± 0.021
	0.42

	
	
	Post
	0.007 ± 0.004
	0.018 ± 0.016
	—

	
	cF-cP
	Baseline
	0.018 ± 0.022
	0.019 ± 0.023
	0.868

	
	
	Post
	0.007 ± 0.004
	0.015 ± 0.012
	—

	
	iF-cC
	Baseline
	0.015 ± 0.013
	0.016 ± 0.014
	0.86

	
	
	Post
	0.007 ± 0.005
	0.016 ± 0.017
	—

	
	cF-cC
	Baseline
	0.015 ± 0.017
	0.016 ± 0.016
	0.679

	
	
	Post
	0.008 ± 0.007
	0.016 ± 0.014
	—

	
	cC-cP
	Baseline
	0.014 ± 0.018
	0.016 ± 0.017
	0.376

	
	
	Post
	0.006 ± 0.005
	0.013 ± 0.012
	—



Continued Table S6 Descriptive statistics of functional connectivity and graph metrics at baseline and post.
	Band
	Region of Interest
	Time point
	tACS group
Mean ± SD
	Sham group
Mean ± SD
	Baseline difference
(p-value)

	δ-band
	iF-iP
	Baseline
	0.018 ± 0.018
	0.016 ± 0.015
	0.391

	
	
	Post
	0.008 ± 0.006
	0.013 ± 0.009
	—

	
	iF-cF
	Baseline
	0.020 ± 0.017
	0.017 ± 0.018
	0.094

	
	
	Post
	0.008 ± 0.007
	0.017 ± 0.016
	—

	β-band
	Whole-brain Mean Connectivity
	Baseline
	0.007 ± 0.003
	0.006 ± 0.004
	0.175

	
	
	Post
	0.005 ± 0.002
	0.005 ± 0.002
	—

	
	Network Density
	Baseline
	0.791 ± 0.085
	0.763 ± 0.097
	0.38

	
	
	Post
	0.763 ± 0.095
	0.761 ± 0.080
	—

	
	Mean Edge Weight
	Baseline
	0.008 ± 0.003
	0.007 ± 0.004
	0.205

	
	
	Post
	0.007 ± 0.002
	0.007 ± 0.002
	—

	
	Mean Clustering Coefficient
	Baseline
	0.824 ± 0.071
	0.796 ± 0.084
	0.223

	
	
	Post
	0.800 ± 0.079
	0.798 ± 0.064
	—

	
	Global Efficiency
	Baseline
	0.012 ± 0.006
	0.011 ± 0.006
	0.355

	
	
	Post
	0.010 ± 0.004
	0.009 ± 0.003
	—

	
	cF-cC
	Baseline
	0.006 ± 0.003
	0.006 ± 0.004
	0.535

	
	
	Post
	0.006 ± 0.004
	0.004 ± 0.002
	—

	
	iC-iP
	Baseline
	0.008 ± 0.005
	0.006 ± 0.004
	0.143

	
	
	Post
	0.005 ± 0.003
	0.006 ± 0.004
	—


Data are presented as Mean ± SD. Baseline differences between groups were assessed using independent label-shuffle permutation tests (5,000 permutations). 





Table S7 Efficacy analysis of tACS on ROI-to-ROI functional connectivity.
	Band
	ROI pairs
	ANCOVA
F-value
	ANCOVA
q-FDR 
	tACS 
Mean Change[95% CI]
	tACS
q-FDR
	Sham
Mean Change[95% CI]
	Sham
q-FDR 

	δ-band
	iF - iT
	12.37
	0.002**
	-0.011 [-0.017, -0.005]
	0.001**
	-0.002 [-0.009, 0.005]
	0.995

	
	cF - cT
	11.8
	0.002**
	-0.011 [-0.019, -0.005]
	0.001**
	-0.000 [-0.011, 0.010]
	0.995

	
	cF - cP
	10.63
	0.002**
	-0.011 [-0.021, -0.004]
	0.003**
	-0.004 [-0.015, 0.006]
	0.995

	
	iF - cC
	8.09
	0.004**
	-0.008 [-0.013, -0.003]
	0.002**
	0.001 [-0.007, 0.010]
	0.995

	
	cF - cC
	7.96
	0.008**
	-0.007 [-0.013, -0.003]
	0.008**
	0.001 [-0.008, 0.010]
	0.995

	
	cC - cP
	7.38
	0.008**
	-0.008 [-0.015, -0.002]
	0.006**
	-0.003 [-0.012, 0.005]
	0.995

	
	iF - iP
	7.11
	0.012*
	-0.010 [-0.017, -0.004]
	0.002**
	-0.002 [-0.009, 0.004]
	0.995

	
	iF - cF
	7.02
	0.008**
	-0.012 [-0.017, -0.007]
	0.001**
	0.000 [-0.009, 0.010]
	0.995

	
	cT - iP
	6.37
	0.008**
	-0.013 [-0.022, -0.006]
	0.002**
	-0.002 [-0.010, 0.005]
	0.995

	
	cF - iC
	6.31
	0.02*
	-0.008 [-0.015, -0.002]
	0.012*
	-0.001 [-0.009, 0.006]
	0.995

	
	cF - iP
	6.01
	0.008**
	-0.009 [-0.014, -0.004]
	0.001**
	-0.002 [-0.011, 0.006]
	0.995

	
	cT - iC
	5.86
	0.01*
	-0.009 [-0.015, -0.004]
	0.003**
	-0.001 [-0.006, 0.007]
	0.995

	
	cT - cP
	5.82
	0.019*
	-0.010 [-0.019, -0.003]
	0.002**
	-0.005 [-0.016, 0.005]
	0.995

	
	cC - iP
	5.58
	0.012*
	-0.010 [-0.017, -0.004]
	0.002**
	-0.002 [-0.009, 0.006]
	0.995

	
	iT - cP
	5.42
	0.028*
	-0.009 [-0.017, -0.003]
	0.003**
	-0.004 [-0.012, 0.003]
	0.995

	
	iC - cP
	5.21
	0.028*
	-0.008 [-0.016, -0.002]
	0.008**
	-0.003 [-0.010, 0.005]
	0.995

	
	cF - iT
	4.59
	0.034*
	-0.008 [-0.014, -0.003]
	0.007**
	-0.002 [-0.008, 0.004]
	0.995

	
	iF - cP
	4.39
	0.021*
	-0.008 [-0.015, -0.002]
	0.019*
	-0.002 [-0.009, 0.005]
	0.995

	
	iP - cP
	4.34
	0.045*
	-0.010 [-0.018, -0.004]
	0.002**
	-0.005 [-0.014, 0.004]
	0.995

	
	iF - iC
	4.33
	0.021*
	-0.006 [-0.010, -0.003]
	0.003**
	-0.000 [-0.007, 0.009]
	0.995

	
	iF - cT
	3.63
	0.034*
	-0.009 [-0.015, -0.004]
	0.007**
	-0.002 [-0.010, 0.008]
	0.995


Between-group effects are summarized using ANCOVA F-values and FDR-corrected q-values. Within-group changes are presented as mean change [95% CI]. Between-group differences were assessed using baseline-adjusted Freedman-Lane permutation ANCOVA (5,000 permutations). Multiple comparisons across ROI pairs were corrected using the FDR method. **Bolded values indicate statistical significance after FDR correction (*q < 0.05; **q < 0.01; *** q < 0.001).






















Table S8 Efficacy analysis of tACS on whole-brain graph theoretical metrics.
	band
	Metric
	ANCOVA
F-value
	ANCOVA
q-FDR
	tACS
Mean Change[95% CI]
	tACS
q-FDR
	Sham
Mean Change[95% CI]
	Sham
q-FDR

	δ-band
	Whole-brain Mean Connectivity
	6.70
	0.002**
	-0.008 [-0.014, -0.004]
	0.001**
	-0.002 [-0.008, 0.006]
	0.650

	
	Network Density
	6.73
	0.012*
	-0.078 [-0.145, -0.012]
	0.036*
	0.030 [-0.047, 0.105]
	0.650

	
	Mean Edge Weight
	6.16
	0.01*
	-0.009 [-0.015, -0.004]
	0.001**
	-0.003 [-0.009, 0.004]
	0.650

	
	Mean Clustering Coefficient
	6.77
	0.012*
	-0.074 [-0.133, -0.019]
	0.023*
	0.022 [-0.041, 0.087]
	0.650

	
	Global Efficiency
	6.87
	0.01*
	-0.012 [-0.019, -0.005]
	0.002**
	-0.004 [-0.012, 0.004]
	0.650

	β-band
	Whole-brain Mean Connectivity
	0.03
	0.860
	-0.001 [-0.003, -0.000]
	0.171
	-0.001 [-0.002, 0.000]
	0.396

	
	Network Density
	0.06
	0.871
	-0.028 [-0.077, 0.020]
	0.287
	-0.002 [-0.050, 0.052]
	0.953

	
	Mean Edge Weight
	0.03
	0.871
	-0.001 [-0.003, -0.000]
	0.171
	-0.001 [-0.002, 0.000]
	0.396

	
	Mean Clustering Coefficient
	0.05
	0.871
	-0.024 [-0.063, 0.014]
	0.287
	0.002 [-0.038, 0.047]
	0.953

	
	Global Efficiency
	0.36
	0.871
	-0.002 [-0.005, 0.000]
	0.181
	-0.001 [-0.003, 0.000]
	0.396



Data represent the adjusted mean difference in change scores [95% CI]. Between-group differences were assessed using baseline-adjusted Freedman-Lane permutation ANCOVA (5,000 permutations). Within-group changes were assessed using paired sign-flip permutation tests (5,000 permutations). Multiple comparisons were corrected using the FDR method separately for each frequency band. **Bolded values indicate statistical significance after FDR correction (*q < 0.05; **q < 0.01; *** q < 0.001).



Table S9 Descriptive statistics of Fugl-Meyer Assessment (FMA-UE) scores.
	Outcome Measure
	Time point
	tACS group
mean ± SD
	Sham group 
mean ± SD

	FMA-UE Total Score
	Baseline
	29.25 ± 18.56
	28.00 ± 17.69

	
	Post
	37.54 ± 18.68
	32.29 ± 18.81

	
	F/U
	42.82 ± 17.91
	35.61 ± 19.87

	FMA-UE Proximal Score
	Baseline
	19.71 ± 9.22
	18.36 ± 8.49

	
	Post
	24.64 ± 7.83
	20.82 ± 8.67

	
	F/U
	28.46 ± 7.23
	22.64 ± 8.90

	FMA-UE Distal Score
	Baseline
	9.54 ± 10.03
	9.64 ± 9.63

	
	Post
	12.89 ± 11.63
	11.46 ± 10.59

	
	F/U
	14.36 ± 11.67
	12.96 ± 11.45


Data are presented as mean ± SD. Abbreviations: FMA-UE: Fugl-Meyer Assessment for Upper Extremity.


Table S10 Efficacy analysis of tACS on upper limb motor recovery and responder rates.
	Outcome Measure
	Time Point
	ANCOVA
F-value
	ANCOVA
p-value
	Adj. Mean Diff
[95% CI]
	Cohen’s d
	Within tACS group
Mean (p)
	Within Sham group
Mean (p)
	Responder OR
[95% CI]
	Responder
p-value

	FMA-UE Total
	Post
	7.24
	0.007**
	4.01 [1.02, 7.00]
	0.72
	+8.29 (0.004)
	+4.29 (<0.001)
	6.31 [1.51, >1000]
	0.017*

	
	F/U 
	11.33
	0.001**
	5.99 [2.42, 9.56]
	0.9
	+13.57 (0.002)
	+7.61 (<0.001)
	9.30 [2.93, 59.25]
	<0.001***

	FMA-UE Proximal
	Post 
	11.17
	0.002**
	2.64 [1.06, 4.22]
	0.9
	+4.93 (<0.001)
	+2.46 (0.003)
	19.22 [4.12, >1000]
	<0.001***

	
	F/U
	24.37
	<0.001***
	4.70 [2.80, 6.61]
	1.32
	+8.75 (0.001)
	+4.29 (<0.001)
	14.35 [4.62, 163.85]
	<0.001***

	FMA-UE Distal
	Post
	3.05
	0.089
	1.54 [-0.23, 3.32]
	0.47
	+3.36 (0.001)
	+1.82 (0.001)
	2.02 [0.49, 13.86]
	0.32

	
	F/U 
	1.97
	0.170
	1.51 [-0.65, 3.67]
	0.38
	+4.82 (0.001)
	+3.32 (<0.001)
	2.08 [0.61, 9.69]
	0.232


Between-group differences in continuous outcomes were assessed using baseline-adjusted Freedman–Lane permutation ANCOVA with 5,000 permutations. Within-group longitudinal changes were assessed using paired sign-flip permutation tests on change scores with 5,000 permutations, with Bonferroni-adjusted p values for repeated within-group comparisons. Responder status was defined as change from baseline reaching the prespecified MCID threshold. Responder rates are presented descriptively as proportions and were compared using Pearson’s χ² test or Fisher’s exact test, as appropriate; baseline-adjusted responder effects were additionally evaluated using logistic regression and reported as odds ratios with 95% confidence intervals. Abbreviations: OR, odds ratio; CI, confidence interval; F/U, follow-up. Bold values indicate statistical significance (*p < 0.05; **p < 0.01; ***p < 0.001).

Table S11 Moderator analysis: Interaction effects of lesion location, MEP and stroke duration status on relative power changes.

	Moderator
	Band
	Region of Interest
	Interaction
F-value
	Interaction
q-FDR
	Simple Effects Decomposition

	Lesion Location

	δ-band

	Whole-brain
	1.63
	0.419
	Subcortical: -0.026; Cortical: -0.165; Brainstem: -0.140

	
	
	iF
	1.83
	0.357
	Subcortical: -0.013; Cortical: -0.169; Brainstem: -0.109

	
	
	cF
	1.15
	0.377
	Subcortical: -0.041; Cortical: -0.171; Brainstem: -0.124

	
	
	iT
	3.81
	0.250
	Subcortical: -0.028; Cortical: -0.224; Brainstem: -0.005

	
	
	cT
	2.01
	0.357
	Subcortical: -0.019; Cortical: -0.195; Brainstem: -0.120

	
	
	iC
	1.15
	0.377
	Subcortical: -0.021; Cortical: -0.112; Brainstem: -0.086

	
	
	cC
	0.94
	0.399
	Subcortical: -0.027; Cortical: -0.168; Brainstem: -0.180

	
	
	iP
	1.35
	0.377
	Subcortical: -0.040; Cortical: -0.155; Brainstem: -0.005

	
	
	cP
	1.82
	0.357
	Subcortical: -0.019; Cortical: -0.178; Brainstem: -0.031

	
	β-band

	Whole-brain
	0.13
	0.880
	Subcortical: 0.058; Cortical: 0.113; Brainstem: 0.091

	
	
	iF
	0.14
	0.993
	Subcortical: 0.045; Cortical: 0.085; Brainstem: 0.079

	
	
	cF
	0.23
	0.993
	Subcortical: 0.055; Cortical: 0.105; Brainstem: 0.077

	
	
	iT
	1.24
	0.993
	Subcortical: 0.058; Cortical: 0.158; Brainstem: 0.045

	
	
	cT
	0.21
	0.993
	Subcortical: 0.055; Cortical: 0.080; Brainstem: 0.051

	
	
	iC
	0.09
	0.993
	Subcortical: 0.066; Cortical: 0.134; Brainstem: 0.091

	
	
	cC
	0.01
	0.993
	Subcortical: 0.067; Cortical: 0.081; Brainstem: 0.104

	
	
	iP
	0.09
	0.993
	Subcortical: 0.052; Cortical: 0.130; Brainstem: 0.022

	
	
	cP
	0.1
	0.993
	Subcortical: 0.057; Cortical: 0.073; Brainstem: 0.038

	MEP Status

	δ-band

	Whole-brain
	0.15
	0.694
	MEP-: -0.045; MEP+: -0.078

	
	
	iF
	0
	0.998
	MEP-: -0.055; MEP+: -0.054

	
	
	cF
	0
	0.998
	MEP-: -0.073; MEP+: -0.079

	
	
	iT
	0.67
	0.998
	MEP-: -0.036; MEP+: -0.081

	
	
	cT
	0.05
	0.998
	MEP-: -0.062; MEP+: -0.060

	
	
	iC
	0.17
	0.998
	MEP-: -0.040; MEP+: -0.070

	
	
	cC
	0.08
	0.998
	MEP-: -0.048; MEP+: -0.075

	
	
	iP
	0.41
	0.998
	MEP-: -0.035; MEP+: -0.093

	
	
	cP
	0.1
	0.998
	MEP-: -0.040; MEP+: -0.066

	
	β-band

	Whole-brain
	0.78
	0.694
	MEP-: 0.098; MEP+: 0.048

	
	
	iF
	1.13
	0.618
	MEP-: 0.084; MEP+: 0.030

	
	
	cF
	0.83
	0.618
	MEP-: 0.091; MEP+: 0.044

	
	
	iT
	0
	0.973
	MEP-: 0.070; MEP+: 0.070

	
	
	cT
	3.12
	0.583
	MEP-: 0.106; MEP+: 0.014

	
	
	iC
	0.42
	0.698
	MEP-: 0.096; MEP+: 0.061

	
	
	cC
	0.86
	0.618
	MEP-: 0.111; MEP+: 0.049

	
	
	iP
	0.09
	0.888
	MEP-: 0.072; MEP+: 0.054

	
	
	cP
	2.24
	0.583
	MEP-: 0.095; MEP+: 0.024

	Stroke duration

	δ-band

	Whole-brain
	1.27
	0.263
	<12 weeks: -0.045; ≥12 weeks: -0.120

	
	
	iF
	0
	0.944
	<12 weeks: -0.059; ≥12 weeks: -0.065

	
	
	cF
	2.23
	0.271
	<12 weeks: -0.057; ≥12 weeks: -0.164

	
	
	iT
	0.21
	0.846
	<12 weeks: -0.047; ≥12 weeks: -0.081

	
	
	cT
	2.28
	0.271
	<12 weeks: -0.040; ≥12 weeks: -0.137

	
	
	iC
	0.53
	0.741
	<12 weeks: -0.042; ≥12 weeks: -0.088

	
	
	cC
	3.61
	0.271
	<12 weeks: -0.032; ≥12 weeks: -0.191

	
	
	iP
	0.03
	0.944
	<12 weeks: -0.051; ≥12 weeks: -0.068

	
	
	cP
	2.74
	0.271
	<12 weeks: -0.034; ≥12 weeks: -0.153

	
	β-band

	Whole-brain
	3.26
	0.155
	<12 weeks: 0.042; ≥12 weeks: 0.163

	
	
	iF
	0.77
	0.387
	<12 weeks: 0.041; ≥12 weeks: 0.095

	
	
	cF
	2.92
	0.152
	<12 weeks: 0.041; ≥12 weeks: 0.177

	
	
	iT
	2.46
	0.152
	<12 weeks: 0.051; ≥12 weeks: 0.131

	
	
	cT
	2.8
	0.152
	<12 weeks: 0.032; ≥12 weeks: 0.173

	
	
	iC
	2.91
	0.152
	<12 weeks: 0.051; ≥12 weeks: 0.151

	
	
	cC
	4.83
	0.127
	<12 weeks: 0.040; ≥12 weeks: 0.345

	
	
	iP
	2.37
	0.152
	<12 weeks: 0.040; ≥12 weeks: 0.118

	
	
	cP
	5.17
	0.127
	<12 weeks: 0.029; ≥12 weeks: 0.175



Statistical Analysis: Interaction effects were assessed using Freedman-Lane permutation ANCOVA (5,000 permutations) on the interaction term (Group×Moderator). Simple effects decomposition shows the treatment effect within specific subgroups. Abbreviations: MEP: Motor Evoked Potential. **Bolded values indicate statistical significance after FDR correction (*q < 0.05; q < 0.01; *** q < 0.001).







Table S12 Interaction effects of clinical phenotypes on network metric changes.
	Moderator
	Band
	Metric
	Interaction
F-value
	Interaction
q-FDR 
	Simple Effects Decomposition

	Lesion Location
	δ-band
	Network Density
	4.97
	0.025*
	Subcortical: -0.150; Cortical: -0.127; Brainstem: +0.123

	
	
	Mean Clustering
	4.97
	0.025*
	Subcortical: -0.127; Cortical: -0.115; Brainstem: +0.105

	MEP Status
	β-band
	Network Density
	8.09
	0.011*
	MEP-: -0.054; MEP+: +0.075

	
	
	Mean Clustering
	9.12
	0.011*
	MEP-: -0.047; MEP+: +0.065

	
	
	Whole-brain Mean Connectivity
	6.57
	0.027*
	MEP-: -0.001; MEP+: +0.001

	
	
	iC - cC
	9.62
	0.036*
	MEP-: -0.003; MEP+: +0.003

	
	
	iC - cP
	10.54
	0.011*
	MEP-: -0.003; MEP+: +0.001


Interaction effects (Group×LesionLocation; Group×MEPStatus; Group× Stroke Duration) were evaluated using Freedman-Lane permutation ANCOVA (5,000 permutations). **Bolded values indicate statistical significance after FDR correction (*q < 0.05; **q < 0.01; *** q < 0.001). Only FDR-significant interaction effects are shown.











Table S13 Interaction effects of lesion location and MEP status on motor recovery outcomes.

	Moderator
	Outcome Measure
	Time Point
	Interaction
F-value
	Interaction
q-FDR
	Simple Effects Decomposition

	Lesion Location
	FMA-UE Total
	Post
	0.03
	0.973
	Subcortical: 4.09; Cortical: 3.10; Brainstem: 3.84

	
	
	F/U
	0.03
	0.973
	Subcortical: 6.04; Cortical: 4.94; Brainstem: 6.03

	
	FMA-UE Proximal
	Post
	0.28
	0.973
	Subcortical: 2.95; Cortical: 2.34; Brainstem: 1.50

	
	
	F/U
	0.06
	0.973
	Subcortical: 4.87; Cortical: 4.32; Brainstem: 4.17

	
	FMA-UE Distal
	Post
	0.38
	0.973
	Subcortical: 1.12; Cortical: 0.98; Brainstem: 3.25

	
	
	F/U
	0.21
	0.973
	Subcortical: 1.13; Cortical: 0.90; Brainstem: 3.03

	MEP Status
	FMA-UE Total
	Post
	4.34
	0.055
	MEP-: 7.01; MEP+: 1.39

	
	
	F/U
	8.35
	0.014*
	MEP-: 10.66; MEP+: 1.76

	
	FMA-UE Proximal
	Post
	12.31
	0.005**
	MEP-: 5.04; MEP+: 0.20

	
	
	F/U
	12.59
	0.005**
	MEP-: 7.59; MEP+: 1.89

	
	FMA-UE Distal
	Post
	0.27
	0.604
	MEP-: 2.17; MEP+: 1.25

	
	
	F/U
	2.70
	0.137
	MEP-: 3.36; MEP+: 0.01

	Stroke duration

	FMA-UE Total
	Post
	0.68
	0.593
	≥12 weeks: 6.67; <12 weeks: 3.60

	
	
	F/U
	0.71
	0.593
	≥12 weeks: 6.00; <12 weeks: 6.00

	
	FMA-UE Proximal
	Post
	2.16
	0.593
	≥12 weeks:4.85; <12 weeks: 1.97

	
	
	F/U
	0.82
	0.593
	≥12 weeks:4.41; <12 weeks: 6.73

	
	FMA-UE Distal
	Post
	0.01
	0.937
	≥12 weeks:1.83; <12 weeks: 1.69

	
	
	F/U
	0.15
	0.832
	≥12 weeks:1.52; <12 weeks: 2.60



Interaction effects were tested using Freedman-Lane permutation ANCOVA (5,000 permutations). Simple effects decomposition shows the adjusted mean treatment effect (tACS minus Sham) for each phenotype subgroup. **Bolded values indicate statistical significance after FDR correction (*q < 0.05; **q < 0.01; *** q < 0.001).





Table S14 Correlations between changes in brain network metrics and clinical motor improvements in the β-tACS group .
	FMA-UE total (Post)
	Family
	Band
	EEG feature
	ρ
	q-FDR

	
	Connectivity
	δ
	whole-brain mean connectivity (dwPLI)
	-0.52
	0.005**

	
	Connectivity
	β
	whole-brain mean connectivity(dwPLI)
	0.02
	0.941

	
	Graph
	δ
	network density
	-0.59
	0.004**

	
	GRAPH
	δ
	global efficiency
	-0.40
	0.047*

	
	GRAPH
	δ
	mean clustering coefficient
	-0.55
	0.005**

	
	GRAPH
	δ
	mean edge weight
	-0.36
	0.060

	
	GRAPH
	β
	network density
	0.04
	0.998

	
	GRAPH
	β
	global efficiency
	0.03
	0.998

	
	GRAPH
	β
	mean clustering coefficient
	0.01
	0.998

	
	GRAPH
	β
	mean edge weight
	-0.001
	0.998

	
	PSD
	δ
	Whole-brain
	0.22
	0.644

	
	PSD
	β
	Whole-brain
	-0.08
	0.928

	FMA-UE total (F/U)
	Connectivity
	δ
	whole-brain mean connectivity(dwPLI)
	-0.34
	0.079

	
	Connectivity
	β
	whole-brain mean connectivity(dwPLI)
	0.10
	0.617

	
	GRAPH
	δ
	network density
	-0.534
	0.012*

	
	GRAPH
	δ
	global efficiency
	-0.19
	0.437

	
	GRAPH
	δ
	mean clustering coefficient
	-0.51
	0.012*

	
	GRAPH
	δ
	mean edge weight
	-0.15
	0.437

	
	GRAPH
	β
	network density
	0.15
	0.889

	
	GRAPH
	β
	global efficiency
	0.02
	0.920

	
	GRAPH
	β
	mean clustering coefficient
	0.10
	0.889

	
	GRAPH
	β
	mean edge weight
	0.09
	0.889

	
	PSD
	δ
	Whole-brain
	0.26
	0.476

	
	PSD
	β
	Whole-brain
	-0.12
	0.745

	FMA-UE proximal (POST)

	Connectivity
	δ
	whole-brain mean connectivity(dwPLI)
	-0.47
	0.011*

	
	Connectivity
	β
	whole-brain mean connectivity(dwPLI)
	0.05
	0.790

	
	GRAPH
	δ
	network density
	-0.58
	0.005**

	
	GRAPH
	δ
	global efficiency
	-0.35
	0.087

	
	GRAPH
	δ
	mean clustering coefficient
	-0.55
	0.005**

	
	GRAPH
	δ
	mean edge weight
	-0.31
	0.104

	
	GRAPH
	β
	network density
	-0.07
	0.725

	
	GRAPH
	β
	global efficiency
	0.11
	0.725

	
	GRAPH
	β
	mean clustering coefficient
	-0.07
	0.725

	
	GRAPH
	β
	mean edge weight
	0.08
	0.725

	
	PSD
	δ
	Whole-brain
	0.19
	0.789

	
	PSD
	β
	Whole-brain
	-0.08
	0.990

	FMA-UE proximal (F/U)

	Connectivity
	δ
	whole-brain mean connectivity(dwPLI)
	-0.23
	0.231

	
	Connectivity
	β
	whole-brain mean connectivity(dwPLI)
	0.10
	0.617

	
	GRAPH
	δ
	network density
	-0.45
	0.031*

	
	GRAPH
	δ
	global efficiency
	-0.08
	0.768

	
	GRAPH
	δ
	mean clustering coefficient
	-0.46
	0.031*

	
	GRAPH
	δ
	mean edge weight
	-0.06
	0.768

	
	GRAPH
	β
	network density
	0.02
	0.976

	
	GRAPH
	β
	global efficiency
	0.07
	0.976

	
	GRAPH
	β
	mean clustering coefficient
	0.01
	0.976

	
	GRAPH
	β
	mean edge weight
	0.11
	0.976

	
	PSD
	δ
	Whole-brain
	0.17
	0.872

	
	PSD
	β
	Whole-brain
	-0.08
	0.978


Data present Spearman’s rank correlation coefficients (ρ). Correlations were computed between the change in clinical scores (ΔFMA-UE) and the change in electrophysiological metrics using Spearman’s rank correlation. P-values were adjusted for multiple comparisons using the FDR method. **Bolded values indicate statistical significance after FDR correction (*q < 0.05; **q < 0.01; *** q < 0.001).


