Supplementary Materials
1. Paired-pulse Interhemispheric Inhibition
In the subset of healthy participants completing the paired-pulse TMS protocol (n = 74; 38 musicians and 36 non-musicians; mean age 25.78 ± 4.73 years; 40 females and 34 males; 61 right-handed, 8 mixed-handed, and 5 left-handed), no significant differences were observed between short-interval IHI (SIHI) and long-interval IHI (LIHI) within matched stimulation directions and active-hand conditions, or between left-to-right (L-R) and right-to-left (R-L) IHI within the same interval and active-hand condition (Supplementary Table S1). All effect sizes were small (|Cohen's d| ≤ 0.22), with no statistically significant group-level differences detected in the tested comparisons. Despite the absence of significant mean differences, several strong correlations were observed among paired-pulse IHI measures (Supplementary Fig. S1). SIHI and LIHI were inversely correlated for L-R stimulation during left-hand activation (r = −0.599, Holm-corrected p < 0.001). Strong inverse correlations were also observed between SIHI R-L during left-hand activation and SIHI L-R during right-hand activation (r = −0.736, Holm-corrected p < 0.001), and between SIHI L-R and SIHI R-L during right-hand activation (r = −0.781, Holm-corrected p < 0.001). Additionally, SIHI R-L measured during left- and right-hand activation showed a positive correlation (r = 0.576, Holm-corrected p < 0.001) (Supplementary Fig. S1). In contrast, no correlations between paired-pulse IHI measures and either ipsilateral silent period (iSP) or resting motor threshold (rMT) remained significant after Holm correction for multiple comparisons (Supplementary Fig. S1). This suggests that paired-pulse IHI may capture aspects of interhemispheric inhibitory processing not fully reflected by iSP or rMT. Given its distinct dual-coil stimulation paradigm and availability in only a subset of participants, paired-pulse IHI was retained in the supplementary analyses but excluded from subsequent multivariate analyses.
Supplementary Table S1. Paired comparisons of short- and long-interval interhemispheric inhibition across stimulation directions and active-hand conditions. Paired t-tests comparing short-interval (SIHI) and long-interval (LIHI) interhemispheric inhibition, as well as left-to-right (L-R) and right-to-left (R-L) IHI, in the healthy paired-pulse subset (n = 74).
A. Short- versus long-interval IHI comparisons
	Condition A
	Condition B
	Mean A
	Mean B
	Mean Diff
	SD A
	SD B
	t
	df
	p
	Cohen's d

	SIHI L-R
(LH active)
	LIHI L-R
(LH active)
	0.482
	0.211
	−0.271
	3.343
	4.492
	−0.332
	73
	0.741
	−0.039

	SIHI L-R
(RH active)
	LIHI L-R
(RH active)
	1.749
	2.002
	0.252
	7.308
	19.474
	0.101
	72
	0.920
	0.012

	SIHI R-L
(LH active)
	LIHI R-L
(LH active)
	0.858
	0.948
	0.089
	2.228
	2.154
	0.252
	73
	0.802
	0.029

	SIHI R-L
(RH active)
	LIHI R-L
(RH active)
	0.049
	0.178
	0.129
	0.740
	1.126
	0.842
	72
	0.403
	0.099



B. Left-to-right versus right-to-left IHI comparisons
	Condition A
	Condition B
	Mean A
	Mean B
	Mean Diff
	SD A
	SD B
	t
	df
	p
	Cohen's d

	SIHI L-R (LH active)
	SIHI R-L (LH active)
	0.482
	0.858
	0.376
	3.343
	2.228
	0.880
	73
	0.382
	0.102

	SIHI L-R (RH active)
	SIHI R-L (RH active)
	1.749
	0.049
	−1.700
	7.308
	0.740
	−1.839
	72
	0.070
	−0.215

	LIHI L-R (LH active)
	LIHI R-L (LH active)
	0.211
	0.948
	0.736
	4.492
	2.154
	1.379
	73
	0.172
	0.160

	LIHI L-R (RH active)
	LIHI R-L (RH active)
	2.002
	0.178
	−1.824
	19.474
	1.126
	−0.791
	72
	0.431
	−0.093


Note. SIHI = short-interval interhemispheric inhibition (10 ms); LIHI = long-interval interhemispheric inhibition (40 ms); LH = left hand; RH = right hand; L-R = left-to-right IHI; R-L = right-to-left IHI; SD = standard deviation. IHI direction refers to the hemisphere receiving the conditioning stimulus followed by the hemisphere receiving the test stimulus. Mean Diff = Mean B − Mean A. Cohen's d is reported for paired samples. The signs of the t statistics have been aligned with the reported mean differences and effect sizes; the two-sided p values remain unchanged. 
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Supplementary Figure S1. Correlation matrix showing relationships among paired-pulse interhemispheric inhibition (IHI), ipsilateral silent period (iSP), and resting motor threshold (rMT) measures. Pearson correlation coefficients (r) are presented for short-interval IHI (SIHI; 10 ms) and long-interval IHI (LIHI; 40 ms), measured in both left-to-right (L-R) and right-to-left (R-L) directions during left-hand (LH) and right-hand (RH) activation, alongside bilateral iSP (iSP-L, iSP-R) and rMT (rMT-L, rMT-R) measures. The direction of IHI refers to the hemisphere receiving the conditioning stimulus followed by the contralateral hemisphere receiving the test stimulus (e.g., L-R indicates conditioning over the left primary motor cortex and testing over the right). Warm colors (red) indicate positive correlations, whereas cool colors (blue) indicate negative correlations, with color intensity reflecting correlation strength. Numerical values within each cell represent Pearson's r. Asterisks indicate statistical significance based on uncorrected p values (*p < 0.05; **p < 0.01), while “H” identifies correlations that remained significant following Holm correction for multiple comparisons (α = 0.05).

2. Distributions and Normality of rMT and iSP in the Healthy Cohort
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Figure S2. Distributions and normality of resting motor threshold (rMT) and ipsilateral silent period (iSP) in the healthy group (N = 142). (a–c) Histograms of rMT measured in the left hemisphere (rMT-L), right hemisphere (rMT-R), and the hemispheric difference (rMT-D; right–left; % maximum stimulator output, %MSO). Red dashed lines indicate the mean, black dotted lines indicate the median, and the orange curve shows the fitted normal distribution. Each panel reports the Lilliefors normality test P-value and the corresponding normality decision ("Normal = Yes/No"). (d–f) Corresponding Q–Q plots comparing each rMT variable with a theoretical normal distribution. (g–i) Histograms of iSP (percentage EMG suppression; higher values indicate stronger interhemispheric inhibition) for the left hemisphere (iSP-L), the right hemisphere (iSP-R), and the hemispheric difference (iSP-D; right–left; positive values indicate stronger right-to-left inhibition), displayed as in panels (a–c). (j–l) Corresponding Q–Q plots for iSP. Left and right rMT significantly deviated from normality, whereas rMT-D was normally distributed. Left iSP and iSP-D were normally distributed; right iSP was also classified as normally distributed, although its P value was close to the significance threshold (P = 0.0575). Although mean hemispheric differences in rMT and iSP were close to zero, individual participants exhibited considerable variability in the magnitude and direction of asymmetry.
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Figure S3. Distributions and normality of hemispheric asymmetry metrics in healthy participants (N = 142). (a) Magnitude of right–left difference in iSP, |iSP-D| (percent EMG suppression), (b) Magnitude of right–left difference in rMT, |rMT-D| (%MSO), (c, d) Asymmetry Indices (AI) that scale the right–left difference by the combined magnitude of the two sides: (AI iSP and AI rMT; AI = (Right − Left)/(Right + Left)). Top panels show histograms with vertical lines for the mean (red dashed) and median (black dotted). Bottom panels show Q–Q plots versus a standard normal; each reports the Lilliefors p-value and a “Normal = Yes/No” label. The absolute differences in iSP and rMT are right-skewed; most people have very small right–left differences, with a smaller number showing larger differences. After normalizing by overall magnitude (AI), rMT is approximately normal and centered near zero (no systematic left–right magnitude bias), whereas iSP remains non-normal, indicating greater individual variability and that a subset of healthy participants shows pronounced interhemispheric imbalance despite normalization.
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Supplementary Figure S4. Age–asymmetry relations in healthy participants ≤40 years (N = 135). Scatterplots show interhemispheric asymmetry versus age after restricting the sample to ≤40 years. Top row: (a) iSP-D​ (Right–Left, %), (b) |iSP-D​| (magnitude), and (c) AI iSP​, where AI=(Right−Left)/(Right+Left). Bottom row: (d) rMT-D​ (Right–Left, %MSO), (e) |rMT-D​|, and (f) AI rMT. Black lines are least-squares fits; panel headers report Spearman ρ and p. A small positive association with age was observed only for rMT-D​ (ρ = 0.19, p = 0.024), while all other measures showed no detectable relation with age (all p > 0.05).

Supplementary Table S2. Multiple linear regression analysis of factors associated with hemispheric differences in rMT and iSP.
	Outcome
	Model
	Term
	DF
	SumSq
	MeanSq
	F
	P value

	iSP-D
	OLS
	Age
	1
	246.880
	246.880
	1.1595
	0.2835

	
	
	Sex
	1
	73.074
	73.074
	0.3432
	0.5590

	
	
	Handedness
	2
	1.279
	0.639
	0.0030
	0.9970

	
	
	Musicianship
	1
	201.810
	201.810
	0.9478
	0.3320

	rMT-D
	OLS
	Age
	1
	286.470
	286.470
	5.4593
	0.0209

	
	
	Sex
	1
	21.918
	21.918
	0.4177
	0.5192

	
	
	Handedness
	2
	15.562
	7.781
	0.1483
	0.8623

	
	
	Musicianship
	1
	137.440
	137.440
	2.6192
	0.1079


Note. OLS, ordinary least-squares regression; robust, robust linear regression; rMT-D, right-minus-left resting motor threshold difference; iSP-D, right-minus-left ipsilateral silent period difference. OLS models included age, sex, handedness, and musicianship simultaneously as covariates. Significant results are bolded (two-sided, α = 0.05). Robust regression models are available in Supplementary Table S3. 

Supplementary Table S3. Robust regression analysis of factors associated with hemispheric differences in rMT and iSP.
	Outcome
	Model
	Term
	Estimate
	SE
	t
	P value

	iSP-D
	Robust
	Age
	0.159
	0.156
	1.022
	0.3086

	
	
	Sex (M)
	−1.545
	2.455
	−0.629
	0.5302

	
	
	Handedness: Mixed
	2.221
	5.403
	0.411
	0.6816

	
	
	Handedness: R
	−0.464
	3.907
	−0.119
	0.9056

	
	
	Musician
	3.448
	2.466
	1.398
	0.1644

	rMT-D
	Robust
	Age
	0.198
	0.078
	2.533
	0.0124

	
	
	Sex (M)
	0.283
	1.227
	0.230
	0.8182

	
	
	Handedness: Mixed
	2.084
	2.701
	0.772
	0.4416

	
	
	Handedness: R
	1.596
	1.954
	0.817
	0.4155

	
	
	Musician
	−1.630
	1.233
	−1.322
	0.1884


Note. Robust regression was performed using the same covariates as the OLS models (age, sex, handedness, and musicianship) to assess whether the findings were sensitive to influential observations or outliers. Significant results are bolded (two-sided, α = 0.05).










3. Cluster numbers and silhouette scores
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Supplementary Figure S5. Selection of the number of clusters (K) using silhouette analysis on standardized original features. Mean silhouette coefficients were calculated for candidate K-means solutions from K = 2 to K = 8 using the four standardized physiological variables (rMT-L, rMT-R, iSP-L, and iSP-R). The highest mean silhouette coefficient was observed for K = 2 (0.270), followed closely by K = 3 (0.265). Silhouette values decreased progressively for solutions with K ≥ 4. The small difference between the two- and three-cluster solutions indicates that silhouette analysis alone provides limited evidence for distinguishing between these candidate solutions; therefore, additional cluster-stability and validation analyses were performed.

Supplementary Table S4. Internal cluster-validity indices across candidate solutions.
	K
	Silhouette
	Davies–Bouldin
	Calinski–Harabasz
	Smallest cluster, n
	Largest cluster, n

	2
	0.270
	1.378
	62.56
	58
	84

	3
	0.265
	1.184
	66.15
	39
	52

	4
	0.260
	1.245
	60.50
	23
	46

	5
	0.257
	1.163
	57.72
	14
	42

	6
	0.257
	1.167
	56.48
	14
	33

	7
	0.238
	1.115
	53.41
	11
	27

	8
	0.234
	1.172
	50.42
	11
	26


Note. Note. Clustering was performed using the four standardized physiological variables: left and right resting motor threshold and left and right ipsilateral silent period. Higher silhouette and Calinski–Harabasz values and lower Davies–Bouldin values indicate better-defined cluster solutions. The two-cluster solution yielded the highest silhouette coefficient, the three-cluster solution yielded the highest Calinski–Harabasz index, and the lowest Davies–Bouldin index was observed at K=7. Thus, the internal cluster-validity indices did not identify a single uniformly optimal solution.

Supplementary Table S5. Gap-statistic analysis across candidate cluster solutions.
	K
	Gap statistic
	SE

	1
	0.682
	0.038

	2
	0.777
	0.040

	3
	0.883
	0.039

	4
	0.891
	0.043

	5
	0.901
	0.041

	6
	0.912
	0.043

	7
	0.900
	0.044

	8
	0.876
	0.045


Note. The raw Gap statistic reached its maximum at K=6. However, according to the standard one-standard-error selection rule, the smallest K satisfying the criterion was K=3, supporting the more parsimonious three-cluster solution.
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Supplementary Figure S6. Gap-statistic analysis for selection of the number of clusters. Gap statistics were calculated for K-means solutions ranging from K = 1 to K = 8 using the four standardized physiological variables (left and right resting motor threshold and left and right ipsilateral silent period). Points indicate the estimated Gap statistic and error bars represent the corresponding standard-error term. Although the maximum raw Gap statistic occurred at K = 6, the standard one-standard-error selection rule identified K = 3 as the most parsimonious supported solution.


Supplementary Table S6. Stability of cluster solutions under repeated subsampling.
	K
	Mean ARI
	SD
	Median ARI
	2.5th percentile
	97.5th percentile

	2
	0.825
	0.128
	0.837
	0.597
	1.000

	3
	0.901
	0.071
	0.915
	0.706
	1.000

	4
	0.843
	0.178
	0.912
	0.389
	1.000

	5
	0.782
	0.147
	0.804
	0.528
	0.990

	6
	0.825
	0.090
	0.827
	0.645
	0.988

	7
	0.726
	0.122
	0.713
	0.522
	0.943

	8
	0.583
	0.115
	0.573
	0.404
	0.893


Note. Cluster stability was assessed across 500 repeated random subsamples containing 80% of the healthy cohort. For each subsample, K-means was refitted, and the resulting assignments were compared with the full-sample solution using the adjusted Rand index (ARI). Higher ARI values indicate greater reproducibility. The K=3 solution showed the highest mean stability and the lowest variability among the candidate solutions.
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Supplementary Figure S7. Stability of K-means cluster solutions under repeated 80% subsampling. Cluster stability was assessed for solutions ranging from K = 2 to K = 8 using 500 repeated random subsamples containing 80% of the healthy cohort. For each subsample, K-means clustering was refitted, and the resulting assignments were compared with the corresponding full-sample solution using the adjusted Rand index (ARI). Points indicate the mean ARI and error bars indicate the standard deviation across repetitions. The K = 3 solution showed the highest mean stability (mean ARI ≈ 0.90) and lower variability than the competing solutions, supporting the reproducibility of the three-cluster solution.




Supplementary Table S7. Sensitivity analysis using bilateral mean physiological measures.
	K
	ARI vs original 4-feature solution
	Silhouette
	Davies–Bouldin
	Calinski–Harabasz

	2
	0.641
	0.342
	1.142
	82.01

	3
	0.935
	0.353
	0.905
	101.86

	4
	0.908
	0.352
	0.927
	99.61

	5
	0.806
	0.366
	0.841
	105.93

	6
	0.638
	0.371
	0.802
	109.27

	7
	0.680
	0.356
	0.808
	108.91

	8
	0.556
	0.354
	0.806
	105.59


Note. To assess whether the original clustering depended on entering highly correlated bilateral measures separately, clustering was repeated using mean resting motor threshold and mean ipsilateral silent period across hemispheres. Agreement with the corresponding original four-feature clustering solution was quantified using the adjusted Rand index (ARI). The K=3 solution showed the highest agreement between the original four-feature and bilateral-mean representations (ARI = 0.935), indicating that the three-phenotype structure was highly robust to collapsing bilateral measurements into their means. Internal validity indices in the bilateral-mean analysis continued to improve beyond K=3, with their best values occurring at K=6; therefore, this sensitivity analysis was interpreted as evidence for robustness of the original K=3 assignments rather than as independent selection of K=3.

Supplementary Table S8. Direct comparison of the K=2 and K=3 solutions.
	Metric
	K=2
	K=3
	Favored solution

	Silhouette
	0.270
	0.265
	K=2

	Davies–Bouldin
	1.378
	1.184
	K=3

	Calinski–Harabasz
	62.56
	66.15
	K=3

	Gap 1-SE rule
	No
	Yes
	K=3

	Mean subsampling ARI
	0.825
	0.901
	K=3

	ARI, bilateral-mean vs 4-feature clustering
	0.641
	0.935
	K=3

	Bilateral-mean silhouette
	0.342
	0.353
	K=3


Note. Although the K=2 solution yielded a marginally higher silhouette coefficient, the K=3 solution was supported by the Gap-statistic one-standard-error rule, greater subsampling stability, more favorable Davies–Bouldin and Calinski–Harabasz indices, and substantially stronger agreement with the bilateral-mean sensitivity analysis. 

Selection and robustness of the cluster solution: Silhouette analysis across K=2–8 provided similar support for the two- and three-cluster solutions, with a marginally higher coefficient for K=2 than K=3 (0.270 vs 0.265). However, direct comparison of these two candidate solutions provided broader support for K=3. The three-cluster solution satisfied the standard Gap-statistic one-standard-error criterion, showed greater stability under repeated 80% subsampling (mean adjusted Rand index 0.901 vs 0.825), and yielded more favorable Davies–Bouldin (1.184 vs 1.378) and Calinski–Harabasz (66.15 vs 62.56) indices than K=2. In a separate sensitivity analysis collapsing left- and right-hemisphere measurements into bilateral mean rMT and iSP, the K=3 solution showed very high agreement with the original four-feature K=3 solution (adjusted Rand index 0.935), indicating that the three-phenotype assignments were robust to the representation of bilateral measures. This sensitivity analysis was not used for independent cluster-number selection. Collectively, these findings supported retention of the three-cluster solution despite the marginally higher four-feature silhouette coefficient for K=2.


4. Characteristics of phenotypes in healthy volunteers

Supplementary Table S9. Characteristics of TMS phenotypes in healthy volunteers.
	Physiological phenotype
	n
	Left rMT, mean
	Right rMT, mean
	Left iSP, mean
	Right iSP, mean

	High excitability
	51
	44.96
	44.12
	54.71
	50.28

	Weak IHI
	52
	49.29
	50.48
	32.41
	31.87

	Low excitability
	39
	64.38
	61.21
	53.80
	51.94


Note. Phenotype labels were assigned according to the physiological characteristics of the final three-cluster solution. Lower resting motor threshold (rMT) reflects greater corticospinal excitability. The weak-interhemispheric-inhibition (week IHI) phenotype was distinguished primarily by reduced bilateral ipsilateral silent period (iSP), whereas the low-excitability phenotype was characterized by elevated bilateral rMT.

Supplementary Table S10. Omnibus comparison of physiological measures across healthy-derived phenotypes
	Variable
	H(2)
	P value
	eta_squared
	N

	Left rMT
	73.335
	<0.0001
	0.513
	142

	Right rMT
	73.350
	<0.0001
	0.513
	142

	Left iSP
	75.605
	<0.0001
	0.530
	142

	Right iSP
	52.592
	<0.0001
	0.364
	142


Note. Group differences were assessed using Kruskal–Wallis tests. The eta_squared (η²H) denotes the Kruskal–Wallis effect-size estimate. All four physiological variables differed significantly across phenotypes (all P < 0.0001), with large effect sizes (η² = 0.364–0.530), demonstrating distinct physiological profiles across the three groups.

Supplementary Table S11. Pairwise comparisons of physiological measures between healthy-derived phenotypes. 
	Variable
	Phenotype comparison
	Mann–Whitney U
	Raw P
	Bonferroni-adjusted P

	Left rMT
	High excitability vs weak IHI
	868.5
	0.0025
	0.0076

	Left rMT
	High excitability vs low excitability
	48.5
	<0.0001
	<0.0001

	Left rMT
	Weak IHI vs low excitability
	167.5
	<0.0001
	<0.0001

	Right rMT
	High excitability vs weak IHI
	733.0
	0.000091
	0.000272

	Right rMT
	High excitability vs low excitability
	20.5
	<0.0001
	<0.0001

	Right rMT
	Weak IHI vs low excitability
	273.5
	<0.0001
	<0.0001

	Left iSP
	High excitability vs weak IHI
	2531.0
	<0.0001
	<0.0001

	Left iSP
	High excitability vs low excitability
	1048.0
	0.6661
	1.000

	Left iSP
	Weak IHI vs low excitability
	169.0
	<0.0001
	<0.0001

	Right iSP
	High excitability vs weak IHI
	2282.0
	<0.0001
	<0.0001

	Right iSP
	High excitability vs low excitability
	947.0
	0.7019
	1.000

	Right iSP
	Weak IHI vs low excitability
	259.0
	<0.0001
	<0.0001


Note. Pairwise comparisons were performed using two-sided Mann–Whitney U tests following the omnibus Kruskal–Wallis analyses. P values were Bonferroni-corrected separately within each physiological variable for the three pairwise phenotype comparisons. IHI, interhemispheric inhibition.

Supplementary Table S12. Hemispheric asymmetry across healthy-derived phenotypes.
	Asymmetry measure
	H(2)
	P value
	η²H
	N
	Group sizes

	rMT asymmetry
	4.688
	0.0959
	0.019
	142
	51 / 52 / 39

	iSP asymmetry
	1.412
	0.4936
	0.000
	142
	51 / 52 / 39


Note. Asymmetry was calculated as right minus left hemisphere (right − left). No significant differences in signed hemispheric asymmetry were observed across the three physiological phenotypes. 



5. Associations between Phenotypes and Age, Sex, Handedness, and Musicianship in healthy volunteers

Supplementary Table S13. Associations between physiological phenotype membership and participant characteristics.
	Characteristic
	Test
	Statistic
	Effect size
	Raw P
	Holm-adjusted P

	Age
	Kruskal–Wallis
	H(2) = 6.056
	η² = 0.029
	0.0484
	0.1937

	Sex
	Pearson χ²
	χ²(2) = 0.325
	Cramér’s V = 0.048
	0.8501
	1.000

	Handedness
	Permutation χ²
	χ²(4) = 5.875
	Cramér’s V = 0.144
	0.2091
	0.627

	Musicianship
	Pearson χ²
	χ²(2) = 1.013
	Cramér’s V = 0.084
	0.6171
	1.000


Note. Associations between phenotype membership and participant characteristics were evaluated using Kruskal–Wallis tests for age and chi-square tests for categorical variables. Because the handedness contingency table contained an expected cell count below 5, its significance was additionally assessed using a 100,000-permutation chi-square test; the resulting permutation P value (raw P = 0.209) was consistent with the asymptotic result. Effect sizes are reported as η² for age and Cramér’s V for categorical variables. P values were adjusted across the four participant-characteristic tests using the Holm procedure.


6. Phenotypes and Classifications in healthy volunteers

Supplementary Table S14. 
	Dimensionality reduction method
	Logistic
Regression (LR)
	Naïve
Bayes (NB)
	Random Forest (RF)
	Support Vector Machine (SVM)

	PCA
	0.983 ± 0.022
	0.962 ± 0.037
	0.939 ± 0.042
	0.977 ± 0.026

	PR-Isomap
	0.970 ± 0.030
	0.967 ± 0.036
	0.948 ± 0.043
	0.963 ± 0.035

	t-SNE
	0.897 ± 0.052
	0.903 ± 0.050
	0.905 ± 0.053
	0.908 ± 0.050

	UMAP
	0.946 ± 0.038
	0.944 ± 0.039
	0.925 ± 0.049
	0.941 ± 0.044


Note. Balanced accuracy is reported as mean ± standard deviation (SD), based on 250 evaluations per combination.




7. Stroke physiology maps onto healthy phenotypes

Supplementary Table S15. Projectability and missing physiological measurements in the stroke cohort.
A. Projectability
	Primary 4-D projectability
	N
	% of stroke cohort

	Projectable
	14
	46.7

	Non-projectable
	16
	53.3

	Total
	30
	100.0



B. Missing-feature patterns
	Missing phenotype-defining features
	N

	None
	14

	rMT-R + iSP-L
	8

	rMT-L + iSP-R
	4

	iSP-L
	1

	rMT-L
	1

	rMT-R + iSP-L + iSP-R
	1

	rMT-R
	1

	Total
	30



C. Characteristics associated with primary projectability
	Characteristic
	Non-projectable
	Projectable
	Test
	Raw P
	Holm-adjusted P

	Left-sided lesion
	5
	5
	Fisher’s exact
	1.000
	1.000

	Right-sided lesion
	11
	9
	
	
	

	Female
	9
	6
	Fisher’s exact
	0.715
	1.000

	Male
	7
	8
	
	
	

	Age, mean years
	66.94
	62.71
	Mann–Whitney U=93.5
	0.453
	1.000

	Age, median years
	67
	64
	
	
	

	Ipsilesional MEP absent
	7
	0
	Fisher’s exact
	0.007
	0.029

	Ipsilesional MEP present
	9
	14
	
	
	

	Contralesional MEP present
	16
	14
	Not tested*
	—
	—


Note. Cliff’s  for age, projectable versus non-projectable = −0.165. All 30 participants had a contralesional MEP; therefore, no inferential comparison was possible. rMT values coded as 100 denoted an undetermined threshold and were treated as unavailable in the primary analysis.

Supplementary Table S16. 
A. Sensitivity analyses of stroke phenotype distribution
	Analysis
	Stroke N
	High excitability
	Weak IHI
	Low excitability
	Monte Carlo P
	Cramér’s V
	High vs Other OR
	Fisher P

	Primary 4-D complete-case
	14
	10 (71.4%)
	3 (21.4%)
	1 (7.1%)
	0.0269
	0.212
	4.46
	0.0185

	≥3/4 observed dimensions
	17
	11 (64.7%)
	5 (29.4%)
	1 (5.9%)
	0.0428
	0.198
	3.27
	0.0332



B. The three additional stroke participants recovered by the ≥3/4 sensitivity analysis.
	Participant
	Missing feature
	Features used
	Assigned phenotype
	RMS distance
	Assignment margin

	S137
	iSP-L
	rMT-L, rMT-R, iSP-R
	High excitability
	0.357
	0.231

	S144
	rMT-L
	rMT-R, iSP-L, iSP-R
	Weak IHI
	0.879
	1.024

	S150
	rMT-R
	rMT-L, iSP-L, iSP-R
	Weak IHI
	0.511
	0.194




Supplementary Table S17. Individual primary stroke phenotype assignments.
	Participant
	Lesion side
	Healthy-derived phenotype
	Nearest-centroid distance
	Assignment margin

	S127
	L
	High excitability
	0.733
	1.596

	S155
	L
	Weak IHI
	0.812
	0.679

	S149
	L
	High excitability
	0.902
	1.807

	S107
	R
	High excitability
	1.020
	1.515

	S139
	R
	High excitability
	1.179
	0.797

	S119
	R
	High excitability
	1.213
	0.735

	S109
	L
	High excitability
	1.535
	0.295

	S108
	L
	Weak IHI
	1.542
	1.472

	S135
	R
	High excitability
	1.600
	1.180

	S164
	R
	Low excitability
	1.726
	1.368

	S167
	R
	High excitability
	1.790
	1.161

	S117
	R
	Weak IHI
	2.014
	0.105

	S143
	R
	High excitability
	2.161
	0.143

	S147
	R
	High excitability
	2.251
	0.296


Note. Distance represents Euclidean distance to the nearest fixed healthy phenotype centroid in standardized four-dimensional rMT/iSP space. Assignment margin is the difference between the second-nearest and nearest centroid distances; smaller values indicate less separation between the two closest phenotype centroids. Margin was used descriptively and was not used to exclude participants.

Supplementary Table S18. Healthy versus stroke phenotype distribution and normative centroid distance.
A. Phenotype distribution
	Phenotype
	Healthy N (%)
	Stroke N (%)
	Stroke standardized residual

	High excitability
	51 (35.9)
	10 (71.4)
	+1.934

	Weak IHI
	52 (36.6)
	3 (21.4)
	−0.871

	Low excitability
	39 (27.5)
	1 (7.1)
	−1.367

	Total
	142 (100)
	14 (100)
	—


Overall comparison: fixed-margin Monte Carlo , P=0.0269, Cramér’s V=0.212; Secondary High-excitability versus other comparison: OR = 4.46, 95% CI 1.33–14.95; Fisher’s exact P=0.0185.

B. Distance to nearest healthy phenotype centroid
	Group
	N
	Mean distance
	Median distance

	Healthy leave-one-out reference
	142
	1.376
	1.360

	Stroke, primary projectable
	14
	1.463
	1.539


Mann–Whitney: U=1091, P=0.550; Cliff’s = 0.098.

C. Healthy phenotype-specific leave-one-out distance reference
	Healthy phenotype
	N
	Mean
	SD
	Median
	95th percentile

	High excitability
	51
	1.202
	0.476
	1.182
	2.080

	Weak IHI
	52
	1.457
	0.458
	1.534
	2.177

	Low excitability
	39
	1.498
	0.523
	1.396
	2.332


The overall healthy 95th-percentile nearest-centroid distance was 2.208. One stroke participant, S147, exceeded this overall threshold. Two participants, S143 and S147, exceeded the 95th-percentile threshold for their assigned phenotype.


Supplementary Table S19. Sensitivity analyses of stroke phenotype distribution.
	Analysis
	Stroke N
	High excitability
	Weak IHI
	Low excitability
	Monte Carlo P
	Cramér’s V
	High vs Other OR
	Fisher P

	Primary 4-D complete-case
	14
	10 (71.4%)
	3 (21.4%)
	1 (7.1%)
	0.0269
	0.212
	4.46
	0.0185

	≥3/4 observed dimensions
	17
	11 (64.7%)
	5 (29.4%)
	1 (5.9%)
	0.0428
	0.198
	3.27
	0.0332

	rMT=100 treated numerically
	16
	10 (62.5%)
	3 (18.8%)
	3 (18.8%)
	0.1107
	0.166
	2.97
	0.0562


Note. The ≥3/4 sensitivity analysis retained undetermined rMT values as missing and classified participants using only observed standardized dimensions, without imputation. In a separate sensitivity analysis, rMT values coded as 100 were treated as numerical ceiling values, although these values denoted that rMT could not be determined. Under this artificial ceiling-value assumption, the phenotype-distribution difference was attenuated and no longer statistically significant (Monte Carlo P=0.111); the High-excitability versus other comparison showed a similar direction of effect but did not reach statistical significance (OR = 2.97, Fisher’s P=0.056).


Supplementary Table S20. Exploratory lesion-side analyses in the primary projectable stroke subgroup.
A. Phenotype distribution by lesion side.
	Lesion side
	High excitability
	Weak IHI
	Low excitability
	Total

	Left
	3
	2
	0
	5

	Right
	7
	1
	1
	9

	Total
	10
	3
	1
	14



Within-side percentages:
	Lesion side
	High excitability
	Weak IHI
	Low excitability

	Left
	60.0%
	40.0%
	0.0%

	Right
	77.8%
	11.1%
	11.1%


Fixed-margin Monte Carlo , P=0.5038, Cramér’s V=0.373.

B. Nearest-centroid distance by lesion side
	Lesion side
	N
	Mean
	SD
	Median
	Q1
	Q3

	Left
	5
	1.105
	0.400
	0.902
	0.812
	1.535

	Right
	9
	1.662
	0.446
	1.726
	1.213
	2.014


Participants with right-sided lesions showed greater distance from the nearest healthy phenotype centroid than those with left-sided lesions (median 1.73 vs. 0.90; Mann–Whitney U=6.0, P=0.029, Cliff’s ). 
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