Supplementary material
Supplementary Table S1: Data sanity checks (cohort and limb cell balance, missingness)
	check
	variable
	status
	detail

	exposure distribution
	cohort
	OK
	smallest category=45.5%

	exposure distribution
	leg
	OK
	smallest category=50.0%

	exposure distribution
	speed
	OK
	smallest category=50.0%



Supplementary Table S2: Pre-specified and post hoc sensitivity analyses (SA1: r = 0.15 × SD; SA2: r = 0.25 × SD; SA3: m = 1; SA4: 90°/s-only model; SA5: outlier-excluded refit)
	Analysis
	Description
	Key Result
	Interpretation

	Primary (m=2, r=0.20, mid-60%)
	cohort×leg interaction on log1p(SampEn)
	β = 0.0920, p = 0.074
	Reference result

	SA1: r = 0.15×SD
	SampEn recomputed (m=2, r=0.15); primary LME refit
	β = 0.0990, p = 0.073 (n=88)
	Tolerance sensitivity (looser r); concordant with primary

	SA2: r = 0.25×SD
	SampEn recomputed (m=2, r=0.25); primary LME refit
	β = 0.0803, p = 0.093 (n=88)
	Tolerance sensitivity (tighter r); concordant with primary

	SA3: m = 1
	SampEn recomputed (m=1, r=0.2); primary LME refit
	β = 0.0377, p = 0.456 (n=88)
	Embedding-dimension sensitivity; concordant with primary

	SA4: 90°/s only LME
	Primary cohort×leg LME restricted to 90°/s
	β = 0.1288, p = 0.153
	Robustness to pooling across speed

	SA5: extreme-SampEn outlier excluded
	Refit primary LME after removing 1 trial(s) beyond Q3+3·IQR (0.77)
	β = 0.0437, p = 0.123 (n=87)
	Robustness to extreme outlier; concordant with primary



Supplementary Table S3: Assumption check log (Shapiro-Wilk normality, Levene homoscedasticity)
	Check
	Result
	Statistic
	p-value
	Method used

	normality: SampEn
	FAIL (non-normal)
	0.540
	<0.001
	Shapiro-Wilk

	normality: MDF
	FAIL (non-normal)
	0.832
	<0.001
	Shapiro-Wilk

	normality: MPF
	FAIL (non-normal)
	0.887
	<0.001
	Shapiro-Wilk

	homoscedasticity: SampEn by cohort×leg
	PASS
	1.466
	0.230
	Levene

	normality: log1p(SampEn)
	IMPROVED
	0.720
	<0.001
	Shapiro-Wilk on log1p(SampEn)



Supplementary Table S4: Model fit statistics (AIC, BIC, log-likelihood, convergence) for the primary, three-way, MDF, and MPF mixed-effects models
	Statistic
	Value

	Primary LME AIC
	-89.370

	Primary LME BIC
	-74.506

	Primary LME Log-likelihood
	50.685

	Primary LME Converged
	True

	Primary LME N obs
	88

	Primary LME Random-intercept var
	0.006

	Primary LME ICC (participant)
	0.298

	3-way LME AIC
	-85.633

	3-way LME BIC
	-63.337

	3-way LME Log-likelihood
	51.817

	3-way LME Converged
	True

	3-way LME N obs
	88

	3-way LME Random-intercept var
	0.006

	3-way LME ICC (participant)
	0.309

	MDF LME AIC
	736.635

	MDF LME BIC
	758.931

	MDF LME Log-likelihood
	-359.317

	MDF LME Converged
	True

	MDF LME N obs
	88

	MDF LME Random-intercept var
	569.625

	MDF LME ICC (participant)
	0.862

	MPF LME AIC
	749.151

	MPF LME BIC
	771.447

	MPF LME Log-likelihood
	-365.575

	MPF LME Converged
	True

	MPF LME N obs
	88

	MPF LME Random-intercept var
	612.813

	MPF LME ICC (participant)
	0.851




