SUPPLEMENTARY MATERIAL

Supplementary Methods
Spinal Excitability: H Reflex and M Wave
Spinal excitability was assessed via H-reflex and M-wave measurements immediately after the MET assessment. Recruitment curves were generated using 1.0 ms monophasic pulses from a high-voltage stimulator (DIGITIMER DS8R, London, UK). Forty stimuli were delivered at intensities ranging from below the motor threshold to ~1.4 × Mmax, with inter-stimulus intervals of 8–12 seconds. Key outcomes included the Hmax:Mmax ratio (mean value of the three largest H-reflex amplitudes divided by the maximal M-wave) and the M-wave amplitude corresponding to the maximal H-reflexes (mean of the three M-waves at peak H-reflex).

Mechanical properties and central activation ratio (CAR) 
The mechanical properties (torque and force-time integral) of the plantar flexors and the central activation ratio (CAR) were assessed using the twitch interpolation technique1. Stimulation electrodes were placed on the tibial nerve in the popliteal fossa (cathode, 8 mm self-adhesive) and below the patella (anode, 5 × 10 cm self-adhesive), positioned to elicit the strongest visible contraction of the triceps surae. For each subject, the best representative H-reflex, M-wave, and maximal stimulation curves were identified. Single-square-wave stimuli (1 ms duration, max 100 V) were delivered with increasing current until the evoked isometric contraction plateaued. Peak contractions (average of two) and corresponding maximal stimulation intensity were recorded. Paired stimuli (two 1 ms pulses separated by 10 ms) were applied at three time points: at rest, superimposed on the MVC, and during relaxation2. The CAR was calculated as: CAR (%) = [maximum voluntary torque / (maximum voluntary torque + superimposed torque – maximum voluntary torque)] × 1003.

Electromyographic activity (EMG) 
H-reflex and M-wave electromyographic (EMG) activity were recorded using a portable surface EMG system (MP160, Biopac, Aero Camino, Goleta, CA, USA; Octopus AMT-8, Bortec Biomedical Ltd, Calgary, AB, Canada) with a 14-bit resolution, <2 LSB noise, and 110 dB common-mode rejection. Electrodes were positioned according to SENIAM guidelines for the medial gastrocnemius (GM), lateral gastrocnemius (GL), and soleus (SL) muscles4. EMG signals were analyzed over a 500 ms window centered on the maximum torque (250 ms before and after the peak), by calculating the root mean square (RMS) (bandpass 10–500 Hz) and the median frequency (mFREQ) of the power spectrum (low-pass 50 Hz), obtained via Fast Fourier Transformation from each MVC.

SUPLEMENTARY RESULTS
Spinal Excitability 
In the soleus muscle, the M-wave showed no interaction between current and time (F = 0.215, P = 0.885) but a main effect of time (F = 4.007, P = 0.046); current type had no effect. The H-reflex and Hmax: Mmax ratio showed no interactions or main effects. In the lateral gastrocnemius, the M-wave showed no interaction, but a time effect (F = 11.791, P < 0.001); current type had no effect. The H-reflex showed no interaction, but a time effect (F = 7.763, P < 0.001); current type had no effect. The Hmax: Mmax ratio showed no interactions or main effects (Supplementary Table S1 for further details).:Mmax ratio showed no interactions or main effects (Table 2 for further details).

Mechanical properties and central activation ratio (CAR)
No interaction between current and time was found for CAR (F = 1.240, P = 0.296, ηp² = 0.021), nor were there main effects for time (F = 0.260, P = 0.609) or current (F = 1.530, P = 0.209; Supplementary Table S1).
Root mean square (RMS) and Median frequency (MDF)
For RMS, no interaction between current and time was found for the soleus (F = 2.302, p=0.078, ηp² = 0.038), but an interaction was observed for the lateral gastrocnemius (F = 8.880, p<0.001, ηp² = 0.134). A main effect of time was found for both the soleus (F = 43.791, p<0.001, ηp² = 0.202) and lateral gastrocnemius (F = 12.648, p<0.001, ηp² = 0.068), indicating a post-fatigue reduction in RMS (p<0.001 for both; Figures 3A and 3B). A main effect of current type was observed for the soleus (F = 2.797, p=0.041, ηp² = 0.046), but not for the lateral gastrocnemius (F = 0.709, p=0.549, ηp² = 0.012). For MDF, the soleus showed an interaction between current and time (F = 3.327, p=0.020, ηp² = 0.054), although the post-hoc analysis revealed no differences (p>0.05). No interaction was found for the lateral gastrocnemius (F = 1.330, p=0.266, ηp² = 0.022; Table 2). No main effect of time was found for either the soleus (F = 3.377, p=0.067, ηp² = 0.019) or lateral gastrocnemius (F = 0.757, p=0.385, ηp² = 0.022). Similarly, no main effect of current type was observed for either muscle (soleus: F = 0.436, p=0.727, ηp² = 0.007; lateral gastrocnemius: F = 0.597, p=0.617, ηp² = 0.010).

DISCUSSION
Our analysis of M-wave and H-reflex responses revealed time effects but no interactions between current type and time, suggesting that fatigue-induced changes in spinal excitability were similar across all NMES protocols5. The observed time effect on M-wave amplitude in both the soleus and lateral gastrocnemius muscles indicates a decrease in muscle fiber excitability following fatigue, consistent with previous research on NMES-induced peripheral fatigue mechanisms5,6. Moreover, the lack of changes in the Hmax/Mmax ratio indicates that spinal excitability was largely maintained across all protocols, contrasting with previous reports of reduced motoneuron excitability following NMES-induced fatigue7. This discrepancy from previous studies is likely attributable to the specific features of our protocol rather than motor unit recruitment patterns. Since NMES recruits motor units based on the proximity of motoneuron axons to the electrodes, the type and number of units activated cannot be determined. A more plausible explanation is that the number of evoked contractions at 20% MVC was insufficient to elicit central or neural fatigue but sufficient to induce peripheral fatigue8. Finally, the absence of significant changes in the CAR following our NMES protocols indicates that central fatigue mechanisms were not substantially involved in the observed performance decrements9. This finding contrasts with some previous studies that reported central contributions to NMES-induced fatigue, particularly at higher stimulation intensities10. This discrepancy may be explained by our use of submaximal stimulation intensities and longer rest periods, which may have minimized central fatigue development11.
Aalthough no interaction was observed between current type and time for MVC, RMS, or spinal excitability, the consistent superiority of 500 µs over 200 µs pulse durations suggests that longer pulses deliver a greater NMES charge, enhancing motor unit recruitment and delaying fatigue. This was evidenced by the higher number of contractions until a 50% drop in torque and a reduced decline in TTI. These findings are consistent with the previous literature12,13, which demonstrates that increased phase duration augments force output and may facilitate the recruitment of deeper motor units, due to improved current penetration. While waveform differences are frequently emphasized in the literature1,9, our findings suggest that phase duration is a primary determinant of NMES-induced fatigue and efficiency when stimulation frequency and amplitude are matched and tolerable. This is further supported by the absence of differences in discomfort scores, indicating that longer pulse durations can be used without compromising participant tolerance.
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Supplementary Table 
Supplementary Table S1 Neuromuscular outcomes before and after the fatigue protocol

	
	PC 500
	PC 200
	KFAC 500
	KFAC 200

	
	PRE
	POST
	PRE
	POST
	PRE
	POST
	PRE
	POST

	RMS-GL* (W)
	0.05 (0.03-0.06)
	0.02 (0.02-0.03)
	0.03 (0.02-0.03)
	0.03 (0.02-0.05)
	0.05 (0.03-0.07)
	0.03 (0.02-0.4
	0.03 (0.02-0.04)
	0.03 (0.02-0.4)

	RMS-SOL* (W)
	0.04 (0.03-0.05)
	0.02 (0.02-0.03)
	0.03 (0.02-0.03)
	0.02 (0.02-0.02)
	0.04 (0.03-0.05)
	0.02 (0.02-0.03)
	0.03 (0.02-0.04)
	0.03 (0.02-0.03)

	MDF-GL (Hz)
	162.74 (143.59-181.89)
	164.46 (144.10-184.82)
	165.12 (149.55-180.7)
	173.65 (159.23-188.06)
	159.3 (142.6-176)
	152.26 (136.12-168.41)
	164.57 (147.44-181.70)
	172.16 (153.60-190.73)

	MDF-SOL* (Hz)
	176.10 (166.60-185.60)
	166.62 (151.90- 181.34)
	149.55 (165.19-183.80)
	172.50 (161.85- 183.14)
	174.99 (165.59-184.39)
	181.25 (173.16- 189.35)
	174.49 (165.19-183.80)
	167.17 (158.11-176.24)

	H-reflex-GL (mA)
	0.94 (0.77-1.12)
	0.88 (0.72-1.05)
	0.95 (0.75-1.14)
	0.85 (0.68-1.02)
	0.92 (0.76-1.08)
	0.86 (0.72-0.99)
	0.84 (0.71-0.96)
	0.81 (0.69-0.93)

	M wave-GL (mA)
	3.54 (3.01-4.08)
	3.12 (2.56-3.68)
	3.92 (3.43-4.41)
	3.42 (3.01-3.82)
	3.84 (3.28-4.40)
	3.72 (3.15-4.29)
	3.90 (3.34-4.45)
	3.71 (3.20-4.22)

	Hmax/Mmax-GL (mA)
	0.32 (0.25-0.39)
	0.35 (0.27-0.42)
	0.26 (0.21-0.32)
	0.27 (0.21-0.32)
	0.29 (0.22-0.37)
	0.28 (0.22-0.34)
	0.26 (0.20-0.32)
	0.25 (0.20-0.29)

	H-reflex-SOL (mA)
	3.14 (2.64-3.64)
	3.07 (2.60-3.54)
	3.11 (2.68-3.53)
	3.11 (2.69-3.52)
	3.15 (2.66-3.64)
	3.19 (2.71-3.67)
	2.79 (2.41-3.18)
	2.98 (2.59-3.37)

	M wave-SOL (mA)
	5.32 (4.63-6.02)
	5.45 (4.75-6.15)
	5.34 (4.77-5.90)
	5.38 (4.78-5.97)
	5.53 (4.85-6.21)
	5.68 (5.01-6.34)
	5.23 (4.58-5.88)
	5.39 (4.80-5.99)

	Hmax/Mmax-SOL (mA)
	0.61 (0.53-0.68)
	0.59 (0.51-0.67)
	0.58 (0.52-0.64)
	0.58 (0.52-0.64)
	0.58 (0.52-0.65)
	0.58 (0.51-0.65)
	0.57 (0.50-0.64)
	0.57 (0.50-0.64)

	CAR (%)
	94.64 (91.64-97.65)
	93.41 (90.03-96.80)
	95.94 (93.60-98.27)
	96.02 (94.56-97.47)
	97.00 (94.98-99.02)
	96.48 (95.31-97.65)
	96.20 (94.30-98.10)
	97.05 (95.77-98.34)


Data are mean (95% CI). *Main effect of time, P < 0.001. CAR, central activation ratio; GL, lateral gastrocnemius; KFAC, kilohertz-frequency alternating current; MDF, median frequency; PC, pulsed current; RMS, root mean square; SOL, soleus.

