
Supplementary Materials: Quantification of training accuracy  

1. Data Processing 

The net torque recorded during training sessions was 10-Hz low-pass filtered using 𝟒𝒕𝒉 order, zero lag 

butterworth filter [34]. The MVIC was defined as the highest average of a 2-s sliding window ran over 

the entire period of contraction. Modulation of training MVICs were respectively expressed as 

percentage of the first training session (T01). 

Two training characteristics were quantified to objectively control the accuracy of the training: Effective 

Time over 85% of MVIC (ET) and Relative Training Intensity (RTI). The ET was defined as the time 

spent above 85% MVIC, i.e., the lowest threshold of the training level. The ET was quantified for each 

contraction and averaged over training session. The RTI was defined as the highest average torque of a 

2-s sliding window ran over the entire period of contraction normalized by daily MVIC. The RTI was 

quantified for each contraction and averaged over training session. 

2. Statistical Analysis 

Statistical analysis was performed using JASP Computer software (JASP Version 0.10.0; 2018). 

Normality of the distribution was assessed with Shapiro-Wilk test. MVIC were normally distributed 

(p ≥ 0.082). A repeated measures ANOVA (T01, T02, T03, T04, T05, T06, T07, T08, T09) on Training time 

was conducted on the training MVIC. ET and RTI data were not normally distributed (all p < 0.001 to 

0.975). A non-parametric Friedman ANOVA with repeated measures on Training time was conducted 

on the ET and the RTI. If a significant effect was found, non-directional paired t-tests (or equivalent non-

parametric Conover’s post hoc tests) were used to compare each factor and Cohen’s d was reported 

where applicable. 

3. Results 

The ANOVA revealed a significant effect of Training time on the MVIC produced in PF (F8,80 = 13.34; 

p < 0.001; ε = 0.574; η²p = 0.572, all ‖d‖ ranging from 0.140 to 2.367). The figure A1 shows the overall 

modulations of the MVIC in PF throughout the training sessions. Significant modulations of the MVIC 

revealed by Conover post-hoc tests are summarized into the table A1 as a percentage of change between 

the different training sessions. 



 

Figure A1: (A) Average torque (N.m) during MVIC in PF, (B) Relative Training Intensity (RTI; % MVIC), 

and (C) Effective Time (ET; s). All variables were recorded during the nine training sessions and include 

all participants. Error bars represent 95% confidence interval. Dashed lines in B represent the thresholds 

of training level (90±5%) and * indicates significant torque difference in comparison from T01 to T05 

training sessions. 

 

The Friedman ANOVA revealed a significant effect of Training time on the RTI (X2 = 19.59; df = 8; p = 

0.012). Conover’s post hoc test revealed that T07 was significantly different than T01 to T05 (all p ranging 

from 0.001 to 0.014). Except for T07 (83.24 ± 1.81 %), RTI was over than 85% for all training sessions (fig. 

A2). Mean RTI was 87.23 ± 1.28 % including all trials. The Friedman ANOVA revealed a significant 

effect of Training time on the ET (X2= 19.81; df = 8; p = 0.011). Conover’s post hoc test revealed that T07 

was significantly different than T01 to T05 (p ≤ 0.001). Averaged ET was 3.22 ± 0.33 s including all 

training sessions (fig 1.C). Table A2 summarizes the RTI and ET modulation throughout the training 

procedure. 



Table 1: Average (± 95% confidence interval) percentage changes comparison in plantarflexion torque 

during training sessions. 

 

 

Table A2: Average (± 95% confidence interval) Relative Training Intensity (RTI, % MVIC) and Effective Time 

(ET, s) computed throughout the training procedure. 

 

 

4. Discussion 

The current training included a day-by-day adjustment of the training intensity according to the daily 

MVIC. MVIC is a fast and reliable procedure [56] where one participant has to develop as quickly and 

strongly as possible the maximum joint torque against a dynamometer device [57, 58]. It requires as few 

as 3 trials [10] and do not lead to excessive fatigue allowing to consider daily maximal strength 

production evaluation to adjust training intensity. Although several studies investigated regular 

strength training based on MVIC and demonstrated significant torque improvement in healthy people 

[22, 57, 59-61] and cerebral palsy patients [62], no study strictly investigated MVIC-based MST. Overall, 



our results revealed that the torque produced in plantarflexion significantly increased over time while 

the training performance remained unaltered. 

The design of our MVIC-based MST brought additional information regarding the training completion 

through the evaluation of daily MVIC, RTI and ET. To our knowledge, only one previous study [63] 

aimed to objectively quantify the training completion of a MVIC-based training. In this study, the 

authors evaluated the number of maximal contractions successfully maintained more than 3s during 

the training. Unfortunately, the authors did not evaluate the absolute torque intensity nor the relative 

training intensity reached by participants, which may be variable during the training. The present study 

proposed RTI and ET as two objective markers to assess the training accuracy. As expected, while torque 

production increased throughout the training procedure, the day-by-day adjustment of the training 

intensity did not remarkably alter RTI and ET, suggesting no training changes for the participants when 

attempting to maintain the lower threshold intensity. However, during the three weeks of training, the 

seventh training session revealed a significant decrease of ET and RTI. These results should underline 

the participants’ difficulties to reach and maintain the threshold level at the beginning of the third 

training week while the PF-MVIC continuously increased. Indeed, although non-significant, a first 

decrease of the daily MVIC was also noted at the eighth training session in comparison to the seventh 

training session. However, the RTI and ET reached during the eighth training went back up to the 

expected levels. Therefore, RTI and ET could be good markers of fatigue and may be used to adjust the 

recovering period following the training. In practice, the advent of low-cost transportable dynamometer 

could expand MVIC-based trainings performed in both laboratory and home environment [63]. 
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