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Introduction

Strength, power, endurance and performance fatigability can be considered as the main components of the neuromuscular function and are important to understand how sex, age, or different clinical conditions affects the neuromuscular system [START_REF] Hunter | Performance fatigability: Mechanisms and task specificity[END_REF]. In 2013, Bachasson et al. (2013b) validated the "quadriceps intermittent fatigue'' (QIF) test that evaluates the neuromuscular function and the kinetic of impairments in contractile function and muscle activation in the knee extensors (KE). The test consists of sets of intermittent isometric contractions at increasing intensity until task failure. Contractile function and muscle voluntary activation are assessed during the QIF test using the interpolated twitch technique (ITT) with peripheral magnetic or electrical stimulation. This test has been shown to be sensitive to detect differences in strength, endurance and performance fatigability among sex (Bachasson et al. 2013b), age, level of training [START_REF] Bachasson | Original Research: Central and peripheral quadriceps fatigue in young and middle-aged untrained and endurance-trained men: A comparative study[END_REF]) and the effect of pathologies (Bachasson et al. 2013a). Bachasson et al. (2013b) evaluated agreement and reliability for the performance at the QIF test and the neuromuscular variables prior, during and after the fatiguing incremental task. Specifically, high agreement [quantified through coefficient of variation (CV)] was found for number of contractions (5.6%) and total strength-time product (4.1%; calculated at 50% of the test). Performance fatigability showed high agreement along the test both in terms of maximal force loss produced by the KE (CVs <7.5%) and evoked responses to femoral nerve magnetic stimulations (CVs <6.6%). For the same variables, good reliability was found using intra-class correlation coefficients (ICCs; >81) and visual inspection of Bland-Altman plots.

One limitation of the original QIF test study is the isometric mode of contraction. Most of the daily activities are performed using dynamic contractions, and the study of both isometric and dynamic conditions is important to specifically understand and evaluate neuromuscular function across different populations (e.g. athletes vs. sedentary adults, young vs. old adults). For instance, a recent review from our research group [START_REF] Krüger | Isometric versus Dynamic Measurements of Fatigue: Does Age Matter? A Meta-analysis[END_REF]) highlighted that after an isometric fatiguing task, the percentage of isometric torque loss was greater in young adults compared to older adults. However, when performing dynamic tasks, the percentage of isometric torque loss was similar between groups, while the percentage of power loss was more pronounced in the elderly [START_REF] Krüger | Isometric versus Dynamic Measurements of Fatigue: Does Age Matter? A Meta-analysis[END_REF]). Thus, a similar QIF test involving dynamic contractions would better represent contractions involved in daily life activities and associated with functional task's performance [START_REF] Severijns | The Assessment of Motor Fatigability in Persons with Multiple Sclerosis: A Systematic Review. Neurorehabil. Neural Repair Shield A, Zhou S[END_REF]. Lowerlimbs concentric fatigability protocols better reflect some functional capacities and perception of fatigue compared to isometric protocols in different clinical populations such as multiple sclerosis patients [START_REF] Taul-Madsen | A Head-to-Head Comparison of an Isometric and a Concentric Fatigability Protocol and the Association With Fatigue and Walking in Persons With Multiple Sclerosis[END_REF]) and older adults [START_REF] Senefeld | Age differences in dynamic fatigability and variability of arm and leg muscles: Associations with physical function[END_REF]. Furthermore, because peripheral and central factors contribute differently to performance fatigability in isometric vs. dynamic contractions [START_REF] Hunter | Performance fatigability: Mechanisms and task specificity[END_REF], assuming similar reliability and agreement for an isometric and dynamic QIF test could be problematic and needs to be investigated.

To evaluate the mechanisms of performance fatigability, the original ITT has been adapted to the use of peripheral femoral nerve magnetic stimulation (FNMS; [START_REF] Verges | Comparison of electrical and magnetic stimulations to assess quadriceps muscle function[END_REF]) and transcranial magnetic stimulation over the motor cortex (TMS; [START_REF] Todd | Measurement of voluntary activation based on transcranial magnetic stimulation over the motor cortex[END_REF]. The use of FNMS for the assessment of contractile function and muscle activation proposed in the original QIF test (Bachasson et al. 2013b) is more comfortable for participants than classic high frequency percutaneous electrical stimulation [START_REF] Verges | Comparison of electrical and magnetic stimulations to assess quadriceps muscle function[END_REF]. However, we have shown that subcutaneous fat thickness could affect the effectiveness of the magnetic stimulation to activate the femoral nerve [START_REF] Tomazin | Fat tissue alters quadriceps response to femoral nerve magnetic stimulation[END_REF], making this measure less suitable for specific populations like overweight individuals. Another possibility to evaluate the mechanisms of performance fatigability is represented by single pulse TMS that, associated with peripheral nerve electrical stimulation (PNS), enables to further discern the involved mechanisms [e.g. corticospinal excitability/inhibition, muscle relaxation rate [START_REF] Todd | Measurement of voluntary activation based on transcranial magnetic stimulation over the motor cortex[END_REF]] along the fatiguing task.

Hence, the aim of this study was to assess the reliability and agreement of the QIF test performed with concentric (isokinetic) contractions, using TMS and PNS to evaluate contractile function and muscle voluntary activation throughout the test. It was hypothesized that the dynamic QIF test would induce a progressive decrease in both isometric and dynamic torques, which would be due to the decline in both contractile function and muscle voluntary activation.

Methods

Participants

Twenty young adults (age: 25±4 yr; body mass: 65±11 kg; height: 172±9 cm; 10 females) recruited from the Jean-Monnet University's department of kinesiology participated in the experiment and were clearly informed on the modalities of the test prior giving their written consent. The sample size was chosen based on the previous QIF test validation study of Bachasson et al. (2013b). All participants were free from musculoskeletal or neurological disorders and familiar with isometric and isokinetic force assessment. Participants visited the laboratory twice, separated by at least 48h, in which they performed two identical dynamic QIF tests (DYN1 and DYN2). Participants were asked to avoid strenuous exercise for 24h and alcohol consumption for 12h prior testing, and to keep their caffeine consumption habits consistent for the duration of the study. All the experimental procedures were approved by the institutional ethics committee and performed in accordance with the Declaration of Helsinki (except for registration in a database).

Mechanical recording

Participants were seated upright on an isokinetic dynamometer (Con-Trex MJ; CMV-AG, Dubendorf, Switzerland) [START_REF] Maffiuletti | Reliability of knee extension and flexion measurements using the Con-Trex isokinetic dynamometer[END_REF]) and were tested on the right leg. For isometric measurements, hip angle was set at 95° and knee angle at 90° (180°= full extension; Figure 1B). For all concentric isokinetic measurements and for the QIF test, the range of motion was set at 60° (from 90° to 150°) and the velocity was 120°s -1 . Extraneous movements of the upper body were minimized using straps across the thorax and waist integrated in the dynamometer. During the first experimental session, the position of each participant was registered and kept constant throughout the protocol. Torque was acquired at 2 kHz, transmitted without analogical or digital filter using a Power-Lab data system (16/30-ML880/P, ADInstruments, Bella Vista, Australia) and recorded on a computer through Labchart software (v8, ADInstruments). Visual feedback was provided on a screen positioned in front of the participant.

Experimental procedures

Participants performed two maximal voluntary isometric contractions (MVICs) separated by 1-min to assess maximal isometric torque. Subsequently, the hotspot and intensity for TMS were identified (described below).

After 1-min of rest, three consecutive maximal voluntary concentric contractions (MVDCs) were performed in isokinetic mode (range of motion=60°, angular speed=120°s -1 ) for the assessment of concentric peak torque. If the difference between the contractions (MVIC or MVDC) was >5%, the procedure was repeated after 1-min of recovery.

Then, participants performed a first neuromuscular evaluations (NME) to familiarize with this procedure.

Following 1-min of rest, the baseline NME was performed. NME consisted in a 5-s MVIC followed by ~3-s contractions at 60% and 80% MVIC (Figure 1A). A single-pulse TMS was delivered during the plateau of each contraction (100%-80%-60% MVIC) based on the technique originally developed for the elbow flexors [START_REF] Todd | Measurement of voluntary activation of fresh and fatigued human muscles using transcranial magnetic stimulation[END_REF] and later for the KE [START_REF] Goodall | Voluntary activation of human knee extensors measured using transcranial magnetic stimulation[END_REF][START_REF] Sidhu | Cortical voluntary activation of the human knee extensors can be reliably estimated using transcranial magnetic stimulation[END_REF]). Single-pulse PNSs were delivered during the MVIC and at rest ~1 s following the MVIC (Figure 1A). Thereafter, participants performed a rapid contraction with the instruction of contracting "as fast as you can" for the assessment of rate of torque development (RTD). NME duration was ~25-s. A schematic representation of the experimental setup is provided in Figure 1B.

Following the baseline NME, participants performed the dynamic QIF test in concentric condition (Figure 1C).

The test consisted of sets of 100 concentric contractions (range of motion=60°, angular speed=120°s -1 ) starting at 10% of MVDC torque and increasing by 10% MVDC for each subsequent set until exhaustion. Participants visualized the target torque level on the screen with a line of 2-Nm thickness (1 Nm under and above). They were instructed to start the concentric phase as soon as the dynamometer passively returned the leg to the starting position (90°), and to reach the target torque level at each contraction. Once each 100-contractions set was completed, the dynamometer was set in isometric mode and the NME was performed ~3 s after. Following the NME, the dynamometer was set back to isokinetic mode and participants were asked to perform a MVDC (Figure 1C). Immediately after, participants started the following 100 contractions set. Exhaustion was defined as five consecutive contractions below the target torque.

Electromyography

Electromyographic (EMG) activity was recorded from the vastus lateralis (VL), rectus femoris (RF), vastus medialis (VM) and biceps femoris (BF) muscles of the right leg using pairs of self-adhesive Ag/AgCl surface electrodes (recording diameter=10 mm, Kendall MediTrace 130 foam electrode, MA) placed accordingly to the SENIAM recommendations in bipolar configuration over the muscle belly with a centre-to-centre distance of 30 mm. A reference electrode was placed on the patella. Prior to electrode placement, the skin was shaved, abraded and cleaned with alcohol. EMG signals were amplified (gain=500) using an octal bio-amplifier (ML138, AD Instruments) with a bandwidth frequency range of 10-500 Hz obtained through a band-pass filter and digitized simultaneously to the torque signal at the same sampling rate (2 kHz) by Power-Lab System (16/30-ML880/P, AD Instruments).

Transcranial Magnetic Stimulation

TMS was delivered via a concave 110-mm double cone coil connected to a monophasic magnetic stimulator (Magstim 200, Magstim, Whitland, UK) over the hotspot of the motor cortex area for the right KE muscles (peak magnetic field output= 2.5T, stimulation duration= 0.1 ms). The orientation of the coil induced a posterior-toanterior current flow in the underlying cortical tissue. At the beginning of each session, the coil was positioned with the center ~1 cm lateral to the vertex of the left motor cortex. Identification of the hotspot was guided by moving along a 1-cm grid drawn on a swim cap and was determined as the location that elicited the greatest torque response and motor evoked potential (MEP) amplitude in the VL, RF and VM while the participant contracted at 10% MVIC. This position was marked on the swim cap to ensure repeatable placement of the coil throughout the experiment. Optimal stimulation intensity was determined as the intensity eliciting the greatest torque response and MEP amplitude, without an increase in BF MEP amplitude, during brief 10% MVIC contractions (mean intensity= 65±10% of the maximal stimulator output).

Femoral Nerve Electrical Stimulation

Percutaneous electrical stimulation was delivered on the femoral nerve through a constant current stimulator (DS7R, Digitimer, Welwyn Garden City, UK), which delivered a square-wave stimulus of 2 ms of duration ( 400V) [START_REF] Zarkou | Comparison of techniques to determine human skeletal muscle voluntary activation[END_REF]. The cathode electrode (Kendall MediTrace) was placed on the inguinal triangle while the anode, a 50×90 mm electrode (Durastick Plus; DJO Global, Vista, CA) was placed on the gluteal fold.

Participants were instructed to fully relax before the stimulation was delivered. The intensity was increased until the torque response reached a plateau. The 130% of the plateau intensity was chosen to ensure supramaximality.

Data analysis

All data were analysed offline using Labchart software (v8, ADInstruments). MVIC torque was defined as the average of the highest 0.5-s window for each MVIC. Root-mean-square (RMS) EMG of the VL, RF and VM were assessed during the same time window, and then normalized to the compound muscle action potential (Msup) superimposed via PNS during the same MVIC. MVDC was defined as the maximal value reached at each maximal concentric contraction. RTD was calculated as the averaged slope over a 150-ms time window from the torque onset, defined as a rise from the baseline >2 Nm [START_REF] Maffiuletti | Rate of force development: physiological and methodological considerations[END_REF]. Total work was assessed through the sum of torque-time integral over each contraction of each stage. Performance fatigability was defined as the percentage loss in both MVIC and MVDC. Muscle voluntary activation was calculated for both TMS (VATMS) and PNS (VAPNS) responses using the following equations [START_REF] Todd | Use of motor cortex stimulation to measure simultaneously the changes in dynamic muscle properties and voluntary activation in human muscles[END_REF][START_REF] Todd | Measurement of voluntary activation based on transcranial magnetic stimulation over the motor cortex[END_REF]: 1)

% = 1 - × 100 (Equation
where SITPNS is the amplitude of the superimposed twitch evoked by PNS, and Pt is the amplitude of the resting twitch evoked by PNS. When the stimulations were not delivered at the MVIC torque value, a correction was applied to the equation [START_REF] Strojnik | Neuromuscular fatigue after maximal stretch-shortening cycle exercise[END_REF].

% = 1 - × 100 (Equation 2)
where SITTMS is the amplitude of the superimposed twitch evoked by TMS during MVIC, and ERT is the estimated resting twitch, corresponding to the y-intercept obtained from the linear regression of the TMS-evoked twitch during the contractions at 100%, 60% and 80% MVIC. If the regression showed a Pearson's R < 0.9, VATMS was discarded [START_REF] Todd | Measurement of voluntary activation based on transcranial magnetic stimulation over the motor cortex[END_REF]. Pt was analysed as the amplitude of the resting twitch evoked by PNS.

To evaluate neuromuscular propagation, amplitude and area for VL, VM and RF of M-waves (Mmax) elicited during SITPNS were analysed. To evaluate changes in corticospinal excitability, MEP amplitude and area elicited during SITTMS were analysed. MEPs were normalized to Msup elicited during the same MVIC (MEP/Msup).

To evaluate changes in corticospinal inhibition, SITTMS-evoked silent period (SP) was quantified as the duration (ms) from the stimulus artefact to the return of muscle activity on EMG signal by visual inspection [START_REF] Damron | Quantification of the corticospinal silent period evoked via transcranial magnetic stimulation[END_REF]) and performed by two investigators. Peak relaxation rate (pRRnorm) was calculated as the averaged 10-ms interval around the steepest negative slope (5-ms each side) after the SITTMS and normalized to MVIC torque [START_REF] Todd | Use of motor cortex stimulation to measure simultaneously the changes in dynamic muscle properties and voluntary activation in human muscles[END_REF][START_REF] Vernillo | Use of transcranial magnetic stimulation to assess relaxation rates in unfatigued and fatigued kneeextensor muscles[END_REF]. Changes in Pt and pRRnorm were used to identify impairments in the muscle contractile function.

Statistical Analysis

All variables are reported as mean ± standard deviation. Assumption of normality for all variables was VATMS and VAPNS (Bachasson et al. 2013b). Changes in the mean values between the two sessions with 95% CI were also calculated for the detection of systematic bias. Heteroscedasticity was evaluated through analysis of the scatterplot graph of the predictive value of the independent variable with its linear regression residual and Glejser's test for heteroscedasticity [START_REF] Machado | Glejser's test revisited[END_REF]. If data were not heteroscedastic or if ICC and CV indicated discordant results, Bland and Altman's plots with 95% limit of agreement (1.96 × standard deviation) were used to investigate reliability. ICCs were not calculated for VATMS and VAPNS due to the ceiling effect associated with these variables. Based on the ICC estimate, values between 0-0.50 were considered as poor, 0.50-0.75 moderate, 0.75-0.90 good, and >0.90 excellent [START_REF] Koo | A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research[END_REF]. Variability was defined high and low, respectively, for CV values greater and lower than 10% referring to the results obtained by Bachasson et al. (2013b).

Reliability was also calculated for each sex independently. For all ANOVAs, sphericity was tested with the Mauchly test. If the assumption of sphericity was violated, the correction of Greenhouse-Geisser was applied.

When significant main effects were observed, Bonferroni's correction was applied for post-hoc analysis.

Significance was set as P<0.05 for all tests. Statistical analysis was conducted using IBM SPSS software (Version 23.0, SPSS Inc., Chicago, IL).

Results

Performance MVIC, MVDC, RTD, VA, Pt and pRRnorm progressively decreased along the QIF test without significant differences between sessions (session × stage: P>0.05; Figures 23). As results for VL, VM and RF were similar, EMG data are presented only for VL in Figure 4. No session × stage interaction or difference from baseline were found for normalized RMS-EMG (Figure 4A), MEP/Msup amplitude and area (Figure 4B-C), Mmax amplitude and area for all the muscles (VL, VM, RF; P>0.05; Figure 4E-F). SP duration increased starting from the third stage without differences between sessions (Figure 4D). Finally, percentage of isometric torque loss was greater than concentric torque loss for both DYN1 (-33.1±5.8% vs. -20.1±11.5%; P<0.001) and DYN2 (-31.6±6.9% vs. -19.4±8.6%; P<0.001).

Neuromuscular function reliability and agreement

Excellent and good reliability and agreement were observed for MVIC, MVDC, RTD, VA, Pt and pRRnorm at baseline (Table 1), with ICC ranging from 0.96 to 0.87 and CV from 2.9% to 9.4%. Only MVDC data at post were not heteroscedastic (P=0.022). Analysis of the Bland-Altman Plot revealed a limit of agreement of 36 Nm, which was considered acceptable but not excellent based on the dispersion of the MVDC and MVIC at pre.

Reliability and agreement of changes in volitional and evoked quadriceps responses at the last common stage (i.e. Stage 4) and at exhaustion are presented in Table 2. Overall, at Stage 4 reliability and agreement were poor to moderate with ICC ranging from 0.76 to 0.55 and CV ranging from 5.6% to 15.3%. Finally, at exhaustion reliability and agreement were poor to good with ICC ranging from 0.26 to 0.68 and CV ranging from 5.6% to 16.6%. Bland-Altman plots of differences vs. mean of the two dynamic QIF tests (DYN1 and DYN2) for MVIC and MVDC are presented on Figure 5.

For VATMS, 6 participants presented valid ERT (R>0.90) for all stages for DYN1 and 11 for DYN2, and 4 participants showed valid ERT throughout the protocol for both sessions. GEE analysis detected no significant difference between stages (P=0.08), sessions (P=0.96) or stage × session (P=0.84). For the calculation of reliability and agreement, 18 participants showed valid ERT for both sessions at Pre, 13 at Stage 4 and 4 at exhaustion. At Pre, VATMS was 95±3% for DYN1 and 95±4% for DYN2, with a mean difference of 0.3% (95% CI: -2.7; 3.3) and a CV of 2.9% (95% CI: 1.3; 4.6). VATMS was similar at Stage 4 for both sessions [DYN1: 93±6% (n=14); DYN2: 93±6% (n=16)], with a mean difference of 0.5% (95% CI: -2.03; 3) and a CV of 2.8% (95% CI: 1.4; 4.2). At exhaustion, VATMS was 85±15% for DYN1 (n=11) and 86±14% for DYN2 (n=12). Due to the small sample size (n=4), agreement as mean difference and CV was not calculated at Exhaustion. Similar results were found for DYN1 and DYN2 when men and women were analysed separately. Reliability and agreement in the two sexes can be found in the electronic supplementary material.

Discussion

The present study aimed to assess the reliability and agreement of the dynamic (isokinetic) QIF test in healthy young adults. This test allowed to assess isometric and concentric strength, endurance, performance fatigability in one session. The test represents a promising tool for the evaluation of the neuromuscular function in dynamic, i.e. more ecological, condition. As hypothesized, the task induced a progressive decrease in both isometric and concentric torque with impairments in both contractile function and muscle voluntary activation.

Reliability

The participants started the two sessions in a very similar functional state. Indeed, maximal torque (isometric and concentric), RTD, VATMS, VAPNS and Pt showed good reliability at the beginning of each session, as previously shown [START_REF] Maffiuletti | Reliability of knee extension and flexion measurements using the Con-Trex isokinetic dynamometer[END_REF][START_REF] Zarkou | Comparison of techniques to determine human skeletal muscle voluntary activation[END_REF]. Furthermore, participants performed similarly in the two sessions, as good reliability and agreement were found for total number of contractions and total work, indicators of relative and absolute endurance performance, respectively. For both MVIC and MVDC torque loss, intrasubjects agreement (CV) remained low across the test while inter-subjects reliability (ICC) became poor. For these parameters, the difference in mean values between DYN1 and DYN2 was close to zero and analysis of the Bland-Altman's plot excluded the presence of systematic bias (Figure 5). Bland-Altman's plots indicated that these low ICCs for torque loss (isometric and concentric) at exhaustion were mainly due to inter-individual differences. In particular, the 95% CI for MVDC at exhaustion assumed negative values for the lower bound (-0.22). Negative values are usually observed when calculating ICC (A,1) from the sample mean squares of ANOVA, which can result in negative ICC value due to low between-subject variance or high residual variance, even in the case of small inter-individual difference [START_REF] Bartko | On various intraclass correlation reliability coefficients[END_REF][START_REF] Mcgraw | Forming Inferences about Some Intraclass Correlation Coefficients[END_REF].

For Pt, agreement decreased along the test: at Stage 4, while relative reliability remained good, low agreement indicated that within-subject variability increased. Because agreement for performance fatigability remained high at stage 4 and exhaustion, this might be due to insufficient intensity of the stimulation that could not elicit a response in all the motor units of the KE for some subjects. Reliability and agreement may be improved by using doublets instead of single pulses (Shield and Zhou 2004). Intra-and inter-subject variability in RTD increased at stage 4 and exhaustion, indicating that a single rapid contraction should not be adopted to evaluate RTD along the QIF test. Variability could be reduced by performing several rapid contractions and averaging the obtained values [START_REF] Varesco | Rate of force development and rapid muscle activation characteristics of knee extensors in very old men[END_REF]). However, due to time constraint, this is feasible only at baseline and exhaustion, limiting the usefulness of this measure during the task. Regarding VAPNS, intra-subject agreement remained good for both sessions (<6%).

Overall, performance at the dynamic QIF test was reproducible between sessions. The neuromuscular variables showed excellent reliability only at pre, while agreement remained high throughout the protocol, indicating high variability in the between-subject response to the fatiguing task, but similar fatigability within-subject. Our results for performance fatigability agreement were similar to those observed by Bachasson et al. (2013b), while contractile function and muscle voluntary activation were consistent only at pre, indicating that improvement in the methodology are needed. Agreement and reliability were similar when evaluated separately on men and women.

Induced fatigue

The dynamic QIF test induced a progressive decline in both MVIC (-33% at exhaustion) and MVDC (-20% at exhaustion). MVDC was assessed at the end of NME, which induced a short recovery that may explain the ~13% difference between MVIC and MVDC torque loss. However, differences in neural pattern between isometric and dynamic contractions exist, such as differences in the motor units recruitment, recruitment threshold or firing rate to the active motor units, which partially depends on the duration of the MVIC vs.

MVDC (5-s vs 0.5-s) [START_REF] Linnamo | Motor unit activation patterns during isometric, concentric and eccentric actions at different force levels[END_REF]. Furthermore, the angular position where the maximal torque is recorded differs between contractions mode. For each participant, isokinetic contractions allowed to record torque at different angular positions, including when KE contracted at the optimal length, which is individually defined by the force-length relationship [START_REF] Rassier | Length dependence of active force production in skeletal muscle[END_REF]. Because the force-length relationship can be influenced by fatigue [START_REF] Macnaughton | Dantrolene, like fatigue, has a length-dependent effect on submaximal force-length relationships of rat gastrocnemius muscle[END_REF], this "optimal" KE length for MVDC could differ between Pre, during and Post dynamic QIF test, whereas the length of the muscle remained constant during the MVIC.

The reduction in maximal isometric and concentric torque production capacities were due to both impairments in muscle voluntary activation capacity and contractile function. The large drop in Pt (-50%) indicated that the decrease in torque production capacity was mainly driven by impairments in the contractile function of the KE.

More specifically, the decrease in Pt amplitude since the first stage likely indicated a progressive failure in excitation-contraction coupling along the test (Bachasson et al. 2013b). Furthermore, increase in peak relaxation rate suggested that impairments in Ca 2+ reuptake was also involved in the loss in torque production in the last stages [START_REF] Todd | Use of motor cortex stimulation to measure simultaneously the changes in dynamic muscle properties and voluntary activation in human muscles[END_REF][START_REF] Vernillo | Use of transcranial magnetic stimulation to assess relaxation rates in unfatigued and fatigued kneeextensor muscles[END_REF]. Similar amplitude and area of M-waves and MEP/Msup along the test indicated that mechanisms such as impairment in action potential conduction or change in the corticospinal excitability were not involved, similarly to the original QIF test study (Bachasson et al. 2013b). The increase in the duration of SP starting from the third stage suggested a progressive increase in corticospinal inhibition along the protocol, influencing the ability to activate the quadriceps muscles, as shown by the decrease in VAPNS [START_REF] Damron | Quantification of the corticospinal silent period evoked via transcranial magnetic stimulation[END_REF]). However, decrease in VATMS was not significant at exhaustion compared to baseline values and this is discordant with the results obtained via PNS. This difference was mostly due to the reduced number of valid (R>0.90 for ERT) samples throughout the test.

Methodological limitations

The main reliability issue in the present protocol is the low number of participants who showed valid ERT (R>0.90) for both sessions throughout the protocol and at exhaustion, making the calculation of VATMS not possible.

A problem in the assessment of valid ERT for the calculation of VATMS at exhaustion was the difficulty to maintain a stable plateau, probably due to fatigue. Consequently, the stimulation obtained during an ascendant or descendent phase in one of the three contractions could influence the measure of ERT. A possible solution consists in performing TMS twitch interpolation technique at baseline and exhaustion with two evaluations each, or to increase the number of submaximal contractions for the calculation of ERT, rising the likelihood to obtain an R>0.90 for the ERT extrapolation [START_REF] Dekerle | Improving the measurement of TMS-assessed voluntary activation in the knee extensors[END_REF]. The use of TMS, compared to FNMS or PNS alone, could provide additional information about the site of failure in the motor command or corticospinal excitability/inhibition. However, this technique is more challenging, as shown in previous studies [START_REF] Todd | Measurement of voluntary activation based on transcranial magnetic stimulation over the motor cortex[END_REF], and precautions should be taken when evaluating patients. It is thus advised to provide a familiarization session and include a standardized warm-up prior the testing session to reduce a possible risk of injury;

particularly when testing frail populations. Furthermore, high between-subject variability underlines the possible influence for factors such as physical activity level or training background that we did not controlled and that possibly influenced variability in our sample.

Conclusions

The present protocol was able to identify changes in strength, endurance and performance fatigability in young adults. Changes in contractile function and muscle voluntary activation induced by the test were also well detected with the current protocol. The use of TMS for the assessment of voluntary activation was limited, thus the methodology should be enhanced. Further studies should be conducted modifying the methodology to improve reproducibility and evaluate its feasibility in older adults or specific populations. In conclusion, the dynamic QIF test is a promising tool for neuromuscular investigation in isokinetic condition, which is more representative of daily life activities. 

Reliability in men and women

Pre

Stage 4 Exhaustion MVIC Men ICC (95% CI) 0.67 (0.10; 0.90) 0.64 (0.28; 0.90) 0.52 (0.12; 0.85) CV (95% CI) 6.6 (2.5; 10) 5.2 (2; 8.3) 5 (1.5; 8.4 

  investigated using the Shapiro-Wilk test. Development of performance fatigability throughout the dynamic QIF test was analysed using two-way [stage (stages 1, 2, 3, 4 and exhaustion) × session (DYN1 and DYN2)] repeated-measures analysis of variance (ANOVA) for all variables. Paired sample T-test was carried out to compare the percentage of loss in MVIC vs. MVDC torque at exhaustion. For VATMS, Generalized Estimating Equations (GEE) analysis using an autoregressive (AR-1) structure were performed to detect changes along the protocol and between sessions (stage × session), because ANOVA would automatically exclude the participants with missing values (discarded due to invalid ERT), Paired-sample T-tests or Mann-Withney U-tests, intra-class correlation coefficients [ICCs (A,1); Two-way mixed model, absolute agreement definition, single measure coefficient[START_REF] Koo | A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research[END_REF]] and coefficients of variation (CVs) with 95% confidence intervals (95% CI) were used to assess the reliability of the dynamic QIF test between DYN1 and DYN2 for the number of contractions and total work, and the neuromuscular parameters, i.e. MVIC, MVDC, RTD, VATMS, VAPNS, and Pt[START_REF] Hopkins | Measures of Reliability in Sports Medicine and Science[END_REF][START_REF] Weir | Quantifying Test-Retest Reliability Using the Intraclass Correlation Coefficient and the SEM[END_REF]. Reliability was calculated at baseline (Pre) on absolute values. For reliability assessment at the last common stage completed by all the participants and at exhaustion, values were expressed as percentage from baseline (%Pre), excluding
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 2 Figure 2. Comparison between sessions of maximal isometric (MVIC; A) and dynamic (MVDC; B) torque, rate of torque development (RTD; C) and total work (D). *=significant difference from Pre for DYN1 (P<0.05); #=significant difference from Pre for DYN2 (P<0.05).
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 3 Figure 3. Comparison between sessions of voluntary activation assessed with peripheral nerve stimulation (VAPNS; A), resting potentiated peak twitch (Pt; B) and normalized peak relaxation rate (pRRnorm; C). *=significant difference from Pre for DYN1 (P<0.05); #=significant difference from Pre for DYN2 (P<0.05).
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 4 Figure 4. Comparison between sessions of the EMG evoked responses for the vastus lateralis (VL). A: Maximal EMG root-mean-square (EMG-RMS) normalized to the amplitude of the M-wave evoked during the same isometric maximal contraction (Msup). B: Peak-to-peak amplitude of the motor evoked potential (MEP) normalized to Msup amplitude. C: Area of the MEP normalized to Msup area. D: Silent period (SP). E: Amplitude of the M-wave evoked at rest (Mmax). F: Area of the Mmax. *=significant difference from Pre for DYN1 (P<0.05); #=significant difference from Pre for DYN2 (P<0.05).
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 5 Figure 5. Bland-Altman plots of differences vs. mean of the two dynamic QIF tests (DYN1 and DYN2) for maximal voluntary isometric contraction torque (MVIC) at the beginning of the test (A) and at task failure (B), and maximal voluntary dynamic contraction torque (MVDC) at the beginning of the test (C) and at task failure (D). Horizontal lines represent mean (Bias) and Upper and Lower Limits of Agreement (U-LoA and L-LoA respectively; set as ± 1,96 × standard deviation) ± 95% CI.
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 1 Figure 1. 431

  , reliability and agreement of the dynamic QIF test

	Participants performed 489±77 submaximal contractions during DYN1 and 507±97 during DYN2 (P=0.20), with
	a mean difference of 17 contractions (95% CI: -4; 39). Reliability and agreement were good between sessions
	[ICC=0.85 (95% CI: 0.66; 0.94); CV=5% (95% CI: 3; 7)]. The participants performed a total work of
	11,285±4,933 Nm.

s for DYN1 and 11,792±5,838 Nm.s for DYN2 with no significant difference between the two sessions (P=0.21). Reliability and agreement were excellent for this parameter [Mean difference=507 Nm.s (95% CI: -311; 1325); ICC=0.95 (95% CI: 0.87; 0.98); CV=8% (95% CI: 5;11)].

  MVIC: maximal voluntary isometric contraction torque; MVDC: maximal voluntary dynamic contraction; RTD: rate of torque development; VAPNS: voluntary activation assessed through peripheral nerve stimulation; Pt: potentiated resting twitch. CV: coefficient of variation; ICC: intraclass correlation coefficient.

			)
	Women		
	ICC (95% CI) 0.71 (0.23; 0.91)	0.46 (0.02; 0.83)	0.43 (0.03-0.82)
	CV (95% CI) 6.8 (2.9; 10.6)	7.4 (2.4; 12.3)	6.2 (3.4; 9)
	MVDC		
	Men		
	ICC (95% CI) 0.92 (0.72; 0.98)	0.56 (0.04; 0.87)	0.08 (-0.65; 0.67)
	CV (95% CI) 4.1 (1.8; 6.4)	6.2 (3.5; 8.9)	8.3 (3.6; 13)
	Women		
	ICC (95% CI) 0.70 (0.16; 0.90)	0.62 (0.09; 0.89)	0.29 (-0.44; 0.77)
	CV (95% CI) 5.6 (1.8; 9.3)	6.8 (2.3; 11.5)	8.8 (4.1; 13.6)
	RTD		
	Men		
	ICC (95% CI) 0.88 (0.61; 0.97)	0.64 (0.04; 0.90)	0.69 (0.19; 0.91)
	CV (95% CI) 6.2 (3; 9.4)	7 (0.5; 13.5)	9.3 (3.4; 15.2)
	Women		
	ICC (95% CI) 0.85 (0.51; 0.96)	0.42 (-0.30; 0.82)	0.19 (-0.44; 0.71)
	CV (95% CI) 6 (3.3; 8.7)	13 (0.5; 21.1)	14.2 (1.8; 26.6)
	VAPNS		
	Men		
	CV (95% CI) 1.4 (0.5; 2.3)	3.4 (-0.1; 8.5)	5.1 (2.8; 7.5)
	Women		
	CV (95% CI) 4.4 (0.8; 8)	7.8 (3; 12.6)	6.4 (3.7; 9.1)
	Pt		
	Men		
	ICC (95% CI) 0.87 (0.60; 0.97)	0.86 (0.52; 0.96)	0.80 (0.37; 0.95)
	CV (95% CI) 6.9 (2.1; 11.7)	8.4 (2; 14.8)	13.2 (5.4; 21.1)
	Women		
	ICC (95% CI) 0.49 (-0.17; 0.85)	0.64 (0.11; 0.89)	0.55 (-0.04; 0.86)
	CV (95% CI) 11.8 (5.3; 18.4)	22.2 (12.4; 31.9)	20 (11; 29)