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Introduction

Muscle endurance is an important component of neuromuscular function and refers to the ability of a muscle or a muscle group to perform repeated work [START_REF] Caspersen | Physical activity, exercise, and physical fitness: definitions and distinctions for health-related research[END_REF]. The main outcomes informing on muscle endurance are either the total amount of work performed or the time to exhaustion in the case where the task requires to maintain or repeat a given level of voluntary contraction for as long as possible [START_REF] Evans | Is quadriceps endurance reduced in COPD?: a systematic review[END_REF]. While endurance time is a relevant indicator of muscle performance for such tests, it also greatly depends on psychological factors such as motivation and the ability to withstand pain, which exert an increasing influence as participants gets close to exhaustion. Therefore, it is useful to supplement this outcome with other indicators of muscle performance collected before symptom limitation. Within this framework, it is possible to incorporate performance fatigability indicators early in the test and at regular interval until exhaustion. Performance fatigability refers to the kinetics of change in a given performance indicator, e.g., muscle strength or power [START_REF] Enoka | Translating fatigue to human performance[END_REF]. For instance, many studies used changes in maximal muscle strength of a muscle group to track the kinetics of muscle fatigability development in various contexts and populations (Bachasson, Millet et al., 2013;[START_REF] Gruet | Skeletal muscle contractility and fatigability in adults with cystic fibrosis[END_REF][START_REF] Souron | Task failure during sustained low-intensity contraction is not associated with a critical amount of central fatigue[END_REF]. These tests generally assess maximal muscle strength at regular intervals throughout the exercise protocol, offering insights on muscle functioning across different effort levels and fatigue states, which may be pertinent to various activities of daily living. Overall, endurance time, fatigability assessments throughout the test and fatigability level at volitional exhaustion are complementary to provide a comprehensive assessment of neuromuscular performance during prolonged motor tasks. Bachasson, Millet et al. (2013) developed a hybrid protocol allowing to compute all these outcomes from a prolonged motor task consisting in intermittent isometric knee extensions performed at increasing force levels until exhaustion, interspaced with muscle fatigability assessments at regular intervals. Despite its numerous advantages, this test shares the common drawbacks of other fatiguing tests requiring specific ergometers, load cells/strain gauges and dedicated software, with large space requirements and elevated costs usually restricting their use to laboratory settings.

Here we sought to develop an innovative test allowing the assessment of both lower-limb muscle fatigability and endurance and gathering several advantages of more traditional fatigability protocol while remaining highly feasible and affordable. We considered the use of the isometric wall squat as the fatiguing exercise. This choice was guided by the fact that such exercise procedure i) is easy to standardize and replicate [START_REF] Lea | Validity and reliability of RPE as a measure of intensity during isometric wall squat exercise[END_REF], ii) does not require specific material as opposed to other tests (Bachasson, Millet et al., 2013), iii) targets various lower-limb muscle groups, i.e., quadriceps, hamstrings, gluteal [START_REF] Ayotte | Electromyographical analysis of selected lower extremity muscles during 5 unilateral weight-bearing exercises[END_REF], iv) isolates the neuromuscular function with low cardiorespiratory requirements [START_REF] Lea | Validity and reliability of RPE as a measure of intensity during isometric wall squat exercise[END_REF], v) can be implemented with a progressive difficulty by adjusting the duration of the exercise, vi) can be conducted in an intermittent fashion and interrupted without delay, allowing to incorporate regular fatigability assessments and vii) is feasible in various populations, including the general population, athletes and several clinical populations [START_REF] Baffour-Awuah | An evidence-based guide to the efficacy and safety of isometric resistance training in hypertension and clinical implications[END_REF][START_REF] Baffour-Awuah | An evidence-based guide to the efficacy and safety of isometric resistance training in hypertension and clinical implications[END_REF][START_REF] Goldring | The effects of isometric wall squat exercise on heart rate and blood pressure in a normotensive population[END_REF]Wiles et al., 2018[START_REF] Wiles | Development and assessment of test-retest reliability of a new field test to evaluate lower-limb muscle fatigability in young adults[END_REF]. We finally considered the use of simple indicators of muscle performance based on tests relevant to daily life (i.e., vertical jump and sit-to-stand) to track changes in muscle fatigability.

This work aimed to develop a new field test to evaluate lower-limb muscle fatigability in young adults, as detected by the kinetics of changes in squat-jump height (SJ H ) and sit-to-stand time (STS T ) computed using two smartphone applications (experiment A), and to assess its test-retest reliability in an independent sample of young adults (experiment B). We hypothesized that the test we developed in this work would induce a progressive development of muscle fatigability and that changes in the indicators computed to evaluate muscle fatigability would demonstrate a high test-retest reliability.

Materials and methods (experiment A)

Study design

Two independent experiments were built in a logical fashion. The first one (experiment A) aimed to determine if muscle fatigability could be detected from the kinetic of change in SJ H and STS T along the course of an incremental isometric exercise performed until exhaustion. The second one (experiment B) aimed to evaluate the test-retest reliability of the muscle fatigability test on an independent sample of participants. We planned to adapt the protocol for experiment B (e.g., duration of the stages, deletion of one measure if no change was detected for its associated outcome during the protocol) based on the results obtained during experiment A. For both experiments, none of the participants had known cardiovascular, musculoskeletal, auditory, or cognitive disorders that may impair their ability to perform the test. Participants were asked to refrain from strenuous and unaccustomed physical activity at least 24h prior testing. Participants were informed of the benefits and risks of the investigation prior to signing an institutionally approved informed consent to participate in the study. This study conformed to standards from the latest revision of the Declaration of Helsinki and was approved by a national research ethic committee (n°IRB00012476-2021-08-02-87).

Participants

We recruited twenty participants (eight females; mean ± SD age: 24 ± 2 years, height: 173 ± 8 cm, weight: 69 ± 7 kg) who visited the laboratory on two occasions, i.e., one familiarization and one experimental session. All participants were recreationally active, which reflected a commitment of 2-4 h of physical activity per week, i.e. level 2 of performance according to guidelines from De [START_REF] De Pauw | Guidelines to classify subject groups in sport-science research[END_REF]. During the familiarization session, participants were accustomed with all the procedures of the experimental session, including the procedures for the good execution of sit-to-stand and squat jump exercises, the fatigability protocol (i.e., completion of the first three stages of isometric wall squat, see below) and the report of rating of perceived exertion (RPE) scores.

Procedures

Squat jump performance

In line with our reasoning of developing a highly feasible test for optimal implementation, SJ H was evaluated with a valid and reliable mobile App called My Jump 2 installed on an iPad mini ® (Apple Inc., California, USA) with a 120-fps recording mode [START_REF] Balsalobre-Fernandez | The validity and reliability of an iPhone app for measuring vertical jump performance[END_REF][START_REF] Balsalobre-Fernandez | The validity and reliability of an iPhone app for measuring vertical jump performance[END_REF]. Participants started the jump with the feet a shoulder-width apart, the knee joint at approximately 90°and with their hands placed on their hips [START_REF] Balsalobre-Fernandez | The validity and reliability of an iPhone app for measuring vertical jump performance[END_REF]. The iPad was positioned in front of the participants, at 150 cm of his feet, enabling a clear view of the participant's lower limbs to ascertain take-off and post jump landing and any possible non-desirable counter movement [START_REF] Balsalobre-Fernandez | The validity and reliability of an iPhone app for measuring vertical jump performance[END_REF]. SJ H was calculated by manually selecting the take-off (i.e., the first frame in which both feet were off the ground) and the landing (i.e., the first frame in which at least one foot was touching the ground; see Figure 1B or http://carlosbalsalobre.com/#apps for a zoomed display) to estimate the flight time. Jump height was calculated using the following equation: SJ H = t 2 Â 1.22625, with SJ H being the jump height in cm and t representing the flight-time in s.

Sit-to-Stand performance

We calculated STS T using the Sit to Stand application (Ruiz-Cardenas et al., 2018Ruiz-Cardenas, Rodriguez-Juan, Smart, Jakobi, & Jones, 2018) installed on an Fig. 1. Panel A schematically represents the muscle fatigability protocol. The duration of the fatiguing exercise was progressively increased until exhaustion (Exh), that was defined as the moment when participants voluntarily stopped the exercise or the moment when participants were not able to maintain a correct wall squat position for more than three consecutive seconds. At the end of each stage, participants performed two squat jumps (SJ) and two sit-to-stand (STS) exercises. Panel B displays the experimental layout. The fatigability protocol began with the first 15-s stage. Ten second before the end of each stage, participants were asked to verbally report their perception of muscular and respiratory efforts (dotted grey arrow). At the end of each exercise stages, participants moved from the wall squat position to the SJ area [START_REF] Wiles | An alternative approach to isometric exercise training prescription for cardiovascular health[END_REF]. After performing two squat jumps, participants moved to the STS area and performed two STS exercises (2). Then, participants returned to the wall squat position to start a new fatiguing stage (3), and so on until exhaustion. Screenshot images for Sit to Stand and My Jump 2 applications were re-used with permission from Ruiz-Cárdenas and colleagues [START_REF] Ruiz-Cardenas | Validity and reliability of an iPhone App to assess time, velocity and leg power during a sit-to-stand functional performance test[END_REF] and from http://carlos-balsalobre.com, respectively).

iPhone X (240 fps; Apple Inc., California, USA). For the sit-to-stand test, we used a standard chair (46 cm height) with a flat seat and no armrest. Participants were asked to sit with their legs hip-width apart and with hip, knee and ankle joints at ∼90° [START_REF] Strassmann | Population-based reference values for the 1-min sit-to-stand test[END_REF]. Participants started in a sitting position and were asked to stand-up once as fast as possible (i.e., one transition from sitting to standing) while maintaining their arms crossed over the chest. The mobile device was positioned on a 0.7 m high tripod placed 3 m from the right side of the participants (Fig. 1B) [START_REF] Ruiz-Cardenas | Validity and reliability of an iPhone App to assess time, velocity and leg power during a sit-to-stand functional performance test[END_REF]. This mobile application was designed to analyse sit-to-stand test via high-speed video recording (i.e., 240 fps) to allow the calculation of the rising time (in s) between two frames manually selected by the experimenter (Fig. 1B).

A 90-s resting period separated the baseline measurements (i.e., the three squat jumps and sit-to-stand) from the beginning of the fatigability protocol.

Test protocol

The whole protocol is illustrated in Figure 1. The selected fatigability task consisted in maintaining an isometric wall squat position. First, posture was adjusted to obtain knee and hip angles at 100°using a clinical goniometer, with participants keeping their lower legs and trunk vertical (i.e., back against the wall). A mark was then placed on the midline of the femur and a laser system (CL2i STANLEY) was used to ensure the maintenance of the position. A wooden board was placed on the floor just in front of the feet of the participants. Both the laser system and the wooden board allowed for rapid and accurate replication of the position at the beginning of each new stage. Participants were instructed to wear sport shoes. A 50 Â 50 cm non-slippery surface was positioned under the feet of participants to ensure maximal adherence to the floor.

The duration of the isometric wall squat task was progressively incremented (i.e., 15-s incremental stages for the four first stages, 30-s incremental stages for the fifth to eighth stages and 60-s incremental from the ninth stages) until exhaustion (Fig. 1A). Exhaustion (Exh) was the moment where participants voluntarily stopped the exercise or the moment where they were not able to maintain the wall squat position for more than three consecutive seconds. Standardized sentences (e.g., "you're doing great, keep going") were pronounced by the experimenter with a neutral tone at the middle and 15 s before the end of each stage. In a 30-s window, participants performed two squat jumps and two sit-to-stand exercises immediately at the end of each stage, at exhaustion and 2 min after exhaustion (Post 2min ).

We used My Jump 2 (Balsalobre-Fernandez et al., 2015) and Sit to Stand (Ruiz-Cardenas et al., 2018) mobile Apps to assess SJ H and STS T . Internal validation showed an excellent intra-class correlation coefficient two-way mixed effect absolute agreement for the two squat jumps (ICC 2-k = 0.98) and the two sit-to-stand tests (ICC 2-k = 0.93) prior to the fatigability protocol. The kinetics of changes in these indicators were used as indices of muscle fatigability. The endurance time was calculated by summing the time of each completed stages and the time performed in the last stage, i.e., the one where the participants reached exhaustion. Participants were asked to verbally report their perception of muscular (RPE M ) and respiratory (RPE R ) efforts (Borg 6-20 scale) 10 s before the end of each stage. Similar to studies employing exercise modalities expected to predominantly activate specific systems (e.g. limb muscles during isolated isometric exercises), we opted for the use of differentiated RPE scores [START_REF] Bolgar | Effect of exercise intensity on differentiated and undifferentiated ratings of perceived exertion during cycle and treadmill exercise in recreationally active and trained women[END_REF][START_REF] Borg | Borg's perceived exertion and pain scales[END_REF][START_REF] Robertson | Perception of physical exertion: methods, mediators, and applications[END_REF], using the 6-20 RPE scale that has been used repeatedly for that purpose [e.g. [START_REF] Green | Overall and differentiated ratings of perceived exertion at the respiratory compensation threshold: effects of gender and mode[END_REF]; [START_REF] Gruet | Overall and differentiated sensory responses to cardiopulmonary exercise test in patients with cystic fibrosis: kinetics and ability to predict peak oxygen uptake[END_REF][START_REF] Gruet | Overall and differentiated sensory responses to cardiopulmonary exercise test in patients with cystic fibrosis: kinetics and ability to predict peak oxygen uptake[END_REF]; [START_REF] Pageaux | Prolonged mental exertion does not alter neuromuscular function of the knee extensors[END_REF][START_REF] Pageaux | Prolonged mental exertion does not alter neuromuscular function of the knee extensors[END_REF]]. The heart rate (HR, in bpm) was monitored throughout the fatigability test using a Polar Vantage M watch (Polar Electro, Kempele, Finland). The peak HR value (HR PEAK ) obtained during the fatigability test was expressed as a percentage of the theoretical maximal heart rate (HR MAX ). Theoretical HR MAX was calculated using the following equation [START_REF] Gellish | Longitudinal modeling of the relationship between age and maximal heart rate[END_REF]: HR MAX = 192-0.007 Â age 2

Statistical analysis

Sample size was estimated to detect differences between repeated measures with a moderate effect size (F test ≥ 0.27), an alpha level of 0.05, and a desired statistical power of 80% for a one-tailed test. A minimum of 16 participants was estimated. Normal distribution and homogeneity of variances analysis were confirmed using the Kolmogorov-Smirnov and Skewness test, respectively.

A group isotime analysis was performed [START_REF] Nicolò | A comparison of different methods to analyse data collected during time-to-exhaustion tests[END_REF]. This includes only the portion of the fatiguing test that was available for all participants, which is limited by participants with the shorted exercise time (i.e., the lowest number of completed stages). The lowest number of completed stages was three (S1, S2 and S3 for the first, second and third stages, respectively). In order to analyse changes in our fatigability indicators (i.e., SJ H , STS T , HR, RPE M , RPE R ) throughout the fatiguing protocol, a oneway repeated measures ANOVA with the fatigability indicators as dependent variable and time (i.e., Pre, S1, S2, S3, Exh, Post 2min ) as independent variable was used. If significant main effects were observed, these were followed up by post hoc Bonferroni-corrected pairwise comparisons. Partial eta square (h p 2 ) was reported as an estimate of effect size, with h p 2 ≥ 0.07 and h p 2 ≥ 0.14 used as moderate and large effects, respectively [START_REF] Cohen | Statistical power analysis for the behavioral sciences[END_REF]. Additionally, the minimal detectable change with 95% confidence (MDC 95 ) was calculated as SEM Â p 2 Â 1.96 and expressed as absolute and percentage of change [START_REF] Weir | Quantifying test-retest reliability using the intraclass correlation coefficient and the SEM[END_REF]. The MDC 95 can be interpreted as the smallest change in a measure that can be considered real change beyond measurement error with 95% confidence. The alpha level for all statistical tests was set a p < 0.05.

3 Results (experiment A)

Endurance time, heart rate and rating of perceived exertion

The mean number of completed stages was 5.3 ± 2.0 (range 3-10 stages), with a mean exercise duration of 398 ± 339 s (range 110-1429 s). A significant time effect was found for HR (p < 0.001; ph 2 = 0.85) with a progressive increase throughout the fatiguing exercise (Tab. 1). The mean HR PEAK obtained during the test was 91 ± 7% of theoretical HR MAX (range 78-100%). Significant time effects were found for RPE M (p < 0.001; h p 2 = 0.93) and RPE R (p < 0.001; h p 2 = 0.78), with values recorded at Exh significantly different from values recorded at the end of the first stage (p < 0.001; Tab. 1).

Squat jump performance

A significant time effect was found for SJ H (p < 0.001; h p 2 = 0.62). SJ H progressively decreased throughout the fatiguing protocol, with mean decreases of 6.6 ± 5.4, 11.6 ± 5.7, 13.2 ± 8.2 and 22.3 ± 10.9% at S1, S2, S3 and Exh when compared to Pre, respectively (Fig. 2A). Mean of changes in SJ H was greater than the MDC 95 (2.7 cm; 9.71%) for S2, S3 and Exh. Two minutes of recovery were not sufficient for SJ H to fully recover, with a 11.5 ± 8.3% of mean decrease in performance at Post 2min being greater than the MDC 95 . However, this time frame was sufficient to induce a partial recovery, with SJ H measured at Post 2min being significantly different from Exh (p < 0.001) and nondifferent from S1 (p = 0.16), S2 (p = 1) and S3 (p = 1). Individual data analysis revealed that only 3 participants did not show a decrease in SJ H at Exh and more than half of the individuals (n = 11) did not recover their performance at Post 2min according to the MDC 95 (Fig. 2B).

Sit-to-stand performance

A significant time effect was found for STS T (p < 0.001; h p 2 = 0.73). STS T rose progressively along the fatiguing protocol, with mean increases of 2.2 ± 10.8, 7.0 ± 9.0, 12.6 ± 8.7 and 30.5 ± 13.3% at S1, S2, S3 and Exh when compared to Pre, respectively (Fig. 3A). This increase in STS T was non-significant at S1 but became significant from S2 and for all other times measurements (p < 0.01) when compared to baseline. Mean of changes in STS T was greater than the MDC 95 (0.053 s; 9.96%) only for S3 and Exh. Two minutes of recovery were not sufficient for STS T to fully recover (significant Pre vs. Post 2min differences; p < 0.001), however mean decrease in performance at Post 2min (8.4 ± 9.4%) was not greater than MDC 95 . Individual data analysis revealed that only one participant did not show an increase in STS T at Exh and less than half of the individuals (n = 8) did not recover their performance at Post 2min according to the MDC 95 (Fig. 3A). Raw data for SJ H and STS T recorded at each time measurements are displayed in Table 2.

4 Materials and methods (experiment B)

Participants

An independent sample of fifteen participants (four females; mean ± SD age: 22 ± 3 years, height: 173 ± 10 cm, weight: 66 ± 11 kg) participated in experiment B. They visited the laboratory on three occasions, i.e., one familiarization and two experimental sessions separated by 3-7 days. The familiarization and experimental sessions were exactly the same to the one of the Experiment A.

Procedures

Considering the above-presented results, no change in the fatigability protocol was necessary. The fatigability protocol used for experiment B was rigorously the same than in the experiment A (see Fig. 1). For squat jump performance assessment, we ran the My Jump 2 application on both an iPad mini ® (120 fps) and an iPad Pro ® (240 fps). This was done to compare the test-reliability of each recording mode to ensure that the fatigability outcomes could be reliably assessed with any commercial devices. Since no difference was found in SJ H between recording modes at any time point (i.e., Pre, S1, S2, S3, Exh, Post 2min ), and excellent reliability (ICC 2-k ≥ 0.99) was reported, only data obtained from the 240-fps mode are presented. For the evaluation of STS T , we used the same device as in the Experiment A (i.e., iPhone X, 240 fps; Apple Inc., California, USA) to run the Sit to Stand application.

Statistical analysis

Sample size estimation for Experiment B was based on an expected excellent reliability (rH 1 ≥ 0.9) based on the results of the Experiment A, an alpha error of 0.5, a statistical power of 80% for a two-tailed test, and a minimum acceptable reliability of moderate (rH 0 ≥ 0.5). The estimated sample size was 12 participants.

The same group isotime analysis was performed. The lowest number of completed stages was three (S1, S2 and S3). Differences in fatigability indicators (i.e., SJ H , STS T , HR, RPE M , RPE R ) between sessions were tested using two-way repeated measures ANOVAs [time (i.e., Pre, S1, S2, S3, Exh, Post 2min ) Â session (session 1, session 2)]. If significant main effects were observed, these were followed up by post hoc Bonferroni-corrected pairwise comparisons. Finally, for test-retest reliability analyses of fatigability indicators, the intra-class correlation coefficient two-way mixed effects consistency (ICC 3-1 ) was used as a measure of relative reliability and interpreted as poor (<0.5), moderate (0.50-0.74), good (0.75-0.89), and excellent (≥0.9). Absolute reliability was assessed using typical error expressed as a coefficient of variation (CV TE ) which was calculated using the online spreadsheet of Hopkins [START_REF] Hopkins | Reliability from consecutive pairs of trials. A new view of statistics[END_REF]. The alpha level for all statistical tests was set a p < 0.05.

Results (experiment B)

Endurance time, heart rate and rating of perceived exertion

The mean number of completed stages was 4.9 ± 1.4 (range 3-8 stages) and 5.0 ± 1.4 (range 3-8 stages) in sessions 1 and 2, respectively, with a mean exercise duration of 320 ± 169 (range 134-709 s) and 324 ± 175 s (range 111-704 s). For exercise duration, CV TE between both sessions was 19.4% and ICC 3-1 was 0.87 (95% CI: 0.65-0.96). A significant effect of time (p < 0.001; h p 2 = 0.85) but no time  session interaction (p = 0.08; h p 2 = 0.15) was found for HR. The mean HR PEAK obtained during the fatigability protocols was 86.3 ± 5.6 and 88.4 ± 5.6% of theoretical HR MAX for sessions 1 and 2, respectively. For this variable, CV TE was 2.0% and ICC 3-1 was 0.90 (95% CI: 0.73-0.97). While a main effect of time was found for both RPE R and RPE M (both p < 0.001, with values recorded at S2, S3 and Exh being significantly higher than S1), no time  session interaction was found for these two variables (p = 0.19 and 0.90, respectively). RPE M and RPE R recorded at Exh during the first and second sessions were 19.8 ± 0.6 and 13.8 ± 0.3, and 19.8 ± 0.4 and 13.7 ± 2.9, respectively (p > 0.05). ICCs 3-1 and CV TE were 0.79 (95% CI: 0.49-0.93) and 9.4% for RPE M and 0.5 (95% CI: 0.03-0.8) and 17.4% for RPE R , both being obtained at isotime (i.e., stage 3).

Squat jump and sit-to-stand performance

A significant main effect of time was found for SJ H (p < 0.001; h p 2 = 0.58), with each time measurements being significantly different when compared to Pre (Fig. 4A), and a significant time effect was found for STS T (p < 0.001; h p 2 = 0.72), with values recorded at S3 and Exh being significantly different from Pre (Fig. 4B). No time  session for SJ H and STS T interactions were found (p > 0.05). The reliability of SJ H and STS T at isotime (i.e., S3), exhaustion and during the recovery period is displayed in Table 3.

Discussion

Two distinct experiments were conducted to develop an easy-to-implement fatigability test and assess its testretest reliability. Progressive development of muscle fatigability was detected during the test performed in the first experiment. The second experiment reported that the test-retest reliability was excellent for both SJ H and STS T changes during and after the test.

Test ability to detect muscle fatigability

Our first objective was to evaluate if our test conception was effective to induce progressive muscle fatigability. Several studies reported a significant level of muscle fatigability when the indicator of muscle performance changed by ∼10% compared to baseline [START_REF] Bachasson | Neuromuscular fatigue and exercise capacity in fibromyalgia syndrome[END_REF][START_REF] Doyle-Baker | An Innovative Ergometer to Measure Neuromuscular Fatigue Immediately after Cycling[END_REF][START_REF] Souron | Task failure during sustained low-intensity contraction is not associated with a critical amount of central fatigue[END_REF]. When looking at individual data, SJ H was decreased by > 10% at Exh in 16/20 participants, and STS T was increased > 10% in 19/20 participants. This fatigability threshold of 10% is, however, arbitrary. Based on MDC 95 analysis, we further reported that only three and one participants did not show significant changes in SJ H and STS T at Exh, respectively. This confirms that our test induced important levels of muscle fatigability in almost all individuals. Importantly, muscle fatigability can be easily and affordably detected through two validated mobile applications highlighting its potential to be used in clinical settings where space and technology are often constrained. Monitoring the decrease in performance due to muscle fatigability during functional tasks such as rising from a chair or jumping could be more informative of its impact on daily living activities or athletic performance than monitoring muscle fatigability through isolated isometric contraction.

Test-retest reliability

Excellent reliability was found for SJ H and STS T (see Table 3). The reliability results of our test are nearly comparable with those of similar studies that developed more complex test using intermittent isometric (e.g., CV TE of 5.3% and ICC of 0.88 in Bachasson et al., 2013) and dynamic (e.g., ICC of 0.84-0.89 in [START_REF] Maffiuletti | Reliability of knee extension and flexion measurements using the Con-Trex isokinetic dynamometer[END_REF]) muscle contractions, but with the advantage to be portable and not to require any technical expertise. This is promising for the future dissemination of our test.

The total exercise duration exhibited a good relative (ICC 3-1 of 0.87) but only moderate absolute reliability (CV TE of 19.4%). These results are better than other timed wall squat tests [START_REF] Lubans | Test-retest reliability of a battery of field-based health-related fitness measures for adolescents[END_REF] but slightly lower when compared to submaximal isometric tests performed until exhaustion (Bachasson, Millet et al., 2013;[START_REF] Gruet | Long term reliability of EMG measurements in adults with cystic fibrosis[END_REF][START_REF] Gruet | Long term reliability of EMG measurements in adults with cystic fibrosis[END_REF]. Several arguments can explain this moderate absolute reliability. Endurance performance is influenced by external motivation [START_REF] Marcora | The limit to exercise tolerance in humans: mind over muscle[END_REF]. This is especially true for long-duration exercise modalities, but also for "open ended"-exhaustion tasks compared to timetrial where the endpoint is known [START_REF] Jeukendrup | A new validated endurance performance test[END_REF]. We decided not to provide strong encouragements during this test, as the frequency and intensity of the encouragements are not easy to standardize and replicate. Alternatively, we decided to use very simple sentences pronounced with a neutral tone at regular time intervals. We believe this procedure may reduce variability across testing locations, but it is still possible that the absence of uninterrupted strong encouragements close to exhaustion may have slightly increased intra-individual variability in the specific context of a reliability study, where participants performed the test several times in the absence of a highly motivational purpose. The lower reliability of endurance performance compared to indicators of fatigability further emphasizes the value of the latter. These indicators possess the advantage of being measured using valid, affordable and portable instruments as early as the first stages and throughout the exercise duration, with timepoints far to exhaustion being much less influenced by the potential motivation bias.

The test-retest reliability of perceptual measurements obtained at isotime was satisfactory for muscular (RPE M ) but not respiratory (RPE R ) efforts. Respiratory effort was only moderate at isotime (i.e., 9.9 ± 2.3). Participants likely experienced more difficulties in reporting RPE R as they were less accustomed to focus their attention on respiratory sensations which have a minor influence on the overall sensory integration process during activities of daily living. This may explain the lower test-retest reliability of RPE R compared to RPE M . We may anticipate that respiratory effort would be more important in specific populations (e.g., people with chronic respiratory disorders) that are more accustomed to these sensations in their everyday life, potentially leading to better reliability in RPE R . The reliability of RPE R can be important if our test is intended to be used in specific populations in the future, but we could argue that it is not useful to monitor this parameter when using this test in the general population, and that only RPE M should be collected and considered for further analyses.

Test feasibility

The feasibility of our test was excellent, with no adverse events reported in any participants. We did not evaluate the presence of muscle damage in the days that followed the test. No differences were found in baseline SJ H and STS T between the first and second sessions of the Experiment B, suggesting that the potential damages of the contractile apparatus have recovered before the second experimental session, i.e. at least 3 days. This has important implications as exercise-induced muscle damage may be disruptive for the engagement in subsequent physical activity, especially in frail populations, potentially decreasing the uptake of a test. The full protocol has an acceptable duration of < 30 min, and requires only little and unexpensive equipment, contrasting with classical time-consuming and less ecological muscle fatigability test (Bachasson, Millet et al., 2013;[START_REF] Maffiuletti | Reliability of knee extension and flexion measurements using the Con-Trex isokinetic dynamometer[END_REF][START_REF] Pageaux | Reliability of a novel high intensity one leg dynamic exercise protocol to measure muscle endurance[END_REF][START_REF] Pageaux | Reliability of a novel high intensity one leg dynamic exercise protocol to measure muscle endurance[END_REF]. The intermittent nature of our test together with its low exercise duration and submaximal cardiac stress further reinforce its feasibility for some specific populations who are sometimes unable to sustain prolonged periods of continuous exercise [START_REF] Beauchamp | Interval versus continuous training in individuals with chronic obstructive pulmonary disease-a systematic review[END_REF]. Sustained isometric contraction may lead to muscle ischemia due to increased intramuscular tissue pressure [START_REF] Sadamoto | Skeletal muscle tension, flow, pressure, and EMG during sustained isometric contractions in humans[END_REF], which could be viewed as a factor limiting the feasibility of isometric wall-squat test in some clinical populations. However, it should be noted that such isometric modalities have been employed in various populations (e.g. people with hypertension) for both testing and training purposes, with high level of feasibility and safety [START_REF] Baffour-Awuah | An evidence-based guide to the efficacy and safety of isometric resistance training in hypertension and clinical implications[END_REF][START_REF] Wiles | An alternative approach to isometric exercise training prescription for cardiovascular health[END_REF]. Altogether, these arguments support the potential of this test for being used in a large variety of populations (e.g. athletes, people with specific medical conditions), which remain to be confirmed by future studies investigating its reliability and feasibility in specific contexts.

Practical application

This test could be used in applied settings as a standard exercise test or a screening instrument, similar to other simple tests such as walking or sit-to-stand. These field tests have the drawback of being self-paced, with performance potentially influenced by pacing strategies. These tests may also suffer from a ceiling effect, limiting their use in the general population and even in people with chronic disease [START_REF] Radtke | The 1-min sit-to-stand test-A simple functional capacity test in cystic fibrosis?[END_REF]. Our test overcomes these limitations, and also has the advantage of cumulating two different indicators of muscle performance. This offers flexibility based on the population being studied. Additionally, this test can be used to assess the efficacy of a given acute and/or chronic intervention on muscle fatigability. The ease of our test favours multicentre studies, which is a real asset compared to most studies having muscle fatigability as a primary outcome which are often characterized by small sample size. Our test is not designed as most other fatigability tests used in laboratory settings that are generally based on a percentage of a maximal value (e.g., muscle strength). This experimental approach does not reflect ecologically valid conditions where the mobilized muscle mass and the needed muscle force are imposed by the task. Our test overcomes this limitation with the intensity of exercise reflecting an absolute quantity of muscle work, that is influenced by the participant' body mass.

Conclusion

We developed a new muscle fatigability test which demonstrates an excellent feasibility and test-retest reliability. The low resources requirements and easy-to-implement nature of this test make it a promising tool for evaluating muscle fatigability in both applied and laboratory settings. Future studies should i) confirm its feasibility and reliability in clinical populations and ii) focus on the establishment of reference values in a wide range of age groups, ensuring optimal interpretation in specific populations.

Fig. 2 .

 2 Fig. 2. Squat jump height (SJ H ) recorded before (Pre), during (S1, S2, S3), at exhaustion (Exh) and 2 min after the end of the fatiguing test (Post 2min ). Panel A displays the pooled data of the 20 participants. Panel B displays the individual data for values recorded before the protocol (Pre), at exhaustion (Exh) and after a 2-min recovery period (Post 2min ). Error bars on the panel A denote standard deviation. Horizontal dashed line represents the minimal detectable change (MDC 95 ). Data are expressed as percentage of Pre. Significantly different from Pre: ** p < 0.01, *** p < 0.001. Significantly different from Exh: $$$ p < 0.001

Fig. 3 .

 3 Fig. 3. Sit-to-stand time (STS T ) recorded before (Pre), during (S1, S2, S3), at exhaustion (Exh) and 2 min after the end of the fatiguing test (Post 2min ). Panel A displays the pooled data of the 20 participants. Panel B displays the individual data for values recorded before the protocol (Pre), at exhaustion (Exh) and after a 2-min recovery period (Post 2min ). Error bars on the panel A denote standard deviation. Horizontal dashed line represents the minimal detectable change (MDC 95 ). Data are expressed as percentage of Pre. Significantly different from Pre: * p < 0.05, *** p < 0.001. Significantly different from Exh: $$$ p < 0.001

Fig. 4 .

 4 Fig. 4. Squat jump height (SJ H ) recorded at 240 per second (panel A), and sit-to-stand time (STS T ; panel B) recorded before (Pre), during (S1, S2, S3), at exhaustion (Exh) and 2 min after (Post 2min ) the end of the fatiguing protocols performed in two separate experimental sessions. Error bars denote standard deviation. Data are expressed as percentage of Pre. Significantly different from Pre: * p < 0.05

  

Table 1 .

 1 Heart rate (HR), perceptions of muscular (RPE M ) and respiratory (RPE R ) efforts recorded during the first three stages of the test (S1, S2 and S3, respectively) and at exhaustion (Exh).

		S1	S2	S3	Exh
	HR (bpm)	124 ± 15	147 ± 12***	157 ± 15***	170 ± 15***
	RPE M (6-20 scale)	8.4 ± 1.7	10.8 ± 2.0***	13.4 ± 2.5***	19.1 ± 1.7***
	RPE R (6-20 scale)	6.8 ± 0.7	8.4 ± 1.6*	9.9 ± 2.3***	13.6 ± 2.8**

*

Perceptions of muscular and respiratory efforts were measured using the Borg' 6-20 scale. Significantly different from S1: * p <0.05, *** p < 0.001.

Table 2 .

 2 My Jump-and Sit to Stand-related outcomes recorded during the first three stages of the fatigability test (S1, S2 and S3), at exhaustion (Exh) and 2 min after the end of the fatigability test (Post 2min )

		Pre	S1	S2	S3	Exh	Post 2min
	SJ H (m)	0.278 ± 0.07	0.26 ± 0.07	0.248 ± 0.07	0.244 ± 0.07	0.217 ± 0.06	0.247 ± 0.07
	STS T (s)	0.536 ± 0.06	0.547 ± 0.86	0.575 ± 0.09	0.604 ± 0.09	0.699 ± 0.01	0.58 ± 0.08

Values are mean ± SD. SJ H : squat jump height; STS T : sit-to-stand time.

Table 3 .

 3 Between sessions reliability for squat jump height (SJ H ) and sit-to-stand time (STS T ) at isotime (i.e. stage 3), immediately after task failure (Exh) and after two min of recovery (Post 2min ).

		Session 1	Session 2	Change in mean (95% CI)	CV TE (95% CI)	ICC 3-1 (95% CI)
	Isotime					
	SJ H (m)	0.238 ± 0.08	0.237 ± 0.09	0.0002 (-0.012 to 0.012)	6.6 (4.8 to 10.4)	0.97 (0.91 to 0.99)
	STS T (s)	0.569 ± 0.08	0.569 ± 0.08	-0.0006 (-0.007 to 0.006)	1.4 (1 to 2.2)	0.99 (0.97 to 0.99)
	Exh					
	SJ H (m)	0.214 ± 0.08	0.217 ± 0.09	-0.0012 (-0.013 to 0.011)	7.4 (5.4 to 11.7)	0.96 (0.89 to 0.99)
	STS T (s)	0.65 ± 0.09	0.66 ± 0.08	-0.011 (-0.03 to 0.005)	3.2 (2.4 to 5.1)	0.93 (0.81 to 0.97)
	Post 2min					
	SJ H (m)	0.253 ± 0.09	0.255 ± 0.09	-0.0019 (-0.015 to 0.012)	6.8 (5 to 10.7)	0.97 (0.91 to 0.99)
	STS T (s)	0.54 ± 0.06	0.55 ± 0.07	-0.005 (-0.01 to 0.005)	2.4 (1.7 to 3.8)	0.96 (0.88 to 0.98)
	Values are mean ± SD. 95% CI: 95% confidence interval.		
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