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INTRODUCTION

There is extensive evidence that endurance and resistance training can elicit specific adaptations in motor unit (MU) activity during submaximal contractions. Specifically, when considering young healthy adults, endurance training has been associated with a lower MU discharge rate (1-3), and resistance training has been associated with an increase in MU discharge rate [START_REF] Vecchio | The increase in muscle force after 4 weeks of strength training is mediated by adaptations in motor unit recruitment and rate coding[END_REF]. Previous work has primarily focused on examining the ionotropic inputs to MUs to explain these training-induced changes [START_REF] Škarabot | The knowns and unknowns of neural adaptations to resistance training[END_REF]. For example, studies using transcranial magnetic stimulation observed corticospinal adaptations after resistance training [START_REF] Siddique | Determining the Sites of Neural Adaptations to Resistance Training: A Systematic Review and Meta-analysis[END_REF], whereas no such adaptations have been observed after endurance training [START_REF] Millet | Neural Adaptations to Endurance Training[END_REF]. The role of neuromodulatory inputs in the adaptation of MU discharge characteristics with chronic endurance and resistance training remains to be explored.

Neuromodulatory inputs are promoted by monoamines such as serotonin , that bind to G-proteins and activate voltage-dependent channels on the motoneuron dendrites [START_REF] Heckman | Persistent Inward Currents in Spinal Motoneurons and Their Influence on Human Motoneuron Firing Patterns[END_REF].

Notably, neuromodulatory inputs lead to the generation of strong persistent inward currents (PICs), which are depolarizing currents generated by voltage-sensitive sodium and calcium channels. These currents have the ability to increase the intrinsic excitability of the target motoneuron [START_REF] Gorassini | Intrinsic Activation of Human Motoneurons: Possible Contribution to Motor Unit Excitation[END_REF][START_REF] Heckman | Persistent inward currents in motoneuron dendrites: Implications for motor output[END_REF]. This increase in intrinsic excitability results in a substantial amplification of the input-output gain of α-motoneurons up to fivefold [START_REF] Lee | Adjustable Amplification of Synaptic Input in the Dendrites of Spinal Motoneurons In Vivo[END_REF].

Together with an increase in MU discharge rate and force production, an increase in estimates of PIC magnitude has been reported after 6 weeks of resistance training in the soleus muscle of older adults [START_REF] Orssatto | Intrinsic motor neuron excitability is increased after resistance training in older adults[END_REF]. It echoes previous work conducted in a rat model, which reported an increase in intrinsic excitability characterized by lower input currents required to achieve rhythmic discharge [START_REF] Krutki | Adaptations of motoneuron properties after weight-lifting training in rats[END_REF]. Of note, a similar increase in excitability has been observed after endurance training in rats [START_REF] Macdonell | Mechanisms and functional implications of motoneuron adaptations to increased physical activity[END_REF]. In addition, animal studies have demonstrated that chronic treadmill exercises enhance the activation of serotonin neurons in the raphe nuclei [START_REF] Ji | Treadmill exercise ameliorates depressive symptoms through increasing serotonin expression in postpartum depression rats[END_REF][START_REF] Ge | Three-Week Treadmill Exercise Enhances Persistent Inward Currents, Facilitates Dendritic Plasticity, and Upregulates the Excitability of Dorsal Raphe Serotonin Neurons in ePet-EYFP Mice[END_REF]. This could lead to an increase in serotonin release, which, in turn, may promote α-motoneuronal PICs. Together, these results suggest that both resistance and endurance training could promote an increase in α-motoneuronal PICs in healthy young individuals. The increase in PICs magnitude could be viewed as a potentially beneficial adaptation for these populations as it has been suggested that neuromodulatory drive to MUs acts as a gain system. This means that muscular force is notably determined by descending neural commands and its amplification by the neuromodulatory system.

Descending monoaminergic inputs to α-motoneurons are diffuse, simultaneously influencing multiple motor pools within an individual [START_REF] Heckman | Active properties of motoneurone dendrites: diffuse descending neuromodulation, focused local inhibition: Active properties of motoneurones[END_REF][START_REF] Wei | Serotonin Affects Movement Gain Control in the Spinal Cord[END_REF]. This is a likely explanation for the increased estimates of PIC magnitude observed in distant muscles, specifically the soleus and tibialis anterior, following a 30-second handgrip contraction at 40% of maximal voluntary contraction (MVC) [START_REF] Orssatto | Facilitationinhibition control of motor neuronal persistent inward currents in young and older adults[END_REF]. These results suggest a relationship in PIC magnitude across muscles, the overall level of descending monoamines leading to individual PIC magnitude profiles (e.g., individuals having consistently high or low PIC magnitude across all muscles). In other words, PIC magnitude of α-motoneurons would be positively correlated across muscles, but this remains to be confirmed.

The main objective of this study was to determine whether estimates of α-motoneuronal PIC magnitude are higher in chronically-trained endurance-and resistance-trained individuals in lower-threshold MUs at low contraction intensities. We also aimed to investigate whether there is a relationship between the estimates of α-motoneuronal PIC magnitude of different lower limb muscles. To this end, we compared three groups of participants with different physical training experience: i) resistance training, ii) endurance training, and iii) inactive. We hypothesised that estimates of PIC magnitude would be higher in both the resistance and endurance training groups compared to the inactive group, irrespective of the muscle. No hypothesis was established with respect to differences between the resistance and the endurance training groups. Additionally, we hypothesised that the estimates of PIC magnitude would be positively correlated across muscles, suggesting the existence of individual PIC magnitude profiles.

METHODS

Participants

Thirty-seven males aged between 18 and 35 years old, were recruited according to their physical training experience (at least one year). They were divided into either a resistancetrained group (n=12), an endurance-trained group (n=12) and an inactive group (n=13).

Physical training experience was assessed using the ONAPS-PAQ questionnaire, which provides a standardised assessment of the type and volume of physical activity in the previous year. We prioritized standardized quantification of training within the past year as opposed to, for example, considering years of practice. This approach helped to limit potential measurement bias (e.g. memory bias). Detailed characteristics of the participants are presented in Table 1. 

Participants of the

Experimental protocol

Evaluations were performed in five muscles of the participant's dominant leg (used to kick a ball): soleus (SOL) and gastrocnemius medialis (GM) during plantar flexion, tibialis anterior (TA) during dorsiflexion, vastus medialis (VM) and vastus lateralis (VL) during knee extension. These three different tasks were performed in a randomised order, with a similar experimental procedure. Participants first performed a standardized warm-up, which consisted of three 5-second contractions at each of the following intensities: 30%, 60%, and 90% of their subjectively estimated maximal MVC. There was a 20-s rest period between each contraction.

Positions for testing the different muscle groups

For plantar flexion and dorsiflexion, participants were tested in a seated position with the hip angle at 80° (neutral position=0°), the knee angle at 0° (neutral position), and the ankle angle at 10° of plantar flexion (neutral ankle position). The lateral malleolus was aligned with the axis of rotation of the dynamometer (Biodex System 3, Biodex Medical system, Shirley, NY). The foot, trunk, and thigh were securely strapped to the dynamometer. Participants were asked to cross their arms across their chest during each contraction.

For knee extension, participants were tested in a seated position with the hip angle at 80° and the knee joint angle at 90°. The lateral epicondyle of the femur was aligned with the axis of rotation of the dynamometer. The strap was positioned just above the malleoli. The trunk and thigh were securely strapped to the dynamometer and participants were asked to cross their arms across their chest during each contraction.

Isometric maximal voluntary contraction

After a 2-min rest period, participants performed three 4-5 s MVCs separated by a 2min rest period. They received real-time visual feedback of the torque signal during each effort and strong verbal encouragements were provided.

Isometric triangular voluntary contractions

Triangular contractions to 20% of MVC torque were used to calculate ΔF using the paired-MU technique [START_REF] Gorassini | Intrinsic Activation of Human Motoneurons: Possible Contribution to Motor Unit Excitation[END_REF]. These contractions lasted 20 s and consisted of a 10-s ramp-up phase and a 10-s ramp-down phase. Participants were instructed to move a real-time torque feedback displayed on a computer screen as close as possible to a trace representing the 20% triangular contraction. Participants were first familiarised with the task. Once they were able to accurately follow the torque feedback, a 5-min rest period was respected. Data were collected on two trials of triangular contractions with a 3-min rest interval between each. Trials were excluded and repeated if the torque trajectory was not closely matched, for example a sharp increase or decrease in torque signal.

Data recordings

Electromyography recordings

HDsEMG signals were recorded from SOL and GM during plantar flexion, from TA during dorsiflexion, and from VM and VL during knee extension. A two-dimensional adhesive grid of 64 electrodes [13 × 5 gold-coated electrodes with one electrode absent on a corner; interelectrode distance: 8 mm (ELSCH064NM2, OT Bioelettronica, Italy)] was placed over each muscle. The grids were aligned in the direction of the fascicles. Before mounting the electrode grids, the skin was shaved and then cleaned with an abrasive pad and alcohol. The adhesive grids were held on the skin using semi disposable biadhesive foam layers (SpesMedica, Battipaglia, Italy). The skin-electrode contact was made by filling the cavities of the adhesive layers with conductive paste (SpesMedica, Battipaglia, Italy). Reference electrodes (Kendall Medi-Trace, Canada) were placed over the patella. The EMG signals were recorded in monopolar mode, bandpass filtered (10-500 Hz), and digitised at a sampling rate of 2048 Hz using a multichannel HDsEMG acquisition system (EMG-Quattrocento, 400 channel EMG amplifier; OT Bioelettronica).

Mechanical recordings

Torque values for plantar flexors, dorsiflexors, and knee extensors were collected on the isokinetic dynamometer (Biodex System 3, Biodex Medical Systems, Shirley, NY, USA). The output signal from the dynamometer was collected at 2048 Hz using the multichannel HDsEMG acquisition system.

Data analysis

HDsEMG decomposition

The HDsEMG signals were decomposed with the convolutive blind source separation method (Negro et al., 2016) implemented in a custom-made MATLAB (Version R2019b; The MathWorks Inc., Natick, MA) routine to iteratively identify and extract the sources of the interference HDsEMG signals, i.e., the MUs spike trains. After the automatic decomposition, all the MU spike trains were visually inspected and manually edited with the DEMUSE software (v5.01; The University of Maribor, Slovenia), as described previously [START_REF] Vecchio | Tutorial: Analysis of motor unit discharge characteristics from high-density surface EMG signals[END_REF][START_REF] Hug | Analysis of motor unit spike trains estimated from high-density surface electromyography is highly reliable across operators[END_REF]. Only

MUs with a pulse-to-noise ratio equal to or greater than 30 dB were kept for further analysis [START_REF] Holobar | Accurate identification of motor unit discharge patterns from high-density surface EMG and validation with a novel signal-based performance metric[END_REF]. This decomposition procedure has been extensively validated using experimental and simulated signals [START_REF] Holobar | Accurate identification of motor unit discharge patterns from high-density surface EMG and validation with a novel signal-based performance metric[END_REF][START_REF] Holobar | Blind source identification from the multichannel surface electromyogram[END_REF]. For each muscle, only the triangular contraction yielding the highest number of identified MUs was analysed. If both contractions presented the same number of identified MUs, the triangular contraction yielding the highest number of pairs of MUs was analyzed.

Estimating PIC magnitude, peak discharge rate and recruitment threshold

For each MU, instantaneous estimates were then smoothed with support vector regression to create continuous estimates with hyperparameters chosen in accordance with those previously suggested [START_REF] Beauchamp | A computational approach for generating continuous estimates of motor unit discharge rates and visualizing population discharge characteristics[END_REF]. The maximum value obtained from the smoothed discharge rate of each MU was considered as the peak discharge rate and the MU recruitment threshold was calculated as the percentage of the MVC values corresponding to the first MU firing. PIC magnitude was estimated using the paired MU analysis [START_REF] Gorassini | Intrinsic Activation of Human Motoneurons: Possible Contribution to Motor Unit Excitation[END_REF]. MUs with a lower recruitment threshold (control units) were paired with MUs with a higher recruitment threshold (test units).

ΔF was calculated as the change in discharge rates of the control MU from the moment of recruitment to the moment of de-recruitment of the test unit [START_REF] Gorassini | Intrinsic Activation of Human Motoneurons: Possible Contribution to Motor Unit Excitation[END_REF], as shown in Fig. 1. In agreement with previous work [START_REF] Hassan | Impact of parameter selection on estimates of motoneuron excitability using paired motor unit analysis[END_REF], criteria for inclusion of ΔF value from MUs pairs were as follows: (i) a test MU should discharge for at least 2 s, (ii) a test MU should be recruited at least 1 s after the control MU to ensure full activation of PIC, (iii) a test MU should be de-recruited at least 1.5 s prior to the control MU to prevent overestimation of ΔF, (iv) a coefficient of determination (r²) ≥ 0.7 should be observed between the smoothed discharge rate of the test and control MU [START_REF] Kim | Differences in estimated persistent inward currents between ankle flexors and extensors in humans[END_REF]. A high r² was chosen to ensure that the control and test units receive similar synaptic inputs, as several studies have reported the r² as a measure of common synaptic input between motor units [START_REF] Gorassini | Intrinsic Activation of Human Motoneurons: Possible Contribution to Motor Unit Excitation[END_REF][START_REF] Powers | Estimation of the contribution of intrinsic currents to motoneuron firing based on paired motoneuron discharge records in the decerebrate cat[END_REF][START_REF] Stephenson | Dependence of the paired motor unit analysis on motor unit discharge characteristics in the human tibialis anterior muscle[END_REF]. As in previous studies, ΔF values are presented as 'unit-wise' averages for all suitable test-control unit pairs, thus reducing the number of ΔF values to one per test unit [START_REF] Hassan | Estimates of persistent inward currents are reduced in upper limb motor units of older adults[END_REF][START_REF] Khurram | Estimates of persistent inward currents in tibialis anterior motor units during standing ramped contraction tasks in humans[END_REF][START_REF] Orssatto | Intrinsic motoneuron excitability is reduced in soleus and tibialis anterior of older adults[END_REF]. When individual test units were paired with multiple control units that met inclusion criteria, the average ΔF value was obtained. The data set will be available at the time of publication. 

Statistical analysis

All analyses were performed using R (v.4.1.1; R Core Team 2021, R Foundation for Statistical computing, Vienna, Austria). For descriptive analysis, mean and standard deviation values for each variable reported were calculated after averaging the data of the MUs for each muscle. The effects of physical activity on age, body mass, height, time of physical training, knee extension MVC, plantar flexion MVC and dorsal flexion MVC were determined using separate one-way ANOVAs. When a significant effect was observed, Tukey post hoc correction was adopted for pairwise comparison and estimated marginal mean differences with 95% confidence intervals were calculated using the emmeans package [START_REF] Lenth | emmeans: Estimated Marginal Means, aka Least-Squares Means[END_REF]. [START_REF] Kuznetsova | lmerTest Package: Tests in Linear Mixed Effects Models[END_REF]. For all models, we confirmed that the assumptions of homoscedasticity, normality and independence of residuals were valid by graphical evaluations. The effect sizes derived from the F ratios were calculated with the partial omega-squared (ω2). When a significant effect was observed, Tukey post hoc correction was adopted for pairwise comparison and estimated marginal mean differences with 95% confidence intervals were calculated using the emmeans package. To address the potential confounding effect of the recruitment threshold on the relationship between ΔF and group, we assessed the relationship between ΔF and the recruitment threshold. This analysis was carried out using a linear mixedeffects model, which included recruitment threshold, muscle, and their interaction as fixedeffects and the same random effect previously described in our analyses. The results indicated a significant interaction, with the recruitment thresholds of the TA and the SOL muscles showing a positive association with ΔF (TA: p < 0.0001; SOL: p = 0.0054). In light of this finding, a sensitivity analysis was performed with the recruitment threshold included as a covariate to further evaluate the effects of physical training experience and muscle on ΔF. To investigate the influence of outliers, we also conducted analyses after removing data points that were more or less than the mean by two times the standard deviation for each muscle and group.

Correlations between muscles regarding estimates of PIC magnitude were assessed by the Pearson correlation coefficient after averaging the data of the MUs for each muscle. The α level for all tests was 5%.

RESULTS

Participant characteristics

There were no significant differences between the groups in terms of age (F = 1.578, ω2 = 0.03, p = 0.221) and height (F = 1.451, ω2 = 0.02, p = 0.248). However, there was a significant difference in body mass (F = 5.208, ω2 = 0.19, p = 0.011), with the resistance group having a significantly higher body mass compared to the endurance group (+15.6 kg [3.7, 27.4], p = 0.008). No other between-group difference was found (all p ≥ 0.183). The duration of physical training per week also differed significantly between groups (F = 120.983, ω2 = 0.87, p < 0.0001). Specifically, the weekly duration of physical training was longer for the resistance than both the endurance (+196 min [88, 305], p = 0.0003) and the inactive group (+655 min [549, 761], p < 0.0001). Additionally, the endurance group had a longer physical training time compared to the inactive group (+459 min [352, 565], p < 0.0001). It is important to note that resistance training usually includes more rest periods compared to endurance training, which is important to consider when interpreting these differences.

There were significant differences between groups in terms of MVC for knee extension (F = 6.101, ω2 = 0.22, p = 0.006) and plantar flexion (F = 3.762, ω2 = 0.13, p = 0.034), but not for dorsiflexion (F = 1.700, ω2 = 0.04, p = 0.198). Post hoc pairwise comparisons revealed that the resistance group had significantly higher knee extension maximal torque compared to both the endurance (+77.0 Nm [18.0, 136.1], p = 0.008) and the inactive group (+67.6 Nm [8.6, 126.7], p = 0.022), with no difference between the endurance and the inactive group (+9.4 Nm [-49.6, 68.4], p = 0.920). The resistance group exhibited significantly greater plantar flexion maximal torque compared to the inactive group (39.5 [2.2, 76.8] Nm, p = 0.036) but not significantly higher than the endurance group (+31.3 [-6.0, 68.6], p = 0.114), with no significant difference between the endurance and the inactive group (+8.15 [-19.1, 45.4], p = 0.854).

Identification of motor units

The number of identified and analysed MUs are provided in Table 2. A total of 2216 MUs were identified across all participants and muscles among which 1274 were paired and therefore used as test MUs to estimate PIC magnitude. We failed to identify enough MUs to estimate PIC magnitude for 13 conditions (i.e. 13 muscles from 9 participants), among which 7 came from the inactive group. Data are presented as mean  standard deviation, except for the last row which represents the total count. The term "all MUs" refers to the number of MUs. Among these MUs, some were selected as "test MUs" using the paired-MU method, which allows for an estimation of PIC magnitude. "Missing" refers to the number of participants for whom we were not able to estimate the PIC magnitude for a particular muscle due to too few numbers of identified MUs.

Effect of physical training experience

Estimates of persistent inward currents (ΔF)

The mean ΔF values for each muscle and each group are depicted in Fig. 2A. There was a significant main effect of muscle (TA: 4.31.2 pps, GM: 3.11.0 pps, SOL: 2.71.1 pps, VL:

1.71.0 pps, VM: 1.90.8 pps; F = 37.107, ω2 = 0.76, p < 0.0001), revealing differences between all muscles (all p  0.008), except between VL and VM (-0. 

Peak discharge rate of motor units

The mean peak discharge rate values for each muscle are presented in Fig. 2B. There was a significant main effect of muscle (TA: 15.41.8 pps, GM: 12.41.8 pps, SOL: 9.71.5 pps, VL: 10.91.5 pps, VM: 11.91.8 pps; F = 60.329, ω2 = 0.84, p < 0.0001), revealing differences between all muscles (all p  0.0011), except between GM and VM (0.46 [-0.53, 1.44] pps, p = 0.671). However, there was no significant effect of physical training experience (RES: 12.02.5 pps, END: 12.22.6 pps, INA: 12.12.6 pps; F = 0.076, ω2 = 0.000, p = 0.927).

There was a significant interaction between physical training experience and muscle (F = 2.199, ω2 = 0.17, p = 0.049). However, post hoc pairwise comparisons revealed no significant differences between groups, regardless of the muscle (all p  0.193). It indicates that peak discharge rate was not influenced by the physical training experience, irrespective of the muscle.

Recruitment threshold

The mean recruitment threshold values for each muscle and each group are depicted in Fig. 2C. There was a significant main effect of muscle (TA: 10.53. However, no significant effect of physical training experience nor a significant interaction between physical training experience and muscle was found. In C, there was a significant muscle effect with differences between TA and SOL, VL and SOL, and VM and SOL. However, no significant effect of physical training experience nor a significant interaction between physical training experience and muscle was found.

Between-muscle correlations in estimates of persistent inward currents (ΔF)

We assessed the correlation of ΔF between muscles to assess specific associations between muscles (Table 3). There were significant correlations between VL and VM (r = 0.66 No effect of training experience on estimates of PIC magnitude Despite the substantial physical training experience differences among the groups, we found no differences in ΔF from lower-threshold MUs at low contraction intensities between groups, irrespective of the lower limb muscles. To ensure that the comparison between groups was conducted on a similar pool of MUs, we included the recruitment threshold as a covariate, which did not significantly change the results. We also did not observe differences in peak discharge rate or in the recruitment threshold between groups for the five lower limb muscles assessed. While one might suggest that the absence of differences in MU peak discharge rate reported in this study may have prevented the identification of differences in ΔF, we argue that the absence of differences in MU peak discharge rate does not necessarily imply an absence of differences in ΔF. Since PICs significantly alter the intrinsic excitability of motoneurons [START_REF] Heckman | Motoneuron excitability: The importance of neuromodulatory inputs[END_REF], an increase in PIC magnitude could represent a potential efficient adaptation that would allow for the generation of similar MU outputs with reduced descending ionotropic inputs. However, the results of this study suggest that despite the significant physical training practice of the participants in the endurance group (486 ± 114 min/week) and the resistance group (684 ± 150 min/week), no such adaptations occurred when compared to the inactive group (29 ± 29 min/week).

The absence of changes in α-motoneuronal PIC magnitude does not necessarily contradict the suggested increase in monoaminergic release with physical training in rat and mice [START_REF] Ji | Treadmill exercise ameliorates depressive symptoms through increasing serotonin expression in postpartum depression rats[END_REF][START_REF] Ge | Three-Week Treadmill Exercise Enhances Persistent Inward Currents, Facilitates Dendritic Plasticity, and Upregulates the Excitability of Dorsal Raphe Serotonin Neurons in ePet-EYFP Mice[END_REF]. The effects of monoamines depend on the specific receptor subtypes present in the target neurons [START_REF] Heckman | Motoneuron excitability: The importance of neuromodulatory inputs[END_REF]. Thus, long-term physical training could potentially increase monoamine release without directly affecting PIC magnitude, while still contributing to an increase in intrinsic excitability. One possible mechanism that could contribute to enhanced motoneuron excitability without altering PIC magnitude is the downregulation of serotonin-mediated receptors, such as 5HT1A, involved in tonic inhibition. This downregulation has been suggested by changes in mRNA expression observed in rat models during endurance training [START_REF] Woodrow | Transcriptional changes in rat αmotoneurons resulting from increased physical activity[END_REF][START_REF] Perrier | Intense Activity of the Raphe Spinal Pathway Depresses Motor Activity via a Serotonin Dependent Mechanism[END_REF].

Monoamines can also impact several other important α-motoneuron properties that alter the intrinsic excitability of α-motoneurons [START_REF] Powers | Input-output functions of mammalian motoneurons[END_REF], for example decreasing the spike afterhyperpolarisation amplitude [START_REF] Berger | Modulation of neonatal rat hypoglossal motoneuron excitability by serotonin[END_REF][START_REF] Manuel | The afterhyperpolarization conductance exerts the same control over the gain and variability of motoneurone firing in anaesthetized cats: Same control of AHP conductance on variability and gain[END_REF]. These mechanisms may contribute to enhanced motoneuron excitability without change in PIC magnitude could also explain the differences between the results of this study and animal studies that report an increase in the intrinsic excitability of α-motoneurons with both resistance and endurance training [START_REF] Krutki | Adaptations of motoneuron properties after weight-lifting training in rats[END_REF][START_REF] Macdonell | Mechanisms and functional implications of motoneuron adaptations to increased physical activity[END_REF].

Unfortunately, the paired-MU technique used in this study does not provide direct insight into monoaminergic inputs or changes in other intrinsic properties than PICs, as monoaminergic receptor sensitivity or ion channel function [START_REF] Gorassini | Intrinsic Activation of Human Motoneurons: Possible Contribution to Motor Unit Excitation[END_REF].

The absence of difference between the resistance and the inactive groups seems to be in contradiction with an increase in the estimates of PIC magnitude observed in older individuals after 6 weeks of resistance training [START_REF] Orssatto | Intrinsic motor neuron excitability is increased after resistance training in older adults[END_REF]. However, it is important to note that the estimates of PIC magnitude are typically reduced in the elderly [START_REF] Hassan | Estimates of persistent inward currents are reduced in upper limb motor units of older adults[END_REF][START_REF] Orssatto | Intrinsic motoneuron excitability is reduced in soleus and tibialis anterior of older adults[END_REF], which may be attributed to the agerelated deterioration of the monoaminergic system [START_REF] Shibata | Age-related Changes in Locus Ceruleus on Neuromelanin Magnetic Resonance Imaging at 3 Tesla[END_REF][START_REF] Liu | Noradrenergic-dependent functions are associated with age-related locus coeruleus signal intensity differences[END_REF]. Even though chronic physical activity may increase the secretion of monoamines [START_REF] Ji | Treadmill exercise ameliorates depressive symptoms through increasing serotonin expression in postpartum depression rats[END_REF][START_REF] Ge | Three-Week Treadmill Exercise Enhances Persistent Inward Currents, Facilitates Dendritic Plasticity, and Upregulates the Excitability of Dorsal Raphe Serotonin Neurons in ePet-EYFP Mice[END_REF], it is possible that even inactive young individuals had sufficient concentrations of monoamines to achieve comparable PIC magnitudes to trained individuals, at least at the low contraction intensity used in this study (i.e.

20% MVC).

In other words, the absence of difference of PIC magnitude between inactive young individuals and age-matched trained populations could be explained by a ceiling effect.

Relationship in estimates of PIC magnitude between muscles Contrary to our hypothesis, estimates of PIC magnitude were correlated for only 3 pairs of muscles (out of 10) (VL-VM, SOL-GM, TA-GM and VL-GM). As magnitude of PICs depends on the level of monoaminergic drive onto the motoneurons [START_REF] Lee | Adjustable Amplification of Synaptic Input in the Dendrites of Spinal Motoneurons In Vivo[END_REF], the presence of significant correlations between some muscles can be primarily attributed to the diffuse descending monoaminergic inputs to the α-motoneurons [START_REF] Heckman | Active properties of motoneurone dendrites: diffuse descending neuromodulation, focused local inhibition: Active properties of motoneurones[END_REF][START_REF] Wei | Serotonin Affects Movement Gain Control in the Spinal Cord[END_REF]. However, the overall low correlations and the lack of significant correlations between most of the tested muscles rather suggests that the magnitude of α-motoneuronal PICs is substantially prone to muscle-specific regulations. Interestingly, significant between-muscle correlations of estimates of PICs magnitude were found for muscles of the same group (VL-VM from quadriceps, SOL-GM from triceps surae), suggesting these regulations vary less among muscles from the same group (i.e.

muscle group-specific regulations). In other words, regulations of monoamines inputs could be more common among muscles from the same group. Previous work in both animal [START_REF] Kuo | Active Dendritic Integration of Inhibitory Synaptic Inputs In Vivo[END_REF][START_REF] Hyngstrom | Intrinsic electrical properties of spinal motoneurons vary with joint angle[END_REF] and human (47) models have shown that inhibitory synaptic inputs can substantially reduce PICs activity. Acting as local regulators of PICs, the inhibitory inputs may explain muscle and muscle group-specific regulations. Notably, the inhibitory effect of Renshaw cells has been demonstrated to effectively deactivate PICs [START_REF] Hultborn | Variable amplification of synaptic input to cat spinal motoneurones by dendritic persistent inward current[END_REF][START_REF] Bui | Multiple Modes of Amplification of Synaptic Inhibition to Motoneurons by Persistent Inward Currents[END_REF]. Since the inhibitory effect of Renshaw cells extends to neighboring motoneurons [START_REF] Ryall | Renshaw cell mediated inhibition of Renshaw cells: patterns of excitation and inhibition from impulses in motor axon collaterals[END_REF][START_REF] Baldissera | Integration in Spinal Neuronal Systems[END_REF], it is plausible that it would result in concurrent deactivation of PICs in muscle from the same group. Irrespective of the specific mechanism, the explanation of muscle group-specific regulations by inhibitory inputs aligns with the proposed functional role of these inputs. Indeed, it is assumed that inhibitory inputs interact with the diffuse descending monoaminergic system to effectively control the intrinsic excitability of motoneurons [START_REF] Heckman | Motoneuron excitability: The importance of neuromodulatory inputs[END_REF].

PICs are influenced by both noradrenaline and serotonin inputs, with noradrenaline being more influenced by arousal state and serotonin being increased along with motor output [START_REF] Heckman | Motoneuron excitability: The importance of neuromodulatory inputs[END_REF]. Thus, it should be emphasised that PIC magnitude has been estimated during three different tasks. These latter could have generated different monoamines release, which may explain preferential correlation towards muscles of the same group. However, this is unlikely to explain our results as the contraction intensity was normalised to maximal voluntary contraction, ensuring that each task elicited the same relative effort. In this way, it is important to note that a significant correlation was observed between TA and GM, which were assessed during different contractions.

Methodological considerations

Our study provides insights into the effects of different types of physical training experience on the estimates of PIC magnitude. We employed a cross-sectional design, allowing us to compare individuals with substantial practice in resistance or endurance training.

Importantly, we assessed PIC magnitude in five different lower limb muscles, which is a larger number compared to previous studies in this area [START_REF] Hassan | Estimates of persistent inward currents are reduced in upper limb motor units of older adults[END_REF][START_REF] Orssatto | Estimates of persistent inward currents increase with the level of voluntary drive in lowthreshold motor units of plantar flexor muscles[END_REF][START_REF] Goodlich | Blockade of 5-HT 2 receptors suppresses motor unit firing and estimates of persistent inward currents during voluntary muscle contraction in humans[END_REF]. This approach enabled us to provide consistent findings across multiple muscles and explore the relationship of PIC magnitude between muscles.

PIC magnitude was estimated using the paired MU analysis [START_REF] Gorassini | Intrinsic Activation of Human Motoneurons: Possible Contribution to Motor Unit Excitation[END_REF]. The determination of ΔF depends on the estimation of synaptic input to the motor pool by lower threshold control units. In this regard, the firing rate modulation of a control MU could be subject to rate saturation, where increases in synaptic current are not as efficiently transduced into a proportional increase in the rate of action potential generation [START_REF] Fuglevand | Distinguishing intrinsic from extrinsic factors underlying firing rate saturation in human motor units[END_REF]. Also, it's important to note that ΔF is limited to the contributions of PICs to MU discharge hysteresis and does not assess the contribution of PICs to MU firing rate acceleration [START_REF] Beauchamp | A geometric approach to quantifying the neuromodulatory effects of persistent inward currents on individual motor unit discharge patterns[END_REF].

Estimates of PIC magnitude from this study are restricted to MUs recruited during lowintensity contractions, specifically between 0 and 20% of peak torque. This was due to the challenge of accurately measuring PIC magnitude at higher contraction intensities. Notably, the calculation of ΔF relies on low threshold MUs that provide a more accurate representation of synaptic inputs to the motoneuron pool given the more linear and proportional relationship of firing rate to synaptic input in the tertiary range (i.e. delayed firing) [START_REF] Gorassini | Intrinsic Activation of Human Motoneurons: Possible Contribution to Motor Unit Excitation[END_REF][START_REF] Afsharipour | Estimation of self-sustained activity produced by persistent inward currents using firing rate profiles of multiple motor units in humans[END_REF]. However, at higher contraction intensities, it becomes difficult to separate these low threshold MUs from larger, higher threshold MUs in the HDsEMG signal [START_REF] Holobar | Accurate identification of motor unit discharge patterns from high-density surface EMG and validation with a novel signal-based performance metric[END_REF]. Additionally, the slow increase and decrease of force inherent to ramped contractions used in the paired MU analysis may induce fatigue when higher intensity contractions are performed, leading to confounding factors in PIC magnitude estimations. As a result, obtaining valid estimates of PIC magnitude values at higher contraction intensities remains uncertain. Therefore, the findings of this study cannot be directly extrapolated to higher-threshold MUs at higher contraction intensities.

It is important to acknowledge study limitation concerning statistical power. A sensitivity power analysis was performed using G*Power, considering the current linear mixed models as two-way ANOVAs. The analysis revealed that, with the sample size employed, an alpha risk of 5%, and a power of 80%, a main group effect would have required a Cohen's f of at least 0.57 to reach significance. These effect sizes are typically considered large. Due to the high variability in ΔF, large differences between groups would have been necessary to establish statistical differences with the current sample size. A previous study with a small sample size (n=10 per group) comparing ΔF between young and older adults reported very large effects, ΔF being reduced by approximately 1.9 pps in older adults, irrespective of the muscle (biceps and triceps brachii) [START_REF] Hassan | Estimates of persistent inward currents are reduced in upper limb motor units of older adults[END_REF]. In contrast, all the differences between groups in our study were less than 0.73 pps, which was observed between the resistance and inactive groups for the GM. While this study was not designed to detect significant small or medium effect sizes, which might be of lower physiological relevance, it does provide evidence that there are no substantial differences in ΔF between inactive, resistance-trained, and endurance-trained young individuals.

It should also be emphasised that results are limited to healthy young males in lower limb muscles, and thus cannot be generalized to other limbs or populations, such as females and the elderly who may exhibit different PIC activity, as found in previous studies [START_REF] Jenz | Estimates of persistent inward currents in lower limb motoneurons are larger in females than in males[END_REF][START_REF] Orssatto | Intrinsic motoneuron excitability is reduced in soleus and tibialis anterior of older adults[END_REF].

This study provides evidence that the estimates of α-motoneuronal PIC magnitude from 

ADDITIONNAL INFORMATION

  resistance group performed resistance-based training on average 684  150 min/week, which included training of the lower limb muscles. Main disciplines included powerlifting (n=2), bodybuilding (n=1) and weightlifting (n=9). Participants of the endurance group performed endurance-based training on average 486  114 min/week consisting of triathlon (n=4), running (n=6), cycling (n=1) and duathlon (n=1). Participants in the trained groups could engage in other training, for example, endurance training for resistance-trained individuals and vice versa, for no more than 30 min per week. Participants in the inactive group participated in a physical training activity on average 29  29 min/week. All individuals in the inactive group performed less than the recommended cut-off of 150 min/week of moderate physical activity or 75 min/week of vigorous physical activity or a combination of both (20).

  Further analyses were performed by considering all individual MUs instead of averaging them on a per-muscle basis. The effect of physical training experience and muscle on ΔF, peak discharge rate and recruitment threshold was assessed with separate linear mixed-effects models including physical training experience (endurance, resistance, inactive), muscle (TA, GM, SOL, VM, VL) and their interaction as fixed-effects. Initial and final discharge rates were also assessed and the results can be found in the supplementary analysis 2 (https://doi.org/10.6084/m9.figshare.23715783.v4). As random-effects, we included a random intercept for each individual as well as a random slope accounting for the muscle within each individual [e.g. ΔF ∼ muscle*group + (muscle | participant)]. Models were fitted using the lmerTest package

  [START_REF] Ge | Three-Week Treadmill Exercise Enhances Persistent Inward Currents, Facilitates Dendritic Plasticity, and Upregulates the Excitability of Dorsal Raphe Serotonin Neurons in ePet-EYFP Mice[END_REF] [-0.56, 0.25] pps, p = 0.801) and between GM and SOL (0.40 [-0.14, 0.94] pps, p = 0.220). There was no significant effect of physical training experience (RES: 2.81.3 pps, END: 2.91.4 pps, INA: 2.61.4 pps; F = 0.870, ω2 = 0.000, p = 0.428), nor a significant interaction between physical training experience and muscle (F = 1.146, ω2 = 0.023, p = 0.355). This indicates that ΔF from lowerthreshold MUs at low contraction intensities was not influenced by the physical training experience, irrespective of the muscle. The sensitivity analysis performed with the recruitment threshold included as a covariate to further evaluate the effects of physical training experience and muscle on ΔF did not change the results with no significant effect of physical training experience (F = 0.845, ω2 = 0.000, p = 0.438), nor a significant interaction between physical training experience and muscle (F = 1.156, ω2 = 0.0023, p = 0.349). The analysis conducted without the outliers, which can be found in supplementary analysis 1 (https://doi.org/10.6084/m9.figshare.23715783.v4), did not significantly change any of these results.

[Table 3 .

 3 95% CI 0.39, 0.83], p < 0.001), SOL and GM (r = 0.35 [CI 95% 0.008, 0.61], p = 0.045), TA and GM (r = 0.45 [CI 95% 0.13, 0.68], p = 0.0079) and VL and GM (r = 0.39 [CI 95% 0.045, 0.65], p = 0.029). No significant correlation was observed for the other muscle pairs (all p ≥ 0.0646). Pearson correlations of estimates of persistent inward current magnitude between muscles.Data presented are Pearson correlation coefficient between mean estimates of persistent inward current magnitudes, with 95% confidence interval and p-value. Statistically significant results are shown in bold.DISCUSSIONIn this study, we aimed to determine whether the estimates of α-motoneuronal PIC magnitude (ΔF) from lower-threshold MUs at low contraction intensities differ between young individuals with different physical training experience, i.e. resistance-trained, endurancetrained, and inactive. This study also aimed to determine whether the estimates of αmotoneuronal PIC magnitude are correlated across various lower limb muscles. Contrary to our hypothesis, the ΔF values did not differ across muscle groups irrespective of the muscle, and we only found significant correlations in ΔF value for three muscle pairs (out of 10) (VL-VM, SOL-GM, TA-GM and VL-GM). Overall, our findings suggest that i) the estimates of PIC magnitude in the lower limbs of young individuals are not influenced by physical training experience, and ii) the estimates of PIC magnitude are prone to muscle-specific and muscle group-specific regulations.

  lower-threshold MUs at low contraction intensities do not differ among young individuals who are resistance-trained, endurance-trained, or inactive during submaximal contractions of lower limb muscles. Additionally, the study suggests substantial muscle-specific regulations of the estimates of PIC magnitude, even though these regulations appear to be more common among muscles from the same group. Further investigations are needed to explore other potential factors that may contribute to the altered intrinsic excitability of motoneurons in response to various types of physical training, as suggested by animal studies and human study in older adults. Additionally, further studies are required to investigate the mechanisms underlying the muscle-group specific regulations of motoneuronal PICs.

  

  

Table 1 : Participant characteristics

 1 

		Endurance-trained	Resistance-trained	Inactive group
		group (n=12)	group (n=12)	(n=13)
	Age (years)	22.1  3.2 [18-27]	25.3  4.0 [21-35]	23.9  5.2 [19-35]
	Body mass (kg)	64.7  5.4 [55-75]	80.3  15.8 [55.5-115]	73.2  11.9 [59-100]
	Height (cm)	176.3  6.3 [163-185]	176.8  6.7 [165-186]	180.2  6.0 [172-190]
	Physical training (min/week)	486  114 [300-720]	684  150 [420-870]	29  29 [0-60]
	Peak torque (N.m)			
	Knee extension	181.9  38.3 [115.5-249.8] 259.0  78.6 [148.1-435.1] 191.3  52.8 [104.2-262.8]
	Ankle plantarflexion 156.8  27.8 [127.9-206.0] 188.1  48.0 [132.0-277.8] 148.7  32.9 [102.0-209.0]
	Ankle dorsiflexion	36.1  6.9 [24.7-46.9]	40.7  6.7 [34.3-53.9]	39.4  5.1 [34.6-48.9]
	Data are presented as mean  standard deviation [minimum -maximum].	

Table 2 : Number of identified and analyzed motor units

 2 

		Endurance-trained group	Resistance-trained group	Inactive group	
			(n=12)			(n=12)			(n=13)	
		All MUs identified	Test MUs Missing	All MUs identified	Test MUs Missing	All MUs identified	Test MUs	Missing MUs
	TA 16.1  6.2 10.4  6.2	0/12	17.9  6.9 12.1  4.2	1/12	16.8  7.7 8.7  4.9	0/13
	GM 22.0  7.3 12.4  7.3	0/12	20.5  8.2 12.4  5.8	1/12	18.8  8.4 11.0  6.5	2/13
	SOL 14.4  4.3 5.9  4.2	1/12	14.5  6.0 7.6  4.1	0/12	11.2  5.2 6.2  3.9	0/13
	VM 6.8  2.8	3.8  1.9	0/12	7.3  3.1	4.2  2.2	0/12	4.7  2.3	2.6  1.8	3/13
	VL	6.8  2.4	4.4  1.2	1/12	6.7  2.7	4.4  2.5	2/12	5.7  2.3	3.5  1.8	2/13
	Total	772	432	2/60	764	463	4/60	680	379	7/65
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