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Introduction:

The determinants of flat endurance running performance have been extensively explored and are believed to be mainly related to aerobic energy production and/or utilization in the locomotor muscles [START_REF] Joyner | Physiological limits to endurance exercise performance: influence of sex[END_REF][START_REF] Lacour | Factors affecting the energy cost of level running at submaximal speed[END_REF] . However, trail running, usually performed in the mountains and characterized by steep and irregular paths throughout the race, may require specific physiological capabilities [START_REF] Bjorklund | Biomechanical Adaptations and Performance Indicators in Short Trail Running[END_REF] . Empirical evidences indicate that running velocities during downhill sections (DR) of trail races are much higher than during the uphill sections (greater than 15 km•h -1 vs lower than 10 km•h -1 , respectively) [START_REF] Rousanoglou | Alterations of Vertical Jump Mechanics after a Half-Marathon Mountain Running Race[END_REF][START_REF] Kerherve | Pacing during an ultramarathon running event in hilly terrain[END_REF] requiring shorter ground contact times [START_REF] Bjorklund | Biomechanical Adaptations and Performance Indicators in Short Trail Running[END_REF] and posing a greater challenge on the runner's agility and/or explosivity in order to secure his foot placement on varying ground surfaces (rocks, soils, gravels,…). Moreover, higher ground impact and braking forces have been reported in DR vs uphill running (UR) [START_REF] Gottschall | Ground reaction forces during downhill and uphill running[END_REF] , suggesting a greater contribution of lower limb muscle strength in DR. Although maximal oxygen uptake (V ̇O2max) is thought to be a major determinant in trail performance, especially for UR sections [START_REF] Bjorklund | Biomechanical Adaptations and Performance Indicators in Short Trail Running[END_REF] , its contribution to DR performance remains elusive and the cardiorespiratory, metabolic and muscular determinants of maximal UR and DR performance could be different.

Oxygen uptake and cardiorespiratory responses are attenuated in submaximal DR vs UR when the comparison is performed at similar slope and running velocity [START_REF] Maciejczyk | Comparison of physiological and acid-base balance response during uphill, level and downhill running performed at constant velocity[END_REF][START_REF] Lemire | Cardiorespiratory Responses to Downhill Versus Uphill Running in Endurance Athletes[END_REF][START_REF] Minetti | Mechanical determinants of the minimum energy cost of gradient running in humans[END_REF] . However, our group recently demonstrated that maximal running velocity was higher (+21%) despite lower maximal oxygen uptake (-17%) when well-trained athletes performed an incremental test at -15% vs +15% on a treadmill [START_REF] Lemire | Trail Runners Cannot Reach V[Combining Dot Above]O2max during a Maximal Incremental Downhill Test[END_REF] .

However, this study was not performed in ecologic conditions, did not directly compare UR vs DR performance, and did not specifically address the question of slope-specific performance factors.

Trail running performance over 26 to 75 km trail running races [START_REF] Ehrstrom | Short Trail Running Race: Beyond the Classic Model for Endurance Running Performance[END_REF][START_REF] Scheer | Predicting Trail Running Performance With Laboratory Exercise Tests and Field Based Results[END_REF][START_REF] Balducci | Performance Factors in a Mountain Ultramarathon[END_REF] has been associated with V ̇O2max, velocity associated with V ̇O2max, knee-extensor local endurance and strength as well as energy cost of running over level or incline slopes. These studies [START_REF] Ehrstrom | Short Trail Running Race: Beyond the Classic Model for Endurance Running Performance[END_REF][START_REF] Scheer | Predicting Trail Running Performance With Laboratory Exercise Tests and Field Based Results[END_REF][START_REF] Balducci | Performance Factors in a Mountain Ultramarathon[END_REF] explored trail running performance as a whole (i.e., combining UR and DR) with no attempt to identify possible physiological factors specifically related to UR vs DR performances (i.e., isolating UR and DR). However, this knowledge might be relevant to optimize the training programs of trail racers and identify or evaluate both strengths and weaknesses of the athletes.

This study aims i) to determine the cardiorespiratory responses to field UR vs DR time trials (TT) in highly trained runners and ii) to investigate the implication of aerobic fitness, lower limb strength and endurance as well as explosivity/agility on UR and DR TT performance. We hypothesized that i) cardiorespiratory responses to DR vs UR TT performance are attenuated; ii) aerobic fitness is correlated to UR but not DR TT performance, iii) lower limb strength and explosivity/agility are correlated with DR but not UR TT performance.

ii.

Methods:

A homogeneous group of ten male competitive trail runners who trained about 6 times per week and won several regional races participated in this study (age: 37±11 [mean±SD] years; height: •kg -1 ). All athletes were recruited from local running associations, had to train and compete regularly for more than 5 years and should not present current injury nor take any medication. All were informed of the benefits and risks of this investigation prior giving their written informed consent to participate. The experimental protocol was approved by our Institutional Review Board (Unistra/CER/2019-13) and complied with the Declaration of Helsinki. All runners were instructed not to consume alcohol or caffeine and to refrain from strenuous and exhaustive exercise in the 24 h prior to each test.

Each athlete underwent each of the following experimental visits within a 21-day period:

Visit 1: a 5-km field DR TT.

Visit 2: a 5-km field UR TT.

Visit 3: a maximal incremental test as well as a sprint running test, a Pro agility test and a V-cut test.

Visit 4: a maximum half-squat test.

Visit 5: an evaluation of leg stiffness, squat jump (SJ), counter movement jump (CMJ) and local endurance of the extensor muscles of the lower limb.

All sessions were randomized and separated by at least 3 days (visits 3-5) with one week between both 5-km TT. All field tests were performed under consistent weather conditions (20 ± 4 °C, without wind and rain). Both TT were preceded by a standard 20 min warm-up and were performed on the same route of mountain trails (hiking paths or wide tracks) and with a cumulative ascent (UR) or descent (DR) of 400m (slope: 8±4%). Participants were guided and verbally encouraged during each TT by the same experimenter on a e-mountain bike.

Oxygen uptake (V ̇O2), carbon dioxide output (V ̇CO2), ventilation (V ̇E), respiratory frequency (RF), tidal volume (TV) and respiratory exchange ratio (RER) were collected breath-by-breath (Metamax Cortex, Leipzig, Germany). Before each exercise test, the pneumotachograph was calibrated according to manufacturer's instructions. Heart rate (HR) and running velocity were continuously monitored by telemetry and GPS technology respectively (V800, Polar, Kempele, Finland). Peak values of cardiorespiratory parameters were calculated as the highest 30 s window.

Aerobic capacity was assessed using a maximal incremental test on a synthetic athletic track, beginning at 13 km•h -1 during 2 min before running velocity was increased by 1 km•h -1 every 2 min until volitional exhaustion. The velocity associated with V ̇O2max (vV ̇O2max) was determined where V ̇O2 reaches a peak value or a plateau (V ̇O2max) if the increase in V ̇O2 was less than 2.1 ml•kg -1 •min -1 for a speed increase equal to 1 km•h -1 14 . The first ventilatory threshold was determined as a breakpoint in the plot of V ̇CO2 as a function of V ̇O2. At that point, the ventilatory equivalent for O2 (V ̇E/V ̇O2)

increases without an increase in ventilatory equivalent for CO2 (V ̇E/V ̇CO2). The second ventilatory threshold was located between the first ventilatory threshold and V ̇O2max, when V ̇E/V ̇CO2 starts to increase while V ̇E/V ̇O2 continues to rise [START_REF] Wasserman | Principles of Exercise Testing and Interpretation: Including Pathophysiology and Clinical Applications[END_REF] .

Blood lactate concentration was assessed from fingertip blood samples (Lactate Scout+, EKF Diagnostics, Leipzig, Germany) before and 3 min after exercise bouts (incremental test, UR and DR TT).

Sprint running and change of direction ability tests were performed using photoelectric cells (Witty-Kit, Microgate, Bolzano, Italy) over 20-m linear sprints, a Pro agility test and a V-cut test [START_REF] Toyomura | Efficacy of downhill running training for improving muscular and aerobic performances[END_REF] , respectively.

Squat and counter movement jumps were performed after standardized warm-up and jump height was measured (Optojump Next, Optogait, Microgate, Bolzano, Italy). Each participant completed 2 trials for each jump test with a rest interval of at least 3 min between trials. The best SJ and CMJ performance was retained for analysis.

Leg stiffness was assessed using 7 consecutive maximal vertical jumps using the following formula [START_REF] Ruggiero | Validity and Reliability of Two Field-Based Leg Stiffness Devices: Implications for Practical Use[END_REF] :

= ( + ) ² + - 4
where M is the total body mass in kg, Tc is ground contact time and Tf is flight time in s. K is

expressed in N•m -1 .
Maximal lower limb strength of the major extensor muscles was assessed with a half-squat 1RM test.

Following a standardized warmup [START_REF] Moir | Intersession reliability of vertical jump height in women and men[END_REF] , the participants performed consecutively 6 repetitions with 40% of the maximal estimated load (MEL), 4 repetitions with 60% MEL, 3 repetitions with 80% MEL, 1 repetition with 90% of the MEL, 1 repetition with 100% MEL and 1 repetition with 2 to 5-kg additional load to adjust the final maximal load. Four min of passive recovery was given between sets.

Lower limb local muscle endurance was established for each participant as the maximal number of repetitions of half-squat movement with a load equivalent to 45% 1RM.

Statistical analyses were performed using Statistica (13.0, Tulsa, Oklahoma, USA) and R software with R packages from Nimon and al. [START_REF] Nimon | An R package to compute commonality coefficients in the multiple regression case: an introduction to the package and a practical example[END_REF] . All data are expressed as mean ± standard deviation (SD).

After testing for data distribution normality and variance homogeneity, one-way and two-way ANOVAs on repeated measures were performed. When significant interactions were found, Fischer's Least Significant Difference post-hoc tests were used. Pearson's product moment correlation coefficients (r) were used to assess relationships between variables. For all analyses, p ≤ 0.05 was considered statistically significant. Given the limitations related to the stepwise regression method [START_REF] Nathans | Interpreting Multiple Linear Regression: A Guidebook of Variable Importance[END_REF] , we also used commonality regression analyses to identify unique and common effects (i.e. commonality coefficients) of each predictor (independent variable) on the UR and DR TT performances [START_REF] Nimon | An R package to compute commonality coefficients in the multiple regression case: an introduction to the package and a practical example[END_REF] .

iii.

Results:

The average speed was 70±6% higher in the 5-km DR (20.4 ± 1.0 km•h -1 ) vs UR TT (12.0±0.5 km•h -1 ) leading to a shorter performance time in DR vs UR (14 min 43±42 s vs 24 min 59 ± 1 min 06 s, respectively, p < 0.05).

Insert Figure 1 

about here

The average V ̇O2 was lower in DR vs UR (85±8% vs 89±7% of V ̇O2max respectively, p < 0.05), whereas average HR and V E were similar (p = 0.71 and p = 0.63, respectively). Lower values were also obtained in DR vs UR for relative V ̇O2 peak (p < 0.05) but not for HR peak (p = 0.82), V ̇E peak (p = 0.77) nor for blood lactate at end exercise (p = 0.73) (Table 1). Of note, average and peak RF were higher in DR vs UR (both p < 0.05) whereas average and peak TV were lower in DR (both p < 0.05).

Insert Table 1 about here

Velocities associated with the first ventilatory threshold, the second ventilatory threshold and V ̇O2max during level running amounted to 14.8±0.4, 17.4±0.8 and 18.7±0.8 km⋅h -1 respectively. UR performance was correlated significantly to the velocity associated with the second ventilatory threshold (r = -0.70; p < 0.05) and vV ̇O2max (r = -0.89; p < 0.05), but not to V ̇O2max (r = -0.24; p = 0.51). DR performance was significantly correlated to the velocity associated with the first ventilatory threshold (r = -0.67; p < 0.05), vV ̇O2max (r = -0.69; p < 0.05) and tended to be correlated to the velocity associated with the second ventilatory threshold (r = -0.58; p = 0.08). However, DR performance was not correlated to V ̇O2max, (r = 0.03; p = 0.93).

One Based on commonality regression analyses, a model summary with a total r 2 coefficient of 0.94 was obtained for UR (Figure 2). In this analysis, vV ̇O2max, BMI and lower limb maximal strength as unique predictors accounted respectively for 68.3%, 14.1% and 2.8% of the total regression effect.

In DR, the best model summary with a total r 2 coefficient of 0.84 identified lower limb maximal strength, vV ̇O2max and leg musculotendinous stiffness as unique predictors accounting respectively for 50.7%, 48.0% and 10.2% of the total regression effect.

Insert Figure 2 about here

iv. Discussion

While previous studies [START_REF] Ehrstrom | Short Trail Running Race: Beyond the Classic Model for Endurance Running Performance[END_REF][START_REF] Scheer | Predicting Trail Running Performance With Laboratory Exercise Tests and Field Based Results[END_REF][START_REF] Balducci | Performance Factors in a Mountain Ultramarathon[END_REF] investigated the important determinants of trail running performance as a whole, where UR and DR are combined, the present study is the first to isolate UR and DR performances to identify their -likely specific -physiological determinant factors. Although 5-km UR and DR TT elicited high cardiorespiratory responses (i.e., >80% V ̇O2max) and maximal effort, we found peak V ̇O2 to be attenuated with similar peak values for V ̇E and HR and greater peak RF in DR vs UR. Using commonality regression analyses, this study showed that 5-km UR and DR performances are both well explained by three independent predictors. However, if two predictors are shared between UR and DR performances (vV ̇O2max and maximal strength), their relative contribution is different and, importantly, the third predictor appears to be very specific to the exercise modality (BMI for UR vs musculotendinous leg stiffness for DR).

Despite maximal effort on a similar distance (5-km), drastically lower running speed and therefore much longer exercise duration were observed in UR (~12 km•h -1 and ~24 min) vs DR (~20 km•h -1 and ~14 min) TT. Of note, UR led to significantly higher V ̇O2 than DR (89 vs 85% V ̇O2max) in spite of its longer duration, in line with previous observations in endurance-trained runners over 5-km simulated flat running (~90% V ̇O2max maintained over ~17-18 min effort duration) [START_REF] Ramsbottom | Physiological and metabolic responses of men and women to a 5-km treadmill time trial[END_REF] . Differences in the type of muscle actions are likely involved, with UR relying more on concentric, energy consuming, muscle actions [START_REF] Pringle | Oxygen uptake kinetics during horizontal and uphill treadmill running in humans[END_REF] , whereas DR might favor eccentric, energy efficient muscle actions [START_REF] Dewolf | Running on a slope: A collision-based analysis to assess the optimal slope[END_REF] to absorb shocks and slow down the body weight during each landing phase [START_REF] Dewolf | Running on a slope: A collision-based analysis to assess the optimal slope[END_REF] .

Despite reduced average V ̇O2 in DR vs UR, similar average HR (~95% of HRmax) and V ̇E (~91% of V ̇Emax) were obtained in both TT. Therefore, the present results demonstrate for the first time that maximal DR effort in endurance-trained runners can elicit very high V ̇E and HR together with a more superficial ventilation pattern (greater RF and lower TV in DR) [START_REF] Lemire | Cardiorespiratory Responses to Downhill Versus Uphill Running in Endurance Athletes[END_REF] , in close agreement with previous observations reported during maximal DR vs UR incremental running tests [START_REF] Lemire | Trail Runners Cannot Reach V[Combining Dot Above]O2max during a Maximal Incremental Downhill Test[END_REF] or eccentric vs concentric cycling [START_REF] Lipski | Cardio-pulmonary responses to incremental eccentric and concentric cycling tests to task failure[END_REF] . Collectively, these results suggest that the HR/V ̇O2 relationship might be steeper in concentric compared to eccentric-based exercises, supporting a different coupling of the cardiovascular and metabolic responses during DR vs UR. The mechanistic bases of such specific HR responses to DR is presently unclear [START_REF] Lipski | Cardio-pulmonary responses to incremental eccentric and concentric cycling tests to task failure[END_REF][START_REF] Dufour | Deciphering the metabolic and mechanical contributions to the exercise-induced circulatory response: insights from eccentric cycling[END_REF] , but might be related to increased ground reaction forces [START_REF] Gottschall | Ground reaction forces during downhill and uphill running[END_REF] already observed in DR vs UR. This could promote the activation of mechanical and/or temperaturedependent pathways of sympathetic activation [START_REF] Gladwell | Heart rate at the onset of muscle contraction and during passive muscle stretch in humans: a role for mechanoreceptors[END_REF] , leading to similar HR despite lower V ̇O2 in DR vs UR.

Five-km UR TT performance is strongly correlated to parameters of aerobic fitness in highly trained athletes, with level vV ̇O2max being the most powerful predictor. Of note, V ̇O2max was not significantly correlated to 5-km UR TT performance. Previous studies exploring the physiological determinants of trail running performance (combining uphill and downhill sections) reported the paramount importance of V ̇O2max 11 or vV ̇O2max [START_REF] Scheer | Predicting Trail Running Performance With Laboratory Exercise Tests and Field Based Results[END_REF][START_REF] Balducci | Performance Factors in a Mountain Ultramarathon[END_REF] . Our results are in line with data pointing to vV ̇O2max as an important factor contributing to running performance over 3-km to marathon [START_REF] Noakes | Peak treadmill running velocity during the VO2 max test predicts running performance[END_REF] , and that V ̇O2max per se is not necessarily a strong predictor of performance in homogenous groups of trained runners [START_REF] Morgan | Variability in running economy and mechanics among trained male runners[END_REF] .

Collectively, these findings suggest that level vV ̇O2max is a key parameter for short trail races and that level vV ̇O2max might deserve dedicated training sessions in preparation for short trail performance.

We observed no correlation between 5-km UR performance and either maximal strength (absolute and relative) or local endurance of the 1ower limb muscles. This result is at odds with previous works suggesting that lower limb muscle strength might limit UR performance [START_REF] Dewolf | The rebound of the body during uphill and downhill running at different speeds[END_REF] and with recent studies indicating that maximal force of the knee extensor [START_REF] Balducci | Performance Factors in a Mountain Ultramarathon[END_REF] or local muscle endurance [START_REF] Ehrstrom | Short Trail Running Race: Beyond the Classic Model for Endurance Running Performance[END_REF] are related to trail running performance, possibly through a better maintenance of step frequency and/or step length [START_REF] Dewolf | The rebound of the body during uphill and downhill running at different speeds[END_REF] . In this regard, it should be noted that we used the half-squat movement to evaluate lower limb muscle force (maximal strength and local endurance) as this multi-articular movement was expected to be closer to the specific joint angles required during running, especially when compared to monoarticular isokinetic testing [START_REF] Ehrstrom | Short Trail Running Race: Beyond the Classic Model for Endurance Running Performance[END_REF][START_REF] Balducci | Performance Factors in a Mountain Ultramarathon[END_REF] . It should also be emphasized that our results do not discard the possibility that lower limb muscle strength plays a greater role in setting performance in longer duration competitive trails (i.e., longer than 2 h).

A commonality regression analysis, allowing to discriminate the unique and common contribution of the most predictive factors (Figure 2A) provided a model predicting 94% of the variance in 5-km UR TT performance, emphasizing the decisive role of vV ̇O2max as the first unique predictor (explaining ~68% of the variance in 5-km performance), together with BMI (~14%) and lower leg maximal strength (~2.8%), the last two parameters explaining a limited to minor part of the variance in 5-km UR performance.

The physiological factors specifically related to DR performance have never been explored albeit it was recently demonstrated that short trail running performance is significantly related to the athlete's ability in the downhill sections of the race [START_REF] Ehrstrom | Short Trail Running Race: Beyond the Classic Model for Endurance Running Performance[END_REF] . For the first time, we report that average V ̇O2 was particularly high (~85% V ̇O2max) together with high bLa values (11.3 ± 3.7 mmol•l -1 ) in 5-km DR TT performed in real conditions by highly trained athletes. This high V ̇O2 in DR TT was achieved despite the slope (-8%) was very close to the -10% value considered as the less O2 demanding in DR (i.e., lowest V ̇O2 for a given running velocity) [START_REF] Minetti | Mechanical determinants of the minimum energy cost of gradient running in humans[END_REF] . The lower oxygen demand of DR vs UR was probably partly compensated for by the much greater running velocity observed during the DR TT (20 vs 12 km•h -1 ), thereby allowing V ̇O2 to achieve such high values for DR exercises. For instance, peak V ̇O2 attained during the DR TT (~91% V ̇O2max) was greater than peak V ̇O2 (80-85% V ̇O2max) recently observed by our group during maximal DR incremental treadmill tests at -15% slope [START_REF] Lemire | Trail Runners Cannot Reach V[Combining Dot Above]O2max during a Maximal Incremental Downhill Test[END_REF] .

Although high rates of V ̇O2 were achieved during the 5-km DR TT, the performance was not correlated to V ̇O2max nor with BMI but significantly correlated to vV ̇O2max (r = -0.69; p = 0.03).

Together, these results point to vV ̇O2max as an important performance parameter in 5-km DR TT and also suggest a possible role of running economy. Because running economy has previously been shown to be related to lower limb muscle strength and/or musculotendinous leg stiffness [START_REF] Barnes | Running economy: measurement, norms, and determining factors[END_REF] , these two parameters emerge as potential contributors to DR TT performance. In line with this idea, high jump ability (SJ, r = -0.65; p = 0.04) and high force in the extensor muscles of the lower limbs are likely to be beneficial for 5-km DR TT performance (r = -0.63; p = 0.05) as both would lower the relative muscle force athletes need to generate at each ground impact and standing phase [START_REF] Bjorklund | Biomechanical Adaptations and Performance Indicators in Short Trail Running[END_REF] . Moreover, although the bouncing mechanism of running might be minimal during high velocity DR [START_REF] Dewolf | The rebound of the body during uphill and downhill running at different speeds[END_REF] , lower limb muscle strength and/or musculotendinous leg stiffness may still contribute to the production of negative/positive mechanical work during the stance phase. Therefore, high lower limb muscle strength and musculotendinous leg stiffness possibly contributed to better maintain step frequency, step length and ultimately high running velocity throughout the 5-km DR TT. In contrast, we found that higher local muscle endurance, as assessed by the number of repetitions at 45% 1RM, is not beneficial but rather detrimental to 5-km DR performance in our group of subjects (r = 0.73; p = 0.02).

Although somewhat counterintuitive, this result might be specific to our homogenous group of highly trained runners or related to specific muscle fiber type recruitment in DR (i.e., eccentric muscle actions) vs UR (i.e., concentric muscle contractions) running [START_REF] Vogt | Eccentric exercise: mechanisms and effects when used as training regime or training adjunct[END_REF] . Indeed, the faster running velocities, shorter ground contact times and greater ground reaction forces in DR might preferentially require type II glycolytic rather than type I oxidative muscle fiber activation, possibly explaining how bLa was similar despite lower V ̇O2 in DR vs UR.

A key role of lower limb muscle strength and musculotendinous leg stiffness in 5-km DR TT performance is further supported by commonality regression analyses, which provided a model explaining 84% of the variance in 5-km DR performance. Maximal strength of the lower limb muscle emerged as the first unique predictor (explaining ~51% of the variance in 5-km DR performance).

Second and third unique predictors were vV ̇O2max and musculotendinous leg stiffness, respectively explaining 48 and 10% of the variance in 5-km DR TT performance. Of note, the addition of the respective contributions of these three unique predictors to the total variance exceed 100% since these parameters shared some suppressor effects, thereby limiting the prediction of the model to r² = 0.84.

v. Conclusion:

The present study investigated UR and DR TT performances in 'real conditions' (i.e., outdoor) and established level running vV ̇O2max as a major performance factor in both UR and DR conditions. The high values of V ̇O2, V ̇E and HR observed in DR TT suggest that high intensity DR training sessions can be performed at -8% slope with the possibility to achieve high velocities (i.e., mechanical stimulation) and high levels of aerobic energy turnover (i.e., metabolic stimulation) in highly-trained runners. Furthermore, our results emphasize the key role of maximal strength and musculotendinous leg stiffness in the lower limbs for DR performance and provide a rationale to include lower limb independent predictor in the total regression effect (i.e., r 2 ). The sum of common and unique effects for each model corresponds to the total regression effect (i.e., total r 2 ).

  RM and local muscle endurance corresponded to 97.5±12.1 kg and 96±30 repetitions. No correlation was observed between UR performance and lower limb maximal muscle strength nor to local muscle endurance (p > 0.05). However, DR performance time was inversely correlated to the relative lower limb maximal strength (r = -0.63; p < 0.05) and positively correlated with lower limb local muscle endurance (r = 0.73; p < 0.05). Lower limb maximal strength and lower limb local muscle endurance were inversely correlated (r = -0.68; p < 0.05). Performance times over the 20-m linear sprint, Pro agility and V-cut tests were 3.35±0.19, 5.38±0.43, 7.55±0.71 s respectively, whereas SJ, CMJ and leg musculotendinous stiffness were established at 28.1±3.4 cm, 28.5±3.8 cm and 24.2±3.4 kN⋅m -1 . None of these parameters correlated to UR performance (all p > 0.05) and only SJ correlated to DR performance (r = -0.65; p < 0.05).

Figure captions Figure 1 .

 captions1 Figure captions

Figure 2 .
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Table 1 : Comparison between time-trials average, peak values and incremental test maximal reached values

 1 Note. N = 10 athletes. Incremental test values are presented as maximal mean ± SD. Uphill and downhill running values are means and peaks ± SD. § p < 0.05 vs UR; $ p < 0.1 vs UR; * p < 0.05 vs incremental test; ¤ p < 0.1 vs incremental test. From top to bottom: oxygen uptake (V ̇O2), minute pulmonary ventilation (V ̇E), respiratory frequency (RF), tidal volume (TV), heart rate (HR), blood lactate (bLa) and ambient temperature.

		Incremental	Uphill running	Downhill running
		test Max values Mean values	Peak values	Mean values	Peak values
	V ̇O2 (l•min -1 )	4.6 ± 0.5	4.0 ± 0.4 *	4.5 ± 0.5	3.8 ± 0.4 *$	4.2 ± 0.5 * §
	V ̇O2 (ml•min -1 •kg -1 )	70.0 ± 6.0	62.4 ± 3.4 *	69.3 ± 4.2	59.4 ± 3.4 *$	64.7 ± 3.2 * §
	V ̇E (l•min -1 )	157.5 ± 19.2 144.3 ± 16.8 * 152.8 ± 16.1 ¤ 143.7 ± 21.0 * 152.0 ± 22.2 *
	RF (breaths•min -1 )	63.6 ± 8.9	58.1 ± 7.4 *	57.6 ± 8.2 *	64.2 ± 11.4 §	62.3 ± 12.1 §
	TV (l)	2.5 ± 0.3	2.5 ± 0.3	2.7 ± 0.4 *	2.3 ± 0.4 * §	2.5 ± 0.5 §
	HR (bpm)	182 ± 11	171 ± 11 *	178 ± 12 *	172 ± 9 *	178 ± 10 *
	B[La] before test	1.7 ± 0.4	1.8 ± 0.4	2.3 ± 0.6
	(mmol•l -1 )					
	B[La] 3 min after test	13.1 ± 3.6	11.8 ± 3.2	11.3 ± 3.7
	(mmol•l -1 )					
	Ambient temperature	22 ± 2	19 ± 6	19 ± 4
	(°C)					
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strength and conditioning sessions as recurrent parts of the training programs [START_REF] Balducci | Performance Factors in a Mountain Ultramarathon[END_REF] , ultimately optimizing trail runners' performance.

vi. Practical Implications:

Five-km downhill running (~15 min duration at -8% slope) allows reaching close to maximal heart rate and ventilation rates (both ~97%) and high but still submaximal peak oxygen uptake (i.e., ~91% V ̇O2max).

Velocity associated with V ̇O2max is an important predictor for both 5-km uphill and downhill running performance and therefore should not be neglected in trail runners training programs.

Body mass index contributes significantly to 5-km uphill running performance, emphasizing the need for proper nutrition and body mass control.

Lower limb maximal strength and musculotendinous leg stiffness emerge as significant predictors of 5-km downhill running performance, emphasizing the need for trail runners to include strength and conditioning exercises as an important part of their training programs.