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Introduction

In recent years, lead climbing and bouldering have evolved towards more and more complex and dynamic movements. This evolution results in an increasingly used of stretch-shortening cycles in high level climbing gesture, especially for the upper limbs. Literature has demonstrated that lower limbs countermovement could significantly enhance vertical jump test performance [START_REF] Van Hooren | Influence of muscle slack on high-intensity sport performance: A review[END_REF], which represents a widely and reliable evaluation of lower-body explosive power [START_REF] Tessier | Lower-Limb Power cannot be Estimated Accurately from Vertical Jump Tests[END_REF]. In the same way, arm-jump test has been validated to be useful in climbers level evaluation [START_REF] Laffaye | Upper-limb power test in rock-climbing[END_REF], [START_REF] Draper | Sport-specific power assessment for rock climbing[END_REF],but none is known about stretch-shortening cycle effect on pull-up jump performance. The aim of this study is to explore countermovement effects on upper limbs dynamic movement while performing arm jump tests.

Method

Six skilled climbers over 7c French grade performed 4 trials of two forms of arm-jump test: classic concentric pull-up (ConPU) and countermovement pull-up (CMPU). The ConPU starts from a static position at 120° elbow flexion and includes only an ascending phase whereas the CMPU is initiated from 90° elbow flexion angle and comprises a downward phase immediately followed by an upward phase, involving stretch-shortening cycle. Climbers were asked to realize an explosive pull-up movement releasing both hands simultaneously in order to slap as high as possible. Each participant was equipped with an adapted Qualisys marker set to measure upper-limbs displacement and the maximal vertical displacement of the hands Hmax. Two three-axis force sensors were used to measure each hand reaction force on the holds during the movement. The resultant vertical force component Fz(t) of the 2 hands was used to evaluate maximal vertical force, normalized to the climber's weight, Fmax and mean pull-up power Pmean= 

Results

Comparison between CMPU and ConPU performances Hmax shows a significant difference (p<0.05) in favour of the CMPU (Figure 1). The calculated mean power Pmean shows significant differences between modalities as presented in . No significant difference has been found concerning maximal normalized force values Fmax across the different modalities (1.51±0.11 for CMPU and 1.49±0.14 for ConPU).
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  the climber's mass and T was the duration of pull-up impulse. A Linear Mixte Model was used to perform the different statistical tests, in order to account for inter-individual variability.

Figure 1

 1 Figure 1 Comparison between the mean power Pmean and the Hmax in CMPU and ConPU. (* p<0.05)

Discussion

The stretch shortening cycle involved in the CMPU induces a significant increase (6%) in the arm-jump performance. This improvement is coupled with an enhancement of the arm power (30%) produced during the impulse. However, the magnitude order of the maximal force exerted on the holds remains the same in both types of arm-jumps. Therefore, stretch shortening cycle appears as a determinant factor to reach holds at a faraway location. While the multiple mechanisms underlying the improvement in vertical jump performance due to lower limb stretch-shortening cycle are well described in the literature [START_REF] Van Hooren | Influence of muscle slack on high-intensity sport performance: A review[END_REF], [START_REF] Van Hooren | The Difference between Countermovement and Squat Jump Performances: A Review of Underlying Mechanisms with Practical Applications[END_REF], further investigations will be needed to understand how upper-limb countermovement contributes to arm-jump performance enhancement. Grant: This study was partly funded by the ANR PPR STHP 2020 (project PerfAnalytics, ANR 20-STHP-0003) and UGA Cross Disciplinary Program SportPerfHealth.