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Do serve distance and net height modify serve biomechanics in young tennis players?
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ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

4 87 U12 tennis players to serve closer from the net and with a lower net height [START_REF] Elliott | Technique development in tennis stroke production[END_REF] than recommended 88 by the different tennis programs for kids (Tennis 10s, Galaxie Tennis, MLC Tennis Hot Shots).

89

While coaches are encouraged to decrease the serving distance and the height of the net 90 to favor serve acquisition, effectiveness and offensive intentions in young tennis players [START_REF] Elliott | Technique development in tennis stroke production[END_REF] , the 91 immediate effect of these scaling constraints on serving kinematics, joint kinetics, and injury 92 risks is largely unknown and need to be considered. Consequently, the aim of this study was to 93 determine the influence of serving conditions (serving distance and height of the net) on the 94 serve biomechanics in young tennis players. We hypothesize that ball speed, racket velocity, 95 upper and lower limb joint kinematics would be increased and upper limb joint kinetics would 96 be decreased when the serving distance and the height of the net are reduced. 142 [START_REF] Martin | Upper limb joint kinetic analysis during tennis 432 serve: Assessment of competitive level on efficiency and injury risks[END_REF] . The moment of inertia of the racket about its mediolateral axis was computed using the 143 parallel axis theorem and published racket ''swing weight'' data as 144 recommended in the literature [START_REF] Elliott | Technique effects on upper limb loading in the 442 tennis serve[END_REF] . Racket moment of inertia about the long axis was calculated 145 as reported in the literature [START_REF] Brody | The moment of inertia of a tennis racket[END_REF] :

146

𝑚𝑜𝑚𝑒𝑛𝑡 𝑜𝑓 𝑖𝑛𝑒𝑟𝑡𝑖𝑎 (𝑘𝑔 • 𝑚 -2 ) = (𝑚𝑎𝑠𝑠 𝑥 ℎ𝑒𝑎𝑑 𝑤𝑖𝑑𝑡ℎ 2 ) 17.75
147 Racket moment of inertia about its anteroposterior axis was defined as the sum of the racket's 148 other two principal moments of inertia [START_REF] Brody | The moment of inertia of a tennis racket[END_REF] .

149 For each of the three serving conditions, the magnitudes of ball speed, kinematic and 150 kinetic parameters were averaged for each player. One-way analysis of variance with repeated 151 measures was used to analyze the effect of the three serving conditions on ball speed, serve 152 kinematics and kinetics. When significant main effects were present, post hoc pairwise 153 comparisons were undertaken using a Holm correction to determine the source of difference.

154 Where data were not normally distributed, significance was determined using a Friedman 333 ("red", "orange", "green") from different tennis training programs [START_REF]ITF rules of tennis[END_REF] . In the literature, previous 334 research analyzing the playing structure in young players identifies a severe problem at the 335 transition from the "orange" court to the "green" court [START_REF] Schmidhofer | A comparison between the structure in elite tennis 426 and kids tennis on scaled courts (Tennis 10s)[END_REF] . Consequently, an intermediate stage, 336 called "lime" court with a baseline located at 10.39 m from the net (between orange and green 337 courts) was introduced in the Austrian Tennis System but not in the ITF Tennis Play & Stay 338 Program [START_REF] Bayer | A comparison of the playing structure in elite kids tennis 448 on two different scaled courts[END_REF] . Future research should take into account this new serve distance and should evaluate 339 the effect of an ideal resized serve distance based on the average body heights of the players 340 involved in the experimentation. In this study, we decided that players served only with "green 341 balls" which are 25% slower than yellow ones. A previous study showed that the use of a green 342 balls increased rally speed, allowed players to strike the ball at a lower (more comfortable) 343 height on their groundstrokes and increased the number of balls played at the net [START_REF] Kachel | The effect of ball compression on the match-play 489 characteristics of elite junior tennis players[END_REF] . However, 344 this study showed that ball compression had no effect on the relative number of winners, 345 forehands, backhands, first serves in and double faults. It would be interesting for future 346 researches to evaluate the combined effect of different ball types ("red", "orange", "green" and 347 "yellow") and different court dimensions on upper limb joint kinematics (shoulder internal 
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  Materials and Methods99Ten young intermediate competitive tennis players (five boys and five girls, age: 10.2 ± 100 1.4 years, height: 1.41 ± 0.09 m, weight: 31.8 ± 6.7 kg), with an International Tennis Number 101 between 6 and 9 and at least 3 years of practice, participated voluntarily in this study. Eight 102 were right-handed and two were left-handed. All the players were involved in a local training 103 program coordinated by the Ille-et-Vilaine departmental Committee of the French Tennis 104 Federation. All the players were used to train and compete on tennis courts with traditional 105 dimensions (23.77 x 8.23 m) and with green balls. At the time of testing, all the players were 106 considered healthy, with no history of surgery on the dominant arm. Testing was conducted in 107 an indoor tennis court at the M2S Laboratory. Before experimentation, the players and their 108 parents provided informed consent, medical history and were fully informed of the procedures. 109 The study was approved by the local ethics committee and conducted in accordance with the 110 1975 Declaration of Helsinki. No potential conflicts of interest exist.

  the racket/hand segment, forearm, and upper arm. For the purpose of the study, 136 shoulder proximal, anterior, posterior and superior forces, shoulder internal rotation torque, 137 elbow proximal, anterior and medial forces and elbow varus torque were analyzed. The joint 138 forces and torques obtained were first computed in the reference frame R1 and were later 139 transformed to a series of anatomically relevant, righthanded orthogonal local reference frames 140 at each joint. Mean kinetic peak values were normalized: forces were divided by body weight, 141 and torques were divided by the product of body weight by height, and then multiplied by 100

  <0.20), small (0.20-0.49), moderate (0.50-0.79), or large (≥0.80), according 161 to the cutoffs suggested by Cohen[START_REF] Cohen | A power primer[END_REF] were also calculated.
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155 analysis of variance with repeated measures on ranks and a post hoc Durbin-Conover test. Post-156 hoc analysis with Durbin-Conover tests was conducted with a Bonferroni correction for 157 multiple comparisons. The level of significance was set at P .05. Furthermore, effect sizes 158 using partial eta squared (η 2 p), defined as small (.10-.24), moderate (.25-.39), or large (≥.40), 159 Kendall's W, defined as small (.10-.29), moderate (0.30-0.49) and large (≥0.50), and

Cohen d, 168 

169 Ball speed and racquet head velocity 170

The serving conditions significantly and moderately affected ball speed ( 2 (2) = 8.36;

171 P =.014; W = 0.418) that was significantly lower in green compared with red conditions (P = 172 .006; d = -.636, moderate effect). There was also a tendency toward a difference concerning 173 ball speed between green and orange conditions (P =.084; d = -.745, moderate effect).

174

The results showed a significant and moderate main effect of the serving conditions on 175 maximal racquet head velocity (F(2,18) = 5.02, P =.018, 2 p = .358). Post hoc analy sis revealed 176 a moderate but not significant effects for maximal racquet head velocity between red and orange 177 conditions (P = .104; d =.734, moderate effect) and between red and green conditions (P = .104; 178 d =.786, moderate effect) (Table

2

).

183 in green conditions than in red conditions (P = .006; d = .782, moderate effect) (Table

2

). Post 184 hoc analysis revealed also a tendency toward a large difference concerning the angle of maximal p = .511). The maximal velocity 194 of trunk flexion was largely lower in green conditions compared with red conditions (P = .004;

195 d = -1.48, large effect). There was also a tendency toward a difference concerning maximal 196 velocities of trunk flexion between green and orange conditions (P = .060; d = -.815; large 197 effect) (Table

2

).

198 No significant differences and trivial or small effect sizes were displayed between 199 serving conditions for maximal angles of back and front ankle flexion, maximal angle of front 200 knee flexion, maximal velocities of front knee extension, back and front ankle extension, upper 201 trunk longitudinal rotation, pelvis longitudinal rotation, upper arm pronation, shoulder over 202 shoulder rotation, elbow extension, wrist flexion and shoulder internal rotation (Table

2

).

208 smaller court and net sizes (length 12.80 m, net height 0.80 m) in a sample of 9 to 12 years old 209 tennis players. Indeed, our results show a moderate and immediate increase in ball speed (+1.3 319

In addition to decrease the ability to detect differences across the court conditions 320 (orange vs. green), the small sample size of this exploratory study also increases the chance of 321 type II errors and decreases statistical power. The current sample size is limited because we 322 included only young tennis players; moreover, their participation was voluntary and submitted 323 to their parents' consent. Similarly, given the small sample size, the current study lacks 324 generalizability and thus serves to encourage future work to examine and confirm the 325 immediate and positive effect of the orange court on ball speed and serve kinematics on larger 331 other serve types from varying distances. In this study, we decided to test the combined effect 332 of three serve distances and two net heights in accordance with the different scaled courts

Table 1 .

 1 Maximum shoulder and elbow kinetic values for different serve conditions (mean ± SD).

		rotation, upper arm pronation, wrist flexion…) and upper limb kinetics at impact.
	350	Practical applications
	351 From a practical point of view, our results show that reducing the serve distance and the net
	352 height appears to be a relevant drill to use when a young player has difficulty pushing upwards
	353 with the legs and/or rotating forwards with the trunk during the serve. Smaller serve distance
	354 and lower net height could also be used when young players fail to hinder the returner because
	355 theirs serves lack of speed. For example, to create a positive dynamic about the serve, a new
	356 experimental rule has been created and tested ("the forward serve") by the Tennis Brittany

Table 2 .

 2 Serve performance and kinematics for the different serve conditions (mean ± SD). *: significant main effect between serve conditions (P <0.05). $: significantly different from green and red (P <0.05). &: significantly different from green and orange (P <0.05)
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