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Table 1: Mixte contribution of the three energy pathways systems during swimming events by [START_REF] Rodríguez | Energy systems in swimming[END_REF] [START_REF] Issurin | Block periodization versus traditional training theory: a review[END_REF] ..... Table 3: Possible effects of warm up adapted from Bishop (2003) & Mcgowan et al. (2015) .. [START_REF] Bompa | Theory and methodology of training[END_REF] ; (Dick, 2002). Les sciences du sport contribuent à l'ensemble des connaissances qui influencent la pratique et la performance (Reid et al., 2004 ;Bishop, 2008). Les entraineurs restent directement responsables des athlètes et jouent un rôle essentiel dans l'évolution de leur record personnel par des méthodes d'entraînement ou de compétition [START_REF] Bompa | Theory and methodology of training[END_REF]Dick, 2002). Par conséquent, la mise en oeuvre d'un programme structuré et périodique qui traite les composantes physiques, mentales, tactiques et techniques reste primordial [START_REF] Bompa | Theory and methodology of training[END_REF]Dick, 2002).

La natation est un sport singulier qui exige une force et une endurance musculaire extrême.

Quelques fractions de seconde peuvent séparer le vainqueur de ses rivaux [START_REF] Bobo | The effect of selected types of warm-up on swimming performance[END_REF]. La performance en natation est particulièrement influencée par des interactions complexes entre les facteurs physiologiques, morphologiques, neuromusculaires, biomécaniques et techniques [START_REF] Wakayoshi | Relationship between oxygen uptake, stroke rate and swimming velocity in competitive swimming[END_REF]. Ces facteurs dépendent non seulement de l'entraînement ou de la génétique, mais aussi d'un échauffement reconnu comme source déterminante de la performance athlétique [START_REF] Bobo | The effect of selected types of warm-up on swimming performance[END_REF]Bishop, 2003). Une méta-analyse récente sur le rendement du nageur après un échauffement a révélé que 79 % des études incluses montraient des effets bénéfiques de cet échauffement sur la performance [START_REF] Fradkin | Effects of warming-up on physical performance: a systematic review with meta-analysis[END_REF]. Le jour même de la compétition, diverses stratégies sont utilisées pour améliorer la performance (Kilduff et al., 2013), la plus courante demeurant l'échauffement avant l'épreuve.

L'achèvement d'un échauffement avant une compétition demeure une pratique largement utilisée dans le sport moderne ; les athlètes et les entraîneurs considèrent que l'échauffement est essentiel pour atteindre une performance optimale. L'échauffement peut être réalisé de manière passive [START_REF] Gray | Skeletal muscle ATP turnover and muscle fiber conduction velocity are elevated at higher muscle temperatures during maximal power output development in humans[END_REF][START_REF] Gray | Skeletal muscle ATP turnover and single fibre ATP and PCr content during intense exercise at different muscle temperatures in humans[END_REF] ou active (Neiva et al., 2014 ;[START_REF] Smith | The effects of a postactivation potentiation warm-up on subsequent sprint performance[END_REF], et améliorer la performance lors de l'exercice. Les preuves scientifiques de son efficacité dans de nombreuses situations comme la performance, le temps de réaction ou la distance de départ en natation restent cependant incomplètes (Bishop, 2003 ;[START_REF] Kilduff | Effect of postactivation potentiation on swimming starts in international sprint swimmers[END_REF][START_REF] Balilionis | Effects of different types of warm-up on swimming performance, reaction time, and dive distance[END_REF]. Un échauffement à base d'exercices à haute intensité et de force, impliquant tous les segments du corps tels que les squats, est recommandé si les athlètes ne peuvent accéder à une piscine (Neiva et al., 2014). En contrepartie, les auteurs ont noté que la période de transition avant la natation se révèle longue (20 min). En conséquence, cela peut atténuer les avantages des échauffements actifs précédents (réalisés en piscine ou à sec) (Neiva et al., 2014). D'autres groupes de recherche ont également signalé que les phases de transition entre l'échauffement et l'épreuve de compétition sont longues (30 à 45 min) [START_REF] Houmard | The effect of warm-up on responses to intense exercise[END_REF]Faulkner et al., 2013). À cet égard, la potentialisation post-activation (PAP) représente une stratégie intéressante de reéchauffement (Kilduff et al., 2013). Diverses procédures permettant une PAP, telles que des contractions volontaires maximales (Chiu et al., 2003), la course en sprint [START_REF] Chatzopoulos | Postactivation potentiation effects after heavy resistance exercise on running speed[END_REF] et les sauts (Mola et al., 2014), ont montré des effets bénéfiques sur la performance.

Cependant, les effets du PAP sur la performance en natation ont rarement été étudiés et les résultats obtenus sont discordants (Hancock et al., 2015 ;Sarramian et al., 2015 ;Barbosa et al., 2016 ;Abbes et al., 2018). Les études portant sur la récupération post-échauffement, avant de produire une performance de compétition, sont rares et présentent des résultats discutables. La plupart des études ont utilisé une période de repos de 10 min entre l'échauffement et la course. Peu de données existent sur les performances des nageurs lorsque différents temps de récupération sont utilisés [START_REF] Neiva | The Effects of Different Warm-up Volumes on the 100-m Swimming Performance: A Randomized Crossover Study[END_REF]. [START_REF] Zochowski | Effects of varying post-warm-up recovery time on 200-m time-trial swim performance[END_REF] 

GENERAL INTRODUCTION

Swimming is a popular sport contested at both Olympic and World Championship level in pool and open water settings. Swimming performance is also dependent on different factors as of the psychological, anatomical and physiological aspects [START_REF] Lavoie | Applied physiology of swimming[END_REF] The improvement in swimming performance can be seen because of a large increase in strength development, power output and neuromuscular function [START_REF] Crowley | The impact of resistance training on swimming performance: A systematic review[END_REF]. it has been reported that well-developed levels of muscle strength and power play an important role in achieving high swimming performances [START_REF] Crowley | The impact of resistance training on swimming performance: A systematic review[END_REF].

In the lead up to major competitions, swimming coaches and sport scientists spend many hours ensuring their athlete's training and recovery strategies are appropriate to elicit optimal performance. However, on competition day itself, there are additional opportunities in which event performance might be improved by using various preconditioning strategies (Kilduff et al., 2013), the most common being the pre-competition warm-up. Warming up prior to a competition has a long tradition and is considered by athletes and coaches to be an essential part in order to attaining optimal performance

The sports sciences and the preparation of athlete's methods are continuously evolving.

This evolution is mainly based upon an ever-expanding understanding of how the body adapts to different physical and psychological stressors. Contemporary sports scientists continue to explore the physiological and performance effects of various training interventions, recovery modalities, nutritional countermeasures, and biomechanical factors to increase the performance capacity of the modern athlete (Dick, 2002 ;[START_REF] Bompa | Periodization: Theory and methodology of training[END_REF]. Sport sciences can contribute to the body of knowledge that influences athletic practice and performance, which could have a significant and positive effect on the sports environment (Reid et al., 2004 ;Bishop, 2008). In another hand, coaches are directly responsible for the athletes and play a vital role in enhancing their performance through methods in training or competition (Dick, 2002 ;[START_REF] Bompa | Periodization: Theory and methodology of training[END_REF]. This is achieved by implementing a structured, periodized program that simultaneously addresses physical, mental, tactical and technical components (Dick, 2002 ;[START_REF] Bompa | Periodization: Theory and methodology of training[END_REF].

Swimming is a very demanding sport which requires extreme muscle strength and endurance. Only fractions of a second may separate the winner from the opponents [START_REF] Bobo | The effect of selected types of warm-up on swimming performance[END_REF].

The swimming performance, specifically, is influenced by complex interactions between physiological, morphological, neuromuscular, biomechanical, and technical factors [START_REF] Wakayoshi | Relationship between oxygen uptake, stroke rate and swimming velocity in competitive swimming[END_REF]. These factors not only depend on training, genetics, and opportunity but also can be influenced by a "warm-up," recognized as a primary factor in athletic performance [START_REF] Bobo | The effect of selected types of warm-up on swimming performance[END_REF]Bishop, 2003). A recent meta-analysis investigating the changes in performance after a warm-up found that 79 % of the included studies showed improvements in the subsequent physical activity [START_REF] Fradkin | Effects of warming-up on physical performance: a systematic review with meta-analysis[END_REF].

Completion of a warm-up prior to a competitive exercise bout is a widely accepted practice within modern sport; athletes and coaches believe that warm-up is very essential to attain optimal performance. Both passive [START_REF] Gray | Skeletal muscle ATP turnover and muscle fiber conduction velocity are elevated at higher muscle temperatures during maximal power output development in humans[END_REF][START_REF] Gray | Skeletal muscle ATP turnover and single fibre ATP and PCr content during intense exercise at different muscle temperatures in humans[END_REF] and active (Neiva et al., 2014 ;[START_REF] Chad | The effects of a postactivation potentiation warm-up on subsequent sprint performance[END_REF] warm-up strategies can enhance subsequent exercise performance.

Although warm-up has long been recognized as an essential procedure for optimal performance in different sports including swimming [START_REF] Bobo | The effect of selected types of warm-up on swimming performance[END_REF]Bishop, 2003), scientific evidence supporting its effectiveness in many situations as in swimming performance, reaction time or dive distance is still lacking (Bishop, 2003 ;[START_REF] Kilduff | Effect of postactivation potentiation on swimming starts in international sprint swimmers[END_REF][START_REF] Balilionis | Effects of different types of warm-up on swimming performance, reaction time, and dive distance[END_REF]. A dryland-based warm-up completed at high-intensity, involving all body segments and strength exercises such as back squats, was also recommended if swimmers are unable to access a swimming pool (Neiva et al., 2014). Interestingly, the authors noted that the transition phase in swimming is lengthy in duration (> 20 min) and this may in turn mitigate the benefits of the previous active warm-ups (pool-or dryland-based) (Neiva et al., 2014). Lengthy transition phases of 30-45 min have also been reported by other research groups investigating swimming [START_REF] Houmard | The effect of warm-up on responses to intense exercise[END_REF]Faulkner et al., 2013). In that regard, post-activation potentiation (PAP), is proposed as one of those preconditioning strategies for an optimal re-warm-up strategy (Kilduff et al., 2013).

Post-activation potentiation has been shown to have beneficial effects on performance in a wide variety of activities such as maximal voluntary contractions (Chiu et al., 2003), sprint running [START_REF] Chatzopoulos | Postactivation potentiation effects after heavy resistance exercise on running speed[END_REF], and sprinting and jumping (Mola et al., 2014). However, data on the effects of PAP in swimming performance are scant and inconsistent (Hancock et al., 2015 ;Sarramian et al., 2015 ;Barbosa et al., 2016 ;Abbes et al., 2018). Regarding the post-warm-up recovery, the literature is scarce and unclear. Most studies about warm-up in swimming used a 10 min period of recovery between warm-up and the swimming trial, and few data are known about the swimmers' performances when different recoveries are used [START_REF] Neiva | The Effects of Different Warm-up Volumes on the 100-m Swimming Performance: A Randomized Crossover Study[END_REF]. [START_REF] Zochowski | Effects of varying post-warm-up recovery time on 200-m time-trial swim performance[END_REF] concluded that a post-warm-up recovery time of 10 min is more beneficial to 200-m swimming time-trial performance rather than 45 min. However, this 10 min is difficult to implement in a swimming competition meeting, due to the fact that the swimmers must report to a call room 15-20min before the start of the race (Fina, 2015). Using higher rest periods, [START_REF] Wei | Influence of post-warm-up recovery time on swim performance in international swimmers[END_REF] found that 200 m swimming times were better with 20 min rest instead of 45 min.

Therefore, it seems relevant to examine the effect of post activation potentiation post-warm-up on short races, e.g. 50m, complementing those findings with biomechanical and physiological assessment. Moreover, before knowing the effect of dry-land re-warm-up, one should clearly know also the effects of the specific in-water post activation potentiation.

The 50-m freestyle is the shortest and fastest event in the Olympic Games, typically lasting less than 22 s at the elite level and less than 25 s for young elite swimmers. The tight margins amongst swimmers in the international swimming events is around 1s and may be due to the narrow spectrum of speed in swimming, caused by the effect of water resistance [START_REF] Greco | How narrow is the spectrum of submaximal speeds in swimming?[END_REF]. Given the predominantly anaerobic nature of such a short duration intensive effort (Chamari and Padulo, 2015) and that power through the arm pull in freestyle sprinting is a determinant of swimming speed in elite swimmers [START_REF] Sharp | Relationship between power and sprint freestyle swimming[END_REF].

Considering the abovementioned, the main purpose of this thesis was to analyze the effect of PAP on 50m crawl swimming performance in swimmers. In addition, it was our purpose to verify the impact of this PAP as a re-warm-up procedure during the transition period (post-warmup), conducting a performance, biomechanical, physiological and psychophysiological evaluation of the swimmers.

The thesis is developed according to the following sequence:

-Chapter 2 presents a qualitative review based on the different studies regarding the Factors determining swimming performance and the different type of warm-up implemented by athletes and coaches to enhance performance.

-Chapter 3 shows the personal contribution, with experimental studies developed to accomplish the main aim of this thesis:

- Then, a general discussion of the results is proposed on the studies performed, followed by the main conclusion and perspectives . Some suggestions for future research are also presented.

'

REVUE DE LITTERATURE CHAPTER 1

"COMPETITIVE SWIMMING DEMANDS

LES EXIGENCES DE LA NATATION

COMPÉTITIVE

Introduction

Swimming is unique compared to other individual sports due to the aquatic environment, the body position in the water, the simultaneous use of higher and lower body members in different strokes during propulsion, immersion, hydrostatic chest pressure, controlled breathing. This will result in more resistance forces that will be, in part, determinants of swimming performance compared to other sports (Foster, 1994). This distinctiveness introduces unique physiological and anthropometric training adaptations in swimming athletes that may not correlate with land-based measures [START_REF] Quirke | Wearable Resistance Technology to Enhance Swimming Performance[END_REF].

International competition in aquatic sports is governed by the Fédération Internationale de Natation (FINA), which includes the sports of diving, open-water swimming, swimming, synchronized swimming, and water polo. All these aquatic sports place exceptional physical demands on the competitors both in their competitions and in training. These demands are variable, and include, depending on the sport, size, muscular strength, anaerobic power, neuromuscular skill and coordination, aesthetic and artistic quality, and aerobic endurance (Pyne and Sharp, 2014).

According to [START_REF] Wei | Influence of post-warm-up recovery time on swim performance in international swimmers[END_REF]: "nowhere in sport is performance so dependent on the interaction of the athlete with the surrounding medium than in competitive swimming." Competitive swimming is about maintaining the greatest speed while simultaneously overcoming the water resistance over a given distance with an efficient and skillful manner [START_REF] Dingley | Effectiveness of a dry-land resistance training program on strength, power, and swimming performance in paralympic swimmers[END_REF]. Elite competitive swimmers have specific morphological and physiological characteristics compared to other athletes. However, two primary factors in determining swimming performance (Girold et al., 2007), particularly over sprint distances [START_REF] Toussaint | Strength power and technique of swimming performance: Science meets practice[END_REF] are muscular strength and power.

La nage en Crawl -Freestyle Swimming (Front-Crawl)

In international competition, swimming races are held in each of the competitive strokes including freestyle (usually front crawl), backstroke, breaststroke, and butterfly. Freestyle is the most economical of the strokes, followed by backstroke, butterfly, and breaststroke [START_REF] Barbosa | The interaction between intra-cyclic variation of the velocity and mean swimming velocity in young competitive swimmers[END_REF]. Competitions are held either in short-course pools (25 m) or long-course pools (50 m).

During the short-course season of international competition, race distances of 50, 100, and 200 m are held for each of the four stroke styles. In addition, freestyle events of 400, 800, and 1,500 m are also swum (Pyne and Sharp, 2014). Because of the different distances in competitive swimming, the swimmers can be classified as sprinters or distancers, which usually requires different type of physical qualities [START_REF] Stager | Handbook of Sports Medicine and Science Swimming -second edition[END_REF]. In our thesis, the main stroke of our research will be focused on freestyle (Front-crawl) and during a sprint distance of 50m (Sprinter swimmers).

Freestyle is the most common swimming stroke used, particularly at elite level. Performance is controlled by the stroke technique, physiology, and anthropometry. Together they determine how the swimmer interacts with the fluid in order to generate both propulsion and drag [START_REF] Cohen | The Role of the Hand During Freestyle Swimming[END_REF].

The contribution of the arms to total propulsion during freestyle has been reported to exceed 85% of the total thrust in studies by [START_REF] Bucher | The Influence of the Leg Kick and the Arm Stroke on the Total Speed During the Crawl Stroke[END_REF] and [START_REF] Hollander | Contribution of the legs to propulsion in front crawl swimming[END_REF]. The legs were shown using swimming trials with and without leg kicking to contribute only about 10% to maximal freestyle speed [START_REF] Deschodt | Relative contribution of arms and legs in humans to propulsion in 25-m sprint front-crawl swimming[END_REF].

Caractéristique du nageur compétitive:

-Swimmer's characteristics

Achieving high performance in swimming requires the specific development of different qualities that will characterize the swimmer. Performance, thus, becomes the product of the whole human being biologically functioning, but also the cognitive, attentional, motor, energetic and functional processes. Since 2006, a new trend in swimming research emerged called the "Interdisciplinary assessment" (Barbosa et al., 2010 ;[START_REF] Vilas-Boas | Determination of the drag coefficient during the first and second gliding positions of the breaststroke underwater stroke[END_REF]. It is based on the "holistic approach"

and "the deterministic model." It is defined as the interplay of several scientific and the deeper understanding of the variables that determine swimming and how they interplay to enhance performance (Figure 1) [START_REF] Barbosa | Proposal of a deterministic model to explain swimming performance[END_REF].

Figure 1: The scientific variables of a deterministic model to enhance performance [START_REF] Barbosa | Proposal of a deterministic model to explain swimming performance[END_REF] Morphologie du nageur -Swimmer's morphology

Elite swimmers have been shown to be tall, have a long trunk and arms, broad-shouldered and have more muscle mass in the upper body and trunk compared to other athletes [START_REF] Reilly | Physiology of sports[END_REF][START_REF] Reis | 00m and 200m front crawl performance prediction based on anthropometric and physiological measurements[END_REF]. This increase in length and upper body dominance is due to the majority of propulsive forces in swimming being generated by the upper body with the legs being essentially used to maintain body position in the water [START_REF] Seifert | Arm coordination, power, and swim efficiency in national and regional front crawl swimmers[END_REF][START_REF] Barbosaa | Proposal of a deterministic model to explain swimming performance International Journal of Swimming Kinetics[END_REF].

Several studies have investigated the impact of morphological characteristics on the hydrodynamic resistance [START_REF] Chatard | Swimming skill and stroking characteristics of front crawl swimmers[END_REF][START_REF] Benjanuvatra | Morphology and hydrodynamics resistance in young swimmers[END_REF], undulating movements (Connaboy et al., 2009;Arellano and al., 2002), energy cost, swimming economy [START_REF] Chatard | Swimming skill and stroking characteristics of front crawl swimmers[END_REF]Kjendlie et al., 2004) and swimming technique [START_REF] Naemi | Hydrodynamic glide efficiency in swimming[END_REF]. These studies have confirmed that morphological characteristics have a big impact in swimming quality and may vary from each individual. According to [START_REF] Charles | The evolution of speed, size and shape in modern athletics[END_REF], world records were broken in sprint events because of the swimmer's morphology getting bigger. [START_REF] Dufour | Morphologie et performance chez les sportifs de haut niveau: cas du hand ball et de la natation[END_REF], reported in a study about gender that the time difference was more related to gender dimorphism than to swimming technique. The study concluded that the difference in performance is mainly due to the differences in size between both sexes, rather than a different swimming quality.

Freestyle swimming can be divided into propulsive-and recovery phase. Propulsive phase is when the hand enters the water above the head and goes backward against the hips and upward toward the surface of the water (Fig. 1). The upper body muscles used in the beginning and the end of the propulsive phase are primarily latissimus dorsi, pectoralis major and biceps brachii (Fig. 2) [START_REF] Mcleod | Swimming anatomy: Your illustrated guide for swimming strength, speed and endurance[END_REF]. During the main propulsive phases, termed the pull and push, the hand moves in an underwater "s" shape. This is usually considered to be an effective way to maximize the amount of still water the hand comes into contact with and therefore maximize the propulsion [START_REF] Counsilman | The Science of Swimming[END_REF].

Figure 2: Propulsive-and recovery phase during freestyle swimming [START_REF] Maglischo | Swimming fastest Champaign, Ill[END_REF] Figure 3: Muscles active during freestyle swimming [START_REF] Mcleod | Swimming anatomy: Your illustrated guide for swimming strength, speed and endurance[END_REF] Breathing during freestyle swimming is known to affect performance, especially during short sprinting events where it leads to a reduction in speed [START_REF] Pedersen | The effect of the breathing action on velocity in front crawl sprinting[END_REF].

Swimmers partake in both endurance and resistance training concurrently and utilize all three energy systems, therefore exhibit a full range of fiber types. Motor units are recruited in a ramplike fashion, and the energy demands of the length of the event determine which fiber types are preferentially recruited (Feiereisen et al., 1997).

In swimming, elite sprinters are characterized by a high proportion of type II fibers, while distance athletes have a high distribution of type I fibers. Muscles can contain a combination of the fiber types, which is desirable in middle-distance swimming [START_REF] Stager | Handbook of Sports Medicine and Science, Swimming[END_REF]. Sprint events utilize all three fiber types [START_REF] Troup | The physiology and biomechanics of competitive swimming[END_REF], Intramuscular adenosine triphosphate (ATP), phosphocreatine (PCr), and glycogen stores are the main fuel sources during high-intensity exercise [START_REF] Bergstrom | Nutrition for maximal sports performance[END_REF]. Type IIb fibers are preferentially recruited due to the explosive forces required in sprint events. Type IIb fibers produce high forces in short times, but they are fatigue sensitive [START_REF] Burke | Motor units: Anatomy, physiology, and functional organization[END_REF], which will limit performance during sprint swimming.

According to [START_REF] Zamparo | Effect of the underwater torque on the energy cost, drag and efficiency of front crawl swimming[END_REF], swimming efficiency is influenced by the length of the body segments. He added that children, with a short distance between the centre of gravity and the buoyancy centre comparing to adults, performed slower. Chatard also showed that length (1985), mass (1985) and body surface (1990) affected the energy costs.

Genetique du nageur -Swimmer's genetics

According to Ben-Zaken (2017), efforts to identify significant genes that promote athletic excellence are difficult, mainly because each possible gene makes only a small contribution to the overall heritability. Nevertheles, they showed that IGF 1245Y and MSTN 153R genes were more present among long-distance swimmers than sprinters. Previously, the same team [START_REF] Ben Zaken | ACTN3 Polymorphism: Comparison Between Elite Swimmers and Runners[END_REF] found no significant differences in the presence of the ACTN3 R577X gene between longdistance and short-distance swimmers

In another hand, Anthero-Jacquemin J (2013) reported a strong link between familiar genes and performance. A study by Costa et al. (2009) highlighted that the angiotensin converting enzyme (ACE) D allele seems to be overrepresented among elite athletes, who compete in power oriented events [START_REF] Nazarov | The angiotensin converting enzyme I/D polymorphism in Russian athletes[END_REF], and the I allele among elite endurance athletes [START_REF] Collins | The ACE gene and endurance performance during the South African Ironman triathlons[END_REF].

Furthermore, Woods (2001) reported an excess frequency of the D allele overall among competitive swimmers,, with no significant variation in I allele frequency by event distance (>400m and < 400m). [START_REF] Nazarov | The angiotensin converting enzyme I/D polymorphism in Russian athletes[END_REF] stratified swimmers in three event groups with different durations (<1min, 1-20min, >20min) not by regular trial distance, and found an excess of the D allele in short distance swimmers (P = 0.042) and of the I allele in middle distance swimmers (P = 0.042).

Athletes with a favourable genetic profile and interacting in a suited environment are more likely to reach the very high level, but there are several conditions which reduces predictability. Our difficulty to understand this complexity makes genetics of performance a difficult variable to use [START_REF] Roth | Critical overview of applications of genetic testing in sport talent identification[END_REF].

Aspects psychologiques et socio-culturels -Psychology & social variables

Motivation is another important variable that differentiates young athletes. It seems that a good sport and education system, providing opportunities for all and the autonomy to choose your own path at the right time, remains the best way to improve performance and join the high level sphere [START_REF] Gonçalves | Why do they engage in such hard programs? The search for excellence in youth basketball[END_REF] Le Sprinteur

-The Sprinter

The importance of good sprint performance is evident in team competitions in swimming, as not only are there many points scored from multiple short individual events, but sprinters contribute vitally important relay points. These individuals appear to be able to sprint for 20-30 s (swim the 50 or 100 m) and fatigue at distances less than 100 m. Aquatic sprint events rely heavily on energy provision mainly from muscle stores of high-energy phosphates (adenosine triphosphate, adenosine diphosphate, creatine phosphate). There is evidence that the capacity, power, and recovery of this energy system can be modified with appropriate training [START_REF] Hirvonen | Breakdown of high-energy phosphate compounds and lactate accumulation during short supramaximal exercise[END_REF] and diet [START_REF] Greenhaff | Influence of oral creatine supplementation on muscle torque during repeated bouts of maximal voluntary exercise in man[END_REF]. Consequently, training using repeated supramaximal efforts is often used in an attempt to create adaptations of this energy system as a means to enhance muscle's ability to reach peak velocities as quickly as possible and maintain race speeds for the duration of the event (Pyne and Sharp, 2014).

Arm span (from finger tip to finger tip with the arms perpendicular to the body) is generally equal to body height. In talented sprinters, arm span tends to be 6-10% greater than height. Hand size is important, as is foot size. Surprisingly, the best sprinters are also shown to be the best kickers, and maximal kick velocity correlates with sprint swim time very highly [START_REF] Stager | Peripheral adaptations: the skeletal muscles[END_REF]. However, this does not mean that these specific traits are absolute requirements for outstanding sprint performance, as there are always successful individuals who might be seen as exceptions to these generalities. In these cases, it may be the intangible factors that contribute the most to outstanding performance.

Le niveau du nageur -Swimmer Level (Elite/Sub-elite)

Elite-level athletes have been well characterized compared with sub-elite adolescents. According to several studies, Elite competitors have larger anaerobic capacities and smaller rates of adjustment (larger use of the anaerobic system) during high-intensity exercise as compared to their sub-elite counterparts [START_REF] Medbo | Effect of training on the anaerobic capacity[END_REF][START_REF] Troup | Performance-related differences in the anaerobic contribution of competitive freestyle swimmers[END_REF]. For example, the world-class swimmer has a larger anaerobic ability and will derive more energy from anaerobic sources to meet the energy demands of the exercise; thus, the rate of change of his or her oxygen kinetic curve will be relatively flat. On the other hand, the national caliber swimmer will not be able to rely on his or her anaerobic energy stores for very long (because they are relatively small), and the slope of his or her oxygen kinetic curve will be relatively steep.

From 12 years on, top-elite swimmers progressively outperformed swimmers of similar age, and there is a wide variety in the age at which male and female top-elite swimmers start to perform at high-competitive, sub-elite, elite and top-elite level [START_REF] Post | Multigenerational performance development of male and female top-elite swimmers-A global study of the 100 m freestyle event[END_REF]. This progressive trend not only characterizes the differences between performance groups, but also the variety within the top-elite performance group [START_REF] Post | Multigenerational performance development of male and female top-elite swimmers-A global study of the 100 m freestyle event[END_REF].

Les facteurs déterminants de la performance -Factors determining swimming performance

The dynamics of performance in professional sport requires a systematic improvement of the training process. Researchers are constantly trying to find and classify factors which determine the highest precision in performance. Competitive swimming is one of the popular sports to be researched extensively. The aquatic environment presents specific challenges for humans. Hence, the huge research has given special emphasis for a multifactorial process that involves several scientific domains, such as the anthropometric [START_REF] Geladas | Somatic and physical traits affecting sprint swimming performance in young swimmers[END_REF][START_REF] Latt | Physiological, biomechanical and anthropometrical predictors of sprint swimming performance in adolescent swimmers[END_REF], hydrodynamics (Kjendlie andStallman, 2008), Biomechanics (Jurimae et al., 2007 ;Barbosa et al., 2010) and physiological/ energetics [START_REF] Poujade | Determinants of the energy cost of front-crawl swimming in children[END_REF][START_REF] Greco | Effects of gender on stroke rates, critical speed and velocity of a 30-min swim in young swimmers[END_REF][START_REF] Barbosa | The influence of stroke mechanics into energy cost of elite swimmers[END_REF] as the major determinants in enhancing swimming performance. But since 2006, the trend in swimming research is the "Interdisciplinary assessment" (Barbosa et al., 2010 ;[START_REF] Vilas-Boas | Biomechanics and Medicine in Swimming: Past, present, future[END_REF]. This "Interdisciplinary assessment" is based on the "holistic approach." This can be defined as the interplay of several scientific domains and how those variables determine a given outcome (for the case, the swimming performance).Thus, a performance indicator is a selection, or combination of variables that aim to define some (or all) aspects of a performance [START_REF] Hughes | What is performance analysis?[END_REF] Anthropométrie -Anthropometric

Swimming as an individual discipline requires special predisposition of an athlete. One of them is the body shape and composition. Nowadays, sport at the highest level makes higher demands on athletes.

In competitive swimming especially sprint front crawl, athleticism characterized by high rates of strength as well as slenderness and a long swimmer's body is well recognized [START_REF] Christensen | Relationship of maximum sprint speed and maximal stroking force in swimming[END_REF][START_REF] Chatard | Swimming skill and stroking characteristics of front crawl swimmers[END_REF][START_REF] Latt | Physiological, biomechanical and anthropometrical predictors of sprint swimming performance in adolescent swimmers[END_REF][START_REF] Morouco | Associations between dry land strength and power measurements with swimming performance in elite athletes: a pilot study[END_REF].

Anthropometric assessment included on a regular basis the measurement of lengths (e.g., height, arm span, limbs' lengths, segments diameters, etc.), areas (e.g., body surface area, hand's area, feet area), volumes and masses (e.g., body mass body volume, lean mass, fat mass) [START_REF] Barbosaa | Proposal of a deterministic model to explain swimming performance International Journal of Swimming Kinetics[END_REF].

The influence of anthropometric properties such as lean body mass (LBM), total length or length of body parts (BL) are considered as essential for achievements in age-group swimmers [START_REF] Taylor | The effects of age, maturation and growth on tethered swimming performance[END_REF]. These properties in mature swimmers become indispensable factors and are the basis in top-level racing in front crawl [START_REF] Chollet | Approche scientifique de la natation sportive[END_REF]. Swimmers specializing in sprint have higher both body mass (BM) and LBM as well as more favorable BL qualities than swimmers with endurance predispositions (Grimston [START_REF] Sk | Relationships among anthropometric and stroking characteristics of college swimmers[END_REF][START_REF] Chatard | Swimming skill and stroking characteristics of front crawl swimmers[END_REF][START_REF] Lw | Efficacy of potentiation of shot put performance through preactivity heavy medicine ball throws[END_REF][START_REF] Strzala | Physical Endurance, Somatic Indices and Swimming Technique Parameters as Determinants of Front Crawl Swimming Speed at Short Distances in Young Swimmers[END_REF]. For example, [START_REF] Geladas | Somatic and physical traits affecting sprint swimming performance in young swimmers[END_REF], found that total upper extremity length, leg power and handgrip strength could be used as predictors of 100 m front crawl performance in 12-14-year-old boys.

Additionally, the arm span (AS) is also considered a major performance determinant. It is known that swimmers should have a high AS. Practitioners suggest that a ratio of 1/1.03 should exist between the height and the AS (i.e. AS should be ~3% higher than the height). It is also correlated with stroke mechanics, namely the stroke length (SL) and stroke index (SI) [START_REF] Lw | Efficacy of potentiation of shot put performance through preactivity heavy medicine ball throws[END_REF].

Certain anthropometric characteristics must be taken into consideration in analyzing sprint swimming performance, including body height (BH), AS and LBM (Jurimae et al., 2007). [START_REF] Zampagni | Anthropometric and strength variables to predict freestyle performance times in elite master swimmers[END_REF] studied the effects of anthropometrical parameters: body weight, BH, lengths of the arm and forearm, circumferences of the arm and forearm muscles on swimming performance. They found that in a short distance of 50 m the important parameters were: age, the handgrip strength and BH.

The best anatomical landmark to use as reference point to perform a race analysis is the head/vertex, the hip or the centre of mass (CM) [START_REF] Arellano | Evaluating the technical race components during the training season[END_REF][START_REF] Jesus | 13th FINA World Championship finals: stroke kinematical and race times according to performance, gender and event[END_REF]. Hip is mainly used during race analysis or training session [START_REF] Barbosaa | Proposal of a deterministic model to explain swimming performance International Journal of Swimming Kinetics[END_REF]. The CM is mainly selected during training session or control and evaluation session (Figueiredo et al., 2009). Swimming is a locomotion technique characterized by the movement of the limbs, trunk and head. So, the location of the CM within a stroke cycle might not be at a fixed position. On the other hand, both the head/vertex and the hip have fixed locations, no matter the segment's range of motion. However, some studies reported the presence of a moderate-large bias assessing a fixed-point kinematics [START_REF] Barbosa | Comparative study of the response of kinematical variables from the hip and the center of mass in butterfliers[END_REF]Figueiredo et al., 2009 ;[START_REF] Psycharakis | Validity of the use of a fixed point for intracycle velocity calculations in swimming[END_REF]. There is 0.1 s (i.e. ~10%) time-delay [START_REF] Barbosa | Comparative study of the response of kinematical variables from the hip and the center of mass in butterfliers[END_REF], a 7% and 3% bias, for forward velocity and displacement (Fernandes et al., 2012) in the hip's vs CM's assessment, respectively.

These somatic attributes are largely inherited and determine swimming technique to a high degree.

Biomécanique/Hydrodynamique -Biomechanics / Hydrodynamics

A performance indicator is a selection, or combination of variables that aim to define some (or all) aspects of a performance [START_REF] Hughes | What is performance analysis?[END_REF]. Performance in competitive swimming is dependent on the generation of propulsive forces by upper and lower limbs. Thus, biomechanics looks at the fine details of sports techniques based on mechanics and anatomy [START_REF] Hughes | What is performance analysis?[END_REF]. Previous work in biomechanics has tended to break into two sections, focusing on Kinematic and Kinetic factors of the stroke [START_REF] Toussaint | Biomechanical aspects of peak performance in human swimming[END_REF][START_REF] Barbosa | Biomechanics of competitive swimming strokes[END_REF] 1) Cinématique -Kinematics

The goal of competitive swimming is to travel the event distance at the maximal velocity (Vs.)

since the performance is assessed by the time spent to cover that same distance [START_REF] Wakayoshi | Relationship between metabolic parameters and stroking technique characteristics in front crawl[END_REF]:

Vs. = SL x SF (1) Where Vs represent the mean swimming velocity, SL the stroke length, and SF the stroke frequency. The three kinematical variables from equation ( 1) are considered for most biomechanical assessments of swimming techniques. Besides these, there are a couple of other variables computed on a regular basis to estimate the swimming efficiency based on the Vs, SL and/or SF, such as the stroke index (SI) [START_REF] Costill | Energy expenditure during front crawl swimming: predicting success in middle-distance events[END_REF][START_REF] Fritzdorf | Analysis of speed, stroke rate, and stroke distance for world-class breaststroke swimming[END_REF]:

SI = Vs. x SL (2)
It is considered that a swimmer that can achieve a given velocity with a higher SL instead of SF will be more efficient. And the propelling efficiency (ƞp) [START_REF] Zamparo | An energy balance of front crawl[END_REF]:

ƞp = [( 𝑉𝑠 𝑥 0.9 ) 𝑥 2 ] x 100 (3)

2𝜋 𝑥 𝑆𝐹 𝑥 𝑙 𝜋

Where Vs represent the swimming velocity, SF the stroke frequency, and "l" the arm's length.

Body velocity depends from SF and SL as reported in equation (1).

SL and SF have been the focus of much research due to their importance in producing maximal speed [START_REF] Toussaint | Effect of fatigue on stroking characteristics in an arms-only 100-m front-crawl race[END_REF]. SF and SL are independent of each other [START_REF] Hay | The biomechanics of sports techniques[END_REF]) and depend on the partial duration and distance covered within each stroke cycle. As SL increases, swimmers will tend to find they need longer to complete the stroke, leading to a decrease in SR [START_REF] Hay | The biomechanics of sports techniques[END_REF][START_REF] Sanders | New analysis procedure for givign feedback to swimming coaches and swimmers[END_REF].

Many studies have highlighted the importance of SL in improving swimming performance [START_REF] Smith | Performance evaluation of swimmers: scientific tools[END_REF][START_REF] Girold | Assisted and resisted sprint training in swimming[END_REF]Figueiredo et al., 2011) and therefore maintaining mechanical propulsive efficiency throughout the race. SF has been determined as a key factor in 50m performance compared with other swimming distances (Girold et al., 2007), and has also been shown to influence Vs. Increases or decreases in Vs are due to a combined increase or decrease in SF and SL [START_REF] Toussaint | Effect of fatigue on stroking characteristics in an arms-only 100-m front-crawl race[END_REF]. Swimmers also can have "highly individual" combinations of SL and SF [START_REF] Toussaint | Effect of fatigue on stroking characteristics in an arms-only 100-m front-crawl race[END_REF] further pointing towards the need for coaches to coach the individual rather than focus on changes or improvement program for groups of swimmers [START_REF] Rushall | Several principles of modern coaching[END_REF][START_REF] Cross | Individualization of training programmes[END_REF].

Besides these variables for an "overall" assessment of the swimmers' kinematics (i.e., v, SF and SL) and efficiency (SI and ƞp) some other variables are selected to a deeper understanding of the biomechanical behavior.

The actual speed fluctuates within a stroke cycle due to the propulsive actions of the arms and legs, body-roll and breathing during swimming [START_REF] Toussaint | Biomechanics of competitive front crawl swimming[END_REF][START_REF] Tella | Effect of fatigue on the intra-cycle acceleration in front crawl swimming: a time-frequency analysis[END_REF]. These fluctuations are known in the literature as intra-cyclic velocity fluctuations or variation (IVV). IVV is considered an index of skill level and technique, with lower IVVs indicating higher skill levels [START_REF] Schnitzler | Hip velocity and arm coordination in front crawl swimming[END_REF][START_REF] Matsuda | Intracyclic velocity variation and arm coordination for different skilled swimmers in the front crawl[END_REF]. The assessment of the IVV within a stroke cycle is another approach to make an overall mechanics' assessment and estimation of the swimming efficiency.

2) Cinétique -Kinetics

In biomechanical terms, a swimmer should be able to generate high propulsive forces while keeping the opposing drag forces low, resulting in efficient swimming [START_REF] Toussaint | Biomechanics of competitive front crawl swimming[END_REF].

When propulsive and drag forces are in balance, a constant speed is reached.

Swimming is a cyclic form of locomotion in the aquatic environment whereby propulsion is generated to overcome resistive forces. Therefore, the goal for competitive swimmers is to maximize propulsion while minimizing drag, given a finite metabolic capacity [START_REF] Seifert | Arm coordination, power, and swim efficiency in national and regional front crawl swimmers[END_REF].

Propulsion is produced mainly by the arms' actions [START_REF] Deschodt | Relative contribution of arms and legs in humans to propulsion in 25-m sprint front-crawl swimming[END_REF]. Nevertheless, leg's propulsion should not be disregarded and to the best of our knowledge little is known about the leg's propulsion. Therefore, future studies under this field should also be addressed (Marinho et al., 2010).

Drag force (D) represents the resistance to move forward in a fluid environment. And can be expressed by Newton's friction equation:

1 𝐷 = 2 𝑥 𝜌 𝑥 𝑉𝑠 2 𝑥 𝑆 𝑥 𝐶 𝐷
Where D represents the drag force, ρ is the fluid density, Vs is the swimming velocity, S is the projection surface of the swimmer and CD is the drag coefficient. The total drag force is the sum of the all drag components [START_REF] Toussaint | Effect of fatigue on stroking characteristics in an arms-only 100-m front-crawl race[END_REF]:

𝐷 = 𝐷𝑓 + 𝐷𝑝 + 𝐷𝑤
D represents the swimmer's total drag force, Df is the swimmer's friction drag component, Dp is the swimmer's pressure drag component and Dw is the swimmer's wave drag component.

Df is attributed to the forces tending to slow the water flowing along the body surface of the swimmer.

Dp is caused by the pressure differential between the front and the rear of the swimmer. Dw is due to the displacement of the swimmer at the water surfaces, which catches and compresses water, leading to the formation of surface waves. Dw can be neglected when a swimmer is at least 0.60m deep (i.e., ~1.8 chest depths) [START_REF] Lyttle | Optimal depth for streamlined gliding. Jyväskylä: Gummerus Printing Macintosh[END_REF][START_REF] Vennell | Wave drag on human swimmers[END_REF]. At higher velocities (1.0 m/s), Df represents roughly 5%, Dp 80% and Dw 15%, despite at 2.0 m/s, Df represents 3%, Dp 57% and Dw 40% [START_REF] Toussaint | Biomechanics of swimming[END_REF]. Partial contribution of each drag component to total drag depends from several issues such as (i) swim or gliding velocity; (ii) underwater dolphin kicking after start and turn; (iii) body position while gliding and swimming; (iv) drafting [START_REF] Marinho | Swimming Simulation[END_REF].

Another mechanical force that plays an important role in swimming is buoyancy. Buoyancy has a vertical and upright direction, opposite to the body's weight. According to [START_REF] Barbosa | How Informative are the Vertical Buoyancy and the Prone Gliding Tests to Assess Young Swimmers' Hydrostatic and Hydrodynamic Profiles?[END_REF], higher buoyancy might allow a higher position at water surface. So, the assessment of the buoyancy can be used to analyze the swimmers' hydrostatic profile. However, since most of the time the swimmer is at water surface, higher buoyancy can be an advantage [START_REF] Yanai | Rotational effect of buoyancy in frontcrawl: Does it really cause the legs to sink?[END_REF] [START_REF] Yanai | Rotational effect of buoyancy in frontcrawl: Does it really cause the legs to sink?[END_REF] Physiologie/Bioénergetique -Physiology / Bioenergetics 1) Physiologie

Periodic monitoring of aerobic and anaerobic components of athletes' physical performance gives an opportunity to control and adapt training appropriately from short (50m) to long (1500m)

distances [START_REF] Capelli | Energetics of swimming at maximal speeds in humans[END_REF][START_REF] Rodríguez | Energy systems in swimming[END_REF]. This enables athletes to reach their peak performance. Research evidence has reported that energetics is one of the domains with higher influence in swimming performance (Barbosa et al., 2010). The ability to increase the mechanical work done by the swimmer is ultimately determined by the ability of the muscle cells to provide the energy to do the work. The increase in energy demand is supplied by accelerating the output of several metabolic pathways. The metabolic pathways that provide energy can be separated into those that do not require oxygen, the immediately available phosphagens and glycolysis, and the single metabolic pathway that does, the respiratory mitochondrial chain and the Krebs or tricarboxylic acid (TCA) cycle (Fig. 4 & 5). 2) glycolysis, and ( 3) aerobic [START_REF] Rodríguez | Energy systems in swimming[END_REF] Page | 48

REVUE DE LITTERATURE a)
Le système anaérobie alactique

-Anaerobic Alactic or Phosphagen system

This pathway does not use oxygen nor produce lactate and is the sole source of energy for muscles lasting only a few seconds (up to 3-5 s at maximal intensity). Only two thirds of phosphagen can be depleted without the activation of glycolysis [START_REF] Rodríguez | Energy systems in swimming[END_REF]. However, it remains very important in the Sprint events, where explosive qualities are very important (diving starts, streamline). After about two-thirds of phosphagen stocks are depleted, glycolysis will become dominant [START_REF] Maughan | Biochemistry of exercise and training[END_REF].

b)

Le système anaérobie lactique

-Anaerobic lactic or Glycolytic system

This pathway produce lactate and represents a medium-term energy delivery system. This system needs a few seconds to reach near maximal rate and delivery of ATP plateaus after ~1 min at maximal power [START_REF] Rodríguez | Energy systems in swimming[END_REF]. In swimming, this system is mainly effective in 100 to 400m events, where glycolysis is very important for energy production.

c)

Le système aérobie

-Aerobic or Oxidative system

This pathway use oxygen and can be seen as a long-term source of energy. This system takes about 40s-1.5 min to reach maximal power but energy delivery can be maintained for about 5-7 min at that rate and almost indefinitely at submaximal rates of exercise [START_REF] Rodríguez | Energy systems in swimming[END_REF].

maintaining the energy level depends on the rate of substrate renewal.

Figure 5: Energy Systems Interaction by [START_REF] Colberg | Diabetic Athlete's Handbook[END_REF] The maximum energy outputs of these three pathways will determine the ultimate performance in swimming events ranging from 50 to 1500 m and beyond. The relative contributions of the three pathways are determined by the intensity of the effort and the duration of the swim bout. Thus, there is an association between effort intensity, swim velocity, and event duration. From data collected on elite freestyle swimmers, instantaneous velocity may be as high as 2.5 m. s -l in a 50m race. At the shortest competitive distances then, swim velocity is greatest and thus the instantaneous power requirement, is also greatest. For 50m events, the anaerobic energy system is predominant. Conversely, the 200, 400, 800 and 1500m events use energy mainly produced by aerobic oxidation. [START_REF] Rodríguez | Energy systems in swimming[END_REF], following a computer simulation of the energy metabolism, reported a mixte contribution of all three-energy system during swimming events, especially for the events of 100, 200 and 400m (75% of the Olympic events). Anaerobic pathways are dominant in the 50m events and conversely 400m, 800m and 1500m use the Aerobic pathway to produce energy (Table 1).

Table 1: Mixte contribution of the three energy pathways systems during swimming events by [START_REF] Rodríguez | Energy systems in swimming[END_REF] Regardless of the associated biological function, the energy comes from three components:

carbohydrates, lipids, and proteins. They are stored and then transformed to another chemical components: The Adenosine Triphosphate (ATP). It's the only fuel used directly for muscle strength production and function Cell. At the muscular level, the ATPase enzyme allows the creation of energy by hydrolysis ATP, which induces force generation by myofibrils. Then the three energy pathways cause the degradation and synthesis of ATP [START_REF] Di Prampero | Energetics of muscular exercise[END_REF][START_REF] Maughan | Strength and cross-sectional area of human skeletal muscle[END_REF].

The correlation between the different energy systems, technical and morphological variables require the reflection on the optimization of training and the development of different necessary qualities for the sport. Indeed, the compatibility of various exercises with different training modalities (Table 2) within the same session and/or a training program is a determining factor in the immediate and delayed effects of training [START_REF] Issurin | Block periodization versus traditional training theory: a review[END_REF].

Table 2: Compatibility between dominant and secondary training modalities [START_REF] Issurin | Block periodization versus traditional training theory: a review[END_REF] 2) Bioénergetique

The two energetic variables often cited in the literature due to its relationship with the swimming performance are the energy expenditure and the energy cost.

The total energy expenditure (Ėtot) represents the energy input in the biological system and should be used to produce external mechanical work [START_REF] Winter | Biomechanics and motor control of human movement[END_REF]. Ėtot can be computed based on the contribution of all energetic pathways [START_REF] Barbosaa | Proposal of a deterministic model to explain swimming performance International Journal of Swimming Kinetics[END_REF]. Energy cost (C) is defined as an inverse of the biological system efficiency, being related to mechanical efficiency and to mechanical work [START_REF] Barbosaa | Proposal of a deterministic model to explain swimming performance International Journal of Swimming Kinetics[END_REF]. It is also defined as Ėtot required to place the body over a given unit of distance [START_REF] Di Prampero | The energy cost of human locomotion on land and in water[END_REF][START_REF] Pendergast | Energy balance of human locomotion in water[END_REF]. It is one of the commonly used parameter to predict the swimming performance [START_REF] Poujade | Determinants of the energy cost of front-crawl swimming in children[END_REF]Kjendlie et al., 2004 ;[START_REF] Zamparo | An energy balance of front crawl[END_REF]. It is a key parameter to evaluate performance in swimming and it has been described as a predictor of performance in human locomotion, in both terrestrial and aquatic environments [START_REF] Zamparo | An energy balance of front crawl[END_REF]. Several studies reported a strong relationships between C and swimmer's morphology structure [START_REF] Capelli | Energetics of swimming at maximal speeds in humans[END_REF][START_REF] Zamparo | The interplay between propelling efficiency, hydrodynamic position and energy cost of front crawl in 8 to 19-year-old swimmers[END_REF]. According to Costa Mj ( 2015), swimming research must focus besides the energetic status and the biomechanics to the morphology, maturity and genetics of the swimmers. [START_REF] Charles | The evolution of speed, size and shape in modern athletics[END_REF], showed that the improvement of the world record of the 100m freestyle is explained by the elevation of the height and weight of the swimmers. According to [START_REF] Naemi | Hydrodynamic glide efficiency in swimming[END_REF], hydrodynamic resistance is influenced by the body shape, posture and alignment. Kjendlie et al. (2004) reported significantly lower C in children (12-year-old boys) than in adults (21year-old males) at comparable Vs. The authors have shown also that the morphological factor that has the most influence on the energy cost was the length of the body (the longer the length, the higher the energy cost). For swimmers of the same size, a larger mass would increase the energy cost. Finally, it is interesting to note that the propellants surfaces are generally highly correlated to body length (Kjendlie et al., 2004).

It was verified also, that high-level swimmers had a lower C than lower-level counterparts (Fernandes et al., 2006). C increases as a function of Vs [START_REF] Capelli | Energetics of swimming at maximal speeds in humans[END_REF][START_REF] Poujade | Determinants of the energy cost of front-crawl swimming in children[END_REF] and has usually been assessed from the ratio of oxygen uptake (VO2) to the corresponding Vs in swimmers (Kjendlie et al., 2004).

Les accessoires d'entrainement de sprint dans l'eau

-In-Water Sprint Training accessories

In-water training modalities are often implemented by swimming programs to enhance muscular performance through swimming specific movements for both sprint and endurance training. Some of this training modalities tools includes pull buoys, hand paddles, parachutes, power racks and tethered swimming.

Several research have shown improvements in sprint swimming performance following a swimspecific in-water resistance training. These data suggested that specific in-water resistance training would be more efficient than dry-land training in swimmers (Girold et al., 2007 ;[START_REF] Aspenes | Combined strength and endurance training in competitive swimmers[END_REF]. Nevertheless, the benefits of resistance training in swimmers have been previously

reviewed [START_REF] Aspenes | Exercise-training intervention studies in competitive swimming[END_REF] and have been questioned by coaches due to concerns about increases in muscle mass (hypertrophy) or decreases in flexibility which could increase drag forces and negatively affect swimming performance [START_REF] Crowley | The impact of resistance training on swimming performance: A systematic review[END_REF].

Le Pull-Buoy et les plaquettes de natation -

Pull-Buoy

Arms-only training is commonly used in swimming training programs and is used to increase upper body resistance in a swimming-specific manner by increasing the contribution of the specific upper body muscles; therefore, it is also considered a resistance exercise rather than an endurance one [START_REF] Crowley | The impact of resistance training on swimming performance: A systematic review[END_REF]. it is simple and doesn't cost. A band to place around the ankles and/ or a pull buoy (Fig. 3). [START_REF] Ribeiro | O2 kinetics and metabolic contributions during full and upper body extreme swimming intensity[END_REF] compared whole-body and arms only swimming (using a pull buoy to increase the buoyancy of the swimmer) and reported a reduction in the maximal oxygen uptake at the same relative intensity. This training modality can avoid the high training load while maintaining the swimming volume. [START_REF] Morris | Velocity, aerobic power and metabolic cost of whole body and arms only front crawl swimming at various stroke rates[END_REF], suggested that arms only swimming has a higher metabolic demand for males, while there is no significant difference for females when compared to whole body swimming. Hand paddles (Fig. 7) are often worn during arms only swimming sets with the aim of improving swimming performance through arms-only resistance training program.To our knowledge, there is no study about the oxygen uptake associated with hand paddle swimming. However, according to Quirke (2019), more pressure and load is placed on the upper body musculature because of the increased surface area to regular swimming [START_REF] Quirke | Wearable Resistance Technology to Enhance Swimming Performance[END_REF]. ). The results reported a significant improvements in arms-only peak exercise intensity, ventilatory threshold and movement economy, but with no significant transfer to swimming performance. This neutral impact may be due to the loss of coordination between the arms and legs when returning to regular swim.

Les parachutes -Parachutes

A swimming parachute is a system using the water as an opposing resistance to create more load on the swimmers (Fig. 8). [START_REF] Telles | Effect of hand paddles and parachute on the index of coordination of competitive crawl-strokers[END_REF] reported the effects of parachutes on speed and stroke kinematics during high intensity swimming. The data results concluded that velocity, stroke rate and stroke length decreased significantly due to the additional drag added by the parachute, when compared to free swimming. Additionally, the type of coordination mode was changed to opposition when swimming with parachute comparing to catch up in free swimming. In general, parachutes are used for the purpose of training very short distances and up to maximal speeds [START_REF] Schnitzler | Effect of velocity and added resistance on selected coordination and force parameters in front crawl[END_REF][START_REF] Telles | Effect of hand paddles and parachute on the index of coordination of competitive crawl-strokers[END_REF] land that can then be adjusted to your choice of weight or required resistance (Fig. 9).It can be used to develop many qualities as of the upper-Body force or even the lower body. Unfortunately,

To our knowledge, it is not considered an effective training modality in the literature, despite been used in two acute studies: Hancock et al. (2015) and [START_REF] Johnson | Relationship of swimming power and dryland power to sprint freestyle performance: A multiple regression approach[END_REF]. However, no significant changes were reported in neither of these studies. Body position, stroke kinematics or physiological variables did not improve after the use of this technology. Further studies must be implemented to discover the impact of this training tools on different training modalities or programs. measuring swimming force [START_REF] Dopsaj | Reliability and validity of basic kinematics and mechanical characteristics of pulling force in swimmers measured by the method of tethered swimming with maximum intensity of 60 seconds[END_REF] due to its convenience, efficiency, and ease of use. It can produce similar physiological responses compared to free swimming and improve the lactate production capacity of swimmers [START_REF] Nagle Zera | Tethered Swimming Test: Reliability and the Association to Swimming Performance and Land-based Anaerobic Performance[END_REF]. After investigating the effects of combined assisted and resisted tethered swimming on sprint performance, Girold et al. (2007), reported a significant increase in 50m performance, muscle strength in the upper body compared to control conditions. Additionally, the same team concluded that the decrease in stroke depth and increase in stroke rate had a positive impact on the performance and contributed to the time improvement of the 50m sprint performance at the end of the training intervention. Training with this tool results in a decrease in velocity and stroke length [START_REF] Taguchi | Added mechanical and physiological loads during swimming with a drag suit[END_REF]. Daily use of the drag-suit may change the body position and 'feel for the water' [START_REF] Mcgowan | Heated jackets and dryland-based activation exercises used as additional warm-ups during transition enhance sprint swimming performance[END_REF], which may affect negatively the swimming times without the drag suit.

To our knowledge, there is no research in the literature that worked on the impact of drag-suit on the kinematic characteristics or whether this kind of training program alters body position or affects swimming performance. CHAPTER 2

WARM-UP AND SWIMMING PERFORMANCE ECHAUFFEMENT EN NATATION ECHAUFFEMENT EN NATATION WARM-UP AND SWIMMING PERFORMANCE

Introduction

Several preparation strategies have been investigated over the years, and recent studies have indicated that warm-up routines are generally considered to be beneficial to performance (Bishop, 2003 ;Mcgowan et al., 2015). Thus, the ideal warm-up should allow the athlete to attain an optimal muscle temperature range that limits fatigue as much as possible while maximizing performance [START_REF] Racinais | Temperature and neuromuscular function[END_REF]. In swimming, studies have shown ambiguous effects of warm-up on performance [START_REF] Mitchell | The effect of high-and low-intensity warm-up on the physiological responses to a standardized swim and tethered swimming performance[END_REF][START_REF] Bobo | The effect of selected types of warm-up on swimming performance[END_REF]Neiva et al., 2014). The variability of research designs (e.g., protocols, outcomes selected, swimming events, and swimmers' competitive level) makes it difficult to compare data (Neiva et al., 2014). Although there are few data available on physiological responses to the warmup, these routines are well accepted and commonly used by athletes and their coaches (Bishop, 2003).

In general, Warm-up procedures before competition or training are intended to assure benefits to athlete's performance [START_REF] Burnley | Effects of prior heavy exercise, prior sprint exercise and passive warming on oxygen uptake kinetics during heavy exercise in humans[END_REF][START_REF] Atkinson | Diurnal variation in cycling performance: influence of warm-up[END_REF]. The aim of this period is to help the swimmer optimize psychological, neurological, and physiological states for the best performance (Bishop, 2003).

Warm-up techniques can be broadly classified mechanisms. However, it has also been suggested into two major categories: passive or active warm up (Bishop, 2003).

Échauffement passif -Passive Warm-Up

Increases in muscle and core body temperature could be achieved without physical activity by the use of external heating, such as hot showers, saunas and heated vests (Bishop, 2003). These practices are commonly known as passive warm-up, through which the swimmers achieve the increase in muscle or core temperature by active decrease in the initial oxygen deficit and thereby warm up, without depleting energy substrates. However, heating cannot exceed the 39º C for the core temperature, as overheating negatively affects the motor drive and muscular performance [START_REF] Racinais | Temperature and neuromuscular function[END_REF]. Two different practices of passive heating were tested, and a carbonated bath at 36ºC was more effective than a normal bath at the same temperature and duration of 4 min of kicking exercise [START_REF] Akamine | Effects of an artificially carbonated bath on athletic warm-up[END_REF].

Passive warm up helps in improving athletic performance by increasing flexibility [START_REF] Bizzini | Physiological and performance responses to the "FIFA 11+[END_REF], oxygen release in the tissues [START_REF] Chen | The dissociation and equation of state of dense fluid oxygen at high pressures and high temperatures[END_REF], metabolism of energy systems (Neiva et al., 2014), nerve conduction velocity [START_REF] Ross | Long-term metabolic and skeletal muscle adaptations to short-sprint training: implications for sprint training and tapering[END_REF], and by reducing in peak tension time in muscles [START_REF] Marshall | Passive heating following the prematch warm-up in soccer: examining the time-course of changes in muscle temperature and contractile function[END_REF]. It also can increase the temperature strain on the body and can help in increasing performance [START_REF] Gregson | The effects of pre-warming on the metabolic and thermoregulatory responses to prolonged submaximal exercise in moderate ambient temperatures[END_REF].

It appears also that passive warm up does not improve isometric force, but may improve shortduration (<10 seconds) dynamic force. It has a greater ergogenic effect on dynamic short-term performance at faster contraction velocity. While the mechanisms remain to be fully elucidated, it also appears that passive warm up can improve intermediate performance (~10 seconds to 5 minutes) but have a detrimental effect on long-term performance (>5 minutes) (Bishop, 2003).

According to [START_REF] Akamine | Effects of an artificially carbonated bath on athletic warm-up[END_REF], this method be adopted by swimmers because it tends to reduce the lactate concentration, heart rate and electromyography response of the rectus femoris, suggesting higher muscle efficiency and less fatigue. Nevertheless, further research is needed on this topic.

According to Mcgowan et al. (2015), despite the use of passive warm-up alone is not commonplace, the idea of using it to maintain an elevated body temperature throughout the transition phase is common used by many swimmers and coaches recently. Wearing heated tracksuit pants or jackets is considered an effectuve method to attenuate the decline in muscle temperature (Tmuscle) and/or core temperature (Tcore) during lengthy transition phases, and subsequently improving exercise performance. Furthermore, this method or technique can be applied in different situation during training session or most importantly competition, because it is difficult to maintain Tcore via metabolic heat production alone, such as between repeated exercise bouts (e.g. multiple races within a swimming meet) separated by periods of low to moderate activity (Mcgowan et al., 2015).

However, while effective, the practicality of completing these types of passive warm-up strategies within the competition environment is often impractical. Therefore, an active warm-up has traditionally been the most commonly utilized form of warm-up (Bishop, 2003).

Échauffement actif -Active Warm-Up

Research on the use of warm-up techniques has shown benefits for performance, supporting the relevance of an active warm-up for a wide range of individual sports [START_REF] Neiva | The Effects of Different Warm-up Volumes on the 100-m Swimming Performance: A Randomized Crossover Study[END_REF][START_REF] Ayala | Acute and Time-Course Effects of Traditional and Dynamic Warm-Up Routines in Young Elite Junior Tennis Players[END_REF] and team sports [START_REF] Zois | High-intensity warm-ups: effects during subsequent intermittent exercise[END_REF]. Active warm-up is any act of exercising, involving specific and/or non-specific body movements, with the purpose of increasing metabolic activity and heat production in preparation for an upcoming main activity [START_REF] Woods | Warm-up and stretching in the prevention of muscular injury[END_REF]. However, the effectiveness of the warm-up routine appears to be dependent on many factors, such as the type of sport, athlete fitness and experience, tasks to be performed, environmental conditions, and constraints imposed by the organizers of the event [START_REF] Mcmillian | Dynamic vs. static-stretching warm up: the effect on power and agility performance[END_REF].

Generally, Active warm-up is the preferred method used by practitioners and is the most commonly investigated type; 89% of the studies about warm-up in swimming are about active warm-up. Improvements were shown in 67% of these studies that compared the use of active warm-up with no warm-up (Neiva et al., 2014).

In active warm up, temperature is raised from the energy released from contracting muscles [START_REF] Gray | Effect of active warm-up on metabolism prior to and during intense dynamic exercise[END_REF]. Theoretically, the increased heart rate after active warm-up and the higher baseline oxygen uptake at the start of subsequent practice [START_REF] Andzel | The effects of moderate prior exercise and varied rest intervals upon cardiorespiratory endurance performance[END_REF]Febbraio et al., 1996) improve the oxygen delivery to the active muscles and potentiate the aerobic energy system [START_REF] Burnley | Effects of priming exercise on VO2 kinetics and the power-duration relationship[END_REF]. In addition, heavy loading activities may induce high-frequency stimulation of motor neurons (French et al., 2003) for several minutes afterwards, and this enhanced motor neuron excitability can result in a considerable improvement in power production (Sale, 2002 ;[START_REF] Saez De | Optimal warm-up stimuli of muscle activation to enhance short and long-term acute jumping performance[END_REF]. The movement required for activity also reduces muscle stiffness [START_REF] Proske | Thixotropy in skeletal muscle and in muscle spindles: a review[END_REF] and increases the range of motion of the muscles involved, possibly allowing for easier, more efficient action.

Several studies reported different results concerning the impact of Warm-up on short distance events. According to [START_REF] Neiva | The Effects of Different Warm-up Volumes on the 100-m Swimming Performance: A Randomized Crossover Study[END_REF], warm-up did not have any favorable effects on 50 m crawl performance. In another study, [START_REF] Balilionis | Effects of different types of warm-up on swimming performance, reaction time, and dive distance[END_REF] revealed a significantly faster times on the 50 yard freestyle (~0.2 s, p = 0.06), while [START_REF] Neiva | The Effect of Warm-up on Tethered Front Crawl Swimming Forces[END_REF] reported a higher propelling force with 30 s of maximal tethered swimming.

Therefore, Active warm-up has a different impact on swimming performance because it depends on many variables such as the volume, intensity and recovery time (Bishop, 2003(Bishop, , 2003)).

According to Neiva et al. (2014), any difference in these components may influence the final results and thus the subsequent performance. Furthermore, before the active warm-up, most swimmers usually perform dry-land exercises before entering the pool to prepare their body for the upcoming effort in the water. Therefore, the effects of these movements should not be disregarded.

Échauffement "à sec"

-Dry-land Warm-Up

Before every training session or competition warm-up, swimmers always perform some dry-land exercises to prepare their body for the effort in the water (e.g., arm rotation). These exercises may change according to each training program or coaches and it may include calisthenics, strength/activation exercises or/and stretching. During competition, some facilities do not have an extra swimming pool available for a last minute warm-up, requiring swimmers to find alternative to in-water warm-up. However, several other studies reported that these exercises are used to complement and not as an alternative to the in-water warm-up. Especially, with a weak-moderate relationship and even a non-significant one between dry-land strength and swimming performance [START_REF] Crowe | The relationship of strength to dryland power, swimming power, and swim performance[END_REF][START_REF] Garrido | Does combined dry land strength and aerobic training inhibit performance of young competitive swimmers?[END_REF].

A study by [START_REF] Bobo | The effect of selected types of warm-up on swimming performance[END_REF], reported an absence of differences in the 100 yard freestyle between no warm-up and bench press practice. In another study, despite Romney (1993), revealed no significant difference in the results, the study showed that swimming time of the 100m yard freestyle was faster by 0.65s with dryland components comparing to no warm-up . This difference corresponds to a faster performance by 1.23%, which can substantially affect a swimming race, especially sprint distance. In another study, [START_REF] Kilduff | Effect of postactivation potentiation on swimming starts in international sprint swimmers[END_REF], implemented a loaded squats ( 3x 87% of 1 maximal repetition) before performing a 15m starting time and reported no difference in the final time.

According to French et al. (2003) 2013) investigated the acute effect and short-term vibration on warmup, flexibility and sprint speed. The results demonstrated that the vibration can be used as an alternative modality but is not capable of improving sprint speed performance.

Before getting in the water, athletes use stretching exercises to avoid the risk of injuries and activate the body before the real activity. It allows the reduction of movement resistance , thus, allowing an easier movement that optimizes the activity and prevents muscle and joint injuries [START_REF] Ekstrand | Prevention of soccer injuries. Supervision by doctor and physiotherapist[END_REF][START_REF] Hadala | Different strategies for sports injury prevention in an America's Cup yachting crew[END_REF] but in another hand, according to other authors, static stretching does not reduce the risk of overuse injuries [START_REF] Pope | A randomized trial of preexercise stretching for prevention of lower-limb injury[END_REF], and it could lead to a severe loss of strength and performance impairment [START_REF] Winchester | Static stretching impairs sprint performance in collegiate track and field athletes[END_REF]. Further investigation is needed to determine the effects of stretching alone as well as in combination with other warm-up activities on swimming performance.

In the last few years, some evidences emerged of significant relationships between muscle strength and conditioning to performance [START_REF] Garrido | Does combined dry land strength and aerobic training inhibit performance of young competitive swimmers?[END_REF][START_REF] Morais | Relationship between thrust, anthropometrics, and dry-land strength in a national junior swimming team[END_REF]. However, those studies assessed young swimmers and not adult/elite ones, so some precaution should be considered.

Échauffement dans l'eau -In-Water Warm-Up

Volume -Volume

Generally, during competition, swimmers use a long warm-up for every race or event. A high volume warm-up helps the athletes increase blood flow, heart rate, and flexibility of the involved muscles, along with a special sensation of the water [START_REF] Balilionis | Effects of different types of warm-up on swimming performance, reaction time, and dive distance[END_REF]. Nevertheless, long warm-up may cause a high energy consumption and may contribute to overall muscle fatigue.

During the day of competitions, swimmers may participate in multiple events and different qualifications steps (Heats, semi-finals & Finals) which may cause a fatigue during the races, on top of the fatigue from a long warm-up [START_REF] Balilionis | Effects of different types of warm-up on swimming performance, reaction time, and dive distance[END_REF].The transition period after the warm-up is very important for the swimmers to replenish their phosphocreatine and adenosine triphosphate levels, thus when it is short, it may compromise the energy supply and negatively affecting their performance [START_REF] Neiva | The Effects of Different Warm-up Volumes on the 100-m Swimming Performance: A Randomized Crossover Study[END_REF].

According to several studies, it is suggested to warm-up for a moderate distance (i.e.1200 m) with short distances at the race pace intensity and adequate recovery time to avoid early fatigue during race [START_REF] Houmard | The effect of warm-up on responses to intense exercise[END_REF][START_REF] Balilionis | Effects of different types of warm-up on swimming performance, reaction time, and dive distance[END_REF][START_REF] Neiva | The Effects of Different Warm-up Volumes on the 100-m Swimming Performance: A Randomized Crossover Study[END_REF]. Neiva et al. (2014) proposed during warm-up for swimming events up to 3-4min, a total volume between 1000 and 1500m for a period of 15-20min. Several coaches use a long volume during morning warm-up and the reasoning behind this is the need for extra body activation due to the adaptation to the circadian rhythm. However, according to [START_REF] Arnett | Effects of prolonged and reduced warm-ups on diurnal variation in body temperature and swim performance[END_REF], despite a long warm-up (4023.4 m vs. 2011.7 m) swimmers still perform better on the 91.4 m (58.48 ± 5.69 s and 56.86 ± 4.87 s, respectively; p≤0.05). These results proved that performance is significantly higher in the late afternoon, independent of the previous warm-up volume performed (Neiva et al., 2014).

Intensité -Intensity

It is always better to use high intensity swimming sets during warm-up despite the uncertainties of its outcome before a race. According to [START_REF] Robergs | Effects of warm-up on blood gases, lactate and acid-base status during sprint swimming[END_REF], the lactate concentrations after 200 m of intensive front crawl swimming were lower when the warm-up included 4x50 m at 111% VO2max (8.7 ± 0.8 mmol/l vs. 10.9 ± 0.5 mmol/l, p≤0.05).

In another study, Romney (1993) implemented a short distance swimming sets with progressive intensity and was effective for 100m yard maximal freestyle.

Thus, a short-distance set that is built up from low intensity to race-pace velocity in the last repetition could be used to improve subsequent performance by stimulating the energy systems that are recruited in the competitive event. However, the warm-ups caused different acute adaptations. Nevertheless, according to Neiva et al. (2014), high-intensity swimming is performed during warm-up, it should be used with caution to avoid the early fatigue and compromising the subsequent swimming performance .

Les mécanismes de l'échauffement

-Mechanisms of Warm-up

According to (Bishop, 2003), warm-up has been proposed to affect performance via a variety of mechanisms (Table 1): Les mécanismes liés à la température -

Temperature related Mechanisms

Performance improvements in exercise tasks preceded by a warm-up are generally attributed to temperature-related mechanisms. In 1945, (Asmussen E and Boje O), concluded that "…a higher temperature in the working organism facilitates the performance of work". It has been proposed

that an increase in temperature may improve performance via a decrease in the viscous resistance of muscles, a speeding of rate-limiting oxidative reactions and/or an increase in oxygen delivery to muscles. However, increased thermoregulatory strain has the potential to adversely affect certain types of performance (Bishop, 2003). Exercising muscles generate considerable heat and

Tmuscle is directly proportional to the relative work changes following warm up [START_REF] Saltin | Muscle temperature during submaximal exercise in man[END_REF]. More recently, a strong association between power output and Tmuscle has been established, with a 1ºC increase in Tmuscle being shown to enhance subsequent exercise performance by 2-5%, depending on the type and velocity of contraction(s) [START_REF] Racinais | Temperature and neuromuscular function[END_REF].

1) Diminution de la résistance des muscles et des articulations -

Decreased resistance of muscles and joints

An increase in Tmuscle may affect performance via a decrease in the viscous resistance of muscles and joints [START_REF] Wright | Quantitative and qualitative analysis of joint stiffness in normal subjects and in patients with connective tissue diseases[END_REF]. Increasing temperature has also been reported to decrease the stiffness of muscle fibers during contraction [START_REF] Buchthal | Elasticity, viscosity and plasticity in the cross striated muscle fibre[END_REF]. According to [START_REF] Wright | Quantitative and qualitative analysis of joint stiffness in normal subjects and in patients with connective tissue diseases[END_REF], mild warming may reduce the passive resistance of the human metacarpal of the joints by 20%. However, despite the small increase in dynamic shortening, [START_REF] Buchthal | Elasticity, viscosity and plasticity in the cross striated muscle fibre[END_REF] reported that there is a small extra tension developed. Thus, according to the latter Bishop (2003) suggests that the temperature effect on muscle elastic properties is quite small and further research is required to quantify the effects of temperature-related changes in viscous resistance.

2) Augmentation de la performance des fibres musculaires -Increase in fibre Performance

According to [START_REF] Sargeant | Humanmusclepowerinthelocomotory range of contraction velocities increases with temperature due to an increase in power generated by type I fibres[END_REF], the temperature-dependent increase in power output is fiber-type specific, with type I fibers being most sensitive to an increase in temperature.

In a practical sense, Jones [START_REF] Da | Skeletal Muscle from Molecules to Movement[END_REF] suggested that warm-up would be of the greatest benefit to the power output of athletes with a high proportion of type I fibers. This was considered an unfortunate paradox, as those athletes with the most to gain from an increased power output (e.g., sprinters) will have large type II content and thus gain little from increasing the temperature of the muscle. [START_REF] Gray | Skeletal muscle ATP turnover and muscle fiber conduction velocity are elevated at higher muscle temperatures during maximal power output development in humans[END_REF] contradict this and suggest that type IIA fibers are affected more by temperature at relatively high velocities. In the present study, knee angular velocity was ~1,000°/s, which is actually close to the values achieved at 95% of maximal sprinting velocity [START_REF] Dmr | kinematic analysis of high-speed treadmill sprinting over a range of velocities[END_REF]. It seems that the function of both type I and type II muscle fibers is affected by elevations in Tmuscle if contraction frequency is taken into account, with a velocitydependent effect reported, i.e. type II fibers are more likely to benefit from increased Tmuscle when the contraction frequency of the exercise task is high, and vice versa for type I fibers (Mcgowan et al., 2015).

3) Augmentation du métabolisme musculaire -

Increased Muscle Metabolism

Because the temperature-dependent contractile properties are a function of myofibrillar ATPase activity (He [START_REF] Zh | ATP consumption and efficiency of human single muscle fibres with different myosin isoform composition[END_REF], which is itself temperature dependent [START_REF] Steinen | Myofibrillar ATPase activity in skinned human skeletal muscle fibres: fibre types and temperature dependence[END_REF], it is possible that an increased ATP turnover would contribute to the greater maximal power output under temperature elevation. The acceleration of muscle glycogen breakdown in humans exercising at high ambient temperatures was first described by Fink Wj et al. (1975). Subsequent research has demonstrated that an increase in Tmuscle per se has little effect on resting muscle metabolism, but increases muscle glycogenolysis, glycolysis and high-energy phosphate (ATP and phosphocreatine) degradation during exercise (Febbraio Ma et al., 1996). Increases in subsequent exercise power production are considered the primary outcome of these changes [START_REF] Gray | Skeletal muscle ATP turnover and muscle fiber conduction velocity are elevated at higher muscle temperatures during maximal power output development in humans[END_REF]. Specifically, passive warming of Tmuscle can increase anaerobic ATP turnover within the first 2 min of heavy exercise [START_REF] Wd | One mile run performance as a function of prior exercise[END_REF], with no further changes in turnover rate after this

period. An increase in the muscle cross-bridge cycling rate is one possible explanation for this higher reported turnover rate (Clarke [START_REF] Rsj | The duration of sustained contractions of the human forearm at different muscle temperatures[END_REF].

Exercise in the heat appears to increase muscle glycogen breakdown by augmenting the secretion of epinephrine and by increased muscle temperature per se. (Febbraio Ma 2000). The increase in muscle glycogen breakdown following an elevation in Tmuscle, both sprint and sustained highintensity events could benefit from this intervention (Bishop, 2003 ;Mcgowan et al., 2015). , 1985). MFCV is the average value of conduction velocities of the motor units active during a contraction and thus reflects motor control strategies [START_REF] Andreassen | Muscle fibre conduction velocity in motor units of the human anterior tibial muscle: a new size principal parameter[END_REF]. A greater MFCV under temperature elevation conditions may lead to individual sarcomeres being more rapidly activated, meaning that the contractile speed of the whole fiber would be enhanced. It can also positively alter the forcevelocity relationship and concomitantly the power-velocity relationship [START_REF] De Ruiter | Temperature effect on the force/velocity relationship of the fresh and fatigued human adductor pollicis muscle[END_REF]Ferguson et al., 2002), leading to higher power outputs in exercise tasks [START_REF] De Ruiter | Temperature effect on the force/velocity relationship of the fresh and fatigued human adductor pollicis muscle[END_REF]. Following passive muscle warming, evidence for an improvement in muscle MFCV has been observed, via a reduction in the time to reach peak twitch and an increase in the rate of force development (Farina et al., 2002). The MFCV in muscles both actively and passively involved in the warm-up has also been reported to increase (~5% in the hand and ~8.5% in the leg)

following a moderate-intensity running-based warm-up [START_REF] Pearce | Neural conduction and excitability following a simple warm up[END_REF]. Release of calcium from the sarcoplasmic reticulum during fiber membrane depolarization [START_REF] Melzer | The role of Ca2+ ions in excitation-contraction coupling of skeletal muscle fibres[END_REF], membrane hyperpolarization as a result of increased Na+/potassium (K+) pumping activity [START_REF] Hicks | M wave potentiation during and after muscle activity[END_REF], muscle fiber swelling [START_REF] Van Der Hoeven | Long-lasting supernormal conduction velocity after sustained maximal isometric contraction in human muscle[END_REF] and/or faster activation of muscle fibres [START_REF] Gray | Skeletal muscle ATP turnover and muscle fiber conduction velocity are elevated at higher muscle temperatures during maximal power output development in humans[END_REF]) are all plausible explanations for MFCV enhancement (Mcgowan et al., 2015).

Mecanismes metaboliques -Metabolic Mechanisms

While elevating body temperature via either passive or active warm-up can improve subsequent exercise performance, such elevations are not the sole determinant of energy metabolism changes during exercise. Active warm-up, in particular, can stimulate changes in the mechanisms underlying both anaerobic and aerobic metabolism [START_REF] Gray | Effect of active warm-up on metabolism prior to and during intense dynamic exercise[END_REF]. Oxygen delivery to the muscles may also be affected by a number of metabolic changes that occur in response to active warm up. For example, reduced oxygen tension [START_REF] Mccomas | Skeletal muscle: form and function[END_REF], increased potassium (K+) concentration [START_REF] Kiens | Temporal relationship between blood flow changes and release of ions and metabolites from muscle upon single weak contractions[END_REF]) and increased hydrogen ion (H + ) concentration [START_REF] Guyton | Textbook of medical physiology[END_REF]) have all been reported to cause vasodilation and to increase muscle blood flow. It has also been suggested that the residual metabolic acidemia from a warm-up bout (~80% VO2max) leads to improved muscle perfusion during exercise and speeds VO2 kinetics [START_REF] Gerbino | Effects of prior exercise on pulmonary gas-exchange kinetics during high-intensity exercise in humans[END_REF].

However, the results of more recent studies suggest that the overall speeding of VO2 kinetics previously reported is primarily related to a reduced amplitude of the VO2 slow component and not to a measurable speeding of the VO2 kinetics [START_REF] Burnley | Effects of prior heavy exercise on phase II pulmonary oxygen uptake kinetics during heavy exercise[END_REF].

1) Élévation de la consommation d'oxygène (VO 2 )
-Elevation of Oxygen Uptake Kinetics (VO2)

While it appears that warm up does not increase VO2 kinetics, warm up may allow subsequent tasks to begin with an elevated baseline VO2. It has been revealed also that completion of a priming exercise bout elicits an increase in the amplitude of the primary VO2 response and a reduction in the VO2 slow component [START_REF] Burnley | Effects of prior exercise and recovery duration on oxygen uptake kinetics during heavy exercise in humans[END_REF][START_REF] Burnley | Effects of prior warm-up regime on severe-intensity cycling performance[END_REF][START_REF] Bailey | Optimizing the "priming" effect: influence of prior exercise intensity and recovery duration on O2 uptake kinetics and severe-intensity exercise tolerance[END_REF].

However, an elevated VO2 is only likely to result in the initial sparing of the anaerobic capacity if the period between warm up and the criterion task does not allow VO2 to return to rest (Bishop, 2003). While VO2 recovery kinetics will depend on many factors, following a moderate to heavy warm up VO2 is likely to return very close to its resting value within ~5 minutes [START_REF] O'leary | Influence of exercise intensity on the on-and off-transient kinetics of pulmonary oxygen uptake in humans[END_REF]. Together, these changes in metabolic function can improve exercise tolerance and mean power output [START_REF] Burnley | Effects of prior warm-up regime on severe-intensity cycling performance[END_REF]. However, there are other reports that priming exercise bout completion may impair [START_REF] Wilkerson | Effect of prior multiple-sprint exercise on pulmonary O2 uptake kinetics following the onset of perimaximal exercise[END_REF] or have no influence [START_REF] Koppo | The decrease in VO(2) slow component induced by prior exercise does not affect the time to exhaustion[END_REF] on subsequent exercise performance.

It also appears that neither passively elevating muscle temperature using hot baths, nor performing a relatively lengthy but low-intensity warm-up, significantly influences VO2 kinetics. Rather, relatively high-intensity 'prior exercise', which significantly elevates blood lactate (to a concentration of approximately 2-4 mM) immediately before the main exercise challenge (i.e.

race), is necessary if VO2 kinetics are to be enhanced [START_REF] Koppo | The decrease in VO(2) slow component induced by prior exercise does not affect the time to exhaustion[END_REF]).

It appears that the precise physiological mechanisms responsible for the effects of priming exercise on VO2 kinetics are unclear. Altered O2 delivery and extraction [START_REF] Gerbino | Effects of prior exercise on pulmonary gas-exchange kinetics during high-intensity exercise in humans[END_REF][START_REF] Delorey | Prior exercise speeds pulmonary O2 uptake kinetics by increases in both local muscle O2 availability and O2 utilization[END_REF][START_REF] Fukuba | Central circulatory and peripheral O2 extraction changes as interactive facilitators of pulmonary O2 uptake during a repeated high-intensity exercise protocol in humans[END_REF], increased motor unit recruitment [START_REF] Burnley | Effects of prior heavy exercise on phase II pulmonary oxygen uptake kinetics during heavy exercise[END_REF][START_REF] Burnley | Effects of prior exercise and recovery duration on oxygen uptake kinetics during heavy exercise in humans[END_REF][START_REF] Layec | Effects of a prior high-intensity knee-extension exercise on muscle recruitment and energy cost: a combined local and global investigation in human[END_REF], shifts in the oxyhaemoglobin curve, oxidative enzyme activity [START_REF] Campbell-O'sullivan | Low intensity exercise in humans accelerates mitochondrial ATP production and pulmonary oxygen kinetics during subsequent more intense exercise[END_REF][START_REF] Gurd | Prior heavy exercise elevates pyruvate dehydrogenase activity and speeds O2 uptake kinetics during subsequent moderate-intensity exercise in healthy young adults. adults[END_REF], residual acidosis [START_REF] Burnley | Effects of prior warm-up regime on severe-intensity cycling performance[END_REF][START_REF] Palmer | Effects of prior heavy exercise on energy supply and 4000-m cycling performance[END_REF] or a combination of these mechanisms [START_REF] Burnley | Effects of prior warm-up regime on severe-intensity cycling performance[END_REF] have all been implicated in altering the VO2 kinetic response. Collectively, these effects may enhance subsequent exercise performance via increases in oxidative enzyme activity and/or motor unit recruitment (Mcgowan et al., 2015).

Mécanismes psychologiques -Psychological Mechanisms

Although warm up has been shown to result in a number of physiological changes, psychological mechanisms also contribute to reported improvements in performance. The warm-up period is recognized as an opportunity to mentally prepare for an upcoming event by providing time for athletes to concentrate on the task ahead. It is well recognized that many athletes complete some form of mental preparation prior to competition tasks [START_REF] Tod | Psyching-up" enhances force production during the bench press exercise[END_REF]. Typical strategies include visualisation, saying of cue words, attentional focus and preparatory arousal ('psyching-up'). It has been reported that athletes who'imagined'a warm up had an enhanced physiological performance [START_REF] Malareki | Investigation of physiological justification of so called 'warming up[END_REF].

Athletes competing in various sports, such as water polo [START_REF] Hatzigeorgiadis | Self-talk in the swimming pool: The effects of self-talk on thought content and performance on water-polo tasks[END_REF], football and tennis [START_REF] Cutton | The effects of self-talk and augmented feedback on learning the tennis forehand[END_REF] have shown improvements in task execution following use of prior mental rehearsal techniques. Psychological feedback, including the athlete's and their coach's comfort with warm-up routines for future use, should be evaluated alongside physiological measures in future studies (Mcgowan et al., 2015).

Mecanismes neuronaux -Neural Mechanisms

It has been postulated that following a pre-loading stimulus (i.e. active warm-up), fatigue and muscle potentiation coexist within skeletal muscle (Rassier and And Macintosh, 2000 ;Tillin and Bishop, 2009), with the subsequent force that a muscle is capable of generating ultimately being dependent upon the net balance between these factors (Rassier and And Macintosh, 2000).

Although fatigue will impair performance, inclusion of muscle 'potentiation' exercises within an active warm-up might improve subsequent performance (Mcgowan et al., 2015). In that regard,

PAP is proposed as one of those preconditioning strategies for an optimal re-warm-up strategy (Kilduff et al., 2013), (Mcgowan et al., 2015).

Mechanisms through which PAP may improve subsequent physical performance include enhanced central output to motor neurons (Tillin and Bishop, 2009), increased reflex electrical activity in the spinal cord [START_REF] Aagaard | Neural adaptation to resistance training: changes in evoked V-wave and H-reflex responses[END_REF] and phosphorylation of myosin regulatory light chains [START_REF] Smith | Effects of a ten-second maximum voluntary contraction on regulatory myosin light-chain phosphorylation and dynamic performance measures[END_REF] which increase Ca 2+ sensitivity of the myofilaments.

As the thesis aims to analyze the effect of PAP procedures on 50m crawl swimming performance in swimmers and its impact as a re-warm-up strategy, the next part, we will be reporting in details all the facts and relationships between PAP and performance.

Post-Echauffement (Période de Transition)

-Post-Warm-up (Transition Period)

According to [START_REF] Mohr | Muscle temperature and sprint performance during soccer matches--beneficial effect of re-warm-up at half-time[END_REF], muscle temperature declines after ∼15-20 min of recovery following exercise, therefore, a transition phase of 30-45 min can impair swimming performance, from the end of the pool warm-up to the start of the race start [START_REF] Wei | Influence of post-warm-up recovery time on swim performance in international swimmers[END_REF].

In most swim meets, the considerable time interval between the in-water warm-up and the swimming event is affected by the number of events and participants (Male & Female in each event) and diminishing its possible beneficial effects [START_REF] Wei | Influence of post-warm-up recovery time on swim performance in international swimmers[END_REF]. After the pool warm-up, swimmers must change into their racing suit, confer with their coach and report for marshalling, 15-20min prior to race start (Fina, 2015), thus transition phase cannot last for less than 30min.

According to [START_REF] Wei | Influence of post-warm-up recovery time on swim performance in international swimmers[END_REF], the ergogenic effects of in-pool warm-ups will not last for 45min

but it can endure up to 20min and because of the FINA rules, athletes cannot re-warm-up in a pool during the last 20 min leading to the race. During competition day, the transition period is very important for swimmers to perform well, especially following a sufficiently intense warm-up to activate the physiological processes that will be required in the competition event. Therefore, the recovery period should be between 8 to 20min to rest and allow the replenishment of phosphocreatine [START_REF] O'leary | Influence of exercise intensity on the on-and off-transient kinetics of pulmonary oxygen uptake in humans[END_REF].

Échauffement pour les épreuves de sprint -Warm-up for sprint swimming events

The swimming events include distances from 50m to 1500m in the pool and 5km to 25km in the open water. For the pool, the corresponding effort range from 21s (World Records) to more than 20min in some competitions. Therefore, each race has his own warm-up content or approach.

Several studies reported contradictory results. Some of them, demonstrated an improvement in performance after warming-up [START_REF] Burnley | Effects of prior heavy exercise, prior sprint exercise and passive warming on oxygen uptake kinetics during heavy exercise in humans[END_REF][START_REF] Atkinson | Diurnal variation in cycling performance: influence of warm-up[END_REF], and others revealed no changes or even detrimental changes in performance [START_REF] Mitchell | The effect of high-and low-intensity warm-up on the physiological responses to a standardized swim and tethered swimming performance[END_REF][START_REF] Bishop | The effect of three different warm-up intensities on kayak ergometer performance[END_REF] Many researchers focused on short distance for its convenient during experiment phase but some other studies reported a positive effects of warm-up in distances above 200 m, reinforcing the possible positive effects of aerobic metabolism stimulation during the warm-up procedures [START_REF] Houmard | The effect of warm-up on responses to intense exercise[END_REF]. [START_REF] Houmard | The effect of warm-up on responses to intense exercise[END_REF] described the impact of warm-up on a 400m yard swim. The latter reported an increments in SL and a decreased post-exercise blood lactate concentrations ([La-]) with warm-up. Conversely, another study by [START_REF] Mitchell | The effect of high-and low-intensity warm-up on the physiological responses to a standardized swim and tethered swimming performance[END_REF] reported no change in performance and a higher level of [La-] after a 2 min high intensity swimming trial (13.66 ± 2.66 vs. 9.53 ± 2.22 mmol•l-1).

Focusing more on short distances (Sprint events), several studies have shown that a proper warmup was effective in reducing 100 yds time trial by 0.44 (De Vries, 1959) and 0.75s (Romney, 1993) compared to a bout without prior warm-up.

Bobo (1999) compared three warm-up conditions (warm-up exercises in-water, in dry land, and without warm-up) and revealed no significant differences in the 100 yards performance between the three conditions.

Warm-up is considered by coaches and athletes an essential element during competition and any priming practices are usually considered to optimize performance. Several studies in swimming have some contradictory results but most of them reported a positive effect of the active warm-up on swimmer's performance, especially for distances above 200 m. Additionally, the literature proposes that in-water activities are the most useful activities, but when it is not possible to do in-water warm-up, dry-land exercises can be performed as an alternative. Hence, alternative forms of warm-up or re-warm-up are potentially needed. In that regards, exercises resulting in PAP may be an interesting alternative tool to use by coaches and their athletes to enhance performance. et al., 2011) and also from 4 to 12 minutes after the conditioning contraction (PAP) (Hancock et al., 2015 ;Mclaren, 2017 ;Dobbs, 2019). Its practical application commonly occurs after heavy resistance exercise (Matthews et al., 2010).According to Vandervoort (1983), PAP effect is detected almost immediately after the conditioning contractions and decreasing dramatically to one-half after 28 s and then more slowly over the next 8-10 min (Vandervoort, 1983).

Considering that the persistence of PAP (as defined by Vandervoort (1983)) is significant for only a few minutes (<3 min), and yet in another study (a meta-analysis), Wilson et al. (2013), reported that the peak voluntary performance enhancement often occurs 6-10 min after the conditioning activity in most studies. Based on the results of these studies, some authors start to question whether PAP is the phenomenon that coincides temporally with the acute voluntary performance enhancement seen after a maximum contraction in humans. Therefore, Cuenca-Fernández (2017),

proposed in the absence of confirmatory evidence of classical PAP (i.e., twitch force assessment), a new term to define the enhancement of a voluntary muscular performance in a subsequent main activity following a high intensity voluntary conditioning contraction(s) : post-activation performance enhancement (PAPE)

PAP refers to the phenomena by which muscular performance characteristics are acutely enhanced as a result of their contractile history [START_REF] Hodgson | Post-activation potentiation: underlying physiology and implications for motor performance[END_REF][START_REF] Robbins | Postactivation potentiation and its practical applicability: a brief review[END_REF]. This conditioning activity (or contractile history) most commonly includes a series of evoked twitches (staircase), an evoked tetanic contraction (post tetanic potentiation (PTP)), or a sustained maximal voluntary contraction (MVC) (Sale, 2002). The difference between PAP and PTP is defined by the nature of the conditioning contraction (CC). While, PTP is induced by an involuntary tetanic contraction, PAP is induced by a voluntary contraction (Sale, 2002 ;[START_REF] Sale | Postactivation potentiation: role in performance[END_REF]) performed typically at maximal or near-maximal intensity.

To avoid any confusion with the researchers, Blazevich and Babault (2019), proposed that the activity-dependent potentiation should be defined according to: (1) type of conditioning contraction (electrically or voluntarily elicited), and (2) the functional outcome (the enhancement of muscle function is measured using twitch contractions (PAP) or voluntary contractions (PAPE))

However, at present these terms are rarely defined within the current literature.

Broadly, PAP/PAPE is defined as an increase in muscle performance after a conditioning contraction [START_REF] Xenofondos | Postactivation potentiation: factors affecting it and the effect on Performance[END_REF].

Despite being typically associated with anaerobic activities, PAP has been observed in aerobically trained athletes as well [START_REF] Boullosa | Post-activation potentiation (PAP) in endurance sports: A review[END_REF].

However, there are specific mechanisms that determine whether exercise before the main activity will cause muscle strength increase (potentiation) or decrease (fatigue). Therefore, if the activity occurs immediately after the conditioning activity, fatigue could impair the performance and dominate over potentiation (Rassier and Macintosh, 2000). The opposite may happen when sufficient interval for muscle recovery is allowed between events. In this situation, it results in higher production of muscular power and potentially enhances strength and speed performance (Sale, 2002) (Fig. 12).

Figure 12: Diagram of the "Windows of Opportunity" adjusted from (Hancock et al., 2015) Post-activation potentiation has shown beneficial effects on performance in a wide variety of activities such as maximal voluntary contractions (Chiu et al., 2003), sprint running [START_REF] Chatzopoulos | Postactivation potentiation effects after heavy resistance exercise on running speed[END_REF], and sprinting and jumping (Mola et al., 2014). However, data on the effects of PAP in swimming performance are scant and inconsistent (Hancock et al., 2015;Sarramian et al., 2015;Barbosa et al., 2016).

at frequencies and with numbers of pulses compatible with natural activation. Now, it is commonly accepted by many authors that PAP is induced by voluntary activation of the muscle (at maximal or near-maximal intensities) whereas post-tetanic potentiation is induced by an involuntary (electrical) tetanic stimulation (Sale, 2002 ;Macintosh et al., 2012).

Recently, several studies revealed that PAP may enhance voluntary muscle force production using movements that require maximal voluntary muscle activations, such as: vertical jump (French et al., 2003), cycling [START_REF] Munro | Potentiation of sprint cycling performance: the effects of a high-inertia ergometer warm-up[END_REF], swimming (Hancock et al., 2015).

Following the different time course of PAP effect on subsequent main activity reported by several studies (Vandervoort et al., 1983 ;Wilson et al., 2013), Cuenca-Fernández (2017), recently

proposed that the term "post-activation performance enhancement" (PAPE) should be used when When the central system activate appropriately the involved muscle during a contraction, a force is generated [START_REF] Marieb | Human anatomy & physiology[END_REF]. Changes in motor unit recruitment, rate coding, motor unit synchronization and neural inhibition control the activation of muscles [START_REF] Marieb | Human anatomy & physiology[END_REF].The force produced by the muscle is influenced by the number and type of recruited motor units.

In voluntary contractions, muscles are activated by complex pathways starting in the cortex and leading to excitation of lower motor neurons in the spinal cord. The axon of the lower motor neuron carries the action potentials to the neuromuscular junction of the muscle. For simplicity, the processes inside the spinal cord and above are defined as central, whereas the processes in the peripheral nerve, neuromuscular junction, and muscle are defined as peripheral [START_REF] Allen | Skeletal muscle fatigue: cellular mechanisms[END_REF].

Despite many evidence in the literature about the activation of PAP through an increased recruitment of higher-order (Type II) motor units and myosin RLC phosphorylation (Tillin and Bishop, 2009), the relative contribution of these mechanisms to the voluntary PAP effect remain unclear. Determining the impact of these mechanisms will help indicate the appropriate site(s) for targeted interventions to enhance the voluntary PAP response, and therefore how to elicit PAP in individuals who do not seem to respond to a CC.

1) Les facteurs centraux et PAP -Central factors influencing PAP a)

Amplitude du H-reflex

-H-reflex amplitude

Under voluntary contraction condition, PAP is activated through an increased recruitment of higher-order (Type II) motor units [START_REF] Hodgson | Post-activation potentiation: underlying physiology and implications for motor performance[END_REF]Tillin and Bishop, 2009). Specifically, increases in H-reflex amplitude, which reflects the response of the motor neuron pool to a volley from muscle spindle afferents (Fig. 12) [START_REF] Mcneil | Testing the excitability of human motoneurons[END_REF] and could be used to test motor neuron pool excitability [START_REF] Zehr | Considerations for use of the Hoffmann reflex in exercise studies[END_REF][START_REF] Mcneil | Testing the excitability of human motoneurons[END_REF]. In humans, the H-reflex can be recorded by obtaining surface EMG data in response to a brief electrical stimulation to a peripheral nerve, and analyzed via peak-to-peak amplitude measurement of the surface electromyographic signal [START_REF] Zehr | Considerations for use of the Hoffmann reflex in exercise studies[END_REF][START_REF] Mcneil | Testing the excitability of human motoneurons[END_REF]. Thus the validity and reliability of the H-reflex as a measurement of motor unit excitability, as well as an estimate of spinal reflex processing, depends on a highly specialized methodology [START_REF] Zehr | Considerations for use of the Hoffmann reflex in exercise studies[END_REF][START_REF] Hodgson | Post-activation potentiation: underlying physiology and implications for motor performance[END_REF]. Nevertheless, enhanced recruitment of high order motor units has been suggested as a possible explanatory mechanism for PAP [START_REF] Hodgson | Post-activation potentiation: underlying physiology and implications for motor performance[END_REF]Tillin and Bishop, 2009).

According to Güllich and Schmidtbleicher (1996), the increased recruitment of higher-order (Type II) motor units contributes to voluntary PAP they also reported significant correlations (r=0.90) between the time course of changes in H-reflex amplitude and voluntary torque production (i.e. voluntary PAP after a 5-s isometric leg press CA).

First, factors such as presynaptic inhibition and stimulus consistency were not controlled for, which in conjunction with the non-normalization of the maximal muscle action potential (Mwave), hinders the validity of the Güllich and Schmidtbleicher (1996) results [START_REF] Hodgson | Post-activation potentiation: underlying physiology and implications for motor performance[END_REF]Tillin and Bishop, 2009).

Second, the H-reflex did not reflect a change at the spinal level during muscle contraction because it has been elicited in resting muscle [START_REF] Voigt | Changes in the excitability of soleus muscle short latency stretch reflexes during human hopping after 4 weeks of hopping training[END_REF][START_REF] Aagaard | Neural adaptation to resistance training: changes in evoked V-wave and H-reflex responses[END_REF]. Although a previous review (Tillin and Bishop, 2009) has pointed out that different studies have reported similar H-wave depressions and potentiation behavior post conditioning in more controlled experimental set ups [START_REF] Trimble | Postexercise potentiation of the H-reflex in humans[END_REF]Folland et al., 2008), but it should be mentioned that [START_REF] Trimble | Postexercise potentiation of the H-reflex in humans[END_REF] did not measure effects on performance, and that Folland et al.

(2008) reported a lack of performance enhancements post conditioning.

Based on these information we cannot assume that increasing in H-reflx cannot be an evidence of increased motor unit recruitement contributing to voluntary PAP. 

-EMG amplitude

According to Farina et al. (2002), the potentiation was stimulated because of the increased motor unit recruitment, especially following the observed increase in surface EMG amplitude at the same time. Therefore, Voluntary PAP is associated with an increase in EMG amplitude following a voluntary CC [START_REF] Hough | Effects of dynamic and static stretching on vertical jump performance and electromyographic activity[END_REF].

Nevertheless, EMG activity may be the result of both central and/or peripheral mechanisms, such as lengthening of the intracellular action potential profile. [START_REF] Arabadzhiev | Interpretation of EMG integral or RMS and estimates of "neuromuscular efficiency" can be misleading in fatiguing contraction[END_REF] or increases in Na + -K + pump activity [START_REF] Thomas | EMG changes in human thenar motor units with force potentiation and fatigue[END_REF]. Thus, any interpretation must be interpreted with caution.

In another study, Fukutani et al. (2013) normalized the EMG amplitude to the M-wave amplitude to largely eliminate the effect of peripheral changes in membrane excitability and thus provide a reasonable indicator of central drive [START_REF] Lepers | Neuromuscular fatigue during a long-duration cycling exercise[END_REF][START_REF] Millet | Alterations of neuromuscular function after prolonged running, cycling and skiing exercises[END_REF][START_REF] Arabadzhiev | Interpretation of EMG integral or RMS and estimates of "neuromuscular efficiency" can be misleading in fatiguing contraction[END_REF]. This study concluded that no changes in the EMG:M were observed in the plantar flexors following the performance of a voluntary CC inducing voluntary PAP, suggesting that changes in central drive may not be a major factor influencing voluntary PAP. However, additional experiments are required to confirm these findings under various experimental conditions. Several studies did not find any changes in the M-wave amplitude when the neuromuscular transmission and excitability of the muscle fiber's sarcolemma change (Miyamoto et al., 2011 ;Miyamoto et al., 2011) or voluntary (Miyamoto et al., 2011) PAP after a voluntary CC. . Nevertheless, [START_REF] Lepers | Effect of cycling cadence on contractile and neural properties of knee extensors[END_REF] suggested that the M-wave amplitude can provide information about both twitches (Fig. 14).

In the other hand, other studies announced an increase in M-wave amplitude following a voluntary CC that induced twitch PAP (Hamada et al., 2000 ;[START_REF] Jubeau | Differences in twitch potentiation between voluntary and stimulated quadriceps contractions of equal intensity[END_REF]. Due to these contrasting findings, there is no clear evidence as to whether M-wave amplitude can be taken as a reliable indicator of changes in peripheral function after a PAP-inducing voluntary CC. -

Excitation-contraction (E-C) coupling process

Excitation-contraction (E-C) coupling represents a sequence of events linking the transmission and transformation of an action potential to a cascade of enzymatic reactions that are intrinsically linked to calcium kinetics, phosphorylation, ATP cleavage, filament structural modulations, filament sliding and force production [START_REF] Stephenson | Events of the excitation-contractionrelaxation (E-C-R) cycle in fast-and slow-twitch mammalian muscle fibres relevant to muscle fatigue[END_REF][START_REF] Rm | Neuromechanics of human movement[END_REF]. Thus, according to several authors [START_REF] Moore | Myosin light chain phosphorylation in fast and slow skeletal muscles in situ[END_REF][START_REF] Palmer | Myosin light chain phosphorylation and tension potentiation in mouse skeletal muscle[END_REF][START_REF] Grange | Physiological significance of myosin phosphorylation in skeletal muscle[END_REF][START_REF] Sweeney | Myosin light chain phosphorylation in vertebrate striated muscle: regulation and function[END_REF] and in response to a PAP-inducing CC in animals, the strong observed correlation between the magnitude of phosphorylation of the myosin RLC and increases in twitch

show how the changes at the muscular level are very important. The increased sensitivity of Ca2+ released from the sarcoplasmic reticulum in a result of the increased myosin RLC phosphorylation is thought to potentiate subsequent muscular contraction [START_REF] Grange | Physiological significance of myosin phosphorylation in skeletal muscle[END_REF][START_REF] Grange | Myosin phosphorylation augments force-displacement and force-velocity relationships of mouse fast muscle[END_REF]. Consequently, the myosin-actin interaction and the number of strongly bound cross-bridges increase [START_REF] Levine | Myosin light chain phosphorylation affects the structure of rabbit skeletal muscle thick filaments[END_REF], and subsequently the muscle tension [START_REF] Manning | Myosin light chain phosphorylation-dephosphorylation in mammalian skeletal muscle[END_REF].

Furthermore, according to [START_REF] Smith | Effects of a ten-second maximum voluntary contraction on regulatory myosin light-chain phosphorylation and dynamic performance measures[END_REF], an increase in myosin RLC phosphorylation result in a positive response to a voluntary CC , whereas individuals with impaired performance who consequently didn't improve their voluntary muscular performance post -CC, reported a decrease in myosin RLC phosphorylation.

According to [START_REF] Rijkelijkhuizen | Low-frequency fatigue, posttetanic potentiation and their interaction at different muscle lengths following eccentric exercise[END_REF], during constant frequency nerve stimulation in the type II twitch muscles of rodents after a PAP-inducing C, the increase in the ration of the forces produced during 60-vs 200-Hz frequency trains is a consequence of a changes in the E-C coupling process in animal models. Based on the latter, the E-C coupling process may underpin PAP in skeletal muscle.

According to the aforementioned, the E-C coupling process may have an influence on the voluntary PAP phenomenon following the impact of the muscle or nerve electrical stimulation of the twitch and the release and sensitivity of Ca2 + measured after a complete task-specific warmup.

3) La chaine légère du Myosine -Myosine light chain:

Myosin light chain phosphorylation is widely acknowledged as the primary mechanism of potentiation (Fig. 14). Calcium (Ca 2+ ) released into the sarcoplasm is bound by calmodulin (CaM), which is an intracellular messenger protein. Active CaM then binds to skeletal muscle myosin light chain kinase (skMLCK) which in turn adds a phosphate group to the regulatory light chain component of the myosin molecule. The addition of this phosphate is important for normal contraction (especially in smooth muscle) because it changes the conformational shape of the myosin, steepening the angle of the myosin head in relation to the filament. This new position for the myosin head places it in closer proximity to the actin binding site, encouraging the formation of a cross-bridge [START_REF] Hodgson | Post-activation potentiation: underlying physiology and implications for motor performance[END_REF].

Increased phosphorylation of the Myosin Regulatory Light Chain has been demonstrated to be an essential mechanism of PAP in animal studies [START_REF] Moore | Myosin light chain phosphorylation in fast and slow skeletal muscles in situ[END_REF][START_REF] Palmer | Myosin light chain phosphorylation and tension potentiation in mouse skeletal muscle[END_REF][START_REF] Grange | Physiological significance of myosin phosphorylation in skeletal muscle[END_REF][START_REF] Sweeney | Myosin light chain phosphorylation in vertebrate striated muscle: regulation and function[END_REF]. These findings are consistent with the observation of twitch PAP in humans (Vandervoort et al., 1983 ;Hamada et al., 2000) and suggest that an improved excitation-contraction (E-C) coupling may be an essential mechanism in humans.

When a muscle is fatigued at high load and low frequency, cell fibers become more sensitive to the calcium concentration, enhancing cross-bridges attachment and subsequently generating greater force compared to the prior (resting) condition [START_REF] Grange | Potentiation of in vitro concentric work in mouse fast muscle[END_REF][START_REF] Baudry | Postactivation potentiation of short tetanic contractions is differently influenced by stimulation frequency in young and elderly adults[END_REF].

Changes at the muscular level, and specifically in the E-C coupling process may be relevant to the observed PAP process because of the strong correlation observed between the magnitude of phosphorylation of the myosin RLC and increases in twitch force in response to a PAP-inducing CC in animals [START_REF] Moore | Myosin light chain phosphorylation in fast and slow skeletal muscles in situ[END_REF][START_REF] Palmer | Myosin light chain phosphorylation and tension potentiation in mouse skeletal muscle[END_REF][START_REF] Grange | Physiological significance of myosin phosphorylation in skeletal muscle[END_REF][START_REF] Sweeney | Myosin light chain phosphorylation in vertebrate striated muscle: regulation and function[END_REF]. 2005) stress that no relationship exists that demonstrates a direct performance benefit as a result of an increased number of Type-II fibers, Tillin and Bishop (2009) suggested that individuals with a greater degree of muscular strength and a higher distribution of Type-II (fast-twitch) muscle fibers have demonstrated a higher ability to achieve PAP.

A person's fiber-type distribution is determined primarily by genetic factors, but may also be influenced by age and activity level (Sale, 2002). But with respect to the individual's characteristics, recent reports indicate that stronger individuals can express higher potentiation levels than their weaker counterparts (Chiu et al., 2003 ;[START_REF] Gourgoulis | Effect of a submaximal half-squats warm-up program on vertical jumping ability[END_REF][START_REF] Ruben | The acute effects of an ascending squat protocol on performance during horizontal plyometric jumps[END_REF]Seitz et al., 2014). Also, it appears that stronger individuals express their most significant PAP effect earlier after completing a massive CA than do weaker individuals [START_REF] Jo | Influence of recovery duration after a potentiating stimulus on muscular power in recreationally trained individuals[END_REF]Seitz et al., 2014). Furthermore, Seitz et al. (2014) and [START_REF] Ruben | The acute effects of an ascending squat protocol on performance during horizontal plyometric jumps[END_REF], reported that stronger individuals (i.e. those who can squat >2× body mass) might express more significant voluntary PAP responses than their weaker counterparts, because a significant correlation was observed between relative back squat strength and the magnitude of potentiation in vertical and horizontal jump tests.

A plausible explanation for this phenomenon is that stronger individuals may develop fatigue resistance to heavier loads (Hamada et al., 2000 ;Chiu et al., 2003), which may affect the balance between fatigue and potentiation post-Conditioning Activity (CC). Ultimately, alterations in the balance between fatigue and potentiation can alter the magnitude of PAP expressed post-CC (Rassier and Macintosh, 2000). Given the relationship between strength, fatigue, and PAP, it can be postulated that stronger and weaker individuals may respond differently to the different components of a strength-power-potentiation complex. For example, traditional high-intensity CCs, deeper squat CCs, shorter rest intervals, multiple set CAs, and maximal effort CCs should theoretically impair the ability of weaker individuals to express high levels of potentiation because of their limited capacity to resist fatigue. Hence, intending to optimize the PAP response of stronger and weaker individuals, there is a need to determine how stronger and more vulnerable individuals respond to the different components of a strength-power-potentiation complex (Seitz and Haff, 2016).

Since fibers with a higher proportion of type II MHC isoforms have a more significant myosin regulatory light chain (RLC) phosphorylation capacity [START_REF] Moore | Myosin light chain phosphorylation in fast and slow skeletal muscles in situ[END_REF][START_REF] Houston | Myosin light chain phosphorylation and isometric twitch potentiation in intact human muscle[END_REF]. A higher muscle cross-sectional area [START_REF] Maughan | Strength and cross-sectional area of human skeletal muscle[END_REF] or volume [START_REF] Fukunaga | Muscle volume is a major determinant of joint torque in humans[END_REF] may characterize stronger individuals. Nevertheless, more research need to be implemented to discover the relationship between voluntary PAP and muscle size.

Another explanation to this phenomenon is that Hamada et al. (2000) identified individuals with the highest PAP responders were found to have a higher percentage of type 2 fibers and more significant type 2 fiber area than a group identified as the lowest PAP responders as reflected by the twitch contractile study. This makes sense from the perspective that twitch PAP has been shown to occur through an increase in myosin RLC phosphorylation in response to a CC, and that this process is most notable in fibers with a higher proportion of the type II-myosin heavy chain (MHC) isoform in animals [START_REF] Klug | The effect of low frequency stimulation on myosin light chain phosphorylation in skeletal muscle[END_REF][START_REF] Manning | Myosin light chain phosphorylation-dephosphorylation in mammalian skeletal muscle[END_REF][START_REF] Moore | Myosin light chain phosphorylation in fast and slow skeletal muscles in situ[END_REF].

However, there is no strong evidence about its certain presence or observation in human skeletal muscle [START_REF] Stuart | Myosin light chain phosphorylation and contractile performance of human skeletal muscle[END_REF]. Researchers didn't disclose yet the level of individual muscular strength and if it is causative, or only correlative, of the magnitude of voluntary PAP exhibited.

Therefore, each of these factors should be studied in details to reveal why stronger individuals, benefit from the performance of a voluntary CC.

It might be expected that PAP offers the greatest potential for performance enhancement in brief, maximal intensity activities requiring maximal strength and speed (and the product of these two, power), activities that depend on fast fibers. But in these activities, motor unit firing rates are likely to be at their highest, in the very range where PAP's effect on force is smallest or absent. Taken in this light, greater PAP in fast fibers almost seems a "waste." It would be better for slow fibers to have greater PAP, because they are typically involved in low-intensity activities in which motor unit firing rates are relatively low, the range in which PAP is greatest (Sale, 2002).

5) Genre -Gender

Past studies investigating the effect of gender in PAP revealed inconsistent results. Gender may be a variable influencing PAP due to variation in muscle fibre structure. Larger type II fibre crosssectional area and shorter twitch contraction times in males may explain this phenomenon [START_REF] Rixon | Influence of type of muscle contraction, gender, and lifting experience on postactivation potentiation performance[END_REF]. Conversely, Wilson et al. (2013) and [START_REF] Mccann | The effects of exercise selection and rest interval on postactivation potentiation of vertical jump performance[END_REF] found that both male and females benefit from potentiation effects and there is no apparent significant difference between genders. However, [START_REF] Rixon | Influence of type of muscle contraction, gender, and lifting experience on postactivation potentiation performance[END_REF], reported that isometric muscle actions evoked greater PAP than dynamic actions for countermovement jumps and that the potentiation was greater in men compared with women. In the other hand, [START_REF] Mccann | The effects of exercise selection and rest interval on postactivation potentiation of vertical jump performance[END_REF] reported that in National Collegiate Athletic Association (NCAA) Division I volleyball players, "PAP is a highly individualized phenomenon" that is not influenced by gender. Thus, the type of athlete that may find PAP warm-up activities beneficial can vary.

To be more specific, Several studies have directly assessed gender differences relating to sprint swimming [START_REF] Simmons Se | Different determinants of sprint swim performance in male and female competitive swimmers[END_REF][START_REF] Paradisis | Anaerobic power and capacity in competitive swimmers[END_REF], and the consensus is that the anaerobic power and anaerobic capacity characteristics of males allow them to perform better in sprint swimming than females. Further, Simmons Se et al. (2000) showed that "dry land" power (how "strong" a person is) is directly transferable into swimming "power" in males, but not for females.

However, PAP studies have been performed predominantly on male subjects. In studies that used male and female participants, investigators chose to pool data into the same group due to assumptions that there was no difference between genders.

6) Durée -Duration

Post-activation potentiation (PAP) appears to be highly individualized in its effects, and as such it has been difficult to establish when the ideal "window of opportunity" for performance occurs following a potentiating treatment. According to Rassier and And Macintosh (2000), the coexistent balance between potentiation and fatigue is the main raison for the increases in muscular performance after a CC. Consequently, when the fatigue dominates the potentiation, the performance is impaired or decrease and if the opposite, the latter is enhanced. In case, both factors (Fatigue and potentiation) are at the same level, the performance remain unchanged. In another hand, if the translation time between CC and the main activity is too long, there will be no potentiation effect because the ability to express PAP decreased and subsequently the performance remains unchanged or impaired. Therefore, Sale (2002), suggested that the muscular performance is maximized during an optimal recovery time . Several studies confirmed these results when they reported a decrease in vertical jump performance 15 s after a CC but increases 3-16 minutes into recovery [START_REF] Kilduff | Postactivation potentiation in professional rugby players: Optimal recovery[END_REF][START_REF] Crewther | The acute potentiating effects of back squats on athlete performance[END_REF]Seitz et al., 2014). Nevertheless, these results were not always observed or reported (French et al., 2003 ;[START_REF] Gourgoulis | Effect of a submaximal half-squats warm-up program on vertical jumping ability[END_REF]. This study demonstrated that PAP can be in effect for up to 12 minutes following the conditioning exercises, with the 4 minutes minimum recovery time following the conditioning exercises seemingly sufficient to allow the fatiguing effects to subside. According to Macintosh et al. (2012), the light chain myosin is phosphorylated from 1 to 5min, which is considered the optimal time for a potentiation and according to the authors, it creates a contraction "memory" to enhance performance. After 5min, this contraction "memory" dissipates and the potentiation effect is weaken. [START_REF] Vandenboom | Modulation of Skeletal Muscle Contraction by Myosin Phosphorylation[END_REF] reported also that the myosin RLC phosphorylation may represent a form of thick filament activation that provides a "molecular memory" of contraction.

Nevertheless, [START_REF] Gittings | Shortening speed dependent force potentiation is attenuated but not eliminated in skeletal muscles without myosin phosphorylation[END_REF], revealed that the speed is highly the main reason of the concentric force potentiation. However, Wilson et al. (2013) reported in his meta-analysis study, based on 32 primary studies, that the potentiation was optimal after a rest period between 7 and 10min while performing multiple (vs. single) sets at moderate intensities.

Based on the aforementioned studies and following the study results of Mettler and Griffin ( 2012), the co-existence of fatigue and potentiation makes it difficult to define the optimal time of transition and the point where fatigue declines and potentiation occurs. Furthermore, the balance between fatigue and potentiation is likely to be influenced by the characteristics of both the CC and the individual.

7) Le niveau des athletes -Training status

Training level is another factor that influences the PAP response, but its greatest benefit is in reducing the fatigue response (Chiu et al., 2003). This suggests that a trained individual is less likely to fatigue from the loading protocol than an untrained individual, which allows for a greater window of opportunity for performance enhancement, even at the same degree of potentiation as an untrained athlete. Hamada et al. (2000), highlighted the importance of training level when seeking to induce PAP, particularly in the muscle groups specific to an individual's sport. [START_REF] Ruben | The acute effects of an ascending squat protocol on performance during horizontal plyometric jumps[END_REF] reported that individuals who can squat > 2 x body mass express a greater degree of PAP when compared with weaker individuals at the same group. Furthermore, the strength level of the individuals affects the recovery time before before PAP is expressed [START_REF] Jo | Influence of recovery duration after a potentiating stimulus on muscular power in recreationally trained individuals[END_REF].

According to several studies and following the unclear results, the balance between the fatigue and PAP may be affected by the training status of the individuals [START_REF] Brandenburg | The acute effects of prior dynamic resistance exercise using different loads on subsequent upper-body explosive performance in resistance-trained men[END_REF]. Furthermore, according to [START_REF] Mahlfeld | Postcontraction changes of muscle architecture in human quadriceps muscle[END_REF], the benefit from PAP loads may be minimal for the athletes who are used to continuous dryland training and consequently have an improved intramuscular coordination for higher loads.

Several authors have indicated that subjects with greater individual muscular strength show greater responses to PAP (Chiu et al., 2003 ;[START_REF] Brandenburg | The acute effects of prior dynamic resistance exercise using different loads on subsequent upper-body explosive performance in resistance-trained men[END_REF]Seitz et al., 2014). Seitz et al. (2014) reported that the individual's strength level affects the temporal profile of PAP, especially that stronger individuals express PAP earlier in comparison to their weaker counterparts.

Therefore, according to [START_REF] Jo | Influence of recovery duration after a potentiating stimulus on muscular power in recreationally trained individuals[END_REF], the strength level of the athlete impact the recovery time and affect the implemented rest interval to optimize PAP when constructing potentiation complexes (CC + performance activity).

8) Charge de travail et intensité -Workload & Intensity

According to Wilson et al. (2013) the magnitude and time course of voluntary PAP can be influenced by the loading volume and intensity of the CC. The lower the loading volume of the CC the less fatigue will be induced and the sooner a potentiation of muscular force might be observed. However, if the loading volume is too low, the mechanism(s) responsible for voluntary PAP may not be triggered .

Several studies have used different types of load during the CC with either repetition maximum (RM) loads [START_REF] Kilduff | Postactivation potentiation in professional rugby players: Optimal recovery[END_REF][START_REF] Crewther | The acute potentiating effects of back squats on athlete performance[END_REF] or sub-maximal loads performed at a given percentage of 1 RM [START_REF] Baker | Acute effect of alternating heavy and light resistances on power output during upperbody complex power training[END_REF][START_REF] Brandenburg | The acute effects of prior dynamic resistance exercise using different loads on subsequent upper-body explosive performance in resistance-trained men[END_REF]. Given the relationship between fatigue and potentiation, RM loads may induce greater fatigue than sub-maximal loads and therefore reduce the ability to express PAP (Seitz and Haff, 2016). A recent meta-analysis by Wilson et al. (2013) determined that CCs comprising multiple sets may produce greater voluntary PAP effects than single sets in trained individuals whereas single sets may be more beneficial in less experienced individuals. Research also indicates that CCs of moderate intensities (60-85% 1-RM) may be more beneficial than those of higher intensities (>85% 1-RM).

Studies have been equivocal in their effectiveness when using PAP to achieve ergogenic effects. [START_REF] Robbins | Effect of loading on enhancement of power performance over three consecutive trials[END_REF] examined the effectiveness of a 7 second maximal voluntary isometric contractions (MVIC) in enhancing Counter Movement Jump (CMJ) performance. The CMJs themselves were performed at 8-minute interval in both trials. The authors reported no significant difference in performance. Consequently, the PAP stimulus didn't affect the performance and was insufficient to enhance performance. [START_REF] Robbins | Effect of loading on enhancement of power performance over three consecutive trials[END_REF] speculate that the neural activity was insufficient to potentiate the muscles because the load was only a single MVIC. 9) Taux de développement de la force -

Rate of force development

The rate of force development (RFD) is a measure of explosive strength, or simply how fast an athlete can develop forcehence the 'rate' of 'force development'. This is defined as the speed at which the contractile elements of the muscle can develop force [START_REF] Aagaard | Neural adaptation to resistance training: changes in evoked V-wave and H-reflex responses[END_REF].

Previous research suggests that where PAP is present, the rate of force development (RFD) may also be seen to be enhanced, due to acute neuromuscular adaptations (phosphorylation and neural modulation) following previous muscle activity, and thus may improve subsequent explosive performance [START_REF] Yanai | Rotational effect of buoyancy in frontcrawl: Does it really cause the legs to sink?[END_REF].

Despite the mechanisms underpinning PAP being uncertain, the existence of PAP has been demonstrated in functional performance. Güllich and Schmidtbleicher (1996) reported immediate increases in isometric RFD, vertical counter-movement jump height and vertical drop jump height immediately after five maximum isometric voluntary plantar flexor contractions. In another hand, [START_REF] Gilbert | Temporal profile of post-tetanic potentiation of muscle force characteristics after repeated maximal exercise[END_REF] reported an initial decrease in the force development capability of the muscle following five repetitions of the back squat with maximum load. This depression was then followed by a potentiation of the rate of force development capability, which was seen up to twenty minutes after the final repetition of the resistance exercise. The existing literature (Güllich and Schmidtbleicher, 1996 ;[START_REF] Yanai | Rotational effect of buoyancy in frontcrawl: Does it really cause the legs to sink?[END_REF][START_REF] Gilbert | Temporal profile of post-tetanic potentiation of muscle force characteristics after repeated maximal exercise[END_REF] has shown significant changes in RFD existing over a period of up to 20 min but little is known regarding the mechanisms mediating the control of PAP under these circumstances.

10) L'angle de Pennation -The Pennation Angle

The pennation angle is an important architectural and functional feature of pennate muscles. It is suggested to contribute to PAP. It is the angle of the muscle which affects the transferred force from the muscle to the tendons and bones and represents the orientation of the muscle fibers relative to the bone and connective tissue (Fig. 16) (Tillin and Bishop, 2009). Pennation angle decrease has previously been suggested as a possible PAP explanatory mechanism (Tillin and Bishop, 2009). The sum of the forces of all individual fibres being applied to the relevant tendon during muscular contraction is reduced by a factor of cos y (where y=pennation angle) [START_REF] Fukunaga | Determination of fascicle length and pennation in a contracting human muscle in vivo[END_REF]. Consequently, smaller pennation angles have a mechanical advantage with respect to force transmission to the tendon [START_REF] Fukunaga | Determination of fascicle length and pennation in a contracting human muscle in vivo[END_REF]Folland and Williams, 2007).

It is interesting that some studies suggest peak modulation of the pennation angle (8-and 20-minutes post CC) [START_REF] Reardon | Do changes in muscle architecture affect post-activation potentiation?[END_REF] occurring at time points coinciding with reports of peak acute performance enhancements in functional tasks [START_REF] Gouvea | The effects of rest intervals on jumping performance: a meta-analysis on post-activation potentiation studies[END_REF]Wilson et al., 2013).

However, others have found an absence of significant pennation angle changes immediately (i.e.

1s) [START_REF] Rodriguez-Falces | M-wave potentiation after voluntary contractions of different durations and intensities in the tibialis anterior[END_REF], and up to 2 minutes after several different voluntary isometric contractions [START_REF] Mahlfeld | Postcontraction changes of muscle architecture in human quadriceps muscle[END_REF]. Thus it is unlikely that changes in pennation angle could explain the instant PAP enhancement effects on twitch properties (i.e. maximal immediately and nearly insignificant 3 to 10 minutes post CC) as has been previously reported [START_REF] O'leary | Influence of exercise intensity on the on-and off-transient kinetics of pulmonary oxygen uptake in humans[END_REF]Hamada et al., 2000 ;[START_REF] Baudry | Postactivation potentiation in human muscle is not related to the type of maximal conditioning contraction[END_REF]. Furthermore, [START_REF] Mahlfeld | Postcontraction changes of muscle architecture in human quadriceps muscle[END_REF] states that shifts in pennation angle represent only a fraction of the total change of the muscle-tendon unit interaction, thus the amplitude of changes reported are hardly meaningful for direct forceenhancing mechanisms. Post activation potentiation can be defined as an enhancement of muscle contractile properties following a brief, intense conditioning contraction. The CC which leads to potentiation may be voluntarily controlled (Sale, 2002), or involuntarily evoked [START_REF] Baudry | Postactivation potentiation in human muscle is not related to the type of maximal conditioning contraction[END_REF][START_REF] Baudry | Postactivation potentiation of short tetanic contractions is differently influenced by stimulation frequency in young and elderly adults[END_REF]. By definition, the primary difference is the source of the stimulus.

Many previous human and animal studies have induced potentiation either by a voluntary contraction (Vandervoort et al., 1983 ;[START_REF] Baudry | Postactivation potentiation in human muscle is not related to the type of maximal conditioning contraction[END_REF] or an evoked tetanus [START_REF] Macintosh | Force-frequency relationship and potentiation in mammalian skeletal muscle[END_REF][START_REF] Requena | Twitch potentiation after voluntary versus electrically induced isometric contractions in human knee extensor muscles[END_REF]. Assessing evoked contractions, rather than voluntary, avoids many complications and limitations associated with voluntary control, but this type of activation is non-physiological and disregards the important role of the central nervous system in controlling and modifying normal muscle contraction. [START_REF] Miyamoto | Potentiation of maximal voluntary concentric torque in human quadriceps femoris[END_REF] reported that CCs resulting from neural muscle electrical stimulation attained an immediate enhancement of both peak twitch and peak concentric knee extension. Such results were explained by stating that CCs induced by neural muscle electrical stimulation would bypass the central fatigue effects that would otherwise be present, if the CC was voluntary.

Voluntary contraction differs from electrically stimulated contraction in several important regards which make the potentiated twitch a poor indicator of potentiated voluntary behavior. The recruitment of motor units occurs differently between voluntary and evoked contraction. [START_REF] Jubeau | Differences in twitch potentiation between voluntary and stimulated quadriceps contractions of equal intensity[END_REF] examined potentiation activity in the muscles as a result of voluntary contractions compared to electrically stimulated contractions in the quadriceps muscles. They surmised in this study that although each conditioning effect produced PAP, the maximal voluntary contraction condition allowed for the recruitment of additional peripheral motor units, whereas the electrical stimulation simply targeted the same units repeatedly.

Based on orderly recruitment of motor units, the fast-twitch muscle fibers are activated only at the highest levels of descending drive [START_REF] Henneman | Functional Significance of Cell Size in Spinal Motoneurons[END_REF]. In order to maximize potentiation, the human must voluntarily recruit all fast twitch fibers, and recruit them early in contraction. By comparison, the maximal evoked twitch activates all motor units nearly simultaneously, and the high-threshold fast twitch fibers may in fact activate first during electrical stimulation (Feiereisen et al., 1997).

Electrical stimulation (ES) has been used for strengthening healthy subjects and even trained athletes [START_REF] Enoka | Muscle strength and its development[END_REF][START_REF] Hainaut | Neuromuscular electrical stimulation and voluntary exercise[END_REF]. Some authors claim that ES is as effective for strengthening muscles as voluntary contractions [START_REF] Cannon | Neuromuscular adaptations to training[END_REF], but other studies that compared these two methods indicate that voluntary contractions are more effective at increasing force and improving resistance to fatigue [START_REF] Duchateau | Training effects of sub-maximal electrostimulation in a human muscle[END_REF]. Furthermore, the different effects of ES and voluntary training could be related to differences in motor unit (MU) recruitment during electrically induced responses [START_REF] Enoka | Muscle strength and its development[END_REF][START_REF] Hainaut | Neuromuscular electrical stimulation and voluntary exercise[END_REF].

One important difference might be that during voluntary training the discharge frequency of the MUs is modulated throughout the contraction, whereas this does not occur during ES at a constant frequency.

Studies have shown that PAP stimulus is influenced by many factors as of the volume and intensity of the CC and by the rest period between the CC and the subsequent muscular performance (Wilson et al., 2013). It has been suggested, also, that the characteristics of the CC, the individual and the type of main activity has an effect on the magnitude of voluntary PAP (Tillin and Bishop, 2009).

Furthermore, twitch and voluntary PAP have different peak time course and longevity. According to different study the voluntary PAP can persist up to 18.5min and with a peak that can occurs between 4 -12min (Wilson et al., 2013), despite the twitch PAP, which has been shown to persist up to 5-6min and with a peak occurring immediately after completing. These results suggest that the mechanisms of twitch and voluntary PAP may be at least partly divergent.

Finally, PAP does not seem to depend on the type of maximal CC (i.e. concentric, eccentric or isometric) [START_REF] Baudry | Postactivation potentiation in human muscle is not related to the type of maximal conditioning contraction[END_REF]. However, evidence suggests that the preceding effects on performance are dependent on the similarity between the angular velocity of the PAP induction CA and the post-performance task (Fukutani et al., 2013).

PAP et Fatigue -PAP and Fatigue

La fatigue neuromusculaire

-Neuromuscular fatigue

According to [START_REF] Edward | Exercise defined and quantified according to the Système International d'Unités[END_REF], the term fatigue is used in relation to a decline in performance induced by exercise. It develops gradually during sustained physical activity, not solely at the point of task failure [START_REF] Gandevia | Spinal and supraspinal factors in human muscle fatigue[END_REF]. The degree of fatigue and the impaired performance depends on the type of muscle fibers, activation patterns, duration of activity, and several environmental factors (Williams, 1997).Several studies reported that neuromuscular fatigue is divided into two levels : Central and Peripheral and influence differently the force generation [START_REF] Garrandes | Neuromuscular Fatigue Profile in Endurance-Trained and Power-Trained Athletes[END_REF][START_REF] Billaut | Muscle fatigue in males and females during multiplesprint exercise[END_REF]. Central fatigue involves the nervous system, despite the peripheral fatigue affects the local components (muscle and neuromuscular junction). The onset of fatigue (central or peripheral) depends also on the type of contraction. An isometric contraction generates first a central and then peripheral fatigue, while dynamic contraction causes the opposite [START_REF] Babault | Neuromuscular fatigue development during maximal concentric and isometric knee extensions[END_REF]. The level and training experience of the athletes have an impact on the function of the neuromuscular system. Power athletes are more affected by the tiring exercises than endurance ones [START_REF] Garrandes | Neuromuscular Fatigue Profile in Endurance-Trained and Power-Trained Athletes[END_REF]. Although the mechanisms behind these differences are unclear, the more the amount of force exerted by a muscle or motor unit at the time, the higher the level of fatigue on the muscle [START_REF] Hunter | Sex differences in the fatigability of arm muscles depends on absolute force during isometric contractions[END_REF].

PAP and Fatigue coexistance

Repeated, intense use of muscles leads to a decline in performance known as muscle fatigue [START_REF] Allen | Skeletal muscle fatigue: cellular mechanisms[END_REF]. According to [START_REF] Krarup | Enhancement and diminution of mechanical tension evoked by staircase and by tetanus in rat muscle[END_REF], potentiation and fatigue coexist for several minutes after repetitive stimulation, therefore, the author assumed that these two processes are initiated when contractile activity is started, It has been well established that contractile potentiation occurs following a brief contraction, while contractile fatigue occurs following repeated or continuous contraction. In fact, it appears that the processes of potentiation and fatigue occur simultaneously, both beginning at the initiation of contraction (Rassier and Macintosh, 2000). Different mechanisms impaired muscle function during fatigue and include decreased central nervous system drive, impaired neuromuscular transmission, alterations in the muscle surface and transverse-tubule (t-tubule) membrane action potential, impaired excitation-contraction coupling (ECC), decreased calcium (Ca 2+ ) sensitivity of contraction, and impaired cross-bridge function.

The type and duration of the work bout have an effect on each of these factors and induce the fatigue, environmental conditions, and the nutritional state and training status of the individual.

According to [START_REF] Balog | Excitation-contraction coupling and minor triadic proteins in low-frequency fatigue[END_REF], the characteristics of fatigue vary according to the underlying impairment and provide mechanistic insight . The relationship between potentiation and fatigue is well established for evoked contractions, but whether that relationship persists during voluntary contractions is not known (Sale, 2002 ;[START_REF] Hamada | Interaction of fibre type, potentiation and fatigue in human knee extensor muscles[END_REF][START_REF] Sale | Postactivation potentiation: role in performance[END_REF] Procédures de PAP et Performance

-PAP procedures and Performance

Several conflicting evidence have been reported about the effect of CCs on subsequent muscular performance including explosive sporting activities such as jumping, throwing and sprinting. [START_REF] Martyn | The Acute Effects of a Resistance Training Warmup on Sprint Performance[END_REF] studied the effect of a resistance-training warm up on 20-meter sprint performance of professional male rugby players. Twenty male professional rugby players (age 23.6+3.5yrs) participated, and all possessed at least one year of sprint training and weight training.

The subjects performed two trialsa control and a conditioning trial. Each trial began with a standardized dynamic warm up, after which a 20meter sprint was performed. Under the control condition, a 10-minute rest period was observed before performing another 20-meter sprint. In the experimental condition, a weightlifting protocol consisting of a set of 5RM back squats were completed, after which a 10-minute rest period was observed before running the second 20-meter sprint. The results of the study showed a significant improvement (3.3% faster) in the second run during the conditioning trial, which the researchers attributed to the athletes being in a potentiated state because of the weight-lifting protocol. This study demonstrated that PAP benefits can be observed in sprint performance and are not simply restricted to plyometric activities such as jumping [START_REF] Martyn | The Acute Effects of a Resistance Training Warmup on Sprint Performance[END_REF]. In another studies, several authors reported a significant decreases following the execution of a voluntary CC in muscular performance [START_REF] Duthie | The acute effects of heavy loads on jump squat performance: an evaluation of the complex and contrast methods of power development[END_REF]Chiu et al., 2003). Also, after a 3 to 5 minutes of 10 sets of 1 repetition back squat performed at 90% 1-Repetition Max (RM) a significant decreases in 10, 30 and 40 m sprint times were observed [START_REF] Chatzopoulos | Postactivation potentiation effects after heavy resistance exercise on running speed[END_REF] or 2 sets of 4 back squats at 80% 1-RM [START_REF] Rahimi | The acute effects of heavy versus light-load squats on sprint performance[END_REF].

In a practical side, it is true that the muscular performance can be improved after a CC, but it is not known whether the increase in muscular performance commonly observed after a PAPinducing CC is a consequence of acute neuromuscular alterations relating to the CC itself or whether it simply reflects warm-up and/or familiarization effects (Macintosh et al., 2012).

Furthermore, a meta-analysis by Seitz and Haff (2016), revealed inconsistent findings in the scientific literature regarding the PAP effect on jump, sprint, throw, and upper-body ballistic performance activities. For instance, [START_REF] Pearson | Lack of association between postactivation potentiation and subsequent jump performance[END_REF] reported decreases in jump height, jump power, rate of force development, and take-off velocity during countermovement jumps performed after different back squat CAs. Conversely, [START_REF] Kilduff | Effect of postactivation potentiation on swimming starts in international sprint swimmers[END_REF] observed increases in countermovement jump height and power output following a back squat CC.

Regarding sprint performance, no changes in 5-and 10-m times were reported by Crewther et al.

(2011) after a set of back squats, whereas improved 40-yard dash performance was observed after completing a sled resistance sprint CA [START_REF] Chad | The effects of a postactivation potentiation warm-up on subsequent sprint performance[END_REF]. With respect to throwing performance, heavy medicine ball throws have been shown to decrease subsequent standing shotput performance (Judge [START_REF] Lw | Efficacy of potentiation of shot put performance through preactivity heavy medicine ball throws[END_REF], while increases in squat underhand front shot throws were observed after a drop jump CC [START_REF] Terzis | Acute effect of drop jumping on throwing performance[END_REF]). Finally, Esformes et al. (2011) reported decreases in ballistic bench press throw height and rate of force development after a concentriconly bench press, while power output was increased after a bench press CC in a study performed byBaker (2003). Therefore, at this time the precise effect of performing a CC on subsequent jump, sprint, throw, and upper-body ballistic performances remains unclear.

In conclusion, based on the aforementioned, several studies about PAP used different research designs and warm-up procedures, which might have affected voluntary PAP responses. Therefore, it has been hypothesized that a specific CC might also decrease or have no effect on the performance of a different activity (Tillin and Bishop, 2009). Research about PAP / PAPE and swimming are very scarce. There is a lack in the litterature about the impact of a PAP protocol on swimming performance. Moreover, most of these studies have not examined the effect of PAP to enhance immediate performance [START_REF] Hancock | EFFECT OF POST-ACTIVATION POTENTIATION (PAP) ON SWIM SPRINT PERFORMANCE[END_REF].

Nevertheless, to our knowledge, only one study examined the immediate effect of PAP on swimming performance. [START_REF] Kilduff | Effect of postactivation potentiation on swimming starts in international sprint swimmers[END_REF] analysed the immediate effect of PAP during the start of a sprint race by using a squat protocol. Swimmers performed a swim start to 15 m under 50-m freestyle race conditions and was preceded by either their individualized race specific warmup or a PAP stimulus (1 set of 3 repetitions at 87% 1RM). The control trial involved the athletes performing their individualized, race-specific warm up. The authors reported a significant increase in the power output and jump height after 8 minutes of recovery from the PAP stimulus. The results also showed a significant increase in Peak force, however, no significant difference in 15-meter start time between the two trials. This study demonstrated that PAP may be a useful addition to a warm-up protocol before races and that a combination of traditional swimming warm up and PAP may be an option for performance enhancement.

Few years later, [START_REF] Cuenca-Fernández | Eccentric flywheel post-activation potentiation influences swimming start performance kinetics[END_REF], assessed the impact of post-activation potentiation on the kick start. Participants undergo two separate sessions. A control session where the swimmers performed three kick starts after a standardized warm up and an experimental session through five isotonic repetitions on an eccentric flywheel (PAP stimulus). The results showed improvements in the vertical components of force were observed after PAP compared with a standardized warm up. No differences in force or velocity were detected comparing PAP with natural conditions. The authors concluded that the PAP warm-up increased vertical force and it was transferred to a higher resultant velocity at take-off.

In another study, Sarramian et al. (2015) examined the effect of PAP on 50-m freestyle in nationallevel swimmers. The authors compared four type of warm-ups: race specific warm-up, upper body (3 repetitions maximum of the pull-up), lower body (1 × 5 jumps to a box while carrying 10% of the participants' body weight) and the combined warm-up. The protocol consisted of 7 separate testing sessions. The 50-m freestyle tests were performed on sessions 4-7, preceded by each warmup protocol and corresponding rest periods. The results revealed that race specific warm-up elicited faster swimming times than upper body stimulus. In the male group, the upper body elicited significantly slower times than race specific warm-up. The authors concluded that Post activation potentiation has the potential to be a useful tool for coaches to warm-up swimmers participating in sprinting events. They suggested that swimming coaches have to evaluate sprinters' individual responses to PAP and experiment with different conditioning activities, number of sets, and repetitions to determine the warm-up protocols that enhance performance to the greatest degree.

However, the Pull Ups may not be an appropriate PAP stimulus on its own.

Recently, [START_REF] Barbosa | Energetics and biomechanics as determining factors of swimming performance: updating the state of the art[END_REF] analyzed the front-crawl arm-pull kinetics and kinematics, comparing it before and after post-activation potentiation (PAP). Twelve male swimmers performed two different warm-up sessions in a crossover manner. The experiment PAP session consisted of 2 × 5 arm-pulls with resistance bands by both upper-limbs, followed by a 25 m allout trial in front-crawl arm-pull. The authors reported a significant and large improvement of the arm-pull kinetics after completing the warm-up with PAP sets, however, there were non-significant and small effects of PAP on speed. In conclusion, warm-ups with PAP stimulus elicit a large improvement in the thrust, but with small improvement in performance.

In another study, [START_REF] Ng | Human thrust in aquatic environment: The effect of postactivation potentiation on flutter kick[END_REF] measured the PAP effect on front-crawl flutter kick thrust kinematics, and performance. During the experimental session swimmers undergo a warm-up that included PAP sets consisting in 2 × 5 repetitions of unloaded countermovement jump. Following 8 min recovery rest, swimmers underwent a 25 m all-out trial in front-crawl with only flutter kicks.

The authors revealed a 15% increase in the Peak thrust and mean thrust in PAP compared to non-PAP. Large and significant difference were reported in speed and speed fluctuation and were increased by 10% compared to non-PAP

In conclusion, the authors suggested that a warm-up that includes PAP sets improves kicking thrust, kinematics, and performance. 

OBJECTIFS ET HYPOTHÈSES

Le jour de la compétition, les entraineurs implémentent diverses stratégies pour améliorer la performance des athlètes (Kilduff et al., 2013). La plus courante stratégie inclut l'échauffement avant la course. Accomplir un échauffement avant une épreuve est une approche largement acceptée dans le sport moderne puisque elle permet d'atteindre une performance optimale [START_REF] Gray | Skeletal muscle ATP turnover and single fibre ATP and PCr content during intense exercise at different muscle temperatures in humans[END_REF]. En natation, des études ont révélé des effets ambigus sur le rendement physique [START_REF] Mitchell | The effect of high-and low-intensity warm-up on the physiological responses to a standardized swim and tethered swimming performance[END_REF][START_REF] Bobo | The effect of selected types of warm-up on swimming performance[END_REF]Neiva et al., 2014). La durée de la phase d'aprèséchauffement (Transition) est un facteur majeur qui pourrait limiter certains avantages de l'échauffement principal dans l'eau. La littérature a montré que la période de transition/récupération est moins explorée et méconnue. La plupart des études sur l'échauffement en natation ont utilisé une période de récupération de 10 minutes avant la course. Peu de données sont disponibles sur la performance des nageurs lorsque différents types de récupérations sont utilisés [START_REF] Neiva | The Effects of Different Warm-up Volumes on the 100-m Swimming Performance: A Randomized Crossover Study[END_REF]. [START_REF] Zochowski | Effects of varying post-warm-up recovery time on 200-m time-trial swim performance[END_REF] 

Objectives & Hypothesis

On sports competition day itself there are additional opportunities in which event performance might be improved by using various preconditioning strategies (Kilduff et al., 2013), the most common being the pre-competition warm-up. Completion of a warm-up prior to a competitive exercise bout is a widely accepted practice within modern sport; with athletes and coaches alike believing that warming-up is essential for attaining optimal performance [START_REF] Gray | Skeletal muscle ATP turnover and single fibre ATP and PCr content during intense exercise at different muscle temperatures in humans[END_REF]). In swimming for example, studies have shown ambiguous effects of warm-up on performance [START_REF] Mitchell | The effect of high-and low-intensity warm-up on the physiological responses to a standardized swim and tethered swimming performance[END_REF][START_REF] Bobo | The effect of selected types of warm-up on swimming performance[END_REF]Neiva et al., 2014). The duration of the transition phase (between the end of the warm-up and the start of the competition trial itself) has been identified as a major factor which could potentially eliminate some of the benefits of previous pool warm-up. Regarding the post-warm-up recovery, the literature reports scarce and unclear information. Most studies about warm-up in swimming used a 10 min period of recovery between warm-up and the swimming trial, and few data is known about the swimmers' performances when different recoveries are used [START_REF] Neiva | The Effects of Different Warm-up Volumes on the 100-m Swimming Performance: A Randomized Crossover Study[END_REF]. [START_REF] Zochowski | Effects of varying post-warm-up recovery time on 200-m time-trial swim performance[END_REF] concluded that a postwarm-up recovery time of 10 min is more beneficial to 200-m swimming time-trial performance rather than 45 min. However, this 10 min is difficult to implement in a real swimming competition meeting, due to the fact that the swimmers must report to a call room 15-20min before the start of the race (Fina, 2015). In this regard, Post Activation Potentiation, may be considered one of the strategies usable after the warm-up and before the actual race, that can potentially enhance subsequent performance during competition day.

There are a growing number of studies that have investigated the effects of PAP on athletic performance showing mixed results but only 10 studies have examined the effect of PAP on swimming performance so far. A coach wishing to use this procedure within their programming or competition must appreciate the relationship between fatigue and potentiation. In simple terms, for a protocol to be effective it must provide a stimulus large enough to initiate a state of fatigue and potentiation within the muscle.

It is common to see how swimmers prepare for racing by activating themselves in many ways, through ballistic stretches, by increasing their breathing and heart rate, or by strongly clapping their chest or limbs. Whether those methods really have an influence or not is out of the scope of this thesis.

Considering the abovementioned, this thesis investigated the influence of competition day preconditioning strategies on sprint performance in high level swimmers. Several new warm-up strategies were developed to ensure that the elevated body temperature and muscle activation achieved through pool warm-up completion was maintained during the transition phase. the call room at least 20 min prior to racing. Accordingly, each swimmer must complete their warm-up at least 30 min before the race, with usually no more additional exercising until racing.

Based on the aforementioned, alternative forms of re-warm-up is needed. According to [START_REF] Wei | Influence of post-warm-up recovery time on swim performance in international swimmers[END_REF], the ergogenic effects of in-pool warm-ups will not last up to 45min post warm-up but it can last for no more than 20min and based on FINA rules, it is not possible to re-warm-up in a pool during the last 20 min leading to the race. Therefore, one of the warm-up tools that can be used between the classical swimming warm-up and the race is exercises resulting in post-activation potentiation (PAP).

Post-activation potentiation has shown beneficial effects on performance in a wide variety of activities such as maximal voluntary contractions (Chiu et al., 2003), sprint running [START_REF] Chatzopoulos | Postactivation potentiation effects after heavy resistance exercise on running speed[END_REF] and sprinting and jumping in soccer (Mola et al., 2014). Nevertheless, PAP studies about swimming performance are scant and inconsistent (Hancock et al., 2015 ;Sarramian et al., 2015 ;Barbosa et al., 2016). Most of those studies implemented PAP tools without the use of weightlifting, such as short sprints with a power rack (Hancock et al., 2015), hand paddles and parachute (Barbosa et al., 2016) or even jumping on a box while carrying 10% of the participant's body weight (Sarramian et al., 2015).

Therefore, the 20min in the call room before the race can be used for a competitive edge by the use of PAP, as the effect of the pool warm-up may have partially faded away. This study aimed to investigate the performance and biomechanical, physiological and psychophysiological effects of a simple and easily organized post-activation potentiation (PAP) re-warm-up performed before a 50-m freestyle swimming dash.

Discussion:

In the first study, the authors investigated the performance, technical and physiological effects of a simple and easily organized exercise of 30s to re-activate (re-warm-up) the athlete body aiming at inducing PAP. The stimulus was implemented between the classical swimming warm-up and 10min before a 50-m freestyle swimming sprint. This experiment focused on the lower and/or upper body stimulus. The results of this study reported no significant improvement of the 50m freestyle times of the swimmers. According to Macintosh et al. (2012), the light-chain myosin remains phosphorylated from one to five minutes, which represents the ideal time for potentiation, creating a contraction "memory". Beyond this 5min, the latter dissipates slowly, and the potentiation start to increase and get impaired. Nevertheless, the meta-analysis study of Wilson et al. (2013), reported an optimal potentiation after multiple sets with moderate rest periods lengths between 7 to 10 minutes. Based on the aforementioned, the transition period of 10-min between the main activity and the PAP stimulus in this study, may have been too long to induce a PAP effect; Nevertheless, the simultaneous existence of the potentiation and the fatigue makes it difficult to select the transition point between fatigue declination and potentiation induction [START_REF] Melzer | The role of Ca2+ ions in excitation-contraction coupling of skeletal muscle fibres[END_REF] . Consequently, the results of our study corroborates more the theory proposed by McIntosh et al. (2012), especially that we did not observe any improvement in our experiment. The absence of load (Body load only), may have been the reason to the absence of potentiation impact on performance (too short exercise and/or of too low intensity). These arguments reveal that the potentiation effect may be stimulated following an individualized resting time between the main activity and the PAP exercise, but this remain purely speculative. However, this hypothesis mirror several studies suggesting the individualized effect of PAP (Kilduff et al., 2008 ;[START_REF] Stone | Power and power potentiation among strength-power athletes: preliminary study[END_REF]. The lack of performance improvement is generally associated with inadequate type, duration and intensity of the conditioning activity (PAP) [START_REF] Kilduff | Postactivation potentiation in professional rugby players: Optimal recovery[END_REF]Lim and Kong, 2013). Therefore, the 30s duration of PAP used in this protocol may be the reason behind the lack of a performance because it was not enough to create a potentiation effect.

Furthermore, according to several studies, the strength and power exercise can induce the a neuromuscular and molecular changes such as: 1) The increase of Ca 2+ to stimulate contraction 2)

Facilitate the interaction of contractile filament by increasing the phosphorylation of light myosin chains and 3) Recruit motor units with higher contraction velocity and capacity to generate tension, especially type-IIx motor units [START_REF] Batista | Potencialização pós-ativação: Possíveis mecanismos Fisiológicos e sua aplicação no aquecimento de Atletas de modalidades de potência[END_REF]Macintosh et al., 2012). In conclusion, there is a lack of evidence about the factors that led to the lack of performance enhancement in this 50m sprint in this study: the 10-min lapse between the PAP exercise and performance and/or the load/intensity of the PAP. More studies are needed to investigate more ways to improve swimming performance or to define the real factors of performance enhancement during competition and following a re-warm-up procedure. Therefore, the next study is focused on a higher, simple body mass load (60-s) stimulus implemented on the upper and lower body of the swimmers (Burpees) and with the same recovery time rest (10min) before the main activity (50-m sprint).

Etude 2: Individual effect of post-activation potentiation after a re-warm-up: Statistically not significant but clinically meaningful

Introduction -Introduction

The "Fédération Internationale de Natation" (Fina, 2015) rules dictate that swimmers must enter the call room at least 20 min before racing (Fina, 2015). The latter forces the competitors to complete their warm-up at least 30 min before the race. The ergogenic effects of an in-pool warmup can last up to 20 min but loses efficacy 45 min post-warm-up (West et al., 2011). As it is not possible to rewarm-up in a pool during the last 20 min leading to the race, alternative forms are potentially beneficial. In that regard, post-activation potentiation [PAP] is proposed as one of those preconditioning strategies for an optimal warm-up (Kilduff et al., 2013). Previous studies have

shown that PAP has a differential individual effect [START_REF] Tm | The optimal complex training rest interval for athletes from anaerobic sports[END_REF][START_REF] Weber | Acute effects of heavy-load squats on consecutive squat jump performance[END_REF][START_REF] Mccann Mr | The effects of exercise selection and rest interval on postactivation potentiation of vertical jump performance[END_REF]Lim and Kong, 2013), with some subjects benefiting from PAP, while others demonstrated no or impaired effect on their performances [START_REF] Weber | Acute effects of heavy-load squats on consecutive squat jump performance[END_REF]Lim and Kong, 2013). Whereas the reasons for the inter-variation are not clear, some researchers attributed the selectivity to the subjects' physical characteristics [START_REF] Robbins | Postactivation potentiation and its practical applicability: a brief review[END_REF]Seitz and Haff, 2016). The use of PAP while in the call room 20 min before the race could give swimmers a competitive advantage, as the effect of the pool warm-up may have dissipated significantly.

Forty-eight regional level healthy early to middle adolescent swimmers (males, N=25; females, N=23) specialized in short distance front crawl event participated in this study (age: 14.0 ± 2.0 y; height: 161.1 ± 12.4 cm; body mass: 52.5 ± 9.5 kg).

Each swimmer underwent two counterbalanced trial conditions (experimental [TS] and control [C]) on different days based on a random selection (Figure 1). During the experimental sessions, the subjects performed a standard 900 m warm-up (West et al., 2011) followed by a transition period, where the subjects were seated in chairs (passive rest). After 19 min rest, they performed the PAP conditions for 60s, and then rested again for another 10 min before the 50 m sprint. The sprint swim was conducted under race conditions with a dive start. The timing was controlled using an automatic system for all the subjects. All subjects were verbally encouraged during the PAP stimulus. Performance (time trial) and Ratings of Perceived Exertion (RPE) were collected at the end of every 50 m sprint (Haddad et al., 2017).

INTRODUCTION

During the men's 50 m freestyle at the 2016 Rio Olympic Games, the time difference between the gold medal and fourth place was 0.28 seconds, which is only 1.3% slower ( [START_REF] Ioc | 50m-fresstyle men[END_REF]. Therefore, Coaches and athletes are always seeking to use advanced training strategies to further improve physical performance and, thereby, attenuate these small gaps to win medals (Prieske, 2020) .

Warming up prior to a competition has a long tradition and is considered an essential part of pre-race activities to achieve optimal performance (Mcgowan et al., 2015 ;Lockie, 2017).A large amount of research regarding the effects of a warm-up on human performance have been conducted (Barnes, 2015 ;González-Mohíno et al., 2018). Most of these studies demonstrated the benefits of using heavy resistance exercises to enhance subsequent performance (Wilson et al., 2013 ;Seitz and Haff, 2016). However, the usefulness of the conditioning protocols examined are questionable because of their inherent lack of practicability in an applied setting, such as the need for specific equipment [e.g., squat racks] or long rest intervals (Bogdanis et al., 2016). This especially becomes evident during warm-up and/or a re-warm-up phase within a swimming competition where athletes have to wait in a holding area [Call Room] or don't have access to equipment, respectively.

The "Fédération Internationale de Natation"(Fina, 2015) [FINA 2015] rules dictate that swimmers must enter the call room at least 20 min before racing (Fina, 2015). This forces the competitors to complete their warm-up at least 30 min before the race. The ergogenic effects of an in-pool warm-up can last up to 20 min but loses efficacy 45 min post-warm-up (West et al., 2011).

As it is not possible to rewarm-up in a pool during the last 20 min leading to the race, alternative forms are potentially beneficial. In that regard, post-activation potentiation [PAP] is proposed as one of those preconditioning strategies for an optimal warm-up (Kilduff et al., 2013). However, in many recent studies (Sale, 2002 ;Hancock et al., 2015), the term "PAP" has more recently been used to describe a voluntary force or power enhancement after a high-intensity exercise-based warm-up, without confirmation by twitch stimulations that PAP was evoked (Sale, 2002) and therefore that other factors that impact muscle function (e.g., muscle temperature, activation level/learning) do not underpin the enhancement (Blazevich and Babault, 2019). Consequently, Cuenca-Fernández (2017) proposed recently the use of the term post-activation performance enhancement [PAPE] when a high-intensity voluntary (dynamic or isometric) strength, power, or speed following a conditioning contraction(s) leads to enhancement in voluntary muscular performance in a subsequent test (exercise performance).

According to Vandervoort (1983), PAP effect is detected almost immediately after the conditioning contractions and decreasing dramatically to one-half after 28 s and then more slowly over the next 8-10 min (Vandervoort, 1983). Thus, the effect was found to be short-lived and likely of potential practical benefit only in the first few minutes after being elicited. While some residual PAP might influence PAPE in its earliest stages after a conditioning activity, other mechanisms must play a significant role in the longer lasting PAPE effect, as the increases in muscle temperature and muscle water, although enhancements in muscle activation (partly through motivation) may influence performance, while it may be inhibited for several minutes by residual fatigue or motor pattern interference (perseveration) effects (Blazevich and Babault, 2019).

However, while the mechanisms underpinning PAP are thought to be relatively well defined, there is a lack of evidence regarding the mechanisms that contribute to PAPE (Blazevich and Babault, 2019).

The most effective use of PAP has been observed after 4-10 seconds (Requena et al., 2011) and also from 4 to 12 minutes after the conditioning contraction (PAPE) (Hancock et al., 2015 ;Mclaren, 2017 ;Dobbs, 2019). Its practical application commonly occurs after heavy resistance exercise (Matthews et al., 2010). However, this method of inducing PAP/PAPE has limited application to the pre-competition practices [e.g., warm-up] of many athletes and in many activities such as swimming. More recently other methods such as ballistic (Vanderka and Krcmar M, 2016) and plyometric exercise (Bomfim et al., 2011) have been investigated to determine their effect on sprinting and jumping tasks. These findings are encouraging and present a practical method to enhance the pre-competition practices of athletes (Abbes et al., 2018).

The use of PAPE while in the call room 20 min before the race could give swimmers a competitive advantage, as the effect of the pool warm-up may have dissipated significantly.

Therefore, the purpose of the present study was to: 1) to investigate the performance effects of a simple and easily organized post-activation performance enhancement (PAPE) re-warm-up (usable in the call room before a 50 m crawl swimming sprint), and 2) to examine individual effects of PAPE on the study participants.

METHODS

Participants

Forty-eight regional level healthy early to middle adolescent swimmers (males, N=25; females, N=23) specialized in short distance front crawl event participated in this study (age: 14.0 ± 2.0 y; height: 161.1 ± 12.4 cm; body mass: 52.5 ± 9.5 kg).

All subjects had at least 4 years of experience in competitive swimming (average of 6 competitions per year) and trained an average of 6 times per week. Participants were familiarized with the conditioning contraction in this study and frequently using in their daily training sessions.

No injury/sickness occurred among the swimmers during the study. All subjects were informed about the study procedures, requirements, and risks. All subjects and their respective guardians signed an informed consent before the start of the study. The study was conducted according to the Declaration of Helsinki and was approved by Qatar University's Institutional Review Board (QU-IRB 634-A/16) before the start of the study.

Design and procedure

The study was conducted in a 25 m competition pool. Data collection took place in May during the swimming season, which started in September and ended in June. However, to avoid any effect of competition-related fatigue and/or stress, subjects did not take part in any competitive swimming event during the experimental period.

Each swimmer underwent two counterbalanced trial conditions (experimental [TS] and control [C]) on different days based on a random selection (Figure 1). The timing was controlled using an automatic system for all the subjects. All subjects were verbally encouraged during the PAPE stimulus. Performance (time trial) and Ratings of Perceived Exertion (RPE) were collected at the end of every 50 m sprint (Haddad et al., 2017).

During the experimental sessions, the subjects performed a standard 900 m warm-up (West et al., 2011) followed by a transition period to simulate the competition conditions, where the subjects were seated in chairs (passive rest). After 19 min rest, they performed the PAPE conditions for 60s, and then rested again for another 10 min before the 50 m sprint. The sprint swim was conducted under race conditions with a dive start. Combined PAPE consisted of performing the maximum number of burpees for 60 s. The burpee is a full-body exercise used in strength training as a high-intensity exercise. The basic movement is performed in four steps and is known as a "four-count burpee." The subjects start in a standing position, drop into a squat position with the hands on the ground, kick the feet back while keeping the arms extended, do a push-up, return the feet immediately to the squat position and jump up to finish in the standing starting position. 

Statistical Analysis

Data were analyzed using a paired sample t-test to compare 50 m swimming time and RPE between the two conditions. The uncertainty in the effect of PAPE on competitive swimming performance was calculated using the percent chance or likelihood that the true value of the effect was substantial (greater than the smallest practically important effect) and interpreted categorically as "Responders" and "Non-Responders."

The smallest worthwhile change (SWC) in performance for an elite athlete is approximately 0.3 of the within-athlete standard deviation in performance between competitions (Hopkins et al., 1999). The within-athlete variation for international swimmers is approximately 0.8% of performance time (Pyne et al., 2004). Therefore, the assigned value as the smallest worthwhile change is 0.24% (0.3 × 0.8%).

The magnitudes of the changes are set as multiples of the smallest worthwhile change (SWC); i.e., 1-3 x (small), 3-6 x (moderate), large>6x SWC and very large>10x SWC [START_REF] Hopkins | Progressive statistics for studies in sports medicine and exercise science[END_REF]. A change that is > SWC+TE has a 75% likelihood to be true (Busheit, 2016) and correspond to the threshold of a clinically meaningful effect (TE=typical error of measurement).

Each of these analyses was carried out with Statistical Package for the Social Sciences 

RESULTS:

Mean response to PAPE:

Overall, the effect of PAPE stimulus as a rewarm-up strategy on the sample (n=28) had a nonsignificant effect on the 50 m swimming performance [t= -1.850; p =0.075; MD=-0.17 seconds (0.60%)] and the post-exercise RPE [t= -0.679; p =0.503 ; MD=0.14 seconds (1.86%)].

Individual response to PAPE (SWC):

From the total pool of 28 swimmers, 17 (61%) experienced improvements in performance greater 

DISCUSSION:

The key finding of the present study was the interindividual variations in the performance following a 60-s PAPE stimulus that was performed 10 min before a 50 m swimming sprint. The data of the current study were analyzed in a way that reflects the likelihood of the observed effect exceeding the SWC (smallest Worthwhile Change, i.e., 30% of the within-athlete standard deviation (Hopkins, 2005) in performance between competitions (Hopkins et al., 1999 ;Pyne and Sharp, 2014)). This reflects that an effect may have a high likelihood of having a meaningful effect on performance though not reaching statistical significance, especially in a sport that is decided by tenths and hundredths of a second between a race's athletes/swimmers. The mean performances were improved after PAPE by 0.6% (0.17s), and in swimming, an enhancement of as little as 0.4% can increase the chances of earning a medal at the elite level (Pyne et al., 2004). In a similar study by Romney (1993), the results were statistically non-significant but the swimmers were 0.65s (1.23%) faster in the 91.4 m freestyle after a dry-land warm-up. An improvement of ~0.20 seconds is a very substantial margin in a sprint race. In fact, this time difference represents the time difference between the gold medal and fourth place in the men's 50 m freestyle at the 2016 Rio Olympic Games and the 2018 Buenos Aires Youth Olympic Games.

As a group, there was no statistical difference in time performance between the PAPE stimulus vs control. However, on an individual level, most of the swimmers (61%) experienced improvements in performance. One third of the swimmers (32%) demonstrated a decrease in performance and two swimmers (7%) demonstrated no change. This can be explained by several factors that may have contributed to the between-subject variability. In addition to the trained state of the individuals influencing the extent of potentiation, the muscle fiber composition plays a role.

Previous studies have shown that PAP/PAPE has a differential individual effect (Lim and Kong, 2013), with some subjects benefiting from PAP/PAPE, while others demonstrated no or impaired effect on their performances (Lim and Kong, 2013). Whereas the reasons for the intervariation are not clear, some researchers attributed the selectivity to the subjects' physical characteristics(Sanchez-Sanchez, 2018). For instance, stronger subjects exhibited a greater PAP/PAPE response when compared with weaker counterparts (Seitz and Haff, 2016).

Indeed, a greater PAPE response is reported to be elicited with individuals having a greater muscular strength (Kilduff et al., 2008) and muscle fiber composition (Tillin and Bishop, 2009).According to Tillin and Bishop (2009), subjects with a greater percentage of type II muscle fibers elicited a greater PAP/PAPE response but they also elicited a greater fatigue response following a high volume stimulus. Fatigue resistance would also play a role as potentiation mechanisms attempt to balance fatigue responses (Tillin and Bishop, 2009). An individual with greater fatigue resistance (i.e., greater buffering, higher phosphocreatine stores, more oxidative enzymes, and mitochondria) would allow the potentiating mechanisms to dominate (Chaouachi and A, 2011). Alternatively, an individual with less fatigue resistance may still exhibit potentiation but at a delayed onset once the fatigue mechanisms have dissipated (Chaouachi and A, 2011). Although the subjects in the present study were regional trained swimmers (with more than 4 years of experience in competitive swimming), differences in anaerobic fatigue resistance and fiber composition may have mediated the outcome (positive or negative). -Fernández et al. (Cuenca-Fernandez and Arellano, 2015) investigated the influence of PAPE protocols applying multipower machines and flywheel devices. Hence, the question of whether PAPE can be induced by performing exercises with minimal and light equipment or, only the body weight, was examined. Our findings suggest that using subjects' body weight and performing 60s of unloaded burpees provides a simple, convenient and effective method to implement in the call room prior to the race.

Cuenca

Although the effect size in this study may appear small, in closely matched races they can have a substantial effect on the outcome of the medal tally in an international competition. In conclusion, although a practical 60s PAPE stimulus, performed 10 minutes before a 50 m swimming sprint in young competitive swimmers, did not reach statistical significant (when collapsing data cross all swimmers), there was clinically meaningful improvements in 61% of the sample study, who responded positively to the stimulus. The findings of the present study are consistent with the emerging paradigm that the magnitude of effects and their practical or clinical significance, rather than strict statistical significance alone, are key considerations in sports performance research (Hopkins et al., 1999 ;Pyne and Sharp, 2014).

PRACTICAL APPLICATION

Finally, from a practitioner's point of view, the results of the present study when considering the entire sample might not capture the whole picture as not taking into account the high inter-subject variability of PAPE responses (Chaouachi and A, 2011) 

Discussion

The key finding of the present study was the interindividual variations in the performance following a 60-s PAP stimulus that was performed 10 min before a 50 m swimming sprint. The data of the current study were analyzed in a way that reflects the likelihood of the observed effect exceeding the SWC (smallest Worthwhile Change, i.e., 30% of the within-athlete standard deviation (Hopkins, 2005) in performance between competitions (Hopkins et al., 1999 ;Pyne and Sharp, 2014)). This reflects that an effect may have a high likelihood of having a meaningful effect on performance though not reaching statistical significance, especially in a sport that is decided by tenths and hundredths of a second between a race's athletes/swimmers. The mean performances were improved after PAP by 0.6% (0.17s), and in swimming, an enhancement of as little as 0.4% can increase the chances of earning a medal at the elite level (Pyne et al., 2004).

In a similar study by Romney (1993), the results were statistically non-significant but the swimmers were 0.65s (1.23%) faster in the 91.4 m freestyle after a dry-land warm-up. An improvement of ~0.20 seconds is a very substantial margin in a sprint race. In fact, this time difference represents the time difference between the gold medal and fourth place in the men's 50 m freestyle at the 2016 Rio Olympic Games and the 2018 Buenos Aires Youth Olympic Games.

As a group, there was no statistical difference in time performance between the PAP stimulus vs control. However, on an individual level, most of the swimmers (61%) experienced improvements in performance. One third of the swimmers demonstrated a decrease in performance and two swimmers (7%) demonstrated no change. Finally, from a practitioner's point of view, the results of the present study when considering the entire sample might not capture the whole picture as not taking into account the high inter-subject variability of PAP responses (Chaouachi and A, 2011). In this context, it is important to acknowledge that no definite conclusions can be made regarding which PAP stimulus elicits the highest potentiation but instead, it should be emphasized that this decision has to be made on an individual level (i.e., relative strength level, gender, muscle characteristics, and training background and the PAP stimulus (i.e., potentiating exercise, volume load and the rest period).

Although a practical 60s PAP stimulus, performed 10 minutes before a 50 m swimming sprint in young competitive swimmers, did not reach statistical significant (when collapsing data cross all swimmers), there was clinically meaningful improvements in 61% of the sample study, who responded positively to the stimulus. The findings of the present study are consistent with the emerging paradigm that the magnitude of effects and their practical or clinical significance, rather than strict statistical significance alone, are key considerations in sports performance research (Hopkins et al., 1999 ;[START_REF] Hopkins | Statistical vs clinical or practical significance[END_REF][START_REF] Atkinson | Does size matter for sports performance researchers?[END_REF][START_REF] Stoove | What are we looking at, and how big is it?[END_REF]Pyne and Sharp, 2014).

Introduction -Introduction

Tethered swimming (TS) is considered as one of the most frequently used specific in-water swimming resistance training [START_REF] Muniz-Pardos | Swim-Specific Resistance Training: A Systematic Review[END_REF] and the most widely used method for measuring swimming force [START_REF] Dopsaj | Reliability and validity of basic kinematics and mechanical characteristics of pulling force in swimmers measured by the method of tethered swimming with maximum intensity of 60 seconds[END_REF] due to its convenience, efficiency, and ease of use. It can produce similar physiological responses compared to free swimming and improve the lactate production capacity of swimmers [START_REF] Nagle Zera | Tethered Swimming Test: Reliability and the Association to Swimming Performance and Land-based Anaerobic Performance[END_REF]. Hence, TS-induced PAP could be potentially an interesting method to enhance swimming sprint performance in training (Abbes et al., 2018).

The purpose of the study was to investigate if tethered swimming (TS) performed 8-min before a 50-m freestyle swimming sprint could be an effective post-activation potentiation (PAP) method to improve performance in young swimmers.

The participants underwent two trial conditions in a randomized and counter-balanced order (1 experimental (TS), 1 control (CTR)) on different days. During the experimental session, the participants performed a standard warm-up of 1200-m followed by a TS exercise, which consisted of 3 x 10 s maximal effort of tethered swimming with 1 min rest between bouts.

Discussion

In this study, we investigated if tethered swimming at the end of warm-up had an ergogenic effect on a 50-m sprint performance in male adolescent swimmers. Tethered swimming (TS) is considered as one of the most frequently used specific in-water swimming resistance training [START_REF] Muniz-Pardos | Swim-Specific Resistance Training: A Systematic Review[END_REF] and the most widely used method for measuring swimming force [START_REF] Dopsaj | Reliability and validity of basic kinematics and mechanical characteristics of pulling force in swimmers measured by the method of tethered swimming with maximum intensity of 60 seconds[END_REF] due to its convenience, efficiency, and ease of use. It can produce similar physiological responses compared to free swimming and improve the lactate production capacity of swimmers [START_REF] Nagle Zera | Tethered Swimming Test: Reliability and the Association to Swimming Performance and Land-based Anaerobic Performance[END_REF]. This study demonstrated that 3 x 10-s TS exercises performed 8-min prior to the event did not impact the 50-m freestyle sprint performance in young swimmers. Thus, further studies are needed to identify the optimal recovery conditions in swimming PAP procedures if such conditions exist. In this study, there was no statistical difference in RPE values between the two conditions, indicating that the perception of the intensity of the physical exertion was independent of the PAP condition and did not appear to impact the posteffort RPE. On other hand, the higher lactate concentration during PAP condition compared to CTR demonstrate some advantage of TS. To some extent, these results may be explained by the fact that during TS condition, the drag from the edges and sides of the pool are smaller compared to free-swimming [START_REF] Papoti | Tethered Swimming for the Evaluation and Prescription of Resistance Training in Young Swimmers[END_REF]. This allows us to hypothesize that the inclusion of a tethered swimming series during training may increase the lactate concentration and push the athlete to be in a higher anaerobic state during exercise, and which may give him an advantage when doing the free-swimming. [START_REF] Batista | Influence of strength training background on postactivation potentiation response[END_REF] suggested that PAP was more likely to be achieved in highly trained athletes. The young age of the participant swimmers (13.0±2.0 years)

and their short training experience and level of swimming [START_REF] Chatzopoulos | Postactivation potentiation effects after heavy resistance exercise on running speed[END_REF] may explain the absence of positive effect of the TS intervention in this study. In addition, the use of the tethering cord probably posed biomechanical challenges that may have affected the study. The elastic cord that tethered the swimmers to the starting block produced a small upward angle in relation to the water surface which may have led to a slight modification in the participants' swimming mechanics. Finally, the cord might have further contributed to a change in the swimming mechanics in attempt to avoid touching the tethering cable with their feet. Given the scarcity of information about the effect of PAP on swimming performance, this study contributed to the body of knowledge on this topic.

The objective of the research detailed within this thesis was to improve performance through a post activation potentiation (PAP) in swimming warm-up. An evaluation of current studies identified a lack of evidence about swimming pre-competition warm-up and PAP. Three studies were developed to activate the body before a swimming event and enhance swimming sprint performance (50m).

In the first research, the authors implemented a simple and easily organized exercise of 30s to reactivate (re-warm-up) the athlete body aiming at inducing PAP. The stimulus was implemented between the classical swimming warm-up and 10min before a 50-m freestyle swimming sprint.

This experiment focused on three body components: Upper Body stimulus (Push-ups), Lowe-Body stimulus (Squat-Jump) and full body stimulus (Burpees). The results of this study reported no significant improvement of the 50m freestyle times of the swimmers. These results may be explained by the length of the selected recovery time (10min) between the PAP stimulus and the subsequent swimming event (50m sprint). Thus, according to Macintosh et al. (2012), the ideal time for potentiation is between 1min to 5min. In this period, the light-chain myosin remains phosphorylated, creating a contraction "memory". Beyond this 5min, the latter dissipates slowly, and the potentiation start to increase and get impaired. Nevertheless, the meta-analysis study of Wilson et al. (2013), reported an optimal potentiation rest periods lengths between 7 to 10 minutes.

Based on the aforementioned, the transition period of 10-min between the main activity and the PAP stimulus in this study, may have been too long to induce a PAP effect; Moreover, as the simultaneous existence of the potentiation and the fatigue makes it difficult to select the transition point between fatigue declination and potentiation induction [START_REF] Melzer | The role of Ca2+ ions in excitation-contraction coupling of skeletal muscle fibres[END_REF], the results of our study corroborates more the theory proposed by McIntosh et al. (2012), especially that we did not observe any improvement in our experiment. The lack of performance improvement is generally associated with inadequate type, duration and intensity of the conditioning activity (PAP) [START_REF] Kilduff | Postactivation potentiation in professional rugby players: Optimal recovery[END_REF]Lim and Kong, 2013). Therefore, the absence of load (Body load only), may have been also one of reasons to the absence of potentiation impact on performance (too short exercise and/or of too low intensity).In another hand, the 30s duration of PAP used in this protocol may be insufficient to create a potentiation effect. Therefore, our next study is focused on a higher, simple body mass load (60-s) stimulus implemented on the upper and lower body of the swimmers (Burpees) and with a transition period before the swimming sprint event (50m) similar to the previous protocol (10min). The key finding of the second study was the interindividual variations in the performance following a 60-s PAP stimulus. Despite, not reaching statistical significance as a group, ), there was clinically meaningful improvements in 61% of the sample study, who responded positively to the stimulus. the mean performances were improved after PAP by 0.6% (0.17s), and in swimming, an enhancement of as little as 0.4% can increase the chances of earning a medal at the elite level (Pyne et al., 2004). In a similar study by Romney (1993), the results were statistically non-significant but the swimmers were 0.65s (1.23%) faster in the 91.4 m freestyle after a dry-land warm-up. An improvement of ~0.20 seconds is a very substantial margin in a sprint race, especially in a sport that is decided by tenths and hundredths of a second between a race's athletes/swimmers. In fact, this time difference represents the time difference between the gold medal and fourth place in the men's 50 m freestyle at the 2016 Rio Olympic Games and the 2018 Buenos Aires Youth Olympic Games. The findings of the present study are consistent with the emerging paradigm that the magnitude of effects and their practical or clinical significance, rather than strict statistical significance alone, are key considerations in sports performance research (Hopkins et al., 1999 ;[START_REF] Hopkins | Statistical vs clinical or practical significance[END_REF][START_REF] Atkinson | Does size matter for sports performance researchers?[END_REF][START_REF] Stoove | What are we looking at, and how big is it?[END_REF]Pyne and Sharp, 2014). Previous studies have shown that PAP/PAPE has a differential individual effect (Lim and Kong, 2013), with some subjects benefiting from PAP/PAPE, while others demonstrated no or impaired effect on their performances (Lim and Kong, 2013). Whereas the reasons for the inter-variation are not clear, some researchers attributed the selectivity to the subjects' physical characteristics (Sanchez-Sanchez, 2018). For instance, stronger subjects exhibited a greater PAP/PAPE response when compared with weaker counterparts (Seitz and Haff, 2016). Although the effect size in this study may appear small, in closely matched races they can have a substantial effect on the outcome of the medal tally in an international competition. Pyne et al. ( 2014) conducted a study to compare the final results of the US and Australian swimmers at the 2000 Olympics. US Swimmers established a greater difference of approximately 1% in mean performance time in the Olympic finals. This 1% difference in performance time was sufficient for the USA to win twice as many Olympic medals as Australia during that competition.

Finally, from a practitioner's point of view, the results of the present study when considering the entire sample might not capture the whole picture as not taking into account the high inter-subject variability of PAP responses (Chaouachi and A, 2011). In this context, it is important to acknowledge that no definite conclusions can be made regarding which PAP stimulus elicits the highest potentiation but instead, it should be emphasized that this decision has to be made on an individual level (i.e., relative strength level, gender, muscle characteristics, and training background and the PAP stimulus (i.e., potentiating exercise, volume load and the rest period).

In the last study, we investigated the tethered swimming induced PAP effect on a 50-m sprint performance in male adolescent swimmers. Tethered swimming (TS) is convenient, efficient, and easy to use [START_REF] Dopsaj | Reliability and validity of basic kinematics and mechanical characteristics of pulling force in swimmers measured by the method of tethered swimming with maximum intensity of 60 seconds[END_REF] during competition warm-up. It can produce similar physiological responses compared to free swimming and improve the lactate production capacity of swimmers [START_REF] Nagle Zera | Tethered Swimming Test: Reliability and the Association to Swimming Performance and Land-based Anaerobic Performance[END_REF]. This study reported that 3 x 10-s TS exercises performed 8-min prior to the event did not impact the 50-m freestyle sprint performance in young swimmers.

There was no statistical difference in RPE values between the two conditions, indicating that the perception of the intensity of the physical exertion was independent of the PAP condition and did not appear to impact the post-effort RPE. On other hand, the higher lactate concentration during PAP condition compared to CTR demonstrate some advantage of TS. To some extent, these results may be explained by the fact that during TS condition, the drag from the edges and sides of the pool are smaller compared to free-swimming [START_REF] Papoti | Tethered Swimming for the Evaluation and Prescription of Resistance Training in Young Swimmers[END_REF]. This allows us to hypothesize that the inclusion of a tethered swimming series during training may increase the lactate concentration and push the athlete to be in a higher anaerobic state during warm-up, and which may give him an advantage when doing the free-swimming (Subsequent race event). [START_REF] Batista | Influence of strength training background on postactivation potentiation response[END_REF] suggested that PAP was more likely to be achieved in highly trained athletes. The young age of the participant swimmers (13.0±2.0 years) and their short training experience and level of swimming [START_REF] Chatzopoulos | Postactivation potentiation effects after heavy resistance exercise on running speed[END_REF] may explain the absence of positive effect of the TS intervention in this study. In addition, the use of the tethering cord probably posed biomechanical challenges that may have affected the study. The elastic cord that tethered the swimmers to the starting block produced a small upward angle in relation to the water surface which may have led to a slight modification in the participants' swimming mechanics. Finally, the cord might have further contributed to a change in the swimming mechanics in attempt to avoid touching the tethering cable with their feet. Given the scarcity of information about the effect of PAP on swimming performance, this study contributed to the body of knowledge on this topic.

Based on the aforementioned, the potentiation effect may be stimulated following an individualized resting time between the main activity and the PAP exercise, but this remain purely speculative. However, this hypothesis mirror several studies suggesting the individualized effect of PAP (Kilduff et al., 2008 ;[START_REF] Stone | Power and power potentiation among strength-power athletes: preliminary study[END_REF].

In conclusion, Following the simultaneous existence of the potentiation and the fatigue, it is difficult to define the transition point between fatigue declination and potentiation induction, (Mettler and Griffin, 2012) that may lead to performance enhancement in the swimming event.

Therefore, more studies are needed to investigate more ways to improve swimming performance or to define the real factors of performance enhancement during competition and following a rewarm-up procedure. In conclusion, this thesis proposes an easy method for coaches to implement during the competition warm-up or before the race in call room to improve the performance of their athletes.

This technique is called post-activation potentiation (PAP). However, the effects of PAP and swimming performance remains limited. Consequently, our three studies contributed to the knowledge of this subject. Our results provided practical information for coaches to develop appropriate training paradigms for their swimmers. The revealed data reported the importance of PAP individualization to enhance swimming performance and described some basics that should guide the warm-up structure in the competition. Many factors can affect the PAP impact on performance such as the transition time between the PAP stimulus and the subsequent main activity (swimming race), the typological profile and muscle strength of swimmers (the percentage of fast, slow fibers...), the level of training experience and the load or intensity of the PAP stimulus.

Nevertheless, PAP effect in swimming still lack the information to understand how it works and specially to allow better application in practice. However, it is necessary for each trainer or physical trainer to proceed by trial and error to determine, for each athlete, what is the optimal recovery time in order to enhance the performance. According to the literature, the potentiation effect can be measured between 1min to 12 minutes before the race. This duration should be short enough to maintain potentiation but long enough not to induce an accumulation of fatigue. The optimal average time is often around 6 to 8 minutes, which corresponds to the time the swimmer waits in the call room. However, many protocols are to be tested, science must continue to study this phenomenon to know its most effective use in swimming performance.
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  ont conclu qu'un temps de récupération postéchauffement de 10 minutes est plus bénéfique sur la performance du 200 m que 45 minutes. Cependant, lors d'une compétition de natation, un laps de temps de 10 minutes est difficile à mettre en oeuvre parce que les nageurs doivent se présenter à la salle d'appel 15 à 20 minutes avant le début de la course (Fina, 2015). West et al. (2013) ont utilisé des périodes de repos plus longues et ont constaté que le temps de nage du 200 m était meilleur après 20 minutes de repos qu'après 45 minutes. A ce jour, les effets des procédures de PAP après l'échauffement, et avant une course courte ont donc très peu été explorés. L'objectif de ce travail de thèse a donc été d'examiner l'impact de procédures visant la potentialisation post-activation, à la suite de l'échauffement, sur la performance des courses de sprint (par exemple 50 m) et des points de vue biomécanique et physiologique des athlètes. En outre, les effets de potentialisation après une activation spécifique dans l'eau ont aussi été étudiés.L'hypothèse principale de ce travail de thèse est que l'introduction du PAP comme procédure de re-échauffement durant la compétition pourrait avoir des conséquences bénéfiques sur la performance, les paramètres biomécanique, physiologique et même psychophysiologique (RPE) de l'athlète, et ainsi limiter les effets de la longue transition post-échauffement sur les nageurs.

Study 1 :- 2 :

 12 tests the effects of post activation potentiation stimulus as a re-warm-up during the transition period on a swimming performance. . Study was developed based on the previous results of the first study, and investigate the individualized effect of post activation potentiation on swimming performance -Study 3: aims to investigate the effect of tethered swimming as a Post Activation Potentiation performed after warm-up, on swimming performance

Figure 4 :

 4 Figure 4: Overview of the three energy systems: (1) Immediate,(2) glycolysis, and (3) aerobic[START_REF] Rodríguez | Energy systems in swimming[END_REF] 

Figure 6 :

 6 Figure 6: Pull-Buoy

Figure 7 :

 7 Figure 7: Hand Paddles

  . Parachutes are also used during submaximal training for aerobic training purposes. Unfortunately, there is no evidence in the litterature of the effectiveness of this endurance training technique. One of the reasons is the change in body spine position and stroke coordination. As shown in Figure 8, the hips is forced to sit in a low position in the water because the parachutes pulls the swimmers body back and down,. Additionally, the cord attached to the hips pushes down on the feet often interfering with the kick coordination. This technology could affect the specificity of the training aid and impact on overall swimming performance (Quirke, 2019).
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 8 Figure 8: Swimming with parachute
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 9  
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 10 Figure 10: Tethered swimming(Girold et al., 2007) 
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 11 Figure 11: Drag Suit

4 )

 4 Augmentation de la vitesse de conduction des fibres Musculaires -Increased muscle fiber conduction velocity Muscle fiber conduction velocity (MFCV) provides important information in relation to the muscle fiber membrane and contractile properties (Ardent-Nielsen and Kr.

  potentiation (PAP) is a well-described phenomenon that enhances muscle force production at submaximal levels of calcium saturation (i.e., submaximal levels of muscle activation. It has been largely explained by an increased myosin light chain phosphorylation occurring in type II muscle fibers, and its effects have been quantified in humans by measuring muscle twitch force responses to a bout of muscular activity. The most effective use of PAP has been observed after 4-10 seconds (Requena

  high-intensity voluntary conditioning contraction(s) are performed with the intent of enhancing subsequent voluntary, rather than electrically evoked (twitch), force production. Nevertheless, this term is not yet agreed for use in the scientific or clinical communities(Blazevich and Babault, 2019). Les mécanismes et facteurs de PAP -PAP mechanisms & factors Several mechanisms and factors are purported to influence the degree of PAP including: Les mécanismes neuromusculaires du PAP -Neuromuscular mechanisms of the PAP effect:

Figure 14 :

 14 Figure 14: Stimulation of afferent nerves resulting in H-wave

Figure 15 :

 15 Figure 15: Stimulation of motor fibers resulting in M-wave
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 164 Figure 16: Light and heavy chains of Myosin(Tillin and Bishop, 2009) 

Batista

  et al. (2007) used intermittent knee extension contractions to potentiate their subjects before observing the degree of PAP at varying time intervals thereafter. Ten physically active men (25.1+2.6 years) who were not strength-trained participated in the study. There were five trials total, each beginning with a conditioning protocol and concluding with a potentiation measurement at randomized time intervals. The conditioning protocol in this study involved the subjects performing 10 knee extensions separated by 30 seconds. The potentiation was measured during three additional knee extensions. Peak torque was assessed as the measure of performance. The rest intervals were 4, 6, 8, 10, and 12 minutes following the conditioning protocol. The results of the study showed that the intermittent conditioning protocol was sufficient to induce PAP. There was no significant variation in the degree of PAP achieved across any of the time periods. The subjects in this study achieved similar levels of improvement in torque (as a result of PAP) at 4, 6, 8, 10 and 12 minutes compared to the baseline measurement. The baseline measurement for this study was the torque measurement of the first conditioning contraction for each particular day.

Figure 17 :Facteurs

 17 Figure 17: (A) Parallel muscle: Muscle fibers run parallel to the muscle's force-generating axis. (B) Pennate muscle: Muscle fibers run at a fixed angle relative to the muscle's force-generating axis. The characteristic of a pennate muscle is to permit packing of a larger number of fibers into a smaller cross-sectional area. θ, pennation angle[START_REF] Hayashi | Change in the pennation angle of the supraspinatus muscle after rotator cuff tear repair[END_REF] 

Figure 18 :

 18 Figure 18: Post-Activation Potentiation (PAP) factors & mechanisms

  ont conclu qu'un temps de récupération aprèséchauffement de 10 minutes est plus bénéfique pour la performance que 45 minutes. Cependant, ce temps de transition de 10 minutes est difficile à mettre en oeuvre lors d'une compétition de natation. Selon le règlement de la FINA, les nageurs doivent se présenter à la salle d'appel 15 à 20 minutes avant le début de la course (Fina, 2015). Pour pallier à ce problème, la Potentialisation Post-activation (PAP) pourrait être une des stratégies intéressantes susceptible d'améliorer la performance durant la compétition. Plusieurs recherches ont étudié les effets de la PAP sur la performance, montrant des résultats mitigés. A notre connaissance, seulement 10 études ont examiné l'impact de procédures de PAP sur la performance en natation. Un coach qui souhaite utiliser ce phénomène dans sa programmation ou compétition doit prendre en considération la relation entre fatigue et potentialisation. Pour qu'un protocole soit efficace, il doit fournir un stimulus assez grand pour initier un état de fatigue et de potentialisation dans le muscle. L'objectifs de cette thèse est d'étudier l'effet de différentes techniques d'échauffement, visant une PAP, sur la performance de sprint chez les nageurs de haut niveau le jour de la compétition. Trois expérimentations ont été développées pour étudier l'influence de la potentialisation post-activation sur la performance à l'aide de différentes stratégies. Au-dessous, une brève présentation de l'objectif de chaque étude : Étude1 : Cette recherche a étudié l'effet d'une procédure simple visant la PAP, facile à implémenter dans la salle d'appel avant une course de 50 m nage libre. Quatre essais à des jours différents ont été réalisées. Les divers protocoles de la PAP consistent à accomplir un effort maximal de 30 secondes de pompes (PUhaut du corps), squats (SQ -bas du corps) et burpees (BPbashaut du corps). Les performances (contre-la-montre), les variables biomécaniques (longueur du mouvement et fréquence des bras), physiologiques (concentration de lactate dans le sang, fréquence cardiaque) et psychophysiologiques (effort perçu) ont été évaluées et comparées au cours de tous les essais. Étude 2 : Celle-ci a été réalisée sur base des résultats de la première étude. Les objectifs ont été : [1] d'augmenter le volume du stimulus PAP et d'analyser son effet sur la performance ; et [2] de comparer l'effet individuel de la PAP sur les nageurs. Des variables de performance (contre-lamontre) et psychophysiologiques (évaluations de l'effort perçu) ont été collectées et comparées. Étude 3 : Cette recherche a analysé l'effet du « Tethered swimming » (TS) en tant qu'exercice de Potentialisation Post-Activation sur la performance chez les jeunes nageurs. Les participants ont participé à deux sessions. Au cours de la session expérimentale, les nageurs ont effectué un échauffement standard de 1200 m suivi d'un exercice TS. Ce dernier consistait en 3 x 10 secondes d'effort maximal de « Tethered Swimming » avec 1 minute de repos entre les séries. Des variables biomécaniques (longueur des bras), physiologiques (Concentration de lactate dans le sang) et psychophysiologiques (évaluations de l'effort perçu [RPE] et du saut [CMJ] ont été recueillis).

  Consequently, three experimentations were developed to study the effect of Post Activation Potentiation on performance using different strategies and protocols.Study1: This study aimed to investigate the effect of a simple and easily organized postactivation potentiation (PAP) re-warm-up performed before a 50-m freestyle swimming dash. Four experimental trials on different days were performed. The different PAP loading protocols involved the subjects in completing a 30-s maximal effort of push-ups (PU -upper body), squats (SQ -lower body) and burpees (BP -lower & upper body) 10min before the race. The performance (time-trial), biomechanical (stroke length, stroke frequency, stroke index), physiological (blood lactate concentrations, heart rate), and psychophysiological (perceived effort) variables were assessed during all trials.

  is considered by several coaches as one of the main components to activate the body and prepare it for the subsequent performance. Nevertheless, FINA rules oblige the athletes to enter

Condition 2 :

 2 No PAPE-Control (CTR)To simulate the competition transition conditions (Waiting for the race), subjects sat in chairs and waiting for the 50 m maximal swimming during the entire 30 min rest interval.Inclusion criteria:After the experiment, in order to avoid a big difference in performance between participants, only the data of 28 swimmers (age: 15.0 ± 1.0 y; height: 159.4 ± 8.3 cm; body mass: 57.2 ± 4.3 kg) (males, N=16; females, N=12) were included in the study analysis. The selection has been done according to the lowest points of the IPS system (FINA International Point System) (Fina, 2020) based on their 50m performance without PAPE.

Figure 1 :

 1 Figure 1: Experimental design. Conditions: Condition 1: 60s Burpees; Condition 2: 60 s of control. Sprint warm-up: prepared by the coach using the same conditions as those in competition. RPE: According to Borg Scale.

(

  SPSS) software (IBM Corp. Version 23, Armonk, NY, United States) and the level of significance was set at p <0.05.

  than the smallest worthwhile change [MD=0.47 seconds (-1.62 percentage)], nine (32%) responded adversely [MD= 0.35 seconds (1.2 percentage)], while two swimmers (7%) had no change in their times [ MD=0.005 seconds (0.02 percentage)] (figure 2). Nine swimmers [32%; MD=0.69 seconds (-2.40 percentage)] exceeded the threshold of a clinically meaningful effect set at 75% for performance improvement (> SWC+TE).

Figure 2 :

 2 Figure 2: Individual response to PAPE. The shaded area represents trivial changes (SWC =0.24%). The magnitudes of the changes are set as multiples of the smallest worthwhile change (SWC); i.e. 1-3x (small), 3-6x (moderate), large >6x SWC and very large >10x SWC.

  Pour conclure, la présente thèse propose une méthode facile à implémenter par les entraineurs durant l'échauffement dans une compétition ou avant la course dans la chambre d'appel afin d'améliorer la performance de leurs athlètes. Cette technique est la potentialisation par postactivation (PAP). Cependant, les connaissances sur les effets de la PAP et la performance en natation restent limités. Par conséquent, nos trois études ont contribué à améliorer notre connaissance sur ce sujet. Nos résultats semblent fournir des renseignements pratiques qui pourraient aider les entraîneurs à mettre au point des paradigmes d'entraînement appropriés pour leurs nageurs. Les données ont également montré la pertinence de l'individualisation de la PAP sur la performance des nageurs, déterminant quelques bilans importants qui devraient guider la structure d'échauffement dans la compétition. Plusieurs facteurs peuvent influencer l'effet de PAP sur la performance tels que le temps de transition entre le stimulus PAP et la course a mesurer, le profil typologique et la force musculaire des nageurs (le pourcentage de fibres rapides, lentes…), le niveau d'expérience d'entraînement et la charge ou l'intensité du stimulus PAP. Néanmoins, l'application du PAP en natation nécessite encore un certain nombre de recherches pour comprendre son fonctionnement et surtout pour permettre une meilleure application dans la pratique. Toutefois, il est nécessaire pour chaque entraîneur ou préparateur physique de procéder par essai-erreur pour déterminer, pour chaque athlète, quel est le temps de récupération optimale afin d'améliorer la performance désirée. Dans la littérature scientifique, selon le protocole utilisé, il est préférable de réaliser le PAP entre 1min et 12 minutes avant la course. Cette durée doit être suffisamment courte pour garder la potentialisation mais suffisamment longue pour ne pas induire une accumulation de fatigue. Le temps moyen optimal se situe souvent autour des 6-8 minutes et il correspond donc au moment où le nageur attend dans la chambre d'appel. Cependant, nombreux protocoles sont à tester, la science doit continuer à étudier ce phénomène pour en connaître son utilisation la plus efficace en natation de course.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 2 :

 2 Compatibility between dominant and secondary training modalities

Table 4 :

 4 PAP Studies in Swimming ........................................................................................... natation est un sport populaire disputé aux niveaux olympique et mondial en piscine ou en eau libre. À l'approche des grandes compétitions, les entraîneurs et les scientifiques passent de nombreuses heures à s'assurer que les techniques d'entraînement et de récupération de leurs athlètes sont appropriées pour obtenir une prestation optimale. Les sciences du sport et les stratégies d'entraînement évoluent continuellement. Ces évolutions sont principalement basées sur une compréhension croissante de la façon dont le corps s'adapte à différentes sources de stress physique et psychologique. Les scientifiques ne cessent d'explorer les impacts physiologiques et athlétiques de diverses interventions d'exercices, modalités de
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	ρ Fluid Density

TCA Tricarboxylic Acid Cycle Ėtot Total Energy Expenditure Tmuscle Temperature Muscle Tcore Temperature Core TS Tethered swimming U UBPAP Upper-Body PAP La récupération, contre-mesures nutritionnelles et facteurs biomécaniques pour améliorer la performance de l'athlète moderne

  , high loaded exercises can have a positive impact by inducing high-frequency stimulation of motor neurons, thus, improve explosive efforts by strengthening rate of force production[START_REF] Saez De | Optimal warm-up stimuli of muscle activation to enhance short and long-term acute jumping performance[END_REF].

	Nepocatych et al. (2010), implemented a new method of warm-up in master swimmers by

adapting a swim bench with an attached vibration device. This tool stimulates the swimmers by five sets of one-minute vibrations while simulating the proper swimming technique. The authors concluded that this method may be considered as addition or an alternative warm-up strategy to regular swimming warm-up, producing reduced cardiovascular stress and perceived effort. In another study,

Cochrane (

Table 3 :
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	Temperature related	Non-temperature related
	Decreased resistance of muscles and joints	Elevation of Oxygen Uptake Kinetics
	Increased Muscle Metabolism	Neural Mechanisms
	Increased Muscle Fibre Conduction Velocity	Post activation potentiation
	Increase in Fibre Performance	Psychological effects

Possible effects of warm up adapted from

Bishop (2003) 

& Mcgowan et al. (2015) 

of PAP Studies in Swimming

  

	Cuenca-	11 males	25m	19.02	while carrying 10% Five kick starts on	6min	three kick	no differences	significant potentiation effect level before a competitive slightly improvement of the
	Fernández,	&		± 0.78	of the participants' an Eccentric		starts with 6	were found	was found for 50-m freestyle event. start as a result of
	PAP References in swimming Kilduff et al. (2011) AP Hancock et al. (2015) VG Sarramian et al. (2015) Eriksson M. (2017) Bachelor Thesis et al. (2019) Cuenca-Fernández, et al. (2015) Cuenca-Fernández, et al. (2018) Lum, D.(2019) Conference Paper Barbosa C et al. (2016) Thesis Master (2018) Quirke Ellen	Participants Pool 7 men & 2 women 50m 15 men & 15 women -10 men & 8 women 25m 13 elite swimmers 50m 2 females men & women -17 Males 25m 11 swimmers males & females -Females 10 50m	Age Range 22 ± 2y 19-22 years old 16.03 ± 1.62 years 18 ±1.15 years old 17-23 years old 18.42 6 1.39 age 18 ±1.15 18.4 ±1.3 years ± 2.46 17.60	PAP Stimulus Counter movement jump (CMJ) : 1 set of 3 repetitions at 87% 1 repetition maximum [RM] 4 maximal 10-m swims at a 1-minute interval while attached to a resistive power rack Session1: 1 × 3RM of the Pull-up (PU) session 2: medicine ball throw after Upper Body PAP (PU) Session3: 1 × 5 jumps to a box body weight after Lower Body PAP Four warm-ups: traditional race-specific warm-up (RSWU), upper-body PAP (UBPAP), lower-body PAP (LBPAP), Combined PAP warm-up (CPAP). PAP exercise, that mimics freestyle flywheel swim, with elastic resistance band was performed with 10 repetitions in two sets. 3 lunges at 85% of 1 repetition maximum 1) 3 "lunge" and 3 "arm stroke-chariot" repetitions, both at 85% of the one-upper-body PAP (UPAP) resistance band pulls repetition maximum 2) one set of 4 4 repetitions on the flywheel device YoYo squat Hand paddles and Parachute. 10s Tethered swimming twice Pre and Post CA x25m @1min by LilaTM) = 4 Exoskeleton (ExogenTM assigned WR load individually band sleeves and Trial upper arm flywheel. adapted eccentric repetitions of exercises of both the lower and upper limbs on an	Transition Time ∼15 seconds, 4, 8, 12, and 16 min 6-min 4, 8, and 12 min 6min 8 min 8min 2.5 and 6.5 min 8min	Event swim start performance (time to 15m) 100 m freestyle swim Session 4-7: 50-m freestyle 400m Freestyle min intervals in between swimming start performance (15m) 50-m freestyle performance . 50m Freestyle Swim 8×12.5 m with 2.5 min-interval (CA) freestyle 200m	Performance results Time to 15 m was the same. significant improvement in 100 m freestyle swim time (0.54 seconds) for the PAP trial RSWU elicited faster swimming times than UBPAP Male Group: the UBPAP elicited significantly slower times than RSWU and CPAP no statistical difference when performance after PAP condition was compared After YWU: less time to cover a distance of 5 m Total swimming time was not influenced by 7/ 11 any of the participants had protocols. a faster UPAP time trial Time at 5 and 10 m was shorter with the PAP and 15m Reduction of the time on the block in-water training set used herein did not enhance force production capacity neither rate of force development up to 6.5 min. performance trial freestyle time improve 200m does not protocols.	Other results Significant increase in Power Output and Jump Height after 8 minutes of recovery from the PAP stimulus Significant increase in both Peak vertical force (PVF) and peak horizontal force (PHF) no significant gender interaction Individualized PAP warm-up may be a valuable tool to enhance performance in sprint events, particularly in male swimmers. PU may not be an appropriate PAP stimulus on its own. irrespective of gender, no with the current competitive As a whole population, swimming after a PAP protocol first study investigating the effects of a combined PAP protocol to enhance upper-and lower-body performance enhancements in the vertical increase in lactate was seen components of the force of after the PAP exercise the lower limbs' action No differences were found for reaction time, movement time or block time simultaneously. Horizontal velocity of the swimmer's flight improved after both PAP methods No clinical feasibility (6min before race -not possible) flight time significantly faster in the UPAP split times in the first half of the trial were significantly better in the UPAP condition, greatest improvement after YoYo squat (YWU) recommended for swimmers conditioning activity is not stronger ones. This performance more than the a deterioration of weaker swimmers experience correlations suggest that was detrimental, positive Although conditioning activity of the knee extension higher mean angular velocity ATP-PCr power was significant and moderate larger in the first 25m in UPAP

Résumé des études PAP en natation -Summary

Table 4 : PAP Studies in Swimming There are a growing number of studies that have investigated the effects of PAP on athletic performance showing mixed results but only 10 studies have examined the effect of PAP on swimming performance.
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  Pyne et al. (2014)(Pyne and Sharp, 2014) conducted a study to compare the final results of the US and Australian swimmers at the 2000 Olympics. US Swimmers established a greater difference of approximately 1% in mean performance time in the Olympic finals. This 1% difference in performance time was sufficient for the USA to win twice as many Olympic medals as Australia during that competition.

  . In this context, it is important to acknowledge that no definite conclusions can be made regarding which PAPE stimulus elicits the highest potentiation but instead, it should be emphasized that this decision has to be made on an individual level (i.e., relative strength level, gender, muscle characteristics, and training background and the PAPE stimulus (i.e., potentiating exercise, volume load and the rest period).

  . Influence of elevated muscle temperature on metabolism during intense, dynamic exercise. Am J Physiol 271, R1251-1255 Febbraio, M.A., Carey Mf Fau -Snow, R.J., Snow Rj Fau -Stathis, C.G., Stathis Cg Fau -Hargreaves, M., and Hargreaves, M.

  . Fina Rules & Regulations [Online]. Available: https://www.fina.org/sites/default/files/ [Accessed]. Fina (2020). FINA International Point System (IPS) [Online]. Available: http://www.fina.org/content/finapoints. [Accessed].

A brief History about PAP Since the 19th century, several studies dedicated their research to different forms of a muscle's contractile response following a conditioning contraction potentiation (Fig. 13) Figure 13: Forms of potentiation progression since the 19th century until today by Blazevich and Babault ( 2019) [START_REF] Ramsey | Muscle function as studied in single muscle fibres[END_REF], defined the PAP as an increase in the force of an isometric (i.e., fixed end) muscle twitch contraction that is transiently increased after a conditioning contraction. Same authors added that There are three forms of activity-dependent potentiation: staircase, post-tetanic potentiation, and PAP.

The origin of the term "post-activation potentiation" (PAP) is more difficult to pinpoint through the literature. Nevertheless in the 1970's, Burke et al. (1976), wanted to distinct it from post-tetanic potentiation or staircase potentiation so they used this term; they referred to repetitive activation Thus, the main hypotheses of this thesis are: 1) Post Activation potentiation may be a new re-warm-up method to maintain the effect of warm-up before a race, especially, few minutes before the start of the race. 2) PAP may be implemented through simple and easily organized exercises and may be used in the pre-race call room or during a regular training session.