
The physiological demands of 100m track and field athletes.

Exercise physiology is essential to sustain everyday life as it helps people understand how exercise and physical activity affect the body. According to Plowman and Smith (2017), exercise physiology is a fundamental and practical science that explains how the body responds to exercise and adapts to exercise training and utilises this information to help people reach their full physical capabilities. Exercise physiology is used in both sports and clinical professions. For example, exercise physiologists and personal trainers utilise exercise physiology to enhance maximal performance in athletes. Some sports, such as track and field, consist of many events, such as running, jumping and throwing. The following events mentioned are comprised of different physiological demands. For instance, endurance runners and sprinters have other physiological needs, whereas long-distance runners and middle-distance runners have a higher Vo2 max than a sprinter. Vo2 max also known as maximal oxygen uptake is the maximum capacity of an individual’s body to transport through the circulatory system and use oxygen in motor muscles (Habibi et al., 2014). This report aims to identify the physiological demands and requirements of a 100m track and field athletic sprinter. 

A sprint requires the fastest possible movement over a short, prescribed distance (Benardot 2020, p.307). During an advanced 100m sprint, athletes are in their respective lanes, which are held on a vertical stretch of the standard 400 m surfaced, oval track. A 100m sprint dash has three primary sections: The block start which begins before the acceleration phase, followed by the maximum velocity phase and finally by the deceleration phase (Jones, Bezodis and Thompson, 2009). In addition, when partaking in a sprint, multiple dynamics should be considered. These are as follows: reaction time, technique, electromyographic (EMG) activity, force production, neural factors and muscle structure (Mero, Komi and Gregor, 1992). In sprinting, delayed reactions and pauses can result in a slower time. In addition, they may result in a position other than first place.

 A false start in the race may result in disqualification if athletes move sooner than 100ms (International Association of Athletics Federations, 2009). The central nervous system (CNS) plays a vital role in reaction time because the CNS consists of the brain and spinal cord. The somatic nervous system, which is a part of the peripheral nervous system, contains nerves that carry sensory signals from the body to the brain (CNS) after an auditory stimulus occurs, in this case, maybe a whistle or a gun making a sound which indicates it’s time to run (Borysiuk et al., 2018). The brain (CNS) will then detect that it is time to sprint this message will then be sent to the skeleton muscles via motor neurons to move (Thompson, 2017). After the reaction, it is required for an athletic sprinter to accelerate to top speed by increasing velocity and maximising power (Haugen, McGhie and Ettema, 2019). 

In high-intensity sports such as 100m dash, energy is required. This is where anaerobic respiration and metabolism come into play. According to Sahlin (2014), anaerobic metabolism is essential when partaking in sprint events to support the high-force output. Anaerobic respiration is the ability to rapidly source a limited amount of energy without oxygen. The energy used is called Adenosine triphosphate, which is needed to perform high-intensity, short-duration maximal physical activity (Mero, Komi and Gregor, 1992). The shortest sprint events (duration <15 s) depend primarily on the adenosine triphosphate phosphocreatine (ATP) and glycolytic systems to provide the ATP needed for muscle contraction (Di Prampero, Botter and Osgnach 2015).  

Glycolysis is the anaerobic breakdown of glucose or glycogen for energy. After energy initiation during exercise, there is a 5 to 10 seconds delay regarding the glycolytic system (Maughan and Gleeson, 2010, p.79). The ATP stored within the athletic sprinter’s contracting muscles is broken down and can now invigorate ATP to the functioning tissues, eventually leading to muscle contraction. The glucose is broken down into glyceraldehyde -3-phosphate (G3P). These are then transformed into pyruvate, forming ATP. The reaction then creates two ATP for each glucose and three for glucose of glycogen is its original substrate. The pyruvate may be transformed into acetyl coenzyme A for storage or as lactate or lactic acid. 

The glycolytic system does not create as much power as the phosphocreatine (PCr) system but has more energy capacity. In sprinters, especially those who run 100m, the enzyme creatine kinase may separate PCr into inorganic phosphate and creatine, releasing energy (Kraemer, Fleck and Deschenes, 2016, pp.27–46). The inorganic phosphate may then join with adenosine diphosphate since the energy is lost to create ATP (Majumdar and Robergs, 2011a). After the energy is lost, the process is irreversible until the energy is obtained from an oxidative metabolic process. The volume of energy that is broken down by PCr is excessive and is produced immediately without delay (Hargreaves and Spriet, 2020). The duration of this extreme volume of energy is limited due to the inadequate of PCr stored in the tissue. This is why most elite sprinters take supplements such as creatine to store more PCr. As a result of the limited PCr, sprint athletes must rest after maximising their PCr if they want to partake in another race or while training for their best performance. 

The acceleration phase is usually at the start of the race with or without blocks. Athletes typically have a forward lean at a 40-50-degree angle. Their shins and body are parallel and toe up, which generates a pre-stretch. Elite athletes have their heads down at this phase which minimises the flexion of the torso at the waist. This phase is where power and strength are a necessity. Research has proven that given the demands of sprinting, Athletes with lower body strength can produce more force and run faster since they are going against gravity to manoeuvre their respective body mass (Suchomel, Nimphius and Stone 2016). Resulting in a higher peak ground reaction force and a grander foot strike during the 100m sprint. 
Sprint performance is reliant on genetic traits and anthropometrics. The human body is made up of both fast and slow-twitch muscle fibres. Fast twitch muscle fibres are more anaerobic and can create powerful and forceful muscle contractions, giving athletes an advantage in sprinting (Del Coso et al., 2018). According to Plotkin et al. (2021) these fast twitch fibres, both IIa and IIx are plentiful elite power athletes. Fast-twitch muscle fibres create a lot of power, but they get fatigued easily (Lievens et al., 2020).

Interestingly, endurance athletes may run longer durations, and their muscles may not be fatigued compared to sprint athletes because of their slow twitch fibres (Jones, 2004). As previously mentioned, the fast twitch fibres are vital to support quick, explosive movements. Doing plyometric and weight training may help improve sprinters’ force, strength and speed.  The rate of stride length and frequency are influenced during the overall race. As an athletics sprinter run, the distance between two successive placement of the same foot is called the stride length (Hunter, Marshall and Mcnair, 2004). After the acceleration phase, the 100m sprint athlete approaches the maximum velocity phase, where top speed is reached. 

According to Healy, Kenny and Harrison (2019), sprinters will likely achieve maximum velocity at 50-60m and later for more professional athletes. Usain Bolt, the fastest man in the world, increased his speed later to more than 60m (Čoh et al., 2018). At this phase, athletes are in a more upright posture. Eyes are focused on the finish line. Stride length and frequency are more important in this phase since the maximum speed is reached, athletes now have to maintain that speed so that they wouldn’t slow down. 

 Hunter et al. (2017) state that, stride length is significant during a 100m sprint. The longer the stride length, the less likely sprinters will require oxygen to maintain the running pace. The stretch-shortening cycle signifies the action of muscle when active muscle lengthening (eccentric contraction) is instantly followed by active muscle shortening (concentration). The eccentric phase or loading phase function gathers energy in the muscle and tendons and sets off a myotatic stretch reflex (Flanagan and Comyns, 2008).  Herzog (2018) states that a quick eccentric phase will result in more energy production. Using the energy produced right away is essential as it can be released as heat. For this reason, a rapid amortisation phase is important in such a matter that the 100m sprinter athlete can perform with extreme power and force since the fast-shortening cycle has fast ground contact time. 

Blauberger, Horsch and Lames, (2021) carried out a study and found that elite athletes had a maximum ground contact time estimating 203ms which means that ground contact time is swift when it comes to elite sprinting, absorbing shock and creating an elastic recoil in the muscle tendons (Seiberl et al., 2021). Salo et al., (2011) carried out a study in which a stride length of 2.15-2.25m was found for elite sprinters, which means that athletes have long stride lengths due to good technique and formation. A higher step rate is correlated with shorter ground contact and flight time. Body composition influences stride length and frequency. An athlete with a taller height has a better chance of maintaining speed and stride length, supporting the famous statement that tall men are faster than shorter men (Majumdar and Robergs, 2011b).

 A study was then carried out on several elite 100m race sprinters, it was discovered that the length of stride in males had a more forceful effect on the 100m race compared to stride frequency. However, the female athletic sprinters had contrasting results where high performance was based on stride frequency instead of stride length. This analysis suggests a dissimilarity for gender-specific technical training since the 100-meter race has a different limiting factor for each gender. Furthermore, flexibility is another dynamic that can help maximise stride length since the more flexible muscles and joints are, the more they can stretch while increasing stride length, resulting in extended foot contact and strengthening the power output. 

In the deceleration phase, this is where sprinting speed decreases. The best athlete in the world today cannot maintain maximum velocity. Therefore, they all must decelerate at some point (Helene and Yamashita, 2010). This occurs at the last 10m of the race (Maćkała, Fostiak and Kowalski, 2015). Muscle fatigue can be a factor in athletes slowing down at the end of the race due to the sensation of tiredness. Decreased rate of ATP-PCr, anaerobic glycolysis and oxidative metabolism can also result in muscle fatigue. Ørtenblad, Westerblad and Nielsen, (2013) confirm a relationship between glycogen metabolism and fatigue.

Failure in the muscle fibre’s contractile mechanism and alterations in the neural control of muscle contraction while running can cause deceleration Kenney, Wilmore and Costill, (2022, p.147). Proper pacing is essential for athletes to delay muscle fatigue to prevent early energy depletion. Although it is least likely to occur for elite sprinters since they are training regularly to teach their muscles how to absorb strong force. Controlling the eccentric phase can result in a positive outcome. (Slawinski et al., 2017) States that during the deceleration phase of the 100m, males’ performance was less affected by fatigue compared to females, as shown in the reduction of velocity. The ability of men to produce horizontal force at great speed may result in longer acceleration. After completing a 100m dash, athletes may encounter injuries to the body, especially muscles. High injury risk is common for athletic sprinters. Athletes are at high injury risk during the acceleration phase since reaching maximal force and power is the goal. Thus, the pre-contracted musculature tissue is stressed within the stretch-shortening cycle (Jacobsson et al., 2011). According to Lambert et al., (2020), muscle injuries are highly prevalent in elite athletes competing at the Olympics, followed by foot ligament injuries and upper ankle ligament injuries. 

To conclude, track and field, a 100m sprint, to be specific, is convoluted and requires many physiological demands. A 100m sprint dash is separated into multiple phases: acceleration, maximum velocity, and deceleration. At the beginning of the race, reaction time is essential, and a good start is important. Power and strength influence velocity as the muscle fibres, fast twitch to be exact, is crucial during anaerobic respiration. The phosphocreatine and glycolic systems also aid in energy production, producing energy immediately during high-intensity exercises. Stride length and stride frequency also play an excellent role in maximum velocity when athletes reach their peak speed. The end phase of a 100m sprint is called the deceleration stage as athletes slow down due to muscle fatigue. Regular plyometric and weight training helps lower the risks of injuries while increasing strength and power. 
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