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The physiological demands of an elite sprinter swimmer
Elite sprint swimmers have been improving on their sprint performance, seeing top records being broken in 2022 with Caeleb Dressel an America swimmer winning gold in the 50m freestyle race (Olympics, 2022). This study will be gathering information on what physiological requirements are necessary for elite sprint swimmers to train to reach their optimal performance. Research will be gathered on dry land training to see what the effects are on the body, also how high intensity training supports the power ability that the sprinters require for speed. Additionally, this study will be looking into how body composition could impact the performance as well as what injuries are associated with this particular sport, and how flexibility training with range of motion could reduce shoulder pain (Dopsai et al. 2020, p. 9464; Klauber and Maura, 2021, p. 115).
Research has indicated that this high intensity sport requires the athlete to concentrate on the anaerobic system, a system that can operate without oxygen. This system is broken down into adenosine triphosphate and creatine phosphate (ATP-PCr) also referred to as the phosphagen system (Kenney et al. 2015, pp. 57-60). This system along with the anaerobic glycolysis system are the primary systems used to produce a quick amount of energy called adenosine triphosphate (ATP). ATP is the energy required to power muscle contraction to produce a movement. The quickest system to access ATP is the phosphagen system that has access to stored ATP located within the cell (Kiikki, D. The Sports EDU, 2021). However, there is limited supply of stored ATP that lasts for only a few seconds and when the stored ATP is used the creatine phosphate (CP) part of the ATP-PCr system kicks in to allow more ATP to be created (Kenney et al. 2015, pp. 57-60). The ATP-PCr system can only produce enough ATP for energy lasting seconds. Another system is required for more ATP, the anaerobic glycolysis system, where the glucose is broken down into pyruvic acid that is then converted into lactic acid, this happens when there is no oxygen present. The process of glucose will yield more ATP to support the muscle contraction which is required in activities that need a quick amount of power (Rodriguez and Mader, 2011; Kiikki, D. The Sports EDU, 2021).
Studies have shown that intermittent hypoxic training (IHT) has a positive affect on the anaerobic system which will benefit the sprinter’s ability to perform well (Czuba et al. 2017). The hypoxic training took place on dry land and in water environments. The participants performed a series of tests under hypoxic conditions that involved 100m to 200m freestyle swimming along with a 30 second Wingate test for the lower limbs. This will allow the body to function at a lower oxygen (o2) level but still create the same amount of energy when exposed to a normal amount of o2. This environment will cause the body to adapt but still work proficiently. By providing this type of training will allow the athlete to breath less and maintain their stroke which in turn will provide a positive effect on their overall performance (Czuba et al. 2017; Behrendt et al. 2022; Hun-Young and Lim, 2017).
The cardiovascular system contains the heart, blood vessels and blood which have many important functions. These functions include the delivery of oxygen and nutrients to the organs, bones and muscles, removing waste products like carbon dioxide, maintaining potential hydrogen (PH) levels, and transporting hormones in supporting the body’s fluid balance (McArdle et al. 2015, p. 464; Kenney et al. 2015, pp. 57-60). All these functions of the cardiovascular system are important. However, for elite swimmers, such as a sprinter swimmer they require the optimal performance of this system to gain the best possible outcome for their success (McArdle et al. 2015, p. 464; Kenney et al. 2015, pp. 57-60).
Professional sprint Swimmers have many elements to concentrate on to ensure an excellent performance such as, power training, strength, and endurance training (EatSleepSwimCoach, 2021; Fig, 2010, pp.84-86) Research has shown that competitive sprinter swimmers have key qualities in their speed, power, and stroke technique to be able to perform well. Studies have been carried out on the effects of dry-land strength training (ST) on the ability to perform better and stronger in sprint swimming (Lopes et al. 2020; Fone and Tillaar, 2022; Dorssen et al. 2020). The results showed that ST training improved the rate of force production which led to an increase in sprint performance, this ranged from 1.3 to 4.4% (Lopes et al, 2020). However, this study had limitations on the number of professional participants and their athletic swimming level to represent sufficient evidence. Additional research is required on elite Olympic swimmers to backup the results indicated in this study (Lopes et al, 2020).
Another study was carried out on twenty-two competitive, adolescent swimmers, to gain information on their sprint performance after they had taken part in a training program. This program was conducted over a nine-week period, which consisted of concurrent resistance training on the upper body, to see whether this type of training improves the swimmers sprint performance (Amara et al. 2021). The results showed when combing dry-land resistance exercises such as, the bench press (BP) and medicine ball throw (MBT), with in-water training using a water parachute and hand paddles, had a positive effect on the swimmer’s sprint performance (Amara et al. 2021). Further research has shown when performing a bench press exercise at maximal strength had increased the power in the arms. This had a positive impact on the swimming power to gain a better start performance in sprint swimmers. Thus, it is recommended to be incorporated into the training programme, as it will be beneficial for their sprint races (Keiner et al. 2020).
Studies have shown that sprinters require good strength in their arms to have the power to execute a strong performance. However, for optimal speed the athlete requires propulsion from the legs as well as the arms. Therefore, a study on a concurrent lower body resistance training program was evaluated to see if water exercises along with dry land exercises at maximal body strength would improve the leg kick that swimmers require for good acceleration (Amara et al. 2022, p. 299). This will positively affective the timing of the swimmers start and turn performance, which will potentially lead to winning a race. The dry land training program consisted of one repetition maximum back squat (1RM back squat), a countermovement jump, and a countermovement box jump which involved completing two to three sets of six to ten repetitions (Amara et al. 2022, p. 299). As mentioned earlier in the upper body dry land training, this study also used water resistance training that involved aquatic equipment such as the water parachute, which is aimed to improve the propulsive force. These combined exercises were performed over one to two sessions per week over a nine-week period. The results showed a positive improvement to the leg strength, thus having a positive effect of the leg kick performance. The evidence indicates that this type of combined training for the lower body is recommend for swimmers to improve their spirt performance (Amara et al. 2022, p. 299).
In professional sports, body stereo types have been recognized to have an important part to play when it comes to being the best (Dopsai et al. 2020, p. 9464). Elite sprint swimmers have been identified as being tall and muscular with a low body fat percentage. Studies have shown that this particular body type will support the necessary speed required by gliding through the water and reducing the drag force in swimming (Dopsaj et al. 2020). Additionally, sprint swimmers have longer arms, a thin waist and they have a long torso which supports the ability to have a more powerful propulsion. Thus, this will have a positive effect on their performance to be successful (Li and Jiemin, 2015, pp. 3-1; Dopsai et al. 2020, p. 9464). Further studies have highlighted that sprinters adapt their stoke technique style from a S-shape to a more effective I-shape stoke that sprint swimmers used to gain more speed. This I-shape style stroke required a straight pull-arm movement to gain population, which consequently was performed by a selective body composition that were mainly swimmers having a tall frame and less body fat (Dopsai et al. 2020, p. 9464).     
Elite swimmers have been recognised to have an increased risk of shoulder injuries that are caused from overtraining of the muscles, injuries such as swimmers’ shoulder which cause discomfort and pain. This type of injury is from persistent swimming that leads to the athletes not being able to perform their best or even having to pull out of a competition (Tovin, 2006; Pollard and Croker, 1999, p 91). Research has highlighted that elite swimmers typically train for two hours in one swimming session. This roughly equates to 6,000 to 7,000 meters worth of repetitive arm movement; this causes excess pressure on the shoulders and the rotator cuff. The shoulders are an essential body part to maintain in good health for an optimal sprint performance (Gracanin et al. 2023, pp. 186-90). Studies have shown that coaches can reduce or prevent injuries by monitoring the athlete and changing the training program schedule if required. Also, coaches can make sure correct techniques are nurtured and overtraining is prevented, this can reduce any injuries including swimmers’ shoulder (Gracanin et al. 2023, pp. 186-90). Additional research recognises that an imbalance in the shoulder muscle will lead to posture issues that can cause the swimmer to develop a poor swimming stroke. A study was carried out on professional swimmers that performed several stretches over a six-week period, concentrating on anterior and posterior shoulder muscle stretching, external rotation, and abductor movements. The results showed when performing stretches and holding them for 30 seconds improved shoulder posture, also by doing the stretches can highlight any incorrect techniques used and identify any weaknesses. This will correct the poor techniques early on and allow time to work on the muscle weaknesses, thus stopping poor stoke technique developing (Kluemper, Uhl and Hazelrigg, 2006, pp. 58-70).
Further research has indicated that flexibility training, such as yoga sessions can help reduce and prevent injuries in swimmers. This is from using yoga exercises that promote flexibility in the muscles which has led to an improved range of motion in the upper arms (Klauber and Maura, 2021, p. 115). Additionally, Van Dorssen et al, (2020) research implied that an increased range of motion has been helpful in preventing injuries. However, referring back to Gracanin et al, (2023) study, early recognition and intervention on training load and swimming flaws are the most important factors when it comes to preventing injuries (Dorssen et al. 2020; Gracanin et al. 2023, pp. 186-90).
In summary, it is clear to understand that dry land exercises along with aquatic exercises are recommended for elite, sprint swimmers to include in their training programmes. Lopes et al, (2020) study indicated that combining dry land resistance training with swim training had a positive effect on power and strength leading to a positive effect on the swimmer’s sprinting performance. Further evidence suggests that the main energy systems to concentrate on are, the phosphagen system and anaerobic glycolysis system which provides quick amounts of adenosine triphosphate, that the muscle requires for quick bursts of energy for sprinting ability (Rodriguez and Mader, 2011). The anaerobic system is the most important system to train for sprinting performance. However, there is a lack of information on how the aerobic system could help with the recovery from a sprinting session. Also, how the aerobic energy system supports the overall swimming training that is required for elite swimmers to participate in to perfect their stroke technique. This suggests that more studies are required on the aerobic system to see whether this system could have a positive impact on the swimmer’s ability to maintain performance and potentially reduce the risk of fatigue after training sessions.
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