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Sprint Swimming Requirements: A case study 
Competitive swimming is a popular sport that has been a part of the Olympic games since 1896 which holds sixteen pool events ranging from, 50 to 1500-meter swims lasting from twenty-one seconds to fifteen minutes (Frone and Van Den Tillaar, 2022). However, competitive Olympic swimmers all have their individual focus which is associated with either sprint or distance swimming. This report will be on elite sprinter swimmers and their physiological demands. The main attributes associated with an elite sprint swimmer are, speed, power, strength, flexibility, and stroke technique (Bishop et al, 2013: Pyne and Sharp, 2014). Sprint swimming is seen to be between 50-100-meter swims, seeing elite swimmers reaching times of 21.07 seconds in the 50-meter freestyle race which was achieved by Olympic swimmer Caeleb Dressel (Olympics, 2022). In sprint swimming the main energy system the athletes use is the anaerobic pathway, due to the quick demand for adenosine triphosphate (ATP) that the body requires to perform maximal muscle contractions (Larsen et al, 2014). The high demand for energy is required quickly, therefore the anaerobic system provides ATP only for a short period of time lasting seconds, this process happens without the presence of oxygen (Rodriguez and Mader, 2011: Kenney, Wilmore, and Costill, 2015).
To improve the anaerobic metabolism, sprinters are recommended to incorporate short-term, high- intensity training load into their exercise programme (Kenney, Wilmore, and Costill, 2015). Hellard et al, (2017) study showed when sprinters carried out a short-term high intensity training (HIT) programme eleven weeks before their race, improvements were seen to their speed performance by 0.02 seconds in the 50-meter event (Hellard et al, 2017). High amounts of muscle power required for speed is influenced by type two muscle fibers which are generated by performing short bursts of high intensity exercises. Therefore, HIT training is an important part to a sprint swimmers training programme (Hellard et al, 2017: Komnos and Menetrey, 2021).
Muscle strength is a physiological requirement to produce the essential power that sprinter’s need for a powerful, speedy performance (Keiner et al. 2021). Keiner et al, (2015) states strength and speed are two characteristics which define sprint swimmers, and these characteristics were determined by performing a series of strength and speed tests on regional swimmers (Keiner et al. 2015). Tests in the form of one-repetition-maximal (1RM) and a countermovement jump (CJ) represented high quality data for the Keiner et al, (2015) report. Therefore, 1RM will be used in the testing process for this study.
Sprint swimmers are associated with a good range of movement in both the upper and lower limbs due to the different styles of swimming (Geladas et al, 2005). A poor swimming technique can be caused by inadequate flexibility in the muscles which restricts the range of movement in the limbs. Further research has shown that having a poor swimming stoke could cost time in a sprint race (Radlinska and Berwecki, 2015). This suggests that swimmers are required to have a good amount of flexibility to be able to perform a high quality stoke, thus a flexibility test will be performed on the subject in this study. 

Method 
This case study was performed on a 28-year-old female university student, who regularly takes part in fitness activities that includes sprint swimming. The participant was made aware of the testing involved and how the data would be used for this study. The subject understood the conditions of the testing and provided a written consent, along with filling in a health questionnaire that was signed by the participant and a witness.
The participant conducted a series of tests which provided information on their strength, speed, power, and flexibility performance as these are characteristics an elite sprint swimmer are associated with having (Bishop et al, 2013: Pyne and Sharp, 2014). The data will show us the participant’s physiological components compared to that of elite sprint swimmers. The data gathered for this study will be transferred to a spreadsheet that will be shown as a graph to represent a z-score profile. This will then be compared with data gathered from females in the same class as the participant who are all studying exercise physiology. Literature on sprint swimmers will be used to support the information found from the tests results. The data used in this report was from the subject’s university class and then was narrowed down to gender specific participants (N=9, female aging from 19 to 52). 
The series of tests that the subject took part in was an anaerobic capacity test performed on a static bike, a speed and power test in the form of a sprint run, strength test using a Keiser machine, and a flexibility test using a sit and reach box. These tests have been chosen because literature indicates that these factors are most associated with elite swimmers.
Testing.
The Tanita body composition (Tanita MC980 MA) was used to analyse the subject’s muscle mass and fat mass percentage. The test was conducted with the subject standing on the machine, bare foot with any heavy clothing removed (Tanita, Amsterdam, The Netherlands).
The Anaerobic Wingate Test was created by the Wingate Institute for Physical Education and Sport in the 1970s, which is widely used to measure an athlete’s anaerobic peak power (Ozkan et al, 2010). This test will provide information on how quickly the participant generates energy using the anaerobic pathway which doesn’t require oxygen (Rodriguez and Mader, 2011: Kenney, Wilmore, and Costill, 2015). A Monark bike (Monark Ergomedic 894E, Monark, Vansbro, Sweden) was used for this test.
The subject was familiar using the Monark bike and was able to arrange the seat height accordingly. Once adjusted to a comfortable position the participant warmed up gradually for a few minutes, this allowed time for the data to be inputted into the computer which consisted of weight, height, and gender along with setting the drop basket at 70rpm. This will indicate the brake weight that needs to be added to the basket which is required before the test starts. The brake weight for this test was 7.3kg, taking away 1kg for the basket weight (Boraczyński et al, 2020).
The test started when the subject exceeded 70rpm and was given encouragement to cycle at maximal effect for thirty seconds. However, the test stopped at ten seconds due to a computer error. Fortunately however, enough data on the peak power which is an indication of anaerobic power, was gathered (Zupan et al, 2009).
The Keiser machine (Keiser A300 Leg Press) was used to conduct the strength and power of the leg muscles. The subject’s back was firmly against the machine with shoulders and knees in line. When the subject was comfortable, she would start the exercise of 1RM (Housh et al, 2016).
The Keiser machine (Keiser A300 Leg Press) was also used for the chest press. The machine settings were changed to accommodate the subject to perform the 1RM chest press (Housh et al, 2016). 
A 30-meter sprint test was conducted to gather information on the subject’s speed ability. The subject was encouraged to run at maximum effort through a timing, lighted gate system (SmartSpeed) which would measure the speed performance. The subject placed her feet in the starting position with her dominant foot first. When she was ready, she was encouraged to run as fast as she could through the timing gates. 
The subject’s grip strength ability was conducted using the grip strength dynamometer (Takei Hand Grip Dynamometer) which was performed on both hands. The subject was in a horizontal position with the dynamometer in one hand. When the subject was ready, she squeezed the handle as tight as possible. The test was performed three times on each hand where the best grip strength was taken (Housh et al, 2016). 
Flexibility was measured using the Sit and Reach box. After removing her shoes, the subject placed her feet firmly against the box. The subject was told to place her fingers on the box behind the wooden measuring stick. When she was ready, she stretched gently forward pushing the measuring stick along the box. The subject was told before the exercise that the legs and knees must stay straight and not bent for this test. The subject performed the test three times (Housh et al, 2016).
Laboratory equipment used for this case study are referenced in Appendix 1.
Subject’s Par-Q attached in Appendix 3.
Results
Table 1. Subject’s Body Composition.
	Age (Years)
	28

	Stature (CM)
	176cm

	Weight (KG)
	101.5kg

	Body Fat %
	38.6 %

	Muscle Mass
	59.2kg

	 Body Mass Index (BMI)
	32.8



According to the International Journal of Environmental Research and Public Health, (2020) elite female swimmers have a body height of 173.4cm with a BMI of 20.88. This indicates that the subject’s BMI is greater than what is suggested for an elite swimmer (Dopsaj et al, 2020). Further research shows female swimmers to have a body mass of 56.2kg and a body fat 25.4% this information indicates the subjects body fat is higher than what is recommended for a swimmer to have (Hawley et al, 1992).  However, the subject’s height is a recommended characteristic that elite swimmers are associated with because having a longer torso, legs and arms gives them more surface area to propel themselves forward (Dopsaj et al, 2020).

Table 2. Laboratory Class Group Mean Results (M) with Standard Deviation (SD). Subject (x) Data.
	Group Variable
	Group Mean
(M)
	Standard
Deviation
(SD)
	Subject Variable
	Subject’s Data
(X)
	Z-Score
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	Grip (kg)
	M = 34.18
	SD = 6.54
	Grip (kg)
	39.5
	0.81

	Keiser Chest (w)
	M = 134.22
	SD = 28.68
	Keiser Chest (w)
	163
	1.0

	Keiser Leg (w)
	M = 541.17
	SD = 133.86
	Keiser Leg (w)
	664
	0.92

	30m Sprint (s)
	M = 5.57
	SD = 0.49
	30m Sprint (s)
	5.77
	0.41

	Sit and Reach
	M = 28.56
	SD = 9.62
	Sit and Reach
	26.5
	-0.21

	Wingate Anaerobic (w)
	M = 601.56
	SD = 159.82
	Wingate Anaerobic (w)
	954
	2.21




Figure 1. Z-Score Profile. Mean = 0. Standard Deviation (SD).








The Z-score Profile indicates that the subjects test scores are showing a (+ SD) apart from the Sit and Reach test that is showing a (– SD) indicated in Figure 1. 
Formular used for Z-Score Profile explained in Appendix 2.

Appendix 2. Z-score formular with example.
Discussion
The results shown in Figure 1display the standard deviation in relation to the subject and the laboratory group, which indicates that the subject has performed above average in all the exercise tests apart from the flexibility test showing - 0.21 SD and the 30-meter sprint test showing 0.41 SD. This indicates that the subject is performing lower than the group which suggests a focus on flexibility exercises should be concentrated on when training. Good flexibility is required for performing arm rotation and kick ability to be able to increase the necessary power they need to reach high speeds. ACSM’S guidelines, (2018) states two to three times a week of flexibility exercises will improve the range of motion of any joint that the exercise is concentrating on (Nobel et al, 2018). The subject showed a positive SD on the Anaerobic Wingate test which indicates that her VO2 max score was high. Having a good VO2 max means the oxygen is efficiently used and absorbed into the blood stream at a high level of exercise. With an increase in VO2 max the sprint swimmer can reach high speeds in a race without fatigue (Ashfaq, Cronin and Philipp, 2022).
The present data shown indicates that the subject’s physiological components in relation to the group are seen to be positive. The data represented in Figure 1 highlights positive results in most of the tests completed by the subject, apart from having a negative result with the flexibility test that was performed using a sit and reach box. However, the data gathered was from females in the subject’s university class that have different levels of fitness, this could indicate a poor data comparison compared to more related information that elite sprint swimmers’ data could show. 
According to Garrido et al, (2012) study, data was gathered from high level swimmers performing a handgrip isometric test which showed results from fifteen senior females with a mean of 33.5 and a SD of 5.92 indicating that the university group is a good example to compare the subject’s performance with to represent accurate physiological variables (Garrido et al, 2012).
The subject’s sit and reach flexibility test showed a negative SD in relation to the group indicating the subject has poor flexibility. However, Dingley (2021) has referenced normative data from ACSM’s guidelines, (2018) in her work which states females in the age bracket of 20-29 with a score of 26.5cm puts them in a classification of very good. This indicates that the subject’s flexibility compared to the average population puts her in a very good flexibility range (Dingley, 2021). 
The subject performed well in the anaerobic Wingate bike test showing a positive SD indicated in Figure 1. Sprint swimmers rely heavily on the anaerobic pathway therefore having a good anaerobic system that performs well will be beneficial to the swimmer in their sprint races (McArdle and Katch, 2015: Rodriguez and Mader, 2011).
Conclusion
The aim of this study was to test the physiological demands most associated with elite sprint swimmers. The subject’s overall results compared to the group has shown to be positive which suggests that the subject’s physiological elements are excellent. However, these tests were compared to a random group and not specific to a sprint swimmer’s test results. Literature indicates training programmes should concentrate on power, strength, speed, and flexibility which are associated with elite sprint swimmers. Special concentration is needed on the subject’s flexibility performance due to the (- SD) indicated in Figure 1. Flexibility is an important physiological requirement for sprint swimmers to have due to the stroke technique that needs to be performed perfectly. Additionally, the evidence in this report showed that the subject requires training to improve speed performance.  
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Appendix 1. Lab equipment
Monark Ergomedic 894E. Monark, Vansbro, Sweden
Body Composition. Tanita, Amsterdam, The Netherlands
Keiser A300. Keiser,Fresno, USA
Sit and Reach Box. Habdirect, Southam, UK

Appendix 2.
The formular for the Z-Score Profile: = (Subject score – Mean of the group) / SD.
Example for Grip strength: = (39.5-34.18) / 6.54 = 0.81 
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Z-Score Profile

Grip (kg)	
0.81329318878195012	Keiser Chest (w)	
1.0033165412968972	Sit and Reach	
-0.2136944057355345	Keiser Leg (w)	
0.91763977295737498	30m Sprint	
0.40696824749546007	Anaerobic Wingate Bike	
2.2053193317906192	
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Physical activity readiness questionnaire (PAR-Q)
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