Case study report

Introduction
The subject of my case study is a 21 year old female that plays 15 a side rugby and plays the position centre. Therefore, the sport under focus is rugby, more specifically women's rugby, which is described by Sella, McMaster, Beaven et al. (2019) as a “field-based team sport characterized by high-intensity activities and collisions”. There are many physiological requirements for rugby players to ensure that they play to the best of their ability. It was found that “The average speed demands of international women’s rugby league backs and forwards peaked at 144 m/min over a 1 min epoch” (Heyward, Emmonds, Roe et al. 2022). This emphasises the cardiovascular requirements for the athletes and how it’s important in the game.  More specifically as stated by Sella, McMaster, Beaven et al. (2019) “backs covered on average 1,728 m, completed 4.5 sprints, and performed 14.0 accelerations per game” and “Backs reached greater maximal speeds than forwards (7.4 ± 0.3 vs. 7.1 ± 0.4 m·s−1, ES = 0.86) during matches”. This highlights the higher cardiovascular fitness requirements backs (my subject) have compared to forwards. This information also shows the respiratory requirement all rugby players must have to be able to stay active throughout the game.  Backs were found to have a higher mean heart rate than forwards of 172 beats per minute (Sella, McMaster, Beaven et al. 2019). All rugby players experience collisions throughout the game, which means players have to be strong and powerful to be able to withstand the collisions to ensure success for the team and to minimize and avoid injuries. As stated by King, Hume, Cummins et al. (2019) the position centre along with the prop are the most common positions injured during games and that tackles were the most common reason for an injury. Backs on average experience 7.5 to 14.3 of collisions per game (less collisions than the forwards) and on average there are 280 tackles per game (Dane, Simms, Hendricks et al. 2022). Which shows players must be physically able to cope with being tackled and be physically strong to be able to successfully tackle the opposition. Extending from this, backs are said to be shorter, lighter and leaner so that they are able to play their role in the game more efficiently. With backs on average 0.40m shorter, 2.68 lighter and 0.82% leaner than forwards (Sella, McMaster, Beaven et al. 2019), as explained by  “backs demonstrated greater maximal speeds, running intensities, and physiological responses than forwards.” and “The specific positional role of backs to carry the ball in wider areas of the field, combined with their superior sprinting ability, likely explain these increased running and physiological demands” (Sella, McMaster, Beaven et al. 2019). Therefore, backs require a lower body composition compared to the forwards. Curtis, Mitchell and Russell (2023) states that in a study, female centres of an international 15 a side level had “21.4±2.4 %” of body fat. 

Method
One of the tests that my individual will perform is the 30m sprint. During this test the subject will be required to sprint at maximum level a total distance of 30 metres in the sports hall. The equipment used to measure the time it takes her to sprint 30 metres is a Brower timing system (South Fort Street, Draper, USA). One system will be placed at the start of the 30 metres distance, so that the timer will start at the exact time the sprint commences. The other will be placed on the 30 metre mark and will stop the timer when the subject runs through the system, the time will then show up on an iPad and the time of the sprint can be noted. The subject will be required to wear appropriate sports clothing on the day of the testing and not to participate in physical activity the morning of the test, thus ensuring the subject performs to the best of her ability. Another test that will be conducted will be a countermovement jump in order to test the subjects lower body power. This will be done by using a force platform (Hur, Kokkola, Finland). The force platform will be used because as stated by Silva, Rico-González, Lima et al. (2021) the force platform is a “gold standard” device. The individual will be required to perform the jump a total of three times with no shoes on, the best power result will then be noted. Again, to ensure the subjects’ best possible power is recorded, she will be asked to not to participate in physical activity on the morning of the testing. Also, the subjects’ skinfold measurements and her body weight will be recorded in order to calculate her body fat percentage. Her skinfolds will be measured in millimetres by using a Harpenden Skinfold Calliper (Baty int, West Sussex, UK) and her body weight will be measured by using a basic weighing scale. A note of the sum of the 7 skinfolds will be made. The locations of these skinfolds will be the abdominal, thigh, biceps, triceps, subscapular, lower back, and calf. The body fat percentage will then be calculated by multiplying the sum of the skinfolds with 27 and then dividing it with the subjects’ body weight. Additionally, to test my subject's cardiovascular fitness she will be required to do a VO2 max test. The VO2 max test requires my subject to wear a heart rate monitor, more specifically a heart rate chest strap polar H7 or H10 (Polar Electro, Warwick, UK) and the test will be conducted on a Wattbike Pro (Wattbike, Nottingham, Uk). A Douglas bag (Douglas 100litre with 2100 series 3 way stop cock) (Hans Rudolph, Kansas, USA) will also be used and a mouthpiece (Hans Rudolph 2700 series large 2-way non-return breathable valve) (Hans Rudolph, Kansas, USA). The subject will have time to warm up before the test and the intensity of the cycle will be determined by factors such as, activity levels, gender and age. The test and sample will continue once the subject has signalled to the practitioner that they have reached volitional fatigue (they will have a mouthpiece in). At this moment the practitioner will open the valve for the Douglas bag and the sample will be collected. After the subject has completed the VO2 max test, the volume of the Douglas bag will be measured using a Servomex Gas Analyser (Servomex, Bristol, UK). After all the appropriate data is calculated the VO2 max value will be able to be calculated.

Results
	Test
	Subjects results
	Group mean
	Standard deviation
	Subjects Z-Score

	30m Sprint (s)
	4.8
	4.8
	0.4
	0.05

	CMJ (cm)
	38
	39.4
	7.5
	-0.19

	Body fat % 
	15
	14.67
	7.0
	0.05

	V02 Max (ml/kg/min)
	36.3 
	47.5 
	16.4
	-0.68


My subjects 30 metre sprint time was 4.8 seconds. On average, compared to an elite women's rugby player who is a back, my subject is 0.16 seconds slower because an elite athletes’ average time is 4.64 seconds (Sella, McMaster, Beaven et al. 2019)
My subject scored a score of 38cm while testing their countermovement jump. As stated by Sella, McMaster, Beaven et al. (2019) on average the countermovement jump height of women's rugby back was 38.4cm therefore my subject is only 0.4cm below the average of an elite athlete. 
My subjects body fat percentage was 15%, and as stated by Sella, McMaster, Beaven et al. (2019) an elite women's rugby back athlete body fat percentage on average is 15.4%. This is a 0.4% difference.
VO2 max (ml/kg/min) was 36.3 and through research on average an individual between the age of 20 to 29 scored a VO2 max (ml/kg/min) score of 44.1 (Myers, Kaminsky, Lima et al. 2017) which shows an 7.8 difference between the subject and an elite athlete.

Discussion and conclusions
By looking firstly at the 30 metre sprint. My subject scored 4.8s which is the same as the group mean. My subjects’ z-score for the sprint is 0.05 which means that she is very average in the group. With research it was discovered that the average 30 metre sprint for an elite women's rugby athlete playing a back position was 4.64s which means that my subject was only 0.16 seconds slower than the elites’ average, thus there is no significant difference. Therefore overall, my subjects’ sprint performance is adequate for women's rugby, especially playing a back position. Next, the subject's countermovement jump scored 38cm, and the groups mean was 39.4cm therefore the subject jumped 1.4cm lower than the group mean. The subjects z- score for this test was –0.19 which again means compared to the group the subject is very average, she is only a little lower. When comparing to elite women's rugby players, backs had an average of 38.4cm on countermovement jump, which is only a 0.4cm difference, which again means that my subjects’ performance is very close to the elites’ standards. My subject’s body fat percentage was calculated and the percentage was 15% which is slightly higher than the group mean and the subjects personal z-score was 0.05 which highlights that the subject is very close to average, just very slightly higher. Compared to an elite women's rugby back player my subject has a 0.4% lower body fat percentage than the elite athletes as their average is 15.4%. Lastly, my subjects VO2 max (ml/kg/min) score was 36.3 and the z-score for this test was –0.68 which shows that they were below the groups average. My subjects VO2 max score can be compared to the average VO2 max score of a 20 to 29 year old which is 44.1. This shows that my subject has a score of 7.8 lower than the average for an individual her age.
To improve my subjects’ performance on the field so that they are successful and efficient, some recommendations should be implemented. Even though my subjects’ sprint time was good and it is an obvious strength it was still slightly lower than the elite’s average, therefore to slightly better and maintain this time the subject should include specific training, for example, resisted sprinting, assisted sprinting, strength and power training, plyometric training and sprint- specific endurance training, which is typically, “runs lasting 7–15 s at 95–100% intensity, with full recovery used between repetitions and sets” (Haugen, Seiler, Sandbakk et al. 2019). This will ensure that their cardiovascular fitness is adequate for the sprinting that is required in the sport. Regarding my subject’s countermovement jump, even though she scored a good jump and it was again a strength of hers, she was again just slightly below the elite average, therefore just to improve slightly and maintain her performance she should focus on strength, plyometric, endurance and speed training which is also said to improve the basic fitness characteristics of athletes (Claudino, Cronin, Mezêncio et al.2017). This will ensure that she has great power and strength to be able to efficiently tackle and carry the ball. To improve my subject’s performance in rugby, she should make sure to include endurance training into her training schedule, as one of her weaknesses was the VO2 max which measures one's cardiovascular fitness.  These training exercises will help to increase her cardiovascular fitness which will lead to a better VO2 max result (Milanović, Sporiš and Weston, 2015). Additionally, as stated by Wen, Utesch, Wu et al. (2019) “to maximize the training effects on VO2max, long-interval (≥2 min), high-volume (≥15 min) and moderate to long-term (≥4–12 weeks) HIIT are recommended” (HIIT= high-intensity interval training). My subject’s body fat percentage was very close to the average of the elite athletes, therefore yet again this is an obvious strength of my subject as her body composition means she is able to perform the vital role of a backs position by being lean enough to tackle and run wide with the ball and lower the chance of receiving an injury.
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