Introduction
[bookmark: _Int_sR6qS9ed]This case study is based on a national netball player positioned at centre who aspires to be an international player. Netball is a team sport that’s a popular women’s sport worldwide with a high level of participation in the Commonwealth (Sinclair, Coetzee, Schall, 2020). 7 positions are required, each with their individual physical and technical requirements, and this case study is based on a centre position player. Netball is a dynamic, high-intensity, intermittent court-based sport covering 30.m by 15.25m over a time period of 60 minutes divided into 15-minute quarters (Whitehead, Weakley, Cormack, et al., 2021).  As a centre (C), this space is usually covered per match and according to Eijwoudt, Andrews, McErlain-Naylor, et al., 2023, C positions cover greater total distance compared to other positions which is mostly spent in high-intensity activity (work: rest = 1:1.9 ± 0.4) alongside a greater PlayerLoad·min−1 than attacking or defending positions. According to Davidson and Trewartha (2008), C netball players can cover up to 8km per match. 
Therefore, to cover the distance and maintain the high intensity, there is an aerobic demand relating to the individual's ability to perform exercise of moderate to high intensity for long periods (Sattar, Iqbal, Khan, 2022). However, there is an anaerobic demand to perform the short sprints and sharp movements. Netball requires running, jumping, landing, the ability to accelerate, decelerate, pivot movements and frequent changes in direction whilst requiring endurance, strength, speed, power and agility to tolerate and control the eccentric and concentric forces produced (Graham, Duthie, Aughey, et al., 2020). The anaerobic system is characterised as the ability to work at high impact and vigorously without adequate measures of oxygen as the maximal measures of oxygen expand during maximal exercise. The working muscles is then relying on whether VO2 is transported by the cardiovascular (CV) framework that’s applied by the cells for vitality generation (Sattar, Iqbal, Khan, 2022).
 In between the high intensity, there are moments during the match that include less effort such as walking, shuffling, standing, passing, and defending that are movements where the player can use as rest (Eijwoudt, Andrews, McErlain-Naylor, et al., 2023). At these moments, the CV system will help the anaerobic system recover by fuelling sources including glucose, fats and proteins and deliver oxygen and energy to the working muscles before it makes Adenosine Tri Phosphate (ATP). The difference between what sources will be used as fuel is dependent on the type of physical activity. If oxygen is present the body will use fat and glucose for fuel as the aerobic system utilizes oxygen to deliver energy, whereas the nonaerobic system uses glucose for fuel as glucose is accessible in the muscles for fast and short explosions (Sattar, Iqbal, Khan, 2022). Due to the high intensity and ballistic actions, netball players require high levels of relative bilateral and unilateral strength and power to develop good control of the lower limbs and reduce the risk of common injuries (Escobar-Álvarez, Fuentes-Garcia, Conceicao, et al., 2022). 
[bookmark: _Int_gcsWV74g][bookmark: _Int_A2ocRJ7g]There are two different types of muscle fibres that allow for those movements, these being slow-twitch and fast-twitch fibres with both having different functions that lead to contrasting properties. Type I fibres (slow-twitch) have slower twitch speeds and are relatively fatigue resistant by containing more mitochondria and there for generates aerobic energy through oxygen (Plotkin, Roberts, Haun, et al., 2021). As a C player, on average, they change activity mode every 2.8 seconds which highlights the increased physical demand placed on the body due to the constant change in direction and activity mode (Davidson and Trewartha 2008). Therefore, type IIa fibres (fast oxidative glycolytic) present with higher twitch speeds but are less fatigue resistant, alongside type IIx fibres (glycolytic) obtains the fastest twitch speeds and generates more power but are highly fatigable due to glycogen being present which leads to higher anaerobic activity (Plotkin, Roberts, Haun, et al., 2021). 
Method
[bookmark: _Int_rQtlZAKc]Prior to the testing, a health screening was taken place, the participant filled out a PARQ questionnaire paired with a consent form (Warburton, Jamnik, Bredin, et al., 2011). Their resting blood pressure was taken alongside their height and weight. Their blood pressure was measured by an automated blood pressure monitor (Jungingen, Germany) on their right arm twice after 5 minutes of sitting. Their height that was measured by seca 213 stadiometer (Seca, Hamburg, Germany) barefoot and weight was measured by seca 875 digital flat scales (Seca, Hamburg, Germany) wearing minimal clothing and also barefoot. 
[bookmark: _Int_kwMXrFY2]Skinfold measurements were taken to estimate the subjects body fat percentage. There was a total of 6 measurements from seven different sites, these include the triceps, abdominal, subscapular, suprailiac, thigh, chest and midaxillary (Axtell, Bayles, and Swank, 2018). All measures were taken on the right side of the body after being identified and marked first and was measured by a caliper (Baty int, West Sussex, UK). These skinfold measures were taken twice at each site for reliability and was measured to the nearest 0.5mm. A website was then used to calculate body fat percentage (American Body Composition Calculator), (Axtell, Bayles, and Swank, 2018). 
Vertical jump was measured by a force platform mat (Vanegas, Salazar, Igual, et al., 2021) to test their lower-limb power in a vertical plane. The subject performed 3 jumps and were instructed to reach for their maximal height. Sufficient rest was given in-between each jump, and the highest score was taken (cm). The jump didn’t include a pause at the bottom it was a rapid eccentric dip followed by an accelerated concentric phase with an arm swing allowed. 
To test muscular endurance, the push up test was performed. The subject had a choice to perform the test with standard full body press ups or the modified version. The choice was to perform in the modified knee push up position and therefore the knees were in contact with the mat, with the core engaged to ensure a straight back with hands shoulder width apart. The subject had to complete their maximal amount of press ups without rest until failure. Each press up had to be performed in the right technique and the chin had to touch the mad (Gordon, 2021). 
The Yo-Yo intermitted recovery test level 1 (IR1) required the subject to run 2 x 20m back and forth at a progressively increased speed controlled by audio bleeps. The subject had an active recovery shuttle between each running bout that was had a 2x 5m from the starting line. After the subject failed twice to reach the line in time, the level and distance covered was recorded and represented the test result (Krustrup, Mohr, Amstrup, et al., 2003). 
To test the subject's acceleration, a sprint test was measured. To calculate the yo-yo test for an estimated VO2max a specific formula was used Bangsbo et al. (2008). A 30m sprint was set up with time gates (Smartspeed; Fusion sport, Queensland, Australia) set up at 0, 20 and 30m aligned at approximately hip height. The subject began the sprint with their leading foot placed right behind the starting line without any kind of run up and was told to sprint through the gates as fast as possible. Only one sprint was performed, and results were measured by the time gates. 

Results
Table 1
	
	Height (cm)
	Weight (kg)
	Body fat %

	Subject
	174
	59.2
	30%

	Mean
	163.2
	58
	/


There is no result representing mean in body fat% as there were no measures from the peers.

Table 2- Subject's data with comparison to university peers’ data (female). 
	Test
	Result 
	Mean 
	SD
	Norm data
	Category 

	Vertical jump (cm)
	35
	36
	2.5
	31-40
	Average

	Press ups
	6
	23
	12.4
	≤9
	Poor

	Yo-Yo VO2max
	38.8
	37.7
	4.9
	<13.1
	Poor

	Sprint 30m (s)
	5.08
	5.1
	0.2
	>5.0
	Poor
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Graph 1- Here is a z-score graph in comparison to a group of female university students. 

Table 3- What the numbers in the z-score graph represent.
	1
	2
	3
	4

	Vertical jump
	Press ups
	30m sprint
	Yo-Yo 



Table 4- Subject's data in comparison to an international netball players centre position (New Zealand and South Africa). 
	
	Vertical jump (cm)
	Press ups 
	20-30m sprint (s)
	Yo-Yo (level)

	Netball player
	40
	20
	1.9
	17.3 

	Subject
	35
	6
	1.6
	5 






Discussion and Conclusion
[bookmark: _Int_JACUVUCj]The subject’s scores were close if not higher in comparison to university peers. The overall mean body weight of all female university peers was 58kg and their height being an average of 163.2cm. To compare with a study that measured physical and physiological profiles of elite netball players, the team averaged 64.7kg body weight and 170,0cm in height (Sinclair, Coetzee, Schall, 2020). Fortunately, the subject’s profile is more netball standard compared to her peers, however going forward the subject might need to think about gaining weight but to be concentrate on building muscle rather than fat as the subject’s body fat percentage was 30% to compare with a centre position elite netball player that had 26.3%, (Sinclair, Coetzee, Schall, 2020), this will be discussed further down in the discussion. In relation to the test results, these put the subject in only one “average” category out of 4, leaving the other 3 in the “poor” category that is shown clearly from the z-score graph with the 3 tests below the mean data which stand for a negative standard score. Based on the results, the subject is looking more like a fast-twitch athlete and performs better in power and speed tests which represents the intermittent high intensity efforts netball require and midcourt athletes (centres) complete more physical work in matches that requires acceleration, and consequently are better conditioned for this capacity (Graham, Duthie, Aughey, et al., 2020). The strongest tests were the vertical jump and a 10m sprint which was sprinted 3s faster than the elite centre. Looking at the aerobic and endurance-based tests, the subject’s results were lower especially when compared with the elite athlete. As the subject aspires to be an international netball player it is recommended that increased emphasis on the following training modalities should be taken into consideration: endurance strength in the upper body, explosive speed over short distances and vertical and horizontal explosive power (Sinclair, Coetzee, Schall, 2020). Upper body muscular endurance is vital in netball sport especially as a midcourt player as they need strong upper body strength to produce enough power to throw the ball with speed and power continuously throughout the match to teammates. The number of repetitions performed at a given size of load will target and result in specific adaptations. For example, to optimize local muscular endurance improvements, it is recommended to include a high repetition scheme with light loads, around 15 repetitions per set using loads below 60% of 1RM. The outcome associated with this type of training will result in an improved oxidative capacity, an increase in capillarization and mitochondrial density and enhanced metabolic enzyme activity (Schoenfeld, Grgic, Every, et al., 2021). One recommendation to improve performance, a player must have greater lower limb relative strength in order to overcome the inertia of body mass and improve their ability to accelerate and decelerate during specific movements, such as jumping, sprinting, and changing directions (Thomas, Comfort, Jones, et al., 2017). To enhance aerobic endurance, anaerobic capacity and maximum aerobic speed, high intensity training modalities is recommended such as repeated short 10s-1min to 2-3 min bouts of high intensity shuttle running as Çiçek, Güllü, Güllü, et al., (2018) provided evidence that aerobic training like 2km time trials will improve forced vital capacity and forced expired volume in one second 
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