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Introduction 
During this investigation the study will be carried out on a club (amateur) level female rugby player. Rugby union is a high intensity game that involves high intensity efforts such as sprinting, contact and change of direction that can last up to 80 minutes (Virr et al., 2013).  The participant is forward (second row) which has very specific roles on the pitch, these consist of lineouts and scrums. As a forward their role is different to a back. Forwards are typically higher in body mass and have a higher strength and power sue to the demands of the game states Curtis, Mitchell and Russell, (2023). Forwards typically have lower running distances and lower high-speed running but other high intensity collisions, this is typically due to the more static exertion and contact event such as rucks, tackles and set piece (Curtis, Mitchell and Russell, 2023).
Aerobic capacity is a vital role within rugby players, having a good aerobic system allows female rugby players to recovery between the high intensity efforts that are had during the game and to perform and recover within the 80 minutes (Virr et al., 2013). Better aerobic capacity will allow for more better repeat efforts and help with the clearing of lactate. This reflects on the anaerobic glycolytic system suggests Gabbett, T. (2000). Speed is also a very important component for females' rugby players, being able to react to open play with stop start burst of high intensity efforts. High speed running can occur multiple times during a match, this can be sprinting in open play, kick chase and or running from or to get a player (Sheehan et al., 2022). Sheehan et al,. (2020) states that “aerobic capacity allows female players to recover between high intensity efforts”
Strength and power also have a major influence within a rugby game. Power can be seen in explosive movements such as jumping within a lineout or using strength and power to break through contact and to beat defenders (Posthumus et al., 2020). Strength within rugby is upper and lower body, using upper body strength to hand off and lower body strength for explosive movements and leg drive during contact (Bennett et al., 2019). According to Read et al., (2017) forwards perform more Collison related work, this requires a greater strength and anaerobic capacity due to the short acceleration and high intensity actions such as mauls, rucks and tackling.
Body composition such as height and weight affects the physical demands that female rugby players will face during training and a game (Posthumus et al., 2020).




Method 
BMI
Calculating the participants Body mass index using their height which was measured on the stadiometer (Seca GmbH & Co. KG, Hamburg, Germany) and weight using the Seca weighing scales (Seca GmbH & Co. KG, Hamburg, Germany). Using a BMI calculator to calculate where the participant is on the scale. 
Countermovement jump (CMJ)
The countermovement jump was performed on the force plate platform (HUR Oy, Kokkola, Finland). The participant performed 3 counter movement jumps with hands on hips, with the best jump being used for data and results. 
10m sprint
To perform the 10m sprint, 10 meters was measured out with a measuring tape. The electronic light gates (Brower Timing Systems, Draper, UT, USA) were placed on the 10m point and start point. To set these up correctly the laser must be pointing directly at the other when. When the athlete is warm and ready, they perform the sprint. 3 maximal efforts were recorded and the best score being taken. 
 T test agility 
The agility T-test measure 9.14 meters in a straight line and place a cone, from that cone measure 4.5m laterally from the cone both sides. This is the T-shape. At the start of the agility test using the electronic light gates (Brower Timing Systems, Draper, UT, USA) to record when the athlete starts. On go the athlete runs out to the cone, side shuffles left and then side shuffles right. They then come back to the middle and back pedals to the start. The fastest time is recorded and used for results.
Keiser peak power
Performing the Keiser peak power test, the participant sits on the Keiser machine (Keiser Corporation, Fresno, CA, USA) adjusting the seat, so their legs are at 90°. Inserting the key fob into the machine and pushing the handle to set the machine at R10. The participant leg presses at maximal force. The machine will count down, when it's at 0 the participant repeats the same movement. Once the participant can no longer increase their score or the score goes down. Remove the fob and collect the data.
Wingate anaerobic test
To complete the Wingate test, the athletes body weight must be recorded. 7.5% weight is added to the Wingate bike, On the word Go the athlete pedals as fast as possibly can for 30 seconds. This is a maximal effort trial so will be as fast as they can from the word go to the end of the test,
V02 max test
Conducting the V02 max test first you must ensure that the Douglas bag (Hans Rudolph Inc., Shawnee, KS, USA) is completely empty. To do this vacuum all the air out using the dry gas machine (Harvard Apparatus, Holliston, MA, USA) . The athlete will adjust the watt bike (Watt bike Ltd, Nottingham, UK) seat height to around hip height, the athlete cycled for 1 minute at a time increase the RPE each minute. When the athletes feels like they can go no more the Douglas bag is placed into the mouth and nose clip attached. For that last minute of work the air is collected into the bag. Once completed, using the two machines to extract that amount of oxygen was collected into the Douglas bag. Record results that are shown.
Results 
In this table, the participants data results are presented
Table 1:
	Test
	Athletes score
	Units 

	10 m sprint
	1.98
	s

	BMI
	24.5
	%

	T-Test
	10.3
	s

	Vertical Jump
	24.75
	cm

	Keiser Peak Power 
	360
	W

	V02 max
	38.1
	ml/kg/l

	Wingate
	484.87
	w


 
The following table is a presentation of the 60 female group mean and standard deviation data results 
Table 2:
	Test 
	Mean 
	SD

	10 m sprint
	2.1
	0.1

	BMI
	28.9
	6.5

	T-Test
	13.8
	2.2

	Vertical Jump
	32.3
	7.6

	Keiser Peak Power
	909.0
	468.7

	V02 max
	39.6
	11.0

	Wingate
	617.1
	126.9
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Figure 1- Z score.
Looking at the Z score results in figure 1. The athlete is above average in the Wingate test. V02 max test is just below average. With the Vertical jump, T-test, 10M sprint, Keiser peak power and BMI are all below average compared to the grouped data. 
Posthumus et al., (2020) compared elite female rugby players, the test was carried out on forwards and backs. While some tests were different the body fat percentage of elite forwards was ranged between 22-26kg. The Countermovement jump/vertical jump scored between 27-32cm and 10m sprint time ranging from 1.90-2.05 seconds for elite forward female rugby players.
Discussion 
When looking for normative data and literature on amateur female rugby players most of the data showed and discussed elite or international level rugby players. When comparing results and data this should be acknowledged as training, fitness and expectation of these athletes are different.
Despite the limitations, when comparing the athlete data to the group data on the Z score the athletes Wingate score is above average. This suggest that the athlete has high type 2 fast twitch fibres (Curtis, Mitchell and Russell, 2023). This underpins the explosive power for high intensity collisions and sprint performance. 
From the Z score, the athletes 10m sprint time compares with the sprint performance Coughlan et al., (2011) suggest. The athlete sprint time of 1.98s is consistent with elite female forwards suggesting that her acceleration is in align with higher performing female rugby players. This supports Virr et al., (2013) finding of frequent high intensity phase play during a rugby match or training.
 The Keiser peak power test was performed during test, however there is very minimal supported literature around it, more recognised muscular power test can be CMJ and 3 repetition maximum effort test, the participants CMJ of 24.75cm is within the average range of 24-26cm reported for female rugby forwards by Jones et al., (2016). This suggest that the participant and athlete has a good amount of lower body power that is relative to her role on the field and in her position. From the data and observation against published data, this is not an area of improvement.
Further to this, the participants vo2 max of 38,1mg/kg/l falls just below average in seconds rows who are male u20. Cunningham et al., (2016) studies states that the u20 athletes are on average 40-50 ml/kg/min suggesting that they have a higher aerobic capacity. However, direct comparison of data is limited by the sex and age difference between both groups. On reflection of this, V02 max tested is typically not used within rugby environments. Bronco scores or 30:15 results are more game like and rugby specific (Weakley et al., 2026). An average bronco score for a female armature rugby player is between 5-7 minute. The best scores for a second row being 5:26 (minutes) (Weakley et al., 2026). Without relative testing to the sport, it is hard to compare aerobic fitness of the participant. 
The participant data for the agility t-test scored at 10.3 seconds. Comparing to published data the participant is well above average. Armstrong and Greig, (2018) provide data of female rugby players with an agility T-test score of 12.86s. While this is not position specific the participant is well above average. This demonstrates the reactivity and explosive power that aligns with the consistent sprint time and lower body power (Jones et al.,2016), but also that the athlete can react within game scenarios and use change of direction and evasion within a rugby game.
While there were limited data published about BMI within female rugby players, the participant was within average of body fat for female rugby players at 24.5kg.
 The athletes sprint time of 1.98s is consistent with female forward rugby players and suggest that the athlete can accelerate quickly and react within a game situation of sprinting or beating defenders. These results align and compare with Jones et al., (2016) who's female forwards covered 10m sprint within 1.95. Suggesting that the athlete is just outside that bracket, Consistent speed work and improving the T-test agility will place the athlete and participant well within that bracket.
Argus, Gill and Keog,(2012) carried out a study on amateur, semi-professional and professional rugby players comparing strength and power. Their findings presented with amateur players having a much lower score compared to professional players. Improved sprint performance and anaerobic and aerobic performance allows the participant to improve acceleration and reduce fatigue early in an 80-minute game suggest Bennett et al., (2019).
Further to this, the athletes CMJ/vertical jump height is below average. As a rugby player power is big part of the game for the explosive movements that they occur Posthumus et al., 2020). Interrupting plyometric sessions into the athletes training session can increase CMJ jump height (Tobin and Delahunt, 2014). As the athlete aerobic capacity is below average also, recommendations for improvement are interval training as this is specific for rugby. 
Comparing to published data the participants need to maintain their training to maintain and improve their scores. Maintaining weight training and speed will contain to keep their scores within average compared to published data.
Conclusion 
Overall, the participants data against published data was above average. Showing that the participant has good attributes to play rugby. Comparing the Z scores to the 60 female sports participants some of the data was below average, indicating some areas to work on.
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