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Physiological Support Case Study: Recreational Rugby Player.

Introduction.
Physiological and performance profiling are the foundation in which athlete programming, injury mitigation strategies and sport-specific demands are based on enhancing athletic performance within elite athletes (Haff and Triplett, 2016). In rugby, sport-specific physiological demands are required by athletes (Duthie et al., 2003). The requirements are a combination of muscle mass, strength, power, speed, anaerobic and aerobic capacity and change of direction ability (Gabbett, 2005).
The foundation of performance within rugby is determined by the physiological demands placed on the anaerobic and aerobic energy systems (Spencer et al., 2005). Rugby is a high intensity, contact-based sport characterized by repeated bouts of sprinting, changes in direction, and collisions with opposing players (Duthie et al., 2003). These requirements demand a developed athletic foundation, including anaerobic power, maximal strength, force production, and aerobic capacity (Haff and Triplett, 2016). These demands ensure sustained ability to perform throughout a match (Austin, et al., 2011).
Specific positional differences within rugby can influence the increase in physiological demands (Gabbet, 2005). The participant in this case study occupies the flanker position; the demands for this position require repeat bouts of high-intensity efforts, frequent impacts, scrummage support, and constant changes of direction (Jones et al., 2016). Anthropometrics characteristics, such as overall body mass and body composition, influencing performance within rugby, collision success, scrummage effectiveness and position specific demands (Brazier et al., 2020).
Crucial performance metrics such as change of direction (COD) and sprinting performance are essential components of effective attacking and defensive phases of a match (Brazier et al., 2020). Lower-body power output is frequently assessed with a counter-movement jump (CMJ) test (Haff and Triplett, 2016). Anaerobic capacity is often analysed through the Wingate test, which demonstrates the capability to perform high intensity efforts (Bar-Or, 1987). Aerobic capacity (VO₂ max) relates to the ability to recover between repeated efforts (Bishop et al., 2011). Strength measures, comprising leg press power and handgrip strength, contribute to collision performance and contribute to the rapid rate of force development (Brazier et al., 2020).
This case study aims to determine the physiological and performance characteristics of a recreationally trained rugby player, with a series of comprehensive tests. The results will then be compared to other recreationally trained university students. Additionally, comparisons will be made against normative data to identify areas for improvement. 

Method.
Participant.
One male recreationally rugby player (age: 26; height: 188cm; body mass: 95 kg), who primarily plays as a flanker (back row forward), from the University of Wales Trinity Saint David (UWTSD) was the subject of this case study. 
Ethical Considerations 
Informed consent form and Physical Activity Readiness Questionnaire (PAR-Q) were completed prior to testing. The participant was fully informed about all testing procedures, and the right to withdraw at any time without question.
Testing Overview.
[bookmark: _Int_66IzEt3i]The participant underwent a series of comprehensive performance assessments. Anthropometrics (body mass and body fat percentage), Power (Wingate Anaerobic Test and Keiser Leg Press). Physical performance (10m Sprint Test, Agility T-Test, and a counter-movement jump), Cardiovascular (VO₂ max), Strength testing (handgrip test). 
Anthropometrics.
Total Body mass (kg), skeletal muscle mass, and body fat percentage (%) were measured using the Bioelectrical Impedance machine (InBody Co., Ltd., Seoul, South Korea). The participant was instructed to stay sufficiently hydrated and refrain from ingesting food prior to testing to enhance measurement reliability. Footwear and socks were removed. Participants then followed the manufacturers' default verbal instructions.
Power.
Wingate Anaerobic test was conducted on Monark Ergomedic 894E (Monark Exercise AB, Vansbro, Sweden) using predetermined resistance, with the participant performing a 30-second maximal sprint.
Keiser A300 leg press (Keiser Corporation, Fresno, CA, USA) was set to 10-repetition mode, with the seat adjusted based on the participant’s knee angle being positioned at 90° using a goniometer. The participant performed explosive repetitions until PPO stalled. The highest PPO value was taken as a result. 
[bookmark: _Int_vw88HVHn]Performance.
Counter-movement Jump (CMJ) was performed using a force plate (HUR Oy, Kokkola, Finland). Three attempts were performed. To standardise the test, hands remained on hips to minimise momentum from arm swing. The highest recorded vertical jump (cm) was taken as a result. 
Change of direction was measured using the agility T-test. Cones were assorted in a t-shape (10m linear of starting position, 5m lateral of center cone). Light gates (Brower Timing Systems, Draper,UT, USA) were placed at the start line. Three attempts were performed, with the fastest across three attempts recorded Sprint Time was recorded over 10m using light gates (Brower Timing Systems, Draper,UT, USA). To standardise the test, the participant started level with the light gates, in a static position. Three attempts were performed, with the fastest across three attempts recorded.
Cardiovascular Fitness.
VO₂ max was assessed using a graded exercise test (GXT) to voluntary exhaustion on a treadmill (h/p/cosmos sports & medical gmbh, Nußdorf–Traunstein, Germany). The participant started at a predetermined running speed and gradient, gradually increasing every minute until voluntary exhaustion. Expired gases were collected during the final minute of the test using a Douglas bag (Hans Rudolph Inc., Shawnee, KS, USA). Gas volume was measured using a dry gas meter (Harvard Apparatus, Holliston, MA, USA). Oxygen and carbon dioxide were analysed using a Servomex gas analyser (Servomex Group Ltd, Crowborough, East Sussex, UK).
Strength.
Handgrip strength was measured using a Takei Hand Grip Dynamometer (Takei Scientific Instruments Co., Ltd., Niigata, Japan). The participant stood upright with the shoulder relaxed, and arm positioned by the side of the torso. The participant then applied a maximally amount of force for 3 seconds with both the dominant and non-dominant hand. The highest value score (kg) across 3 attempts was recorded. 

Results 
Participants result for each testing variable are presented in Table 1. Comparison to normative data is shown in table 2, and the participants z-score profile relative to a recreational male university student group is displayed in Figure. 1.
Anthropometrics.
Participant anthropometric measurements resulted in a total body mass of 95 kg, skeletal muscle mass of 48 kg, and a body fat percentage of 13.5 %. In comparison with normative data (table 2), body fat percentage falls within the ‘athletic (5-13%)’ category.


Power.
Participant achieved a Wingate peak power of 15.85 W·kg⁻¹, and an Average Power of 9.09 W·kg⁻¹. Keiser Leg Press peak power output (PPO) was 1788 W. In comparison with normative data (table 2), these values indicate greater lower-body power output.
[bookmark: _Int_aL8xSttJ]Performance. 
Participants scored a CMJ height of 47.5 cm. COD performance measured with the agility t-test; resulted in a time of 10 s. Sprint time over 10m was 1.68 s. In comparison to normative data (table 2), CMJ and COD performance both scored above average. 
Cardiovascular Fitness.
Participant achieved a VO₂ max of 47.8 ml·kg⁻¹·min⁻¹ during the graded exercise test. In comparison to normative data for a treadmill-based VO₂ max test, performance was categorised as ‘fair’.
Strength.
[bookmark: _Int_jmSfuzvv]Participant achieved a Handgrip dynamometer score of 64.8 kg (right hand) and 62.4 kg (left hand). In comparison to normative data (table 2), values for handgrip strength were placed in the 95th percentile (excellent).


[bookmark: _Int_Cd4p747N]Table 1 – Participants Raw Performance Data.
	Testing Variable
	Participant Result
	Unit

	Body Mass
	95
	kg

	Skeletal Muscle Mass
	48
	kg

	Body Fat
	13.5
	%

	10 m Sprint
	1.68
	s

	Agility T-test
	10
	s

	Countermovement Jump (CMJ)
	47.5
	cm

	Wingate Peak Power
	15.85
	W·kg⁻¹

	Wingate Mean Power
	9.09
	W·kg⁻¹

	Keiser Leg Press PPO
	1788
	W

	VO₂max
	47.8
	ml·kg⁻¹·min⁻¹

	Handgrip (Right)
	64.8
	kg

	Handgrip (Left)
	62.4
	kg



Table 2 – Comparison of Normative Data.
	Testing Variable
	Results
	Normative Data Comparison
	Normative Reference

	Body Fat
	13%
	Athletic (5-13%)
	(Bayles, 2023)

	10 m Sprint
	1.68s
	Trained Rugby Players
	(Gabbet, 2005)

	Agility T-test
	10s
	70th Percentile

	(Pauole et al., 2000)

	CMJ
	47.5cm
	40-50 cm (Good)
	(Haff and Triplett, 2016)

	Wingate Peak Power
	15.85
	>13.6 (High)
	(Coppin et al., 2012)  

	Wingate Average Power
	9.09
	9-9.8 (Medium)
	(Coppin et al., 2012) 

	VO₂max
	47.8 ml·kg⁻¹·min⁻¹
	Fair (Treadmill Based)
	(Bayles, 2023)  

	Handgrip Mean
	63.6
	95th Percentile)
	(Bayles, 2023)
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Figure 1 - Z-score profile performance of a recreationally trained rugby player in comparison to male recreationally trained university students.



Discussion.
The participant displayed effective performance results in anaerobic power and strength, with Wingate PPO and handgrip strength surpassing normative values. CMJ performance was within higher ranges of recreational norms. Sprint speed and agility were consistent with trained rugby players. Aerobic capacity (VO₂ max) was within range, however, was not seen as a primary strength. 
The subject plays the position of flanker within rugby; this requires the ability to perform repeated high-intensity bouts, quick change of direction and constant impact collisions (Duthie et al., 2003). The high anaerobic power and strength demonstrated alignment with these potential demands, especially for collisions, breakdowns, and scrummages (Brazier et al., 2020). 
In comparison to normative data and the z-score profile, lower-body powers display clear strength. Wingate PPO surpassed trained athlete norms; Keiser Leg Press power was a standout strength in comparison to university cohorts, but there is no official normative data to compare. This indicates overall superior anaerobic capacity (Bar-Or, 1987). Sprint and agility performance were within range, suggesting sufficient acceleration and change of direction ability (Sheppard and Young, 2006). Aerobic capacity was within normative ranges; however, the weaker side of the variables that were tested. Suggesting it may limit repeated high-intensity bouts and duration in which the participant can compete (Bishop et al., 2011).
Based on the participant's performance profile, and results in comparison to normative data, particularly in anaerobic power and strength, exceeding values that are demonstrated in recreational populations. This may suggest the potential to perform at a higher competitive level (Baker and Newton, 2008). 
The participants' primary strengths are displayed in strength and power output. Aerobic capacity and repeated efforts evidently appear to be less developed in comparison.
Recommendations should focus on increasing aerobic capacity for the ability to support repeated bouts of high-intensity. This can be achieved through small-sided games in training, or high-intensity interval training (HIIT) (Buchheit and Laursen, 2013; Hill-Haas et al., 2011). Maintaining and further increasing lower-body power output through modalities such plyometrics and resistance-based training is advised to support sprinting performance and impact collision performance (Suchomel et al,. 2016). Change of direction could be increased through specific agility training, including drills that emphasise deceleration and re-acceleration of mechanics (Young et al,. 2002). Protocols such as those used in the Illinois and 505 agility tests can be incorporated into training practices to enhance movement mechanics and improve lateral movement (Sheppard and Young, 2006). 
Limitations of this case study should be acknowledged. The z-score cohort included recreationally trained university students from an array of training backgrounds. This may have introduced variability and reduced accuracy when creating comparisons. A lack of normative data for specific tests, such as the Keiser leg press, limited the ability to create comparison against further populations and ceased the ability of performance categorisation. Furthermore, the series of tests lacked specific assessments of upper-body power and movement quality (e.g. Functional Movement Screening), which are relevant to rugby performance, specifically for performing and evading tackles. Including these additional measures may have increased the comprehensiveness of the performance profile.
In conclusion, the participant has displayed a well-developed physical profile to the demands of recreational rugby performance. However, specific areas for improvements such as aerobic capacity and repeated-effort performance could further be devolved to improve rugby performance and support advancement to a greater competitive level.  
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