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1. Introduction
Rugby union is a contact team-sport which consists of an 80-minute game split into two halves. In 1995 rugby union turned professional. Since then, athletes have gone full time and the physiological and anthropometric demands of rugby have changed due to advances within sports science. Since the game has turned professional, a linear increase has occurred across all positions with athletes now being heavier and taller (Hill, N.E. et al.,2018).
Rugby union requires regular collisions and intermittent bouts of high intensity exercise (e.g. sprinting, tackling, rucking) separated by lower intensity or periods of rest. This will test players through various energy systems such as the ATP-PC system, anaerobic system and aerobic system. This requires a high level of cardio-respiratory fitness to keep up with the demands of the game. Although rugby union fields 15 different positions, these can be grouped into two general positions, forwards and backs. The demands for both key areas can require similar physiological and anthropometric qualities with research suggesting rugby players need attributes such as speed, agility, muscular strength, power and aerobic capacity (Alonso-Aubin, D.A., Picón-Martínez, M. and Chulvi-Medrano, I.,2021 ; Posthumus, L. et al., 2020). However, although players need a good overall fitness level, the demands will be different depending on your position.  Generally, forwards have a greater body mass and emphasis on strength to tolerate more collisions and scrummage with force. Meanwhile, backs will generally require a leaner body composition and will be involved in more bouts of high-speed running to utilise possession and score points. (Glassbrook, D.J. et al.,2019). 
The subject for the case-study was an amateur level back in rugby union. Assessing their physical demands can help develop the athlete and guide their own training or assist coaches at club level or personal trainers to aid performance. Depending on how they score, training recommendations can be given, and a specific program can be tailored to their needs. Based on where they are during the season, the needs of the program can change to ensure they are able to maintain performance while minimising fatigue through appropriate periodisation (Israetel, M. et al.,2021). To achieve an improvement in performance we must pick specific exercises to provide a transfer to their sport. As pre-season approaches, their training needs are going to change. During this phase, the primary goal will be to bring up areas such as muscular hypertrophy, strength and power and the frequency of these sessions will be more frequent due to there now being no competitive games.
Therefore, the overarching aim of this study is to investigate how the athlete compares to a group and to see how their physiological standards compare to published normative data to assess any weak points in their game to improve performance.


2. Methods
11 male students (Mean ± SD age = 26.4± 10.5 years; body mass = 80.3 ± 15.4 kg; Height = 179.3 ± 9.5cm) studying the exercise physiology module at the University of Wales – Trinity St.Davids were included in this study. Before the start of the academic year, informed consent was agreed to take part in any strenuous activity during the Exercise Physiology module. Prior to any fitness tests, students were given the opportunity to withdraw from testing. All data recorded during the lecture were recorded on a spreadsheet using Microsoft Excel with an identification number being issued to each participant.
2.1. Procedures
The research was carried out in weekly lectures and were performed between 10:30am and 11:30am. All tests were supervised by the module lecturer and a laboratory technician.
2.1.1. The Six-Second Wattbike Peak Power test
The test used a Wattbike Pro (Wattbike, Nottingham, Uk). Participants undertook a warmup for 3-4 minutes cycling at 60 rpm with 60w (women) and 90 w (Men) with two or three 3-4s sprints (Castañeda-Babarro, A.,2021). Participants will input their weight in and will be required to adjust the resistance setting to the recommended resistance. Participants were required to pedal as hard as they can when the test begun.
2.1.2. Strength testing 
Participants measured their upper and lower body strength using a one-repetition-maximum on the barbell bench press and barbell back squat. One repetition maximum testing for the bench press followed a standardised protocol as set by Stock, M.S. et al. (2011) and rules set out by the International Powerlifting Federation (2023). To standardise exercise performance, we had to ensure correct technique was adhered to. For the bench press we ensured participants pressed the load without lifting the hips off the bench, with the neck and back on the bench and feet on the ground (Padulo et al., 2015). When completing a barbell back squat, the participant must be at least 90° for the repetition to qualify.


2.1.3 Physical measurements
Body mass was determined using a calibrated weighing scale (Seca 875, Hamburg, Germany). Height was determined using a Stadiometer (Seca 213, Hamburg, Germany). All units were recorded using the metric system. Minimal clothing and jewellery were required when weighing.
2.1.4 Agility T-Test
The test was administered as set out by Semenick (1990). Four cones were arranged in a t shape with a 9.14m distance from the starting cone with 2 cones placed 4.57m either side. All times were recorded using Brower timing system (South Fort Street,Draper, USA).
2.1.5 30m sprint
Participants are to begin in a standing position with their front leg behind a line. A Brower timing system (South Fort Street,Draper, USA) was used to measure participants 30m sprint times.
2.1.6 The Yo-yo VO2 Max Test
The course is laid out with a 20 meter distance followed by a 5 meter distance away from the start to act as an active recovery zone. Participants are required to run to the 20m distance before the beep which is signalled through a speaker. On return participants will walk to the 5m distance and return to the start line to start the next beep. 
2.2 Statistical analysis
To compare the athlete to the rest of the group, Z-scores will be carried out using Microsoft Excel to see how they compare to the group. Any additional tests carried out will be compared through data on published journals using the University of Wales – Trinity St.Davids library database.







3. Results
Figure 1 shows how the subject compared to the rest of the group for the fitness tests relevant to rugby union.
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Figure 1. Z-Score profile for the athlete compared to the participants

3.1 Comparative data between the subject and other rugby players 
Below is published data from multiple journals. Due to some tests having limited research the playing level and some ages may vary.

3.1.1 Physical Characteristics 
Our athlete is 22 years old, 183cm in height and weighs 84kg. The mean age for National Amateur backs is 25 years old (Alonso-Aubin, D.A., Picón-Martínez, M. and Chulvi-Medrano, I.,2021). Mean height is 180cm and mean weight is 84.15kg (Zabaloy, S. et al.,2021).


3.1.2 Wattbike peak power
The athlete displayed a score of 1355W on the 6 second Wattbike peak power test. Data from Ripley, J.N. (2017) presented the mean score of 1378W for rugby union players.
3.1.3 30m Sprint 
The athlete displayed a 30m sprint time of 4.42 seconds. Zabaloy, S. et al. (2021) presented that a back on average should aim for 4.19 seconds.
3.1.4 Agility T-test
The athlete displayed a T-test time of 10.32. Van Gent, M. and Spamer, E.J. (2005) suggests that a player in the backline should aim for a time of 10.73.
3.1.5 Yo-yo VO2 Maximum Test
The athlete displayed a Yoyo VO2 score of 42.1 - Level 14.6. Sant’anna, R.T, de Souza Castro, F.A. (2017) presented a mean score of 16.4

3.1.6 Strength tests – 1 Repetition Maximum Squat and Bench Press
The athlete scored 175kg in the squat and 105kg in the bench press. A mean bench press for elite is 135.2kg whereas a squat was 183.3kg (lonso-Aubin, D.A., Picón-Martínez, M. and Chulvi-Medrano, I.,2021).













4. Discussion and training suggestions
The purpose of this case study was to examine the physiological requirements of a back in Rugby Union. Based on the Z-Score profile the athlete appears to score better than the average score in every feat of training. The athlete scored well compared to the group, in the Yo-yo VO2 Max test, one individual scored a lot better bringing down everybody’s scores down considerably. However, these participants are from different sporting backgrounds, therefore, their physiological differences are going to be different. To understand where our athlete needs to improve the use of normative data should be used compared to the sport of rugby.
The athlete is an amateur rugby player, however, for the purpose of the study, normative data has been occasionally used for a higher level. 
The literature on the mean bench press and barbell back squats standards are mixed. lonso-Aubin, D.A., Picón-Martínez, M. and Chulvi-Medrano, I. (2021) displayed that National Amateur level backs averaged 209kg (SD ± 18.52) scoring higher than the mean score for forwards of 195.25 (SD ± 44.7). This is contrary to Glassbrook, D.J. et al. (2019) findings who suggested forwards are predominantly stronger due to their physiological demands. However, the findings from lonso-Aubin, D.A., Picón-Martínez, M. and Chulvi-Medrano, I. (2021) did use a smith machine which is a potential limitation due to the smith machine preventing technical error and not being a true reflection of a barbell back squat. Fernandes, J.F.T et al. (2019) tested using an Olympic barbell and the mean 1RM was 183.3 kg (SD ± 20.6) and the mean bench press was 135.2 kg (SD ± 16.2). At first glance, these athletes seem superior to our tested athlete for strength. However, we must consider the level of the performers. These were performed on elite athletes and the average body mass (94.6kg ± 9.5) was considerably heavier than our athlete (84kg). The relative strength in that study for a back squat was 1.94 ± 0.22 whereas the relative strength standards for bench press was 1.43 ± 0.14. The athlete displayed a relative strength score of 2.08 of their bodyweight for squat and a score of 1.25 for bench press. It appears the athlete exceeds the required relative strength for squat; however, the athlete would benefit from getting stronger in the upper body due to specific sport requirements such as hand offs and tackling (Speranza, M.J., Gabbett, T.J., Johnston, R.D.,2015). Although Onso-Aubin, D.A (2021) study had limitations, we can use their physical characteristics measurements to help compare to the amateur playing standard. The athlete meets the required bodyweight standards of 84kg. However, if the athlete went on to play at a higher level, they would require a higher body mass.
The athlete also appears to be slower than the recommended 30m sprint time Zabaloy, S. et al. (2021) but exceeds the recommended agility T-test score (Van Gent, M. and Spamer, E.J.,2005). Strength training is said to compliment sprint performance (Keiner, M. et al., 2022). Fossmo, J.E. and van den Tillaar, R. (2022) suggested that athletes who squat higher loads may benefit from maintaining strength and focusing on other training programs specific to weaker areas. It is suggested that moderate to lighter loads (>30%1RM to <70%1RM) for a back squat performed at maximal speed can help the athlete to improve their sprinting performance and power (Keiner, M. et al., 2022). Moreover, the athlete appeared to score slightly lower than the mean score on the 6 second Wattbike peak power test from Ripley, J.N. (2017). The athlete could benefit from utilising Keiner, M. et al. (2022) loading suggestions of >30% 1RM to <70%1RM or even utilise plyometric training.
A Yo-yo VO2 Max test has a positive crossover to the intermittent bouts in rugby. Research has suggested that the mean score for a yo-yo test for a rugby union back is 16.4 (Sant’anna, R.T, de Souza Castro, F.A.,2017). Our athlete managed to obtain a score of 14.6. It is important that this athlete increases their cardiovascular endurance across different energy systems. Yamamoto, H. et al. (2020) displayed that backs travel a further distance, spend longer at higher speeds and experience more bouts of acceleration in a game of rugby. This suggests that the player will be challenged across the anaerobic ATP-PC system, anaerobic glycolysis system and aerobic system.

Conclusion
Compared to the tested group, the athlete appeared to show good levels of fitness across multiple physiological tests. However, when compared to published normative data, the athlete needed to work on increasing upper body strength, power, sprint speed and cardiovascular endurance. With pre-season approaching, the athlete may consider utilising more strength and resistance sessions due to there not being any competitive games which they manage fatigue for.
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