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Exercise physiology Assignment 2

Introduction 
Rugby is a high intensity, intermittent collision sport that places a significant physiological demand on players throughout 80 minutes of match time. Rugby relies on repeated periods of sprinting, tackling, rucking and quick changes in direction, concentrating on short bursts of lower limb activity (Sheehan et al., 2022). For forward players, frequent accelerations, decelerations and contact tackles are a key component therefore the need for well-developed strength, power and speed capability is great to tolerate these collisions suggested by Posthumus et al (2020).
The aerobic energy system is a key factor of performance in rugby as it upholds the players ability to recover between repeated high intensity exertions (Duthie, Pyne and Hooper, 2003). (Duthie, Pyne and Hooper, 2003) also suggest that a high-quality aerobic fitness will enable the athlete to sustain higher work rate with faster recovery between each phase of play. This would also support the athlete's ability to maintain performance levels across the 80- minute match A VO2 max test is a relevant assessment for this quality as measures the athlete's ability to maintain full aerobic capacity through long periods of time.
The anaerobic energy system is important for short, explosive action such as sprints, tackling and rucking. This system has athletes generate high levels of power over short periods of time and is essential for contact situations (Gabbett, 2008). Gabbett, 2008 also suggests that it is essential to have the capability to produce high power output repeatedly without the body completing full recovery to maintain performance demands during periods of constant pressure.  The Wingate test is a useful assessment to identify how much power the athlete can generate in short bursts and shows how quickly athletes can Fatigue. 
Strength and power are crucial physiological components of fitness used in rugby, especially for forwards. Contact actions such as tackling, scrummaging and rucking all require high levels of force production from both upper and lower body (Till, Scantlebury and Jones, 2017)  Quarrie and Wilson (2000)  states that due to high intensity and frequency of these actions, forwards rely heavily on maximal strength to overpower contact situations and maintain stability under contact to reduce risk of injury. Explosive power is also important for short bursts of movement such as driving in scrums and clearing rucks (Smart, Hopkins and Gill, 2013). Therefore, physiological testing such as countermovement jump and Keiser peak power test are very relevant as they evaluate athletes' ability to generate force to perform these rugby specific actions. 
Speed, agility and change of direction are critical physical qualities for forward players as they are effective for maintaining high performance quality during close contact phases. Forwards are required to reach short distances in short amount of time and provide support to ball carriers therefore as rugby is a fast-paced games, these qualities are essential reacting to sudden approaches from opposition. (Jones et al,2016). Rapid acceleration and quick change in direction are crucial for forwards therefore, tests such as 10m sprint and agility t test are relevant as they evaluate rapid acceleration and chang e of direction ability to meet demands of the position. 
Weight also plays a significant part in rugby, especially forwards as it directly impacts both physical exertions and effectiveness in collusions such as tackling and rucking. Greater body mass can improve an athlete's ability to overpower contact situations and maintain stability. A lean body mass enhances both tackling and ball carrying performance therefore for female rugby players achieving an appropriate balance between strength, lean mass and body weight is essential to meet demands of the sport (Bassett and Hene, 2013).
Together, these physiological qualities provide an essential basis for an optimal performance during a rugby game. For a 23-year-old female rugby player, testing these qualities will provide an understanding of their current capabilities and highlights areas that need targeting. This case study outlines the testing protocols used to assed these qualities and evaluates the athlete's results in relation to normative data and class scores to inform evidence-based training recommendations.
Method 
The following experimental tests were completed by a 23-year-old female rugby player who trains and competes regularly at club level. The participant had no known injuries and was familiar with all testing procedures. Informed consent was taken before any tests were completed. Athlete was instructed to avoid strenuous exercise 24 bours prior to testing. A 5-minute RAMP standardised warm up was completed.  The tests were organised to minimise fatigue effects, starting with power-based tests, followed by speed and agility and finally anaerobic and aerobic capacity tests. Constant rest periods were provided between each test to ensure reliability also.
BMI
[bookmark: _Int_lCikuZNb]BMI was measured by calculating the participant height using a stadiometer (Seca 213 GmbH & Co. KG, Hamburg, Germany) and weight using a Seca weighing scale (Seca GmbH & Co. KG, Hamburg, Germany). A BMI calculator was used to calculate where the participant was on the scale.
Countermovement Jump (CMJ)
 Countermovement jump was measured using a calibrated force platform (HUR Oy, Kokkola, Finland) to measure the participants jump height.  The participant stood on the platform and was instructed to stand with hands on hips to reduce upper body contribution.  The participant performed 3 self-selected depth countermovement jump with maximum force and the best result was used for analysis. The participant was instructed to follow the beeps and perform the jump after the last long beep. These results were automatically calculated from the force platform software.
10 m sprint
[bookmark: _Int_smGlN0om]The 10m sprint was set up using a measuring tape to mark the 0m and 10m markers for accurate recording. Alongside the marker, calculated electronic timing gates (Brower Timing Systems, Draper, UT, USA) were used to measure how quickly the participant took to cover the 10m distance.  The participant was instructed to cover the distance as quickly as they could. 
T test agility
The agility T test was set up using 4 cones arranged in a T shape. The first cone was placed at the start with the second cone placed 9.14 metres straight in front. The third and fourth cone was placed 4.57 metres to the left and right of the second cone. The electronic timing gates were placed at the first cone to capture the time it took to cover the distance. The participant was instructed to run straight ahead to the second cone, touching the cone before shuffling sideways to both third and fourth cone. After touching the last cone, the participant shuffled back to the centre and ran backwards to the start. 
Keiser Peak power test
Participants completed a maximal effort repetition on lower limb strength on a Keiser leg press machine 10R inbuilt setting (Keiser A300 Leg press, Keiser corporation, Fresno, CA, USA) to secure peak power performance. The participant was to adjust the chair, so their legs are at a 90° and performs repositions of leg extension with maximum power where resistance is increased after every rep. The participant continued until failure, and peak power was be calculated by inbuilt software. 
Wingate anaerobic Test
Before completing the test, the participant weight would be measured using a Seca scale (Seca GmbH & Co. KG, Hamburg, Germany) and recorded into the software. The participant performed a 30s of maximum power with a 7.5% resistance drop of the participant's weight on a Monark bike (Monark Ergomedic, Monark exercises AB, Vans bro, Sweden). Peak power data would be calculated by the automatic software. 
V02 Max test
The participant was instructed to pedal on a Wattbike Pro (Wattbike Ltd, Nottingham, UK) where RPE would be increased every 3 minutes until fatigue. When the participant felt like they could no longer continue, the participant was instructed to give a ‘thumbs up’ signal and a mouth piece (Mouth Piece, Hans Rudolph 2700 series large 2‑way non‑return valve, Hans Rudolph Inc., Shawnee, KS, USA) would be given that is connected to a Douglas bag (100 L Douglas Bag with 2100 series 3‑way stopcock, Hans Rudolph Inc., Shawnee, KS, USA), along with a nose peg. 1 minute of exhaled air would then be taken to measure. The gas concentration was then measured by a dry gas meter (Dry gas meter, Harvard DGM1, Harvard Apparatus, Holliston, MA, USA) that determined V02 Max. 
Results 
Figure 1 shows the z scores of the participant compared to 60 mixed sport females who have taken part in the same tests. The figure shows that the participant performed above the mean group in the Wingate test in peak power slightly above the mean in VO2 max testing. Although, T test and 10m sprint are shown to be below average, the participant covered the distance in a quicker time compared to others, indicating to have a faster t test and sprint time. However, the participant performed slightly below average in Kieser peak power and countermovement jump height. These results suggest that the participant excels in agility and sprint, alongside anaerobic and aerobic capacity but has reduced neuromuscular power compared to the data compared. 
Figure 1
[image: ]
The participant's data was compared to published data from other female rugby athletes, table 1 shows the comparison. The participant scored an agility t test of 10.1 s which compared to published data is a higher score (Pauole et al., 2000). The participant achieved a VO2 Max of 41.2 ml·kg⁻¹·min⁻¹ which is within the range suggests by Scantlebury et al (2024). A CMJ height was recorded at 27. Which compared to the published data is greatly higher (Jones et al., 2016). The Keiser peak power score of 836 W was recorded but there is limited published data to compare to rugby female athletes. A 10m sprint score of 1.92 was recorded which is lower than the published data recorded by (Jones et al., 2016). Finally, the participant scored 677.4 W in the Wingate test which compared to published data is higher than the female athletes recorded by (Baker et al., 2011).





Table 1
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Discussion 
The data collected from the tests carried out by the 23-year-old female athletes demonstrates how her physical qualities align with the demands of a rugby forward. The participants performance in the agility T test provides a clear suggestion of their ability during change in direction under rugby match demands, especially for forwards. The results of the test were faster than the published female athlete's data reported by Pauole et al (2000). Spiteri et al. (2014) suggests that agility performance is the result of lower body power and braking efficiency therefore the participant demonstrates greater neuromuscular power to achieve a quick agility time. This aligns with the participants strong CMJ height score and 10m sprint time as it reflects her ability to provide efficient force production in the lower limbs. 
The participants performance in the 10m sprint indicates that their ability to cross short distances quickly is a clear strength. This is essential for forwards positions when to reacting and accelerating quickly into contact and closing space on the opposition defensively (Jones et al,2016). The results recorded by Jones et al (2016) suggests that the participant compared to female rugby forwards scored higher demonstrating faster short distance acceleration. As mentioned before, the participants neuromuscular power to generate force production is efficient and essential. 
CMJ height recorded from the participant compared to published data on female rugby forwards showed to score higher than values reported by Jones et al (2016). These results demonstrate how the participant utilises the stretch shortening cycle, (SSC), where elastic energy is stored during the downwards phase and released during take-off. The suggests that the SSC function is well developed to provide explosive force production for jump height, which is beneficial for lay outs in rugby (Fukutani, Isaka and Herzog, 2021).
Kieser peak power is another test that can indicate an athlete neuromuscular performance as explosive strength and force production are key components for lower limb power suggested by Suchomel, Nimphius and Stone (2016). Although published data on female rugby athletes is very limited, the participants results can be a good indication of lower limb power as the consistency aligns with their CMJ and sprint scores. This suggests that the participants hold high levels of explosive strength that will positively affect tackling efficiency, acceleration during a match, especially as a forward. (Fink et al., 2026). All assessments testing power has consistent score, suggesting a strength within her physiological profile as a forward rugby player and will contribute positively to her performance
The participant Wingate peak power score is higher compared to published data, suggesting the efficiency of the anaerobic system and type II fats twitch fibre recruitment to produce explosive lower limb power for high intensity movements in rugby such as tackling and scrums (Gabbett, 2008). Bishop, Girard and Mendez-Villanueva (2011) suggests that the ATP-PS system also supports the performance as it provides quick high-power energy needed for these explosive movements.
 The participants Aerobic VO2 Max score sits within the published data range, suggesting the consistence reported in female rugby sevens (Scantlebury et al., 2024). These results suggest efficient oxygen delivery and utilisation throughout the cardiovascular and muscular system to support high intensity exertions and faster recovery (Beato, Drust and Iacono, 2020). Cousins et al (2022) suggests that for forwards, this is very important for maintaining a high standard performance and recovering quickly between collusions and different phases of play.
Although BMI is not recorded in published data, female forwards are reported to be heavier and have greater body weight than other positions. Jones et al (2016) shows that forward rugby players have a mean body mass of 80.7 supporting that greater body mass can improve an athlete's ability to overpower contact situations and maintain stability


Recommendations
Based on the participants performance across all tests, they have stayed within range or performed higher compared to published data. Recommendations for this participant would be to maintain current training load to conserve power and strength in the lower limbs as these qualities are well developed and to avoid decline in neuromuscular performance (Suchomel, Nimphius and Stone, 2016). This can be done with plyometrics and resistance training. As the participant has high scoring values, sufficient recovery is important to maintain these levels also. Watson (2017) suggests that adequate sleep improves neuromuscular recovery and cognitive function pre match. 
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