Physiology – Assignment 2
AI Acknowledgement
I acknowledge the use of ChatGPT (https://chatgpt.com/) on 29/04/2025 to guide in structuring my work. I used the prompt (s):
1. Help me structure my report: (Each section in the brief). I confirm that I have not presented any AI generated text as my own work. I confirm I have copies of my drafts, notes, and other resources I used before, and after the use of AI tools which I may be asked to provide in evidence.
Introduction
[bookmark: _Int_TqtVMQXs][bookmark: _Int_JFIaKdFc]High-intensity activities like sprinting, jumping, tackling, and quick direction changes are mixed with low-intensity movements like walking or running throughout matches, which usually last 90 minutes. Players typically run 9–14 km throughout a game, putting in 150–250 high-intensity efforts, including 30–40 sprints (Teixeira et al., 2024). Both an anaerobic system to support brief bursts of maximal or near-maximal intensity and a well-developed aerobic system to maintain general endurance and recovery between efforts are necessary for this sport (Alghannam, 2012). Muscular strength (for tackling, and shooting), power (for jumping and accelerating), agility (for rapidly changing direction), speed (for outrunning opponents), and high levels of cardiovascular endurance are important physical attributes necessary for the best football performance (França et al., 2022), (Modric, Versic and Sekulic, 2020); Because of the game's stop-start nature, efficient recovery and fatigue resistance are also essential.
[bookmark: _Int_kqpFHSF3]Due to football being intermittent, it puts a lot of strain on all three energy systems. During a match, the aerobic system dominates, promoting sustained effort and aiding in recovery during the low-intensity intervals in between high-intensity activity bursts. For midfielders, who frequently cover the most ground and are constantly involved in play, this is extremely important (Manzi et al., 2022). Wingers and attackers frequently engage in brief, explosive movements including sprints and quick direction changes, which are powered by the anaerobic alactic system (ATP-PCr) (Nilsson and Cardinale, 2015). When recovery time is restricted and repeated high-intensity actions occur, like when defenders make continuous challenges, the anaerobic lactic system plays a role. A good ability across all systems to satisfy the various and position-specific energy demands of the game is necessary for optimal performance.
For football players to play at their best over a 90-minute game, they need a wide range of physiological characteristics. Long-term exercise and effective recovery in between high-intensity activities are made possible by a high aerobic capacity (VO₂ max). VO₂ max levels of 55–70 ml/kg/min are frequently displayed by elite football players, enabling them to sustain high work rates and recover quickly in between sprints and transitions (Helgerud et al., 2011). Anaerobic power is essential for explosive activities like tackling, sprinting, and short bursts of acceleration. The ATP-PCr system and lactic anaerobic pathways are essential to these efforts, especially when performing repeated high-intensity sequences (Kumar and Singh, 2014). Important movements like jumping for headers, shooting forcefully, shielding the ball, and physically challenging opponents are supported by muscular strength and power. Particularly crucial for preserving stability and producing explosive movement is lower-body strength (Faude et al., 2013). Position-specific movements, such breaching defensive lines or making abrupt direction changes under duress, require speed and agility (França et al., 2022). Additionally, body composition is important as more lean mass promotes strength and endurance, whereas too much fat could limit speed and mobility. Finally, sufficient mobility and flexibility facilitate technical performance and reduce the risk of injury (Yeung et al., 2016).
The subject's strength, speed, endurance, and recovery ability are all at or close to their physiological peak at age 25. This is a critical time to improve important skills like muscular endurance, aerobic capacity, and explosive power while lowering the chance of injury with preventative exercises like mobility work and appropriate recovery. Performance can be maximized with customized training, enabling the athlete to maintain a high level of output throughout their career.

Method
Participant & Warm-up Procedure
[bookmark: _Int_QkXbEzUM]The subject of this report is a 25-year-old male footballer who is healthy with no current injuries, although suffered a grade 3 ACL tear 4 years ago. It was ensured that before all testing procedures that the participant was hydrated. A standardized warm-up consisted of a simple 5 minutes jogging on a treadmill (Woodway,Waukesha,USA) followed by dynamic stretching (leg-swings, lunges, high knees) was conducted before beginning any testing (excluding body composition test)
Testing Procedures
Yo-Yo Intermittent Recovery Test (VO2 Max)
The purpose of this test was to assess the subject's aerobic endurance and their ability to recover from high intensity efforts. The subject performed repeated 20m shuttle runs at increasing speeds controlled by audio beeps, with 10 seconds of active recovery between runs. Testing continued until the participant failed to make the correct line at the sound of the beep two times in a row. VO2 max was estimated by the results of the test and recorded. The equipment used were cones, speakers and measuring tape.
Vertical Jump Test
The purpose of this test was to measure the subjects lower body power and explosive strength. The subjects vertical jump height was measured using the Forceplatform FP8 2003 (Hur, Kokkola,Finland). The subject stood on the force platform with their hands on their hips and when instructed, performed a maximal vertical jump. Three trials were conducted, and the highest score was taken. 
Agility T-Test
The purpose of this test was to measure the participants multi directional speed and agility. The subject sprinted forward 10m away, shuffled left 5m, shuffled right 10m, shuffled left back to the centre and then sprinted backwards to the starting point, ensuring throughout the test that the subject was touching the cones with their hands appropriately and not overstepping when shuffling side to side. The test was timed using Brower Timing Systems (South Fort Street, Draper, USA) and measuring tape was used to place cones in the appropriate places.
Sit and Reach Test
[bookmark: _Int_Y41FukEP]The purpose of this test was to measure the subjects hamstring and lower back flexibility. The subject sat on the floor (no shoes) with legs extended straight ahead, feet placed against a sit-and-reach box (Habdirect, Southam, UK). With arms extended, they reached forward as far as possible without bending their knees. The best of three attempts was recorded.
Body Fat Percentage Test
Body composition was assessed using a bioelectrical impedance analysis. The subject stood barefoot on the Tanita Body Comp device (Tanita, Amsterdam, The Netherlands), ensuring proper contact with foot electrodes. After entering height, age, and gender, the device estimated body fat percentage based on electrical conductivity differences between lean tissue and fat mass. The reading was taken and recorded; it was advised that the participant did not eat the morning of to ensure reliable results.
30m Sprint Test
[bookmark: _Int_IIQbKmwe]The purpose of this test was to measure the subject's anaerobic acceleration and short sprint speed. The subject performed a 30m maximal effort sprint which was marked and conducted on a 4g pitch. Brower Timing Systems (South Fort Street, Draper, USA) were used to record the subjects' score from the start to the 30m mark. The subject began from a standing start, one foot behind the starting line. Two trials were completed with full recovery between attempts, and the best time was recorded.

Results
The results of the six tests conducted on the subject were used to understand their capabilities in their chosen sport. Each score was compared against group averages who are all aspiring football players using z-scores. Normative data from peer-reviewed literature on elite and semi-professional footballers was used to assess the subjects' standards compared to the top footballers. 

Table 1. Subject’s test scores, group means, Z-scores, and normative data for football players
	Test

	Subject Score
	Group Mean ± SD
	Z-Score
	Normative Data

	Yo-Yo/VO2
(ml/kg/min)
	42.8
	52.8
	0.9
	59.2 to 63.2 (Elite Footballers) 1

	Vertical Jump (cm)
	37.4
	46.9
	-0.78
	41.1 to 56.4 (Elite Footballers)
2

	Agility 
T-Test (s)
	11.6
	10.7
	1.29
	<9.5 (Excellent for adult team sport athletes)
3

	Sit and Reach (cm) 
	4
	17.3
	-1.56
	22 ± 9.2 (Amateur Footballers)
4 

	Body Fat % (BIA)
	13
	13.3
	-0.09
	10.3% ± 1.9% (EPL Footballers) 5

	30m Sprint (s)
	4.4
	4.4
	0
	4.21 ± 0.18 (Professional Footballers)
6


1 - (Slimani et al., 2019) 2 - (Asimakidis et al., 2024) 3 - (Wood, 2025) 4 - (van der Horst et al., 2017) 5 - (Sutton et al., 2009) 6 - (Drozd et al., 2017)
[image: ]
Figure 1. Subjects Z-Score graph relative to the group across all tests
[bookmark: _Int_xT7CNsWt][bookmark: _Int_mebwL9wh]With a Yo-Yo/VO₂ z-score of 0.9, the subject's aerobic capacity was noticeably strong, much above the group average. Although they performed well in the group, their absolute VO2 Max value (42.8 ml/kg/min) is still below the standards of elite football players (59.2–63.2 ml/kg/min), indicating room for improvement at higher levels of sport.
[bookmark: _Int_523Z7J1A]On the other hand, flexibility (sit and reach: 4 cm) and lower-body power (vertical jump: 37.4 cm) were both below the normative data and group average (Z = -0.78 and -1.56). The most underperforming variable, as determined by the sit and reach test, was flexibility, which significantly fell short of both elite and group average. The T-Test measurement of agility also lagged (Z = +1.29), showing a slower change of direction speed than the group while also being considerably higher than top level athletes.
Both the body fat percentage and the 30-meter sprint were within acceptable ranges for elite athletes and close to the group average, indicating a lean physique and sufficient sprint performance. The subject's relative strengths and weaknesses across the exams are visually compared in a z-score graph (Figure 1), which will direct training emphasis in the future for all the variables.

Discussion
[bookmark: _Int_f49D863H][bookmark: _Int_3Mmz61Kp]The purpose of this section is to analyze the subject's physiological test results in relation to the physical demands necessary for good football performance. Football players have to display a wide range of fitness traits because the sport is defined by repeated bouts of high-intensity exercise mixed by intervals of lower-intensity activity (Hostrup and Bangsbo, 2022). These consist of appropriate body composition, muscular strength and power, speed, agility, flexibility, and well-developed aerobic and anaerobic energy systems. The subject demonstrated a number of important physiological traits that are advantageous in a range of football positions, such as attack, defense, and midfield.
[bookmark: _Int_kzO2k7YI][bookmark: _Int_Dc6c3bov]One strength was aerobic capacity, which was measured using the Yo-Yo Intermittent Recovery Test. With a Z-score of 0.90, the subject performed much better than the group average, indicating a high capacity for recovery in between strenuous activity bursts. Their relative aerobic performance is strong even if their estimated VO2 max (42.8 ml/kg/min) is below the elite standard range of 55–70 ml/kg/min often found in professional football players. This promotes consistent performance throughout a game and is crucial for all outfield players, whether they are pushing opponents, recovering in between sprints, or making frequent offensive or defensive transitions (Castagna, Krustrup and Póvoas, 2019).
[bookmark: _Int_7R2RjnLS]Another strength was body composition. The subject's body fat percentage of 13% (Z = -0.09) was within the acceptable range for elite football players (usually 8–13%) and close to the group mean. Due to increased physical effectiveness and load tolerance, an ideal body composition can lower the risk of injury while also improving speed, agility, and endurance (Martins et al., 2022). The 30-meter sprint time was in line with the group average (4.40 seconds, Z = 0.00), which is in line with normative data for male athletes at the highest level, which falls between 4.1 and 4.4 seconds. This indicates that the subject has enough acceleration and sprint speed, which are essential for a variety of positions, including midfielders covering ground fast during transitions, forwards breaking past defenders, and fullbacks closing down attackers (Pivovarniček et al., 2014).
[bookmark: _Int_l6w7m121][bookmark: _Int_TVArVCzC][bookmark: _Int_8RuoNoMz][bookmark: _Int_SJ0eoCO5][bookmark: _Int_wKpQgj41][bookmark: _Int_fCDcGDt3]The tests revealed areas for improvement as well as a number of strengths which could restrict the subject's physical potential and usefulness on the pitch. The sit-and-reach test revealed that flexibility was the most noticeable deficiency. With a Z-score of -1.46, the subject's score of 4 cm is much lower than the normative value of roughly 21 cm for male football players. This suggests a restriction in the flexibility of the lower back and hamstrings. Limited range of motion can have a detrimental effect on technical performance; for instance, it might limit reach during tackles, decrease sprinting stride efficiency, and limit turning and direction changes (Bogalho et al., 2022). More significantly, because football is a dynamic and high-speed sport, a lack of flexibility is closely linked to an increased risk of injury, particularly hamstring and groin strains (Mizutani et al., 2023). Therefore, increasing flexibility through regular mobility and stretching exercises is crucial for preventing injuries as well as improving functional performance.
Agility is another clear area for improvement, as shown by the subject's T-test result, which had a Z-score of 1.29. A greater score in this case indicates a slower time, indicating that the subject's performance was significantly below the group average. Football players at all positions need to possess agility, which is the ability to rapidly accelerate, decelerate, and change direction (Turner and Comfort, 2018). Agility is the foundation of many crucial in-game activities, such as reacting to an opponent's movement, pressing defensively, or evading pressure during an attack. With a Z-score of -0.78, the vertical jump test showed lower-body power than the group. This is essential for forceful firing, rapid acceleration, and jumping for heading the ball. In football, vertical jump height is correlated with neuromuscular strength, which supports physical contests like shielding or tackling as well as sprint performance and change-of-direction speed (Carlos Wheeler Botero et al., 2023). The subject's effectiveness in important situations, such headers or rapid takeoffs, may be limited by reduced lower-body power.
Aiming for an improved sit-and-reach score, the subject should increase flexibility through dynamic warm-ups, PNF stretching, and yoga or Pilates to improve performance (Prentice, 2020). With the goal of improving the T-test score, agility can be improved through reactive drills, ladder work, and ball-based change-of-direction exercises (Primasoni, Prakosa and Anugrah, 2022). To improve vertical jump height, lower-body power should be enhanced by resistance sprints, plyometric exercises, and Olympic lifts (Whitehead et al., 2018). Tempo runs, repeated sprint drills, and high-intensity interval training (HIIT) should all be used to maintain aerobic fitness (Harrison et al., 2015).
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