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Physiological demands in the sport of football

Introduction

A study was conducted at the Trinity St Davids university in Carmarthenshire, South Wales, comparing the data of a subject to the rest of the group. The subject was used to compare data to other male athletes from different sports. The goal was to demonstrate the physiological demands needed for a professional footballer, such as power, high aerobic capacity, anaerobic capacity, and strength, these being key elements needed for the modern game, endurance is another physiological strength, as well as speed and agility so conducting strength exercises were used to measure strength and power. A professional athlete's body endures physical stress, and the demands of the sport are many (Brandt-Hansen et al, 2019).
As the sport of football is 90 minutes long, endurance proves to be of high importance (Francini et al, 2019). Games are often won in the latter stages of the game when athletes are tired from playing a high intensity game for over an hour, legs tiring and causing pain allowing the opposition to exploit tiredness in the areas of the pitch that matter (Liu et al, 2021). A team who lacks the physical fitness in these moments will struggle to keep up with the fitter players (Modric, Versic and Sekulic, 2020). Endurance training is needed in this sport, focusing on the aerobic fitness, this would help maintain stamina and the overall performance of the player (Murugavel et al, 2022). 
Strength will help in the physicality of the game when players/athletes tussle for the ball using upper body strength (Wing, Turner, and Bishop, 2020). Strength also benefits when the athlete strikes the ball, exercises such as knee extensions can build muscle for the quadriceps (Ito et al, 2020). Strength training, is paramount for athletes in football. Upper body and lower body strength is needed in this sport for performance levels and for lowering the risk of injury for the athlete (Malone et al 2019). 
Agility is a key physiological need also, as football is fast paced, and quick changes of direction are a regular feature in this sport (Mijatovic, et al 2022).
Speed is one of the biggest attributes in this sport, plyometric exercises can increase an athlete's speed, allowing them to run faster in attack or defence, this will benefit the athlete in remaining in a team if he or she possesses this physiological attribute, so measuring speed is relevant, using drills such as 30 metre sprints. Speed training enhances an athlete's acceleration and explosiveness giving them more of a chance to succeed (Kargarfard et al, 2020). 
An attribute that is often neglected is range of movement exercises, but they are paramount in lowering the risk of injury and enhancing performance. Stretching, and Pilates, help joint health, they reduce the risk of soft tissue injuries, and help the athlete to move more freely and efficiently (Iwata et al, 2019). 
Nutrition is also a large part of the sport of football. During the games, it is important athletes get the correct hydration and pre match meals. This provides energy and nutrients for the athlete's overall performance and recovery. Hydration benefits cognitive function and physical function during an intense game (De Sousa et al, 2022). 


Method

Aerobic, anaerobic, strength, power and agility were tested, the participants were males ranging from 19 – 49 years of age. There were 11 participants, and one participant was selected and compared to the other 10 participants. Strength and power were tested using the Keiser chest press, the participant would complete chest press and weight would be increased after each repetition until participant could not complete any further reps, the strength and power data would then be sent to a computer for the results. Keiser leg press would also start ‘low’ and would be increased after each repetition until maximum for that specific participant was achieved, the results for the leg press was then sent to computer, showing results for power and strength.
Speed was tested by testing subjects by them taking part in a 30-meter sprint, a stopwatch, pen, and paper were used to record the results. 
Agility was tested using the functional movement screening tool, this is conducted using 7 tests in total, starting with a deep squat using the FMS tool, in hand, this tool is a bar that was held above their head whilst squatting, the bar must remain in line with shoulders above the head, if the bar moves in front of the shoulders points are taken away, the point system is from 0-3, a good score would be 3 for each test with a total of 21 points available, 14 points in total must be achieved to pass the FMS test. The hurdle step is the next test used, a bar is raised to the tibial tuberosity below the patella and the participant steps over bar with one leg, touches heel to floor and brings leg back over all-in-one movement without knocking the bar or stumbling, or hip opening outwards, a score is then given out of 0-3. The third test was to lunge holding bar with both hands behind back in line with the spine, the bar must remain against participants back through movement, participant lunges using both sides at a time. Participant then laterally rotates with one arm and medially rotates with the other with fists clenched, person then measures the gap between fists and gives a score, this is then repeated other side rotating shoulder opposite way to before but performing the same movement so that lateral and medial rotation is tested for both shoulders. Active straight leg raise is then used to test flexibility of the hamstrings, pole is held mid-thigh and participant is asked to lift leg and leg should move beyond pole to score 3. A push up was then used, participant lies face down with hands either side of his head and perform a push up from that position, scoring 3, if not able he must try from chin are but will score 2, if not able he must push from level with shoulders, scoring 1. Then rotary testing is where participant is on all fours and is asked to bring elbow to knee on same side but then asked to bring elbow to knee opposite sides and back to neutral (all fours). There is a higher score for elbow to knee opposite sides.
A Yo-Yo test was conducted to measure aerobic capability, cones are set 20 meters apart and athlete is asked to run between them. 2 x 20-meter shuttle runs are made with effort and speed increased with a recovery period that lasted 10 seconds. This test lasts for 10 to 20 minutes. Shuttles are then increased until exhaustion.





Results

Criterion validity

The VO2max was worked out after subject took part in the Yo-Yo VO2 max test and it showed subject was above average in comparison to participants, proving he had a more positive result to his peers. The said subject scored 41.8 in his Yo-Yo VO2 max test; with the participants having achieved an average of 34.9 showing subject outperformed all his peers. Functional movement screening was used to compare agility with subject scoring 20 and participants averaging 18.6 in the functional movement screening. For 30m sprint subject had 4.49, with average of participants being 4.695714286 outperforming most of his peers. In the Keiser leg press (measuring power), subject scored 848-watt power with the average of the participants being 763.7142857. This means the subject is outperforming the participants in most of the activities. Showing his strongest results in comparison to the participants in the Yo-Yo VO2max test, scoring 41.8. 
Scoring 41.8 was a great distance behind what professional footballers get when completing Yo-Yo VO2max tests. Subject must improve to be on the level of a professional athlete with professional footballers achieving between 50 – 75ml. For subject to compete at the highest level, at the age of 24, the subject is expected to reach a minimum of 54 ml/kg/min – 64 ml/kg/min (Vasileios et al, 2018)

Figure 1
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As shown in figure 1, subject scored higher in one activity but was level in most of the others, subject is not scored in 2 as subject did not take part in this activity. 






Figure 2
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Figure 2 is an example of subjects z scores in comparison to participants in a graph format.

	activity 
	z score for subject

	FMS
	1.23

	Keiser leg (w)
	0.52

	Sprint 30m 
	-0.54

	Yo-Yo Vo2max
	2.58



Figure 3 is an example of subjects z scores in comparison to participants. 

The subject was above participant average on 3 of the activities and below participant average on 1 of the activities. 

Discussion and conclusions

Although subject scored above peers in activities subject falls short when his data was compared to professional athletes who achieved greater results for each activity. Subject was compared to participants who were also recreational football players, triathlon runner, and a body builder. In professional football the use of a Yo-Yo test is paramount as an assessment tool for assessing fitness of the player. This is to match the demand of the sport at the highest level. In amateur/semi-professional the Yo-Yo test can still be used but is not as frequently as professional sport as grass roots rely on volunteers giving their time and standards are lower at grass roots level. Using the Yo-Yo test can then give coaches and player an indicator on where the improvement is needed and how much improvement is needed to meet the demands of the sport. Professional sport requires more fitness, more power, strength, and agility. The Yo-Yo test then is a valuable tool in football, from grass roots to professional. The Yo-Yo test could be used pre-season to measure where the athlete is in their fitness. Using the Keiser machines benefits the athlete for upper body strength and power and in the same way the lower body strength for leg power and strength, this is also used in professional sport/football. Sprinting for 30 metres also benefits the athlete in agility, speed, and fitness. For subject to reach the physiological demands of professional athletes implementing interval training would help subject achieve this success such as; HIIT (high-intensity interval training) workouts (Hostrup and Bangsbo, 2023). Using high-intensity interval training 4 times a week could increase fitness and aerobic capacity of the subject, HIIT involves 4-minute intervals at a 90 – 95% peak heart rate (Kunz et al, 2019). Using the HIIT training will improve Yo-Yo VO2max score, study by Kunz et al (2019) also showed HIIT improves sprinting and jumping ability in 15 – 30 second HIIT intervals. However, Wen et al, (2019) states longer interval training improves the VO2 max score by even more than short interval training, therefore comparing the two pieces of literature showed it is evidential that higher volume in HIIT training benefits individuals more, it is also recommended HIIT training should be used over 4 to 12 weeks. 
Professional footballers cover an average of around 10km per game, showing endurance is a physiological demand that must be worked on for the subject (Oliva-Lozano et, 2020). In the sport of football lower body strength is essential as much of the game relies on lower limbs for striking of the ball, running and bursts of pace in vital parts of the game.
Subject was below participant average in height and body mass but did not affect overall scores as subject excelled when compared to the participants. 
Subject must focus on increasing VO2 max to be able to compete at the highest level, the way to achieve this would be to use HIIT training according to literature.   

In conclusion, despite subject outperforming participants subject does not meet the standard of a professional athlete and must achieve higher results to be equal to professional standards of performance, much literature showed how subject can improve to reach elite level for a professional athlete. 
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