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This assignment will discuss and investigate the physiological demands and requirements needed to be a goalkeeper in football. Each position in football has different demands and physiological needs in order to prevent injury and perform to the best of the person’s ability, therefore, understanding and knowing what is needed and required is essential. 

Football is the most popular sport in the world (Tawel, et al.,2022; Doewes et al., 2020). This team sport involves two different sides kicking a ball in order to score a goal (Doewes et al., 2020).  Each team comprises of 11 players, one of which is a goalkeeper: these play a special role in football as they are required not only to defend the goal, but also to initiate attack through ball distribution, have good anticipation of potential play, and a tactile understanding to know where to coordinate the defenders to intercept the opponents passes in order to protect the goals (Perez- Arroniz et al, 2021; White et al., 2018). 

According to Doewes et al. (2020), Ulfiansyah, Rustiadi and Hartono (2018) and Sutrisno (2015), all players need to have excellent abilities and proper technique in dribbling, passing and receiving the ball as this is a necessary basic component to football. Moreover, Weber et al. (2018) emphasizes that goalkeepers’ core demands differ from those of field players as they have other crucial and key performance demands. According to West (2018), the physiological components associated in being a successful goalkeeper are height, strength, power, agility, coordination and reaction time. Croitoru and Cojocaru (2022) also highlighted that the essential requirements needed for a successful goalkeeper are commitment, courage, vision and coordination. Similarly, Otto et al (2019) found athleticism, mentality, decision making, and technical skills are essential for a professional football goalkeeper. Roderiguez-Acrce et al. (2019) agrees, and states that cognitive skills are essential for developing reaction time as well as motor skills for physical training. 

Height is considered an advantage for goalkeepers (Weber, 2018; West, 2018) as Soyler and Kayantas, (2020) found that being above the average height has a positive effect on performance. Furthermore, many studies found the mean weight of goal keepers was significantly heavier than other field players (Gupta et al., 2021; Opiyo, 2021; Tawel, et al., 2022). Opiyo (2021) states that goalkeepers are heavier, which correlates to a higher body mass index (BMI). Opiyo (2022) and Gupta et al. (2021) found that this was due to their increased muscular mass, as goal keepers have stronger more powerful muscular bodies in order to engage in explosive jumps and powerful dives. This highlights that BMI should not be considered a factor as the mean height of goalkeepers is higher, which would reflect in an increase in weight (Hermassi, Bragazzi and Majed, 2020), although Zer et al. (2017) study states that BMI should be included as goalkeepers with a higher BMI (specifically fat mass) significantly affects their agility ability - which is an essential skill for goalkeepers.  It is concluded that BMI is a factor to consider in relationship to their muscle mass and body fat percentage. 
Agility, power, maximum strength and speed are all part of the anaerobic system, which are key components for a goalkeeper (Mota et al., 2022). Goalkeepers need agility to change the shape or form of their body to make successful saves (Obetko et al, 2019). This works in combination with speed, strength and power to perform explosive movements quickly (White et al, 2018). All these high intensity short duration abilities will predominantly use the ATP-PC system (adenosine triphosphate-phosphocreatine) as this last up to 10-15 seconds (Rusdiawan, Sholikhah and Prihatiningsih, 2020). This all happens through the ATP being broken down to provide 2-3 seconds of instant energy for muscle contractions (Hargreaves and Spriet, 2020). The by-products of this are ADP (adenosine diphosphate) and one single PI (phosphate) (Hargreaves and Spriet, 2020). Phosphocreatine (PC) from the muscles is broken down by creatine kinase enzyme releasing energy which allows ADP and the Pi to re-join forming more ATP, providing energy for up to 10 seconds (Hargreaves and Spriet, 2020), which is enough energy for a goalkeeper to make these instant reaction tackles, kicks, jumps or dives. 
However, the only issue with this system is that it provides great maximal instant power, but then the body fatigues quickly. It can take 2-3 minutes for the PC system to produce more ADP (energy), due to the goalkeeper being still in active play, they cannot wait 2-3 minutes to refuel as they may need to save a goal again by a jump or dive, so the body needs to produce more energy instantly (Kaczorowska, Tota and Palka, 2022) . This is when the body transfers on to another anaerobic pathway called the lactic system to re-synthesis more ATP to produce more energy (Phillippou et al., 2019). This is done by the body breaking down glucose from the blood or stored glycogen (called glycolysis), this allows energy to last from 10 seconds to 2 minutes, which is perfect for the ‘stop start’ intervals that goal keepers play (Bean, 2022).
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The lactic acid system starts when glycolysis happens, releasing energy that is used to resynthesize more ATP (Sousa, Ribeiro and Figueiredo, 2019).  In the process a by-product called pyruvate is formed, this is an important molecule that is used for multiple biochemical pathways in the body (Alzharani et al., 2020).  However, this can only happen in the presence of oxygen, when there is no oxygen available, the body has to convert the pyruvate into lactate that is passed through the blood (Prochownik and Wang, 2021). The downfall for this is that it can cause muscle acidity due to the presence of hydrogen ions which can interfere with muscle contraction (causing soreness and cramp) and inhibit glycogen breakdown (causing tiredness and fatigue) (Vigh-Larsenet al., 2021; Gligoroska and Mancevska, 2021). Pyruvate is beneficial when used with oxygen, and this is when the aerobic system sets in (Alzharani et al. 2020). Aerobic glycolysis and lipolysis (breakdown of fats) use the pyruvate through the Krebs cycle and the electron transport chain to produce more energy, which lasts for a longer period of time (Prochownik and Wang, 2021).

This short duration of high intensity effort, followed by low intensity physical effort is where aerobic fitness comes into play. A high aerobic fitness means a well-developed cardiovascular system (Modric et al., 2020). This means the heart becomes larger and stroke volume increases which increases cardiac output allowing more oxygen to circulate, which, in turn, lowers the heart rate (Surwase et al. 2015). This not only supports recovery, as more oxygen can be delivered around the body, the number of mitochondria also increases in the muscles (Modric et al., 2020). Mitochondria burn up lactate, using it as energy. So, the more mitochondria present, the faster lactate is cleared (Casuso and Huertas, 2021). Therefore, a higher level of anaerobic performance can be maintained by buffering lactate at a greater rate (Barata, 2022). 
Considering this, studies show the energy used by football players is predominantly produced by aerobic metabolism as maximum heart rate is seen to reach 85% to 98% (Garcia-Tabar, Rampinini and Gorostiaga, 2019; Hostrup and Bangsbo, 2022). Although, in goalkeepers, this is not seen, as in-game actions are mainly anaerobic (because they need fast production of ATP to perform vertical jumps or dives), because all energy systems work concurrently, the aerobic system takes a supporting role by accelerating the recovery process to maintain a high level of performance throughout the game (Slimani, 2019; Modric, Versic and Sekulic, 2020; Clemente et al., 2020). In contrast, other field players are more aerobically based as they continue running up and down the pitch and use anaerobic bursts to sprint for the ball, engage in quick forceful tackles or quick jumps to header the ball (Sanders et al., 2018). 
Perez-Arroniz et al. (2022) metanalyses report on 56 articles found that aerobic capacity does not impact the goalkeeper’s performance. However, Aksoy’s (2022) study on maximal oxygen uptake (VO₂max) on 11 goalkeepers concluded a high aerobic capacity had a positive effect on their performance. White et al. (2018) summarized that enhancing maximal aerobic capacity is not a priority for goalkeepers whereas aerobic conditioning is, as this promotes faster recovery after high intensity efforts and helps to sustain performance after over-repeated high-intensity actions.

This is why football is seen to be an aerobic and anaerobic sport, due to the high levels of endurance, speed, strength, power, agility and coordination skills needed (Bujnovsky et al., 2019; Chmura et al., 2015). Player position does impact the demand of each system as Surwase et al (2015) found midfielder players use 90% aerobic and 10% anaerobic during a game.  Although Sulaiman, Balu and Kumar (2022) study showed all players had the same aerobic endurance level, Altmann et al (2020) found that goalkeepers had the lowest aerobic capacity in comparison to the other playing positions. This is supported by Dolci et al. (2020); Alexander (2020); White et al. (2018); Ademovic (2019) who explain each position have different demands as field players can cover an average of 9 to 15 kilometers during a 90-minute game, whereas goalkeepers can cover approximately 4-6 kilometers as they spend most of the time within close proximity of the goal line. Therefore, goalkeepers need to develop more of an anaerobic system of fast twitch muscles fibres (type 11- are built for short powerful bursts) in order to react explosively through the game, as Obetko et al (2019) concluded, reaction time to stimulus is the number one factor for overall success. 
These fast twitch muscle fibres are known as oxidative-glycolytic muscles as they can use oxygen and glucose to produce ATP (energy) quickly (Komnos and Menetry, 2021). Fast twitch muscles are able to hydrolyze ATP nearly twice as rapidly as slow twitch fibers (Senneff and Lowery,2021). This results in a much quicker cross-bridge cycling (which pulls the thin filaments toward the center of the sarcomeres at a faster rate) vacillating the muscle to contract, allowing the goalkeeper to respond with great speed and power (Supruniuk, Gorski and Chabowski, 2023). 
A goalkeeper pre-squats before they leap, and this is the pre-loading (eccentric) phase when energy builds in the muscles and tendons and the muscles spindles stretch, provoking a concentric reaction (muscles shorten, causing a spring effect), initiating a quick jump or dive for the ball (Raham and Islam, 2020; Ajanaw, 2019). This stretch shortening cycle (combination of eccentric and concentric contractions) manipulates the elasticity and strength of muscles and tendons (Galay, Poonia and Singh, 2021) which increases the goalkeeper’s power output. 
Strength works with and supports power output as the adaptations occur during strength training increases the cross-sectional area of the type 11 muscle fibers allowing more power to be delivered, this is due to the motor units being able to fire faster and the motor unit synchronization increasing (more motor units being activated) (Hughes, Ellesfen and Baar, 2018; Walker, 2021).  

To clarify: to be a successful goalkeeper both aerobic and anaerobic properties need to be addressed. Anaerobic for tactile performance and aerobic to sustain high level of performance. (Hostrup and Bangsbo, 2022). Otte, Millar and Klatt (2019) study examined 11 different goalkeeper coaches and established the key demands they required were athletic ability, this includes power, agility, speed, strength, explosivity, and agility. In addition, speed, endurance, strength, and coordination are seen to be the key factors in training goalkeepers to be the best. 
It was found that a personal training program for position-specific roles are key for success (Bujnovsky et al, 2019). For goalkeepers improving power output and performance with lower limb strength resistance training will benefit their overall power in sprints and jumps (Boraczynski et al, 2020). High-intensity interval training (HIIT) will improve aerobic conditioning and performance, such as cardiometabolic function, oxygen uptake, anaerobic power and capacity and muscle fatigue resilience (Hostrup and Bangsbo, 2017; Aksoy et al, 2022,). Hostrup and Bangsbo (2023) highlighted HIIT training in the form of 100% max effort sprints lasting 10-40 seconds with adequate rest period had more beneficial adaptations to the anaerobic systems, ion handling, and fatigue resilience.

To conclude, football is a complex, tactile and highly demanding sport.  With player position specific demands (Villaseca-Vicuna et al, 2021) it is clearly noted that field players are more aerobic based to sustain a high level of fitness by running up and down the pitch for 90 minutes with the anaerobic system being called upon when fast action abilities are needed, such as a sprint or a jump (West, 2018; Croitoru and Cojocaru, 2022). Goalkeepers have unique performance characteristics as their physical features are different to other field players (Hermassi, Bragazzi, Majed 2020; Opiyo, 2021). Their position mainly needs anaerobic ability due to its high intensity quick reactive demands, but also needs secondary aerobic fitness to aid fast recovery and prevent muscle fatigue, which would increase the chance of injury (Mota et al., 2022; Slimani, 2019; Modric, Versic and Sekulic, 2020; Clemente et al. 2020).
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