Implementing Physiological Strategies in Preparation for the Welsh Football Team for the 2026 FIFA World Cup in North America (Pre/post/during): Case study

Introduction
Location/climate and physiological barriers
The 2026 FIFA world cup will be hosted in North America (Mexico, USA, Canada) with games being played at 16 different cities across the continent with most being played in the United States of America (Beissel and Kohe, 2022). A FIFA world cup in general is demanding for football players as games will be played more frequently to what they are used to there for recovering in between each game will be an obstacle that players and coaches will need to monitor carefully to ensure that they get the most out of the team. Depending on the tournaments structure the international teams might find acclimatising a barrier for the Tournament. As the tournament is being hosted in a variety of different cities and countries environmental status of these locations will differ. For example, a host city of some of the games will be Mexico City which is 2250 meters above sea level whereas another host city is Miami which is located 2 meters above sea level. The difference in altitude of the two cities might cause a significant disadvantage if players do not acclimatise themselves appropriately (Beissel and Kohe, 2022). 
Due to the reduction of oxygen that comes with altitude players might have to implement techniques such as live high and train low, or perform submaximal exercise in an hypoxic environment to gain the physiological adaptations (Levine and Stray-Gundersen, 1997). By implementing this players will see a development/increase in red blood cells which will evolve in higher haemoglobin mass (Saunders et al, 2019), not only will this improve performance at altitude but also at sea level due to the increase in oxygen transporters (Saunders et al, 2019). All three countries are located in north America meaning that temperatures will be elevated to what some players are used to in season there for heat acclimatisation for the players prior to tournament will be of benefit to reduce the chance of experiencing cardiac drift and to train the body to be more efficient at managing core body temperature (Periard et al, 2015). 
Energy systems that utilized during football match play.
As many different sports intensities throughout match-play differ frequently due to the randomised situations that occur during a typical football match. It has been measured that elite football players perform at an intensity of 85 % of heart rate max on average with obviously intensities throughout the game exceeding this value quite significantly (Bangsbo, 2014). On average and depending on positional differences football player that play 90 minutes cover a distance of 10-13km per game, which 80% is covered aerobically (Bangsbo, 2014). It has been stated that during an elite football match players perform on average 150 to 250 of explosive movements which highlights how demanding the sport can be when it comes to intensity (Carling et al, 2012). It has been stated that most footballers intense sprinting covers 0-10m  indicating the importance on the neuromuscular system as it requires accelerating and deaccelerating (Baptista et al, 2018). 
Due to the high quantity of explosive movements, it indicates the amount of stress that’s posed on the ATP-PC energy system as players must recover quickly and replenish creatine phosphate stores to be able to perform the next explosive movement to their best abilities. Having stated the energy systems that are utilized during game-play, players need to ensure that they fuel themselves appropriately with the correct nutrients and perhaps some supplementation to aid performance.
Fatigue 
Fatigue is a term that is always talked about in the industry of sports and fitness and a variety of different factors can cause it. There are 4 major causes to fatigue which can be the accumulation of by products, poor or inadequate energy consumption, failure of contractile mechanism (Local/peripheral) or a decrease in neural drive (central) (Wilmore and Costill, 2015). Fatigue can be defined as decrements in muscular performance with continued effort, accompanied by sensations of tiredness (Wilmore and Costill, 2015). By identifying the main causes of fatigue strategic techniques can be put into place to reduce the onset of fatigue on the body. The 4 main causes of fatigue stated are the physiological mechanism, but a variety of different factors can accelerate the onset of fatigue. An example of this might be that the individual is not accustomed to perform in a certain climate weather it’s in a hot or cold country, or performed at altitude. Making sure that you are adequately fuelled for intense exercise is essential to prevent premature fatigue especially at hot or elevated environment as heat and altitude stress leads to higher demand in anaerobic metabolism and muscle glycogen (Saunders et al, 2018).

Implementation of physiological techniques for the FIFA World Cup

Nutrition intake on match day/creatine monohydrate supplementation
Having stated that 1 of the main causes for fatigue is inadequate nutrition/fuelling it is important to state the correct nutrition needed for football. Carbohydrate and fats are the main source of energy that is used during a football match (Williams and Rollo, 2015). It’s been advised that intake of carbohydrate during match play is unnecessary and that if players fuel up adequately before match play, then no significant drop in performance will occur when associating with fuelling (Williams and Rollo, 2015). It’s important to note that if time does exceed into extra time, then players should digest carbohydrate to reduce the chance of Glycogen depletion within the muscles (Williams and Rollo, 2015). Glycogen depletion within muscle fibres vary depending on the cadence in which the players might run at, due to the variety of different intensity and movements within math-play type 1 and 2 fibres will be depleted if exceeding traditional game time (Krustrup et al, 2004). 
The most important macronutrient for energy for football players is carbohydrate as 70% of their energy expenditure come from carbohydrate (Collins et al, 2020) Ingesting carbohydrates prior to match play is important to ensure that players do not reach the point where their muscles are depleted of carbohydrates. Having low Glycogen stores will impact performance as the body will have to use an alternative source of fuel such as fat (Ortenbland et al, 2013). Fat as an energy fuel is efficient but not suitable for intense movement as it requires oxygen (Plowman and Smith, 2017).  On average a football player uses up to 1300-1500kcal of energy per game (Collins et al, 2020). 
It has been researched that a football player should digest 6-8 grams of carbohydrate per kilogram in body weight throughout the day to ensure efficient fuelling. 4-3 hour pre game players should intake 1-3g per kg in body weight to allow the carbohydrates to digest and stored ready for activity (Collins et al, 2020). Due to the nature of the world cup with games scheduled to be played days after each other, efficient amount of carbohydrate should be consumed immediately post-match to facilitate recovery (Maughan and Shirreffs, 2007). Ingesting 1g per kg in body weight after match play is advised with consuming the same amount every 4 hours to retrieve glycogen stores (Collins et al, 2022).
Again, adequate protein is needed post-match for football players to ensure growth and repair of the worked muscled to recover before next fixture (Steffl et al, 2019). In three to four hours intervals, it is recommended that football players should intake 25g of protein post-match (Collins et al, 2020). Calcium is also an important micronutrient to consider when fuelling because not only is it vital for bone health and repair, but it also plays a vital role in muscle contraction and function, which is vitally important to sporting performance (Ruegg, 2012). 1500mg of calcium is Recommended for players (Collins et al, 2020).
Supplementation of creatine monohydrate may be of benefit for footballers and something that they might consider to gain a competitive edge over the opposition. As mentioned, that the phosphate creatine system undergoes a large demand during a typical football match (Bangsbo, 2014) there for increasing creatine stores may delay the onset of fatigue. A study found that pre-loading of creatine monohydrate (20g/per day) significantly improved sprint repeatability and strength when it came to football players (Mujika et al, 2000). Also, its worth stating that lactate levels were reduced after pre loading on creatine monohydrate supplementation indicating the players were adapting better to the stress put on the body (Mujika et al, 2000). Improving strength within the players is not only a benefit for athletic performance but with the games being played frequently having stronger muscle fibres will significantly reduce the chance of injury within the players playing within the team (Suchomel et al, 2016).

Implementation of High Intensity Interval Training pre-tournament
The 2026 FIFA World Cup will begin at the start of June which is more than a month after most players finish their club season meaning that they might need to rise their fitness levels before the tournament. High Intensity interval training has shown to be an effective training method at improving aerobic and anaerobic performance (Milanovic et al, 2015) and has been shown to be an effective method when it comes to team sports and football (Baker, 2011). Depending on the players fitness level and what they might need to improve on before the tournaments begins a variety of different elements can be manipulated to get the most out of the training session (Kilpatrick et al, 2014). 
HIIT training is great training method as its very time and cost effective and therefore players will not have to spend the majority of their training time improving fitness levels, and can focus the best part of their training on technical and ball skills. Players that might need to improve aerobic, anaerobic and neuromuscular adaptations beforehand may consider a short interval type session (Laursen and Buchheit, 2019). The structure of the short interval is simply intervals performed at an intensity of 100-120% of velocity at Vo2 max for 15 second or more with 15 seconds of passive or active recovery in between each repetition. One series should last 6-9 minutes with performing 2-3 series in total (Buchheit and Laursen, 2013). Passive recovery of 2 minutes in between each series is recommended (Bucheitt and Laursen, 2013). The players that are selected to go play in the world cup are highly trained athletes and would benefit more to perform at the higher end of the intensity and volume. To make a short interval type of session a little bit more sport specific players can perform the activity as a shuttle-based activity. The benefits of making a HIIT session shuttle based is that it promotes more neuromuscular stress leading to greater improvements (Bucheitt and Laursen, 2013). By implementing acceleration and deacceleration into the players session it will make it slightly more realistic to in game scenario. 
Depending on the positions of the players the interval type may change. For example, central midfielders might benefit more with longer intervals perhaps as that is more focused on improving aerobic performance (Buchheit and Laursen, 2013). This is vitally important as the Central midfielders tend to cover the most ground in a typical game of football (Bangsbo, 2014). 
As a team or a group of players perhaps coaches should prescribe small sided games (2-3vs2-3 players) to the players slightly closer to the tournament to make the training more specific. Studies have shown that implementation of HITT twice a week can significantly improve aerobic and anaerobic performance within elite football players (Dupont et al, 2004). Not only will the development in aerobic capacity within the players help the players to compete with the best international teams in the world but it will be of high benefit when playing in the heat due to the increase in total stroke volume (Astorino et al, 2017).

Acclimatisation to hot environment
As stated in the introduction the FIFA world cup 2026 will be hosted in North America there fore all cities will be experiencing summer temperatures during the months June and July. There fore for the players that live in countries that have cooler temperatures then acclimation to the tournament’s environment is needed. Exercising in hot temperature environments can cause a lot of stress on the cardiovascular system to regulate core body temperature (Gonzalez-Alonso et al, 2008). 
The body is capable of fluctuating in temperature between the Ranges of 35-41 Celsius, going beyond these can cause serious and detrimental health effects (Farrell et al, 2012). The main physiological purpose of heat acclimatization is essentially to train the body to start to sweat earlier at lower temperature and to sweat more rapidly (Collier et al, 2019). Sweat is an essential element in keeping the core body temperature regulated and within the moderate ranges (Notely et al, 2019). Sweat is only effective if the sweat is evaporated on the skin (Notely et al, 2019). The players within the team will be high performing athletes with great aerobic fitness which is highly associated with greater stroke volume (Rowland, 2009). Having a greater Stroke volume will essentially help the players deal with hotter conditions as they will have enough blood to go to the working muscles and to the skin to regulate core body temperature (Notely et al, 2019). As the blood travels to the skin blood vessel vasodilate for the heat to be expired in a process of conduction (Castellani and Young, 2016).
 A conventional way of gaining the benefits of heat acclimatisation is simply perform exercise at a low intensity for 60-90minutes, with raising core body temperature to about or above 38.5 Celsius (Cheung, 2010). This should be done for 10 consecutive days to gain the benefits. Acclimatisation is simply done in the environment itself rather than in a simulated environment such as a laboratory which is known as acclimation (Tyler, 2019). Passive approaches to heat acclimation/acclimatisation also are effective such as hot baths and saunas (Heathcote et al, 2018), perhaps spending half the time training in the environment itself and the other half in the sauna would be an appropriate option. The benefits that you gain from this heat exposure should last for 7 days after which will not be a problem as the players will be training in the environment frequently throughout the tournament (Cheung, 2010). 
A measure of fluid loss should be taken during the intervention just to ensure that players will hydrate properly through out the matches. This is important as when you start to lose fluid you are at higher risk of experiencing Cardiovascular drift which can significantly decrease performance (Wingo et al, 2012). As you lose fluid the Stroke volume starts to decrease resulting in the heart having to work harder and by doing so increasing its beats per minute as the blood has to go to the skin to cool down and to the working muscles (Wingo et al, 2012).
Perhaps the most appropriate strategy that Welsh national team should take is go to the location that they will be playing their matches a couple of weeks before hand. By taking the acclimatisation approach they can keep their training more specific to football before the tournament commences. One study found that within 12 elite football players that exercising in heat (natural environment) for 7 consecutive days was effective at developing the benefits (Chalmers et al, 2014). The total number of minutes that they trained within this environment was 510 minutes with the training session designs being football specific Chalmers et al, 2014). This would be an effective way for the national team to acclimatise as they can keep the training as specific as possible to the sport itself. 
Conclusion
Moths prior to the tournament players and coaches should start to consider strategies that they can perform to enhance performance. Taking in to consideration the main causes of fatigue techniques should be planned out before hand to ensure that they follow the correct steps to prepare themselves from y physiological stand point. Techniques and strategies should be implemented pre, during and post event/games to be able to perform and recover to their best abilities.
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