MMA 4 Nations Championship Tournament-(England, Ireland, Scotland, Wales)
Event summary:
The event is a three day Mixed Martial Arts (MMA) tournament, taking place in Ebbw Vale Sports Centre, Wales. Athletes from England, Ireland, Scotland and Wales, compete against each other with the goal of becoming the four nations champions. Male and female athletes are eligible to compete in divisional weight classes. Depending on the success of the athletes each day, they will be expected to maintain their fight weight throughout the competition. Athletes who are successful and progress, will have to re-weigh each morning prior to the next stage of competition, to ensure they have maintained their fight weight, keeping the competition fair. The event will follow the ‘International Mixed Martial Arts Federation (IMMAF)’ rule set (IMMAF, 2020). This competition includes both senior (18+ years).
The sport:
[bookmark: _Hlk131761487]According to La Bounty et al., (2011), mixed martial arts (MMA) found its origins in 649 B.C., when the disciplines were known as "Pankration" (Pan, which means "all," and "Kratos," which means "power"), and was originally a hybrid of boxing and wrestling. With organisations like "The International Mixed Martial Arts Federation" (IMMAF) leading the way on the amateur scene as well as "The Ultimate Fight Championship" (UFC), "Bellator," "Brave," and "ONE Championship" on the professional circuit, modern MMA has recently grown in popularity as a combat sport. In order to preserve a fair and equal opportunity of competitiveness, weight categories for athletes to compete in have been created that are specific to each gender (IMMAF, 2020). Athletes are expected to manipulate their body weight by using tactics to achieve rapid weight loss (RWL), commonly referred to as "weight cutting" (Park et al., 2019), in preparation for eligibility regarding certain weight divisions. There are fewer weight classes available for female athletes than there are for male athletes, as well as differences in weight classifications between organisations and amateur and professional leagues (IMMAF | Rules & Policies, 2020).
Demands of the sport and energy systems: 
Given the variety of combat styles used in mixed martial arts which include Boxing, Wrestling, Muay Thai, Judo, and Brazilian Jiu Jitsu, a significant physical demand is placed upon the entire body. Due to these combinations of fight disciplines, MMA requires athletes to utilize powerful and explosive actions including punches, kicks, wrestling, and grappling to dominate opponents throughout fight rounds. (Kirk, et al., 2020). Typically the energy systems have been separated into two elements, the aerobic system, which is known for the use of oxygen in order to produce energy and the anaerobic system which is acknowledged for producing energy without oxygen (Gastin, 2001).  However, more recently the body’s energy systems have become commonly known as the phosphagen (Anaerobic), glycolysis (Anaerobic), and oxidative (Aerobic) systems (Figure 1) that can cooperate and frequently overlap within training or competition of MMA athletes (James et al., 2016; Bishop, La Bounty, and Devlin, 2013).
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Description automatically generated with low confidence]Figure 1- Overview of the energy systems 
Phosphagen system (anaerobic):
The first energy system is the phosphagen pathway and a sub-division of the anaerobic system. This pathway does not produce lactate and is used for short, explosive actions such as striking or takedown attempts (Figure 2), to which athletes are engaged in a maximum effort, lasting no more than 10 seconds (Saptono et al., 2021). In order for the athlete’s to be able to produce these movements, energy needs to be produce instantly which can be achieved via the breakdown of creatine phosphate (PC) and the use of adenosine triphosphate (ATP) that is already stored within the muscle cells ready for the production of energy (Plowman and Smith, 2013).
Glycolytic system (anaerobic):
The glycolytic pathway is the breakdown of carbohydrates, either to glycogen which is already stored within the muscle or to glucose that is delivered by the blood in order to resynthesis ATP (Haff and Triplett, 2015). This pathway can be demonstrated in the high-intensity actions of repeated strikes, grappling exchanges, clinches or positional control (Figure 2). When the demand for ATP is high, anaerobic respiration takes place within the cells, which is the oxidation of glucose (Cooke and Wu, 2020). During the oxidation of glucose, two ATP molecules known as pyruvate and a reduced coenzyme, NADH are produced. Cooke and Wu (2020), suggest that the glycolytic system is the only pathway that can endure the high demand of ATP resynthesis. The pyruvate produced is then processed within the mitochondria, where it is either met with oxygen or not (Albert et al., 2002). If there is no oxygen within the mitochondria, then lactic acid is produced, however, if oxygen is available then cellular respiration can proceed. 
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Description automatically generated]To perform repetitive, high-intensity actions like striking, MMA athletes need to have well-developed anaerobic capacity (La Bounty et al., 2011). Although accumulation of lactate may have a negative impact on an athlete's performance, the athlete's capacity to handle higher lactate levels may be a crucial performance factor (Komi, 1977). Due to the generation of lactate, MMA relies on quick glycolytic pathways for energy production during efforts lasting 30 to 90 seconds (Bompa, and Buzzichelli, 2018). It may be inferred that the primary energy source in MMA bouts likely shifts mid-round from the anaerobic system to the aerobic system, similar to that of Muay Thai athletes, due to the three-minute round duration and one-minute rest period among rounds (Crisafulli, 2009).
Figure 2- The three energy pathways that the human skeletal muscles use to produce ATP and how they apply to mixed martial arts (La Bounty et al., 2011).
Oxidative system (aerobic): 
[bookmark: _Hlk132143469]Finally the oxidative system, has a direct correlation to the cardiorespiratory system and is used for longer, less intense phases of activity (Wilmore, Costill and Kenny, 2004). The pathway is dependent on oxygen within the mitochondria, to break down glucose from retained carbohydrates and fats in order to provide ATP, which is then capable of providing energy for an extended period of time McArdle, Katch, and Katch, 2010). The pyruvate molecules that have entered the mitochondria then alter into acetyl-CoA, producing carbon dioxide, whilst advancing to the ‘Krebs cycle’ Cooke and Wu (2020). Lastly, the breakdown of glucose then proceeds to the electron transport chain (ETC), which completes both cellular respiration and the process in general (McArdle, Katch, and Katch, 2010). Reduced coenzymes from the Krebs cycle and glycolysis, which need oxygen to be able to function, are re-oxidized with their electrons transported through the ETC, in order to make significant amounts of ATP (Cooke and Wu 2020). Only mitochondrial oxidative phosphorylation is capable of producing enough ATP to enable sustained exercise (McArdle, Katch, and Katch, 2010).Examples of the oxidative system within MMA can be demonstrated in aspects such as circling an opponent without engaging but more importantly the use of the1 minute rest in between rounds, to which ATP stores can begin to replenish, ready for use in the next round (Alm, 2013).
Marinho et al., (2016), explains that due to the intermittent demands of MMA, combined with an elite skill set, are more likely to maintain performance better, than those athletes who may be less equipped in these areas, therefore the benefit of having an enhanced oxidative system allows for faster recovery between high intensity bouts along with a more sufficient removal of lactate (MacDougall, and Wenger, 1991).
Fatigue:
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Description automatically generated][image: Central nervous system | Description, Anatomy, & Function | Britannica]According to Kenney, Wilmore and Costill (2015), fatigue can be described in two ways. The first; ‘decrements in muscular performance with continued effort, accompanied by sensations of tiredness’, and the second; ‘The inability to maintain required power output to continue muscular work at given intensity’. Extended physical or mental activity, insufficient rest and recovery, sleep deprivation, sickness, stress, and other environmental or lifestyle variables can all contribute to fatigue (Meeusen et al., 2006). However, the fact that fatigue can be reversed by rest sets it apart from muscular deterioration or impairment, and can be classified into two broad elements, peripheral fatigue and central fatigue (Phillips, 2015). Figure 3, demonstrates the effects of exercise induced fatigue as well as what elements are effected.
Figure 3- Central and peripheral nervous systems   Figure 4- Signs of fatigue (La Bounty et al, 2011)
Central fatigue:
The nervous system is split into two aspects (Figure 3), the central nervous system comprising of the brain and spinal cord, to which it’s role includes receiving, processing, and responding to sensory information. The second element is the peripheral nervous system, which includes everything else, for example the sensory and motor nerves (Thau, Reddy, and Singh, 2019). Central fatigue is referred to as the reduction in the capability of the central nervous system (CNS), to essentially activate and withstand muscle contractions during extended or intense activity. This intricate physiological phenomenon that requires alterations in neurotransmitter balance, neural drive as well as cognitive aspects (Meeusen et al., 2006).  An imbalance in the amounts of neurotransmitters, which are the chemical messengers that transmit messages inside the CNS, might influence muscular function. Two important neurotransmitters involved in the control of mood, motivation, and weariness are serotonin and dopamine. According to Roelands et al., (2013), the reason for neuronal drive and ability to execute physical tasks may decrease, could be due to the rise in serotonin levels and a reduction in dopamine levels in specific brain regions, which can lead to central tiredness, linking it athletes making poor decisions or not performing as they should.
Peripheral fatigue:
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Description automatically generated]Peripheral fatigue is described as the diminished ability of muscles to produce force or maintain muscular contraction during prolonged or vigorous activity. A number of influences such as modifications to the neuromuscular junction, changes to the way muscle fibres work, and adjustments to how the body uses energy, maybe the reasons as to why this type of fatigue occurs (Gandevia, 2001). According to some studies, acetylcholine, a neurotransmitter that transmits nerve impulses to the muscles, can release frequently less during prolonged muscle contractions. This in turn can result in reduced neuromuscular transmission and therefore muscle exhaustion (Kenney, Wilmore and Costill 2021; Allen et al., 2008). Peripheral fatigue may also be caused by changes in energy metabolism. Lactate and hydrogen ions, which are two metabolic waste products, can build up after extended or vigorous muscle activity and affect muscle contractility and tiredness (Allen et al., 2008). In addition to this, sustained exertion can also deplete muscle glycogen, a primary energy source for muscular contractions, further impairing the muscle function and bringing on fatigue (Gandevia, 2001).
[bookmark: _Hlk132187161]Figure 5- effects of exercise induced fatigue (Kenney, Wilmore and Costill 2021).
Strategies:
In order for athletes to be able to train and compete at the intensities needed to optimize performance within MMA, it is important that both coaches and athletes can recognise fatigue. For this to be successful, strategies are put into place to help mitigate fatigue and reduce the risk of injury. As the athletes potentially have to compete for three consecutive days, the way in which they are able to deal with and delay fatigue will have a significant impact on their performances through out the event. The strategies looking to be implemented are, periodization and tapering of training before competition, nutrition and hydration and the use of ice baths, saunas and massage for recovery. 


Periodisation and Tapering of training:
Since research, albeit limited, suggests that MMA uses a combination of all the metabolic pathways within training and competition, high-intensity interval training (HIIT) has been recommended as the most efficient training intervention to condition the metabolic responses of the athletes (La Bounty et al., 2011;James, Kelly, and Beckman, 2013). Athletes will experience high-intensity training to begin, which can include exercises such as battle ropes, sprints, ski erg, press ups, burpees/sprawl (defence wrestling), over a period of long >30 seconds, intermediate and short <10 second time frames (James et al., 2016). According to Ruddock et al., (2021), athletes will prepare to enter the competition phase, which comprises of a periodisation format within the athletes fight camps. The periodisation is broken into two sections, early phase and late phase which is equal to pre-competition and in-competition phases in other sports. In the early phase of conditioning, the main physiological responses targeted at this phase is the metabolic processes, however, both the neuromuscular and musculoskeletal systems are also impacted (Buchheit, and Laursen, 2013). 
The late phase of the fight camp is used to effectively mitigate or discharge the accumulated fatigue from training while trying to maintain a high level of intensity, a drop in overall training volume of about 40–60% over the last 8–12 days before competition is necessary to taper (Bosquet et al., 2007;Ruddock et al., 2021). Bosquet et al., (2007), proposed that the physiological reasons for tapering have a positive impact on performance, could be an increase in oxidative enzyme activity and increased red blood cell synthesis, this is supported by the research of Mujika et al., 2000; Mujika et al., 1997; Shepley et al., (1992).
Ice baths:
An increasing number of athletes use cold-water immersion (CWI) as a post-exercise recovery technique after challenging training or competition with the goal of accelerating recovery from physiological damages. (Bailey et al. 2007). CWI has been shown to decrease in muscle temperature, peripheral blood flow, microvascular perfusion (the support of arteriolar and capillary-sized capillaries in tissue beds for gas exchange and blood flow), metabolic activity, and inflammation as well as the suggestion of speeding up recovery (Ihsan et al., 2013; Mawhinney, 2013). It has been reported that 14.1% of all bouts stop because of musculoskeletal stress when opponents are struck repeatedly and forcefully (Buse, 2006). Athletes are potentially going to be competing for the three days of the event, this means that a intervention such as CWI could be the difference between winning and losing. Therefore the priority would be to take little damage but also maintain high performance level, however, there is a lack of sufficient data to educate the athletes about how effective post-fight remedies actually are (Lindsey et al., 2016). According to well-established research, CWI is just as effective as treatment for minor sports-related ailments including muscle discomfort (Bailey et al., 2007). According to their results show that an MMA training session causes substantial physical and muscle stress, which is lessened by the immediate effects of CWI. Therefore, CWI may provide MMA participants a quick and efficient way to reduce swelling, oxidative stress, catabolic environment, and discomfort brought on by strenuous training or competition (Lindsey et al., 2017). 


Psychological, sleep & nutrition:
In regards to the athletes psychological aspects for competition, pain can impair an athlete's motor coordination, endurance, and cognitive function, making it a crucial factor to competition (Mauger, 2014). MMA is classed as an open-skilled sport and depends on perceptual-cognitive abilities, which is the capacity to gather essential environmental data and combine it with prior knowledge to implement a suitable response (Marteniuk, 1976). However, when athletes are psychologically fatigued, this has been shown to have a correlation with the acute feelings of tiredness or reduction in cognitive capability (Boksem, and Tops, 2008; Van Cutsem et al., 2017). 
Sound nutritional guidance is crucial for proper sleep maintenance and recovery, examples of this are the replenishing of CHO (the main fuel for energy transfer), which was lost through competition. Also, adding protein supplements when and if necessary. This will be used for the repairing of muscle and ligaments tissues. Nutrition can affect sleep by boosting amino acids, which increases the release of tryptophan and serotonin (Delextrat et al., 2013). After competition, it is typically advised to ingest carbohydrates with a high glycemic index. Combat sports are anaerobic, thus it stands to reason that after a match or practice, glycogen reserves will be lower. In comparison to a similar amount of carbohydrate given with a lower glycemic index, a post-exercise carbohydrate feeding with a high glycemic index will lead to a larger muscle glycogen replenishment. When carbohydrates are delayed after an exercise or competition, glycogen resynthesis can be reduced by about 50% (Hoffman, and Maresh, 2011).
Conclusion:
Athletes involved in this multi-day event, have to be aware of strategies that may aid in the delay of fatigue. It’s been established that pre-event training can accumulate physical fatigue within the muscle environments due to the training intensities, therefore periodization is used in order encourage adaptations and progression, as well as incorporating rest and recovery periods. Whilst within the event, the ice bath method seems to be a viable option, all whilst providing the nulling of physical fatigue in order for the athletes to continue throughout the competition as well as trying to maintain performance. 
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Pathway Brief description Duration Application

Phosphagen The most immediate source of Approximately, the fist  Explosive takedown attempt;
system energy (ie, ATP utilization/ 3-6 seconds of intense rapid combination of strikes
(anaerobic) production) exercise

Glycolysis Provides ATP at a fast duration but  Approximately, Grappling for maintaining or
(anaerobic) cannot be sustained. This stage 6-30 seconds of controlling position (ie.,

also produces lactic acid intense exercise positional changes); longer
duration striking

Oxidative Provides ATP at a relatively slower  Typically, it refers to Used in recovery between
phosphorylation  rate, but it can be sustained for exercise of longer anaerobic burst; circling an
(aerobic) a much longer duration duration (ie, 2 minutes  opponent, latter stages of

to several hours) around

It should be noted that all of the energy systems work in concert, However, during different exercise intensities and durations, one energy
system may dominate.

ATP, adenosine triphosphate.
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Table 6

Common signs of overreaching/
overtraining

Chronic fatigue

Muscle and joint pain
Decreased exercise performance
Increased resting heart rate
Depression

Insomnia

Irritability
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