The Physiological Demands in Female World Age Group Artistic Gymnastics
Introduction 
There are several disciplines in gymnastics, artistic gymnastics being one of the most popular. This discipline is seen in the Olympic Games, where males and females compete. However, they compete using different apparatus. Focusing on WAG female artistic gymnasts, they have four events, the balance beam, uneven bars, vault, and floor routine. Each apparatus requires a different skill set, which requires a certain level of physiological dreams (Bacciotti et al., 2017). Dependant on the level of gymnastics the athlete resides at will determine the level of those demands and which are more important and useful at that time. The World Age Group females will have greater demand than recreational female gymnasts. The physiological demands include Aerobic and Anaerobic Metabolism, Flexibility, Muscular Endurance, Strength, Speed, and Power. 
Cellular Respiration
Cellular respiration is where glucose is broken down by cells to release energy. This can occur in the presence and absence of oxygen. As the body demands more energy, the cells will have a need higher demand for oxygen.  These factors influence an athlete’s breathing rate, breathing rate will be increased. There are three energy systems, the aerobic system, the anaerobic lactic system (glycolysis), and the anaerobic alactic system (ATP-PC). The aerobic system accounts for 20-30% of the energy used during all four events overall. The anaerobic systems is used 80-90% during the events (Kaufmann et al., 2022). Therefore, the majority of the energy used primarily comes from the anaerobic systems (Melkonian and Schury, 2020). 
Adenosine Triphosphate (ATP)
Adenosine Triphosphate (ATP) is the energy the body uses and stores at a cellular level (Dunn and Grider, 2021). It is synthesized in the mitochondria of the cells. ATP synthase occurs through burning nutrients when oxygen is present. Most adenosine triphosphate is produced through fat metabolism, but it is not a quick process. Therefore, it is not ideal to use it during exercise at a moderate to high intensity.   ATP fuels activity such as muscle contraction.  At a high intensity the breakdown of glucose from carbohydrates is needed even though it is not as efficient as fat metabolism it is faster acting which is required. When oxygen is not present ATP is generated by moving pyruvate away from the mitochondria via the lactate dehydrogenase process (Dunn and Grider, 2021). Adenosine triphosphate releases energy when a chemical bond is broken as a phosphate molecule is broken away, creating ADP (Plowman and Smith, 2017). However, ATP resynthesis must happen, this is done through re-attaching the phosphate and the chemical bonus is created ready to be broken to release the energy. This is done via the three energy systems depending on the level and time of the exercise.
Anaerobic Energy Systems (Lactic and Alactic) 
Anaerobic glycolysis (lactic) is one of the two energy systems that produce energy in the absence of oxygen. This system produces two ATP per glucose molecule. This system allows for quicker production of ATP. It begins to work once the alactic anaerobic system has depleted. Glycolysis is the process by which glucose is broken down in pyruvate in the cytoplasm. In the anaerobic system, pyruvate is converted into lactate via a cytosolic enzyme (Naifeh, Dimri, and Varacallo, 2021).  The anaerobic glycolysis system is used across all four events, especially on the uneven bars, balance beam, and part of the floor routines. ATP is needed to complete the leaps, jumps, and direction changes and this system allows it to last for most of the routine. A beam routine should not be longer 90s. The anaerobic glycolysis system can sustain for between 15 and 60 seconds ( Bender, 2019). The alactic system kicks in when gymnasts require short bursts of explosive power. It only lasts up to 10 seconds. It provides immediate energy. This system is made up of ATP and creatine phosphate. Gymnasts will use this system for most of their complex skills as they require energy fast and only for a very short period of time. The anaerobic glycolysis system will kick in once the ATP-PC system is in deficit and needs replenishing. 
Aerobic Energy System 
Artistic gymnastics routines are done in a short period. Based on this, it is stated that aerobic capacity is not a prime determinant of their performance (Moeskops et al., 2019). Aerobic capacity is large, but the system does not deliver energy quickly, unlike the two anaerobic systems. The system produced ATP through oxygen and glucose The aerobic system utilizes oxygen and is primarily used during low-intensity exercise that lasts over a longer period (Plowman and Smith, 2017). It is used when the exercise lasts over two minutes. Even though the aerobic system is being used, the anaerobic systems will produce energy during oxygen deficit periods. The floor event is fuelled aerobically (Kaufmann et al., 2022). After a floor routine the females' V02 Max is relatively high (Marina and Rodriquez, 2014). This means female artistic gymnasts should not neglect training the aerobic system as it is useful and contributes to the floor event. Therefore, cardiovascular fitness should be included in their conditioning programmes. 
Muscle Fibres 
There are three types of muscle twitch fibres, Type 1 slow twitch, type 2A fast twitch (oxidative) and type 2B fast twitch (glycolytic). Slow twitch fibres are seen more in sports that last over a longer period. For example, endurance athletes and marathon runners. This fiber produces less force in comparison to the other two but lasts longer. Fast oxidative fibres allow for fast contractions with more force exerted. Aerobic respiration is primarily used by type 2A fast twitch fibres (Plotkin et al., 2021). Fast glycolytic fibres (type 2B) are the fastest twitch fibres that produce rapid contractions. But these fibres fatigue easily. They use the anaerobic glycolysis system. Based on the physiological demands of artistic gymnastics the two types of fast twitch fibres are more likely to be seen in their musculoskeletal structure (Manna et al., 2017). The sport demands fast reactions and a lot of power which fast twitch fibres can provide.
Flexibility
One of the physiological demands of artistic gymnastics is flexibility. Elasticity and extensibility of the muscle tissue are important for flexibility elasticity is the muscles' ability to adjust after being lengthened to the new resting length. Extensibility is the muscles' capacity to be stretched (Plowman and Smith, 2017). This discipline of gymnastics requires a high degree of flexibility to achieve the several ranges of movements required to complete certain sequences. It is stated that the higher degree of flexibility available the better the performance of the gymnast. As well as good flexibility decreasing the risk of injury, being hypermobile can be unsafe and lead to continuous injuries (Dordevic et al.,2022).  Factors to consider that could influence the gymnasts' flexibility are age, connective tissue health, and joint structure (Lima et al., 2019).

Speed
Speed is an important component of fitness in general health but also for artistic gymnastics. It is mainly used in the run-up period before tumbles or the vault. Specifically, for the vault a high-speed run-up is essential. Based on Scharer et al (2019) findings there is a strong correlation presented between the speed of run-up approaching the vault and difficulty, execution, and final scores. The evidence presents higher speed links with higher scores. A high-speed run-up will set the beginning momentum for the following movements. The gymnasts must be able to accelerate quickly as there is only a distance of 25-30m for the approach to the vault. Meaning they will need to reach close to their maximum speed in a short period and space. Hence, why gymnasts at the world age group level complete specific speed training. Whilst sprinting the anaerobic alactic energy system is in use, as the gymnast requires a quick burst of explosive power over a short period.
Agility and Balance  
In artistic gymnastics, especially at the world age group standard agility is crucial for efficient performance and the prevention of injury. Specifically, the agility of this sport is the athlete's capability to rapidly change their body's position and weight proportions whilst staying in control. This will differ depending on the event. With the uneven bars to do a tkatchev, the gymnast must go through several position changes before re-catching the bar. The changes must occur rapidly as being a second too late will be the difference between a catch and a fall. Even more so on the beam, as that brings balance into the equation as well as their ability to change the body's position and direction (Trajković et al., 2016). As they move, from a backward skill into a forward skill. Neuromuscular control comes into play as with a sport such as gymnastics, the muscles must be able to unconsciously respond to signals that concern the dynamic stability of their joints. Body awareness is a key attribute that is needed. Balance training is crucial.
Power
Power is the muscles' ability to exert force during contraction as quickly as possible (Strollo et al., 2015). Production of power is pivotal from both the upper and lower limbs in this sport. The two events were power is a determining factor in the floor routine and vault. To gain the height and distance needed for these events, a high degree of power is required. In their tumble run, power is necessary to keep momentum and to complete the skill efficiently. Power would require the production of energy from both the anaerobic systems. Starting with the alactic system first, as it only lasts up to 10 seconds, the lactic system would need to produce energy after the alactic system hits a deficit. Artistic gymnasts develop their power through plyometric training (Mirela et al., 2014). They must be consistent with power training as it is one of the main components of fitness, that contributes to the sport.
Muscular Strength
In terms of elite athletes, gymnasts are amongst the strongest athletes. Specifically in terms of relative strength. Relative strength is the relation of their strength to their body weight (George, Elias, and George, 2013). They must be able to support and hold their body weight during different muscle contractions, eccentric concentric, and isometric. Isometric contraction is where the gymnasts hold different shapes, and the muscles contract without shortening or lengthening. Concentric and eccentric contractions occur simultaneously only as they proceed through skills and move from one skill to another. To be successful, the muscles must be able to handle these contractions to be able to create momentum and the skill itself. 
Muscular Endurance
Muscular Endurance is the muscles' capability to repeatedly exert force. During all events in women's artistic gymnastics, the upper and lower limb muscles contract repeatedly throughout the routine. The contractions exert force several times without much rest time in between. For the body to withstand the fatigue created muscular endurance is necessary. Training will also help develop the timing of fatigue, allowing the body to complete more repetitions efficiently before failure (Moeskops et al., 2019). Muscular endurance training has more repetitions with a lower weight. A gymnast consists of multiple contraction repetitions using their body weight.  This can impact a performance both positively and negatively depending on how good their muscular endurance is. Muscular endurance is dependent on aerobic metabolism, more so during training than competitions. During training, gymnasts will repeat routines and skills alone several times in comparison to when they are competing. A training session usually goes over a period of 3 to 4 hours. Therefore, aerobic metabolism is important as it is the most efficient way to produce energy over a longer period. 


Conclusion
It is clear to see that at one point across the different events, each energy system is used. Research states that the two anaerobic systems are the primary sources of energy production in artistic gymnastics. Each system works differently and is dependent on the intensity and time duration of the exercise. Several of the fitness components are essential for world-age group performance. Some are more important than others, with higher demand. However. These demands lead to future rewards as these components are what make the difference between a recreational female artistic gymnast and a world-age group artistic gymnast. In conclusion, the physiological demands placed upon gymnasts in this category are severe and detrimental to their performances.
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