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Introduction 
Creatine is stated to be a popular ergogenic support supplements used by athletes. For athletes and recreational performers, monohydrate remains a go-to supplement since it has been one of the most researched sports nutrition topics in the previous 25 years (Wax et al., 2021).  Numerous studies on creatine have demonstrated its impact on the physiological alterations that take place during resistance training (Antonio et al., 2021). Skeletal muscle function depends on creatine, which is composed of arginine, glycine, and methionine. Originally discovered in 1832 (Williams, 1996), creatine has been known to enhance intramuscular phosphocreatine reserves since 1992. It is presently an essential component of sports nutrition (Wax et al., 2021). Its popularity has increased as it is regarded as the preferred dietary ergogenic component for both elite amateur and recreational professional athletes due to extensive scientific validation (Williams, 1996).

According to Kreider et al. (2017), most of the time, people take creatine as a supplement or mostly in meals like meat. Sports organisations have not, therefore, reduced the usage of creatine in sports (Kreider et al., 2017). Wilson et al. (2018) found that the scientific literature supports creatine's potential to improve performance and emphasises its value when used in conjunction with resistance training.  Studies also shows that its enhancements in "fat-free" mass, maximal strength, power, weight lifted, and hypertrophy of muscular fibres (law et al., 2009). For individuals who wish to increase their strength and power throughout physical activities, creatine acts as an initiator. Moreover, supplementing with creatine has a positive effect on better recuperation and enhances recovery. Beyond strength training, creatine has been demonstrated to help with Parkinson's and Alzheimer's disease, among other medical conditions (Buford et al., 2007).

Adenosine triphosphate (ATP), the main energy source for the muscle's enzyme motors during early high-intensity muscular activity, is known to be produced by creatine, which is also known to create a phosphate reservoir (Law et al., 2009). ATP loses a phosphate molecule during muscle contraction in order to create energy. Creatine is one fuel source that produces ATP phosphate. According to theory, energy for brief, high-intensity activities increase with the amount of Cr (Law et al., 2009).

The ability of creatine to increase intramuscular creatine concentrations, which enhances exercise performance, is the source of its ergogenic potential, according to Buford et al. (2007). The ability of creatine to enhance physical performance and raise PCr reserves has been the subject of ongoing investigation in ergogenic potential from the initial studies in 1992 (Wax et al., 2021).

In accordance with past studies, creatine has several physiological impacts. According to scientists, using this supplement is a tried-and-true, successful method for strong athletes. Its importance in the context of sports nutrition is highlighted by the manifold advantages of creatine, which span from improving exercise efficacy to expediting muscle growth. 

Physiological effects of creatine  
The findings o Vandenberghe et al. (1997), there has been a significant amount of population created by the factors surrounding oral creatine supplementation and its impact on resistance training in the field of exercise nutrition and physiology. Creatine monohydrate, a substance frequently used by sports, is being utilised more often in conjunction with resistance exercise to help older people gain more lean muscle mass and strength. Van Berghe and associates (1997). Since creatine is generated from amino acids, it is necessary for high-intensity exercise due to its physiological foundation. It accomplishes this by creating phosphoryl creatine (Pcr), which is generated in the skeletal muscles, and buffering the amount of ATP in the muscles Vandenberghe et al. (1997).

The majority obtain their creatine intake by eating foods including fish, beef, and pork.  According to Chilibeck et al. (2017), creatine raises exercise intensity and could make it possible to do weight training at larger volumes. Creatine has a history of promoting cell expansion, which impacts the water content through osmosis, according to Chilibeck et al. (2017). Harris et al.) highlight the synergistic relationship between creatine consumption and resistance training, while also mentioning phosphate metabolism, cellular hydration, protein dynamics, satellite cells, calcium kinetics, glycogen content, oxidative stress, growth factors, and inflammation. Furthermore, compared to a placebo, ingesting creatine following a resistance training session may improve its absorption into the skeletal muscles, increasing lean muscle growth and training efficiency. These findings were reported by Rawson and Volek (2003).   

Supplementation protocols
In a study on creatine supplementation, Dorrell, Gee, and Middleton (2016) found that there are two distinct ways in which the nutrient meets its needs: diverged production of 1-2g/d and intestine absorption from food and creatine consumption of 1-2g each day. Regular switching also decreases endogenous development when dietary changes or intake boost endogenous development.     

Approximately 3-5 g/day (0.03 g/kg day) is the maintenance dose after a loading phase of 20–25 g/day (0.3 g/kg day) for 5-7 days is one of the two tried-and-true methods for increasing creatine storage, according to the research conducted by Naderi et al. (2016). Furthermore, Preen et al. (2003) show that 5g dosages of creatine administered 4-6 times daily for 5-7 days result in a 20–40% increase in the amount of total creatine (TCr) deposited in skeletal muscle. Athletes that engage in extended exercise had higher muscle glycogen stores and better power output, according to Hall, Manetta, and Tupper (2021). This enhances the performance of both short- and long-term intermittent training by increasing the amount of phosphocreatine resynthesis following exercise.

However, in order to maximise its ergogenic effects, creatine is occasionally mixed with other nutrients to create the class of dietary supplements known as pre-workout supplements. However, different research examining the benefits of congestion in combination to other sources such as coffee, carbs, and HMB yields different results (Hall, Manetta, and Tupper, 2021).

Creatine and resistance training   
Numerous studies have been done on the connection between muscle hypertrophy, strength, and exercise performance and creatine. Several research on creatine supplementation have demonstrated that it is beneficial in enhancing sports performance and enhances the body's store of creatine (Cooper et al., 2012). Moreover, it implies that exercise performance and creatine congestion are positively correlated (Cooper et al., 2012).

A previous insightful study (Dorrell, Gee, and Middleton, 2016) shown that strength increases with creatine supplementation during a 12-week period of high-intensity resistance training paired with creatine absorption. The study's participants demonstrated gains in their total creatine concentrations, muscular hypertrophy, muscular strength, and fat-free mass when compared to other control groups (Dorrell, Gee, and Middleton, 2016).

Furthermore, current studies show that enhancing fat-free mass by high-volume resistance training and combined absorption of creatine changes the structure of the muscles. It has been demonstrated that short, high-intensity workouts encourage cellular and subcellular changes. Anabolic performance increases have been demonstrated to be facilitated by these adaptations, which also lead to higher ATP regeneration, increased synthesis of insulin-like growth factors, and greater satellite cell proliferation. Additionally, the timing of creatine fusion in conjunction with resistance training may be crucial for optimising the development of strength and hypertrophy (Hall, Manetta, & Tupper, 2021). Moreover, previous research has shown that creatine congestion after resistance training has been very beneficial in increasing muscle mass when compared to creatine congestion before training (Forbes & Candow, 2018).   However, further research is needed to validate this assertion and provide light on the underlying mechanisms.   

Injury prevention and recovery 
It is well known in the field of sports physiology that exercise, especially large volumes of eccentric and concentric contractions, frequently results in skeletal muscle injury (Cooke et al., 2009). Although creatine is well known for its capacity to lessen muscle damage and boost the advantages of resistance training, it also has powerful uses that extend beyond the growth of lean muscle mass and heightened strength, such as decreasing muscle atrophy and immobilising following injury (Turnagöl et al., 2021). Furthermore, research indicates that creatine aids in recuperation, lowers inflammatory reactions following exercise, and regulates maximal exercise performance throughout consecutive sessions (Wax et al., 2021).

Given that intramuscular phosphocreatine content, an essential component of the ATP-Pcr energy system, is efficiently improved by creatine congestion, high-intensity exercise (Wax et al., 2021). The relationship between intermittent high-intensity exercise and improved correlation can attribute to the rise in PCr content. Moreover, creatine is known to show a great deal of promise in the realm of recovery. This might be because it accelerates the healing process after short durations of immobilisation, perhaps by activating transcription factors that are myogenic, such as MRF4. (Manetta, Hall, and Tupper, 2021). The impact of creatine on recovery time indicates its therapeutic value for athletes who oppose short-term immobilisation, despite other study suggesting that it cannot forecast the loss of muscle mass during immobilisation.  

Contraindications 
Due to indications of adverse effects and contraindications, an investigation into the safety components of creatine congestion is presently underway. Following the guidelines for creatine congestion is safe and addresses any concerns raised by previous clinical research, according to a large body of reviews published by respected organisations like the American College of Sports Medicine and the International Society of Sports Nutrition (Sandro Percário et al., 2012). This assertion is corroborated by these reviews.

Blind studies have contradicted earlier reports that associated creatine consumption with symptoms such nausea, cramping, nephritis, and vomiting (Brudnak, 2004). Research disproves previous claims that creatine is bad for the kidneys, suggesting that it is safe for healthy people to use when thinking about the long-term impact on heart health after myocardial infarction (Longobardi et al., 2023). Despite earlier allegations of mutagenicity and carcinogenicity, research disputes the substantial effects on liver and kidney functions in the younger and older populations (Kreider et al., 2017).

However, individuals who have pre-existing renal sickness or those with possible risk factors should exercise caution while utilising large dosages of creatine supplements. Renal function tests are believed to be unnecessary for healthy, active individuals before supplementation. The data shows that taking creatine supplements is safe as long as the suggested guidelines are followed.   

Position stand 
1.Supplementing with creatine is common among weightlifting athletes. It functions in concert with high-intensity physical activity to generate phosphoryl creatine (Pcr) in the skeletal muscles and buffer the ATP level, according to Vandenberghe et al. (1997). which, as creatine increases exercise intensity and allows for larger weight volumes during resistance training, is necessary for cell proliferation (Chilibeck et al., 2017). Lean muscle growth, protein dynamics, and total training efficacy are all increased by the mutually dependent combination of resistance exercise and creatine (Harris et al.).

2. For superior results, a maintenance dosage of 3-5 g/day should be followed by a prime congestion of 20–25 g/day for 5-7 days (Naderi et al., 2016). Congestion of creatine can be caused by food or supplementation, which causes the body to take more glycogen from the muscles in order to produce more power (Preen et al., 2003). Nevertheless, as effectiveness may vary, monitoring is advised in combination with other nutrients contained in pre-workout supplements (Hall, Manetta, & Tupper, 2021).

3. Various studies have shown that there is a favourable relationship between creatine congestion and muscle strength, hypertrophy, and exercise performance (Cooper et al., 2012). Current research highlights how high-volume weight training in conjunction with creatine produces changes in the muscle's structure that impact cellular developments that strengthen ATP regeneration, including the proliferation of satellite cells and insulin-like growth factors (Hall, Manetta, & Tupper, 2021). When intending to maximise strength and the growth of hypertrophy during resistance exercise, the timing of creatine congestion is essential (Hall, Manetta, & Tupper, 2021). However, in order to understand greater detail about the effects of creatine ingestion before and after training sessions, additional investigation is required.

4. In addition to reducing muscle damage during resistance training, creatine also has an impact on recovery by reducing inflammatory responses and controlling maximum exercise capacity throughout the course of subsequent sessions (Wax et al., 2021). When maximising performance during weight training, a larger increase in intramuscular phosphocreatine levels is advantageous (Wax et al., 2021). It has been demonstrated that creatine has therapeutic advantages for athletes by increasing the healing process during brief time frames of immobilisation (Manetta, Hall, & Tupper, 2021).

5. Renowned institutions have produced extensive research that substantiates the safety of adhering to creatine congestion instructions in general, refuting earlier claims of detrimental effects (Sandro Percário et al., 2012). In contrast to earlier assertions, when taken in accordance with approved dosages, creatine does not negatively impact the liver, kidneys, or heart health (Longobardi et al., 2023; Kreider et al., 2017). In addition, it is advised that those with pre-existing renal issues exercise attentively; that being said, creatine is generally safe for people who are healthy and active.

In conclusion, athletes that regularly engage in resistance training could significantly benefit from consistent creatine ingestion. This justifies the use of a safe and effective combination of creatine in a training regimen when following the recommended dose guidelines and taking medical considerations into consideration.
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