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· Quotations more than three lines to be indented 1 line spacing
· One line space between paragraphs, paragraphs must be left aligned
· Pagination (your assignment should have page numbers) 
· All tables and figures are internally referenced and have a title
· Word count checked and written at end of text (before references and any appendix)
· Assignment is within 10% of the word limit (excluding references and any appendices)
· All references in the text are included in the reference list
· Correct referencing as described in UWTSD Harvard Referencing Handbook on the Library website https://www.uwtsd.ac.uk/media/uwtsd-website/content-assets/documents/library-and-learning-resources/infoskills/harvard-eng.PDF
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Review article on the effect of variable resistance training and normal resistance training on maximal strength in athletes
Resistance Training
Resistance training has been used for hundreds of years to help older people and athletes to build up their strength, power, and hypertrophy. It is a modality of exercise that has become more popular in the last few decades because of the role it plays in increasing muscular strength, power and speed, hypertrophy, local muscular endurance, motor performance, balance, and coordination (Kraemer and Ratamess, 2004). Resistance training is more commonly used by bodybuilders, weightlifters, and rugby players but more recently with the advancements in sports science and an understanding of the health-related benefits it has been integrated into sports such as football, netball, tennis, and hockey (Kraemer and Ratamess, 2004). Resistance training is more commonly used to enhance and develop athletes’ ability to produce force which is a major contributor to the ability to produce power (Wilson and Kritz, 2014). Strength isn’t the most important thing for sports such as netball, tennis, football, and hockey, but it is important to have the fundamentals to be able to build on the strength and power which will enable the athlete to become better at other aspects of their game. The understanding of the health benefits means that resistance training can be performed by adolescents, healthy adults, the elderly, and people with cardiovascular disease and neuromuscular disease but this will only be beneficial and safe as long as there is an appropriate programme design that includes instruction of exercise, goal setting, correct prescription, and targeting particular areas of muscular fitness (Kraemer and Ratamess, 2004). The research indicates that the vast majority of benefits from resistance training are likely to be obtained in two 15-20-minute training sessions a week (Winett and Carpinelli, 2001).
 There are many benefits of resistance training in older adults and these benefits include increases in power, reduction in the difficulty of performing daily tasks, enhances energy expenditure and body composition, and promotes participation in spontaneous physical activity (Hunter, McCarthy and Bamman, 2004). The main goal for resistance training in the elderly is to give the correct prescription because this can enhance muscle growth (hypertrophy) which can help counteract sarcopenia (Hunter, McCarthy and Bamman, 2004). Winett and Carpinelli (2001) also state that research has demonstrated that resistance training has profound effects on the musculoskeletal system, and it also contributes to maintaining functional abilities, prevents osteoporosis, sarcopenia, lower-back pain, and other disabilities.
When incorporated into a comprehensive fitness programme, performing resistance training reduces many risk factors that is associated with many diseases, and improves the quality of life (Kraemer, Ratamess and French, 2002). To obtain the most benefits of resistance training, there are 3 basic principles to adhere to and these are progressive overload, specificity, and variation. Progressive overload is where there is a gradual increase of stress placed on the body during training, specificity is the body’s responses and adaptations to certain programme variables, and variation is the systematic alteration of the training programme over time to allow the training stimulus to stay optimal and this has been shown to be most effective for long-term progression (Kraemer, Ratamess and French, 2002). There are limitations to specifically using constant free weight resistance due to the load not being changed throughout the range of motion and this is important due to the mechanics of the muscles and how they are at a disadvantage in certain positions (Wilson and Kritz, 2014).

Variable Resistance Training
Finding new ways of increasing strength is something that strength and conditioning coaches will always do, as traditional resistance training is now frequently compared to other forms of resistance training including variable resistance training. 
Variable resistance training is now a common method of modifying resistance training that involves isotonic resistance exercises and it involves the use of an elastic resistance (Bellar et al, 2011). Elastic bands are a type of variable resistance training and a mode of strength training that is common within a strength and conditioning training environment and they are an effective tool because the resistance aligns with the force capability of the muscles throughout the whole range of motion of a lot of movements (Wilson and Kritz, 2014). Based on results of previous studies, it has been hypothesized that including elastic tension in traditional resistance exercises may produce an increase in strength (Bellar et al, 2011). Soria-Gila et al (2015) explain that variable resistance training methods improve the rate of force development, coordination between the antagonist and synergist muscles, and the recruitment of motor units. Results have showed that long-term use of variable resistance training using elastic bands attached to the barbell was an effective method of improving maximal strength in both athletes and untrained individuals (Soria-Gila et al, 2015). In a recent study on college athletes, traditional resistance training with elastic-band resistance produced greater strength gains than traditional barbell training without the use of elastic-bands (Bellar et al, 2011).
The main objective of using elastic bands is to induce a high variation of stimuli to provoke neural adaptations which will improve the different expressions of strength that includes maximal strength or 1 repetition maximum (Soria-Gila et al, 2015). One of the benefits of variable resistance training is that it minimises the disadvantages of what’s called the sticking point. The sticking point creates a disadvantaged position in the range of motion (e.g. at the bottom of a squat) which limits the maximal external resistance and it also negatively effects both average force and acceleration. By minimising the sticking point, there can be greater leverage which would mean a greater average muscle tension throughout the range of movement which would result in strength gains (Anderson, Sforzo, and Sigg, 2008). The disadvantages to free weight training have been realised so manufacturers started to make machines to minimise these disadvantages but this is expensive and may not be as effective as free weight training, so the method of combining free weight resistance with elastic-bands was discovered and this allowed a merger of the benefits of variable resistance with the benefits of free weights (Anderson, Sforzo, and Sigg, 2008). The combination of free weight resistance and elastic resistance means that the external resistance can be evenly distributed through the full range of motion which couldn’t happen using just free weight resistance (Anderson, Sforzo, and Sigg, 2008). Wilson and Kritz (2014) also state that using elastic bands in tandem with free weights can provide strength and conditioning coaches a chance to challenge ranges of motion while mitigating the effects of the sticking point.

The resistance devices that provide constant resistance maintain the lever arm distance through the full range of motion , while those providing a variable resistance will change the lever arm distance which will provide a larger resistance during key phases of the range of motion (Walker et al, 2013).

Critical analysis
Standard resistance training and variable resistance training both have benefits on maximal strength. Soria-Gila et al (2015) completed a meta-analysis on the effects of variable resistance training on maxima strength. The studies used were randomised control studies that assess the effect of a 7-week or longer variable resistance training intervention providing maximal strength as the main outcome. The population for the meta-analysis was 235 subjects aged 18.3-27.9 years (21.21 ± 2.11) across 7 studies and there were both trained and untrained individuals. Studies were included if they were 7 weeks or longer and trained 2 or more times a week. In 4 studies, the bench press was used, in 1 study the back squat was used and in the other 2 studies the bench press and back squat were both used. The results showed that mean strength gain produced was greater in the subjects undertaking long-term variable resistance training (the ES being 1.42 ± 0.51) than the participants who used a conventional resistance training programme (the ES being 1.24 ± 0.71). A further analysis by training status showed a significantly better 1RM gain in response to variable resistance training. 1RM also significantly improved with variable resistance training on the upper and lower extremities when compared to conventional training. 

A study was completed by Anderson, Sforzo, and Sigg (2008) that examined the effects of combining elastic and free weight resistance on strength and power in athletes. 44 young (age 20 ± 1), resistance trained (4 ± 2 years’ experience) subjects were recruited through men’s basketball and wrestling teams and woman’s basketball and hockey teams. Subjects were randomly assigned to a control group or experimental group. Before and after 7 weeks of training, subjects were tested 1RM for back squat and bench press, and peak and average power. The intervention in this study is the experimental group using elastic resistance cords that were attached to a standard barbell loaded with plates. The control group completed a standard programme with free weights. The results showed that there was a significant difference (P<0.05) between the two groups after training. The improvement in the experimental group was almost three times greater for back squat (16.47 ± 5.67 vs 6.84 ± 4.42 kg increase), two times greater for bench press (6.68 ± 3.41 vs 3.34 ± 2.67 kg increase), and almost three times greater for average power (68.55 ± 84.35 vs 23.66 ± 40.56 watt increase). Anderson, Sforzo, and Sigg (2008) also explain that training with elastic resistance makes a meaningful contribution to the short term performance adaptations of experienced athletes and that it may be a better option for developing lower and upper body strength compared to free weight training. 

A study by Riviere et al (2017) looked at the effect of variable resistance training and traditional resistance training on strength and power adaptations in 16 elite youth rugby league players. The subjects were split into a variable resistance training group and a traditional group and they completed two weekly upper body and lower body strength and power sessions for 6 weeks with the sessions being identical. Bench press 1RM and bench press mean velocity and power were measured before and after the training intervention. The results showed that the variable resistance training group accomplished larger increases in both absolute (ES=0.46 vs. 0.20) and relative (ES=0.41 vs. 0.19) bench press 1RM. The improvements in both velocity and power were larger in the variable resistance training group which shows that the use of elastic bands can offer a larger training stimulus than traditional free weight resistance to improve upper-body strength, velocity, and power (Riviere et al, 2017). This study shows that using elastic bands as a form of variable resistance training can improve absolute and relative bench press 1RM and upper body strength in elite youth rugby league players. However, these players might already have variable resistance training in their training programmes so this would make improvements easier to achieve as they will know what works for them and what weight and reps they need to be working at.

Walker et al (2013) completed a study which looked at the effect of long-term variable resistance training and traditional resistance training on fatigue resistance and hypertrophy. The population of this study was 33 males who were randomly selected to one of three groups. The three groups were a constant resistance group in which there were twelve subjects, a variable resistance group in which there were 11 subjects, and 10 subjects were used as non-training controls. The subjects completed 20 weeks of resistance training and then training adaptations were assessed using a bilateral leg press 1RM which is a repetition to failure test that uses 75% of the subjects’ 1RM which was used before training, after 10 weeks of training and after 20 weeks of training. The results showed that only the variable resistance training group improved their total number of repetitions (41 ± 46%) and volume load (52 ± 37%) during the reps to failure test (P<0.05). There were similar improvements in maximum strength and hypertrophy of the lower limbs in both training groups. Results also showed that the majority of improvements occurred during the first 10 weeks of training, although improvements were maintained over the second 10-week period. This study shows that a variable resistance training programme is advantageous if the athlete’s goal is to improve fatigue resistance. However, for hypertrophy there were no significant improvements when compared to constant resistance training, so if the athlete is constantly using free weights then it would be a better option than variable resistance training because the free weights are easily accessible at any gym or leisure centre, whereas the elastic bands would have to be bought and there would need to be somewhere to tie them.

Conclusion
The studies show that constant traditional resistance training and variable resistance training both have benefits which include improvements in strength, power, and 1RM. However, the studies have also shown that the more significant improvements have been seen when the subjects have used a form of variable resistance in their training, especially if the training is longer term. The use of elastic bands can also be useful for novice athletes as they can be used as a learning tool to enhance and understand motor control in traditional resistance exercises (Wilson and Kritz, 2014). The benefits of traditional resistance training are also seen in these studies and they show that greater improvements are seen in hypertrophy when constantly training long term compared to variable resistance training. The use of elastic bands may also be beneficial for strength and conditioning coaches who train high level athletes because it provides opportunities to exploit a range of mechanism which cannot be provided with traditional resistance training (Wilson and Kritz, 2014).
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