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Constant Load Training and Variable Resistance Training: A Comparison Report on Strength Building.
Introduction
Muscular strength is considered important for athletes as it has been shown that an increase in muscular strength provides an increase in performance when performing both general and sports specific skills (Suchomel, Nimphius and Stone, 2016). Having greater muscular strength is considered beneficial in both rugby union and rugby league in order to effectively tackle the opposition (Erichsen, 2020). A rugby league player’s strength has also been found to be significantly higher at the professional level than at the semi-professional level or lower (Gabbett, King and Jenkins, 2008). Strength has also been shown to be a contributing factor in sprint performance and jumping height in professional male football players, with squat 1 repetition maximum (1RM) showing a positive correlation with 10 metre sprint performance and vertical jump scores (Wisloff et al. 2004). Other team sports where strength is important include basketball, with higher back squat 1RM numbers correlating to higher opportunities to play professionally (Čabarkapa et al. 2020); and water polo, with stronger adductors, abdominals and pectoralis muscles relating to better in water endurance agility (Zinner et al. 2015).
Aside from team sports, muscular strength is also important in sprinters since it has been found that having a higher score in strength-power parameters such as the countermovement jump is strongly correlated to decreased sprint times in male sprinters (Smirniotou et al. 2008). Strength is also important in aerobic gymnastics, with 2 out of 4 groups being strength based, these being static strength and dynamic strength (Georgeta, 2014). Additionally, it has been suggested that muscular strength might influence swimming technique and performance and it has been suggested that strength and conditioning training be used in order to enhance the performance of competitive swimmers (Amaro et al. 2017). These studies indicate that improving muscular strength should benefit athletes within sports.
The use of a resistance training programme has been shown to increase the peak force and peak power an athlete can exert (McBride et al. 2002). There are multiple variables to resistance training in order to maximise muscular adaptations including volume, intensity, exercise order, training to failure, rest duration, exercise selection and frequency (Grgic et al. 2018). Having different training methods as a cause of fatigue to the neuromuscular system can cause different adaptations to the body (Campos et al. 2002). With this in mind, this report will compare traditional strength training methods to the newer, more advanced training method known as variable resistance training.
Traditional Resistance Training
Traditional resistance training, also known as constant external load training, involves organising a workout according to training variables such as repetitions, sets and rest times between sets and usually follows a linear periodization model designed to gradually increase the training intensity over the course of the training intervention (Prestes et al. 2009). To go deeper into strength gains from this method of resistance training, Rhea et al. (2003) conducted a meta-analysis and concluded that in order to maximise the strength gains in a traditional resistance training programme, sets must be completed at 60% of a person’s 1RM if that person is untrained and 80% of a person’s 1RM if that person has been trained. 
It is suggested that for optimal strength gains, exercises should consist of 3 or more sets and for each set the exercise should be performed for 8 to 12 repetitions in beginners and for 1 to 12 repetitions for more advanced individuals, often performing each set to failure (American College of Sports Medicine, 2009). Additionally, it is suggested that multiple joint exercises like back squats, bench press or deadlifts should be placed at the beginning of a resistance training programme since they provide greater total work than single joint exercises, resulting in greater long term strength gains (Fleck and Kraemer, 2004).
This load based training has been found to elicit significant strength gains in trained men over 8 weeks, showing an average 1RM increase of 13.1KG in bench press, 19.3KG in deadlifts, 17.2Kg in pulldowns and 13.1KG in military press (Fischetti, Camporeale and Greco, 2019). On top of this, it has been suggested that the use of high load training is better than low load training to elicit maximal strength gains and morphological adaptations (Fisher, Steele and Smith, 2017).
However, when performing constant load resistance lifts, there is a joint angle to each lift at which the muscles are at their weakest, this is known as the torque point and is where a lift will be failed if the individual is not strong enough to get past it (Zatsiorsky, 2003). This torque point can be represented as a human strength curve which splits into lifts with ascending curves, descending curves and bell-shaped curves; ascending curves (squats, bench press, deadlifts) are strongest near the apex of the lift, descending curves (rows, pull ups, chin ups) are strongest at the beginning of the lift, and bell-shaped curves (elbow and knee flexion or extension) are strongest at the middle phase of the lift (McMaster, Cronin and McGuigan, 2009). 
Variable Resistance Training
Variable resistance training is designed to change the resistance against the muscles throughout the range of motion of an exercise in order to match the three different strength curves (Fleck and Kraemer, 2004). It has been shown that the use of variable resistance training allows for a higher level of muscle activation throughout a person’s lifts (Andersen et al. 2016). Two common methods of variable resistance training are the use of elasticated bands to add band tension during a lift (Joy et al. 2016) and the use of chains draped over a barbell (Baker and Newton, 2009). 
When using variable resistance bands in training to match the human strength curves, the contracting muscles involved in the movement will have to maximise their force production throughout the whole movement and not just the torque point, since as the band stretches, more resistance will be added, which could also maximise the strength gains from that movement (Findley, 2004). Findley (2004) also mentioned that the resistance of such a band must be selected carefully before use because if too much resistance were to be added throughout the lift, the lifter would not be able to produce enough muscular force to complete the lift, resulting in half repetitions. The importance of this band selection is because the tension in elastic bands is determined by their stress-strain relationship (Wallace, Winchester and McGuigan, 2006). The stress-strain relationship is determined by multiple factors, including the material used, the resting length of the band, the density, and the band width (Thomas, Müller and Busse).
The use of these bands is not only limited to increasing resistance; due to their elastic properties, resistance bands can also be used to reduce the resistance load in order to surpass the sticking point of a lift, this is known as assistive variable resistance training (Uchida et al. 2016). When using resistance bands for assisting exercises, the bands will be attached from a position that is above the barbell allowing for a greater barbell load to be used in lifts such as squats, bench press or deadlifts (Andersen et al. 2020).
When using chains in training, the chains will be draped over the barbell to equal the weight a person trains with, as the barbell is lowered, such as in the downward phase of a squat or bench press, the individual links of the chains would begin to pile up on the floor to provide the lowest external resistance at the bottom of the lift where the muscle force generated is at its lowest (Coker, Berning and Briggs, 2006). However, unlike elastic bands, chains cannot be used for movements with descending strength curves like bent over rows or with bell-shaped strength curves like bicep curls; this is because the variation in muscle force generation does not match the variation in the external resistance throughout the lifts provided by the chains (Berning, Coker, and Adams, 2004). With the information provided on variable resistance training, this report aims to look at comparison studies for traditional and variable resistance training to determine just how effective the newer method is at building strength in individuals compared to the traditional method.
Critical Analysis
The first study in this report is one by Anderson, Sforzo and Sigg, (2008); this study was conducted on 44 individuals from sports teams like men’s and women’s basketball, hockey and wrestling and all individuals had an average of 4 years of experience with traditional resistance training but no experience with elasticated band training. 23 subjects were asked to train for 7 weeks using elasticated resistance bands with the bands accounting for 20% of the 1RM of individuals at the maximum tension of the lift and 80% of the 1RM weight coming from free weight including the plates and barbell; the other 21 trained using the same programme but with 100% of the external resistance coming from free weights. The programme ran for 7 weeks and the results showed that the use of resistance bands provided an 8% increase in individuals 1RM bench press (compared to a 4% increase from constant load training) and a 16% increase in 1RM back squat (compared to a 6% increase from constant load training). This study suggests that there is a clear benefit of using variable resistance training for maximal muscular strength gains. The researchers of this study suggested that their results are due to neural adaptations alongside altered muscular recruitment patterns due to different load distribution.
A newer study conducted by Bellar et al. (2011) looks into the effects of variable resistance training on the 1RM of a bench press. The study included 11 recreationally active college aged males who had not been involved in strength training for at least 6 months; the males were put through 3 weeks of bench press training prior to a 1RM test in order to prevent neural adaptations from affecting the study results. The group was split into two and were asked to complete 3 weeks of resistance training with either 15% resistance from bands (85% from free weight) or with 100% free weight resistance. After 3 weeks they were tested and then swapped programmes for a further 3 weeks before being tested a final time. The total experiment lasted 13 weeks including initial testing, neural adaptation, and programmed training. The study found that there was an average greater increase in bench press 1RM of 2.39KG when using resistance bands in training compared to using a constant load, again suggesting a greater strength benefit when training using variable resistance. The results of this study suggested neural adaptations due to a change in force production throughout the lift.
Conversely, a study carried out by Shoepe et al. (2011)  claims band training is no more effective than constant load training. In the study 29 recreationally active college students (males and females) aged 18-23 were used; all of which were considered novices at resistance training. The subjects were split into three groups, 10 were placed into a group who trained with elastic bands which accounted for 20-35% of their total resistance at the top of the lift, another 10 were placed into a free weight group who trained with a constant load, and the remaining 9 were placed into a control group who were asked to just maintain their usual recreational activity levels. The two intervention groups completed a total of 24 weeks of whole body, high intensity resistance training 3 times a week. These sessions were split into two 12 week training blocks, separated by a 4 week winter break as well as a one week interruption for spring break. 1RM testing for a bench press and squat was conducted after 2 weeks of training to allow for technique familiarity. The results showed that the control groups bench press was the same for pre and post testing, the constant load group improved their bench press by 10.2KG and the variable resistance band group improved by 5.7KG showing no significant difference between the intervention groups but significant improvement when compared to the control. Similarly, squat results showed the control improved by 7.6KG, the constant load group improved by 21.9KG and the band group improved by 22KG, showing no significant difference in intervention groups but significant improvements compared to the control group. These findings were put down to the fact that novices were used, meaning both constant and variable resistance lifting groups saw neurological adaptations to lifting compared to the non-lifting group.
A different study conducted by Ghigiarelli et al. (2009) looked into the use of both resistance bands and chains. This study was conducted on 36 division 1 university football players and was carried out over 8 weeks total (1 week of initial testing and then 7 weeks of training) during the player’s pre-season training. The subjects were split into 3 groups of 12 with one group training with constant resistance, another group training using elasticated bands (resistance not provided) and the final group training using chains (weighing up to 40KG) draped over the barbell. Training consisted of a total of 28 sessions during the 7 week period, using a split routine so that there was at least 48 hours between sessions of the same body part. Subjects performed a 5-7 repetition bench press to get a predicted 1RM and a 5 repetition speed bench press test prior to the interventions. The study found that that all three groups improved their bench press significantly (9.6KG in the chain group, 10KG in the band group and 7.7KG in the control group) but with no significant difference in the percentage increase across all three groups. Similarly, no significant difference was found in improvements for the speed bench press either. While this study does suggest that there is no benefit to variable resistance, the study does not provide the percentage of load provided by the bands and therefore it cannot be concluded from this study if bands are as ineffective as chains for enhanced strength improvements. The lack of difference in groups was put down to the fact that preseason training with a constant load is also designed to elicit the neurological responses that variable resistance training does.
A different study into the use of chains is a study by McCurdy et al. (2009). The study was performed on 28 baseball players with at least a year of resistance training experience with constant weight but no experience with variable resistance training. Prior to testing, subjects completed two 1RM bench presses, one using plates and one using chains. The subjects were split into two groups, chain resistance with the barbell only being loaded with chains, and plate resistance with the barbell only being loaded with plates. The groups trained for 9 weeks, having 2 sessions each week, with the ninth week treated as a recovery week. After the 9 weeks the subjects tested the two 1RM bench presses again. The results found no significant differences in the 1RM improvements for both lifts, the chain group improved by an average of  13.02KG for the plate bench press and 49.32KG for the chain bench press; the plate group improved by an average of 14.17KG for the plate bench press and 25.18KG for the chain bench press. It was suggested that these results were due to the instability of chains compared to plates, while instability can potentially increase strength, too much significantly reduces force output. However, the study did find that subjects had three times as much perceived pain in the shoulder joint when performing the plate bench press compared to the chain bench press, suggesting that it might reduce injury risk in the shoulder.
Conclusion
To conclude, it is evident that resistance training provides strength increases compared to no resistance training and multiple studies suggest that the use of variable resistance bands can help to maximise these strength gains. However, it is also apparent that the additional strength gains from resistance bands requires careful consideration of the percentage of the load that the bands account for, since too much of a drop in weight at the bottom of the lift renders the bands no more effective than constant load training. Additionally, it is evident that the use of chains as a variable resistance method does not benefit strength gains any more than constant plate loading but could instead be used to reduce the stress placed on joints that are prone to injury.
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