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The effectiveness of variable resistance training on strength in trained college athletes.

Introduction 
Many athletes in most sports have adopted the use of resistance training into their training programmes, to enhance their sporting performance. Resistance training has shown to have physical and physiological benefits that can help not only athletes, but the general population regarding short and long-term effects.  Resistance training is one of the most popular training programmes that can help enhance physical fitness and help condition athletes (Fleck and Kraemer, 2014). There are many steps to enhance and utilize an effective resistance training programme and each step needs to be specific for that individual. Resistance training programmes usually last for a few months, for benefits to be seen among individuals. To make these training sessions more advanced, the application of variable resistance training has been applied into many athletes’ and individuals’ training regimes. The use of adding elastic bands or chains to workout has seen to provide many physiological effects during the full range of motion to aid the concentric and eccentric phases of movement, resulting in facilitating athletes and improving their performance. This paper focuses on the effect variable resistance training has on strength in trained college athletes. 

Standardised training method 
Resistance training alone can produce substantial gains. Within 3-6 months of training, an individual can improve their relative strength by a significant amount. This is within woman, men, children, adults and the elderly (Kenny, Wilmore and Costill, 2015).  
When designing a training program for an individual, there are 7 steps to utilize it effectively. This is adding a need analysis, exercise selection, training frequency, exercise order, training load and reps, volume and rest (Haff and Triplett, 2016). Needs analysis helps evaluate the requirements of an individual’s sport and their movement pattern within the event. This can also be broken down into three areas. The physiological, biomechanical and medical analysis (Hoffman, 2014). This is to see what type of strength training the athlete requires. Exercise selection is the next step. This requires knowing muscular requirements of the sport and the types of exercise to utilize based around those muscular requirements. The sequencing of exercise selection and the muscles being trained significantly affect the acute response of muscular strength (Kraemer and Ratamess, 2004). The 3rd step is training frequency. This step requires understanding the training status of the individual and knowing how many times a week can they perform resistance-based training. A beginner will use 2-3 sessions per week, an intermediate will take 3-4 sessions a week and an advanced individual will have 4-6 sessions a week because they can alter the type of training session to give the other muscle group a rest (One day train upper body, the other next day train lower body) (Kraemer and Fleck, 2007). Exercise order is the 4th step. This is varying the exercises based around the session. This is adding exercises from different major muscle groups to give the other muscle group a rest, when the other one is working. Supersets are common in these sessions as individuals are still working hard when other muscle groups are resting (Kraemer and Fleck, 2007).
The 5th step is training load and reps. This decides how many repetitions the individual does, based on the percentage of their 1 rep max (1RM) they are lifting in the set. If the individual decides to lift a low amount of their 1RM, they will carry out more repetitions, influencing their muscular endurance. Muscular endurance is roughly around 12 or more repetitions. The higher percentage of their 1RM they undergo, the lower their repetition count, and the influence of training their strength or power (see figure 1 below). They can either train their absolute strength, power, hypertrophy or muscular endurance but this based on their load and their repetition, but many people gain a benefit to all these training goal in every strength programme (De Salles et al., 2009). For strength training, athletes use loads from 80-100% of their 1 repetition maximum (1RM). To train power, it is recommended that athletes lift from 80-90% of their 1RM for 1-2 repetitions or 70-80% of their 1RM for 3-5 repetitions. Athletes that want to train hypertrophy are recommended to lift 67-85% of their 1RM for 6-12 repetitions. Finally, for muscular endurance, it is recommended for athletes to lift any weight below 67% of their 1RM for 12 repetitions or more (Alver, Sell and Deuster, 2017).
The 6th step is volume. This decides how much the individual lifts during each set and how many sets they do overall, depending on what they would like to improve. The final step is the rest period. This decides how the long individual needs to recover before sets to get an effective performance in the set. These recovery periods vary, depending on if they want to improve strength, power, hypertrophy or muscular endurance. If you’re training strength, the ideal recovery time is 3-5-minutes as it is safe and reliable (De Salles et al., 2009). If athletes are looking to improve power, then the recovery time is ideally like strength. For hypertrophy the recovery time should be around 30-60 seconds long and muscular endurance is anytime above 30 seconds.
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Figure 1: The amount of repetitions needed in a single set to undertake certain training goals (Alver, B.A., Sell, K. and Deuster, P.A. eds., 2017. NSCA's essentials of tactical strength and conditioning. Human Kinetics.)

Advanced training method – 850
Variable resistance training is designed to alter the resistance through the musculoskeletal system through the ROM, for the exercise strength curve to be matched (McMaster, Cronin and McGuigan, 2009). Boone (2014) states that “Variable resistance requires differing degrees of force to be applied to a muscle group to create constant resistance, compelling the muscle to work harder to meet the demands of the exercise” (p.g. 139). Variable resistance is used to facilitate gains in power and strength using either chains or elastic bands, attached to the ends of bars during free weight exercises and to facilitate and enhance eccentric loading (Lorenz, 2014). Elastic bands can also be used to be an assistive or resistive during exercise. Resistive exercises include bench press and squats. Assistive exercises include press ups, sit ups and pull ups etc. 
Variable resistance training is used to combine the ranges of motion and acceleration benefits seen in ballistic training, while allowing to lift heavier loads as seen in standard resistance training (Wallace, Winchester and McGuigan, 2006). The elastic bands can be used for different amount of weights, depending on the size of the bands. Table 1 below represents how much added weight is put onto the bar, depending on the size of the elastic band and the pressure athlete add to it (McMaster, Cronin and McGuigan, 2010).
During a full repetition, the weight of the bar decreases during the descension as the pressure and added weight of the bands attached to the bar has loosened and during ascension, the weight and pressure of the bands increase. As this weight increases through the bands, this allows greater forces to be applied through a great joint angle, enhancing the training effect as a greater resistance is required to stimulate an overload through the range of motion (Stone, Stone and Sands, 2007). When the load decreases on the descension phase, this allows other regions to be developed to a greater extent. Variable resistance training allows the athlete to generate more force during the later phases of the eccentric phase as more force is needed to finish the lift, due to the added tension at the end of the concentric phase (Wallace, Winchester and McGuigan, 2006). This is why many reports have seen an increase in strength as it is correlated with variable resistance training (Ackland, Elliott and Bloomfield, 2006).  
An advantage of this training method is that using variable resistance machines can also match the increase and decrease in strength within the full range of movement (Fleck and Kraemer, 2014). This allows the lifter to load muscles through the full range of motion by using the advantages of muscles mechanically (Wallace, Winchester and McGuigan, 2006). Variable resistance training has also seen an increase in isometric strength throughout the whole ROM (Hunter and Culpepper, 1995). Variable resistance training has also been shown to be superior in variables such as increasing strength, power and EMG activity when compared to a standard resistance programme among recreationally resistance-trained females (Lorenz, 2014; Wallace, Winchester and McGuigan, 2006). As applying variable resistance matches the human strength curve, inertia may be reduced as a result, which will stimulate the muscle maximally through the range of motion (Ackland, Elliott and Bloomfield, 2006). Variable resistance training has been shown to accommodate the strength curve (see figure 2 below), during extension type exercises (Stevenson et al., 2010). 
When athletes engage in a repetition, the maximum weight that is used is limited because of the ‘sticking point’. The sticking point is where the athlete is a disadvantage because it limits their maximal external resistance (Anderson, Sforzo and Sigg, 2008). The athlete can only operate maximally during a short period of time, coming in the early concentric phase which is near this sticking point and then operate sub maximally through the other phases of the lift (Mina et al., 2014). With The use of elastic bands or chains, the external resistance is evenly distributed over the full range of motion. Elastic bands also decrease the demand for deacceleration which in return results in an increase time of acceleration produced in the movement, meaning that a greater average force development can be produced in the movement (Anderson, Sforzo and Sigg, 2008). This can result in creating an overspeed during the eccentric phase, which has shown in studies to enhance the effect of the stretch-shortening cycle (Stevenson et al., 2010). These bands can alter the mechanical loading and stresses placed through the musculoskeletal, resulting in a changed movement pattern (Mina et al., 2014).
Although this paper focuses on the effects variable resistance has on strength in trained college athletes, variable resistance training in general has shown to improve different variables across different populations within a timeline between 4-18 weeks of training (Fleck and Kraemer, 2014). Keeler et al., (2001) showed that using variable resistance training within sedentary individuals aged between 19-45 years of age improves variable such as body composition, muscular strength and aerobic capacity. Westcott et al., (2001) also showed that muscle strength in elderly people improved with the use of variable resistance training.  In younger sedentary aged females, LeMura et al., (2000) seen an improvement in lipoproteins and body composition by using variable resistance training. 

[image: ]
Table 1. Characteristics of different forms of elastic bands. How much weight is added to the bar, depending on how much you stretch certain bands (Mcmaster, D.T., Cronin, J. and McGuigan, M.R., 2010. Quantification of rubber and chain-based resistance modes. The Journal of Strength & Conditioning Research, 24(8), pp.2056-2064.)
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Figure 2: Human strength curve. An illustration of the 3 types of force humans can produce over a range of motion (McMaster, D.T., Cronin, J. and McGuigan, M., 2009. Forms of variable resistance training. Strength & Conditioning Journal, 31(1), pp.50-64.)


Literature review on variable resistance training on college athletes.
There are many papers discussed showing how variable resistance training can be beneficial for so many populations but specifically, there are many papers discussing how variable resistance training can influence strength on college athletes. One paper that investigated this was Rhea, Kenn and Dermody (2009). This paper explored the effects of heavy and slow movement during a squat and how variable resistance can affect strength development. This paper analysed 48 college athletes from the NCAA, around 21.4 ± 2.1 years of age. These athletes were put into a 12-week training intervention. They were split into 3 groups (1 being slow movement group, 1 being fast movement group and 1 being variable resistance group). Each group trained 2-3 times a week, with 4 sets on each muscle group being trained at a mean intensity of 75-85% of their 1 repetition maximum (1RM). To test if this training programme worked, a 1 rep max was performed on the barbell back squat exercise. The results found that there was a significant different between variable resistance training compared to the other regimes as 1RM increased from 116 ± 31.43kg to 125.81 ± 30.69kg.
Another paper analysed whether using variable resistance bands shows different strength adaptations for free weight resistance (Anderson, Sforzo and Sigg, 2008). This paper looked at 44 college athletes aged 20 ± 1 years that are experienced in resistance training (4 ± 2 years' experience). Their training program lasted for 7 weeks. In the 7 weeks, they performed in resistance training 3 times a week, performing 3-6 sets at 72-98% of their 1RM. Repetitions were periodized and athletes were given 2-3 minutes of rest between each set. To test whether variable resistance made a difference, a 1RM of bench press and squat was performed pre and post training. They found that there was a significant difference between the two groups in both tests. In the bench press, the control training group improved by 4%, whilst in variable resistance group, they improved by 8% (80.69 ± 35.34 to 87.37 ± 35.52 kg). In the squat, the control group increased by 6%, whilst the variable resistance group improved by 16% (from 105.28 ± 33.70 to 121.75 ± 35.70 kg)
One paper looked at the use of elastic bands and comparing it to standardised free weights on the bench press (Bellar et al., 2011). This paper looked at 11 college athletes aged 23.6 ± 3.2 years old. They trained for 13 weeks and was tested on their 1RM on the bench press pre and post training. In the training program, they trained twice a week and it consisted of 5 sets of 5 repetitions at 85% of their 1RM with 90 seconds of rest between each set. The control group lifted 100% of free weight whilst the elastic band (experimental group) lifted 85% of free weight and the other 15% coming from elastic tension. From this training program, the elastic band group had achieved a 2.39 kg greater increase over the control group. 
One paper explored the effect on elastic bands and weighted chains, when compared to a standardized training program in the bench press exercise (Ghigiarelli et al., 2009). This paper looked at 36 athletes, during a 7-week training program. They performed sessions 4-5 times a week and found a significant difference between both groups. They found a significant increase in maximum strength between both variable resistance training groups and the control group being free-weight training but found no significant difference in peak power. The weighted chain group improved their 1RM on the bench press by an average of 9.1 kg and found an improvement in the elastic bands training group by 10kg. 
Finally, a paper analysed the different of variable resistance to standardized free weight training in the bench press exercise and the back squat (Shoepe et al., 2011). This paper assigned 20 college athletes and they completed 24 weeks of training. They trained 3 times a week and this training consisted of whole body, periodized training, lifting 65-95% of their 1RM. Both groups had identical training programs, however in the variable resistance program, 20-35% of the load lifted from the athletes was from the band resistance. They found a significant improvement in performance between the variable resistant group and the control group in both the bench press exercise and the squat. In the bench press exercise, the control group didn’t increase their overall score (0 ± 26.6), whilst the group using elastic bands increased by 5.7 ± 24.5 kg. In the squat, the control group increased by 7.6 ± 25.3kg, whilst the variable resistance group improved by 22.1 ± 31.9kg. 
These 5 papers discussed are examples of how effective the use of variable resistance programs is on college athletes and how much of an improvement they display in performance in this population.

Conclusion 
Resistance training programs is popular and used within many teams and individuals to improve sporting performance. Many teams and individuals are looking for ways to advance their training and to take it to the next level and using the method of variable resistance training has shown to be quite effective. This paper has analysed the use of variable resistance training and how it has been utilized effectively to improve physical performance among trained college athletes. 
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