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The Effects of Variable Resistance Training Versus Traditional Resistance Training to Improve Lower Body Strength in Athletes
Introduction
According to Jeffreys and Moody (2016, pg. 230) “strength is the ability to produce external force by muscle contraction under a given set of conditions”. They discuss Newton’s second law: F = ma. Mass (m) of an object or external object multiplied by the acceleration (a) results in a generation of force (F). Furthermore, the acceleration of an object is resulted from enough force applied to it. A weight in an individual’s hand is generated by the force production from a group of individual muscles, biceps. Resistance training has the ability to improve maximal strength and it has been observed to enhance sporting performances. More specifically, traditional resistance training programs are the most popular mode of training for improving strength in athletes (2016, pg. 231). These programs may include using dumbbells, barbells and weight-training machines. Traditional resistance training helps to focus exclusively on strengthening specific muscles. Free weights and/or machines are used in stable positions in order to isolate individual muscles (Tomljanović et al., 2011). This allows the athlete to focus on any muscle imbalances in the body because of high levels of muscle activation. Taking into consideration that traditional resistance training allows an individual to focus on an individual or a group of muscles, it is an effective way to prevent injury or to rehabilitate muscles. However, it is not always the most practical way of training for rehabilitation or clinical practice (Andersen et al., 2010). Alternative exercise methods should be used in order to improvise weight-training machines or even reintroduce simple movements to an injured athlete. 

A newer method for strength training is variable resistance training. It is a common method of training that uses heavy chains and elastic bands alone or in combination with free weights to facilitate strength gains (Lorenz, 2014). Free weights involve range of motion benefits and adding an elastic band introduces an acceleration benefit (Wallace et al., 2006). According to Wilson and Kritz’s article, there are three resistance-training modes: constant external resistance, accommodating resistance, and variable resistance (Wilson et al., 2014). The most popular form of resistance training is constant external exercise and is when the resistance of the external load is the same throughout the full range of motion. Accommodating resistance (also called isokinetic resistance) is when the muscle maximally contracts while the velocity is controlled (Wilson et al., 2014).  Throughout a full range of motion variable resistance increases force capabilities of a particular muscle. Elastic bands can be used in a resistive or assistive manner. Variable resistance training in a resistive manner is the use of an elastic band alongside a bar that allows for the resistance to increase during the concentric phase, which stresses the muscle more (Rhyu et al., 2015). This requires the individual to accelerate throughout the movement, which in turn increases strength and power production. Variable resistance training in an assistive manner increases the shortening rate of muscle and can facilitate to the concentric movement. This is a useful mode of training in order to rehabilitate muscles. For example, connecting a band at the bottom of the feet during a pull up creates more force at the bottom of the movement and acts as a “boost” for the individual.

Variable Resistance Training
Variable resistance training allows athletes to focus on weaknesses in various movements. According to the review article by Kompf and Arandgelovic, variable resistance is a strategy that helps overcome the “sticking point” in resistance training exercises. In the context of resistance training, the “sticking point” could be defined as the part of the range of motion (ROM) where there is a disproportionately large increase in difficulty to continue the lift (Kompf et al., 2016). Failure of a movement is experienced in the “sticking point” region because velocity starts to decrease or it reaches its minimum. These methods are commonly recommended for power lifters because the accommodating resistance is “overloading the top of the range of motion” (Kompf et al., 2016). With elastic bands or chains the resistance is increased because the band is stretched or the heavy chains are uncoiled and lifted off the floor. For example, when chains are used during a squat at the top of the movement the chains are uncoiled and not touching the floor. As the lifter brings the barbell towards the floor the chains start to coil on the floor making the weight on the barbell decrease. When the lifter pushes the barbell up the chains are lifted off the floor making the resistance increase as the range of motion is completed. This allows for the individual to be stronger at overcoming the “sticking point” of the movement. The eccentric part is more controlled and the concentric part is more difficult, strengthening the whole movement. Some studies support that the eccentric or start of the movement is affected from elastic bands (Aboodarda et al., 2015; Jensen et al., 2014; Israetel et al., 2010; Neelly et al., 2010).

Lower body strength is important for athletes because having a strong lower body enables athletes to be more dynamically balanced and enhance performance in standing and running activities. Using various types of training strategies, including variable resistance training can improve an athlete to be more adaptable. Several studies have shown that there is a significant difference when athletes use variable resistance training compared to other modes of training. A study evaluated the effects of high velocity elastic band training versus heavy resistance training on hamstring strength, activation and spring running performance (Janusevicius et al., 2017). 25 physically active men between the ages of 20 and 26 were randomly divided into three groups: (1) resistance training with high-load, low-velocity concentric-eccentric hamstring contractions; (2) resistance training with high-load, low-velocity concentric-only hamstring contractions; and (3) a high-velocity elastic band training concentric-eccentric hamstring contractions. Results showed that elastic band hamstring training at high velocities was effective for increasing force and decreasing co-activation of the hamstrings. There was improved knee flexion-extension movement frequency and these benefits had a positive transfer to maximal running speed. These results provide strong support for band exercises in improving leg muscle power and force. 

Muscular Endurance and Activity
Several studies have shown that the use of elastic bands increases muscular endurance and muscle recruitment. Four studies (Andrade et al., 2017; Brandt et al., 2013; Sundstrup et al., 2014; Israetel et al., 2010) have used electromyography (EMG) to suggest that elastic bands increase muscle activation. In the first study (Andrade et al., 2017) 18 trained females participated in the study to investigate the effect of performing a leg press using a physioball and elastic band over multiple sets with submaximal loads on EMG amplitude and fatigue. They found that there were higher levels of activity in muscles rectus femoris, vastus lateralis and vastus medialis using the physioball and elastic band when compared to the control protocol of doing the leg press alone. The second study (Brandt et al., 2013) evaluated hip muscle activity during hip abduction and hip adduction exercises using elastic resistance and isotonic machines using EMG. 16 untrained adult women (Age 45.7 ± 8.6) years and they visited the laboratory once prior to testing to familiarize and rate their perceived loads. On the second visit the participants were tested with the EMG in comparing elastic resistance and isotonic weight machines. Results suggested the abduction exercise performed with elastic resistance showed significantly higher gluteus medius recruitment than the machine exercises. The third study evaluated elastic bands for lower extremity resistance training in adults with and without musculo-skeletal pain (Sundstrup et al., 2014). This measured muscle activity during lower extremity exercises including lunges and unilateral leg press. Results suggested lunges performed with elastic resistance showed higher activity of gluteus maximus, hamstrings, and erector spinae. The last study (Israetel et al., 2010) investigated the kinetic and kinematic variables between squats performed with and without elastic bands. One set of five squats without and with elastic bands as resistance was prescribed to ten recreationally trained males. The results showed the vastus lateralis muscle activity during the band squats was significantly greater during the first portion of the eccentric phase and latter portion of the concentric phase. In other words, the use of elastic bands increases force, power and muscle activity in the early portion of the eccentric phase and latter portion of the concentric phase. These studies discussed suggest that the use of elastic bands increase muscular activity and endurance in the legs.

Different Populations
Different populations were examined in several studies and have shown positive affects of training with elastic bands. A recent study examined the short-term effect of squat exercise performed with an elastic band on static, dynamic squat and vertical jumps in pre-adolescents (Sahin et al., 2016). Randomly divided into three groups (perform squats with band, perform squats without band, and control group) and was prescribed a squat program that was performed two days a week for six weeks and 2 sets of 20-30 repetitions. Six weeks later they found that squats with the elastic band increased the duration of static squat or muscular endurance, the number of squat repetitions in 30 seconds increased and the height of vertical jumps increased. On the other hand, the group that performed squats without the band had an improvement only in the repetition of squats. There were no significant differences in the control group. A study performed on elderly patients with orthostatic hypotension reviewed a home-based resistance-training program using elastic bands. (Zion et al., 2003). Orthostatic hypotension (OH) is susceptible among older patients and contributes to the high risk of falls. The purpose of the study was to examine if elastic resistance bands could safely and effectively increase muscle strength and functional ability. Patients were prescribed a 25-minute strengthening program that was performed 4 days a week. After eight weeks results showed an improvement in dynamic strength in the chest press, quadriceps extension and leg press. Furthermore, muscle strength and functional ability improved in a population that does not exercise or partake in any physical activity often. This is an advantage for the older population because elastic bands are easily accessible and can be done at home at anytime.  

Other Benefits
Variable resistance training has other benefits including improving technique and being easily accessible. The use of elastic bands or heavy chains on a barbell beneficial to the athlete, but the benefits of it depend on the way that the resistance is attached to the barbell or machine. A double looped technique used to hang the chain was suggested to provide nearly two times the variable resistance at the top of the squat compared with just a linear hanging technique (Neelly et al., 2010). Ian athlete is particularly trying to strengthen the squat a double loop technique will be more difficult, which will hope to provide more strength results. Peak force, peak power, and rate force development were studied on the back-squat exercise (Wallace et al., 2006). Results of the study suggest that variable resistance training allows for a significant increase in both peak force and peak power in the back squat exercise when compared to traditional resistance exercise when doing a one rep max on the smith machine. These studies suggest that strength and power seem to be the most affected when variable resistance training is used properly.

Studies with No Significance
Although many studies suggest variable resistance training beneficial to lower body muscle activation and strength, some studies have found no significant difference between variable resistance training and traditional resistance training. More specifically two studies provide evidence that elastic resistance does not affect functional type exercises. A meta-analysis and systematic review demonstrated that elastic resistance training produced worse outcomes on functional exercise in healthy adults (De Oliveira et al., 2017). Based on the 19 studies found to be relevant, the meta-analysis showed elastic resistance exercise was not superior to other methods of resistance training to improve functional performance and muscle strength in healthy adults. Not enough studies were gathered to see an improvement of functional movements compared to active healthy adults. Another study also showed no significant changes for the Olympic Clean (Berning et al., 2008). Four men and three women competitive weight lifters were investigated on the performance of the Olympic Clean with and without chains at the same given percentage of 1RM. Five Olympic Cleans and of the five two were performed with conventional weights and chains, lift 3 (80% of 1RM) and lift 5 (85% of 1RM). Ground reaction forces of the first-pull, unweighting, second-pull, maximal vertical displacement of the bar, maximal bar velocity and rate of force production of the bar were measured by a force plate and video analysis. With a questionnaire the lifters filled out a comparison of the Power Clean with and without chains and they all felt the lift with chains was more difficult due to the added weight. However, the results did not show any mechanical differences compared to lifting weight without chains, since the load remained constant throughout the lift. This study only examined seven competitive weightlifters, where as a study performed on a larger sample size would have shown greater differences. Overall, these studies do not show benefits to functional exercises with the use of variable resistance exercises compared to traditional resistance training.

Several studies have investigated the affects of variable resistance training amongst untrained individuals (Martins et al., 2015; Shoepe et al., 2011; Colado et al., 2008). The purpose of the first study (Martins et al., 2015) was to examine the effects of short-term elastic resistance training on muscle mass of health and untrained older adults. 40 healthy untrained older adults aged 60 years old and above. They were randomized into two groups, one control that did not receive any training interventions and the other group trained with elastic resistance twice a week for eight weeks performing four exercises for lower limbs and three exercises for upper limbs. Upper and lower limb muscle masses were measured by an isokinetic and isometric dynamometer. At the baseline the training group average gram of muscle mass was 12.6 g and post-training was 12.5 g. The control group’s baseline was 13.5 g and post training was 13.5 g. After eight weeks there was no significant difference between groups, especially for the lower limb fat free muscle mass. A longer study may have shown greater differences between the two groups. On the other hand, novice college aged male and female lifters were investigated to view the effectiveness of variable resistance training with elastic bands along with free weight techniques (Shoepe et al., 2011). A 24-week training program was prescribed with three nonconsecutive days, one upper body day, one lower body day and one combination day. Within novice lifters there was not an increase in muscle strength in the single jointed leg extension and squat exercises prescribed with elastic bands. This study emphasizes that athletic populations can benefit from elastic band training more than novice lifters due to the complication of setting up the bands and unfamiliarity of the movement. Sedentary middle-aged women’s functional capacity and body composition were examined to determine the effects of a short-term resistance program using elastic bands versus weight machines (Colado et al., 2008). 21 women performed exercises using elastic bands, 14 with weight machines, and 10 were in a control group. Resistance programs consisted of six exercises, which were performed twice a week for ten weeks. There was an increase regarding muscle endurance of the upper extremities and the muscle power of the lower extremities. However, there were no significant differences between the two groups.  Furthermore, based on these studies novice and untrained individuals do not show great benefit in lower body muscle strength from variable resistance training. 

Conclusion
In conclusion, through the evidence of these studies variable resistance training is a newer method of training that benefits lower body strength. Muscle activation is increased, which then can increase muscle strength. Increased muscle activation increases neuromuscular adaptation, which can stimulate hypertrophic responses of the muscular system (Soria-Gila et al., 2015). This can cause strength and power gains. Although most articles suggest variable resistance training causes increased muscle activation, most of the articles reviewed have not shown the exact mode of neurological and musculoskeletal adaptations of variable resistance training compared with traditional resistance exercise. Therefore, this should be further investigated along with the long-term effectiveness of variable resistance training. For current training methods, variable resistance training is easily accessible and can be used as a complement to traditional resistance exercise to enhance muscle activation and growth within the lower body. 
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