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Variable Resistance Training

Abstract 
The purpose of this review article was to evaluate the effectiveness of variable resistance training compared to the currently accepted and established form of training known as constant resistance training. 
Constant external resistance training can be described as the unchanging external load throughout the change of motion and it focuses on two main contractions which include the concentric phase and the eccentric phase. On the other hand, variable resistance training offers variable resistance throughout the entire range of motion during exercise (Ataee, Koozehchian, Kreider, Zuo, 2014). The aim of variable resistance training is to maximize the recruitment of muscles when you are biomechanically inefficient in order to stress your muscles the entire movement. In other words, the aim is to alter the resistance placed on the musculoskeletal system throughout the range of motion to match the various strength curves. Variable resistance training has been proven to work beneficially for athletes who are wanting to increase their power, improving performance while exercising, and for an older population looking for health benefits however struggle with weight training with their own body weight.

Introduction
Physical activity involves any body movement that uses more energy than you were when you were resting, such as walking, standing up, or climbing the stairs. On the other hand, exercise is planned and structured, and there is a purpose of improving or maintaining one’s physical fitness (Kansas State University, n.d.). Physical activity is associated with many physical and mental health benefits. Some of the health benefits include the decrease in risk of developing cardiovascular disease, type 2 diabetes, lower blood pressure, improves lipoprotein profile and other cardiovascular biomarkers. Physical activity also plays a role in managing weight, strengthens bones and muscles, improves energy levels and reduces the risk of falling in an older generation. 

One form of physical activity is muscular fitness which is composed of strength, endurance and power. Specifically, resistance training is a type of training where individuals participate in, in order for their muscles to become stronger and enlarge. Another name for resistance training is strength or weight training. The purpose of resistance training is to improve an individual’s strength (Warmerdam, 2007, p. 1-4). Muscles respond to the stress of weight training by increasing their size and strength. The increase of muscle strength is associated with the enlargement of muscle fibers, also known as hypertrophy, as well as an increase in the number of motor units that are activated or recruited (Pearson and Costill, 1988, p. 39-41). In other words, the concept of muscles growing in size is caused by the stress on the muscles where the muscle fibers and motor units will then respond. Therefore, as muscles continue to strengthen and enlarge, the resistance put on the muscles must continue to increase. This principle is commonly called the overload principle (Pearson and Costill, 1988, p. 39-41). However, strength gains are specific to the type of training method you are using, as well as the load and intensity. 

The American College of Sports Medicine (Garber, Blissmer, Deschenes, Franklin, Lamonte, Lee, Neiman, Swain, 2011) explains the frequency, intensity, volume and rest intervals which can be specifically created towards specific goals. The recommended amount of sets of exercise that are required is generally two to four sets per muscle group and 8-12 repetitions per set. The most effective rest period in between the sets should be approximately 2-3 minutes. 
Muscular strength can be measured by a person’s one-repetition maximum which is the amount of weight that someone can lift for one repetition. Therefore, while training, a person’s goal should be aimed to reach 60-80% of their one-repetition maximum effort. However, this number varies for the generation training. For example, an older generation of males and females may focus on a lower percentage of their maximal strength due to the mass of their bone and muscles and for safety purposes. Resistance training should be included 2-3 days of a training schedule to ensure that each muscle group is being worked. A 48 -72 hour rest period should be in between each lifting session to ensure that the cellular adaptations that stimulates muscle hypertrophy and any other associated gains in strength are accomplished.

Discussion
The most commonly used form of resistance training is known as constant external resistance because it is known to encourage real-life activities and provide more natural coordination of the musculature. For example, training to be stronger while squatting transitions to be able to get up off of a chair or pick something up off of the ground more efficiently. Constant external resistance training can be described as the unchanging external load throughout the change of motion and it focuses on two main contractions which include the concentric phase and the eccentric phase. The concentric contraction is caused when the muscle is shortened. The force that is generated by the muscle is less than the muscle’s maximum (Muscle Physiology, n.d.). The eccentric phase is generated when the muscle lengthens. The load on the muscle will increase, and when it finally reaches a point where the external force on the muscle is greater than the force that the muscle can generate, the muscle will lengthen due to the high external load (Muscle Physiology, n.d.).

Variable resistance training, on the other hand, offers variable resistance throughout the entire range of motion during exercise (Ataee, Koozehchian, Kreider, Zuo, 2014).  The aim of variable resistance training is to maximize the recruitment of muscles when you are biomechanically inefficient in order to stress your muscles the entire movement. In other words, the aim is to alter the resistance placed on the musculoskeletal system throughout the range of motion to match the various strength curves (McMaster, Cronin, McGuigan, 2009, p. 50-64)

To get a better understanding of how muscles generate and apply force work during a movement, is to understand the human strength curve. The strength curve is a model that shows how much force you can produce at the joint angles throughout the range of motion of the exercise you are performing (McMaster et al., 2009, p. 50-64). Strength curves are classified into 3 categories: ascending, descending, and bell-shaped. The determining factor of which category an exercise falls under is the force-angle relationship within the musculoskeletal system (McMaster et al., 2009, p. 50-64). During an ascending strength curve, the muscle tension required decreases throughout the range of motion which makes the movement feel harder as you reach full flexion. An example of exercise is the bench press and the squat.  Meanwhile, a descending strength curve will feel harder as you near full flexion because the muscle tension increases during the range of motion. An example of exercise is a row or the leg curl. Finally, the bell-shaped strength curve will feel the easiest near the endpoint of the exercise because the muscle tension will increase and then decrease. In other words, the middle part of the range of motion is typically the hardest such as performing a bicep curl which involves elbow flexion.

While constant external resistance training focuses on constant movement, variable resistance training will change the strength curve in order to alter the musculoskeletal system and to change the muscle tension throughout the range of motion (McMaster et al., 2009, p. 50-64). In other words, variable resistance training adds extra resistance at the point where you are the strongest (Dupont, n.d.), according to the strength curve, is the concentric phase of the exercise being performed. 
The most common accepted and utilized measurement of maximal strength for athletic population is using equipment that is plate-loaded and free-weight, especially for exercises such as bench press and squatting. However, there are different types of equipment that can be used for variable resistance training. Cams and levers can be used, which have a fixed resistance load, so the amount of external resistance is varied by changing the length of the movement arm (McMaster et al., 2009, p. 50-64). The other type of equipment are chains and rubber band resistance. Rubber bands are used excessively during rehabilitation to help with regaining strength after an injury. Rubber bands can also be used to help decrease one’s own body weight in order to be able to lift yourself during exercises such as pull-ups or press-ups. When rubber bands are added at the end of free weights they’re used to increase power. The downward pull of the bands on the barbell during the eccentric loading phase results in an increase in the velocity an eccentric muscle contraction. Although chains are more common in power lifters, they are used to add more weight to free weights, which interferes with the gravitational force which then puts an emphasis on speed, acceleration and absolute strength. Weighted chains accommodates a lifter by decreasing the load t the weakest joint position and increasing the load at the lifter’s strongest joint position. 

Although constant resistance training may provide beneficial results, when compared to variable resistance training, there is a higher fatigue response (Walker, Hulmi, Wernbom, Nyman, Kraemer,  Athiainen, Hakkinen, 2013, p. 2233-2244). Variable resistance training has become a common-liked form of training as it offers variable resistance throughout the movement to ensure range of motion during exercise, whereas, constant resistance is a more traditional training protocol that demands unvarying resistance on muscles and joints during an exercise routine. This is due to the higher neural involvement during variable resistance exercises compared to constant variable exercises. Specifically, while implementing chain accommodation training, additional stabilization muscles are needed to steady the bar when the chains are completely lifted off of the floor (McCurdy, Langdord, Jenkerson, Doscher, 2008, p. 678-683). And because muscles are being used throughout the entire movement of the exercise as opposed to just when there is a biomechanical advantage. Variable resistance training has also been found to reduce joint stress while improving strength and power by providing an accommodating resistance during exercises (McCurdy et al., 2008, p. 678-683). 

Athletes specifically require maximum muscular strength, power, endurance, and well-developed agility and speed in order to perform at their best. However, you cannot increase power without increasing strength. By applying heavier loads and faster contractions, the rate of recruitment and the activation of motor units increases (Ghigiarelli, Nagle, Gross, Robertson, Irrgang, Myslinski, 2009, pp. 756-764). In addition to physiological factors, the maximal strength that an athlete can produce also depends on biomechanical characteristics of motion such as leverage and the joint angle. Therefore, variable resistance training may be an effective way to rapidly increase strength and power considering the mechanical advantage throughout the concentric phase of the exercise. In addition, the need for neural involvement and additional stabilizing muscles may enhance a trained athlete’s maximal strength and power. 

A study (Riviere, Louit, Stroksch, Seitz, 2016, pp. 947-955) experimented with 16 elite youth rugby league players by participating in a 6 week program, completing 2 weekly upper and lower-body sessions of either traditional free-weight resistance or variable resistance training. The variable resistance training group performed their bench press with two elastic bands looped over an unloaded Olympic bar. The resistance was to reach 20% of one’s 1RM. As a result, the variable resistance training group’s bench press 1RM increased by 5.21%. 

Another study (Rhea, Kenn, Dermody, 2009, pp. 2645-2650) focused on using variable resistance training to train for power in college athletes. The training method allowed for the athletes to use his or her mechanical advantage to generate both high force and high power levels in resistance training movements. Forty-eight college athletes from a variety of different sports participated in a 12 week training intervention that focused on the speed of movement in the squat exercise. The athletes were divided into 3 groups: heavy resistance/slow movement, lighter resistance and fast movements, or fast movements with accommodated resistance. The athletes followed a program of resistance training 2-3 days a week and sprint/plyometric training 1-2 days a week. The volume of resistance training exercises averaged 4 sets per muscle group at a mean intensity of 75 to 85% of 1RM. The only difference between the training interventions was the speed at which the participants performed the squat exercise and the use of elastic bands to provide progressive resistance during the exercise. These athlete’s specifically used elastic bands which caused a greater rate of force production due to the athlete being able to store elastic energy in their muscles and tendons. The results showed that there was an advantage to using variable resistance training for the development of lower-body power as there was a 17.80% improvement. Slow training speed was shown to have little impact on jumping power as their improvement only increased by 4.80%. The increase in power resulted from an increase in muscle activation during the concentric phase of the exercise which therefore increased the resistance the athlete had to then overcome. Therefore, variable resistance training with elastic bands can provide benefits when training for peak force and peak power. 

Another study’s aim was to compare the influence of variable resistance training and free-weight resistance warm-ups on subsequent free weight 1-repeition-maximum performance and lifting mechanics and neuromuscular activity while performing a 1RM (Mina, Blazevich, Giakas, Kay, 2014, p. 2988-2995). It was found that after completing a variable resistance training warm-up with elastic bands participants were able to squat to a greater depth due to a greater knee flexion angle. This is related to one’s performance while training as variable resistance training gives participants the opportunity to overcome a plateau they may have reached while lifting. In this case, the variable resistance training reduces the load that occurs during the ‘sticking point’ of the lift which allows for greater muscle recruitment and stimulation during the eccentric phase and therefore can create greater neuromuscular adaptations. Therefore, variable resistance training changes the loading pattern during the squat to allow for loading to be closer to the maximal capacity of the lower limb musculature which can then increase one’s performance as muscles are able to operate closer to their maximum. 


Variable resistance training is not only for athletes or well-trained individuals; a study showed that a home-based resistance training program using elastic bands increased dynamic strength and functional mobility, such as walking speed, increased in participants over the age of 60 who has orthostatic hypotension (Zion, Meersman, Diamond, Bloomfield, 2003, p. 286-292). Variable resistance training can be used in the form of reducing one’s body weight while using elastic bands, in order to be able to perform an exercise. Therefore, the purpose of this study was to determine if using elastic bands in the form of variable resistance training had any beneficial impact on physical fitness, cognitive function, and psychological profiles in elderly populations because it has been shown that falling is a common and sometimes fatal occurrence for this specific population. 

Conclusions
Variable resistance training is a type of training that offers variable resistance throughout the entire range of motion during an exercise in order to maximize the recruitment of muscles when biomechanically inefficient in order to match the various strength curves and put stress on your muscles throughout the entire movement. Variable resistance training has proven to be a beneficial form of exercise training. It’s benefits can include many different forms of training goals such as increasing power, performance, overall health, and rehabilitation. Although not all may find the need to include variable resistance training into their exercise routine, it is a well-researched form of training that can be included during one of the 2-3 resistance training sessions that is recommended. Not all physical fitness centers will have the specific equipment to accommodate for variable resistance training, although many will have elastic exercise bands which will still allow the opportunity to perform some exercises that variable resistance training will benefit. 
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