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Literature Review – VRT (Resistance bands)
The continuing growth of the development of strength and conditioning methods throughout the fitness and sports industry has led to conflicting evidence on what the most effective training methods are for athletes. Athletes are always looking for new types of training methods that will be helpful in improving strength, power and speed performance. This study will analyse and critically evaluate the rise of popularity and effectiveness into resistance-training bands with a focus on development in strength and power in comparison to traditional free-weight training. The goal of this review is to increase the amount of knowledge on the general practises, methodologies and currently established/accepted training method to which resistance bands aim to improve.. Supporting/conflicting evidence on the effectiveness of resistance bands will also be evaluated to make a wholistic conclusion on whether prescribing this as a training method is worth it to improve performance.

Strength training is one of the most popular forms of training to enhance performance. “Activities involve using your body weight or working against resistance” (NHS 2016). The NHS recommends that all muscles should be targeted with 20-minute sessions. Exercises should be performed to a point of difficulty, also stating ‘8-12 repetitions for each exercise’.
One of the most common approach to strength training is constant external resistance. This is a strength training method whereby the load doesn’t change throughout the exercise during eccentric and concentric phases. However, a common complaint of this form of training
that because the load is constant the strongest and easiest phase of the lift is not being challenged. Therefore, VRT (Varied Resistance training) has started to become popular in modern training programs as it challenges the muscles to keep working and not rest through the easier phases of movement.
The American College for Sport Medicine (ACSM) produced guidelines for increasing power and strength. They state the various types of resistances “free weights, dumbbells, weight machines, body weight, elastic tubing, medicine balls”.
The American College for Sport Medicine (ASCM) recommends that “a strength training program should be performed within a minimum of two non-consecutive days each week. Including 1 set of 8-12 reps for healthy adults.
Power is the capacity to exert maximal force within a given time frame. The American College for Sport and Medicine (ASCM) recommends one to three sets of 3-6 repetitions with a load of “30-60% 1RM for upper body, 0-60% for lower body.
Resistance bands are a form of variable resistance training. Resistance bands can be used to assist or challenge an individual in their program. The aim of VRT is to add constant load towards the end of the concentric phase of lifting to which constant external resistance neglects, thereby having the work equally as hard throughout the exercise. Biomechanically, through internal leverage, the end phase of the bench press would be much easier than the bar at the chest about to begin concentrically lifting. 
Free weight training utilises resisting against gravity which builds momentum, if you were to stop lifting a weight, it would fall. With resistance bands, you are not fighting against gravity but the stretch and tension of the bands themselves. This freedom of movement is more functional in our day to day lives. Resistance bands are also more protective on the skeletal joints as the bands do not add any force/pressure so all bones/tendons/ligaments are far safer than with free weights.
Although, unlike with free weight exercises, it is hard to monitor and quantify gains. Training at free weights, improvements are quantified through amount of weight a performer is lifting either with dumbbells/plates.
When using the resistance band, as you stretch the band, the more muscular tension you exhibit which stimulates the development of building strength. A dumbbell that weights 30lb will have the same effect as a resistance band that equates to 30lb of force.
VRT (Varied Resistance Training) is a relatively new form of strength training with sparse academic research. There is an abundant of evidence that supports the constant external resistance with free weight training that will increase power and strength performance, but it may not provide all the necessary mechanisms that VRT provides. 
Studies have shown that muscle activity and peak load during resistance band exercises is similar to even free weight exercises. Matheson, J (2001). This means that the same amount of muscle fibres being targeted is the same and therefore force provided is similar.
One study also concluded that collegiate tennis players who implemented elastic bands into their sessions increased strength in their shoulders and speed of their tennis serve. Treiber et al. (1998). Another study compared free weights to resistance bands in baseball players and found that rotator cuff muscles were strengthened better than just using free weight dumbbells. Paige (1993).
Resistance bands are also far more cost effective than free weights which are difficult to transport and store. If the evidence is suggesting that muscle activation is the same, investment into resistance bands instead of free weights should be considered among athletes.
The University of Wisconsin reported that athletes who were using resistance bands in their training in conjunction with free-weights they had significantly lower limb power than when they only employed free weights. Wallace et al. (2006).
Jordan, M et al. (2016) considered the effectiveness on VRT, evaluating what amount of resistance is most effective when prescribing a training program. The study involved fourteen national collegiate male    basketball players separated into a VRT and control group. “Variable resistance group added 30% of their 1RM as band tension to their prescribed weight 1 session per week”. Researchers found that there were significant improvements in lean muscle mass and strength for the resistance bands VRT group. One downside from this study is that it could be vulnerable to placebo effect. Adopting a new training program into your routine could make sessions more enjoyable and thus perform better. It could be argued that the study should have gone on for longer to measure long term effects of strength and power development.
Brian J (2006) considered the effects of elastic bands on total force and power during the back-squat exercise. Researches looked to measure the effect of resistance bands on “Peak Force (PF) Peak power (PP) and peak rate of force development (RFD).
Ten subjects of which were confident with resistance training were tested for 1RM on a smith machine. A prescribed program of 2 sets of 3 repetitions with the test conducted at “60% and 85 of 1RM with and without the use of resistance bands.” In addition, “2 elastic band loading conditions were tested at each of the 2 resistances. 2 groups were tested. Group 1 included 80% of the resistance coming from the free weight with 20% coming from the resistance band. Group 2 used 65% coming from free weights, with 35% provided from resistance bands. They found that there was a significant increase in Peak Force and Peak power. 
Therefore, this suggests that resistance bands in conjunction with free weights can improve performance in the bench press rather than using free-weights alone. Peak Power and Peak force are crucial areas of training for most athletes, therefore implementing this approach of VRT to improve these two characteristics you can get a more effective workout session in when athletes have limited training volume in weight rooms.
Another study by Stevenson M.W (2010) concluded that Rate of force development was improved with the prescription of resistance bands during the free-weight barbell back-squat.
Soria-Gila M.A et al. (2015) highlights that long term resistance band training and chain training attached to a barbell elicited positive results for improving total maximal strength in athletes with different types of sports backgrounds and also subjects who were untrained.
Saeterbakken et al (2014) aimed to assess the effect of adding resistance bands to free weight squats on muscular activation. They found similar EMG readings from the external obliques, erector spinae and rectus abdominis in all of the phases analysed. They concluded that there were generally no effects on muscle activity when substituting in some resistance bands in the bac squat.
Anderson et al. also concluded that there was an improvement in power when combining free weights with bands, where by subjects used resistance loads around 85% of a back squat 1RM after 1 and a half month of training. They also reported large improvements in lower body power but no signs of improvement in the upper-body. 
Riviere M (2017) considered VRT in comparison to traditional resistance training in elite youth rugby league players to promote strength and power adaptations.
Sixteen players were put into a VRT or traditional training group that underwent a 2 weekly lower body and upper body sessions that focused on power and strength based exercises for a 6-week total. Training programs were the same although the VRT group trained the bench press with 20% load from the resistance bands. 1RM and mean velocity at ‘’35, 45, 65, 75 and 85% of 1RM’’ were tested. VRT group produced greater absolute (ES= 0.46 vs 0.20) bench press 1RM. They also    noted that improvements in power and velocity against heavier loads were greater for VRT group, however insignificant differences were shown between the 2 groups in lighter loads.
Iverson et al. (2017) conducted a study into “multiple-joint exercises using elastic resistance bands vs. conventional resistance-training equipment” in a cross-over study.
They compared activation levels in the muscles for 4 multiple-joint exercises using a TheraBand vs an Olympic barbell and cable machine. They used 29 subjects in total with men and women. Tests included back-squat, lateral pulldown, unilateral rows, deadlifts. Conventional resistance training showed a higher level of muscle activation within the prime movers throughout each individual exercise in the study. “(p <.001 for all of the comparisons)”. Each exercises difference was only marginal apart from the squat where the quadricep femoris muscle activation was significantly lower for the resistance band. Differences between the bands and conventional was observed during the phase of the movement when the bands became slack. They concluded that resistance bands can be an effective tool in all exercises tested with an exception for the stiff-legged squat exercise.
The debate as to whether overall muscle activation exhibited is the same as concentric contraction has been researched. A meta-analysis by Aboodarda et al. (2016) compared the difference between elastic and isoinertial muscle contraction. They found that “Elastic resistance provides similar prime mover, antagonist, assistant movers and stabilizer muscle activation as isoinertial resistance; contradicting the traditional criticism that the elastic and would not elicit comparable levels of muscle activation as isoinertial resistance exercise.”
Ghigiarelli (2009) studied the effects of a “7-week heavy elastic band and weight chain program on upper-body strength and power in American football players”. 36 men ages 18-30 were tested. Players were tested for 1RM and 5RM on the bench press. Players were separated into three groups. Traditional bench, weighted bench, resistance band bench. They found that the use of bands and chains in addition to an off-season strength program can improve total maximum upper-body strength in American football players.
One meta-analysis and systematic review by de Olivera et al. (2017) into the effects of elastic resistance on muscle strength found that “From the 93 articles identified by the search strategy, 5 met the inclusion criteria, in which 3 presented high quality (PEDro > 6). Meta-analyses demonstrated that the effects of ERE were superior when compared with passive control on functional performance and muscle strength. When compared with active controls, the effect of ERE was inferior on function performance and with similar effect on muscle strength.” Therefore, concluding that resistance bands are an effective method to improve functional strength performance when compared to no intervention. However, they found that resistance bands are in no way superior to any other methods of resistance training in increasing muscular strength.
There is also evidence that shows that the implementation of resistance bands shows significant strength gains can be made within an eight-week period in patients with multiple sclerosis whereby pre and post strength tests were measured. Exercises that involved strengthening the hip were measured. Keller J.L et al. (2016).
It seems that by looking at the research, using resistance bands in conjunction with free weight exercises yields greater results by mitigating sticking points and challenging the performer through the entirety of an exercise.
The difficulty with resistance bands seems to be that they can only improve your performance so far, unlike with free weights where you don’t have a finite resistance to choose from. If a performer or athletes goal is to improve strength, resistance bands may only get you so far and will need to adopt heavy free weight training into their program.
The research also suggests that not only does utilizing resistance bands offer similar benefits to free weights, but there is also evidence to suggest that resistance bands outweigh that of free weight exclusive training. Resistance bands can offer a wide range of benefits that free weights can’t, such as injury prevention functional strength and ability to change emphasis on certain muscles worked during performance.
Strength and power are key areas that resistance bands offer to improve, with also emphasis on other areas. This cost-effective method of training seems an appropriate form of training for athletes/non-athletes. This method of training could be more suited to novices with limited equipment or cannot afford a gym membership and have to train at home.
By taking a thorough investigation into the popular rise in resistance bands and varied resistance training, there seems to be a pattern. Majority of research suggests that there are a lot of benefits, just like free weight training however it should not be the only form of training an athlete should be doing as there is a limitation on how much your performance can be improved and therefore should adopt other approaches or combining it with free weight exercises.
In conclusion, there needs to be more research into varied resistance training in the development of strength/power long term, as the results of combining resistance bands with free weights has shown to be very effective.    There also needs to be more research/studies that considers VRT assistive training. 
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