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The effectiveness of traditional resistance training in comparison to variable resistance training in developing power

Power is an essential fitness component needed for successful sporting performance at any competitive level and improves sporting movements such as sprinting, throwing and jumping (Taber et al, 2016).
There are several accepted and established anaerobic training methodologies which successfully improve power including resistance training and variable resistance training.
Through an understanding of both training methods individually, a comparison between the effectiveness of both can be concluded. 

Resistance training is defined as the “ability to produce external force by muscle contraction under any given set of conditions.” (Stone et al, 2016, p.231). Taber et al (2016) further explains that resistance training for power, as opposed to maximal strength training, considers the force and velocity (changes in momentum) of a movement. When training for power, the speed of the movement is considered. On the other hand, strength training refers directly to the force exerted on an external force/resistance and does not consider the velocity of the movement (Suchomel, Nimphius, Stone, 2016). For the purpose of this review, resistance training for power will be examined. 
Although the emphasis on the velocity of a movement is the largest difference between strength and power training, repetition ranges also differ. From research, it is evident that lower repetitions (i.e. 3-6) are more suitable for developing power. 
Crewther et al (2008) results from a study conducted on the effects of three loading schemes (strength, power and hypertrophy) on kinetics and kinematics in eleven recreationally trained men, showed that the power output varied across all three loads. It also emphasises that all repetition responses were superior in the hypertrophy scheme (ten repetitions of ten sets at 75% of one repetition maximum).
Opposing this, Baker and Newton (2007) analysis into the power output across repetition ranges highlighted that power output was greatest during the first three repetitions of a bench throw and jump squat set, which was maintained until the fifth repetition. Power significantly decreased after the fifth repetition (11.2% for bench throws and 5% for jump squat) limiting maximal power output between two to five repetitions. However, the study sample included twenty-four professional level rugby players whose results will be significantly different to those who are untrained or unexperienced resistance trainers. 
Sarabia et al (2017) control trial study supports the application of lower repetitions for maximal power output. An eleven-week study on the effects of repetitions on maximum power output, involving twenty-five recreationally active, young male college students displayed that four to nine repetitions produced the greatest peak power output. Out of the three groups involved (optimum power, traditional training and control group), the optimum power had the greatest power increase (19.6%).
Accompanying suitable repetition ranges, suitable set prescription must also be considered when aiming to optimally develop power. It is evident from the wealth of research that multiple sets for strength development is more favourable, but research relating specifically to set prescription for power development is extremely limited and further study into the area is needed to finalise a conclusion. There are several studies (Sayers, Gibson, 2010, Sarabia et al, 2017) which have successfully demonstrated an increase in power development during a resistance training programme using a range of three to five sets. Little studies were found incorporating set prescriptions greater than 5, indicating that it may not be as effective. Specifically relating to strength training and not resistance training for power, a meta-regression by Krieger (2010) stated that one set per exercise is appropriate for beginners and recreational athletes as it is an adequate stimulus for strength development and avoids muscle soreness. One to three sets are applicable for individuals interested in maximal strength gains as anything above three sets displays no difference in performance and often diminishes any benefit.
Along-side repetition and set consideration, prescribing the optimum load in a power training programme is crucial for successful development. 
It is traditionally suggested that high-velocity or power movements should be performed at lighter loads of one repetition maximum (1RM) to produce maximum force and velocity, for example, 45% of 1RM (Crewther, Cronin, Keogh, 2008). However, there is much debate between researchers whether this is accurate. 
Comfort, Fletcher, McHanon (2012) study on the optimal load during a power clean displayed that peak force occurred at 80% of 1RM when compared to 30%, 40%, 50%, 60% and 70%.  Peak power occurred at 70% of 1RM, however peak power produced at 70% was not significantly different to peak power production at 60% and 80% of 1RM. It was is suggested that force increased linearly with load increase. 
Soriano et al (2015) similarly suggests that 70% is the optimal load percentage for power production. Results of the study displayed that the greatest amount of power was produced at 70% of 1RM during the power clean and hang power clean in comparison to percentages ranging from 30-70% of 1RM. 
Power cleans used in previously stated studies are classified as free-weights and free-weights and machine-weights are the most popular exercises to carry out prescribed sets and reps during a resistance training session (Dorgo, King, Rice et al, 2009).
Research (Sheppard et al, 2008, Wirth et al, 2016) clearly displayed that free-weights are superior in developing power in comparison to other weight-machine exercises. 
Sheppard et al (2008) comparison between the effectiveness of smith machine squats and free weight squats (using a barbell) in elite national-level volleyball players training showed a greater power output during the exercise when using free weights. Similarly, Wirth et al (2016) eight-week study comparing the effects of free weight and machine weight training on strength and power performance on one-hundred and twenty students also highlighted barbell squats as a superior exercise to leg press in developing power. With the squat groups squat jump improving by 14.2% and counter movement jump increasing by 13.3%, clearly highlighting that free weight exercises are more useful for developing the desired fitness component.
The preferred free-weight exercises to include in a power training programme are ballistic movement exercises such as jump squats, bench press throw, cleans and snatches. This is due to the greater amount of velocity, force and power needed throughout the entire movement as opposed to traditional resistance exercises (Cormie, McGuigan, Newton, 2011).
A review by Soriano et al (2015) highlighted the effectiveness of the power clean and hang power clean in developing peak power. The clean exercises significantly improved power in comparison to squat exercises. 

It is apparent that resistance training is a well-established and accepted training method but there is increasing amounts of evidence suggesting the effectiveness of variable resistance training (VRT).

Variable resistance training is the incorporation of resistance bands, chains, cams and levers to an exercise, to apply overload to the body and “maximise force production throughout the full range of motion.” (Haff et al, 2016, p.413)
Heavy resistance exercises such as bench press are slow, low power movements with large deceleration periods. Adapting the resistance of exercises with the use of resistance bands and chains will make it more suitable for explosive movement and power development.
Baker, Newton (2005) systematic review on methods for increasing upper body maximal power training emphasise the use of chains and resistance bands to alter the kinetics of a movement. With the addition of variable resistance tools on barbells, the acceleration phase of a movement will extend. Chains and bands are added to increase the upward force and explosive power, applying it much later in the movement.
Berning et al (2004) supports the evidence presented by Baker and Newton. Incorporating chains and bands to a movement, for example a squat, causes the lowest amount of resistance to occur at the bottom part of the movement as opposed to the upwards phase, thus changing the increased resistance to the top part of the exercise. This increased demand consequently increases neuromuscular adaptation (structural and functional changes in the body). 
Variable resistance devices can also be used on the descending phase of the lift as well as the ascent to alter the movement kinetics. 
Published research (McMasters et al, (2009) highlights that setting up the resistance equipment to pull upwards can increase the resisting load on the descent phase of a movement. Changing the set up and direction of resistance bands can allow power to be developed in a multitude of planes, enhancing an athlete’s sport specific performance.
The enhancement of a players sport specific performance may be due to the development of the stretch shorten cycle (SSC) and increase in post active potentiation (PAP) (Baker et al, 2009). 
A study involving thirteen professional rugby players, divided into two groups (standard bench press and bench press with chains) followed a programme working at 75% of one repetition maximum. Results showed mean and peak velocities increased by 10% in the bench press with chains. Unloading eccentrically (downward/lowering phase of bench press) enhances a quicker SSC transition, maximising muscle recruitment over a short amount of time, thus increasing overall power output. Similarly, increasing PAP (excitation of the neuromuscular system) increases power production in following sets and repetitions. 

Although the effectiveness of VRT is evident, strength and conditioning practitioners contemplating incorporating VRT into a training programme must be aware to account for the added load of resistance bands and chains.
Shoepe et al (2010) study into the loading patterns, weight and length of bands on resistance suggest that differences in resistance levels occur as a result of the band thickness, attachment technique and exercise performed. Measuring the resistance of five bands (varying in thickness) during bench press and squat movements, displayed a large load range between the thinnest to the thickest resistance band, highlighting that it is extremely difficult to predict load without error.
Continuing studies from McMaster et al (2010) into the quantification of rubber band and chain-based resistance modes, highlight that individuals using variable resistance tools must consider that there can be a 3.5-5.2% difference between two identical bands which results in a mean tension imbalance of 8-9%. These results were produced when the force and load of five resistance bands and five chains, increasing in ten-centimetre increments were measured using a load cell and force plate. 
Haff and Triplett (2016) further specify that an athlete wishing to train at a specific percentage of one repetition maximum must determine the load of a resistance band, during the top of a movement and the bottom of the movement and calculate the average load. If an individual wants to work at hundred kilogrammes, they must subtract the average load of the resistance bands from the hundred kilogrammes on the bar. 
Without efficiently calculating correct load, athletes may be subject to fatigue, overtraining and injury. 

There is much debate between professional practitioners and published literature on whether VRT has a greater effect on power development than traditional resistance training.

It is evident from three studies that power programmes prescribing VRT for 20-30% of total load significantly improve power in comparison to traditional resistance training. 
Riviere et al (2017) research involving sixteen youth elite rugby league players divided into two groups (VRT group and traditional strength training group) taking part in a six-week upper body training programme displayed that VRT group had greater improvement percentage of mean power post six week implemented training programme than the traditional group. The study placed an emphasis on resistance bands and chains accounting for twenty percent of total load.
Berning et al (2008) also emphasises that to achieve the greatest adaptations to power output, resistance bands and chains should account for twenty to thirty-five percent of total load. The study on the influence of chain resistance on the Olympic clean, displayed that the individuals in the VRT groups exerted greater force and power through the Olympic lift than those performing without chains. 
Thirdly, Joy et al (2016) results from a clinical trial on the effects of elastic bands as a component of periodized resistance training again coincide with the hypothesis of the three previous studies. Fourteen male national basketball players, divided into two groups (VRT training group and control group), involved the VRT training once a week with elastic bands accounting for thirty percent of one repetition maximum, again supporting Riviere and Berning’s research. Results displayed a greater power value increase in vertical jump test results in the VRT group post treatment implementation in comparison to the control group.   
Riviere, Berning and Joy’s studies all involved experienced elite athletes, competing regionally or nationally. This must be taken into consideration when analysing the data collected, conscious of the varying results that may take place with untrained and recreationally trained individuals.
Two studies assessing power levels through squat movements also support VRT superiority.
Anderson et al (2008) seven-week study on the effects of VRT and free weight resistance training on strength and power displayed that average power improvement in countermovement jump tests results pre and post training were significantly greater in the VRT group (from 1432.0 to 1499.85) than in the free weight resistance group. 
Rhea et al (2009) twelve-week study on the effects of squat speed alterations and elastic band use with forty-eight male, national level athletes highlighted a greater power percentage increase in the fast movement accommodated resistance group (17.8%), in comparison with the light resistance/fast movement group (11.0%) and heavy resistance/slow movement group (4.8%) post training implementation. 

Through research, three studies opposed VRT superiority.
Ataee et al (2014) control trial studying the effects accommodation and constant resistance training had on strength and power in athletes displayed no improvement in one group opposed to the other. Twenty-four trained athletes took part in a four-week training programme, specifically involving bench press and the squat. Testing post training showed there were no significant increases or decreases in upper and lower body power between both groups. This however, may have been due to the short duration of the training programme.
Andersen et al (2015) also disagrees with the superiority of VRT. Comparing the effects of VRT and constant resistance training on lower limb, thirty-two females were randomised into two groups (free-weights group and VRT group) and completed a ten-week training programme. Post implemented training, both groups had similar increases in muscle activation and power output, with a slightly greater increase in the free-weights resistance group results (12-16%) compared to the VRT (10-15%).
Thirdly, Archer et al (2016) one-week control trial studying the short-term effects of jump squat training with or without chains showed little difference of the effectiveness of VRT on power development. Three groups; no chains, chains and control were made up of thirty-one resistance trained men, with the no chains and chains groups training three times weekly at thirty percent of one repetition maximum. Back squat and jump height tests were taken pre and post weeks training and highlighted little significance between groups, with the chain group’s vertical jump test results increasing 1.26 and the no chains group increasing by 2.1 from pre to post testing. 
However, we must consider that a week of training is an extremely small amount of time to generate any adaptations unless the individual is inexperienced and untrained. It must also be noted that thirty percent of one repetition maximum is a low intensity and load, which may have contributed to the lack of power development, making longer duration studies more reliable. 

From research conducted and the literature reviewed it is evident that both resistance training and VRT are extremely successful in improving the power of an individual and both have their place within the strength and conditioning field. 
However, there is a collection of high-quality research comparing strength training to VRT and it is apparent that VRT is superior to strength training. 
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