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	Module Learning Outcomes 
(from module syllabus)

	
· Critically evaluate the effectiveness of a range of recent advanced training methods.

· Integrate advanced training methods effectively into a training programme.

· Use technology effectively to enhance training outcomes and monitoring.





	
TASK DESCRIPTION





Produce a report in the form of a review article, which critically evaluates the effectiveness of one of the recent developments in training methodologies studied during this module. 
 
In order to achieve this task, you will need to begin by describing the currently accepted/established training methodologies for the component of health/performance that you are focussing on, then detail the new methodology and how it differs from the established practice. Following this you must critically evaluate their respective effectiveness, using good quality evidence from research to support your review. 
 










Does Variable Resistance Training Improve Muscular Strength?

Introduction
Resistance training (RT) involves various training including machine and free weights, RT can improve injury prevention, overall fitness, bodybuilding, and competitive sport training (Stone, Stone and Sands, 2007). There are many ways that resistance can be altered to induce musculoskeletal adaptation, one method is variable resistance, this type of equipment can be used to change the external load or resistance throughout the motion (McMaster et al,2009) this is classified as semi-isokinetic exercise (Stone, Plisk and Collins,2002). This can also involve the use of chains attached to the barbell, using these methods expose strength, in tests such as 1 repetition max or maximal strength (Baker and Newton). This report will provide if Variable Resistance has a positive effect on muscular strength in comparison to normal resistance training.
Muscular Strength 
[bookmark: _Hlk61900411][bookmark: _Hlk61908720]Muscular Strength is the ability of a muscle or muscle group to exert maximum force against a resistance with a single contraction (Xiao, Kang, & Zhuang, 2016). Increasing muscular strength has been proven to increase bone strength which reduces chance of osteoporosis, musculotendinous integrity, and wellbeing (Xiao, Kang, & Zhuang, 2016).  There are many ways to increase muscular strength, these ways involve using free weights and weight machines which involve resistance training programmes which prove to increase muscular strength (Jakobsen et al., 2013).  To get the most of out of resistance training, alterations made to certain variables such as frequency, time under tensions, exercise selection and supervision (Schoenfield BJ,2010). 
To maximize strength gains untrained individuals should train with an intensity of 60% of the individuals one repetition max but for trained individuals they should be training with 80% of their one repetition max, training each muscle group 3 times a week and 2 days a week for trained individuals (Rhea et al,2003).


One training method is muscle hypertrophy. Hypertrophy is one of central adaptions to resistance training (American College of Sports Medicine,2009). Haun et al (2019) states that muscle hypertrophy is at whole level muscle or the muscle fibre level. When recommending exercise an important factor is the external load, American College of Sports Medicine (2009) current resistance guidelines recommend a load of 70%-85% if one-repetition max when training hypertrophy. The intensity is conveyed as percentage of one-repetition max and equal to the number of repetitions performed at a given weight (Schoenfield BJ,2010).
Another Strength training method is the 1 repetition maximum (RM) testing. This type of testing in resistance training has been utilized to calculate strength to recommend training programmes by trainers, rehabilitation specialists and strength coaches (Reynolds, Gordon and Robergs, 2006). Also is considered as a gold standard for assessing muscle strength in non-laboratory situations (Levinger et al,2009). It is classified as lifting for only one time at maximal weight and requires inexpensive non-laboratory equipment (Kramer et al,2006). Protocols include of only one exercise per day or different time and intervals higher than 24hrs to avoid potential neural fatigue (Garcia et al,2011). There has been a lot of research on 1rm testing and this has become a reliable way of determining strength in trained and untrained subjects (Reynolds et al,2006). Major compound exercises including bench press and squat has shown reliable measurement of strength (Flansbejr and Lexell, 2010). 

Variable Resistance Training (Elastic Bands and Chains)
[bookmark: _Hlk62071613]Variable Resistance training (VRT) has been a popular use of training creating different training adaptions in comparison to normal resistance training, VRT changes external resistance throughout the range of motion of an exercise (Ebben and Jensen,2002). VRT is normally used in 3 ways: 1 (cam systems) which control strength curve of resistance exercise, (2) chain resistance and (3) elastic bands (Wallace, Bergstrom, and Butterfield,2018). Elastic bands and chains can be used to be attached on the barbell and can be used in multi joint exercises with an ascending strength curve including exercises such as back squat or a descending strength curve including exercises such as pull ups or bent over rows (Wallace, Bergstrom, and Butterfield,2018).


[bookmark: _Hlk62148321]Human Strength Curves are split into 3 categories: ascending, descending and bell shaped and are based on the force angle (torque) correlation with the musculoskeletal system (Fleck and Kraemer,2004). Exercises with ascending strength curve as stated before including exercises with deadlift, bench press, leg press and shoulder press; with these exercises the produced forced and maximum strength happens near the top of the lift (Fleck and Kraemer,2004). In relation to descending curve exercises including bent over rows and pull ups the maximum strength is produced at the start of the lift (Travis et al,2009).
[bookmark: _Hlk62213808]Chain can be included to free weights to vary the loading pattern and training stimulus; this type of training has become very popular as elite powerlifters and weightlifters include this into training programmes even though it is an unconventional training method (Travis et al,2009). Including chains to a bar has a similar effect as Resistance Bands, as the bar rises resistance increases as the chains are lifted off the ground and on the downwards phase resistance decreases (Berning, Coker and Adams,2008). When loading the bar with Chains it is important to consider the weight, length, structure, and density; Chains should be a minimum of 2½ meters in length as some movements have a larger range of bar displacement in relation to the exercise lift and height of athlete (Trabis et al,2009). 
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Description automatically generated]Bernings, Coker and Adams (2009) made a chart in relation to the mass, diameter, and length of the chains.  

In relation to strength curves exercises with a descending strength curve may not be properly loaded with chains as chain weight increases with positive linear curve (Traivs et al,2009)



[bookmark: _Hlk62213513]Elastic bands are a form of elastic resistance that is more affordable in comparison to exercise machines and free weights, Bands vary in terms of resistance levels and each level of resistance is determined by colour (Simoneau et al, 2001). Bands made by Thera Band come in yellow, red, green, blue, black, silver and gold and is measured in kilograms or in pounds (Guex, Daucourt, & Borloz, 2015). The resistance depends on elastic constant and percent elongation of the band and the band with the larger band will have higher resistance (Melchiorri & Rainoldi, 2011). Resistance band training programmes are very versatile, they are typically found in rehabilitation centres to strengthen the muscle up to recover from injury, but they can be used in regular free weight and weight machine programmes (Labat and Hey,2017).  The resistance of the bands happens in the vertical plane throughout the motion of the exercise and in the horizontal plane (Melchiorri & Rainoldi, 2011). When performing a bicep curl, the end phase of the movement requires no strength at all, but with the resistance bands there is increased tension at the end phase and throughout the motion (Melchiorri & Rainoldi,2011).
In relation to Electromyography (EMG) this indicates the amount of maximal muscle activity used during a movement (Labat and Hey,2017). EMG activity of 60% or more in a movement shows physiological adaptions such as gains in strength and hypertrophy and neural adaptions (Stundstrup et al,2014). A study done by Jakobsen et al (2013) used lunges with dumbbells and elastic bands and assessed EMG. The results found that EMG activity increased when the knee joint got close to full extension with bands, without bands EMG levels were constant.
VRT programmes to improve muscular strength are performed using accessories such as elastic bands or chains, this allows the velocity of load displacement to variate (Gila,2015). The goal of using variable resistance training is to trigger neural adaptions and stimulate a high variation of stimuli improving muscular strength, including 1 repetition max and maximal strength (Joy,2013). Different authors claim that VRT resistance training reduce the mechanical disadvantage of the sticking point when free weight training is included (Anderson, Sforzo, Sigg,2008). 


`

Critical Analysis of Variable Resistance
A study was done by Riviere and others (2017) to examine strength, velocity, and power adaptations than traditional resistance training in elite youth rugby league players. The subjects were 16 elite youth rugby players form Dragons Catalans rugby academy team (age: 17.8 ± 0.9 years; height: 181.1 ± 8.3 cm; weight: 82.6 ± 10.9 kg; bench press 1RM: 100.6 ± 18.0 kg; bench press 1RM to body mass ratio: 1.2 ± 0.2 kg·kg 1). 
 Prior to training screening questionnaires and medical screening were taken place to assess any medical screening. The training intervention took place in the competitive phase with one on Tuesday focusing on development of strength and on Friday focusing on power. Riviere et al (2017) targeted both upper and lower muscles emphasizing on free weight compound exercises. The Variable Resistance Program (VRT) and The Traditional Resistance (TRD) Programme use the same training programme except the VRT group trained the bench press exercise with 20% of the load came from the bands. A warmup was included with an upper mobility routine and lower mobility routine was followed and 3 warm up sets were done before each resistance exercises. Two elastic bands (www.sci-sport.com_) were twisted around an Olympic bar as tight as possible to get 20% of 1 repetition max (1rm) and forced produce at the top and bottom of the lifts was measured.
Riviere and colleagues (2017) found the VRT group has larger increases in both absolute (ES= 0.46 vs. 0.20) and relative (ES=0.41 vs 0.19) 1rm bench press. The VRT group has bigger increases in velocity and power against the TRD group. The time of this study was 6 weeks.

[bookmark: _Hlk62211830]A study done by Anderson, Sforzo and John (2008) look at if combined elastic and free weight resistance gives out different strength and power adaption than free weight training alone. The population were 44 20+1 years athletes trained Division I-A athletes recruited from men’s wrestling team and women’s basketball and hockey teams at Cornell University. A pre-post testing design was used with treatment subjects using CR training techniques for 7 weeks, while the control group trained in a similar fashion using FWR only. Upper body and Lower body exercises were performed on alternate days 3 times a week each week. Sets of 3 to 6 and repetition with an intensity 0f 72-98% of 1 repetition max with 2-3 minutes rest was given between sets. Elastic bands were only used and bench press and back squats exercises. This bands were attached to the bottom of the power rack and around the bar and the other control group just used free weights.  In terms of strengths assessments each athlete had 3-6 attempts with progressively increasing weight to achieve a 1-3 rm given 3–5-minute break among sets. Anderson and colleague (2008) concluded that compared with group that just done free weight training strength values were nearly 3 time greater for back squat (16.47 ± 5.67 vs. 6.84 ± 4.42 kg increase) and two times greater (6.68 ± 3.41 vs. 3.34 ± 2.67 kg increase) bench press.  The outcome is that training with bands may be better than training with free weight by itself for developing strength. This study took a time of 7 weeks.

A study done by Ghihiarelli and colleagues (2009) assessed the effects heavy elastic band weight chain program on upper body strength and upper body power in a sample of Division I-AA football players. 36 healthy men aged from 18-30 were chosen from Robert Morris University Football Team.  The resistance training programme involved 4-5 sessions per week with a total of 28 sessions. There were 48-hour rest period recovery before targeting the body part twice a week. Subjects were split into 3 groups Elastic band (EB), Weighted chain (WC) and traditional bench (C). Three chains were attached to the barbell and a total of 6 chains on the bar, the chains combined weight was a total of 85-90lbs. The elastic bands were increased progressively during the concentric part of each repetition. The Bands were used at the bottom of the bench press creating maximum tension at the top. The results showed greater nonsignificant improvements in Elastic Band (EB) and Weight Chained (WC) in comparison to Traditional. The outcome was the use of EB, and WC training combined with an offseason programme can increase overall strength gains. The time it took for this study was 7 weeks.

A study was done by McCurdy et al (2009) but only looking with the comparison of chain and plate loaded bench press training on strength, joint pain, and muscle soreness in Division II baseball players. 27 Division II baseball players completed this study in the off season and all of them had a minimum of 1 year resistance training and have not had experience in chain loaded resistance. The subjects were divided into two group CR (chain loaded) or PR (plate loaded) group. During the study, the athletes were instructed to refrain from performing any type of bench press movement and follow the training protocol on the study, before each session a sport specific warm up and upper body stretches were included, and a linear resistance programme was used. The CR group had chains loaded on the bar as entire load and the PR group had only plate loaded resistance, the chains gave a vary in resistance as the load decreases when chains are lifted off the floor and load increases when the weight ascends off the floor. They found that both groups were able to improve strength, but there were no significant differences found in strength improvement between both groups. This study took 9 weeks in their off season.

Conclusion
After looking at Resistance Bands and Chains as a form of VR training). Resistance depends on elastic constant and percent elongation of the band and the band with the larger band will have higher resistance (Melchiorri & Rainoldi, 2011). Resistance band training programmes can cater anyone and are found in rehabilitation centres to strengthen the muscle up to recover from injury, but also used in regular free weight and weight machine programmes (Labat and Hey,2017).  The resistance of the bands happens in the vertical plane throughout the motion of the exercise and in the horizontal plane.
Chains increase with a positive linear curve and can be added to free weight exercises to stimulate load. chains to a bar has a similar effect as Resistance Bands, as the bar rises resistance increases as the chains are lifted off the ground and on the downwards phase resistance decreases.
Concluding the evidence gathered it shows that Variable Resistance training does improve muscular strength than traditional training methods. Riviere and colleagues (2017) found the Variable resistance group has larger increases in both absolute (ES= 0.46 vs. 0.20) and relative (ES=0.41 vs 0.19) 1rm bench press in elite youth rugby players and Anderson and colleagues (2008) found that compared with group that just done free weight training strength values were nearly 3 time greater for back squat and two times greater bench press.  
Furthermore, both studies conducted by Mcurdy et al (2009) who looked at Chain resistance in comparison to traditional resistance found that chain resistance did improve strength but not by significant amount and the study by Ghihiarelli and colleagues (2009) looked at heavy elastic band programs and chain loading compared to traditional resistance and found improvements in muscular strength between the group but there was not a significant increase.
In relation to these results, it shows that Variable Resistance Training can improve muscular strength in comparison to traditional resistance training programmes. Resistance bands show to have a much better effect on muscular strength than loading chains on the bar. The practically of the Resistance bands are much better as it is a lot cheaper than chains and much more popular and easier to apply to regular training programmes. 
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