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Elastic band resistance and free weight resistance vs Free weight resistance on 1RM strength

Introduction
Variable resistance, more specifically elastic band resistance can be used along side free weights which theoretically improves strength output (Anderson et al 2008). They can be used as a good tool for most athletes and coaches due to their low cost and easily understood nature(Wilson and Kritz 2014). This paper looks at whether there is a benefit in using elastic bands with free weights as a Combined resistance to improve strength output vs Free weights on their own. The standard style for strength training is primarily free weights. For squat and bench which is what most of the tests in this paper look at, the free weights being used include; a barbell and weight plates. Equipment manufacturers have identified the lack of focus on muscle contraction intensity not staying the same throughout the lift with free weights and the need to optimise this (Silvester et al 1981). Variable resistance aligns with the force capabilities of a muscle through a range of motion giving different parts of the lift different weights. Due to levers, muscles which are closer to their full contraction can lift a greater amount of weight than if the muscle was at full extension. (D McMaster, J Cronin, M Mcguigan 2009). 

Free Weights 
Free weights are the most used form of resistance training (W L Kenney et al. 2015). Free weights are a form of constant resistance and looking at 1RM, the maximum weight that can be lifted can  only be as heavy as the weakest part of your lever during the lift (Saeterbakken et al 2014). Free weights can be used for a variety of different exercises and lifts. Most common free weight lifts include barbell squat, Barbell Bench, Barbell deadlift. Free weights have the advantage over machines as they have free movement and feel a lot more similar to natural movement patterns. Free weights also allow for the need to balance and stabilise the movement during the lift as there are more than 1 plane of motion to consider(Cotterman et al 2005). Free weights can either be used to isolate or group muscles while doing a given lift or exercise. The main issue with free weights is the weight remains unchanged throughout the lift. When the muscle is at its shortest it can move heavier loads than if the muscle was at full extension (F Delavier and M Gundill 2009). Strength was assumed for years to be a result in hypertrophy, This is due to a gain in muscle size worked closely to a gain in muscle strength however strength is not primarily due to muscle size (Delavier and Gundill 2009). Free weights can be used by children, athletes, elders and can help improve health without changing BMI but can cause a muscle increase and have other health benefits. Free weights often have positive acute psychological responses as well as physiological responses ( Carraro et al 2018). Free weights can be a issue when training for strength due to the bodies levers varying in strength. This limits the weight you can lift due to a point in the movement often where the muscles are at full extension. With your stronger part of the levers lifting the same weight as the weakest part, this doesn't train the entire muscle contractions at the same intensity throughout the lift (Anderson et al 2008). While free weights have their limitations they also are a crucial part of all lifting training programme. Free weights are cheaply accessible and universal. Most people have access to gym facilities where there are free weights available. This makes them a good tool for most people as it can be universally standardised from place to place (F Delavier and M Gundill 2009). Guidelines in 2017 for maintaining and developing musculoskeletal fitness point out the importance of the combined use of free weights, weight machines and resistance elastic bands (Oliveira et al 2017).



Elastic bands 
Elastic bands are a form of variable resistance meaning throughout the lift the resistance changes. They are commonly seen in strength and conditioning environments and most people are familiar with them and/or have access to them as they aren't expensive (Wilson and Kritz 2014). VR (Variable Resistance) allows you to have a isokinetic resistance due to its adaptive weight change. Elastic bands alter the resistance placed on the musculoskeletal system throughout the range of motion in a attempt to get closer to the varied strength curve of a muscle group (McMaster et al 2009). You can either use resistance bands in a negative or positive weight position. Having the bands resisting the direction of movement will make the lift gradually get harder however having the bands in the direction of movement will gradually make the lift easier (Paditsaree et al 2016). Elastic bands as a piece of training equipment can be used for various different reasons not just strength based. Elastic bands can be used to improve speed and efficiency for lifting as well as the delay in deceleration causing a increase in duration of acceleration throughout the lift. (Riviera et al 2016). In the final stage of a lift the muscles slow down in order to prevent a injury to occur. VR allows the muscle to carry on at a greater speed for longer (Soria-gila 2015).  Elastic bands allow a larger range of motion for both concentric and eccentric muscle contractions throughout the movement (Patterson et al 2001). Elastic bands are very rarely used on their own during lifting however are used by combining them with free weights to create combined resistance (CR). Variable resistance works with the force capabilities of a muscle through a range of motion which gives different parts of the lift different desired intensities (McMaster et.al 2009). Elastic bands have been used in and around the hospital and rehabilitation settings and are widely recommended for elderly use (Shaw et al 2015). With the knowledge we have on elastic bands as piece of additional equipment to free weights, it should present a greater strength increase due to adequately customising the resistance better and cause a higher resistance throughout the whole lift (Saeterbakken et al 2014). To optimise the use of VR you still use a similar total weight at the bottom of the lift as if you were just using free weights however the weight at the top of the lift is greater than at the bottom (Israetel et al 2010).

Critical analysis
Factors which affects outcomes to strength and can affect the results of testing whether VR and FWR are neuromuscular control, muscle fiber type, muscle size, sarcomere length, angle of muscle pull, the force-velocity relationship (Wilson 1994). A study which took place in 2008 looked at determining whether combined elastic and free weight resistance could show a difference in strength and power adaptation compared to just free weight resistance alone. The participants were around the 20 year old mark, ranged from male to female  and there were 44 participants which had a few years of resistance training prior to the experiment however had no previous experience with Elastic or combined resistance training. The experiment went on for 7 weeks and the participants were divided equally those training just Free weight resistance (FWR) and those training with Combined resistance (CR). The elastic bands made up on average 20% of the subjects working rate and 80% of free weights. Their predicted 1RM for both lifts were done by a 3RM effort. The testing looked at bench press and back squat 1RM. The participants were given a training programme to follow which separated the days between upper body and lower body. They were then expected to  train on alternative days three times each week. Only the back squat and bench press was done with CR For the CR group however the FWR group didn't change anything. This study found supplementing weight training with elastic resistance training was effective and showed results in improving bench press and back squat 1RM by using combined resistance. Both back squat and bench FWR showed no significant difference before the training plan to CR. Both CR and FWR bench press improved over the 7 week period. FWR had a 4% improvement in benchpress however the CR group had a 8% improvement.The squat results shows CR group having a 16% increase in strength and FWR only having a 6%. This showed a significant changes in Both the bench press and The squat for a 7 week training period using CR resistance (Anderson et al 2008). This shows that CR can have a significant affect on trained athletes over a short period of time if they use 20% of that resistance coming from elastic bands. (Bellar et al 2011) looked at a similar type of experiment with untrained male participants. They looked at the effects of CR ( 85% free weight and 15% elastic bands) vs FWR on 1RM bench press. This study wasn't to the same scale and only had eleven college aged participants. The study lasted 13 weeks however each training block was only 3 weeks long. The training block looked at 5 sets and 5 repetitions at 85% of their 1rm with 90 seconds rest between sets. This occurred twice a week. Like the previous results there was a greater increases in bench press 1RM with CR being used. The CR showed a average increase of 9.95kg in bench press whereas the FWR showed a 7.56kg. Both training Tests had improvements however this shows that even in untrained athletes there is still a marginal strength benefit to use elastic bands. This study tested the participants after a 3 week period and found significant results over a short period of time. This shows the acute effects of CR on untrained college age students testing bench 1RM. A study which looked at just elite youth rugby players bench pressing compared CR and FWR. the study had sixteen participants and no details on previous lifting training. The participants were split into Cr and FWR. The FWR was made up of 80% free weights and 20% elastic bands. The study went on for 6 weeks and trained twice a week. The bench press 1RM test after the training period recorded a average of 5.21% increase in CR and a average of  4.66% in FWR. This percentage looked at the  comparison from before and after the 6 week training. Both CR and FWR improved their results over the 6 week period. The strength increase was only marginally greater in the CR and the difference wasn't significant enough (Riviere et al 2017). (Shoepe et al 2011) looked at the effects of CR vs FWR in longer periods of training. Their study was 24 weeks long and included 34 fairly active novice lifters. The participants trained 3 days a week doing the same exercises except the CR group had part of their weight from elastic bands. The 24 week training programme wasn't continuous and followed breaks over holiday periods due to the participants being students. The days were split up into lower body which included squats. The upper body day which had bench press in and day three was a combination which included squat bench deadlift. The FWR group had a larger increase in bench press 1RM results however for the squat results the CR results were only marginally greater. The two groups did not have any significant differences between them and the test didn't prove any change in strength with CR or FWR. Both CR and FWR improved at a similar rate. This study left Novice lifters unsupervised and may not have got the most accurate results as if it had someone checking constantly by the conductors of the experiment. 

Conclusion 
The studies primarily indicated good evidence to show that there are positive results and reasons for the use of Elastic bands as a additional piece of equipments in trained and untrained individuals. The results covered a range of age groups and looked at both male and female participants. As studies which looked at untrained participants there was similar strength improvements just using free weights by themselves. I would recommend CR for athletes who already have previous lifting experience as there was a greater margin for improvement. The studies showed short term improvements of the use of CR however long term results are unclear. Participants with less experience in my opinion based on the studies are better off keeping it simple at a earlier stage in their strength training. Studies which looked at Trained athletes will find a greater increases in CR resistance due to the movement being unfamiliar to the participant. The training doesn't even need to be longer than 3 weeks to get noticeable results (Bellar et al 2011). All studies trained at least twice a week only training the tested lifts with elastic bands. The studies all had Combined resistance of about 80-85% free weights and 15-20% elastic bands. The testing showed good results for improving 1RM and I believe it shows a good reason for why athletes who are looking to improve their strength should think about CR as a style of training to add to their programme. Combined resistance also showed good success in both upper body and lower body strength improvements. Elastic bands aren't very expensive and can be used for exercises such as bench press and back squat. They are useful because coaches can prescribe athletes to use this as a form of training without being too complicated and hard to set up. 
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