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Variable Resistance Training Versus Constant Resistance Training: A Literature Review

Introduction
The enhancement of athletic performance, maintenance of a healthy lifestyle and the prevention of injury have generally been the main goals of partaking in resistance training. A well-designed resistance programme has the potential to elicit favourable muscular adaptations (Schoenfeld et al., 2014), largely attributed to a balance between muscle protein breakdown and muscle protein synthesis (Ogasawara et al., 2013). This is possible through the release of various proteins and anabolic hormones, assisting in the rejuvenation of damaged tissues, following trauma created in muscle fibres (Haff and Triplett, 2016). Moreover, it is understood that the initial increases in strength are most likely due to factors surrounding neural adaptations (Baker, Wilson and Carlyon, 1994). It is also suggested that further physiological responses will reduce overtime, as the upper limit of an athlete’s genetic potential is reached (Haff and Triplett, 2016). As the performance level of an athlete may depend on their strength abilities (Baker, Wilson and Carlyon, 1994), the importance of creating a training stimulus could be regarded as vital to ensuring adaptations take place to elicit increases in strength. 
Wilson and Kritz (2014) describe three modes to resistance training: constant resistance, the movement through a full range of motion with the application of an external load, which is the conventionally applied method; accommodating resistance, involving a maximally contracted velocity controlled movement, formally known as an isokinetic contraction; and variable resistance (VR), which entails the alignment of muscular force potentiality with a variable resistance through a specifically inclined range of movement. Each of the above modes of resistance training offers a different mechanical stimulus and elicits different muscular adaptations. Using the human strength curve seen in Graph 1, both single and multi-joint movements are demonstrated by 2 and 3-dimensional coordinates respectively. In the musculoskeletal system, a force-angle association is present which is displayed by ascending, descending and bell-shaped curves. Moreover, this establishes an estimation of the possible capabilities of the muscle in a given exercise through the calculation of torque at each joint used (McMaster, Cronin and McGuigan, 2009).

Graph 1: Human Strength Curve

Graph 1: (McMaster, Cronin and McGuigan, 2009)

Conventional Resistance Training Method
[bookmark: _Hlk500780636]The use of both static and dynamic movements is commonly found in a resistance training programme: static, consisting of a contraction being held at a fixed position for a designated period of time and dynamic, consisting traditionally of the use of 2 phases – concentric, the shortening of the muscle fibres, and eccentric, the lengthening of the muscle fibres (Roig et al., 2008). The progressive and overload principles are now widely accepted as the foundation of design in many resistance training programmes (Bird, Tarpenning and Marino, 2005). During the application of these principles, many variables can be managed to accentuate specific adaptations. The number of repetitions, sets, exercises and changes to load or recovery time are the general variables manipulated (Bird, Tarpenning and Marino, 2005). Several findings (Anderson and Kearney, (1982), Stone and Coulter, (1994) and Campos et al., (2002)) suggest a high load, low repetition scheme is beneficial in achieving greater strength adaptations, with research on the number of sets suggesting 2 to 3 per exercise to be optimal. Furthermore, the same research also concludes that the use of more than 3 sets has no additional benefit (Krieger, 2009). However, the earlier findings of Ostrowski et al (1997), suggests 3, 6 and 12 sets all showed similar increases in one repetition maximum (1RM) following a 10-week period, with no significant difference between the set protocols (Ostrowski et al., 1997). Moreover, it is suggested that the utilisation of a longer rest period (3-5 minutes) is beneficial for greater strength adaptations (de Salles et al., 2009). The guidelines outlined by the National Strength and Conditioning Association (load: ≥85% of 1RM, rep range: ≤6, set range: 2-6, rest between sets: 2-5 minutes) provide the suggested consensus for achieving optimal strength adaptations (Haff and Triplett, 2016), which in turn allow for the possibility of using the progressive overload method mentioned above to ensure a constant training stimulus is created. 
As previously mentioned, these conventional methods of increasing strength are possibly limited due to an athlete reaching the upper limit of their genetic predisposition. Furthermore, accepting the generalisation that “strength is the ability to exert force” (Haff and Triplett, 2016), Frost, Cronin and Newton, (2010) suggest that force development may be a limiting factor of an athlete’s ability to move at high speeds. The possibility of this is due to constant resistance training providing reduced velocity and power output in both the early and later stages of the movement. Therefore, it is possible that using only constant resistance as a training method may limit the athlete’s potential, as muscular activation is not evident throughout the entire range of motion due to joint leverages (Frost, Cronin and Newton, 2010). Hence, the need for an advanced training method is apparent in providing a training stimulus to further the possibilities of creating muscular adaptations and increasing an athlete’s overall performance with transferability to their sport. 

Variable Resistance (VR) Training 
To reduce the limitations found in forms of conventional resistance training, particularly the variability of muscle tension at different joint angles and the significant loss in concentric force found as a result of the deceleration, the application of VR through the use of elasticated bands and chains, as an advanced method, has the ability to balance the resisting force throughout the whole movement, adapting to the changes seen in joint leverages (Frost, Cronin and Newton, 2010). The elasticated bands are applied in a squat, by attaching one end to the barbell and the other to either a heavy dumbbell or an attachment on the squat rack. The chains are simply attached to the barbell allowing even distribution, so that one end is touching the floor at the top of the lift (Haff and Triplett, 2016).  The elasticated bands allow the use of a lesser mass with a greater acceleration, although, as displacement of the band occurs during the end of the concentric phase, a greater force is needed to complete the movement which means the completion of this phase would be of greater difficulty in comparison to the completion of an exercise using only the conventional method. Therefore, starting the concentric movement with a greater acceleration would be needed in order to counteract the displacement of the elastic band. Moreover, this would also provide greater eccentric properties during the start of the second phase, requiring sufficient control throughout. It is suggested that the use of bands is required alongside an external load to benefit the end range of motion as on its own, the overload is inadequate for stimulation. When chains are utilised, the external mass is dependent on the number of links touching the floor during the start of the movement in addition to the external load of the bar and plates. Throughout the concentric phase, the links would rise from the floor increasing the overall mass. Therefore, in common with elasticated bands, resistance is increasing throughout the concentric phase and the mass reduces throughout the eccentric phase as the links return to the floor. The use of chains offers a similar stimulus to the elasticated bands by increasing resistance at the point of mechanical advantage produced by joint leverages which create stimulus throughout the full range of movement (Frost, Cronin and Newton, 2010). When using this method, the total mass can be calculated using Table 1 for the bands and Table 2 for the chains. 
During this review of literature, the use of VR as an advanced training method will be discussed together with the possible advantages of increasing strength opposed to the conventional resistance training recommended by the National Strength and Conditioning Association.

Table 1: Length Tension Relationship of Elasticated Bands
[image: ]
Table 1: (Walker, 2017)

Table 2: Mass, Length and Diameter of Chains
[image: ]
Table 2: (Haff and Triplett, 2016)
Existing Literature
Rhea, Kenn and Dermody (2009) devised a randomly controlled trial involving 48 athletes divided into three groups: a slow movement group, a fast movement group and the experimental group (FACC), which used a fast movement (50% of 1RM back squat) with an accommodated resistance (elasticated band). Maximal strength was measured over a twelve-week period using a barbell back squat. The findings suggest that all groups increased maximal strength with the slow and FACC groups experiencing the greatest – and similar – improvements.  The effect size improvement was greater in the FACC group for both strength and power.
Anderson, Sforzo and Sigg (2008) also discovered that the combination of elastic resistance (20% of 1RM) and free weights by athletes can lead to improvements in estimated 1RM, not only in lower body strength but also in upper body strength, with the study spanning seven weeks including 44 male and female athletes.  Indeed, the improvements were significant – nearly three times greater for back squat and two times greater for bench press in the experimental group.  
Shoepe et al (2011) similarly assessed strength through 1RM testing the squat and bench press by simultaneously using elasticated bands and free weights (25-30% of training load used with bands), which was used with 20 novice lifters over a 24-week period. Significant improvements were found with the simultaneous use of elasticated bands with free weights as well as the use of free weights alone when compared with a control group, with no significant difference between the two groups.  
In the same manner, Bellar et al (2011) tested 1RM strength with the combination of elastic (15% of load) and free-weight tension (85%of load) against a free weight only group. This 13-week study only tested bench press, with 11 untrained males and found significant increases in strength for both groups, although, the use of elasticated bands along with free weights showed a significantly greater increase in strength when compared to the free weight only group.
Ghigiarelli et al (2009), not only tested the use of elasticated bands but also the use of chains (38-40kg) against a control group to assess the effects on predicted 1RM strength in the bench press exercise. In this 7-week intervention, all groups totalling 36 athletes significantly increased bench press with no significant difference between the groups. 
McCurdy et al (2009) compared the effects of chains alone and plate-loaded bench press, in a study spanning 9 weeks, with division II baseball players. Athletes were divided into two groups with pre- and post-testing for 1RM strength on both chain-loaded and plate-loaded bench press. Although significant increases in strength were found for both groups, no significant differences were reported between them.
A more recent study by Archer et al (2016), divided 31 resistance-trained men into three groups:  chains, no chains and control. This study investigated the effects of short-term jump squat training both with chains (at 20% of the load) and without chains, on both strength and power. 1RM back squat strength was both pre- and post-tested following only 3 training sessions spread over the course of one week. Although both the no chains and chains group significantly increased strength, no difference was found between the groups, with the control group showing no change in strength.

Discussion 
The purpose of this review is to assess the available literature on VR training and the possible advantages of this advanced training method over conventional methods for the improvement of strength. To assess the quality of available literature, a number of factors need to be considered: firstly, the populations tested, which covered a wide range of training abilities as the groups included athletes (Rhea, Kenn and Dermody (2009), Anderson, Sforzo and Sigg (2008), Ghigiarelli et al., (2009), and McCurdy et al., (2009)), resistance trained males (Archer et al., (2016)), novice lifters (Shoepe et al., (2011)) and untrained males (Bellar et al., (2011)). Secondly, employing a number of VR methods which help distinguish the possible modalities available and their outcomes, specifically the use of free weights with the addition of elasticated bands covered by Rhea, Kenn and Dermody (2009), Anderson, Sforzo and Sigg (2008), Shoepe et al (2011), and Bellar et al (2011); two experimental groups – an elasticated band group and a group using chains – studied by Ghigiarelli et al (2009); the use of chains alone by McCurdy et al (2009); and the use of free weights with the addition of chains by Archer et al (2016). Based on the available literature, it is evident that the use of free weights with the addition of elasticated bands is the favoured choice for research, furthermore, as previously discussed in the VR training section, it is also the suggested method of use as elasticated bands alone fail to provide an adequate overload stimulation. Thirdly, the length of study chosen can also be used to assess the quality of literature as it provides useful guidelines for future research and prescription. As can be seen, different timescales were used in different studies particularly 1 week by Archer et al (2016); 7 weeks by Ghigiarelli et al (2009), and Anderson, Sforzo and Sigg (2008); 9 weeks by McCurdy et al (2009); 12 weeks by Rhea, Kenn and Dermody (2009); 13 weeks by Bellar et al (2011); and 24 weeks by Shoepe et al (2011). Moreover, a number of inconsistencies can be noted within the literature discussed, namely the variety in percentages of load used from VR, with Bellar et al (2011) using 15% of the load with the elasticated bands; Anderson, Sforzo and Sigg (2008), and Archer et al (2016), both using 20% of the load from elasticated bands and chains respectively; Shoepe et al (2011) using 25-30% of the load from elasticated bands; McCurdy et al (2009) using 100% of the load from chains; Ghigiarelli et al (2009) not mentioning the percentage of load from the elasticated bands and using 38-40kg of the load lifted from chains not stipulating the load percentage; and Rhea, Kenn and Dermody (2009) also not mentioning percentage of load while expressing that 50% of 1RM was used with the addition of elasticated bands. Such an inconsistency may make it difficult to implement these interventions. Furthermore, strength testing was not consistent throughout all studies: Rhea, Kenn and Dermody (2009), Shoepe et al (2011), Bellar et al (2011), McCurdy et al (2009) and Archer et al (2016) used a 1RM strength test; Anderson, Sforzo and Sigg (2008) used an equation estimation to acquire a 1RM; and Ghigiarelli et al (2009) predicted 1RM using a five to seven repetition model with the latter testing models, although validated by the respective researcher, show inconsistent comparisons between the literature. Another inconsistency is the exercises utilised in the studies which make it harder to achieve an accurate comparison as Rhea, Kenn and Dermody (2009), and Archer et al (2016) used the back squat alone; Anderson, Sforzo and Sigg (2008), and Shoepe et al (2011) used both back squat and bench press; and Bellar et al (2011), Ghigiarelli et al (2009), and McCurdy et al (2009) used only bench press. However, the specificities of sport, training abilities and training level should be considered as possible reasons for the chosen exercises.
Turning now to the experimental evidence on VR as an advanced training method, it is apparent that all studies showed improvements for strength for the VR groups as well as the conventional methods. Anderson, Sforzo and Sigg (2008) and Bellar et al (2011) both reported findings suggesting significantly greater increases for strength when a combination of elasticated bands and free weights are used in comparison to the use of free weights alone. Moreover, with the training level and history associated with the physical condition of athletes, it is possible to assume physiological responses will have reduced over time, as mentioned in the introduction. Hence, creating stimulus with the athletic population is imperative for the improvement of performance. The findings of Anderson, Sforzo and Sigg (2008) suggest that this is indeed possible with the use of VR training, however, this is not supported by the findings of Rhea, Kenn and Dermody (2009), Ghigiarelli et al (2009), and McCurdy et al (2009), which all similarly researching the effects of VR on strength within the athletic community.

Conclusion
In conclusion, VR training as an advanced method has the potential to increase strength in a variety of populations and, in addition, can assist with increasing strength in elite athletes. Interestingly, the two studies by Anderson, Sforzo and Sigg (2008) and Bellar et al (2011) showed greater increases in strength as a result of VR training compared with conventional methods, however, this was not seen across all studies which would indicate that further research is required to investigate the validity of these results. Although benefits are seen using this method, consideration must be taken regarding the difficulty of use when compared with conventional methods. Furthermore, the complexity of VR in estimating correct mass and 1RM percentages requires calculations to be made prior to lifting, potentially leading to further difficulties for novice lifters. The requirement of control in this form of training suggests athletes would be a better suited population for this model due to their training level and lifting experience. 
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Table 1. Length-tension relationship of elastic bands (2).
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