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Comparing the method of conventional resistance training to the advanced training method of variable resistance training for strength in powerlifting
Introduction
According to Thomas and Burns (2016) resistance training involves using a combination of different methods that can improve explosive power and muscular strength adaptations. Of the many training methods available to improve strength, conventional weight training such as using weights, dumbbells, barbells and weighted machines remains the most widely used within physical exercise (Chulvi-Medrano et al, 2017). This is because weights enable individuals to taper their training, in relation to neuromuscular perspectives, to improve muscular strength and power, increasing oxidative enzymes and positive changes in metabolic and contractile properties that increase muscle fibre size (Hermassi et al, 2019). However, as health and fitness is an ever changing industry there are always new methods and concepts being developed to rival and advance pre existing conventional methods in order to meet established goals. One method in particular vying to challenge this concept is variable resistance training which offers a different strategy to improve strength which could be more beneficial to the individual (Joy et al, 2016). The following report will critically evaluate the effectiveness of conventional weight training in comparison to variable resistance training in improving strength. 
Powerlifting for strength
Strength and resistance training is known for its effective changes in muscle morphology and muscle function that can improve an athlete’s fitness regardless of their sporting discipline (Zavanela et al, 2012). One discipline that primarily relies on improving their power and strength is powerlifting, focusing more on the bracket of over 18years, as research has shown increased injuries in youth through resistance training (RT) due to the immaturity of the musculoskeletal system and ineffectiveness through a lack of circulating anabolic hormones needed to improve strength (Peitz, Behringer and Granacher, 2018). Powerlifting requires immense strength to lift heavy weights using three distinct multi-joint movements, the deadlift, squat and bench press, which need to be lifted to adequate height and depth during competition, relying on the athlete’s strength ability and form for success (Spencer and Croiss, 2015). The idea is to overload the muscle by working at a resistance greater than is usually encountered so that progressive overload causes muscle fibres to become stronger during recovery once resistance is increased (Norris, 2011). Baker et al (2013) state that “this occurs as a result of alterations in hormone levels, neuromuscular junction activity, motor unit recruitment and changes in the muscle contractile proteins”, which stimulates protein synthesis within muscles to grow. This allows powerlifting athletes to become stronger and obtain muscle mass whilst also reducing fat mass, meaning implementation of a proper RT programme is critical for optimal performance (Evans, 2019). Incorporating high intensity, low volume and long rest intervals into a program will target muscle strength and is not to be confused with opposing moderate intensity, high volume and short rest intervals which primarily targets muscle hypertrophy (Mangine et al, 2015). 
Conventional resistance training for strength
 According to Travis et al (2020) powerlifters train with high specificity and follow rigorous training to improve both upper and lower body force production, using periodized training aiming to improve 1 rep max performance. The training phase for powerlifting, usually called the preparatory phase, will focus on RT volume and intensity to increase the loads for lifting the three distinct movements incorporating neuromuscular adaptations, using free weights and pneumatic equipment for 1-2 sets of 2-3 repetitions at a load corresponding to 60/80% of their 1 rep max (Hackett et al, 2020). As periodisation continues, load will increase, increasing 1 rep max to a heavier 80-97%, therefore using weights as an established method for strength training allows the athlete to control the load and increase intensity when necessary (Androulakis-Korakakis et al, 2018). When working with free weights as part of a conventional resistance training (CRT) method, the level of resistance is constant on the joints throughout the movement with strength adaptations being specific to the joint angle trained, therefore the full movement must be completed to achieve complete strength adaptations (Schoenfeld and Grgic, 2020). Stone, Plisk and Collins (2002) promote the superiority of using CRT due to the mechanical specificity and velocity of movement which can produce a more effective training transfer. That being said, Zatsiorsky, Kraemer and fry (2021) advise that no single programme works for all athletes as individual needs vary, especially as what works at one period may change over time depending on the desired outcome. This is where advanced training methods of an established principle, such as variable resistance training (VRT) can create added benefits.
Advanced variable resistance training for strength
On the Advice of Lopes et al (2019) VRT as a tool for strength has been around since 1980 but has only recently been gaining increased attention as a modality for strength, inciting benefits such as improved functional capacity, increased strength and endurance with increased muscle activation and improved body composition. VR allows equipment such as elastic resistance bands (ERB) or chains to be added onto a conventional free weight, changing weight resistance during range of motion (ROM) and working the muscles harder at their strongest point (Ataee et al, 2014). VR usually follows three methods, cam systems which uses machines to vary the movement through resistive torque, chain resistance and ERB which are both used in multi-joint exercises that have ascending strength curves such as the barbell squat and bench press used in powerlifting (Wallace, Bergstrom and Butterfield, 2018). 
Although both chains and ERB can be utilised, ERB can be more efficient and are the favourable approach as they add extra resistance compared to chains which add additional weight, although Kashiani et al (2020) explain that the most effective method is unclear at present and relies on individual choice. Shoepe et al (2011) advise that adding ERB ignites higher forces and power outputs than using free weights alone if performed with maximal voluntary effort. That being said, using ERB is not a one size fits all approach due to different anthropometrics of powerlifters, meaning the thickness, attachment technique and exercise type i.e benchpress, squat or deadlift needs to be taken into account to determine the loading pattern required (Fuentes, Smith and Shoepe, 2019). Evidence by Shoepe, Ramirez and Almstedt (2010) suggests that for novice powerlifters the best type of attachment for squat would be the ‘choked’ configuration, with a band length greater than 155cm encountering a range of 26-261kg from the thickest to the thinnest band, compared to the ‘draped’ bench press configuration, using band lengths greater than 140cm and encountering a range of 24-117kg. Using a VR method reduces the resistance at the weakest point during the ROM and increases resistance at the strongest point to train the muscle when forced to perform at a constant higher percentage of capacity throughout each point of the movement range with a ratio of 65% free weights to 35% VR being adequate (Kashiani et al, 2020). This ratio can be altered as strength progresses and is known as the strength curve which enables the amount of force that can be produced at each angle through the ROM and can often be hard to complete if the load is too heavy such as with CR creating a ‘sticking point’ (Arazi et al, 2020). VR can apply a resistance that matches the strength curve which can be ascending, descending or bell shaped depending on the movement, creating greater eccentric loading with a higher concentric force and generating more type 2 muscle fibres (Wallace, Bergstrom and Butterfield, 2018). Whilst previously Stone, Plisk and Collins (2002) have advocated for CRT, Riviere et al (2017) endorse the use of VR, evidencing improvements in both velocity and power in the bench press when using 20% of the prescribed load with ERB for elite rugby players, who require a great deal of strength and power in their discipline similar to powerlifters.
Critique of both methods
CRT is usually the base line for powerlifters to start their strength training as it allows techniques to be learned and provides an understanding and autonomy of load and volume the individual is able to start lifting (Colquhoun et al, 2017). This leads onto a development of intensity needed for strength training, as high intensity increases neural activation of electromyographic activity within the muscles, contributing to strength gains within the first four weeks of training that also elevates testosterone release and growth hormone post exercise to also encourage strength gains (West and Phillips, 2012). Walker et al (2016) highlight that using weighted devices allows the athlete to perform near maximal contractions during concentric and eccentric actions, although as training experiences increase, it becomes harder to induce further neuromuscular adaptations creating plateau.  Lopes et al (2019) also allude that up to 50% of people who CRT with free weights give up after the first year due to lack of progression. This occurs when powerlifting weights, the independent variable, has reached its maximum effect and increasing the weight, the dependant variable, does not increase the effectiveness, also known as a physiological ceiling effect, which can be influenced by both environmental and psychological factors (Andersen and Aagaard, 2010). 
According to Hales (2010), around 50-75% of a powerlifter’s performance is affected by environmental factors such as training methods, lifting style and individualised programme parameters which prevents them pushing past the sticking point of the weighted lift. This is primarily due to different patterns of muscular activity between both CRT and VRT methods at different points of muscle contraction. Although muscle activity is greater when using CR early in the concentric phase, it can be affected by the ‘sticking point’, as previously mentioned by Arazi et al (2020), making the movement difficult to complete compared to VR where muscular activity is at a similar level towards the eccentric phase when the band is elongated (Bergguist et al, 2018). This can increase form deterioration and lead to athletes trying unconventional techniques which can cause injury and unnecessary stress to the body, which is why VRT could become a beneficial modality to aid in passing the plateau period (Bengtsson, Berglund and Aasa, 2018).
Soria-Gila et al (2015) explain that the sticking point accounts for 35-45% of the ROM, where muscle groups are unable to meet the exercise demands when using loads between 80-90% of 1 rep max and decreasing muscle velocity due to compromised neural intermuscular and intramuscular coordination reducing the force. In order to encourage progression, VRT using ERB manipulates the body to push past the ceiling effect and sticking point by varying the resistance against the target muscle or muscle group over the ROM, reducing the mechanical disadvantage encountered in CRT (Kompf and Arandjelovic, 2017). However, Andersen et al (2015) report that results are inconclusive with some studies in favour of VRT observing increased muscle activation and force production and other studies observing no difference between VR and CR. This could be due to the differences in type 2 muscle fibres with Fisher et al (2011) evidencing individuals who have lower type 2 muscle fibres performing more repetitions than those with higher percentages of type 2 muscle fibres, suggesting that these studies could have been performed on those with lower muscle fibres presenting no differences between CR and VRT. That being said Soria-Gila et al (2015) indicate that VRT has observed higher acute hormonal responses compared to CRT which leads to increased hypertrophy and strength development over time. 
Whilst VRT can create an increased strength development through hormonal responses, there is also a possibility that it could cause greater acute neuromuscular fatigue due to ERB actively wanting to pull the weight back and using additional core stabilising muscles (Walker et al, 2013). In comparison, Aasa et al (2017) highlight that CRT also ignites the same responses except in addition it will also create added pressure on the spine, especially during a deadlift movement which can cause a compression force of >17000N in elite status powerlifters creating an environment for increased injury. Aasa et al (2019) agree alluding that lower back pain is also a concern for powerlifters who deviate from a neutral spine alignment during deep squats along with the deadlift when using free weights, therefore using VRT can aid in a powerlifters return from injury, especially lower extremity injury. This is because the use of EBR can enhance eccentric loading safely, with bands at the highest level of tension being the more efficient following 5-10 repetitions over 3-4 reps, as lower tension band levels will not create the amount of resistance required for regaining strength (Lorenz, 2014). Although VR is seen as an alternative method from using CR, Fuentes, Smith and Shoepe (2019) advise that combining both during training can be an effective way to produce variable intra-repetition resistance, altering the kinematics and kinetics of resistance exercise to increase strength and power than using one or the other. 
Saeterbakken, Andersen and Tillar (2016) express controversy through using EBR to increase strength in professional athletes, as the low level of external force is thought to be limited in providing appropriate strength development stimulus due to its origin for therapeutic low resistance rehabilitation. To combat this there are two strategies that can be utilised to magnify the elastic force resistance to aid in strength development. This includes reducing the length of the band and combining different levels of elastic resistance together, however, the rate of contraction and resistance is variable where if co-activation occurs, the maximal contraction force will not be achieved and difficulty in controlling contraction velocity can result in damage to myofibril structures and muscle fibres being lengthened (Aboodarda et al 2011).The level of band tension is an important aspect of VRT training as the colours of bands depict the level of resistance in aspect of weight which has the ability to target specific muscles and increase power compared to using free weights alone (Prejean et al, 2012). This is carried out using a force plate or platform to measure the correct amount of resistance the bands are producing (Nijem et al, 2016). They are also lighter to carry, easier to use and cost effective compared to free weights which can become expensive especially if there is no access to a gym or multiple weights and machines (Lima et al, 2020). That being said, Austin and Mann (2021) advise that ERB can lose elasticity after a period of time and cannot be used during competition as it is not experiencing the maximum lifting ability of the individual and can be seen as unfair advantages.  
Case study for evidence
Evidence from a meta-analysis by Soria-Gila et al (2015) researched the effects of VRT compared to CRT training for maximal strength in both untrained men, less than twelve months experience and trained men, over two years experience. The participants were observed over seven weeks and found that trained participants achieved significantly greater gains of 5.03kg in mean 1rep max p<0.001 when using VR compared to non trained who did not. This supports previous evidence by Arazi et al (2020) that VR enabled the trained individuals to push past their sticking point as an effective stimulus to show a performance peak and stress the muscles more for additional growth (Freitas et al, 2017). The untrained participants observed significant gains on their 1rep max of p<0.02 when experiencing CRT with no difference when they participated in VRT training p<0.11. This suggests that as they were new to training, they experienced neuromuscular adaptations that would not have increased more when using the VR after CR, as their body was newly adapting to the stimulus and still experiencing the effects of increased neural drive (Boone et al, 2015). Again this also supports previous findings by West and Phillips (2012) that CRT can experience significant gains within the first few weeks of training. This evidence indicates that combining the use of both CR and VRT training is the most beneficial format for strength training in powerlifting for strength and power gains.
Conclusion
Powerlifting is a discipline which requires huge amounts of strength and power to lift required weights following multi-joint movements using CR or VR a training method. Whilst CR is seen as a primary training strategy, VR has seen an explosive impact on challenging this format. Whilst CR can improve strength gains during the first few weeks of participation, it can be harder to continue neuromuscular adaptations leading to plateau, which is where VR can become imperative in pushing past the sticking point and ceiling effect. Whilst VR can create increased muscle activation and force production, evidence suggests that as a modality on its own, controlling muscle contraction velocity can damage muscle myofibril structures. Therefore it is susceptible to suggest that combining both training methods could create an even better performance outcome for strength training in powerlifting, especially to decrease the impact and aid in the recovery of injury. Following a CR method primarily could induce strength gains, followed by VR through periodisation to induce progression and development for competition. Not only could this combination format incorporate the benefits of both training methods, but also facilitate an environment for optimal strength and power gains relevant for the powerlifting discipline.
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