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The use of banded variable resistance training compared to traditional free-weight training
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Within this article, free weight training will be described as well as the concept of the addition of the band to implement variable resistance training to improve strength. The research in to the use of resistance bands and their effect on performance during 1 repetition maximum (1RM) will be reviewed to see if the research finds variable resistance training effective compared to original free weight training. 

Free-Weight Training
Free weight training to improve maximum strength during 1 repetition maximum has been the commonly accepted method for many years and can be defined as ‘maximum force or torque a muscle or group of muscles can generate at specified determined velocity’ within The British Association of Sport and Exercise Sciences Guide (BASES) (Winter et al., 2007). When using free weight training to improve strength, the importance of overload is crucial as Zatsiorsky and Kraemer (2006) specify. To increase strength, the body must undergo adaptations but these can only take place if the workload is more than the habitual level in order to break down the muscle fibres so that can repair stronger in order to cope with the load it is being faced with. This is usually done by increasing the weight of the exercise or changing the exercise to something that the body is not accustomed to. There are a number of outcomes to free weight training and so to ensure that improvement of maximum strength is what is being trained, the correct repetition ranges must be used. The book of Essentials of Strength Training and Conditioning (Baechle and Earle, 2016) is it stated that to train strength, an individual must use a weighted load that is more than or equal to 85% of their 1 repetition maximum (1RM) for less than or equal to 6 repetitions. 
Variable Resistance Training
Variable resistance training is generally accepted as the addition of bands or chains to free weight training in order for the load to match the human strength curves so that muscles will maximise force output during the full range of motion (McMaster, Cronin and McGuigan, 2009). This then allows for the maximal strength gain to be achieved at all the angles at the joint during the movement. Variable resistance is becoming a more widely recognised method of training now as it is being implemented in the sport and health professions to improve proprioceptive motor control (Wilson and Kritz, 2014). This method of training has also has research or suggest that decreased postural sway, increased joint kinetics and decreased initial injury occurrence  all had a relationship with variable resistance training using elastic bands (Murgia and Dover, 2009). This study also concluded that band training made joints more proficient at identifying abnormal joint position and correcting this resulting in fewer injuries and could be more beneficial than the original method of strength training in this aspect. If variable resistance training has support to suggest it is more beneficial than original methods because of the increased recruitment of muscles at the joint, then in theory this could suggest that this larger recruitment of muscles would assist in maximum strength lifts and reflect this when used training for 1RM. When looking at the repetitions and load ranges for the banded method it would make sense to use the same as traditional free weight strength training as stated above as we are still working on the same outcome, this is then supported by the Practical Guidelines and Considerations for the Use of Elastic Bands in Strength and Conditioning (Wilson and Kritz, 2014). However, the load of the band would have to take on the responsibility for some of the resistance and these guidelines have used 10% ranging to 30% of the load but these can range as the best band resistance is still being looked at by researchers. The method behind variable resistance bands involves the mechanics when lifting free-weights. What is generally known as the sticking point is known to take place at the most difficult part of the bodies’ lever during the lift (near the bottom of a squat and bench press) and there for limiting external resistance when in fact, other parts of the lift feel far too easy. The sticking point can be minimised however by distributing the weight throughout the entire movement and to able to increase load knowing that there is a way to work throughout.  This allows for increased loading at the positions of greater leverage (Anderson, Sforzo and Sigg, 2008).
Research 
One study looked in to the effects of potentiating using banded variable resistance exercise as part of a warm up on free-weight maximal squat performance (Mina et al., 2014). The study used 16 recreationally active men (age = 26.0 +/- 7.8 years; height = 1.7 +/- 0.2 m; mass = 82.6 +/- 12.7 kg) and the sessions included 2 sets of 3 repetitions at 85% of 1RM. The first session was for participants to get used to the session, using the bands and testing 1RM, they then had a further 2 sessions in the lab, each a week apart for sufficient recovery. In the experimental group, the tension from the band created 35% of the load. During 1RM 3D knee joint kinematics, vastus medialis, vastus lateralis, rectus femoris, and semitendinosus electromyogram (EMG) were all recorded for signals of any differences in the way they worked. The results showed that after the free-weight sessions no subjects had an increased 1RM, where as 81% (13 out of 16 participants) of the experimental banded resistance group increased 1RM (mean = 7.7%; p , 0.01). No differences were found in knee flexion angle (1.88; p . 0.05) or EMG (mean = 5.9%; p . 0.05) between the experimental and free-weighted conditions when angular velocities were observed. This provides significant evidence to suggest that banded variable resistance training as part of a warm up, can potentiate the neuromuscular system without changing knee extensor or flexion muscular/angular activity, thus enhancing maximal lifting performance. In criticism of this study, recreationally active meant were the only subjects, making this test difficult to generalise to the rest of the public, a more diverse population would increase the importance of these findings. A warm up was completed in anticipation of the study warm up and so this heavy load for 2 sets could have been tiring for some participants, a Borg RPE scale (Borg, 1998) could have been used to see how participants found this warm up.
One study conducted a study to find the effect of elastic bands on peak force (PF), peak power (PP), and peak rate of force development (RFD) during the back-squat (Wallace, Winchester and McGuigan, 2006). The study was conducted using men and women that were recreationally resistance-trained (mean age 21.3 +/- 1.5 years) and all tested for their 1RM in Back Squat. Testing included non-banded squats, B1 (80% free weights, 20% band resistance) and B2 (65% free weights, 35% band resistance). These were done on 2 separate days, 2 sets of 3 repetitions for each condition. The study found a significant (p < 0.05) increase for B2 of 16% compared to the non-banded squat for PF. The significant (p < 0.05) increase was also for B2 compared with non-banded by 24% when looking at PP. The conclusion from this information watch that the bands can significantly increase PF and PP when used with free weights during the back squat but more noticeably in the high loading conditions (B1) for athletic performance. By using this Variable Resistance Training an athlete could save time in their limited schedule by training PF and PP at the same time just by adding the bands to their sets. Although this study has many strengths, as it only used athletes that were recreationally resistance trained it cannot be generalised to the wider population. As they were not elite trained, their use of resistance training could have been very low in many and so this regular training may have been the main reason for the increases in strength. The use of bands in this study may have shown a different outcome for elite trained athletes where it takes more than a small change to make significant differences. The back squat was the only exercise tested and so it is not clear whether these results would have been the same if used on an exercise where the joint doesn’t have so many stabilising muscles. Although the sets and repetitions are within strength training guidelines, the study above did this as a warm up for 1RM suggesting that this isn’t enough for a session. If an extra set was added, this could have increased the load for the non banded condition and produced a better outcome.
Another study that looked in to the effects of using bands with free-weights compared with free-weight training on 1RM used bench press as the exercise and this was Bellar et al (2011). 11 college aged (23.6 +/- 3.2) students that were untrained volunteered to take part in the 13 week study. In the first week they were given instructions and then practiced the exercises, followed by completing a 1 repetition maximum (1RM) to find out baseline strength. The next 3 weeks they trained bench press to allow to for Neural Adaptations and another 1RM test took place. At this point participants were assigned to 1 of 2 conditions: 85% Free-weight/15% elastic tension (BAND) or 100% free-weight tension (STAND) for 3 weeks. After 3 weeks of training another 1RM test was completed on week 9 and they then switched their training conditions and continued for another 3 weeks of this training before completing their final 1RM on week 12. Training was twice a week and consisted of 5 sets of 5 repetitions all at 85% of their 1RM and in between sets they would have 90 second rest. This study analysed the data using paired-sample t-tests and it revealed that the BAND condition gave significantly more (p = 0.05) raw gains for during the 1RM strength test (BAND 9.95 6 3.7 kg vs. STAND 7.56 6 2.8 kg). In conclusion of this it would suggest that using elastic bands to create tension during the bench press could effectively increase strength.  The participant sample used within this study has many criticisms, 11 college students doesn’t represent a reliable, nor representative sample of the general public as students can’t easily be compared to the general public and 11 students doesn’t give a big enough sample for it to be very accurate. Allowing 3 weeks for Neural Adaptations and testing is a strength as it has accounted for a variable that may have stopped them from getting accurate results. 15% elastic tension compared to the other studies that have looked at within this article doesn’t seem like enough to get the most out of the bands, however, 5 sets of 5 repetitions is the closest to the guidelines and so maybe this makes up for the lack of band resistance. Further testing would include this study incorporating a larger range of band tension to compare load types. 
Strength, Velocity and Power adaptations where what was being looked at by the next study. 16 elite youth Rugby league players from an academy (age: 17.8 6 0.9 years; height: 181.1 6 8.3 cm; weight: 82.6 6 10.9 kg; bench press 1RM: 100.6 6 18.0 kg; bench press 1RM to body mass ratio: 1.2 6 0.2 kg kg21) where they looked in to Variable resistance training compared with traditional free-weight training. Participants completed 2 weekly upper and lower body sessions focusing on strength and power for 6 weeks. Repetition and set ranges applied with the book of Essentials of Strength Training and Conditioning (Baechle and Earle, 2016). There was found to be an improvement in velocity and power compared to the heavier loads. Whereas variable resistance training presented smaller differences although they were greater suggesting that band could improve strength and power more than free weight training. 
A meta-analysis looking in to the effects of variable resistance training on maximal strength during 1RM was also conducted (Soria-Gila et al., 2015). This analysis focused on the long-term (7 weeks) effects of this method of training with chains, bands and without for both trained and untrained adult participants. The studies included in the analysis are only those that have looked in to variable resistance training and its effects on 1RM, seven studies included and 235 subjects in total. When analysed the data came back showing a significantly bigger mean strength gain (weighted mean difference: 5.03 kg; 95% confidence interval: 2.26–7.80 kg; Z = 3.55; p , 0.001) than the conventional weight training gain. In both sets of participants with sports backgrounds and untrained, variable resistance training using chains or bands in addition to free weights showed to be effective in improving maximal strength. The significance of a resent meta-analysis focusing on the long term effects of variable resistance training adds great support to this method of strength training, not only as it included untrained individuals, but also participants with a range of sporting backgrounds. This adds support that it could work on those that are already training and could be more effective than the free weight training they have been doing for a long time previous. This meta-analysis has also focused on the long term effects (7 weeks), this is a strength to add support to using bands for strength training as it is the long term effects that are most desirable and important to support the methods use. 
Summery
The literature that has been looked at throughout this article have all demonstrated a beneficial use of Variable Resistance training using bands, supporting that they could help to increase maximal strength in 1RM  as an addition to free-weight training. Bands could help prevent injury as they force the stabilising muscles to be activated whilst suggesting that they don’t cause any adverse effects on joint kinematics during the exercise. Further research much be conducted on the percentage of load that band contributes to and what is that best for maximum gains in maximum strength
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