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Assignment  	Implementing an advanced training method with a client

Scenario

In order to complete this assignment you are required to work with a client who has specific exercise-related goals. In order to work towards achieving these goals, you are required to integrate one of the advanced training methodologies studied in this unit into their training programme, and utilise technology in some way to complement the training. (note: this must be a DIFFERENT training methodology to the one used in assignment 1).







Task 
Having integrated the advanced training method into the training of at least one of your clients, write an evaluative report outlining the effectiveness of the training method in achieving the desired goals, and the usefulness of technology in monitoring progress.

Include the following in the report:
· A profile of the client(s) including results of any testing conducted
· A rationale for the inclusion of this particular advanced training method in the training programme of the client(s)
· A summary of the training programme prescribed to the client(s)
· Details and evaluation of any technology used within the programme
· A critical evaluation of the effectiveness of your intervention, using evidence-based research to support your opinions.
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Advanced Training Methods: Variable Resistance Training to Improve Strength in Female Collegiate Football Player
Jonathon Nicholson – 1601562
Client Profile
The client was a twenty-three year old female football player training and competing at a local collegiate level. The client had a training background of six years resistance training and reported squatting regularly for twelve months. The clients primary goal is to increase maximal strength in the lower body with the intention of improved sports performance. The advanced training method chosen to aid this goal was variable resistance training using rubber band resistance for training the squat twice per week for four weeks. Testing was carried out before the intervention took place using One Repetition Max (1RM) as well as strength and power tests on the Keiser Leg press to assess changes in the clients lower limb maximal strength and peak power. Testing found that the client had a pre intervention 1RM of 75kg, a peak power of 1469w and a max strength of 270kg on the Keiser leg press.
What is Variable Resistance Training
Variable resistance training (VRT) refers to the use of equipment such as chains or rubber resistance bands to alter the resistance placed on the musculoskeletal system during an exercise in an attempt to match the strength curve of that exercise (McMaster, Cronin and McGuigan, 2009). This is achieved through the resistive properties of the equipment increasing throughout the exercise as deformation or displacement takes place. Both rubber band resistance (RBR) and chain resistance (CR) can be used to implement VRT, however they both have different practical implications. Chains are heavy making them difficult to transport and are typically found only in specialist facilities, whereas rubber bands offer a less expensive and more portable alternative. However, rubber bands can vary in their stiffness and resistance depending on factors such as material, resting length, density, width, cross sectional area, rate of deformation, temperature and humidity, making chains potentially more reliable (McMaster, Cronin, McGuigan, 2010). Both chains and rubber bands however, share one other drawback. Unless practitioners have force platforms or a load cell with which to measure the force applied by the equipment, it is difficult to be certain of how much resistance is being applied throughout the exercise (McMaster, Cronin and McGuigan, 2010) making successful programming difficult. Despite these limitations, research has found that variable resistance training can significantly improve strength gains in both trained and untrained individuals (Soria-Gila et al 2015) as well as collegiate athletes (Anderson, Sforzo and Sigg, 2008) when compared to fixed weight training alone. Rubber bands were chosen for this training intervention due to their practicality and availability, therefore the review from this point will focus more directly on RBR.
Application of VRT to the squat
Different exercise movements have different strength curves, or resistance patterns based on the joint movements and biomechanical advantages, with movements like the squat exhibiting an “ascending” resistance pattern (Wilson and Kritz, 2014). This means that joint angles and multi joint torques allow more weight to be lifted when the limbs are nearer to full extension at the top of the movement, where they exhibit a biomechanical advantage. The area of biomechanical disadvantage at the bottom of the squat is referred to as the ‘sticking point’. It has long been suggested in literature that the sticking point, or the ability to overcome it, determines one’s ability to lift large weights (Seals and Victor, 1991).  Once someone has overcome the sticking point whilst performing a squat, biomechanical advantage increases making the remaining phase of the lift easier, reducing the amount of muscular activation we see during this phase (Cronin, McNair and Marshall, 2002). However, research has suggested that VRT with RBR can reduce the mechanical disadvantage through the sticking point (Anderson, Sforzo and Sigg, 2008) as well as increasing muscular activation toward the top of the movement. This can be achieved by loading an athlete with and RBR as well as free-weight resistance (FWR) creating a  lower load at the bottom of the movement where the sticking point occurs, and more at the top where mechanical advantage is increased. This is possible due to the ‘curvilinear tension deformation relationship’, which exists when a rubber resistance band is stretched beyond its resting length (McMaster, Cronin and McGuigan, 2010). Cronin, McNair and Marshall (2002) used ECG to study muscle activity during the jump squat and found that bungee resisted jump squats showed higher muscle activation in later stages of the eccentric phase, and in the earlier stages of the concentric phase, suggesting that rubber resistance causes the muscles to be under more constant load. It has been suggested that the increase in strength demonstrated from this form of training is due to increases in muscle fibre recruitment, along with difference in loading patterns and acceleration and deceleration during both eccentric and concentric phases causing neural and muscular adaptations to take place (Anderson, Sforzo and Sigg, 2008; Wallace, Bergstrom and Butterfield, 2018). 
Training Intervention
RBR training was implemented whilst the client continued their usual resistance training, football practice and competition. When programming repetitions, sets, training volume and intensity, one meta-analysis by Peterson, Rhea and Alvar (2004) was considered due to the similarity between the population of the analysis and the client (mixed sex collegiate athletes from multiple sports). The analysis found that strength gains where greatest when athletes trained 2 days per week, with a mean training volume of eight sets per muscle group, at a mean intensity of 85% of their one rep max. Whilst the study did not specify repetitions, one older study by Morales and Sobonya (1996) recommended that six repetitions is optimal when lifting a weight of 85% of one rep max, a recommendation that still used by organisations such as the NCSA today (Sheppard and Triplett, 2016). Based on these findings, the clients programme consisted of two sessions per week for four weeks, four sets of six repetitions, at a combined resistance of 85% of their one rep max. Ratios of rubber band resistance to free weight were decided based on one study by Adersno, Sforzo and Sigg (2008) which saw greater strength increases when 15-20% of resistance came from RBR and 80-85% came from free-weight resistance (FWR) compared to FWR alone. The use of these ratios has also been found to improve 1RM more than ratios of 35% RBR and 65% FWR in one comparison by Wallace, Winchester and McGuigan (2006). Based on these findings, the clients programme aimed to use a combined resistance of 85% of the clients 1RM, of which 15% was RBR and 85% was FWR. Perform Better (Southam, England) rubber resistance bands were used, however the manufacturer does not specify how much resistance the bands offer, so one study by McMaster, Cronin and McGuigan (2010) was used to develop guidelines. The equivalent bands in the study offered 8kg of resistance per band when stretched to 130cm, the length of the bands when the client was at full limb extension. Using this, combined weight was an estimated 66kg, with 16kg of RBR and 50kg of FWR on the bar, equating to just over 85% of the clients 1RM. 
Testing
The client was tested for peak power (PP) and peak strength (PS) using the Keiser Air leg press machine (Keiser, Hampton, UK), then for one repetition max (1RM). Before testing on the Keiser the client was asked to complete a ten minute RAMP warm-up, this was repeated pre and post-intervention for reliability. The warm up consisted of:
· Five-minute raise period on Wattbike Pro (Wattbike, Nottingham, UK)
· 2*10 bodyweight squats and 2*10 bodyweight lunges per leg
· 4 x Spiderman t-spine rotations
· 10 x walking knee hugs
· 10 x walking quad stretch
During strength testing the client was asked to increase the weight until a repetition could not be completed, the highest complete repetition was recorded. Resistance for the power testing was automatically selected, repetitions were completed until the clients power score dropped for two consecutive repetitions, the highest value was recorded. 1RM was conducted using the protocol outlined by Seo et al (2012). The client warmed up for five minutes on a Wattbike before performing ten repetitions at 50% of estimated 1RM, three repetitions at 80% of 1RM, then begun single repetition attempts with two to five minutes of rest in between each. Weight was increased until technical failure occurred at which point the last complete repetition was recorded as the 1RM.
Results
After the four-week intervention, 1RM improved by 7.5kg from 75kg to 82.5kg. Having looked at previous literature showing similar results, this was expected. However both strength and power measured by the Keiser leg press dropped by some margin. Peak strength dropped from 250kg before the intervention to 215kg after the intervention. Peak power dropped from 1469w before to 1400w after. These results are surprising, and somewhat contradictory, given that 1RM and peak strength are both measures of maximal strength through a triple extension of the lower appendages. During the intervention, the client continued with their usual training and competition. Considering the results from the Keiser leg press alone it could be suggested that the client had accumulated fatigue over the four weeks and developed over training syndrome, which can lead to a drop in performance (Meeusen et al., 2013), explaining the drop in strength and power. Further, competitive Football is a physically taxing sport, and competitive matches can cause neuromuscular fatigue to last for 48-72 hours post match (Brownstein et al., 2017). The clients competitive matches, of which there were two during the four weeks, were on a Wednesday, and their second VRT training session of the week was on a Friday. This could mean that neuromuscular fatigue was present during some training sessions, dampening their potential effects, and adding to the likelihood of accumulated fatigue effecting tests. However, an increase in squat 1RM contradicts this hypothesis, leaving inaccuracies in the test equipment as a potential explanation. One study by Redden, Stokes and Williams (2017) studied the reliability of strength and power measures using the Keiser leg press machine, reporting “good” reliability, with a between test variance of -11.8kg ± 28.1 and -1.9kg ± 22.0 for max resistance (peak strength) and -45.6w ± 142.6 and 34.8w ± 179.9 for peak power (combined left and right leg). Whilst the report concluded “good” reliability, these between test variances could explain some of the inaccuracy between the pre and post intervention tests. On top of this point, the Keiser leg press machine used to test the client was calibrated at some point between pre and post intervention testing without the testers knowledge, which could lead to greater inaccuracies in the results. Therefore, to focus on the 1RM test results and to compare these to previous studies may give us a more accurate representation of the success of this intervention, due to the general reliability of the 1RM strength test (Seo et al, 2012). Strength training interventions can improve muscular strength in four to six weeks (Kraemer et al, 2002), suggesting that the clients participation in a strength specific four week intervention was likely to elicit strength gains. One study using similar resistance ratios (Bellar et al, 2011) saw a mean increase in participants strength from 100kg to 109.9kg, around a 10% improvement. This is a similar to the difference seen by the client, whose 1RM improved by 10%. Although the study by Bellar et al (2011) saw this improvement from a shorter 3 week intervention, these improvement may have been exaggerated by the inexperience of their untrained participants. One study by Ahtianene et al (2003) found that untrained individuals experience significantly greater strength gains than strength trained athletes in the first 21 weeks of an intervention. This may suggest that the clients strength gains were significant, given their training background making initial gains potentially more difficult. Another study using similar resistance ratios saw their participants improve more substantially, improving their 1RM by 16% (Anderson, Sforzo and Sigg, 2008). However, the training intervention was of a strict design with the athletes following a full three day per week programme that included the use of VRT for squat and bench press only, allowing for closer monitoring of volume and reducing the likelihood of overtraining. The intervention was also three weeks longer than that given to the client. The effects of longer term VRT interventions is not entirely clear, with one study showing no difference between traditional resistance training and VRT when a training intervention lasted 24 weeks (Shoepe, Ramirez and Rovetti, 2011), but interventions of around 7 weeks have shown promising results (Ghigiarelli et al, 2009). This suggests that a longer intervention could have elicited greater strength gains in this client. Research has shown that there is a link between increased squat strength and; improved sprint performance (Clarke, 2016, Wisloff, 2004), vertical jump height (Wisloff, 2004), change of direction performance (Nimphius, McGuigan and Newton, 2010) and acceleration (Harrison and Bourke, 2009) in team ball sports athletes. Further, research has shown that strength training improves indicators of football performance in elite football players (Enoksen et al, 2013). This suggests that the strength improvement seen in the client will positively transfer to their sports performance.Figure 1 - 1RM increased from 75kg to 82.5kg
Figure 2 - Peak strength on Keiser leg press decreased from 250kg to 215kg
Figure 3 - Peak power on Keiser leg press decreased from 1469w to 1400w

Use of technology
The use of the Keiser leg press offered a potentially reliable method for recording the clients strength and power (Redden, Stokes and Williams, 2017), however the contradictory results and the mid intervention calibration has led to doubts about the reliability of the clients results. For the purpose of research calibration before each test would be recommended. The use of force platforms and load cells as in McMaster, Cronin and McGuigans (2010) study would have led to greater accuracy when calculating the resistance of the bands used, however this technology was not readily available for use with this client. A resistance training session recording app was used to track reps and sets and time rest periods during training sessions (www.fitnotesapp.com). This method is likely not any more reliable than using a pen, paper and stopwatch, but did prove more convenient allowing for stricter adherence to the programme.
Conclusion
Looking at results gained from the Keiser leg press it appears likely that the clients strength and power reduces as a result of accumulated fatigue. However, given the contradictory results of the tests, and the potential for inaccuracies when using the Keiser leg press, the 1RM results have been considered as a more reliable measure for the success of the intervention. The clients improvement is similar to that seen in studies using similar intensities, suggesting that concerns towards the difficulties present in programming using RBR can be bypassed using research to estimate resistance, and programme a viable programme. The use of the Keiser leg press could be used in the future, but calibration before each test is suggested to help eliminate inaccuracies. For greater results, research suggests that a longer intervention might be useful.
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