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	Module Learning Outcomes 
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· Critically evaluate the effectiveness of a range of recent advanced training methods.

· Integrate advanced training methods effectively into a training programme.

· Use technology effectively to enhance training outcomes and monitoring.







	
TASK DESCRIPTION





Produce a report in the form of a review article, which critically evaluates the effectiveness of one of the recent developments in training methodologies studied during this module. 
 
In order to achieve this task, you will need to begin by describing the currently accepted/established training methodologies for the component of health/performance that you are focussing on, then detail the new methodology and how it differs from the established practice. Following this you must critically evaluate their respective effectiveness, using good quality evidence from research to support your review. 
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Does Implementing Velocity Based Training (VBT) into athlete’s Strength Program Provide a More Effective Outcome in Developing Strength and Reducing Overall Training Volume Compared with The Traditional Sets and Reps based off the direct 1RM prediction approach?



Introduction:
[bookmark: _Hlk61516997]Resistance training is an effective approach to creating both physical and neuromuscular adaptations amongst trained and un-trained individuals, with various recommended methods advised for athletes to maximise their potential (Santanielo et al., 2020). With lots of athletes incorporating periodised strength blocks into their programs it is important the concepts we factor into these are the sport, limitations, athlete type, injury/fatigue prevention and workload calendar of the individual (Suchomel et al., 2018). For decades strength and conditioning (S&C) / Sports Science professionals have based a prescribed weight off the tried and tested, dependable 1-repetition max (1RM) approach (Banyard et al., 2019). However, with research and developing on more modern technology, advancing methods continue to raise curiosity and debate that by using the standard method of testing approach to determine session intensity/volume may not be accurate, as an athletes 1RM can quickly vary week by week (Banyard et al., 2019; Padulo et al., 2012; Sanchez-Medina and González-Badillo, 2011). This is particularly important if the athlete is fatigued as it could potentially have consequences to their neuromuscular stimuli which is required to maximise adaptation (Banyard et al., 2019; Padulo et al., 2012; Sanchez-Medina and González-Badillo, 2011). Research proposes repetition maximum (RM) training can be disadvantageous in force generating capacity and reduce max strength progressions in trained athletes, along with being hugely time consuming if requiring data from a larger group (Baechle and Earle, 2008). 

[bookmark: _Hlk61524144]According to recent literature, athletes respond better when presented with the immediate use of feedback which we are seeing being introduced by coaches throughout various sports (Pareja-Blanco et al., 2017). Velocity-based training (VBT) methods allows the coaches/athletes to accurately adjust resistance-training loads within a session (Banyard et al., 2019; González-Badillo et al., 2014). The principles are if the exercise being performed is executed with maximal concentric effort and fatigue arises, the barbell velocity will decline during a set (Izquierdo-Gabarren et al., 2010). Subsequently, VBT could be used to track barbell velocity and potentially avoid carrying out repetitions to concentric muscular failure if the training goal is to enhance maximal strength development regardless of athlete profile or level of competition (Banyard et al., 2019; Izquierdo-Gabarren et al., 2010). However, with percentage based sessions calculated from an athletes traditional 1RM test some still feel this is a greater method in improving an athletes strength profile along with the view VBT takes longer to set up in the gym environment making it a less practical approach (Banyard et al., 2019; García-Ramos et al., 2020).

Principles of Strength Training:
Early on in the initial phases of strength training individuals can experience swift gains in strength as a result of adaptations that occur in the nervous system, where there are changes in the proportions and patterns of the neural indicators to the antagonist muscles (Clueny, 2008; Sanchez-Medina and González-Badillo, 2011).  These changes are related to improvement in the co-ordination of antagonist and synergist muscles. The consequent muscular adaptations are accredited to a combination of muscle hypertrophy, growth in muscle size, and additional fibres which partake in the availability of actin and myosin cross-bridges providing an increase in force, plus a growth in the number and size of myofibrils (Clueny, 2008). These principles are reliant on several key characteristics to assisting the development of strength which include, overload, adaptation, specificity, reversibility, variation, individuality, and as mentioned periodisation (Cluney, 2008; Haff and Triplett, 2016).

Resistance training methods used for shaping the intensity (resistance used) of a session, one of those being 1RM testing (Taylor and Fletcher, 2012). The relationship between load and repetitions lifted numerous times has long been associated to an athlete/individuals training focus i.e. power, strength, hypertrophy, or muscle endurance (Haff and Triplett, 2016). 1RM equates to the maximal amount of weight an individual can lift whilst maintaining the appropriate technique for one repetition (Haff and Triplett, 2016). Hence, concentrating on a specific training goal requires the individual to apply a sufficient load associated within the correct repetition range for that component of training (Desgorces et al., 2010). Therefore, it has long been important for S&C professionals to understand this relationship between load and reps in any given set prescribed. Below is an example of how a 1RM table may present with an athletes 1RM load being 120kg. 

Table 1: e.g. % of estimated 1RM bench press and associated repetitions highlighted for strength (Haff and Triplett).
	[bookmark: _Hlk61529997]Load (kg)
	%1RM 
	Number of Max Repetitions Available

	120
	100
	1

	114
	95
	2

	112
	93
	3

	108
	90
	4

	104
	87
	5

	102
	85
	6

	100
	83
	7

	96
	80
	8

	92
	77
	9

	90
	75
	10

	80
	67
	12

	78
	65
	15



In current and past time literature the quantity essential for an athlete to retain/progress their strength is commonly defined as high frequency (3-5 sessions a week), volume estimates (2-6 sets x 2-6 reps x load mass) (Berger, 1962; Haff and Triplett, 2016; McMaster et al., 2013). Table two displays the required volume and appropriate rest assigned to an athlete/individual based on their training goal. However, it is also important that note that resistance exercise will most likely develop improvements in an individual’s ability to exercise with less rest so the exercise professional or individual should be willing to distribute and review rest periods based on experience and loads being lifted (Cluney, 2008; De Salles et al., 2009; Haff and Triplett).

[bookmark: _Hlk61609605]Table 2: Volume based on individual training goal: (Cluney, 2008; De Salles et al., 2009; Haff and Triplett, 2016; McMaster et al., 2013).
	Training Goal
	Repetitions
	Sets
	Intensity (%)
	Appropriate Rest

	Strength
	≤6
	2-6
	75-90% 1RM
	2-5 min

	Power (Single Effort)
	1-2
	3-5
	
	2-5 min

	Hypertrophy
	6-12
	3-6
	
	30s – 90s

	Muscular Endurance
	≥12
	2-3
	
	≤30s



[bookmark: _Hlk61609744]Once an athlete has established their 1RM the coach or themselves will assign the appropriate load for that session/block. As discussed, improving one’s strength does not mean every individual is under the same umbrella as there are various strength definitions which will depend again on that athletes training goal/sport (Cluney, 2008). Table 3 demonstrates the various definitions and descriptions of strength associated with strength training (Cluney, 2008; Haff and Triplett, 2016; Igor and Vladimir, 2010).

Table 3: Associated Strength descriptions (Cluney, 2008; Igor and Vladimir, 2010).
	Strength Goal:
	Strength Definition:

	Maximum Strength
	The greatest force possible in one single contraction, moved through any range.

	Absolute Strength
	Slightly different from max strength as its application is more the amount which can be applied during duration of an events i.e. shot putt.

	Concentric Strength
	Strength that is displayed by a contracting muscle normally witnessed during a bicep curl.

	Eccentric Strength
	Opposite to concentric more applicable to a muscle during its lengthening (still working to overcome a resistance).

	Elastic Strength
	Plyometric / explosive / rapid muscle contractions.

	Isometric Strength
	Applies to a resistance held statically over a period time i.e. 10sec.

	Relative Strength
	Relative to max available needed to be exerted to overcome specific resistance i.e. jumping/running.

	Strength Endurance
	Repeated expression of force against non-stop / repetitive resistance.



Velocity Based Training (VBT):
[bookmark: _Hlk61705283][bookmark: _Hlk61705114][bookmark: _Hlk61705117]Velocity based training (VBT) is an advanced method of resistance training which supports the suitable prescription of exercise intensity and volume (Pareja-Blanco et al., 2017; Pearson et al., 2020). It establishes the mean concentric velocity recorded from the first repetition of an athletes/individuals set which can be used to prescribe the external load (i.e., intensity of training), due to the methods near perfect inverse association amid movement velocity and the relative load i.e. (% of the 1-repetition maximum (1RM) (Pareja-Blanco et al., 2017; Pearson et al., 2020). The popularity and divulgence into VBT methods over recent years has gathered vast interest due to the exposure and availability of many VBT devices that measure various gym-based movement velocity patterns, such as the PUSH Band, Gym Aware, Tendo Fitro-Dyne and Bar Sensei (Jovanovic and Flanagan, 2014; Martínez-Cava et al., 2020). The most commonly used devices are the PUSH Band which is a wearable accelerometer device and Gym Aware with is a linear position transducer (retractable measuring cable), both of which appear to be valid and reliable which is vital when collected research data and investigating new approaches in the sports science field (Jovanovic and Flanagan, 2014; Science for Sport, 2021). This method of training measures in metres per second (m/s-1) allowing the coach to provide immediate specific feedback via a smart phone or tablet device from the exercise performed, which has been associated with increases in strength/performance between (6-12%) (Martínez-Cava et al., 2020; Randell et al., 2011; Science for Sport, 2021). 

Some of the most common uses of VBT include developing a Load-Velocity profile (LVP) to predict an athletes 1RM, minimal velocity thresholds (MVT), velocity loss (%), exertion-load profiling, as mentioned feedback along with recognising and focusing on specific training potentials/pit falls (Jovanovic and Flanagan, 2014; Pearson et al., 2020; Science for Sport, 2021). Commonly used to monitor athlete progression is the LVP as this allows for exercise professionals to record over time an athlete’s progress, along with comparing athletes and predicting 1RM markers without testing these individuals maximally (Jovanovic and Flanagan, 2014). With other factors possibly contributing to the daily/weekly condition of the athlete evidence has shown its popularity by implementing this instead of the traditional method decreases unnecessary training stress (Dorrell et al., 2019; Jovanovic and Flanagan, 2014; Martínez-Cava et al., 2020). Another key principle of VBT is as mentioned MVT. The rationale behind this principle is as the load in a specific lift for arguments sake (bench press /  back squat) develops or the number of reps in that set increase, there comes a point when the weight will be too substantial and the athlete will fail to complete the repetition (Izquierdo-Gabarren et al., 2010; Jovanovic and Flanagan, 2014). This then fundamentally effects the athlete’s ability to transfer the load at a necessary speed to overcome gravity (Izquierdo-Gabarren et al., 2010). The final achieved repetition in a maximal exertion set is therefore linked with a specific minimum velocity (MVT) and by doing so strength professionals can look to estimate athletes 1RM from a sub-maximal load in order to achieve a be effective outcome (Izquierdo-Gabarren et al., 2010; Jovanovic and Flanagan, 2014).  Pareja-Blanco et al (2017) established that a 20% velocity-loss threshold (VLT) however also endorses greater strength adaptations and highlights athletes’ patterns with both mechanical and metabolic degrees of fatigue Sánchez-Moreno et al., 2017). 

Critical Analysis:
A research study by Dorrell et al (2019) conducted a randomised control trial on 16 recruited males who had acquired 2 years of resistance training experience. The aim of research study was to examine the effects VBT has on strength adaptations within the selected group of resistance trained males when compared to a traditional percentage-based training approach (PBT). The participants were randomly allocated to a training group which was the VBT or PBT intervention and were required to train twice a-week for six weeks. The method of the study was consistent in its conditions for all testing and training setting the same environmental conditions, and times of day the sessions took place. The mean age of the cohort was 22.8 ± 4.5 years with key 1RM data being documented for key lifts relevant to the study i.e. back squat, bench press, overhead press, deadlift, and pre-post countermovement jump (CMJ) recorded. The study by Dorrell et al (2019) used the velocity equipment GymAware which was attached to the barbell enabling it to calculate the athletes mean concentric velocity (MCV). The study concluded that over the 6 weeks the VBT group displayed significant p<0.5 increases in maximal strength and CMJ (>5%) in the VBT compared with PBT group. They also discovered that by implementing velocity stops at 20% below the targets set for each of the movements they could adjust the consequent load and reps based on athlete profile which witnessed a significant mean training volume difference of 6% between groups Dorrell et al (2019). This study highlights VBT utilised as a training method can significantly maintain/increase strength adaptations whilst reducing training volume to favour the athlete in place of the PBT Dorrell et al (2019). 

[bookmark: _Hlk61872499][bookmark: _Hlk61786481]Pearson et al., (2020) carried out a crossover design study looking at mean and peak kinetic and kinematic outputs along with differences in the number of repetitions completed during velocity loss thresholds of 10, 20, 30% whilst performing a back squat. The participants were twelve semi-professional rugby union players with substantial training experience volunteered for the study and had been previously training with intensity of 63% - 93% of their 1RM. For the testing procedure this study prescribed a load which produced a barbell MCV of 0.70 ± 0.06 ms-1 of the participants estimated 70% 1RM. This MCV had to be met with 2 successive reps for testing to commence, if not additional rest was provided and the weight adjusted by 5% until the required MCV was met. Once established the participants then completed 5 x sets of either 10/20/30% VLT with each set being terminated when MCV reached 0.63 ms-1, 0.56 ms-1 and 0.49ms-1, repeated twice with 72hours rest between each three testing sessions. The sets within each VLT % were continued until the VL was attained with the load and number of reps completed being recorded by the tester. The subjects then had 4 weeks of unstructured training before following the same protocol was completed. This study was relatively small in size and identified that by prescribing individual profiles rather than set, reps (coefficient of variation of 18-67%) VLT can affect both outputs the study set out to investigate regardless of the gap in testing and unstructured training approach adopted. Also, given the bias related to the subjects used and there training experience this may have enhanced the consistency of data collected (Pearson et al., 2020). However, with mean reductions in reps and volume before reaching VL points it presents another debate that this approach to strength training should be considered by exercise professionals when looking to control and protect athletes from training volume, thought-provoking the predefined (3x6, based off 75-90% of 1RM) and veer toward VBT approach (Pearson et al., (2020).

Padulo et al (2012) explored the effect on muscular strength after 3-weeks of training performing the bench-press movement at a fixed pushing of 80–100 % maximal speed (FPS) and self-selected pushing speed (SPS). The study highlights 20 resistance-trained subjects were split randomly into two groups with the only difference related to the pushing speed of the barbell. In the SPS group the speed at which they pushed the bar through the ascending phase was self-selected. Both groups were trained twice a week for 3 weeks with a load equal to 85 % of 1RM and monitored with the encoder. At the end of the 3 week study a significant p≤0.05 improvement was shown especially in the FPS group in the maximum load and speed (0.39 ± 0.03ms-1) both seeing improvements by 10.20 % and 2.22 % respectively, with only a <1% change in the SPS group (0.15 ± 0.01ms-1). The length of the study could be questioned as to not being substantial enough, however, it does highlight how VBT can be manipulated and adapted to benefit strength gains as the significant difference between groups especially in the speed of movement in FPS, along with greater muscle activation recorded (80-100%). The study also highlights the FPS group in comparison to the SPS group pushed less Kg with a reduction in volume from start to end of program being close to 10%. However, again although the both groups were resistance trained individuals and more capable of adapting to the higher velocity movements the SPS approach is more practical in a gym-based environment or for beginners (Padulo et al., 2012).

Conclusion:
The perspective on VBT is that is carries plenty of benefits to both athlete and coach which somewhat outweigh any disadvantages exercise professionals may harbour (Padulo et al., 2012; Marques, 2017; Science for sport, 2021; Weakley et al., 2020). VBT can certainly assist us with useful data when prescribing relative load (%1RM) during sessions and allow us to provide better load profiles for each individual during their of  pursuit strength/performance improvements (Izquierdo-Gabarren et al., 2010; Jovanovic and Flanagan, 2014; Marcos-Pardo et al., 2019). This can contribute to better coach/athlete communication, a greater understanding of the weekly/daily physical state/condition of the athlete and ultimately reduce the fatigue outcome of strength based training stimulus by potentially minimising volume without any detriment to performance goals (Dorrell et al., 2019; Pareja-Blanco et al., 2017; Science for Sport, 2021). Further research needs to be undertaken in possibly untrained populations to make the transition into the general trainer practical and also the more exposure the technology is given the easier it will be for those individuals to have the confidence to use these various VBT devices (Banyard et al., 2019; Padulo et al., 2012). However, with the technology being incorporated into training structures it is vital exercise professionals do not develop  an over-fixation with the technology and disregard the fundamental characteristics that makes coaching so central to developing any athlete (Jovanovic and Flanagan, 2014; Martínez-Cava et al., 2020; McMaster et al., 2013; Science for Sport, 2021).
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