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Physical activity is an important part of life, withbenefits  reducing the risk of premature mortality and  diseases  (Warburton and Bredin, 2017). Neural adaptations for aerobic and anaerobic training from all forms of training, repeated exposure to acute stress of physical exercise results in many changes and functions of the body, (Haff and Triplett, 2016). This occurs in both basic training and advanced training methods. Advanced training methods are training methods that go beyond the basic principles of fitness training, wether that is aerobic or anaerobic. Basic principles of fitness Anaerobically (see appendix 1) follow high repetition’s for endurance, medium repetition’s for hypertrophy and low repetition’s for strength and power, (Sands, Wurth and Hewit, 2012). These methods enable athletes to train for strength and power while still allowing them to reduce risk of DOM’s (Delayed Onset Mmuscle soreness) and continue training the foloowing day. Various training methods have multiple, perceived benefits and an athlete must choose which one fits their goals most specifically.

Rationale
Velocity based training is an advanced, generic training using percentage of 1 rep max to determine an appropriate repetitions scale (load and repetition scheme) (Banyard et al, 2019), depending on the athlete’s fitness goals or sport that they play. Each training plan should follow specific goals or exercises to achieve overload and progression, (Haff and Triplett, 2016). Others state manipulating exercise type and order, intensity or load, number of repetitions and sets, and rests between sets during anaerobic exercise are the key principles of a good training programme  to achieve specific goals, (Jovanović and Flanagan, 2014).

A systematic review of strength training in middle and long-distance running athletes found that low to high intensity resistance training with plyometric training had a positive improvement on athletes running economy, (Balsalobre-Fernández et al, 2016).   Bradley, (2017) found that the addition of CrossFit and over training did not affect the  range of movement in the hip and running mechanics of the athlete. .

Velocity training allows athlete and coaches to monitor training in real time, with results instantly available. A profile can be produced for athletes for multiple movements, measuring the athletes mean concentric velocity over 4-6 increasing intensities from 30% to 85%. Athletes must produce maximal effort in all exercises during velocity-based training using correct techniques.  Compromised technique has been shown to achieve a greater velocity. Once an athlete drops below the velocity drop the set is complete, no given amount of reps is proscribed, and the athlete continues to  perform the reps whilst as long as they exceeding the drop of percentage, (Push, 2020).

Current literature on velocity-based training is numerous with multiple benefits seen throughout  studies.  An 8-week training programme comparing 20% velocity drop to 40% velocity drop demonstrated similar improvements on back squat strength, other improvements where seen such as counter movement jump and sprint time.  The study found no significant percentage was observed to be more beneficial without specific set goals , (Pareja‐Blanco et al, 2017).   This is supported by Dahlin, 2018) who found thatperforming squats at either 1RM or a velocity stop of up to 40% shows significant improvements in strength training.  The evidence demonstrates that a velocity stop works with increasing the athlete’s strength in back squat and that a range of velocity stop percentage will work if goals are set.

Velocity based training and percentage-based training both over an 8-week period seen an average of 9% increase in back squat 1rm over all participants through a strength-based training programme. Data demonstrates velocity stops used during strength training provide a positive result, (Dorrell et al, 2020). Training at a speed that is more accurate to athletic performance than that of 1RM gives a more realistic crossover to performance, Whereas training at a lighter load does not lead to enough muscle recruitment resulting in less of an adaptation needed for strength, (McBride et al, 2002). It is found that submaximal loads between 60% and 90% of the maximal dynamic strength, with 8 to 12 repetitions, are used to enhance muscle mass and consequently muscular anaerobic power. Whereas strength training with heavy loads (85-100% of 1-RM) induces an optimal increase in strength and then enhances power with minimum effect on muscle volume, (Chelly et al, 2009).

current literature evidence identifies for 80% of the athletes 1RM was  the preferred choice for their velocity stop-based training to enhance strength, muscle mass and anaerobic power in their lower limbs, to increasing running economy leading up to their fitness goals. A lower weight could have been used however increasing strength and muscle mass would not have been achieved as efficiently  based on  the evidence.  

Client Profile

The client is a 23-year-old female athlete who is a life-long non-smoker  and has competed at a national level in swimming.. The athlete has been weight training and functional training for the past 6-7-month period with  no significant rest periods in-between. They current swim 1-2 times per week, with training goals  to maintain and improve on the functional fitness strength aspect whilst training for the Cardiff half marathon.

Current training of client with velocity-based training sessions added.
	
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday
	Saturday
	Sunday

	AM
	6.30am
CrossFit
	8am
Swimming
	6.30am
CrossFit
	8am
Swimming
	6.30am
CrossFit
	10am
CrossFit team WoD

	Rest day

	PM
	Run
	Velocity based training
	Run
	Velocity based training
	Run
	N/A
	Rest day


Programme design

Prior to programming the athlete conducted some basic fitness tests. The athlete used a Tanita (MC-980Uplus), (Tanita, 2018), body composition machine to work out weight, body fat %, body fat mass, muscle mass and other data. Height was recorder on a SECA 213 stadiometer. This data was collected to compare pre and post body compositions results with the client.

Due to the athletes  goals’ velocity-based training for improvements in 1RM back squat has been tailored into the clients training programme over the next 5-week period. The athlete conducted a 1 rep max on a back squat. After warming up and going through the movement the athlete could build up to a max 1 rm back squat, the complete rep prior to failure was recorded.

Warm up
	Duration
	Exercise

	5 minutes cardio
	Rowing

	2 mins
	22-24 s/m (strokes per minute)

	2 mins
	24-26 s/m

	1 min
	26+ s/m

	
	

	1 minute
	Spiderman stretch with shoulder T rotation

	1 minute
	upwards dog to downwards dog

	1 minute
	inch worms

	
	

	n/a
	10 monster walks forward

	n/a
	10 monster walks backwards

	n/a
	10 side steps left

	n/a
	10 side steps right

	n/a
	10 glute bridges




The athlete  proceeded to set up the squat rack J hooks to the appropriate height so that the athlete can step underneath the bar stand up and be clear of the hooks without out need to raise onto their toes but are able to walk the barbell back onto the hooks with ease. This height was recorded for use for all velocity-based training sessions. The athlete proceeded to build up to a 1rm back squat from an empty barbell with 10 reps increasing the weight each time. After 3 sets of a lightweight the athlete went into singles repititions . Once the weight proceeded to be a challenge, (close to their 1RM) for the athlete, the rest duration increased to 2-3 minutes.

Athlete’s Pre-Testing
	Exercise
	Weight

	1RM Back Squat
	70kg



Velocity based Programme

Due to the athletes current training and physical activity training goals a percentage of their 1RM was chosen for them to complete their 5-week training block for back squat. The athlete was able to conduct the training session 2 times per week as established prior to testing and participation in the study. The athlete would complete 5 sets of their working set post warm up and build up sets.  

	Exercise
	Weight/Stroke/Mobility

	Warm up
5 minutes cardio
2 mins
2 mins
1 min

1 minute
1 minute
1 minute


	
Rowing
22-24 s/m (strokes per minute)
24-26 s/m
26+ s/m

Spiderman stretch with shoulder T rotation
upwards dog to downwards dog
inch worms

	Warm up set
2 sets 10 reps
2 sets 10 reps
1 set 10 reps
1 set 8 reps
1 set 6 reps

	
Air squats
Barbell
35kg
45kg
50kg



	Working set
20% velocity-based stop at 80% of the athletes 1RM Back Squat (best rep velocity-based stop)

	56kg

	Cool down
	Stretching
Quad stretch
Hamstring, calf stretch
Glute, hip stretch
Foam roll as seen fit



The velocity-based training programme prescribed e, considered time available for training sessions to be conducted.  The warmup was used for every training session. The rowing was chosen to limit impact upon the athlete’s legs and can be controlled and monitored with ease. The stroke per minutes increase will allow the athlete to start slow and gradually increase heart rate over a period. Mobilisation and stretching allowed for a greater range of movement during the loading and working sets of the squats, allowing for a focus in the groin and hips and the lower back.

The loading and working set of back squats where chosen to allow strength gain while allowing for the athlete to continue their personal training programme and various training classes.

Athlete’s Post-Testing
	Exercise
	Weight

	1RM Back Squat
	82.5kg



The athlete conducted post testing of a 1 rm back squat.  Post testing the athlete completed the same warm up and pretesting procedure as was carried at during post testing 1 rm. The athlete proceeded to build up to a 1rm back squat from an empty barbell with 10 reps increasing the weight each time. After 3 sets of a lightweight the athlete went into singles reputations. Once the weight proceeded to be a challenge, (close to their 1RM) for the athlete, the rest duration increases to 2-3 minutes. A significant increase was seen over the 5-week training period.

The results from the Tanita (Tanita, 2018) showed no difference in muscle mass and fat mass around the athlete’s legs pre (see appendix 2) to post (see appendix 3) testing. No significant change was found in any date collected from the Tanita, however no significant change was to be expected due to the time frame the testing was conducted over.

Evaluation of Technology

For velocity-based training the athlete was required to use two types of technology, Tanita (Tanita, 2018). for pre and post testing and the Velocity band and iPad, (Push, 2020). The Tanita was used to record the athletes muscle mass pre and post testing to determine  the effect of velocity training block  not only muscle strength but muscle mass within the athlete.  The velocity band and iPad where used to record the athletes working sets during the 5-week training block. The band recorded the velocity generated during the concentric phase of the squat, which in turn was recorded on the iPad in real time. The velocity band required a Bluetooth connection to the iPad and the iPad required the train with Push training app.

The Tanita body composition scanner (Tanita, 2018), was used to analysis the athletes body composition pre and post testing.  The validity of the Tanita was important to testing otherwise the data collected wouldn’t be of use.  Current literature indicates the validity and reliability of the Tanita for body compositions  when compared to other methods of testing which are more expensive and less time efficient.

The importance of been able to accurately outline and differentiate between fat and muscle mass is crucial when testing athletes. Incorrect  information could lead to inappropriate training t that could hinder athletic performance and future results.

Literature in this area showed, fat free mass percentage results on lower body composition in body composition machines including the Tanita proved reliable (Vasold et al, 2019). Another method of body composition evaluation such as under water weighing is popular but highly inconvenient. However, when compared to a Tanita the results show that both assessments are equally as reliable and accurate, (Cable et al, 2001). Another study comparing Tanita to other- body composition models, - with results showing no significant difference between the two allowing for Tanita to be used in more practical situations, (Hernandez and Santiago, 2017).

The Tanita is a reliable and useful source of information without running multiple tests making it simple and effective. Use of the Tanita is simple and less invasive of personal space than other methods making it more desirable than methods such as skin fold callipers, (Kelly and Metcalfe, 2012).

The velocity band Push (2020), is used to monitor the athlete’s velocity giving live accurate feedback every repetition. Current literature on the push bands when compared to linear transducer showed both reliability and validity of the push 2.0.  With 2 recent studies both coming to the same results and conclusion.

The first paper investigated back squat on a smith machine. This was conducted with 10 healthy males to test reliability and validity of the push velocity band.  Results of the velocity band where compared to linear transducer, with a high correlation  seen. A conclusion of reliability and validity was found and use was recommended during training, (Balsalobre-Fernández et al, 2016).

Another paper compared the push velocity band to linear transducer on free weights and smith machine for back squat, push press and bench press. 20 healthy trained males took part in the study conducting 3 training sessions on both devices at set percentage of 1rm. Results showed “a near perfect correlation”  between both results, showing reliability and validity for the push band, (Hughes et al, 2020).

The Push band is a useful and accurate piece of equipment that can be used across various training styles utilising different equipment making its ideal for athletes looking to increase power and strength. Limitations of the push band, however reliable and valid, is theneed- of charging so if the battery dies on the equipment you are unable to use it. It requires a tablet (iPad Specifically) to connect to using the train with Push application which has a cost implication and limitation. The equipment is Bluetooth connected and will not connect to android products at this time. These limitations are cost orientated and do not affect performance or efficacy of the push band 2.0.

Critical evaluation

The results from the athletes 5-week training programme show that velocity-based training has a strong positive effect on training, more specificity 1rm back squat with a significant increase (12.5kg) seen in the athlete over 5 weeks.  Velocity based training allowed for the athlete to perform each set to their best rep at velocity taking a 20% stop so once velocity dropped below a set percentage, they stopped the set, (Pareja‐Blanco et al, 2017). This allowed for increase strength and power in the back squat without reaching a level of fatigue to stop the athlete from conducting other planned training sessions, (Dorrell et al, 2020).

Throughout the 5-week period of velocity-based training the athlete showed significant improvement at repetitions per set as the weeks advanced with 75% of 1RM back squat.  Through 5 sets of max reps with a 20% velocity stop in the first week the athlete completed 29 reps (see appendix 5) where in the final week they completed 41 (see appendix 7) an increase of 12 reps, the only difference to training was accredited  to velocity based training.  Increases where seen throughout all aspect of the lift from the beginning to the end of the training programme. Total work time, total tonnage and total work increased significantly, (see appendix 5 and 8).

Real time evaluation allowed the athlete to see drop rate in velocity rep to rep allowing them to see a decrease and increase work performance to maximise sets until true fatigue (20% velocity drop). Real time feed from week 1 (see appendix 4) to 5 (see appendix 9) showed an increase of maximal velocity from 0.45m/s to 0.70m/s, with increased power output and maintenance during working sets.

Conclusion

To conclude velocity-based training is effect and time effect. Current literature show’s reliability and positive effects from training when following an appropriate training programme with velocity-based training implemented into it. The only downside to velocity-based training is the cost of purchasing the equipment, if not already available, to use as the product only supports Apple at this moment in time.
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Appendix 

Appendix 1.
NSCA Basics of Strength Training.
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Appendix 2
Advanced training methods, Athletes profile and Tanita results. 
	Clients Profile

	Name
	Paige Summers

	Age
	23 Y/O

	Sex
	Female

	Height
	159.0cm

	Weight
	61.2kg

	Muscle mass
	44.6kg

	Left leg MM
	7.5kg

	Right leg MM
	7.4kg

	Body fat %
	23.2%

	Body fat mass
	14.2

	Left leg%
	30.9%

	Left leg FM
	3.6kg

	Right leg %
	32.6%

	Right leg FM
	3.8kg

	
	

	Smoker
	No

	Alcohol units per week
	0

	Current training status
	3-4 per week

	Current period of training
	6-7 months




Appendix 3.
Advanced training methods, Athletes profile and Tanita results. 
	Clients Profile

	Name
	Paige Summers

	Age
	23 Y/O

	Sex
	Female

	Height
	159.0cm

	Weight
	59.5kg

	Muscle mass
	44.3kg

	Left leg MM
	7.5kg

	Right leg MM
	7.4kg

	Body fat %
	21.5%

	Body fat mass
	12.8

	Left leg%
	28.9%

	Left leg FM
	3.3kg

	Right leg %
	30.5%

	Right leg FM
	3.4kg

	
	

	Smoker
	No

	Alcohol units per week
	0

	Current training status
	3-4 per week

	Current period of training
	6-7 months


















Appendix 4.
Velocity M/S shown in working sets
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Appendix 5.
Set, Reps and Load from working set.
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Appendix 6.
[image: ]Workout put through out working set, session time not including warm up, build up or cool down. 

Appendix 7. 
Set, Reps and Load from working set.
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Appendix 8. 
[image: ]Workout put through out working set, session time not including warm up, build up or cool down.

Appendix 9. 
Velocity M/S shown in working sets
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