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The Comparison of Velocity Training vs Strength training for Throwing Velocity in Sport.

Introduction 
The purpose of this review article is to critically evaluate two different training methods in throwing velocity. The use of throwing is used in many sports such as netball, baseball, rugby and basketball, and the physical qualities required for those sports are speed, power and strength, and research studies have examined different methods of training to enhance throwing performance in these sports (McEvoy et al., 1994). The most common method of improving speed and muscular power is plyometric training and conventional weight training. In particular resistance training has been studied the most on the effects of throwing velocity, however there have been mixed results where most researchers have discovered improvements, but other investigations have discovered no significant improvements in throwing velocity in baseball and water polo (McEvoy et al., 1998). The general strength training guidelines according to the (American College of Sports Medicine, 2017) is 60%-70% of 1 rep max (1RM) for novice to intermediate, and 80%-100% for advanced, 1-3 sets x 8-12 repetitions for novice to intermediate and 2-6 sets x 1-8 repetitions. Rest periods should include 2-3 minutes for higher intensities, and 1-2 minutes for lower intensities. Regarding frequency, novices should aim for full body workouts 2-3 days per week to prevent overtraining, however advanced lifters can train between 4-6 days targeting major muscle groups once or twice a week. However, hundreds of modalities have been discovered to improve strength such as muscular power training, and muscular endurance training, most importantly improving athletic performance requires a great deal of variability and specificity. An example of various modalities is shown in a study conducted by (Cormie et al., 2010) where 8 untrained individuals participated in a 10 week (wk) ballistic jump squat training (0%-30% of 1RM), and 8 trained individuals participated in a 10 wk heavy squat training (75%-90% of 1RM). Both groups gained neuromuscular adaptations necessary to improve speed, strength and power, and therefore various modalities is encouraged as well as various loading conditions using the force-velocity relationship to improve athletic performance. The force-velocity relationship curve is the relationship between force and velocity in an isolated muscle fibre or contracting muscle, and it is demonstrated in a study by (Sleivert et al., 2004) to discover the relationship between maximal jump-squat power and speed acceleration. They discovered that maximal power generated from a traditional squat and jump squat positively correlated to the 5m sprint, however peak rate of force development and peak force was significantly higher after jump squat training as opposed to the traditional squat. Although there are well established theories using a variety of methods to improve strength, the general guideline published by The ACSM guidelines are the most common method used in strength training, and therefore the aim of the report is to critically evaluate whether velocity training or a traditional strength training program increases throwing velocity in sport.

Understanding the Methodologies

Maximal strength testing is one of the main fitness tests involved in athletic performance, and it allows personal trainers and strength coaches to prescribe strength programs based on effective training loads. Muscular force is the amount of force a muscle or a group of muscles can exert against resistance BBC (2014). A maximal strength test requires an athlete to perform a 1 repetition maximum (1RM) usually in the form of a bench press, squat or deadlift, however this can often interfere with regular training (Duncan et al., 2017). With this, researches have established a way of accurately predicting a 1 rep max sub maximally by using load-velocity training. The most common method of velocity training is recording bar velocity from the concentric lifting phase of the exercise, it also quantifies propulsive power, mean concentric velocity, and peak concentric velocity (Banyard et al., 2006). Advanced equipment have been produced to measure velocity such as Linear Position Transducers or a commercial available product called The Push Band which are widely used by professional coaches and even amateur athletes. These devices typically attach to the resistance machine equipment or to the athlete themselves and calculates the velocity and acceleration. Velocity-based feedback is then displayed on a secondary device via Bluetooth onto an app/laptop and data is recorded into an individualised program (Flanagan et al., 2014). These devices can create a load/velocity profile on any exercise for athletes by using the force-velocity curve to determine the correct load needed for maximum power. As said previously the force-velocity is a relationship between the muscle contraction velocity and the muscle contractile force and demonstrates that as force increases, velocity decreases. An example is shown in (Science Sport, 2017) where a 1 rep max back squat would produce high levels of force, but velocity would be very slow, while a countermovement bodyweight jump would produce high velocity but with little force. 
[image: https://i0.wp.com/www.scienceforsport.com/wp-content/uploads/2016/01/Figure-4-The-apexs-of-the-concentric-only-force-velocity-curve.png]To establish a profile for an athlete and to maximise the rate of force development, an athlete must perform a number of repetitions usually between 1-3 reps at a relative load to estimate 1RM. It is recommended that a series of sets over at least 4-6 incremental intensities is used ranging from 30%-85% of a 1RM or an estimated 1RM. (Badillo et al., 2015). It is suggested that a three minute passive recovery should be given between each set, and every set should ensure a decrease of 0.5m/s in velocity. The test finishes when power decreases after two consecutive loads and the suggested minimal velocity threshold for bench press is around 0.15m/s and 0.30m/s for a back squat, and it is reported that the maximum measurement error of velocity using this system is 0.9% in any single case, and therefore velocity testing is as accurate as performing a 1RM (Benache et al., 2010). The minimum velocity threshold is key to velocity training as it indicates the amount of reps left ‘in the tank’ in a given set according to its intensity. In the article published by (Izquierdo et al., 2006) he describes that as the load increases or the amount of reps increase, eventually the load will become too heavy to move at a sufficient speed and therefore the athlete will fail the repetition. In terms of velocity, minimal velocity threshold remains the same regardless of the number of reps performed or percentage of one rep max. An example is shown in an article published by Science of Sport (2017) where as the load [image: https://www.strengthofscience.com/wp-content/uploads/2017/03/Table-1-and-2.jpg] increases in a 1 rep max bench press, velocity decreases in a linear fashion. Figure 5

Individual athlete’s minimal threshold is 0.19m/s.
Understanding velocity thresholds allows you to create individualised linear regression equations to accurately predict 1RM. 
Strength training can include the use of machines, free weights, bodyweight and elastic resistance and it is also a method that is used to develop power in various populations, ranging from elite athletes to elderly. Power is the ability to exert maximal force in the shortest time possible, and increasing power means either increasing the velocity of the exercise or the ability to produce more force, Strength and Conditioning Research (2017). Early weeks of strength training usually improve muscular strength due to neural adaptations with a gradual increase of hypertrophic factors as training progresses. The magnitude of neuromuscular adaptation differ amongst trained or untrained athletes, and therefore training load intensity must be individualised for the training level of the athlete (Hakkinen, K., 1989). Neuromuscular adaptations include the recruitment and synchronization of motor units, where an electrical signal from the brain stimulates a motor neuron to activate the muscle fibres in order for the muscle to contract. Motor neurons in larger muscles may control hundreds of thousands of muscle fibres, whereas motor neurons in a bicep control significantly less muscle fibres as more control and less force is needed. Trained athletes will have better synchronization of motor unit recruitment meaning that maximal strength will be produced with efficient movement, as opposed to untrained athletes, the brain will activate motor units at different rates causing inefficient movement Ahtiainen et al., 2002). Another process of increasing strength is hypertrophy, the enlargement of cells thus increasing the size of the muscle. Muscle cells that are subjected to frequent exercise and intensity including sufficient rest and nutrition undergo hypertrophy as a response to stress of training, this also known as the ‘Principle of Overload’ (Hellebrandt., 1958). The common method for hypertrophy training according to ACSM (2017) is 3-6 sets of 8-12 repetitions at 70-85% for intermediates. 

Strength Training Research 
A study was conducted by (McEvoy et al., 1994) to compare conventional weight training and medicine ball training with throwing velocity. Twenty four male junior members of the Australian baseball team participated in an 8 week training program. One group was prescribed velocity training with a medicine ball, all exercises were done at maximal power and all muscle actions used replicated the movement and muscles used in baseball. Another group used weight training including bench press and barbell pullover, again similar movement actions that are performed by baseball players. They concluded that velocity training would have been more beneficial in terms of throwing actions with similar velocities, the load being accelerated and the coordination used in full-body action, however results showed that weight training improved throwing speed and strength to a greater degree compared to the medicine ball group. Another study was conducted over 6 weeks (Mario et al., 2011) and compared three training methods with throwing velocity. 68 high school students took part and were equally split into three groups at random. The velocity training group performed 6x14 explosive soccer ball throws, the resistance training group performed 3x6 throws with a 3kg medicine ball and the combination training group performed 1x9 with a 3kg medicine ball following 3x14 soccer ball throws. Results showed that all three training methods increased throwing velocity with the same workout load.  A study conducted by (Cronin et al., 2001) to assess the importance of velocity training and strength training in sports specific tasks by investigating throwing velocity in a netball chest pass. 21 female netball players were randomly assigned to a power trained group (60% of 1RM) and a strength group (80% of 1RM). The power training group required to perform explosive bench press throws on a Smith machine, and the strength group required to perform as many repetitions as possible on a 25kg barbell bench press. Both groups had pre-conditioning training for 4 weeks, followed by 6 weeks of conditioning. The strength training group and power group both increased testing volume (the number of repetitions performed in a set) in the pre-conditioning phase. However the strength group increased testing volume by 18.2% in the conditioning phase, where the power group increased only by 4.6%. The strength group also produced greater peak velocity and peak power output at 40% 1RM compared to the power-trained group.   

Velocity Training 
One repetition max is a well-established method of determining maximum strength, however according to (Banyard et al., 2016) 1RM testing for a large team can be problematic in terms of time commitment. Maximal strength also changes rapidly on a day to day bases, especially in novices caused by normal biological variability, lifestyle factors like stress, sleep, diet and fatigue, and therefore an athlete may not be training at the correct intensity according to their strength that day. However in velocity training, the requisite repetitions performed during a warm-up can accurately predict your 1RM allowing you to fully maximise your performance during the training session (Blair et al., 2008). According to (Flanagan et al., 2014) strength practitioners may wish to monitor 1RM strength regularly, however performing regular strength tests may interfere with regular training and cause fatigue as well as overtraining which may lead to injury. A systematic review by (Cronin et al., 2006) explains the advantage that velocity training has over strength training in regards to actual movement velocity of the task. There has been a lack of research when comparing training velocity with the actual movement velocity of the sport, and therefore research has been done to compare bench press with shot-put velocity that averages around 13m/sec, netball ball chest passes where average velocity is 11.98m/sec and a tennis serve with approximately 3m/sec. Resistance strength training without a doubt can improve athletic performance but it does not take into consideration the load and velocity of the movement used in athletic tasks (Ritzdort., 1998). Also load is not the most important factor to improve functional performance, other factors must be considered such as the rate of force development as opposed to power output to determine athletic success. An example by Kraemer et al., states that heavy load strength training with an intensity of (70-120%) of 1RM does not maximally improve rate of force development, but a countermovement jump training with an intensity of (30-60%) of 1RM increases the ability to produce high force rapidly.  A study was conducted by (Carter et al., 2007) by measuring the effects of upper body plyometric training and functional strength training on throwing velocity in baseball players. 24 division I college baseball athletes took part and were equally split into a controlled strength group and a plyometric group. The controlled group continued their off-season including strength training activities and cardiovascular conditioning, whereas the plyometric group continued their off-season including strength and conditioning activities as well as The Ballistic 	Six exercises. Results show that the plyometric group increased throwing velocity by 2.00mph, where the controlled group increased by 0.27mph. However there was no significant difference in both groups in isokinetic strength. This study also counters another study by (McEvoy et al., 1994) where baseball players participated in a 10 week plyometric training using light explosives barbell bench presses and recorded a significant increase in throwing velocity, which replicates The Ballistic Six exercises theory. 

Conclusion
[bookmark: _GoBack]To conclude, the goal of strength coaches and practitioners is to maximise the performance of the athlete, and in throwing events especially, velocity training, plyometric and strength training have been the most common methods of improving throwing performance. There have been mixed studies where many find that strength training show significantly better results than velocity training and vice versa and therefore it is believed that conventional weight training and velocity training is neither inferior nor superior for increasing power output. However, it is believed that velocity training like plyometrics may be more sports specific and may increase coordination and kinaesthetic of movement but all athletic programs should be varied to ensure maximal performance. Velocity training seems to be more convenient in terms of testing 1RM in larger teams but does not mean that strength training should not be used during regular training sessions. 
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