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	Module Learning Outcomes 
(from module syllabus)

	
· 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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The Effects of Blood Flow Restriction and Resistance Training on Strength: A Meta-Analysis

Strength, defined in the Oxford Dictionary as the quality or state of being physically strong, is developed through a combination of morphological and neural factors. These factors include muscle cross-sectional area and architecture, musculotendinous stiffness, motor unit recruitment, rate coding, motor unit synchronisation and neuromuscular inhibition (Suchomel et al, 2018). Research suggests that greater muscular strength can enhance an athlete’s ability within sport. It has been found to improve skills such as jumping, sprinting, and change of direction tasks (Suchomel, Nimphius and Stone, 2016). Further research indicates that athletes with a stronger muscular capacity, produce superior performances during sport specific tasks. There is also found to be a decrease in the risk of injury to an athlete through regular participation in a multifaceted resistance training programme (Faigenbaum and Myer, 2000) which adds to the evidence base as another key benefit from including strength training within an exercise regime. 

There are many different methods within strength training that individuals could use in order to achieve similar results, to gain muscle and overall strength. An essential element of the process is to identify a method that every individual can personally adhere to as a means of increasing their ability to perform over the long term. There are various methods of strength training which include bodyweight exercises, isolation exercises, and compound exercises, with the use of either, or a combination of, machine weights and free weights. These methods would be considered as established training methods and are extensively used and recognised within resistance training as methods effective in the building of muscle and strength. There are then, what are considered as, advanced training methods which are extended developments of general resistance training. These tend to be more complicated methods that may require more of a scientific understanding. Some of these include velocity-based training, variable resistance training and blood flow restriction training.

The comparative training methods within this review are the established training method of hypertrophic resistance training, and the advanced training method of blood flow restriction training. Both methods will be investigated individually in greater detail, however, as a brief initial overview, hypertrophic resistance training involves performing sets of 8 to 12 repetitions at 60% to 80% of a one repetition maximum. Whereas blood flow restriction involves using specific equipment in isolation exercises to restrict the amount of blood that is pumped to a muscle, decreasing the oxygen level and therefore increasing the effort required to perform such exercises, therefore gaining an increased effort at a lower working load.  

Baechle and Earle (2008) and Westcott (2003) provided a table containing a breakdown of recommended training volumes to meet specific goals. These goals were all those achievable within resistance training, including strength endurance, hypertrophy, maximum strength, and power for both single-repetition event and multiple repetition event. They noted strength endurance requires 12 repetitions at 67% intensity, hypertrophy requires a 6-12 repetition range at 67-85% intensity, maximum strength requires 6 repetitions at 85% intensity, power for single repetition event requires a 1-2 repetition range at 80-90% intensity and a multiple repetition event requires a 3-5 repetition range at 75-85% intensity. 

The established training method within this review is resistance training using a general hypertrophy programme recommended by The American College of Sports Medicine (2009) where they suggest that individuals aim for a resistance of 60% to 80% of their maximum one repetition. They suggest that this intensity should then be performed for 8 to 12 repetitions, until they reach fatigue, but not complete failure. This same article states that to obtain the optimal characteristics of a strength-specific programme, it must include the use of concentric, eccentric and isometric muscle actions, and the performance of both bilateral and unilateral exercises. The recommended training frequency is two to three days per week for novice training, three to four days per week for intermediate training and four to five days per week for advanced training. 

A study was done by Schott, Johnen and Holfilder (2019), to examine the effects of both free weights training and machine weights training. It was found that free weights training improved leg and tricep strength, as well as the subjective perception in older adults, meaning they felt stronger with higher motivation levels compared with the machine weights group. It was concluded that although the perception of these adults demonstrated free weights as the preferred option, the results do not indicate that free weights training is superior to machine weights training for increasing overall strength. 

It has been demonstrated that many strength and conditioning professionals design training programmes for individuals based on both machine weights and free weights to improving strength, power, and overall athletic performance. ‘Free weights are particularly important for training the muscles of the body to work in unison, especially in lifting or in other activities in which gravitational resistance is a major factor, such as sprinting and jumping.’ (Haff, 2000). Therefore, free weights training can be deemed an essential accessory to numerous other sports to assist in the optimal function of the body. 

Blood flow restriction is an advanced training method used within sport to increase workload output whilst working at a lower intensity, therefore causing measurably less muscle damage yet obtaining positive muscular increase (Scott et al, 2016). It is performed by attaching specifically designed bands to the muscle area of choice and tightening them to restrict blood flow to the muscle. By doing so, it requires the muscle to perform at an increased effort, without the requirement of a higher resistance load. It could be used on muscles trained through the mode of either free weights, body weight, or machine weights, or a combination of all, which gives freedom to the individuals to choose their preferred training means. 

The American College of Sports Medicine recommends moderate to high load resistance training in order to improve both muscular strength and hypertrophy. However, this is not always feasible, especially in clinical populations. Vanwye, Weatherholt and Mikesky (2017) state that blood flow restriction training could prove to be a popular, safe and effective rehabilitation tool in these clinical populations. 

A systematic review by Lixandrao et al (2018) found that both high load training and blood flow restriction training seem to increase muscle mass regarding the hypertrophic response. High load resistance training did demonstrate superior muscle strength gains therefore for an athlete with specific training goals, high load resistance training would prove more effective, however, for those with physical limitations such as old age or those who are post injury, blood flow restriction training would prove useful to gain back muscle mass at a lower working intensity. Overall, we can assume from this review that blood flow restriction training is most effective for those who are both looking to increase muscle strength and have specific physical limitations that decreases their ability to perform higher load resistance training as it is a good way to get similar benefits of high load training without the increased impact on the body. 

Loenneke, Wilson and Bemben (2012) found that blood flow restriction was found to result in significantly greater muscular gains, specifically in strength and hypertrophy when performed alongside resistance training. This suggests it could be implemented into a training programme as an effective accessory to resistance training. Additionally, there was a greater effect size to the muscle when performing blood flow restriction training at a low intensity 2- 3 days per week compared with 4 – 5 days per week. As well as an accessory, blood flow restriction training can be used as a method of musculoskeletal rehabilitation (Hughes et al, 2017). Within their analysis of 20 studies, it was found that low load blood flow restriction training had a moderate effect on increasing strength, however, it was less effective than heavy load training. They stated that compared with low load training without blood flow restriction, adding this method into a training plan provides a more effective and tolerable tool. Although, they concluded that there is a need for the development of an individualised approach when prescribing training to decrease the level of risk that is put on the patient. 

Another study conducted by Lowery et al (2014), focused on 20 college-aged male participants, all with experience of resistance training of at least 1 year. It consisted of a randomised, crossover protocol, using blood flow restriction on the elbow flexors. Direct ultrasound-determined bicep muscle thickness was then assessed at the 4-week and the 8-week mark. The conclusion of this study was that practical blood flow restriction can stimulate muscle hypertrophy to the same degree to that of high intensity resistance training by increasing muscle activation and muscle swelling.

From these studies, we can assume that low load blood flow restriction is an effective means to improve muscle strength alongside a regular resistance training plan, but also as an alternative to higher load resistance training for those with physical limitations that restrict the ability to perform exercises with a higher intensity, and as a means of rehabilitation in those with physical injuries. Overall, it is a beneficial and effective mode of training the musculoskeletal system. 

One major concern with using specifically designed equipment, especially those such as blood flow restriction tools, which decrease the oxygen level to the muscle, is their associated potential safety risks. A review conducted by Loenneke et al (2010) outlined the potential safety issues with blood flow restriction training in the Scandinavian Journal of Medicine and Science in Sports. This review focused on the cardiovascular system, muscle damage, oxidative stress, and nerve conduction velocity responses compared with those observed with regular exercise. Regarding the cardiovascular system, the peripheral blood flow response to blood flow restriction training appears to respond in a similar way to regular exercise. Regarding muscle damage, only minimal damage is seen to occur through low intensity blood flow restriction, to which the risks are only acute for this. Literature suggests that high-intensity exercise involving a large muscle mass consistently elicits a measurable increase in blood oxidative stress markers. However, oxidative stress has been seen to increase as a response to low-intensity blood flow restriction training, although the research is sparse and would require further studies for conclusive evidence. Regarding nerve conduction velocity response, low intensity blood flow restriction training does not demonstrate chronic negative effects in healthy human subjects. Again, more studies should be done in order to determine any short-term or long-term effects. Another major risk is simply that it is possible for any individual to gain access to this equipment, for example, through online purchases. Therefore, it can be difficult to regulate correct usage to avoid misuse, overuse and risk of potential injury. 

Research interest in advanced training methods specifically blood flow restriction has increased over the last 10 years, brought about by the continuous growth in interest of improving strength and fitness, and the development of new scientific methods of improving resistance training. However, ensuring a robust knowledge and understanding of advanced training methods is of utmost importance to decrease any potential risks and to be aware of the use and misuse of the equipment. To review the available evidence in order to make a clear judgement on this training method, the following articles were investigated.

Published in the European Journal of Applied Physiology, Yasuda et al (2011) investigated the combined effect of low-intensity blood flow restriction and high-intensity resistance training on muscle adaptation. 40 males between the ages of 22 and 32 years were randomly divided into 4 groups of 10. These 4 groups consisted of high-intensity resistance training, low-intensity resistance training, a combination of both high-intensity and low-intensity resistance training, and a non-training control group. The results of this study found that functional muscle adaptations are improved best by a combination of low-intensity and high-intensity resistance training when implemented with blood flow restriction training. However, both low intensity and high intensity resistance training provided improvements, just at a lower rate to the combination group. Whilst we can understand that these methods provide the training improvements, we could equally question whether this is as a result of the blood flow restriction training, or through results that can be generally achieved from any form of resistance training. 

Wilson et al (2013) published original research in The Journal of Strength and Conditioning Research looking at how practical blood flow restriction training increases acute determinants of hypertrophy without increasing indices of muscle damage. They found that the group who experienced low intensity practical blood flow restriction had greater activation than those within the control group. They concluded that their data indicated practical blood flow restriction significantly increases muscle activation and muscle thickness without increasing indices of muscle damage. This suggests that at a lower intensity, blood flow restriction could be a beneficial tool to increasing the activation of a muscle, which many believe is good prior to regular resistance training. Therefore, it could be considered a way to warm up a muscle ready for full activation before resistance training without causing any early muscle damage. Scientific studies would be required to make this recommendation conclusive, however there is potential for a hypothesis to be drawn from this to inform future study. 

In conclusion, the reviewed articles have demonstrated that blood flow restriction does prove to be beneficial within resistance training. It seems to be most popular when paired with low-intensity resistance training and has benefits to those who want to achieve results from high load training but may struggle to do so as a result of injury or any other physical limitations. Therefore, it can be regarded as an effective method of advanced training and can be used by almost anyone with readily available equipment. The main and only associated concern is the risk of misuse which could lead to injury as a result of the equipment being easily purchased and potentially used with a lack of scientifically based knowledge. 
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