Advanced Training Method – Does a Six-Week Blood Flow Restriction Training Programme Improve Muscular Endurance and Power?
Client Profile
The client that took part in the 6-week programme will be referred as OG. OG is 18 years old, stands at 175 cm tall and weighs 61 kg. OG is extremely active as he would 5-6 times per week, alternating between weights training, cardio or competing in team sports. OG’s preferred sport is rugby but he also participates in cricket during the summer season. Due to the recent circumstances of COVID-19, OG is unable to take part in any rugby or cricket activity which could significantly decrease performance when the restrictions are lifted on outdoor sports. During the pandemic it is important for OG to remain motivated and continue to be as physically active as previously to avoid depletion in performance and muscular adaptations (Evans, 2010).
On the rugby field, second row is where OG plays. This position is considered the engine room, whereas here is where the energy and strength of a rugby side is (Braizer et al, 2020). This role requires players to be strong and powerful as they need to support the front row whilst scrummaging by providing a substantial amount of power from behind them in order to gain ground (Milburn, 2008). Second rows are usually the tallest players in the team, which makes them primary targets to receive the ball from a line out (Nicholas, 2012). This requires players to have an effective leap to obtain the ball but also in the modern-day game for second rows it is necessary for them to be tough ball carriers to gain them vital meters closer to the try line (Ibid).
OG has numerous goals he wishes to complete in order to assist him in being a better rugby player and eventually progressing to higher tier clubs and perhaps competing internationally. One of his main goals is to improve his power and strength which will help to support his team whilst scrummaging and protect the ball from the opposition in a ruck (Gannon, Stokes & Trewartha, 2015). Another goal OG has set for himself is to improve his muscular endurance because he finds in the final minutes of the game his muscles feel sore and tired. Improving muscular endurance will enable OG to cover more ground at greater speed and perform repeated strength orientated activities such as scrummaging, tacking the opponents but also resisting the oppositions tackles (Gabbett, 2016). Finally, OG would like to increase muscle mass which would be beneficial as bigger muscle fibres tend to be stronger muscle fibres (Reggiani & Schiaffino, 2020).
To determine whether the Blood Flow Restriction training would improve muscular endurance and power, multiple tests were conducted on the individual. Firstly, before conducting any physical tests a simple thigh circumference measurement was taken to decide whether there were increases in muscle mass after the 6-weeks in that area.  Power was tested with a maximal vertical jump, where OG had an average score of 38.3 cm from the three jumps. Finally, to test muscular endurance a multiple chair squat until failure test was completed where OG scored 40 squats. 

What is Blood Flow Restriction Training (BFR)?
Blood Flow Restriction Training or Occlusion Training, also known as Kaatsu Training is a method of exercise in which a resistance or aerobic exercise is performed while an occlusion cuff is applied to the muscle's proximal aspect (Hunter & Flynn 2019), (Patterson et al, 2017). The main objective of blood flow restriction training is to restrict venous return, which is the flow of blood back to the heart while still enabling arterial flow by effectively wrapping the highest point of the working limbs (Spranger et al, 2015). Due to the restriction of the veins and not the arteries, blood will still flow to the working muscles until it is released once the cuff is removed from the part of the limb. 
The concentration of anabolic hormones rises as a muscle is placed under metabolic stress. Metabolic stress is when energy is low during exercise which results in metabolite accumulation such as hydrogen ions and inorganic phosphate within the muscle cells (Conrado de Freitas, et al 2017). Furthermore, protein synthesis is then induced by the induction of myogenic stem cells and elevated anabolic hormones, resulting in muscle hypertrophy. This shows that metabolic stress is considered a crucial mechanism for muscle growth and is key for strengthening the muscles.
When the muscle remains under metabolic stress there is an increase of hormones, hypoxia and cell swelling which are all included in the anabolism of the muscle tissue during BRF training (Rossi et al, 2018). An increase growth hormone can cause muscle hypertrophy and also assist in muscle recovery, therefore BFR training facilitates the strengthening of the targeted muscle groups (Kraemer, Ratamess & Nindl, 2016). When a certain muscle is being trained with BFR cuffs a compression of the blood vessels will occur and result in a hypoxic environment for the muscles due to a lack of oxygen arriving to the active muscles (Heitkamp, 2015). Consequently, low intensity exercise will feel fairly similar to high intensity exercise due to the targeted muscle group being deprived of oxygen and producing waste products such as lactate and carbon dioxide (Loenneke et al, 2012). Finally, cell swelling occurs when there is a blood pooling and accumulation of metabolites which causes anabolic reaction and later results in muscle hypertrophy in the targeted muscle group (Wilson et al, 2013). Here it shows BFR training creates an anabolic reaction which synthesises larger myosin and actin molecules from smaller parts by using ATP as a source of energy.
In a study carried out by Cook, Kilduff & Beaven (2014) they examined whether a 3-week BFR training programme produce greater improvements in strength and power compared to not using the BFR cuffs (NC). 20 male semi-professional rugby players conducted 3 sessions per week and inflated both cuffs to 180 mmHg before and between each exercise. The results showed significant improvements in squat (BFR vs NC), (7.8 ± 2.1 vs 4.3 ± 1.4 kg), maximum sprint time (-0.03 ± 0.03 vs -0.01 ± 0.02 s) and leg power (168 ± 105 vs 68 ± 50 W). These results reveal that even though the programme lasted 3 weeks there were still significant improvements within the BFR training group. The greater improvements come from the squat and leg power which represents strength and power, both important physical factors that are required in rugby. Strength is essential for majority of the game, scrummaging, line outs and tacking but power is crucial in the ability to being able to complete these activities at a great speed. The participants in the study are semi-professional rugby players which is relevant with OG and suggest that BFR training could be an effective method to improve his strength and power further with a six-week programme. 
In an experiment conducted by Sousa et al (2017) they tested whether a 6-week low intensity BFR training programme would be as effective as a high intensity programme in improving muscular endurance in 37 young and healthy individuals. The study does not mention the pressure of air that is in the cuffs but the guidelines within the Occlusion Cuff handbook says for lower limbs the pressure should range between 150 – 250mmHg (The Occlusion Cuff, Brisbane, Australia). The results showed significant muscular endurance improvements in both groups which suggests that the low intensity BFR training can be an alternative to high intensity training, mainly for individuals with an injury or prefer a lower intensity exercise with similar results as high intensity. This study is again appropriate to OG as he is young and healthy individual which proposes that the 6-week BFR programme prescribed to him should show improvements in muscular endurance which is one of his goals.
Sakamaki, Bemben & Abe (2011) together conducted a study where 17 young and healthy participants took part in a 3-week BFR training programme. 9 participants performed walk training with BFR and the other 8 conducted the walk training alone. Participants trained twice a day, 6 days per week using 5 sets of 2 minutes. Results from the study showed that there a significant change in lower limb circumference (+3.8%) with the BFR training group but no significant difference in the group which only walked. This proposes that BFR training assists in muscle hypertrophy because there is an increase in diameter of the muscle and also could be an increase of protein content which is not stated in the study. Furthermore, an increase in the cross-sectional area of the muscle correlates with an increase in strength.  On the other hand, the study does not explain when the measurements of the leg were taken which could suggest that there may be a transient hypertrophy which refers to the pump in the muscle after a training session. This study is germane with OG as he wishes to increase muscle mass and strength in order to help him to competing against the opposition in scrums and resist tackles. Ultimately, the evidence reveals that BFR training is an effective method to improve certain attributes and physical aspects. 
The Training Programme
The programme that was prescribed to OG followed a similar format to as Cook, Kilduff & Beaven (2014) which has been described earlier in the study. Due to the restrictions of COVID-19 the UWTSD laboratory was unavailable to conduct any thorough testing such as the Kaiser Leg Press for power and the Tanita machine to see a more accurate way to see an increase in muscle mass. The study conducted a 3-week programme to see whether there were improvements in leg power in 20 male semi-professional rugby players (Cook, Kilduff & Beaven 2014). With alterations to their study by creating an only lower limb workout and extending the programme to 6 weeks but keeping 3 sessions per week which seemed effective. This assisted in identifying the specific improvements such as muscular endurance, power, and upper leg circumference. The duration of each session was 30-40 minutes long and varying each week due to increase in reps, sets and decrease in rest time. In the study by Cook, Kilduff & Beaven (2014) both groups completed a warmup which was followed by completing each exercise at 70% 1RM which was difficult to calculate with limited equipment. Therefore, we used a rate of perceived exertion scale (RPE) to estimate the intensity of each exercise/session. Before and between each exercise the Occlusion cuffs were inflated to 180 mmHg to ensure that there was constant obstruction venous return and not too much pressure that caused the individual discomfort or numbness. There were multiple exercises taken from New Zealand’s strength and conditioning coach Nick Gil’s (2018) strength training programme, which gave a good foundation of what exercises would see the greatest improvements in OG. The programme began simple because OG was unfamiliar with the particular exercises but gradually the intensity increased as OG’s muscles were adapting. By following the similar format of the Cook, Kilduff & Beaven (2014) and extending the programme by a further 3 weeks it was expected that there should be significant improvements, and a decision on whether the BFR training method influenced certain factors mentioned within this study. 
During the 6-week programme OG conducted his usual aerobic and resistance training individually which has a slight chance of influencing the post test result. Furthermore, OG suffered an injury which was unrelated to the BFR training. Here is the activity of OG over the 6 weeks:
6-Week Programme
	
	MON
	TUE
	WED
	THU
	FRI
	SAT
	SUN

	W1
	PRE-TESTING
	BFR WORKOUT -1
RPE 6-8
	TURBO TRAINER (16 KM)
	BFR WORKOUT -1
RPE 5-7
	CT- RUN
(5KM) 
	BFR WORKOUT -1
RPE 5-7
	REST DAY

	W2
	WEIGHT TRAINING (PUSH WORKOUT)
	BFR WORKOUT -2
RPE 6-8
	REST DAY
	BFR WORKOUT -2
RPE 6-7
	WEIGHT TRAINING (PULL WORKOUT
	BFR WORKOUT -2
RPE 6-7
	REST DAY 

	W3
	TURBO TRAINER (16 KM)
	BFR WORKOUT -3
RPE 7-8
	(WEIGHT TRAINING) PULL WORKOUT
	BFR WORKOUT -3
RPE 6-8
	CT- RUN
(5KM) 
	BFR WORKOUT -3
RPE 6-8
	REST DAY

	W4
	(WEIGHT TRAINING) PULL WORKOUT
	BFR WORKOUT -4
RPE 7-9
	(WEIGHT TRAINING) PUSH WORKOUT
	BFR WORKOUT -4
RPE 7-8
	TURBO TRAINER (16 KM)
	BFR WORKOUT -4
RPE 7
	REST DAY

	W5
	REST DAY
	BFR WORKOUT -5
RPE 8-9
	INJURY FROM 5KM RUN
	INJURY
	INJURY
	BFR WORKOUT -5
RPE 8-10
	REST DAY

	W6
	REST DAY
	BFR WORKOUT -6
RPE 8-9
	(WEIGHT TRAINING) PUSH WORKOUT
	BFR WORKOUT -6
RPE 7-8
	CT- RUN
(5KM) 
	BFR WORKOUT -6
RPE 7-8
	POST- TESTING


TABLE.1              CT= CARDIO TRAINING   

Pre and Post Testing Results
	TEST
	WEIGHT (KG)
	MVJ (CM)
	LEG CIRCUMFERENCE 
	ME SQUAT

	PRE
	60.5
	38.3
	R=42 L=43
	40 REPS

	POST
	62.2
	42.6
	R=45 L=46
	53 REPS


TABLE.2
The results show that OG’s weight has increased by 2.8%. A great increase of 11.2% was seen in the MVJ. After the 6 weeks the right leg circumference of OG increased by 7.1% and the left leg increased by 6.9%. Finally, there was a significant increase of 32.5% in the muscular endurance squat test.   
Technology Used
Once again with the restrictions of COVID-19 there was limited technology used. One piece of technology that was used is an app called Jumpster which would estimate what the height of the MVJ would be (Jumpster, Mississippi, USA). Without the accurate reading of the MVJ equipment this is the alternative method which works adequately as there was nothing to compare the app with. A Stopwatch was used in certain exercises such as the wall sits, for counting the rest periods and counting the time the BFR cuffs were on the legs (Apple, California, USA). The hand bellow pump with gauge was used to pump the occlusion cuffs on the upper leg limbs to 180 mmHg which is the suggested pressure for this part of the body (The Occlusion Cuff, Brisbane, Australia).

Evaluation of BFR
Firstly, in the results that were previously shown muscular endurance has received the greatest improvements by 32.5%. This significant improvement in muscular endurance could be a result of a number of different exercises within the programme because the repetitions were over 12 (20 x 3 free weight squats, 14 x 3 lunges) which will develop the ability of the muscles to remain active for a longer period of time (Walker et al, 2017). The programme prescribed to OG has proven to be beneficial on muscular endurance and in augmenting the onset of blood lactate accumulation by delivering more oxygen to the active muscles (Farrell III, Blackwood & Larson, 2018). On the other hand, OG was participating in minuscule lower limb training which could suggest that any sort training could result in improvements to his muscular endurance. Ultimately, it is unsure whether BFR training had any effect on the enhancements in muscular endurance on OG. 
Secondly, there was an increase of 11.2% in the MVJ score which suggests that BFR training has significantly assisted in the development of OG’s leg power. Again, OG has no experience in power training which could suggest that power has improved because there has been an increase in the recruitment of motor units which have been inactive and result in more force at a given velocity of movement (Vecchio 2019). Furthermore, the use of BFR cuffs during training could have influenced the recruited of motor units which regular weight or resistance training would not attain (Wernbom & Aagaard, 2019). Conclusively, to determine whether the BFR training programme has improved power another study would need to be completed to understand the adaptations of someone who has more experience in weights and resistance training.
Finally, in the last test on the circumference of each leg there was an increase of 7.1% in the right leg and 6.9% in the left leg. In comparison to the study earlier discussed Sakamaki, Bemben & Abe (2011) there was a 3.8% increase in leg circumference, but the programme was only for 3 weeks and mainly walking exercises were conducted. The participants partaking in the study were also young and healthy which suggests they had little to no experience in lower limb training due to the significant increase in leg circumference. The increase in both OG’s legs suggests that BFR training has influenced metabolic stress and muscle tension which are two major factors accountable for muscle hypertrophy (Conrado de Freitas, et al 2017). Alternatively, transient hypertrophy occurs because of fluid retention in the interstitial and intercellular parts of the muscle after resistance or weight training (Vanwye, Weatherholt & Mikesky, 2017). Transient hypertrophy is usually active for around two hours after a workout depending on how strenuous the activity was and how quick tissue damage is repaired (Haun et al, 2019). The 6-week programme in table.1 shows that posts testing happened 24 hours after the last workout which suggests that BFR training has had an effect on increasing the muscle size on the upper limb of the legs. 
The Occlusion bands with the hand below is an expensive piece of equipment but an alternative of just occlusion straps is a cheaper resort, but it is impossible to determine how much pressure is on the limb which could modify the effectiveness of the training method (The Occlusion Cuff Manual, Brisbane, Australia). OG states that he is happy with the outcome of the training programme but believes that the training method requires many improvements because it is time consuming due to the cuffs usually deflating in between sets and needing to have a break halfway through the session (ibid)
In a recent study completed by Mok et al, (2020) they divided 18 young healthy individuals to determine whether walking on a treadmill is preferred with BFR cuffs or without. Results from the physical activity enjoyment scale measured enjoyment immediately after walking and was significantly lower with the BFR compared to the no BFR.  Ultimately, this suggest that adherence to the BFR training in the long term is low and could be because of the multiple limitations and most programmes typically last between 3-6 weeks. 
The BFR training programme displayed great increases in power, muscular endurance, and muscle size without excessive weight on the limb and at a low intensity. This positive aspect suggests that BFR training can be introduced to people recovering from an injury or would rather a lower intensity workout with similar improvements (John et al, 2018). On the other hand, one limitation of the BFR training is that it can typically be painful the first couple of weeks but gradually a tolerance is built which assist in preventing delayed onset muscle soreness after the workouts (Brandner & Warmington, 2017). 

Conclusion
To conclude, the BFR training programme has shown significant improvements in power, muscular endurance, and leg size. According to the research presented in the study they displayed improvements in experienced athletes, furthermore OG is not as experienced which could suggest that enhancements came from increased motor unit recruitments. Ultimately to determine whether the improvements came from BFR training alone another study will need to be conducted to compare an experienced athlete with a non-experienced one or by using multiple subjects, half with BFR training and the others without.  
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Appendices
Table.1 in study (W1, W2, W3, W4, W5 ,W6)
Week 1
Warm up 
Jumping Jacks – 20 Reps
Squats – 15 Reps
BFR Training
Barbell Back Squat (10kg) – 10 Reps x 3 Sets, 80 Second Rest.
Lunges (No weight) - 10 Reps x 3 Sets, 80 Second Rest.
Romanian Deadlift (5kg) - 10 Reps x 3 Sets, 80 Second Rest.
(5 Minute Break with BFR Cuffs Removed)
Wall Sits (No weight) – 30 seconds x 3 Sets, 90 second Rest. 
Standing Calf Raises (No Weight) - 12 Reps x 3 Sets, 80 Second Rest.
Burpees – 10 Reps x 3 Sets, 80 Second Rest.
Cooldown 
5 Minute Walk on the Treadmill at 2.5kph or 5 minutes on Turbo Trainer at 6 kph








Week 2
Warm up 
Burpees – 10 Reps
Squats – 10 Reps
Glute Bridge – 10 Reps
BFR Training
Barbell Back Squat (15kg) – 12 Reps x 3 Sets, 75 Second Rest.
Lunges with a Twist (No weight) - 12 Reps x 3 Sets, 75 Second Rest.
Romanian Deadlift (10kg) - 10 Reps x 3 Sets, 75 Second Rest.
(5 Minute Break with BFR Cuffs Removed)
Wall Sits (No weight) – 40 seconds x 3 Sets, 80 second Rest. 
Barbell Standing Calf Raises (10kg) - 12 Reps x 3 Sets, 70 Second Rest.
Box Jumps – 8 Reps x 3 Sets, 70 Second Rest.
Cooldown 
5 Minute Walk on the Treadmill at 2.5 kph or 5 minutes on Turbo Trainer at 6 kph








Week 3
Warm up 
Jumping Jacks – 30 Seconds Skipping
Squats – 20 Reps
BFR Training
Barbell Back Squat (20kg) – 12 Reps x 3 Sets, 70 Second Rest.
Lunges (2.5kg) - 12 Reps x 3 Sets, 70 Second Rest.
Romanian Deadlift (15kg) - 12 Reps x 3 Sets, 70 Second Rest.
(5 Minute Break with BFR Cuffs Removed)
Wall Sits (2.5kg) – 40 seconds x 3 Sets, 80 second Rest. 
Standing Calf Raises (15kg) - 12 Reps x 3 Sets, 60 Second Rest.
Jump Squats – 10 Reps x 3 Sets, 70 Second Rest.
Cooldown 
5 Minute Walk on the Treadmill at 3kph or 5 minutes on the turbo trainer at 8kph









Week 4
Warm up 
Skipping – 30 seconds x 2 Sets 
Squats – 20 Reps
BFR Training
Barbell Back Squat (25kg) – 12 Reps x 3 Sets, 60 Second Rest.
Lunges with Twist (5kg) - 12 Reps x 3 Sets, 60 Second Rest.
Romanian Deadlift (25kg) - 12 Reps x 3 Sets, 60 Second Rest.
(5 Minute Break with BFR Cuffs Removed)
Wall Sits (5kg) – 50 seconds x 3 Sets, 75 second Rest. 
Standing Calf Raises (20kg) - 12 Reps x 3 Sets, 50 Second Rest.
Box Jumps – 12 Reps x 3 Sets, 60 Second Rest.
Cooldown 
5 Minute Fast Walk on the Treadmill at 3.5kph or 5 minutes on Turbo Trainer at 9 kph










Week 5 (Conducted Twice)
Warm up 
High Knees – 30 seconds x 2 Sets 
Jumping Jacks – 30 seconds x 2 Sets
Squats – 15 Reps
BFR Training
Barbell Back Squat (30kg) – 12 Reps x 3 Sets, 55 Second Rest.
Lunges with Twist (7.5kg) - 15 Reps x 3 Sets, 55 Second Rest.
Romanian Deadlift (30kg) - 12 Reps x 3 Sets, 55 Second Rest.
(5 Minute Break with BFR Cuffs Removed)
Wall Sits (7.5kg) – 55 seconds x 3 Sets, 80 second Rest. 
Standing Calf Raises (25kg) - 12 Reps x 3 Sets, 50 Second Rest.
Jump Squats Holding Weight (5kg) – 15 Reps x 3 Sets, 70 Second Rest.
Cooldown 
5 Minute Fast Walk on the Treadmill at 3.5kph or 5 minutes on Turbo Trainer at 9 kph









Week 6
Warm up 
Lunges – 10 Reps x 2 Sets 
Squats – 20 Reps
BFR Training
Barbell Back Squat (35kg) – 12 Reps x 3 Sets, 50 Second Rest.
Lunges with Twist (10kg) - 15 Reps x 3 Sets, 50 Second Rest.
Romanian Deadlift (35kg) - 12 Reps x 3 Sets, 50 Second Rest.
(5 Minute Break with BFR Cuffs Removed)
Wall Sits (7.5kg) – 60 seconds x 3 Sets, 75 second Rest. 
Standing Calf Raises (30kg) - 15 Reps x 3 Sets, 45 Second Rest.
Burpees Holding 2 Dumbbells (5kg each) – 12 Reps x 3 Sets, 75 Second Rest.
Cooldown 
5 Minute Fast Walk on the Treadmill at 3.5kph or 5 minutes on Turbo Trainer at 9 kph



