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Client Profile
The client in this study was a 22 year old male rugby union player who plays as a loosehead prop at the amateur level for both club and university teams. They take part in regular physical activity which usually consists of rugby training and matches (however, this could not continue due to Covid-19 Restrictions), resistance training 4 times a week and continuous aerobic training in the form of 5 kilometre runs at least once a week. The client is 175cm tall and weighed 98.6kg during this study. Prior to the study, the client had no experience with a high intensity interval training programme. The client had no injuries present at the start or throughout this study.
Rationale for Training Programme
Field sports including rugby are characterised by a stop start nature with varying speeds and as a result works all three energy systems (ATP-PC, Glycolytic and Aerobic system) with high intensity aerobic power (VO2max) often being the key to success in such a sport (Baker, 2011). Therefore, being able to improve the client’s VO2max is important. The use of High Intensity Interval Training (HIIT) has shown to give greater improvements in VO2max and cardiorespiratory fitness than can be provided by continuous training or strength training in untrained males with significantly less training time required (40 minutes compared to 150 minutes a week) in order to improve fitness levels (Nybo et al. 2010). This is backed up by a meta-analysis conducted by Milanovic, Sporis and Weston (2015) who concluded from multiple studies that HIIT gives slightly better results for improving VO2max compared to a continuous endurance training approach. HIIT consists of repeated bouts of high intensity exercise interspersed with short recovery periods (Billat, 2001).
To prescribe a HIIT programme for the client, understanding the most effective HIIT strategy is important. To get the best benefits out of a HIIT session, it is thought that several minutes should be spent at 95-100% of the person’s Maximal Oxygen Uptake in order to generate the physiological adaptations necessary for cardiovascular fitness improvements (Midgley, McNaughton and Wilkinson, 2006). On top of this, it is important to consider that when prescribing any training programmes to team sports athletes, the training should elicit adaptations to both the metabolic (anaerobic and aerobic systems) as well as neurological systems (Hoff and Helgerud, 2004). When performing a method known as ‘repeated sprint training’, a person works their oxygen transport system but also with a large contribution from anaerobic glycolytic energy with a certain degree of neuromuscular load (Buchheit and Laursen, 2013a). This method of training would suit the goals of rugby players since it has been shown that during a game, players are often involved in maximal intensity sprints that last less than 10 seconds over short distances (Austin, Gabbett and Jenkins, 2011).
Since it has been established that repeated sprint training should be the method used, it is vital to look at its benefits specifically rather than HIIT as a whole. A meta-analysis by Taylor et al. (2015) gathered data from multiple papers which measured the impact of repeated sprint training on different fitness measures including the countermovement jump, short distance sprints ability and high intensity running performance. Of the studies examined, training interventions lasted anywhere between 2 and 12 weeks, and included both running and cycling sprint interventions. The findings of this meta-analysis allowed the researchers to conclude that repeated sprint training presented possible moderate improvements in repeated sprint and high intensity running performance.
However, it should be noted that one study found that a 4 week HIIT intervention showed no significant difference in middle distance running performance. This study looked at 12 runners (8 females and 4 males) who trained through runs of 6-10km weekly (similar to the client of this study) and replaced these runs with 2 cycling HIIT sessions per week consisting of four 20 second Wingate tests with 4 minutes rest between each one. A pre intervention test was conducted where participants were timed for their best 800 and 1500 metre run performance. Upon completion of this intervention a post test was conducted and the results showed that there were no significant differences in performance for both runs (Price et al. 2020). This study might suggest that over a short distance, HIIT interventions do not provide enough adaptations to significantly change performance, which could potentially reflect on the client’s performance of the 12 minute Cooper run. It should be noted however that this study used cycling HIIT and therefore is not specific to a running based test which could have diminished the improvements of the training in accordance with findings by Gamble (2012).
Summary of Training Programme
Due to Covid-19 restrictions, testing the client’s VO2max cannot be done in a laboratory using the gold standard VO2max test. However, a good estimation of a person’s VO2max without access to laboratory settings can be found using the 12 minute Cooper run/walk test in which, the further you travel in 12 minutes, the better your predicted VO2max score is (Mayorga-Vega et al. 2016). Therefore, the 12 minute Cooper run was used as the testing procedure for this study. When conducting both testing and the training programme, specificity of training was considered given the understanding that the degree to which training resembles competition, the greater the improvements to performance should be (Gamble, 2012). Knowing this, testing and training were conducted on a rugby field with the client wearing rugby boots throughout.
Another Test to predict VO2max outside of a laboratory setting is a 5km test. The 5km test has been shown to be influenced by aerobic capacity with a higher VO2max correlating to a better performance in a 5km running test (Støa et al, 2010). This test was also used since the client involved regularly ran 5km runs on a recreational basis, meaning that familiarization could not play a role in this type of test.
Repeated Sprint Training (RST) is commonly used by team sports athletes; when performing them, an individual will perform short duration all out sprints equal to or less than 10 seconds interspersed with brief recovery periods (Bishop, Girard and Mandez-Villanueva, 2011). The sprints should be 30 metres or greater per effort and each session should consist of 2-3 sets of  6 or more sprints; doing this method should provide the individual with several minutes in the red zone (90% maximum heart rate or greater) throughout the session (Buchheit and Laursen, 2013b). Additionally, sprints should include a change of direction as this has been shown to cause a greater heart rate response (Nikolaidis et al, 2016). According to recommended exercise guidelines, a HIIT session should be separated by an average of 48 hours (Bompa and Haff, 2009). On top of this, a meta-analysis found that when performing short interval HIIT, even training for just 4 weeks can elicit improvements in an individual’s VO2max (Wen et al, 2019). All of this information was considered when designing the client’s training programme.
The client first conducted their 12 minute Cooper run, doing lengths of the rugby field so that markers could be used as distance measures (try line to try line being 100 metres, with the 22 metre, 10 metre and halfway marks also being considered if the client finished away from a try line). In the initial run, the Client travelled a total distance of 2460 metres in total. They also conducted a 5km run prior to starting the testing. The run was conducted on a relatively flat surface and the client elapsed a time of 26 minutes 10 seconds. Following on from this, the client began their training programme designed with the evidence presented previously.
The repeated sprint training programme consisted of sprints from the try line to the 22 metre line and back taking less than or equal to 10 seconds total, the client then rested for 15 seconds between each sprint (while research by Bishop, Girard and Mandez-Villanueva, (2011) suggested 20 seconds or longer recovery, the client found their heart rate would not remain at the 90% mark for long enough if this rest period was not shortened) . The client performed a total of 8 sprints per set with 45 seconds rest between each set, a total of 3 sets were performed per session making a session last between 10 and 12 minutes total. The client had to spend at least 3 minutes at 90% of the maximum heart rate or higher before they could stop the session. This session would be performed once every 48 hours to average a session 3 times a week for a total of 4 weeks before reattempting the 12 minute Cooper run test.
Equipment Used
Since the test was not conducted in a laboratory, there was not much equipment needed for the testing protocols. As the focus of the training programme required the client to spend a few minutes in their ‘red zone’ the use of a heart rate monitor was a necessity; the heart rate monitor that was used in this study was a Polar H10 Bluetooth Chest Strap and is linked via Bluetooth to the Polar Beat App for smartphones (Polar Electro, Warwick, UK). The app has the ability to calculate the amount of time the client spent in heart rate zones (80-90% or 90% and above, etc) so was useful to get the client training at the correct intensity. The client’s heart rate tracker showed that the client achieved a higher heart rate when performing turns during the sprint training, therefore, repeated sprints with a single turn were used to achieve the best results; it also showed that the client struggled to achieve a high heart rate in icy conditions, however this could be down to the client reportedly slowing down before the cones to avoid slipping. 
For consistency in protocols, another piece of equipment was the client’s rugby boots; in all testing and training protocols the client wore Canterbury CCC Phoenix Raze SG Boots (Canterbury, UK). While these boots did not present issues during normal conditions, when used in icy conditions the client reported that they slipped during the turn of each sprint, slowing them down and reducing the intensity reached. 
Finally, a stopwatch was used in order to time the 12 minutes for the Cooper run tests, the 5km tests as well as to time the rest intervals of the repeated sprint training. The stopwatch allowed the client to get the correct amount of rest between sprints and also allowed them to track how long each sprint took, with sprints always being between 8 and 10 seconds to complete. No other equipment was required for this study since a rugby field was used for the lengths of a Cooper run, the 5km run as well as the markings for repeated sprint training.
Training Results
Table: Details of training sessions showing training zone details.
	Session
	Time (m:s)
	Average HR
	Max HR
	Time in 'Red Zone' (m:s)
	Weather

	1
	10:15
	167
	177
	03:13
	Normal

	2
	10:07
	167
	178
	04:06
	Normal

	3
	10:54
	168
	178
	05:35
	Normal

	4
	11:00
	166
	177
	03:31
	Icy

	5
	11:09
	165
	175
	03:41
	Icy

	6
	10:52
	160
	175
	02:46
	Icy

	7
	10:41
	168
	178
	07:38
	Normal

	8
	11:06
	164
	176
	03:15
	Normal

	9
	10:50
	170
	181
	07:01
	Normal

	10
	10:45
	163
	176
	03:18
	Normal

	11
	10:45
	168
	182
	05:35
	Normal

	12
	10:40
	168
	178
	05:02
	Normal

	13
	10:40
	165
	177
	03:31
	Normal

	14
	10:40
	166
	177
	04:36
	Normal

	15
	10:45
	165
	176
	03:20
	Normal

	Mean
	10:44
	166
	177.4
	04:24
	N/A



The table shows that in all but one of the repeated sprint training sessions the client was able to train in their ‘red zone’ for at least 3 minutes, with an average time of 4 minutes and 24 seconds being spent in this zone across all 15 training sessions.
The results of testing showed that the client scored 2460 metres before HIIT and 2360  metres after HIIT for the 12 minute Cooper run, suggesting a decrease in performance but one that is small enough that it could have been down to other factors besides VO2max. However, it should be noted that the clients average heart rate was 8 beats lower during the second Cooper run test and the client reported that their legs still had not fully recovered from their last repeated sprint session.
For the 5km running times, the client elapsed a time of 26 minutes 10 seconds with an average heart rate of 168 beats per minute before the HIIT programme and 24 minutes 18 seconds with an average heart rate of 175 beats per minute after the HIIT programme; almost a 2 minute improvement after 4 weeks of sprint training. This is a clear indicator that the client’s VO2max had been improved by the HIIT programme and a sign that the client was able to maintain a higher heart rate for a prolonged period.
Evaluation of Intervention
The results of this intervention indicate that a repeated sprint training programme did not improve the 12 minute Cooper run performance of the individual in this study. This finding supports the findings of Price et al (2020) in that a 4 week HIIT intervention does not improve middle distance running performance. However, the study by Price conducted the HIIT training using a cycling ergometer and therefore is not a direct comparison to the intervention conducted in this study, which involved running sprints, not cycling sprints.
On top of this, the 12 minute Cooper run performance of the client showed that their average heart rate decreased suggesting they were not working to their maximal aerobic capacity for the final test, this could be down to neuromuscular fatigue from the sprint training since it was performed just 2 days after the final session; this neuromuscular fatigue can be explained by Buchheit and Laursen (2013a) who suggested that repeated sprint training puts stresses on the neuromuscular system. If repeating this study, it might be a good idea to delay the post testing for a week after the final training session to allow full recovery.
The evidence of recovery can be seen when looking at the results for the 5km time trials, with the final run being performed a week later than the last session, as opposed to 2 days; it is evident from these that the client improved their time significantly after the HIIT intervention. This finding suggests that the client improved their VO2max as a result of the training intervention which supports the findings the meta-analysis conducted by Milanovic, Sporis and Weston (2015) who found HIIT programmes to be more effective for improving VO2max than continuous training programmes or strength training programmes. It also supports the similar findings of Taylor et al. (2015) who found repeated sprint training to be moderately effective at improving high intensity running performance.
In addition to recovery before testing, recovery in between sessions should also be assessed. The training shows that the time spent in the ‘red zone’ fluctuates from 3-7 minutes between sessions and this could suggest that the client was not fully rested for some sessions while they were fully rested for others. To improve this, longer rest periods (3-4 days instead of just 2) could be useful to allow maximum performance across all sessions.
After all testing was completed the client was questioned on how they felt about both the training programme and the results of the programme on their fitness levels. The client reported that they were pleased with the improvements in their fitness testing scores, especially in their 5km running performance. However, the client reported that working maximally every 48 hours was enjoyable as it was a challenge but became very difficult and draining later on in the programme; they also reported that due to this they would be unlikely to stick to this style of training as commonly as they were doing so for this study, but would continue it at a lower session frequency. This somewhat backs up previous evidence of HIIT interventions being more enjoyable than continuous exercise, as seen by a meta-analysis conducted by Oliveira et al. (2018) which found that the majority of studies looked at showed a higher value of enjoyment in participants when conducting HIIT interventions compared to continuous training interventions. However, this study suggests more research is needed into the chronic exercise adherence of a HIIT intervention, which suggests that area of research is limited.
Conclusion
To conclude, this study suggested that repeated sprint training could be used as an effective form of HIIT to improve the aerobic capacity of amateur level rugby players. However, the type of training can be physically demanding and warrants enough rest for recovery between training sessions and events for peak performance. Additionally, training frequency should be given at an amount that is sustainable and allows for longevity of training from an individual.
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