Four Week HIT Training Intervention on Football Players

Client Profile 
Client 1 (male, age = 20, body bass = 79.3kg, height = 183cm) plays football for the university he attends and for a league as a winger (outside midfielder). He plays weekly matches and trains approximately twice a week doing steady-state cardio or bodyweight plyometrics. Aside from playing football, he has never applied high intensity training to his training sessions. Apart from training, Client 1 is moderately active as he doesn’t own a car, therefore he walks regularly throughout the day and will practice football skills and play hockey with friends during his spare time. He approached me wanting to increase his aerobic fitness in order to perform better on the pitch. He further explained that when he does train he’s only going for long runs, but he still felt fatigued after short sprints or tackles. 

Client 2 (male, age = 21, body mass = 77.7, height = 169.5) plays football for the university he attends as a central midfielder. He has a weekly practice and match. He also plays for a league team, however he only plays in matches once to twice a month. He strength trains approximately 3-4 days a week however he has never applied HIT training to his training sessions. Client 2 lives a moderately active lifestyle by walking to and from school and the gym and practicing football skills with friends, however also finds himself sedentary while in university. He approached me wanting to improve his aerobic fitness as he always feels fatigued during the last 20 minutes of the game. 

Rationale 
High Intensity Interval Training (HIT) has become a well-known form of training due to the effectiveness of improving cardiorespiratory and metabolic function yet the training session only requiring a small amount of time commitment, compared to endurance training. It consists of repeated short bouts at or near maximal effort interspersed with recovery periods (Funch, Lind, True, Van Langen, Foley, Hokanson, 2017). Due to the intensity required, HIT training sessions only last 5-40 minutes including the recovery periods (Hottenrott, Ludyga, Schulze, 2012). HIT training has been a widely studied method of training to improve aerobic fitness in unfit populations as well as highly trained athletes. Hebisz, Hebisz, Zaton, Ochmann, and Meilnik (2016) reported a greater increase in VO2 max with 4 weeks of training in a group of well-trained mountain bike cyclists. Meanwhile, HIT training increased the quality of life in sedentary, aging men (Knowles, Herbert, Easton, Sculthorpe, Grace, 2015). 

The American College of Sports Medicine (Garber, Blissmer, Deschenes, Franklin, Lamonte, Neiman, Swain, 2011) recommends 150 minutes of moderate-intensity or 75 minutes of vigorous-intensity in aerobic physical activity per week. However, one of most common reasons for not engaging in regular physical activity is due to lack of time, therefore HIT has become a popular choice to reach health goals. Gillen, Martin Mclnnis, Skelly, Tarnopolsky, Gibala (2016) experimented with sedentary men performing either sprint interval training 3 days a week (3x20 seconds ‘all out’ cycle sprints with 2 minutes of rest in between sets) or moderate-intensity training at 45 minutes of continuous cycling. The results showed that the SIT training, while only working for 1 minute and the workout being 10 minutes in total length, had the same benefits that the men who trained 150 minutes a week were receiving. This suggests that prolonging exercise increases the relative aerobic energy requirements, however the same requirements can be met by increasing the work interval duration while keeping work relief intervals constant (Bucchiet and Laursen, 2013).  

Football has been classified as a high intensity intermittent team sport due to its nature and intensity (McMillan, Helgerud, Macdonald, Hoff, 2005).
Football players have been recorded to run anywhere from 8-12km during a 90-minute match, averaging an intensity close to anaerobic threshold, being 80-90% of maximal heart rate (Wong, Chaouchi, Chamari, Dellal, and Wisloff, 2010). Although, players are participating in prolonged continuous exercise, the players utilize all 3 energy systems – ATP-PC, Glycolitic/Lactic Acid, and Aerobic systems due to the demands of the sport. Performance in football has been related more to speed, agility, strength, explosive power, and the ability to repeat brief supramaximal exercise bouts rather than to be able to maintain continuous steady submaximal work (Buccheit, 2008). Therefore, it is important for football players to have a high aerobic fitness level. 
Moreover, Wong et al. (2010) explains that fat oxidation was close to 3 times lower and carbohydrate oxidation was about 1.2 times higher during 90 minutes of intermittent exercise compared to continuous exercise of the same energy expenditure. 

Initial Testing and Program
Testing:
The clients completed a 6-minute duration test in order to determine the client’s Maximal Aerobic Speed at 100%. This test was chosen to determine the distance and time each client should be sprinting during the HIT intervals. As Baker (2011) states, the amount of time spent at 100% at or above one’s maximal aerobic speed is a critical factor for improving aerobic power. Specifically, 120% maximal aerobic speed was discovered to be the best single speed for short intervals, followed by a short amount of passive rest. 
The clients were told to run around a football pitch as many times as they could. Once completed, the football pitch was measured in order to calculate the distance that they ran. The distance was calculated by the amount of seconds they ran, which was then multiplied by 120% (d/s x 120%). That amount was multiplied by 15 seconds, as that would be the total HIT interval they would be running at. Once that number was received, it was then be converted into kilometers, which was the measurement of distance used on the treadmills they were running on.
As well as the 6-minute Maximal Aerobic Speed test, a VO2 Max test was completed on a WATT Bike. One’s VO2 max reflects the efficiency in supplying oxygen to muscles that are being used as well as the ability of the muscular system to use the oxygen during exercise (Helgerud, Hoydal, Wang, Karlsen, Berg,  Bjerkaas, Simonsen, Helgesen, Hjorth, Bach, Hoff, 2007). A high VO2 max is critical while competing in a high intensity sport such as football. Having a higher oxygen consumption means that more energy can be produced and translated into power or speed. During this test, heart rate max was also recorded. 90% of the Client’s heart rate max was calculated to determine their working intensity. 

Program:
The HIT training period consisted of 8 training sessions, to be completed two days per week. Each training sessions was held in the Client’s university gym on the treadmills. Before the training session began, the clients put on their heart rate monitors and linked it with the PolarBeat App and pressed start to track their training session. The training session began with a 3-minute moderate intensity run to warm-up, followed by the HIT session which consisted of 2 rounds of 6 minutes alternating a 15 seconds sprint at 120% of one’s Maximal Aerobic Speed with 15 seconds of passive rest (Bucchiet and Lauresen, 2013). The Client’s sprinted on their treadmills for 15 seconds and stood on the side of it during their passive rest. This program allows for the athletes to spend approximately 6 minutes of work over 90% of their heart rate max, and the total workout lasting 14 minutes (not including warm-up and cool-down). Once completed, the Clients completed a cool-down by walking on the treadmill for 2-minutes or until their heart rate was lowered. 

Technology 
The clients made an account with the PolarBeat App and recorded their gender, height, weight, and heart rate max, which they received from their VO2 max testing. The App was used to record each training session. Each session the clients wore heart rate monitors and connected it with the app which allowed the clients to track their heart rate. Although the treadmills could track one’s heart rate, the heart rate monitors were a more accurate resource. The app tracked the duration of the test, distance, average heart rate, and max heart rate, as well as how many minutes was spent in each zone, aiming to be working in the ‘red zone’ which was set at 90% of their heart rate max. 

Results
Throughout the 4 week training intervention, Client 1 was able to increase his speed for the 15-second HIT intervals from 19km to 21.5km. While competing in football, Client 1 explained that he felt more efficient while running on the field. After completing 4 weeks of HIT training, he re-tested his VO2 max test, which increased by .4 ml/kg.min. 

Client 2 was able to maintain his calculated distance and speed throughout the 4 week HIT training intervention. The client explained that before HIT he was struggling to maintain his central midfielder duties while competing, however throughout the intervention he found he was performing better and didn’t feel as fatigued near the end of the match. After the intervention, he re-tested his VO2 max test which increased by 10%. 

In conclusion, a HIT intervention of 2 rounds of 6 minutes alternating a 15 seconds sprint at 120% of one’s VO2 max with 15 seconds of passive rest is an effective training session for football players whose aim is to improve their aerobic fitness and to be able to perform football more efficiently (Appendix 1). 

	Client 1
	
	
	
	Client 2
	
	

	
	Max HR
	Time spent at 90% (s)
	
	
	Max HR
	Time spent at 90% (s)

	
	190.4
	8:14
	
	
	197
	9:10


Table 1. Mean totals of max heart rate and time spent at 90% of max heart rate (red zone) over the duration of the 4 week HIT intervention.


Table 2. VO2 Max results pre and post 4 week HIT intervention.

Critical Evaluation:
When prescribing for HIT, the intensity and duration of work and relief intervals are the key influencing factors. Then, the number of intervals, the number of series and between-series recovery durations and intensities. The manipulation of these variables, as well as considering the athlete profile and their sport demands, has impact on metabolic, cardiopulmonary and/or neuromuscular responses (Buchheit et al., 2013). The minimum requirement of training intensity to improve one’s VO2 max is between 55-65% of one’s maximal heart rate, however the same benefits can be reached by implementing short-duration and high-intensity work at 90-95% of one’s heart rate max (Helgerud, Hoydal, Wang, Karlsen, Berg, Bjerkaas, Simonsen, GHelgesen, Hjorth, Bach, Hoff, 2006).  

This specific training program was created using Buchheit and Laursen’s (2013) recommendations to design a run-based high-intensity interval training protocol for optimizing time spent at maximal oxygen uptake. The design was focused on a footballer’s sport specific needs. HIT with short intervals was used which requires a work duration of >15 seconds, an intensity of 100-120% of one’s VO2 max, a relief duration of <15 seconds, passive relief intensity, 2-3 repetitions and an 8 minute series. The between-set recovery was >4-5 minutes at <60-70% intensity. 

The warm-up was set at a moderate intensity, and the HIT session began immediately following the 2-minute warm-up as there should be little delay between the warm-up and the start of the HIT session so the time needed to reach maximum heart rate is accelerated. 
The number of intervals programmed should be related to the goals of the session, as well as the time needed to reach one’s VO2 max. It has been proven that when the intensity the work interval is above 105% and the relief interval is under 60%, one can reach their VO2  max faster (Buchheit et al., 2013). A low volume (shorter series or less sets) are used for team sports, as approximately 5-7 minutes per sessions is appropriate to elicit important cardiopulmonary adaptations. Therefore, this training intervention allowed the Clients to reach at or above 90% of their heart rate max (working in the ‘red zone’) for approximately 6 minutes by sprinting for 15 seconds at 120% of their maximal aerobic speed. 
The recovery period is the time spend in between working intervals. Dupont, Blondel, and Berthoin, (2003) discovered that runs to exhaustion (15/15s at 120% of maximal aerobic speed) with passive recovery, as opposed to active recovery, allows for one to run longer. For this kind of exercise, the oxygen bound to myoglobin is used during the work phase and is reloaded during the recovery phase, as well as some energy provided from phosphocreatine degradation which is dependent on how much oxygen is available (Castagna, Impellizzeri, Chaouacho, Bordon, Manzi, 2011). During passive recovery there is an increase in blood flow and therefore oxygen delivery to the muscles, whereas active recovery would provide less as more energy is required. However, active recovery is normally recommended for longer bouts of recovery in order to decrease the levels of blood lactate. For this reason, the Clients stood on the side of the treadmill for their 15-second recovery. 

[bookmark: _GoBack]In order to improve aerobic power, one must spend time at or above 100% of their Maximal Aerobic Speed. However, evidence has proven that specifically 120%, also known as supramaximal, of one’s Maximal Aerobic Speed is the best single speed for short intervals that are followed by passive rest (Baker, 2011). When exercise protocols reach maximal or a high percentage of oxygen uptake (VO2 max), it will maximally stress the oxygen transport and utilization systems and may therefore provide an effective stimulus for enhancing VO2 max. The ability to quickly generate high power during a sprint exercise has an association with a high level of muscle fiber recruitment. Since exercise intensities reach or exceed VO2 max there is a requirement for large motor unit recruitment and attainment of near-to-maximal cardiac output, which therefore will signal for oxidative muscle fiber adaptation and myocardium enlargement. Moreover, cardiac output is the function of heart rate and stroke volume, which is a determinant of VO2 max. High-intensity training produces a stronger effect on stroke volume as there is an increase in blood returning to the heart which stretches the ventricles more, resulting in having to force stronger contractions (Hebisz et al., 2016). In other words, the heart is able to pump more blood efficiently. 
Therefore, athletes who are wanting to improve their VO2 max and aerobic performance should be spending several minutes of their HIT training session in their ‘red zone’ which replicates working at an intensity that is greater than 90% of one’s VO2 max (Buchheit et al., 2013). Training at this intensity is also crucial, specifically for football players, as during a match they will reach and intensity close to their lactate threshold, which is the highest workload in which production and elimination of lactate is balance between 80-90% of maximal heart rate (Ishee, 2003). Therefore, by increasing one’s VO2 max and training at over 90% of one’s max heart rate, a player can maintain a higher average intensity without the accumulation of lactate. 

Limitations
Although this HIT intervention was successful, there were aspects that could have been improved in order to have more success in the future. 
Both clients were in-season while this intervention took place. Although both client’s feedback was positive as they explained they felt the program improved their football performance, Funch et al. (2017) implemented HIT training in a female field hockey team during their off-season. Therefore, they were not competing while implementing this training, whereas Client 1 and Client 2 were playing for two separate football teams. The results of the study showed more success with an increase in approximately 6.2% increase across 15 players, where Client 1 increased by .4 and Client 2 increased by 10%. 
Another critical evaluation was if performing the VO2 max test on a WATT bike was not an accurate representation of the client’s VO2 max as the client’s legs were fatiguing before their lungs. This suggests that the test may have not been performed to maximum effort.  
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Appendix:

	Client 1
	
	
	
	Client 2
	
	

	Date
	Max HR
	Time spent over 90% (s)
	
	Date
	Max HR
	Time spent over 90% (s)

	26-Feb
	186
	6:22
	
	26-Feb
	198
	9:12

	28-Feb
	190
	7:49
	
	28-Feb
	197
	9:09

	03-Mar
	189
	8:13
	
	03-Mar
	197
	9:42

	05-Mar
	188
	9:08
	
	05-Mar
	198
	10:06

	07-Mar
	193
	9:12
	
	07-Mar
	199
	8:27

	10-Mar
	189
	7:00
	
	10-Mar
	196
	8:26

	12-Mar
	191
	9:03
	
	12-Mar
	194
	9:31

	15-Mar
	197
	9:02
	
	15-Mar
	197
	9:25

	
	
	
	
	
	
	

	Means
	190.4
	8:14
	
	
	197
	9:10


Appendix 1. Results of 4 weeks HIT training intervention recording heart rate max and time spent over 90% heart rate max (red zone). 
Pre-VO2 Max	Client 1	Client 2	51.4	39.299999999999997	Post-VO2 Max	Client 1	Client 2	51.8	43.7	




