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High-Intensity Interval Training to Enhance Soccer Performance

Introduction
Soccer is one of the world’s most popular high intensity team sports. To be successful physiological, technical, and tactical skills are all important to improve performance. Client P’s goal is to increase cardiovascular health and enhance sport performance. Cardiorespiratory endurance is one of the fundamental components of physical fitness (Hoff et al., 2004). High-intensity interval training is a time efficient and effective mode of training to improve cardiorespiratory endurance. This increases VO2max, which increases sport performance. A four-week HIIT intervention was prescribed to Client P in order to see benefits. 

Profile
Client P is a 22-year-old female recreational soccer athlete. She weighs 59kg and is 1.7m tall. She has played soccer for 8 years that contributes to her general knowledge of endurance training. When she works out she often does some sort of cardiovascular exercise at the beginning of her workout, such as ten minutes on the treadmill followed by resistance training. She desires to learn more about different training programs and favours short, but time-efficient workouts since she is studying abroad. Her goal is to increase cardiovascular fitness to enhance athletic performance. 

Rationale
Background 
A soccer game consists of a 90-minute match, players run about 10 km at an intensity close to anaerobic threshold, or 80-90% of maximal heart rate and at least 90% of energy released must be aerobic (Hoff et al., 2002). Therefore, it is important to improve aerobic endurance to succeed in soccer. Pate and Kriska propose a model that includes three major factors that contribute to aerobic endurance and cardiovascular fitness: maximal oxygen uptake (VO2max), lactate threshold (LT), and work economy (C) (Pate et al., 1984). There are many published studies that support this model (Helgerud et al., 2007; Hoff et al., 2004). This model offers a useful framework for creating aerobic training to improve performance. VO2max is one of the most important factors that may determine success in an aerobic endurance sport (Åstrand et al., 1986). It is defined as the, “highest oxygen uptake that can be achieved during dynamic exercise with large muscle groups” (Hoff et al., 2002). Pollock discusses how improvement of VO2max is directly related to intensity, duration, and frequency of training (Pollock, L., 1997). In order to achieve Client P’s goal of increasing cardiovascular fitness and enhance athletic performance, I followed this model and used it as a foundation to create a high-intensity interval training (HIIT) program. 

High-Intensity Interval Training
Although continuous aerobic type of exercise is a more popular and widely researched for endurance training high-intensity interval training (HIIT) should also be considered as another mode of training to improve aerobic and anaerobic performance in soccer. HIIT is the altering periods of short (<45s) or long (2-4 min) high-intensity exercise that is interspersed with rest periods (Guiraud et al., 2012; Buchheit et al., 2013). There are many ways to structure a HIIT program. HIIT programs may vary widely by manipulating intensity, duration, and frequency of training. 
















Table 1: Recommendations of the design of run-based high-intensity interval training protocols for optimizing time at maximal oxygen uptake (Buchheit et al., 2013). 
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Training Program
Client P’s program was based on the first format in Table 1. HIT with long intervals, work duration at two minutes at or above 95% of VO2max, followed by two minutes of rest, repeated six times until 24 minutes was reached. To ensure her work duration was at or above 95% VO2max I used Client P’s maximum heart rate to track her progress. From a previous VO2max testing her maximal heart rate was 191 bpm. According to Hoff et al. heart rate monitoring is a valid measure of actual exercise intensity for aerobic interval training (Hoff et al., 2002). During the program she stayed within the range of 80-95% max HR (152.8 bpm – 182 bpm). The intensity of the workout is similar to a match, which is about 90 minutes long at 80-90% of maximum heart rate. This workout was performed twice a week for four weeks due to time restrictions. Table 2 displays Client P’s HIIT program. I prescribed long intervals, in order to get the most benefit out of the HIT session since it was performed only twice a week. Buchheit and Larson explain that, “maintaining a work/relief ratio of 1, the accumulated O2 deficit at the first min during 2 min/2min intervals ran at VO2max was shown to be markedly greater than during a 1 min/1 min sequence” (Buchheit et al., 2013). The research has also shown that long intervals likely create a “higher rate of blood lactate increase and likely require a greater supply of anaerobic glycolytic energy” (Buchheit et al., 2013). In other words, this would increase the ability to accumulate blood lactate, increase lactate threshold and overall create better performance on the playing field.

                                    Table 2: Client P’s HIIT Program
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday

	
	2 min. on/2 min. off x6
80-95% max HR (152.8 bpm – 182 bpm )
	
	2 min. on/2 min. off x6
 at or above 80-95% max HR (152.8 bpm – 182 bpm)
	

	Soccer
	
	Soccer 
	
	



Base Test
To determine Client P’s differences before and after the training program a base test was conducted. Dan Baker discusses a Maximal Aerobic Speed (MAS) test to determine the capabilities of an athlete at 100% MAS (Baker, 2011).  In order to find an individual’s 100% MAS for a particular mode of exercise, the distance is divided by the time to complete that distance (Baker, 2011). Client P’s pre and post-baseline test was the same to discover any differences. Her warm up pre and post-baseline test consisted of 10 km/h for five minutes and 12.7 km/h for two minutes. For the test I prescribed her to run for five minutes increasing the speed at her own pace. I divided the distance (m) by the time (s) to determine her 100% MAS (m/s). 




Results of HIIT Program

Table 3: Pre-Test Results
	Average Heart Rate
	168 bpm

	Maximum Heart Rate
	181 bpm

	Average Speed
	12.4 km/h

	Distance Covered
	1.02 km/h



Table 4: Post-Test Results
	Average Heart Rate
	174 bpm

	Maximum Heart Rate
	191 bpm

	Average Speed
	13.6 km/h

	Distance Covered
	1.12 km/h



Table 3 and Table 4 display the results of the Pre and Post-Test. There was an increase in all aspects in the above variables. Average heart rate increased by 6 bpm and maximum heart rate increased by 10 bpm. Her post-test results indicate in Table 4 that she reached her previous maximum heart of 191 bpm. This may suggest that her maximum heart rate has increased if another VO2max testing was performed. Furthermore, if she increased in maximum heart rate, her VO2max increased, which would enhance her performance. Average speed increased by 1.2 km/h and distance covered increased by 0.10 km/h. Client P’s average heart rate during the duration of the program was 151.5 bpm and her maximum heart rate average was 181 bpm. Client P’s 100% MAS increased from 3.4 m/s to 3.7 m/s.

Technology
The technology that was utilized during this study was a heart rate monitor, watch and a treadmill. Hoff et al. states that, “heart rate is shown to be a valid and reliable indicator of oxygen uptake” (Hoff et al., 2002). There is minimal technology that is used, which makes it simple and easy to follow.

Critical Evaluation 
Positives
Previous research by Sperlich et al. portrays a HIIT program prescribed to 14-year-old soccer players (Sperlich et al., 2011). A 5-week study examined the short-term effects of HIIT vs. high-volume training (HVT) in 19 14-year-old soccer players. The effects VO2max,1,000 m time, sprinting and jumping were recorded. Nine players performed hit close to ~90% maximal heart rate. Eight players performed HVT 60-75% of maximal heart rate. The results showed that VO2max increased significantly by 7% from pre to post in HIIT but not after HVT. Sprint performance increased in both groups, but no changes occurred in jumping performance (Sperlich et al., 2011). This study was conducted in a similar time frame as my four-week intervention. It suggests that through five weeks of training HIIT, VO2max increases significantly by 7%. Accordingly, if VO2max was tested again, VO2max may have shown an increase. Similarly, another study was evaluated over a seven-week time frame. Baquet et al. executed a HIIT program for seven-weeks, twice a week there was a 30-minute physical education class (Baquet et al., 2002). Results showed that children’s maximal oxygen uptake and maximal aerobic speed could be enhanced by 8.2% (Baquet et al., 2002). Not only could this be beneficial towards aerobic performance, but also anaerobic performance.

Research has observed a high correlation between VO2max and distance covered (McMillan et al., 2005). Thus, in relation to soccer, an increase in VO2max will increase the distance covered on the playing field. From the results in Table 3 and Table 4, Client P clearly improved in distance covered by 0.10 km/h. This shows that Client P benefitted from the HIIT intervention program. 

Negatives
In contrast, the program for Client P could have been more often throughout the week and more specialized towards soccer to enhance benefits. Wenger et al. discusses how the greatest challenge to aerobic power occurs when intensity is from 90-100% of VO2max (Wenger et al., 1986). He states that, “Frequencies of as low as 2 per week can result in improvements in less fit subjects but when aerobic power exceeds 50 ml/kg/min, exercise frequency of at least 3 times per week is required” (Wenger et al., 1986). Client P is not considered a “less fit subject” because she has been playing soccer for eight years and is constantly active. Unfortunately, Client P was ill for over half the study.  Boullosa mentions that, “tolerance to fatigue would be more important than post-activation potentiation (PAP) itself for positive loading at intensities near to or at VO2max” (Boullosa, 2014). Since Client P was ill her tolerance to fatigue was fairly low, therefore, she was not putting all her efforts into her workouts because she achieved fatigue quickly. Two out of the eight days she performed the HIIT exercise she was not able to finish the workout. Although she just had four minutes left for each day she stopped early, there were still improvements that were analysed. However, those eight minutes could have made further enhancements to her performance.

More specialization towards soccer could have been improved in Client P’s programming. McMillan et al., for example, executed a HIIT program for youth soccer players (McMillan et al., 2005). He created an aerobic training intervention that consisted of interval training that included four bouts of four-minute work periods dribbling a soccer ball around a specially designed track on an artificial field-turf pitch. Eleven youth soccer players had these interval training sessions twice per week for ten weeks in addition to normal soccer training. The study concluded that high intensity aerobic interval training to increase VO2max can be performed effectively by dribbling a soccer ball around a specially designed track (McMillan et al., 2005). This type of training method would directly benefit athletic performance in soccer. The training environment, artificial field-turf pitch, as well as being in contact with the ball recreates a game-like atmosphere that would directly improve sport performance. 

In addition to specialization, Hoff et al. performed a study on six well-trained first division soccer players (Hoff et al., 2002). Field running tests were performed on a soccer specific “dribbling track” that was an indoor high quality soccer field consisting of artificial curled nylon grass filled with sand. Two four-minute intervals were completed dribbling the ball through cones and over high hurdles. Players were enforced to increase running intensity to 90-95% of maximal heart rate. This was followed by a three-minute exercise at 70% maximal heart rate. Some soccer players showed a higher VO2max, but this result does not represent the group as a whole because some soccer players were volunteers and it was predicted that they could have had genetic predisposition for endurance performance (Hoff et al., 2002). This study emphasizes that specifically designed soccer training fulfils the criteria for aerobic interval training. At first Client P was going to do a training program on a field. However, due to not being acclimated to a different weather climate, she wanted to perform her program indoors. 

Most studies and articles reviewed were concluded with positive affects of HIIT. However, most of the studies were performed on individuals that are experienced in a sport. Therefore, some findings may not apply to sedentary or low-fitness individuals. The articles that contained untrained or sedentary individuals was mostly analysing the older population. The affects of HIIT on the older population are becoming more popular to increase health benefits in cardiovascular health, chronic disease, and physical health. HIIT is a very time efficient mode of training and should not be misjudged. Since it is time efficient and HIIT can sometimes consist of exercises that take 10 minutes or less enabling individuals to exercise longer (Guiraud et al., 2012). 

Future Studies
I asked Client P if she would do this program again and she said yes. With better health and more time to exercise she would see more improvements in her sport performance. To further improve the programming of this HIIT intervention, I would make it more frequent and specialized. Increase the frequency by three times per week and incorporate one of the days to be specialized. The specialization would involve exercising on the playing field with a ball. I would manipulate the environment to recreate a game like setting in order to gain confidence and increase soccer game performance. I would also implement VO2max testing before and after the program to be able to get more accurate differences in the results. 








Conclusion 
Multiple studies supported that HIIT creates a high correlation between VO2max and distance covered. The present study concluded that increases occurred within all aspects of the variables measured: average heart rate, maximal heart rate, average speed and distance covered. Although the study was short and not specialized benefits still occurred within Client P. Furthermore, Client P reached her goal of enhancing cardiovascular fitness and improving in sport performance. 
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Table 1 Recommendations for the design of run-based high-intensity interval training protocols for optimizing time at maximal oxygen uptake
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