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Review of polarised training as an advance training method for improved endurance running performance

Client profile
Name: Client KD        Age: 33           Weight: 145lb                Height: 5 ft11
Aim/goal: To become fitter and faster at running 5k and 10k.
Training rationale: Polarised training is described as a method for maximising potential endurance performance gains and has a greater impact on key endurance variables compared to using singular methods alone (Neal et al, 2013). 
Pre testing: Step test for vo2max 111.33-(0.42x143) = 51.27.
Pre testing times: 5k = 19minutes 35 seconds
                              10k= 47min 23seconds
Prescribed training programme: 
	Day /week
	Work out
	Intensity
	Time
	Modality
	Recovery
	Repetitions
	Demands

	Monday
	LIT run*
	65% of MHR
	45 minute
	Running
	
	Continuous
	O2 system and aerobic system

	Tuesday
	HIT sprint interval*
	All out
	20 seconds
	Sprinting
	≥ 2minutes full recovery
	6x reps
	O2 system anaerobic and neuromuscular 
+++

	Wednesday
	Rest
	Rest
	Rest
	Rest
	Rest
	Rest
	Passive

	Thursday
	LIT run
	65%
	45 minute
	Running
	
	Continuous
	O2 system and aerobic system

	Friday
	LIT run
	65%
	45 minute
	Running
	
	Continuous
	O2 system and aerobic system

	Saturday
	Rest
	Rest
	Rest
	Rest
	Rest
	Rest
	Passive

	Sunday
	LIT run
	65%
	45 minute
	Running
	
	Continuous
	O2 system and aerobic system



*LIT=Low Intensity run                          HIIT= High Intensity intervals (sprint all out)                                                 MHR= Maximum Heart Rate
Progression: After week 3 increase LIT time to 60 minutes and HIIT reps to x10
Training summary: Follow a polarised training plan consisting of 4 LIT runs for 45min and 1 HIIT sprint all out for 6 reps and incorporating 2 days rest for the first 3 weeks. After the 3rd week increase LIT running duration to 60 minutes and HIIT to 10 reps all out. Throughout the whole 6 weeks make sure to work up to 180% of vo2max for the sprinting HIIT. For the lit work at 65% of max HR, this can be monitored using the technology mentioned. Running times for both 5k and 10k should improve.
Technology used: Smart watch device, (distance and route) make sure run 5k and 10k exactly and follow the same route for accuracy using Strava and polar HR strap with polar beats app for a smart phone to monitor time spent in each hr zone.
Results: After following the polarised training plan the 10k was completed in 44 minutes 01 seconds, an improvement of 7% and the 5k run was completed in 18minutes 57 seconds which was an improvement of 4%. The post test results for VO2max was 111.33-(0.42x139)=52.95.










Introduction
Training methods are an integral aspect of training with many different factors needing to be considered, especially as positive results and development are associated with the quality of a successful training method (Serano et al, 2013). This is based around the four components of the FITT principle for prescription which discuses frequency, intensity, time and type of exercise needed to improve optimal training performance (Neufeld et al, 2019). One training method that has been gaining recognition throughout literature on the basis of scientific evidence as an effective way to improve endurance sports such as running, is polarised training (POL) and is described as a method for maximising potential endurance performance gains (Hydren and Cohen, 2015). The aim of the performance programme was to see if using POL in conjunction with effective digital technology could actually improve the performance of an amateur runner. Following the guidance of Stoggl and Sperlich (2015), who advise that POL has a greater impact on key endurance variables compared to using singular methods alone, the programme implemented a 20% high intensity interval training (HIIT) method ≥ 80% HR and ≥90% V̇O₂ max to a maximum of 180% vo2max, along with 80% low intensity training (LIT) with <80% peak heart rate (HR) and 65%-75% V̇O₂ max. Stoggl and Sperlich (2014) state that the POL method is successful as it “increases stroke and plasma volume and induces molecular adaptations for capillary and mitochondrial biogenesis which improves the efficiency of metabolic key components for energy fuelling”. For this plan to be successful and provide benefits the manipulation of training loads, duration and frequency will need to be carried out over a six week period following the POL model of 20% HIIT and 80% LIT (Seiler, 2010). 
Choosing a training method
Studies in 1500m runners, trained cyclists and both active and sedentary men and women found benefits of POL including optimising exercise adaptations whilst providing an acceptable level of stress, improved maximal oxygen consumption, improved running economy and performance and increased skeletal muscle oxidative capacity and mitochondrial function (Neal et al, 2013). In comparison, studies by Carnes and Mahoney (2018) advise that whilst POL has been identified in inducing the highest adaptations, other methods such as low volume high intensity (LVHI) can also increase V̇O₂ max and be more time efficient despite having a lower training volume than POL and HIIT. However there is limited evidence comparing a LVHI method alone across a range of cardiorespiratory fitness markers and can cause fatigue if not followed efficiently (Birkett et al, 2019). In relation to HIIT, which also has positive physiological adaptations for athletic endurance and muscular power, POL reduces the risk of injury from overtraining associated with HIIT and the potential for muscle strain which is why many athletes chose a combination of LIT and HIT in the form of POL (Pinillos et al, 2016). The main outcome is that many different training methods have physiological adaptations but it is what best fits the individual depending on their trainability to cope with the demands of the exercise and individual ability to perform at certain levels which can change during progression (Bangsbo, 2015). In this case POL was the chosen method. 
Pre Testing
Before the prescribed training programme took place, pre testing was carried out to see what level of fitness the candidate was currently residing at. The pre testing consisted of finding the correct V̇O₂ max by using one of the many available step tests to develop an estimation of aerobic capacity. According to Shamsi et al (2011) step tests are the most widely used field tests due to no elaborate equipment being needed, no calibration and their easy administration of a fixed cadence of a fixed height bench. The step test used in this instance was the Queens College step test which is a submaximal exercise that requires three minutes of stepping up and down on a 15inch step at a rate of twenty two steps per minute and estimating maximal oxygen consumption through reaction of HR in the refractory period also based on the formula V̇O₂ max (ml/kg/min)=111.33-(0.42xHR) (Heydari et al, 2017). The outcome of this test for the candidate’s pre test was a V̇O₂ max of 51.27 based on the formula 111.33-(0.42x143). It is important to acknowledge that although the step test did aid in establishing the candidates V̇O₂ max it is not the usual protocol followed. The standard procedure would be performed in a laboratory setting, with the ability to carry out a ramp incremental test using specialised equipment such as a Douglas Bag, Servomax Gas Analyser and Dry Gas Meter and Vacuum (Murias, Pogliaghi and Paterson, 2018). Unfortunately due to the development of the current COVID-19 pandemic, restrictions limited the use and availability of such equipment as a result of social distancing, therefore the step test was employed (Wong et al, 2020). 
For the 5k pre test a smart watch was used to measure an exact 5k route so that the same route and distance can be repeated and followed making the results as accurate as can be, as this can impede the training programme and cause obscurities if altered in any way (Mayorga-vega at al, 2016). The pre 5k was run in 19minutes 35 seconds which is already above the 20 minute average time that a 5k is normally completed for competitive runners suggesting that this participant is fitter than the average recreational runner (Fisher et al, 2017). For the 10k pre test the same method was followed taking 47 minutes 23 seconds to complete also within the average finishing time for competitive runners which is usually <1 hour with a median finishing time of 52 minutes 43 seconds for men according to Cushman, Markert and Rho (2014). 
Results
The outcome of the 5k run after completing the prescribed POL training programme was an improvement of 4% or 1 minute 18 seconds with a time of 18minutes 57 seconds. Although this may not seem like a significant difference, any improvement is a positive result suggesting that the POL training method worked in this instance. There was also an improvement in the 10k running time with a 7% improvement equating to 3minutes 22 seconds with a result of 44 minutes 01 second. It is important to note that as these runs were road runs and performed outside there could have been certain determinants that could affect performance such as weather, temperature, road surface, shoe type and time of day, although there is no consensus on best practice for recreational runners (Boullosa et al, 2020). The results of the VO2max reflected an improvement also with an outcome of 52.9 following the formula 111.33-(0.42x139). In relation to the V̇O₂ max results other detriments could have influenced this similarly to the outcome of the 5k and 10k run, with poor sleep, diet and caffeine ingestion possibly raising HR by prompting secretion of norepinephrine and epinephrine to increase muscle contractions, raising the force and rate of the heart which in turn increases blood pressure to make the heart beat faster (An, Park and Kim, 2014).
Critical evaluation of the prescribed polarised training method
The effectiveness of the POL training intervention was dependent upon the effort to sustain the six week training programme. According to Koral et al (2018) six sessions of sprint training, similar to this six week plan that has been prescribed with sprint interval training once per week, improves running and induces enzymatic adaptations in the three energy systems, whilst demanding less time and volume. With this in mind, Haugen et al (2019) argue that this is irrelevant as the majority of sprint related training methods and interventions have reported positive effects on sprinting capabilities. However, there is also evidence to suggest that a short term period of six to eight sessions of POL training can evoke increases in intense exercise performance of 2-4% in well trained athletes, as utilising different forms of training may work to optimize the development of the aerobic muscle phenotype and enhance intense exercise performance (Laursen, 2010). This was evident in the results of the prescribed POL training programme suggesting that the candidate is at a more advanced training level compared to an amateur who may not receive the same results, as according to Munoz et al (2014) it is unknown what intensity distribution is optimal or even if intensity distribution is optimal at all for amateur runners.
Training intensity distribution in POL training is measured around the percentage spent in the three of the five training intensity zones. Zone one is amount of time spent below lactate or ventilator threshold (LIT), zone two is the percentage located between the lactate threshold and maximal lactate steady state and zone three is time spent above the lactate threshold or maximal lactate steady state (HIIT) (Festa et al, 2020). Rosenblat, Perrotta and Vicenzino (2019) explain that this approach improves the specificity for programming as each athlete’s physiological thresholds can occur at a different percentage of their V̇O₂ max indicating that a POL model may elicit superior training adaptations. In relation to training zones and this prescribed training programme, the majority of the training was spent in zone one which focuses on aerobic capacity for endurance, compared to the smaller amount of time (5minutes 27seconds ±0.18SD first 3 weeks, 8minutes 48seconds ±0.53SD last 3 weeks) spent in zone three which works all anaerobic energy systems, having favourable improvements in oxygen transportation capacity and improved running economy (Enoksen, Tjelta and Tjelta, 2011). 
Training near anaerobic threshold is an important aspect of developing running economy, with training at 90-95% HR resulting in faster and more effective improvements in aerobic capacity compared to LIT training, with many coaches and athletes in different endurance disciplines opting for this method (Helgerud et al, 2007). Studies by Bayati et al (2011) evidenced that the reason for the observed aerobic adaptations could be a result of the increased Peroxisome Proliferator-activated Receptor-co-activator-1a (PGC-1a) which is a potent regulator for mitochondrial biogenesis. In light of this, performing large volumes at exercise intensities within zone one can set the boundaries for recovery, preserving autonomic balance (Plews et al, 2014). With that in mind, there are also individual variation components which can be affected by training dose response and rate of perceived exertion, meaning behaviour can affect a POL training programme if the participant is not putting all of their effort into it (Tonnessen et al, 2014). That being said, although LIT and HIIT are important components of a training programme, it is still unclear how to manipulate each component for optimal intense exercise performance achievement, suggesting that a different training method could have yield similar results such as a full HIIT although it would have been more fatiguing (Buchheit and Laursen, 2013). 
Technology utilised within the programme
As training methods have advanced so has the use of commercial technology in assisting athletes and recreational participants in improving their sporting accomplishments and aiding in self management (Tate, Lyons and Valle, 2015). Recently the use of technological devices such as smart watches, phones, garments and applications (apps) have increased the efficiency of recording training data to help manage and improve training. Sensors, algorithms and accompanying apps enable data collection, when participating in physical activity and training, to be collected and stored to determine the output accurately (Henriksen et al, 2018). According to Singh et al (2018) many devices use electrocardiogram (ECG) technology or photo based plethysmography as validated methods to measure accurate heart rate variability (HRV). 
This prescribed training programme utilised this type of technology in the form of an Apple smart watch and the Strava app along with a Polar HR strap and Polar Beats app. To make sure HR was monitored efficiently, using the Apple smart watch and polar HR strap combined improved the accuracy which is important in relation to achieving a balance across multiple training loads and guiding training progress by tracking distance, pace and performance zones along with the HR (Navalta et al, 2020). This was based on evidence by Pasadyn et al (2019) who state that of the many available devices, Polar HR chest strap is the most accurate (rc=98), although sometimes uncomfortable and not practical for long distance endurance running, therefore the Apple smart watch is a close second to the ECG standard for wrist worn devices (rc=96), providing lightweight comfort. In conjunction with the Polar HR chest strap, the Polar Beats app was used to track HR progress and performance zones in real time, along with detailed tracking of duration, distance, speed and intensity using a built in global positioning system and accelerometer (Windt, 2016). Although this form of technology is not 100% accurate, the error of measurement in running power is limited when using suitable devices in comparison to not using any form of technology at all (Cerezuela-Espejo et al, 2020).
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