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Introduction
Historically, in the world of aerobic athletes there appears to be distinct exercise training-intensity distribution models (Seiler and Kjerland, 2006). These models are adopted by the variety of different athletes and coaches (Neal et al, 2012) in numerous sports to improve athlete’s performance. Over many years, threshold training distribution model (TTM) is what many athletes used to help create physiological and performance adaptations within one’s sport, alongside high-intensity interval training (HIIT) (Kravitz., 2014) and low-intensity continuous training (CT) (Stöggl and Sperlich., 2014).  This is believed to be the recommended guidelines in creating physiological and performance adaptions (Dalleck and Dalleck., 2008). Nevertheless, a variety of different coaches adopted a polarised training model (POL) (Seiler, 2010; Laursen, 2010) that deemed greater physiological and performance adaptations in comparison to the TTM, HIIT, CT (Stöggl and Sperlich., 2014). 
[image: ]
Research have suggested that having a great Vo2Max, Economy and lactate threshold then it will lead to a great performance (Seiler and Kjerland, 2006). According to a study (Neal et al, 2012) athletes’ performance cannot be good unless all three of these factors are included, missing one of these three characteristics of performance could be detrimental to an athlete’s career and performance.Figure 1: A primary picture of the standard Model of performance that’s portrayed by many studies. (Neal et al, 2012; Dalleck and Dalleck., 2008; Seiler and Kjerland, 2006).


Established training methodologies on aerobic athletes 
For an aerobic athlete, following the traditional aerobic conditioning methods is deemed as the accepted guidelines to improve aerobic fitness consisting of HIIT, Threshold training and CT (Harrison et al., 2015). 



Low intensity continuous training

[image: ]High volume training in a low intensity manner consists of the aerobic athletes using 65-75% of their max oxygen uptake, <2 mmol.L-1 blood lactate and <80% of max heart rate (HRmax) (Stöggl and Sperlich., 2014).There has been evidence to suggest that adaptations occur around 6-weeks of training (Midgley et al., 2006). However, they are more evident after 12-weeks (Stöggl and Sperlich., 2014). CT can be performed for any sport on the condition that it is low intensity below aerobic threshold in zone 1-2 (House and Johnston, 2014). This type of training is believed to help Vo2Max (Romijn et al., 1993; Midgley et al., 2006) by increasing plasma and stroke volume and prompts molecular adaptations for capillary and mitochondrial biogenesis. With this knowledge, it is led to believe improving the efficiency of metabolic is key components for energy fuelling (Seiler and Kjerland, 2006; Laursen and Jenkins, 2002)Figure 2: Low intensity continuous training is zone 1-2 (House and Johnston, 2014).


Threshold training
[image: ]
Aerobic athletes training close to or at the lactate threshold (LT) can be concluded as threshold training (TT) (Faude et al., 2009). These athletes are known to portray a variety of different percentage of their own Vo2Max, this is because it depends on when there is a sharp rise in the volume of the blood lactate accumulation (Faude et al., 2009). Studies have suggested it to be due to lactate production rate being greater than lactate clearance rate (Evertsen et al., 2001), with this occurring in athletes at different Vo2Max%. Novice and untrained athletes blood lactate accumulation can occur as low as 50-60% of their Vo2Max (Evertsen et al., 2001), with trained athletes being significantly higher (Sandbakk et al., 2011). TT on the energy continuum is the interchanging of the energy systems of aerobic and anaerobic systems during exercise (Faude et al., 2009). 75%-85% of an individual’s heart rate is concluded by many studies of being the average heart rate for TT (Sandbakk et al., 2011). TT improves endurance performance athletes especially novice and untrained (Denis et al., 1984; Londeree, 1997). Despite this, there has been a greater training volume demonstration that appeared close to LT in Norwegian world-class sprint cross-country in comparison to national-level skiers (Sandbakk et al., 2011). Additionally, “in elite cross-country skiers’ greater improvements in running speed at lactate threshold and performance in a 20-min run when exercising at an intensity eliciting 3–4 mmol·L−1 lactate” (Evertsen et al., 2001). Nevertheless, when comparing to other correlational and experimental data from well-trained aerobic athletes there has been suggestions that training close to LT it may be counterproductive or ineffective due to trained athletes having a higher LT closer to 85-90% of their Vo2Max and HRMax (Guellich and Seiler, 2010; Esteve-Lanao et al., 2007).Figure 3: At the blood lactate accumulation point (Janssen, 2001).



High-intensity interval training
Many key variables of endurance such as Vo2Max, running economy, time trial performance, maximal and submaximal running speed and time to exhaustion alongside athlete’s performance having greater improvements in HIIT (Laursen and Jenkins, 2002). Athletes HR appears around 90% of their HRMax (Helgerud et al., 2007), alongside 90% of their Vo2Max (Kravitz., 2014). A study suggested that HIIT can lead to a 7% increase in Vo2Max over as little as a two-week condensed period 10-13 sessions (Stølen et al., 2005). “These improvements were largely due to increases in O2 availability, extraction and utilization and the increases in Vo2Max” (Daussin et al., 2007; Helgerud et al., 2007). Nevertheless, other studies have suggested 2-3 times a week of HIIT session over a 6-week period will include an increase in performance results (Kravitz., 2014). Work rate ratios should be 1:1 allowing these athletes to replicate the intensity close to their VO2max for a greater amount of time.  HIIT creates many acute physiological responses (Kravitz., 2014; Boutcher., 2011) such as significant increase in heart rate, norepinephrine and Epinephrine elevated 6.2 to 14.5 times greater than initially-pointed , Increased levels of blood glycerol and free fatty acids and blood glycerol indicating an early breakdown of triglycerides, a steadily decline in phosphocreatine and ATP, (required to meet the rapid fuel needs of contracting muscles), lactate levels and growth hormones may increase, “initially blood glucose (from glycogen breakdown) is elevated (for exercise fuel) but may decline during HIIT session” (Boutcher., 2011), venous blood return to the heart enhanced resulting in an increase in stroke volume and the sympathetic nervous is elevated in comparison to the parasympathetic nervous system that is depressed.

Polarised training on aerobic athletes 
[image: ][image: ]Polarised training can also be referred or known as the 80/20 percent rule, where you spend 80% in low intensity and 20% in high intensity (Orie et al., 2014).  To categorise and understand polarised training (POL), nearly all the training time spent at a light (RPE less than, 13) and very hard (RPE 17), with no training at hard (race pace at 14-16 RPE). This is according to 6-20 RPE Borg scale (1982) (Orie et al., 2014).  Furthermore, polarised training model appears to have high-intensity workouts that are separated by long and slow distance workouts with the intensity being closely monitored and controlled (Hydren and Cohen, 2015).  A study that was done on POL suggested that 75%-80% of training is spent in low exercise intensity however high volume (below Lactate threshold (LT) 1) alongside 5-10% in moderate intensity (between LT 1 and 2) and 15%-20% spent at high intensity (above LT 2) (Neal et al., 2012). Figure 5: Characteristics of what occurs at the different zones in polarised training from a variety of studies (Neal et al., 2012; Seiler and Kjerland, 2006; Stølen et al., 2005). 

Figure 4: Describing polarised training in a graph. (Seiler and Kjerland, 2006). 


Seiler and Kjerland (2006) described POL within a graph (above, left) that appears to show below lactate threshold 1 that the training frequency is indicating it is high volume with low frequency between lactate threshold 1 and 2 with slightly higher above lactate threshold 2. Many studies have shown typical heart rate, typical blood lactate and how a subject feel’s during this type of exercise which was placed in figure 5 and concluded (above, right) (Neal et al., 2012; Seiler and Kjerland, 2006; Stølen et al., 2005).
Below LT 1
Many studies have investigated the adaptations to training at different intensities within POL that was concluded to have a positive effect on performances and LT despite a high proportion of training conducted at low intensities (Esteve-Lanao et al., 2007; Hoyos and Chicharro, 2000). These studies believe the proportion of time below LT 1 also referred to as zone 1 is a key aspect that drives performance outcomes and endurance adaptations. Training below LT 1 is a form of exercise that results in rapid cellular signals occur from a single bout of exercise, (also referred to as acute), that leads to the proteins that increase gene transcription to subsequently activate. Higher levels of mRNA expression are believed to be the result that is often observed during the recovery period following a bout of exercise (Seiler and Kjerland, 2006; Romijn et al., 1993). Capillaries are Important in the delivery to active and resting muscles consisting of substrates such as Insulin, glucose and oxygen (O2) alongside hormones. Training below LT 1 or CT is known to increase mitochondrial biogenesis (muscle oxidative capacity) and increase the formation of new capillaries (Romijn et al., 1993).  
Between LT 1 and LT 2
According to research one main reason to avoid training as much in the threshold purely relies on the stress-adaptation ratio (referring to the amount of stress accumulated from a type of workout in comparison to the fitness gains from the workout itself) (Sakaguchi et al., 2019). 
Threshold training is known to place a great deal of stress on an athlete resulting in training being both physically and mentally hard and avoiding this can create better adaptations on an aerobic athletes’ performance (Sakaguchi et al., 2019). This is due to greater adaptations occurring during polarised training creating a positive stress-adaptation ratio resulting less stress on an athletes’ body and mind and greater performance adaptation (Sakaguchi et al., 2019). Training below LT 1 the muscles aren’t producing any lingering lactic acids and stimulates greater training consistency (Sakaguchi et al., 2019).
This further supports an athlete’s lactic acid clearing abilities in a positive way which is one of the main reasons why athletes adopt a threshold training scheme. Whereas, mimicking the adaptions within the body at a reduced stressed rate and creating an increase in performance adaptations may be more beneficial for an aerobic athlete.
Above LT 2
Maximal oxygen consumption, aerobic running performance and running economy have improved from adopting a more POL model (Ingham et al., 2012), To continue, high-interval however short-term work has stimulated promoting performance and metabolic adaptations in a variety of different studies (Hood er al., 2011; Talanian et al., 2007; Stepto et al., 1999). A significant increase in skeletal muscle oxidative capacity and mitochondrial function from bouts of high-intensity interval exercise has been shown in these studies alongside improvement markers of endurance performances. Training above LT 2 Helps the interchange between aerobic and anaerobic metabolism and is recognized for enhancing anaerobic metabolism that is one out of two different cell metabolism that convert proteins, fats and carbohydrates into energy that the cells require (Sakaguchi et al., 2019). Anaerobic metabolism occurs through glycolysis as it excludes oxygen in the production of adenosine triphosphate molecules (ATP) as energy is liberated from glucose (Sakaguchi et al., 2019). Lactic acid is a byproduct of anaerobic metabolism (Sakaguchi et al., 2019).  Therefore, a combination of a high proportion of time below LT 1 along with Above LT 2 interval work is indicating to be a strong combination for optimal adaptations to training in endurance athletes.

Established training VS Polarised training on aerobic athletes 
Cyclists 
Polarised training has been included in many aerobic sports and have been compared to many established training methods. Neal et al., study (2012) was one of the first scientific experiment to analyse physiological and performance adaptations in polarised training. Within the study a crossover study including twelve male club cyclists that were randomly placed into two groups; group 1 Threshold, group 2 polarised training. All data collections were collected from November to March with two 6-week training periods separated by 4 weeks of detraining. The polarised percentage in each zone was 80% low, 0% moderate and 20% high in comparison to thresholds percentages which were, 57% low, 43% moderate, 0% high. The study visibly acknowledges that both groups improved in a variety of different fitness measures; Power output at 4 mM blood lactate, 40km time-trail, peak power output (greater in polarised training) and time to exhaustion at maximal work rate. There were no changes in mitochondrial enzyme activities nevertheless, a significant multilevel, partial least squares-discriminant analysis model was obtained for the threshold model but not the polarized model in the metabolomics analysis (Neal et al., 2012). Greater systemic adaptation through the polarised training distribution over a 6-week period in already well-trained cyclists. Despite there being many positive physiological and performance adaptations to the twelve-male-cyclists, the adaptations occurred in both groups resulting in no significant difference between both groups. Therefore Neal et al., (2012) implied that in well-trained aerobic athletes adopting a polarised training programme could deem to be unsuccessful due to the intensity it takes to become an elite aerobic athlete.

Well trained athletes
Stöggl and Sperlich (2014) added to the current research on aerobic athletes, more specifically on national level running athletes. The study consisted of forty-eight competitive endurance athletes with a minimum of eight-years’ experience with a maximum of twenty including five sessions per week. Comparing 4 different training models; HIIT, High-volume training (HVT), TT and POL with the difference in the times spent in each of the 3 training zones. The four different groups consisted of 12 aerobic athletes each, including 21 of those athletes being national level runners, with the training period being twelve-weeks. The twelve-athletes within the POL group obtained improvements greater during the 9-week study than the other three groups. To be specific, time to exhaustion during the ramp test, V_ O2peak, and peak power during a staged exercise test all improved. “The polarized training group improved power output at 4 mM blood lactate during the incremental test by 8.1 4.6%, whereas HIIT improved 5.6 4.8% and the other 2 groups had no significant increases” (Stöggl and Sperlich 2014). Body mass decreased within the HIIT group by 3.5% despite only training 66 hours in comparison to HVT with 102 hours. Polarised training performed a high volume of 104 hours however there was a decrease in the time spent in zone 3 in comparison to HIIT (14 vs 27 hours). For all these different sports within the study (cyclists, middle- and long-distance runners, triathletes and x-country skiers) the polarised training model showed more improvement in cardiovascular endurance, with fewer high-intensity workout alongside more longer session durations whilst getting separated by more days of low intensity workouts between them. HIIT training model was the second-best training model.

	Title of study
	Author/Year
	Participants
	Time Frame 
	Training method
	Outcome
	Result

	Does Polarized Training Improve Performance in Recreational Runners? 

	Munoz et al., 2014
	32 recreational runners

	10 Weeks
	Polarised Vs threshold training
	“The polarized training group (n = 6) improved their 10 km road race performance by 7.0 6 3.6% after 10 weeks of training, whereas a matched sample group (n = 6) of threshold trained only increased 1.6 6 4.0%, the reliability of this measure was not reported” Munoz et al., 2014
	Within this study there was no significant difference however the polarised training group did improve more overall.

	How Do Endurance Runners Actually Train? Relationship with Competition Performance 

	Esteve-Lanao et al. (9) in 2007
	12 regional runners 
	5 months with 3 periods
	Polarised vs Threshold
	Both groups improved their 10.4km race

Polarised group improved 7.0%

Threshold improved 5.3%

the reliability of the measure was not reported.
	Within this study there was no significant difference however the polarised training group did improve more overall.

	Training Methods and Intensity Distribution of Young World-Class Rowers 

	Guellich et al., 2009
	36 young German male rowers (31 international, 5 national junior finalists; 19.2 ± 1.4 y; 10.9 ± 1.6 training sessions per week) 

	37 weeks
	Polarised vs Economy
	Both improved but the authors believed it was due to the time they’ve been training because a large proportion of rowers training they weren’t rowing
	Significant difference between polarised and economy.


Table: 1 Studies testing polarised training vs the traditional training methodology. 
There is believed to be many studies that compare POL vs HIIT or POL vs Economy or POL vs Threshold however the conclusion of results aren’t believed to be similar to one another. As seen in table 1, there is 3 examples of different outcomes on aerobic sports (two POL vs Threshold on runners; one POL vs economy on Rowers). Within the two studies POL vs Threshold (Munoz et al., 2014; Esteve-Lanao et al., 2007) there was a difference in improvement in their aerobic performance when comparing the POL vs Threshold showing greater improvement however there was no significant difference in both of the studies. With the POL vs economy study (Guellich et al., 2009) there was shown to be improvement in both groups, however, the improvement in the economy is believed to be through other training within the gym rather than economy training whilst rowing. Nevertheless, there was a significant difference with POL group showing a bigger difference in comparison to the economy group.

Conclusion
To conclude, there have been many studies that have compared aerobic athletes with the established training methodologies against polarise training. The results are mixed with higher proportion of studies accepting the change to polarised training, nevertheless, there are still a few that aren’t willing to change as they do not believe there is significant difference to conclude greater physiological and performance adaptation within their own aerobic sports. 

There are many studies that have adopted a polarised training method and have shown a significant difference (Stöggl and Sperlich, 2014) however, there have been many studies that have not (Munoz et al., 2014). Comparing both types of training methods, they both have their very own apparent and individual benefits. Despite this polarised training has been shown to have greater physiology and performance adaptations within the sports of cyclists, middle- and long-distance runners, triathletes and x-country skiers and Rowers when comparing to the established training methodologies at recreational level athletes. Despite this greater physiology and performance adaptations are harder to discern when looking at elite athletes, this is because in well-trained aerobic athletes adopting a polarised training programme could deem to be unsuccessful due to the intensity it takes to become an elite aerobic athlete with their volume already being high alongside their intensity already being high. Therefore, adapting a polarised training method for recreational aerobic athletes is good however for elite aerobic athletes it isn’t advised.
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TABLE 1: THE THREE TRAINING ZONES

Zone

Sometimes
known as:

“Aerobic,
‘easy’,
‘recovery,
ong slow
distance’
etc

‘Threshold
training’,
‘intensive
endurance’
etc

Very high
intensity’,
‘race pace’
etc

Subjective
feel:

Easy - you
teel like you
can keep
going and
going

Moderately
hard to hard
(you know
you've had a
workout)

Very, very
hard (you
won't want to
stay in this
zone for
long!)

Typical
blood
lactate

Less
than

2mmol
per litre
(mM/L)

Between
2and
4mmol
per litre
(mM/L)

More
than

4mmol
per litre
(mM/L)

Typical
heart rate

Under 80%
and
typically
around 70-
75% of
maximum

Around 80-
85% of
maximum

Significantly
over 85% of
maximum

Energy system(s) used

Aerobic system (duration =
hours - to the far right of the
graph in figure 1)

Aerobic system with a
significant input from the lactate
system (duration = minutes
the middlle of the graph)

Lactate system with some input
from the CP system - for
example during a flat out sprint
to the finish line (towards the left
of the graph)




image1.jpeg
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David





