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Abstract
The aim of our research was to find a way, based on international experience, to examine the training method
that can be successfully used in youth age groups, and as a consequence, to increase the effectiveness of the sport
of triathlon. In Hungary, the methods of preparing the younger age group (10-18 y) are not yet uniform.
Hungarian triathletes do not dominate at the international level, neither in the junior age groups nor in the elite
field. Two basic methods "fight" each other in Hungary, the so-called "threshold" training (training at the
anaerobic threshold), the effectiveness of which has been proven by numerous studies in various sports. The aim
of this study was to analyze the effectiveness of “Polarized” (Pol) and “Threshold” (TR) training in youth ages
(15-18y). Male youth triathlete subjects taking part in systematic training (n=10, n(Pol)=5; n(TR)=5) were studied.
Performance (time), physiological data from spiroergometry (vita maxima) tests and anthropometric features
were measured in this longitudinal study (3 years). Performance improvement, relative oxygen uptake (rVO2max)
and aerobic time significantly increased (p<0.05) in Pol group, while differences of their anthropometric features
did not change significantly during the research. No significant changes were found in any parameters of TR
group. There were no significant differences of anthropometric and cardiovascular (Heart Rate) characteristics
between the two groups in any assessment. The differences of rVO2max and relative aerobic capacity at the
anaerobic threshold were significant in the Pol group (p<0.05) at the second and third measurements.
Performance improvement and time in aerobic zone increased more in the Pol group than in the TR group
(p<0.05). The Pol training method proved to be more effective than the TR training of the studied group.
Keywords Polarized training, threshold training, relative oxygen uptake, triathlon, anthropometry
Introduction
Long Term Athlete Development (LTAD) is an optimized training process necessary on all stages of
athlete development. This model was developed by coaches and experts. Its principles have been adopted by
worldwide as a framework for the proper management of the growth and development processes of young and
adolescent athletes, and critical periods of adaptation to training have been defined. Coaches who put this model
into practice are more likely to develop athletes who reach their full potential in field of sport. Since it is
essential to develop basic skills at a young age and refine competitive skills at a higher level. For young athletes,
exposure to basic motor skills at an early stage is important ensuring the perfection of their skills before racing
becomes the main focus (Balyi et al., 2013; Ortigosa-Márquez et al., 2018; Baker et al., 2019; Baker et al.,
2020).
The training theory and methodology of the triathlon is well established; however, literature data mainly
focus on the performance improvement of adults, and these training methods of youth (10-18 years) are not
standardized yet in Hungary. At the international level the dominance of Hungarian triathletes is lacking, neither
in youth nor in elite adult categories. In relation to the lack of outstanding results, Hungarian representatives
from the sport continuously argue for the selection of age specific, appropriate training methods.
Two rival methods are used in Hungary, one of these is known as TR (Threshhold) training method
performed mainly at an exercise intensity corresponding to the lactate threshold (e.g., 4 mM blood lactate) or
second ventilation threshold (ratio of ventilated air–exhaled CO2 begin to rise), involves primarily continuous or
intervals of moderate-intensity exercises and is often defined as “zone 2” training (StögglSperlich, 2014).
Effectiveness of this method has been published in numerous studies in different sports (Faude et al.,2009;
Beneke et al., 2011; Dalleck et al., 2010; Ziogas et al., 2011; Philp et al., 2008).
The other method is the Pol (Polarized) training which is basically very similar to Lydiard’s method
(Laursen, 2010). The Pol training consists of significant proportions of both high- and low-intensity training and
only a small proportion of threshold training. The distribution between low and high intensity training is often
quantified as 80:20%, or 75–80% with low intensity, 5% threshold intensity, and 15–20% as high intensity
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effectiveness of polarized training in endurance sports as well (Yu et al., 2012; Gibala et al., 2012; Muñoz et al.,
2014; Vesterinen et al., 2016; Gibala et al., 2013; Seiler et al., 2009; Seiler, 2010) but despite that, it is less
common in Hungarian practice.
The main differences between TR training and Pol training were summarized by Seiler and Kjerland
(Muñoz et al., 2014). With the aid of spiroergometric measurements they suggested three intensity zones (lowintensity, zone 1; moderate or threshold intensity, zone 2; high-intensity, zone 3).
The rapid performance-enhancing effect of intensity is evident, however high-intensity trainings bear a
higher risk of injury, require longer recovery, and therefore, are to be applied to youth very carefully (Kellmann,
2010; DiFiori et al., 2014; Kostiukevych et al., 2018). The effectiveness of Pol training at younger ages has been
demonstrated by several authors (Arne et al., 2009; Moreira et al., 2016; Laursen, 2010; Hoydal et al., 2016;
Guellich et al., 2009).
Therefore if both methods are effective, which one should be chosen for developing the capabilities of
youth triathletes? The aim of this study was to examine the effectiveness of Pol training and TR training for male
youth triathletes.
Method
Subjects
Male youth triathletes were recruited (n=10 subjects, age(Pol)=15.63±1.25 years; age(TR)=15.61±0.89
years) in this study. The athletes took part in 8-10 trainings/ week, led by club coaches. Data collection and
assessments were done at the end of March in 2014, 2015 and 2016. Limitations of the study were the number of
subjects having identical ages and the clubs did not willingly modify their “well-established” training methods.
Subjects and their parents were well informed of measurement procedures. The study was approved by the
Ethics Comettee and all subject’s parents gave their consent to participate in the study. Informed consent of
University of Pécs, Institute of Sport Sciences and Physical Education was also given for this protocol.
Training methods
According to the Hungarian practice, after a longer break general trainings start in October-November
and last until the end of March or beginning of April. After this period, the frequency of sport-specific trainings
increase, resulting in more high-intensity trainings in the season.
The major difference between the two studied groups was the training intensity zones of the measured
time frame. The Pol group trained in the following three intensity zones: Zone 1=85%; Zone 2=5%; Zone
3=15% (based on heart rate (HR) measurements), while the TR group exercised in 70%, 20%, and 10%,
intensity zones respectively. Regarding the annual training load, the Pol group worked 80% of the training time
in the low-intensity zone (Zone 1), 5% at the anaerobic threshold (AT, Zone 2), and 15% in high-intensity zone
(Zone 3). The ratio of TR group in different zones was 60%, 30%, and 10%, respectively. The different training
zones were controlled with Heart Rate (HR) monitors (Seiler & Tonnessen, 2009) in each training.
Anthropometric methods
Besides HR monitoring (resting HR, rHR; maximal HR, mHR) basic anthropometric characteristics
such as body height (BH) and body weight (BW) were also recorded, relative muscle mass (rMM) and relative
fat mass (rFM) were measured using an InBody 720 bioelectric impedance analyzer (Biospace).
Physiological parameters monitored
To characterize the effectiveness of the studied training methods, performance data of spiro-ergometry
(vita maxima) tests were analyzed. Relevant parameters, like performed time and time under the anaerobic
threshold (AT, time in aerobic zone), relative aerobic capacity (rVO2max) and relative aerobic capacity at AT
(rVO2at) were also measured. Vita maxima tests were carried (Rigler, 2000; Szakály, 2013; Robertson et al.,
2016; Armstrong et al., 2020) out on a treadmill ergometer (Marquette S2000) with SENSOR MEDICS Vmax29
C Gas analyzer and 12 lead EKG monitor. During the test protocol, the speed of the treadmill was 5 km×h-1 for 2
minutes with a gradient of 0%, then 11 km×h-1 at 3% for 2 minutes; then the grade of the treadmill increased 3%
every 2 min with steady speed until complete fatigue.
Statistical methods
Statistica for Windows (version 12, StatSoft Inc., Tulsa, OK 74104, USA, 2013) was used to analyze
collected data. General descriptive statistical measures for each group and test were used. Within groups the
differences were investigated using repeated measures of ANOVA. Tukey’s post-hoc test was applied in the case
of a significant F value. The level of statistical significance was set at p<0.05.
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--------------------------------------------------------------------------------------------------------------------------------------Results
Presented results of the collected data are analyzed in training groups. Results of the Pol group
Table 1 shows the anthropometric and cardiovascular characteristics of the Pol group.

Means of body height and body weight increased according to age-specificity, the differences were not
significant (BH: F= .830, p= .459; BW: F= .499, p= .618), however standard deviations decreased. The means
for rMM increased and rFM decreased, in addition to the decrements seen in standard deviations, but the
differences were not significant (rMM: F= .265, p= .771; rFM: F=1,269, p= .316). Relative rHR decreased, the
means of mHR remained unchanged, although in every assessment period this parameter reached age-specific
values, the differences were not significant (rHR: F=3.831, p= .051; mHR: F= .120, p= .892). No significant
differences were found between the means of AT (AT: F= .700, p= .515) also. The mean values and changes of
relVO2max and relative aerobic capacity at AT (relVO2at), being key factors in physical performance, are shown in
Figure 1. In the Pol group, significant differences were found between measurements 1 and 3 in rVO2max
(63.98±6.29; 70.68±3.77; 72.34±2.95 ml×min-1×kg-1; rVO2max F=4.703, p= .031) and rVO2at (56.51±5.96;
63.45±4.26; 66.04±4.21 ml×min-1×kg-1; rVO2at F= 5.138, p= .024).

The means of exercise time (12:36.0±1:31.0; 13:16.0±1:14.0; 14:02±1:02.0 min; F=3.353, p= .017) and
the time spent under AT (aerobic time: 9:26.0±1:11.0; 10:36.0±1.27; 11:28±1:19.0 min; F=14.431, p= .000)
showed significant differences between each assessment period (Figure 2).
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In Table 2 the anthropometric and basic cardiovascular characteristics of the TR group are presented at
each time point. Similarly to the Pol group, no significant differences were found in any anthropometric or basic
cardiovascular results (BH: F=1.640, p= .234; BW: F=2.055, p= .170; rMM: F= .005, p= .994; rFM: F= .203, p=
.818; rHR: F= .265, p= .771; AT: F=1.330, p= .299; mHR: F= .42, p= .664). However, the changes in standard
deviations are volatile – unlike in the Pol group.

Changes in rVO2max and in exercise performance of the TR group are summarized in Figures 3 and 4.
There were no significant differences in the means of rVO2max (61.36±6.64; 61.94±5.70; 60.32±7.05 ml×min1
×kg-1; F= .080, p= .923) and relVO2at threshold (56.70±6.48; 55.98±5.78; 53.08±6,96 ml×min-1×kg-1; F= .445,
p= .651).

No significant changes were found again in total exercise time (10:40.0±1:17.0; 10:57.0±1:08.0; 11:04.0±1:00.0
min; F= .161, p= .852) and in exercise time under AT (aerobic time: 8:46.0±1:17.0; 8:47.0±1:06.0;
8:48.0±1:16.0 min; F= .009, p= .999).
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Comparison of anthropometric and cardiovascular characteristics of the two groups are summarized in table 3 for
each assessment. No significant differences were found throughout the research.

Group-differences in values of rVO2max and relVO2at are shown in Figures 5 and 6. For the second and third
measurements, mean values of rVO2max (1st measurement: t= .64067; p= .539; 2nd measurement: t=2.86073, p=
.0211; 3rd measurement: t=3.51513, p= .008) and relVO2at (1st measurement: t= .05079; p= .960; 2nd
measurement: t=2.35481, p= .0463; 3rd measurement: t=3.56160, p= .007) were significantly better in the Pol
group compared to TR group.
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--------------------------------------------------------------------------------------------------------------------------------------Summarizing differences in exercise performances (Figures 7) of groups in the second and third measurements,
the Pol method has proved to be significantly better in absolute performance during the research [(1st
measurement: t=4.42890; p= .002; 2nd measurement: t=4.30184, p= .003; 3rd measurement: t=5.93295, p= .001)
(Figure 7)]. Significant difference was also found in aerobic time in the second and third tests between the two
groups [(1st measurement: t=1.42313, p= .192; 2nd measurement: t=4.04127, p= .004; 3rd measurement:
t=6.08699, p= .001) (Figure 8)].

Discussion
The aims of our research were analyzing training methods relying on international experiences and
hoping to successfully implement results in the training of young athletes improving performance and success in
triathlon. However, analyzing data one must consider the limitations of the study resulting from the small sample
and therefore should draw careful conclusions. Subject in our study (Pol training) were trainable effectively in
endurance sports as it has been shown in earlier studies (Gibala et al., 2012; Plews et al., 2014; Muñoz et al.,
2014; Sylta et al., 2014).
We have also characterized physiological parameters definitive in professional sport performance and
body composition also as another influencing factor (Suriano et al., 2010). Anthropometric parameters (BH,
BW) and body composition (rMM, rFM) of the measured athletes was optimal regarding successful triathlon
training and competition (Landers et al., 2013; Bottoni et al., 2011; BrunkhorstKielstein, 2013; Tyrsy et al.,
2020). In anthropometric parameters not any significant differences were found within groups, nor between
groups in any assessment. The two groups have similar anthropometric data, therefore anthropometric features
did not cause different adaptations and performance changes between the groups (Bilgin, 2016; Knechtle, 2014;
Lepers et al., 2013).
The spiroergometry method is commonly accepted in international literature; many authors have
verified that these types of laboratory performances are good predictors of real field performance (Suriano et al.,
2010; Hausswirth& Brisswalter, 2008; JoynerCoyle, 2008; Anta et al., 2008; Naisidou et al., 2017; Piacentini
et al., 2019). The Pol group showed significant improvement in rVO2max and rVO2at, which are both primary
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physical performance also improved, including increments in aerobic time. In the TR group, we were not able to
identify a significant change in any parameter measured during this research.
Based on the results of the two-sample t-test the Pol group performed significantly better at each
assessment than the TR group. In factors characterizing the cardio-respiratory system (rVO2max; rVO2at),
significant differences were found between the two groups only from the second assessment. In our sample the
Pol training method proved to be more effective than training of the TR group. Similar results were found by
many authors using different samples, but applying the basic principles of Pol training to the maximum during
the preparation of their athletes (StögglSperlich, 2014; Seiler, 2010; Neal et al., 2013; Muñoz et al., 2014).
Conclusions
This study was longitudinal focusing on performance improvement and its determining factors in young
ages (15-18 years). The limitation factor in this research was the size of the sample. Therefore, an expansion of
our sample population is important to provide further guidelines to triathletes. Despite this fact our findings are
convincing that polarized training is an effective method for young triathletes. Hoping that our results prove to
be interesting to coaches reading scientific studies and driving them towards further research, will be beneficial
in training methodology for the triathlon or other sports in the future.
Experts have been debating the results of physiological adaptation from the application of different
training methods for years. However, it can be concluded that those who applied the principles of the polarized
method achieved a greater increase in the athletes' performance compared to threshold training. Modern triathlon
encourages coaches and professionals to look for new periodization methods to help athletes reach their peak
performance. Specialists still have to examine many things in terms of the various training intensity distributions,
including endurance training periods, their effects on endurance athletes, as well as the mechanisms responsible
for these effects. As a result, it can be said that this is a fruitful area for future research, which can contribute not
only to the optimization of the endurance training program of athletes, but also to the understanding of the
optimal ways to promote physiological adaptation.
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