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Introduction 
Anaerobic threshold is the capacity to work 

at a stable concentration of lactate, which is an 
important diagnostic indicator of aerobic per-
formance. The term “anaerobic threshold” could 
be mistakenly defined as the work in which the 
body rebuilds an exclusively aerobic metabolism 
to an exclusively anaerobic one. On the one hand, 
the maximum oxygen consumption (VO2 max) is 
achieved only when performing work exceeding 
the anaerobic threshold. On the other hand,  
the gradually increasing concentration of lactate 
in the blood before reaching the anaerobic 
threshold also indicates that even during this 
period, intensive energy production occurs due to 
anaerobic glycolysis [3, 7, 12, 13]. 

The results of the study [5] allowed us to 
identify four physiological stages in the process 
of increasing physical activity. These include: 
aerobic or lactate threshold, pH threshold, 
respiratory compensation point, and aerobic limit. 
In fact, instead of the threshold, it is better to 
speak about the area where numerous functional 

changes in the body can be observed and in 
which, along with aerobic energy production, 
there is anaerobic production of type II fibers. 

AnT is most easily defined as the maximum 
power at which a stable lactate concentration is 
maintained. However, determining anaerobic 
activity threshold by the maximum stable lactate 
concentration is very expensive and more and 
more preference is given to methods allowing to 
evaluate anaerobic activity threshold at lower 
costs. In addition to lactate concentration, 
respiratory system and heart rate data can be used 
for determining AnT [1]. Due to its availability,  
a method for determining AnT by heart rate was 
chosen. One of the most common tests for 
determining AnT by heart rate is the Conconi 
method, which was used as the calculation basis. 
The essence of this method is to record the heart 
rate at the end of a given load, while, in contrast 
to the traditional step test, the work performed 
changed over time. The HR output on the plateau, 
before increasing linearly, corresponded to  
the threshold anaerobic power [4]. 
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Aim. The paper aims to determine the anaerobic threshold (AnT) power level using heart
rate (HR) data from different age groups of skilled skiers (from 1st adult sports category to
International-level Master of Sports). Materials and methods. The group consisted of 19 cross-
country skiers: females (n = 4) and males (n = 6) of the senior age group; juniors aged 19–20 years
(n = 4); males (n = 3) and females (n = 2). To determine the anaerobic threshold level (AnT),
the participants were asked to perform step-increasing load (double poling) on the Concept 2
SkiErg ski ergometer. Physical activity was adjusted by the PerfPRO computer program, designed
for ergometers using the ANT+ system. Instrumental methods and methods of mathematical
statistics were used for the purpose of the study. Results. It was found that regardless of the age
group and sports skills, heart rate at the AnT level was in the range of 174.98 ± 1.67 bpm. At the same
time, power at the AnT level increased by 55.15 ± 11.12 watts (W) for males and 30.09 ± 7.42 W
for females on average with increase in sports skills and transition between age groups. Con-
clusion. Our study shows that the non-invasive method of determining the AnT level by heart
rate is an informative tool for evaluating physical performance, which can be used to identify
significant metabolic changes and control the training process. The increase in physical perfor-
mance is based on the increase in contractile power at the AnT level. 

Keywords: cross-country skiers, anaerobic threshold, physical performance, load power,
lactate. 
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Materials and methods. The study was 
conducted on the premises of the Institute of 
Sport, Tourism and Service (South Ural State 
University, Chelyabinsk). The study group con-
sisted of 19 cross-country skiers: females (n = 4) 
and males of the senior (n = 6) age group; juniors 
(n = 4); males (n = 3) and females (n = 2).  
To determine the AnT level, athletes were asked 
to perform a 2-minute increasing load (double 
poling) with a step of 20 watts (for males) and  
10 watts (for females and juniors) on a ski  
ergometer (Fig. 1).  

The transition between stages consisted in 
stopping for 10 seconds to determine estimates of 
the load perception intensity. Testing was con-
ducted before the subjective rejection. During 
physical work, the ergometer recorded the fol-
lowing data: total work time (min); heart rate 
(HR) at rest, maximum heart rate (HRmax) and 

heart rate at 1 minute of rest; absolute maximum 
aerobic power (MAeP, W) and relative maximum 
aerobic power (RMAP (W/kg); heart rate at  
the anaerobic threshold level (AnT, HR); power 
at the anaerobic threshold level (Power at MAeP, 
W); concentration of peak lactate (mmol/l) in 
general blood flow at 3–4 minutes of recovery. 
The lactate level was assessed by taking capillary 
blood from finger1, using a portable Lactate Plus 
analyzer. 

The calculation unit for determining AnT in 
our method was the average heart rate record  

at the last 30 seconds of the stage. After the data 
were obtained, a graph of the heart rate depen-
dence (BPM) from power (W) (Fig. 2) was built 
(X axis – power, Y axis – heart rate). The inf-

                                                           
1 All subjects agreed to take blood, so the procedure used 

does not contradict the Helsinki Declaration. 
 

Fig. 1. Step test 

 
Fig. 2. Graph for determining AnT based on heart rate (BPM) dependence on power (W) 
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lection point on the graph was an anaerobic 
threshold. 

The research procedure was carried out in 
the following order: 1) taking lactate samples at 
rest; 2) setting up heart-rate monitor; 3) selecting 
individually flywheel resistance by the built-in / 
auto program on the simulator; 4) setting stan-
dard load on the ergometer (5 minutes, 100 watt 
for males, 50 watt for females, double poling);  
5) 2–3 minute rest; 6) test with increasing load 
(120 watt with a step of 20 watt for skilled males 
such as Candidates Masters of Sport and above 
this degree, 60 watts with a step of 10 watts for 
females); 7) measuring pulse at 1 minute of re-
covery and taking lactate 3–4 minutes after sub-
jective failure. Statistical data processing was 
performed using the Statistica V.10.0 software. 

Results and discussion. The analysis of data 
in Table 1 allows us to state that the cross-
country skiers' physical performance level 
increases with the transition from the junior to 
the senior age group and the increase in sports 
skills. 

Regardless of the age group and sports skills, 
the heart rate at the AnT level was in the range of 
174.98 ± 1.67 BPM. At the same time, the power 
at the AnT level increased by an average of 
55.15 ± 11.12 W for males and 30.09 ± 7.42 W 
for females with the increase in sports skills and 
age group (Table 1). 

Research results of a number of authors indi-
cate that the increase in physical performance is 
based on a proportional increase in contractile 
power, blood supply speed and oxygen consump-
tion. An equal increase in heart rate at different 
power indicates a greater increase in shock  

volume and a higher arteriovenous difference in 
oxygen in athletes with higher skills. 

It is considered that the most informative 
method is AnT determination by a fixed lactate 
content in blood, equal to 4 mmol/l [9]. There-
fore, for the reliability of the test for determining 
AnT by heart rate, we used a training protocol 
with an interval orientation, when power was de-
tected at the point where the straight line of the 
graph reflecting the relationship between heart 
rate and power deviates to the side. The interval 
training protocol consisted of 4 intervals of  
4 minutes with a 4-minute rest between inter-
vals. After each interval, lactate was collected 
for 2–3 minutes of rest (Table 2). 

In practice, when evaluating the anaerobic 
threshold, the maximum power developed by the 
muscles is determined, at which the lactate con-
centration in blood during the test fluctuates by 
no more than 1 mmol/l. Therefore, the AnT, iden-
tified according to the graph of the heart rate de-
pendence on power, at the inflection point, is 
a valid indicator. 

Conclusion 
Load tests are used to determine only a spe-

cific physical task performance. Therefore, “ge-
neral endurance” tests do not provide visual in-
formation about all the results for endurance. Due 
to the specifics of performed movements se-
quence, the test result on the bicycle ergometer 
only indicates the performance of cycling, which 
differs between lying and sitting positions.  
If making a conclusion about endurance based on 
other tests, it will be associated with greater or 
lesser errors. One of the criteria suitable for 
cross-country skiers to assess their physical per-

Table 1 
Cross-country skiers' test with a step-up load to failure (M ± m) 

Index Males, senior age 
n = 6 

1st category 

Juniors 
n = 4 

Candidate  
Masters of Sport 

Males 
n = 3 

Masters of Sport,  
Masters of Sport  

of International level

Females, senior 
age 

n = 4 
1st category 

Females 
n = 2 

Masters of Sport

MAeP 170,00 ± 10,95 245,00 ± 37,86 300,00 ± 20,00 127,50 ± 12,58 160,00 ± 28,28 
RMAP (W/kg) 2,68 ± 0,29 3,33 ± 0,28 3,83 ± 0,28 2,19 ± 0,06 2,53 ± 0,38 
Power at MAP 116,67 ± 16,33 192,00 ± 34,16 220,00 ± 34,64 82,50 ± 15,00 130,00 ± 28,28 
HR AnT (BPM) 176,17 ± 5,46 172,25 ± 9,57 175,00 ± 0,01 175,00 ± 1,83 176,50 ± 4,95 
 

Table 2 
Interval training protocol for cross-country skiers (M ± m) 

Indices 
Intervals 

1 2 3 4 
Power, W AnT below 2 steps AnT below 1 step AnT as planned AnT above 1 step 
La, mmol/l 2,23 ± 0,45 2,74 ± 1,03 4,15 ± 0,13 5,52 ± 0,65 
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formance is the power of simultaneous repulsions 
with arms, which corresponds to biomechanical 
characteristics [2, 8, 14, 15]. 

Physical performance is an integral indica-
tor characterizing the final result of morpho-
functional adaptive changes in athlete's body. 
The physiological basis for the physical perform-
ance of a cross-country skier is aerobic energy 
supply mechanisms, as evidenced by the high 
VO2max values of world-class skiers (> 80 and  
~ 70 ml · kg–1 · min–1 for men and women, respec-
tively) [11]. One of the most informative indica-
tors, characterizing an athlete's aerobic perfor-
mance is the power developed at the level of  
AnT [6]. With a maximum work duration of more 
than 3–4 minutes, the power developed by  
the muscle will be proportional to the speed of its 
oxygen consumption. The higher the power,  
the higher the blood supply is. Therefore, an ope-
rational and less complex determination of AnT 
level, in this case by heart rate, will allow timely 
and rational decision-making in the training 
process management [10]. 
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Цель работы. Цель настоящего исследования заключалась в определении уровня
мощности анаэробного порога по частоте сердечных сокращений (ЧСС) в разных возраст-
ных группах у квалифицированных лыжников-гонщиков (от 1-го спортивного взрослого
разряда до МСМК). Материалы и методы. Контингент исследования составили 19 лыж-
ников-гонщиков: девушки (n = 4) и юноши старшей (n = 6) возрастной группы; юниоры
19–20 лет (n = 4); мужчины (n = 3) и женщины (n = 2). Для определения уровня анаэробно-
го порога (АнП) испытуемым было предложено выполнить ступенчато-возрастающую фи-
зическую нагрузку одновременным бесшажным ходом на лыжном эргометре Concept 2
«SkiErg». Параметры мощности физической нагрузки задавались и регулировались ком-
пьютерной программой PerfPRO, разработанной для работы в синхронизации с эргомет-
рами по системе ANT+. Для достижения поставленной цели в работе использовались ин-
струментальные методы и методы математической статистики. Результаты. Установлено,
что независимо от возрастной группы и спортивной квалификации ЧСС на уровне АнП
находилась в диапазоне 174,98 ± 1,67 уд./мин. При этом мощность на уровне АнП по мере
роста спортивной квалификации и перехода возрастной группы, увеличивалась в среднем
на 55,15 ± 11,12 Вт у мужчин и на 30,09 ± 7,42 Вт – у женщин. Заключение. Наше иссле-
дование показывает, что неинвазивный метод определения АнП по ЧСС является инфор-
мативным средством оценки физической работоспособности, с помощью которого можно
определить значимые метаболические изменения для управления тренировочным процес-
сом. Рост физической работоспособности основан на увеличении мощности мышечных
сокращений на уровне АнП. 

Ключевые слова: лыжники-гонщики, анаэробный порог, физическая работоспособ-
ность, мощность нагрузки, лактат. 
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