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Abstract 
Introduction. The objective of this paper was to verify hart rate values for the anaerobic threshold in cross-country skiers during long-
term submaximal intensity training effort. Material and methods. Stress tests were conducted for 6 athletes (4 female and 2 male mem-
bers of the Polish National Team). The first test involved a graded-intensity laboratory stress test on a mechanical treadmill which con-
sisted of 5-minute exercising periods and enable determining the anaerobic threshold values. The subsequent test (performed within 2-7 
days after the first test) involved a submaximal intensity run test based on the determined heart rate (HR) ranges for 400 m on a tartan 
track. The test involved a 10-minute run done three times at a given intensity based on the HR values for blood lactate level at 4 mmol/l 
(HRppa), previously determined during the laboratory tests. First exercise: a run at a speed corresponding to HRppa minus 10 bpm, sec-
ond exercise: HRppa minus 5 bpm and third exercise: HRppa. Results. The verification of the HRppa values recorded in the laboratory 
tests on a mechanical treadmill confirmed that this indicator is moderately useful for the purpose of selecting the exercise load during 
race trainings in natural conditions. Conclusion. The race speeds determined on a mechanical treadmill for the anaerobic threshold need 
to be corrected (increased speed) for the purpose of finding similar exercise load for race trainings in natural conditions. 
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IInnttrroodduuccttiioonn  
 
Anaerobic threshold is generally used for assessment of ad-

aptation to exercising during trainings of cross-country skiers [1, 
2]. Also training intensity is planned on the basis of the threshold 
exercise load. It is generally assumed that the anaerobic thresh-
old is the upper limit of the exercise load which can be realised 
based on aerobic metabolism [3]. Additionally, trainings for 
cross-country skiers often take place in various natural condi-
tions (e.g. flat areas, ascents) where ordinarily it is not possible 
to assess training intensity based on lap time measurements. 
Thus, heart rate (HR) recorded value is the essential indicator in 
such circumstances. It should also be noted that so-called HR for 
the anaerobic threshold is only one precisely determined value, 
while during trainings HR ranges are used on account of cardio-
vascular drift, i.e. HR increase as exercises continue [4]. It is 
worth mentioning that further optimisation of the exercise load 
to develop endurance is possible based on the concept of the so-
called Maximal Lactate Steady State (MLSS) [4, 5]. MLSS refers to 
the upper blood lactate level during steady exercise when lactate 
generation and utilisation are in equilibrium [6]. It is emphasised 
that MLSS plays a vital role in establishing effective training 
schemes aimed at increasing efficiency and reducing the risk of 
an injury and overtraining [7]. These issues continue to attract 
rather strong interest of researchers who have recently been 
seeking to find a simple method for determining MLSS [7, 8].  
A rarely endeavoured attempt to apply HR ranges as determi-
nants of lactate equilibrium is particularly interesting [9]. Simi-
larly, this study was carried out under an assumption that the HR 
threshold value determined in laboratory conditions is the main 
upper intensity limit for developing endurance in natural condi-
tions. The objective of this paper was to verify HR values for the 

anaerobic threshold in cross-country skiers during long-term 
submaximal intensity training. 

 
MMaatteerriiaall  aanndd  mmeetthhooddss  

 
Physical stress tests were performed during the period of 

general preparation for 6 professional skiers (4 female and  
2 male members of the National Team). Profiles of the study 
subjects are shown in Table 1. 

 
Table 1. Profiles of the female cross-country skiers (n=4) and 
male cross-country skiers (n=2) included in the study 

 

 
 
The first test to have been performed was a laboratory 

stress test on a mechanical treadmill consisting of 5-minute peri-
ods of physical exercise. The initial treadmill slope was 1.5% and 
the initial speed was 10 km/h (females) and 12 km/h (males). 
The running speed was increased by 2 km/h in the following 
exercise periods. During the fifth exercise period at a constant 
speed of 16 km/h (females) and 18 km/h (males) the initial slope 
was increased by 1.5% and then every 2 minutes as long as it 
was not stopped by the study subject. The above-described test is 
routinely applied to measure physical fitness of country-cross 
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skiers in the National Team. The subsequent test performed 
within 2-7 days after the laboratory test included a submaximal 
intensity run test based on the HR ranges for a 400 m run on  
a tartan track. The objective of the test was to verify HR ranges 
during an intense endurance training. The test was preceded by  
a 5-minute warm-up with HR intensity ranging from 130 to 140 
bpm, followed by a 3-minute break. The test involved  
a 10-minute run done 3 times at a pre-determined intensity 
based on the HR threshold values (HRppa), earlier determined 
during the laboratory tests on a mechanical treadmill. The fol-
lowing intensity levels were used: first exercise – run at a speed 
corresponding to HRppa minus 10 bpm, second exercise – HRppa 
minus 5 bpm and third exercise – at the level of HRppa. The 
study subjects maintained the pre-determined HR value for sub-
maximal intensity exercise of 2 to 10 minutes. 1.5-minute breaks 
were organised between the tests to take blood samples. 

During the laboratory test gas exchange ratios (lung ventila-
tion, oxygen uptake and carbon dioxide evacuation) were re-
corded on a continuous breath-by-breath (BxB) basis using Sen-
sorMedics Vmax29 (Yorba Linda, CA, USA). The parameters de-
termined on a continuous basis during both tests included heart 
rate (HR) recorded using Polar recorder (Polar Electro Oy, 
Finland), and blood lactate level (LA) during the breaks between 
the tests (in laboratory and natural conditions) and within  
4 minutes after the laboratory test using LP400 photometer (Dr 
Lange, Germany). 

The anaerobic threshold (PPA) was interpolated for blood 
lactate level of 4 mmol/l [10] based on the laboratory stress test 
results. The average values of the test parameters and standard 
deviation (SD) were calculated. 

 
RReessuullttss  

 
Table 2 shows the values of the selected indicators at the 

level of the anaerobic threshold, determined during the test on  
a mechanical treadmill. The HR threshold was 165-176 bpm, i.e. 
88-91% of the maximal HR. Such high HR proportion was charac-
teristic for professional sportsmen practicing endurance disci-
plines. The obtained 400 m lap times, HR values and blood lac-
tate levels for the anaerobic threshold and during the submaxi-
mal intensity run test on a tartan track (3 x 10 min) for the study 
subjects are shown in Tables 3 and 4. It should be noted that only 
one female skier (C) was determined to have blood lactate level 
after 30 min higher than the anaerobic threshold (4.89 mmol/l), 
while this indicator was similar (E-4.05) or explicitly below the 
lactate level of 4.0 mmol/l for the other subjects (Tab. 3). The 
study subjects were observed to have increased lactate levels 
during the last 20 min of the test within the range of 0.2-1.6 
mmol/l, except for the skier A – no changes (Tab. 4). The ob-
tained HR range for exercise of 10-30 min in accordance with the 
test objectives was similar to 10 bpm (10-13 bpm). 

 
Table 2. Results for the selected exercise indicators recorded in 
the mechanical treadmill tests in female cross-country skiers 
(n=4) and male cross-country skiers (n=2) 

 

Table 3. 400 m lap times, HR values and blood lactate levels (LA) 
during the run tests (graded-intensity test on a mechanical 
treadmill and based on the HR range on a tartan track) in female 
cross-country skiers (n=4) and male cross-country skiers (n=2) 

 

 
Key: PPA – 400 m lap time and HR determined for the anaerobic thresh-
old (lactate level at 4 mmol/l) during the test on a mechanical treadmill; 
10, 20 and 30 min – results for the exercise indicators during the tartan 
track test; Average LA – calculated for the lactate level after 10, 20 and 
30 min of exercising 

Table 4. Blood lactate level (LA) kinetics and HR ranges during 
the tartan track run test (3x10 min) in female cross-country 
skiers (n=4) and male cross-country skiers (n=2) 

 

 
Key: Average LA – calculated for the lactate level after 10, 20 and 30 min 
of exercising; LA, HR difference – differences between the lactate levels 
and HR values respectively after exercising for 10 and 30 minutes 

 
DDiissccuussssiioonn  

 
The above-described tests included a small group of Polish 

senior cross-country skiers at the highest level of sports skills. 
The objective of the tests stemmed from the fact that in practical 
trainings it is usually expected that the exercise load for the an-
aerobic threshold should correspond to the lactate production 
and utilisation equilibrium [3, 11]. However, the earlier tests 
among representatives of various sports disciplines showed that 
the application of the exercise load corresponding to the constant 
blood lactate level of 4.0 mmol/l (so-called anaerobic threshold) 
to all competitors can cause unexpected blood lactate levels dur-
ing trainings aimed at developing aerobic physical fitness [4, 12]. 
Furthermore, Keskinen et al. [13] showed how the changes in 
methods for determining the anaerobic threshold (various dura-
tion of the exercise load) affect the resulting threshold HR values. 

Because in practical trainings it is often attempted to apply 
laboratory indicators to choose the exercise load in natural con-
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ditions, it became necessary to develop a stress test which could 
help verify the HR threshold values (HRppa). A model of a sub-
maximal intensity 30-minute test was proposed to enable the 
assessment of the lactate level and HR increase kinetics during 
long-term exercise, and thus the selection of a HR range for en-
durance trainings. 

It should be noted that non-invasive methods for selecting 
training intensity has for a long time been applied in practical 
trainings as they reduce financial costs and enable greater men-
tal comfort of competitors [9, 14, 15]. In some disciplines, includ-
ing cross-country skiing, measurements of mechanical parame-
ters which determine exercise intensity, such as e.g. running 
speed, are rarely used on account of variable natural conditions. 
In many cases, when HR is the only available indicator to control 
exercise intensity at a pre-determined level, it is necessary to use 
HR ranges and not a constant value as in the case of HR deter-
mined for the anaerobic threshold. It should be noted that the 
30-minute run test of cross-country skiers performed according 
to HR ranges based on HRppa values proved effective for select-
ing pre-determined intensity of endurance trainings. The cross-
country skiers included in the study were observed to have blood 
lactate level lower than 4.0 mmol/l after completion of the test, 
and in only two cases it was slightly higher – 4.89 mmol/l (C) and 
4.05 mmol/l (E) (Tab. 3). The lactate level kinetics was also char-
acterised by small increments (in the last 2 periods of 10-minute 
run tests they ranged from 0.0 to +1.6 mmol/l respectively)  
(cf. Tab. 3 and 4). According to the literature data [6], 30-minute 
exercise with constant increase in lactate level in the last 20 
minutes by 1.0 mmol/l characterises the maximal lactate steady 
state (MLSS). As 10-minute runs were done during the tests at 
variable speed, it was impossible to estimate MLSS. The rela-
tively small lactate level increments obtained in the above-
described tests can be interpreted as an equilibrium between the 
production and utilisation of this metabolite which shows that 
the exercise concerned is aerobic exercise. 

Although Foster et al. [9] showed that the exercise load is 
more effectively selected based on direct measurements of the 
blood lactate level compared to HR measurements, nonetheless 
these simple methods, which do not require collecting blood 
samples, should also be recognised as highly useful. The results 
of the conducted tests showed in the case of two study subjects 
(A and F) that the selection of exercise intensity based on HR 
threshold values involved excessively low blood lactate levels, i.e. 
about 2.0 mmol/l (Tab. 3). In such case the results for 30-minute 
exercise should be re-verified by increasing the initial HR range 
by 5 bpm. However, it should be noted that relatively low blood 
lactate levels for MLSS were also recorded during the tests of 
female canoeists: 2.64±0.12 mmol/l [7] and oarswomen: 
2.72±0.54 mmol/l [4]. For example, in other tests conducted for 
ice skaters during their training on ice rink, it was recorded for 
68% of the study subjects that MLSS was only achieved by con-
trolling the intensity based on HR measurements [9]. 

Interesting results were also obtained by comparing lactate 
levels and running speed for a mechanical treadmill and tartan 
track (Fig. 1). It is also worth noticing that lower lactate levels for 
tartan track compared to the anaerobic threshold (average level 
for collected blood samples after exercising for 10, 20 and 30 
minutes was 1.9 mmol/l in the case of females and 2.6 mmol/l in 
the case of males) were accompanied by better 400 m lap times 
recorded in natural conditions. It should also be noted that in 
other studies different responses were observed between spe-
cific exercises in laboratory conditions and exercises in natural 
conditions [16, 17]. The studies conducted for canoeists showed 
no significant differences between HRppa values recorded when 
exercising in water and using canoe ergometers [18]. However, 
when an indicator determined in laboratory conditions is used 

for training in water, it was also postulated that it should be 
verified in water. 

 

 
 

Figure 1. Lactate levels (±SD) from three 10-minute runs on a 
tartan track and lap times for 400 m runs (V) determined for the 
anaerobic threshold on a mechanical treadmill (ppa) and 10-
minute runs on a tartan track in female skiers (n=4) and senior 
male skiers (n=2) 

 
CCoonncclluussiioonnss  

 
1. The verification of the HR threshold values recorded in the 

laboratory tests on a mechanical treadmill for the blood lac-
tate level at 4 mmol/l confirmed that this indicator is mod-
erately useful in selecting the exercise load for race train-
ings in natural conditions. 

2. The race speeds determined on a mechanical treadmill for 
the anaerobic threshold need to be reviewed and corrected 
(increased speed) for the purpose of finding similar exer-
cise load for race trainings in natural conditions. 
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