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THE INFLUENCE OF PHYSICAL TRAINING IN 
HYPOXIC AND NORMOXIC CONDITIONS ON 

THE PHYSICAL FITNESS LEVEL OF OBESE 
WOMEN - PRELIMINARY REPORT   

BAGIŃSKA Małgorzata1, PIOTROWSKA Anna2, 
CZERWIŃSKA-LEDWIG Olga2,  TOTA Łukasz3,  

ČECH Pavol4, DZIDEK Adrianna1, MACIEJCZYK 
Marcin3,  SADOWSKA-KRĘPA Ewa5,  PAŁKA Tomasz3  

1 University of Physical Education in Krakow, Doctoral 
School of Physical Culture Science 
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3 University of Physical Education in Krakow, Faculty of 
Physical Education and Sport 

4 University of Presov, Faculty of sports 
5 The Jerzy Kukuczka Academy of Physical Education in 
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BACKGROUND: Physical training plays a crucial role in 
health and reducing the risk of obesity and its associated 
consequences. To enhance training effectiveness and achieve 
better results, attention is paid to the impact of training under 
hypoxic conditions in obese women. PURPOSE: The aim of the 
study was to determine the influence of physical training 
performed under hypoxic conditions on the morphological 
body structure and aerobic capacity in obese women. 
MATERIALS and METHODS: Twenty-four women with first-
degree obesity were recruited for the study. After somatic 
measurements, the participants underwent an incremental test 
to exhaustion, during which maximal oxygen uptake 
(VO2max), maximum heart rate (HRmax), and maximum 
workload (WR) were measured. Based on the test results, the 
first ventilatory threshold (VT1) and the second ventilatory 
threshold (VT2) were determined for each participant. The 
participants were randomly divided into a control group 
(Exercise, normoxia - 200 m above sea level, temperature 21°C) 
and an experimental group performing the same physical 
training but in different environmental conditions: physical 
exercise under hypoxia (2500 m above sea level, FIO2=14%) at 
a temperature of 21°C (H+E - Hypoxia+Exercise). The training 
sessions took place 3 times a week for 4 weeks (12 sessions). 
The intensity of the exercises was individually determined and 
corresponded to the power output at VT2 (exercise) and VT1 
(active rest). During the 4-week period (3 times a week for 60 
minutes), the H+E group performed interval physical exercise 
on a cycle ergometer under hypoxic conditions according to 
the following scheme: 6-minute interval/6-minute active rest - 
exercise at 85% of HRmax, active rest at 70% of HRmax, 
totaling 12 minutes x 5 repetitions = 60 minutes. The control 
group (E) consisted of individuals with the same degree of 
obesity who exercised on cycle ergometers according to the 

aforementioned procedure under normoxic conditions. Within 
7-10 days after the completion of the training, the participants 
repeated the incremental test and biometric-structural 
measurements. During the experiment, the participants did 
not change their dietary habits. ANOVA with repeated 
measures was used to assess the significance of the training 
effect on changes in aerobic performance. Post hoc analysis 
was performed using the Tukey test. The differences were 
considered statistically significant at p<0.05. RESULTS: Both 
forms of physical training positively influenced VO2max in 
both global and relative terms. Positive changes in biometric-
structural indicators were also observed. CONCLUSIONS: 
Under the influence of the applied hypoxic training, greater 
positive changes in body structure were observed compared to 
normoxic conditions. There was a greater reduction in body fat 
mass and percentage, and an increase in lean body mass. 
Hypoxic training resulted in a greater improvement in aerobic 
capacity compared to normoxic training, manifested by a 
significant increase in maximal minute oxygen uptake both in 
global [L·min-1] and relative [mL·min-1·kg-1] terms. Hypoxic 
training may be a promising approach in obesity treatment, as 
it more effectively contributes to faster fat tissue reduction. 

Keywords: Training. Hypoxia. Physical fitness. Obesity. 
Women   
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AGE-RELATED DIFFERENCES IN MUSCLE 
CONTRACTILE PROPERTIES OF YOUNG SOCCER 

PLAYERS 

ČECH Pavol1, BAKALÁR Peter1, SUČKA Jaroslav1, 
RUŽBARSKÝ Pavel1, POLAN Peter2,3, RUŽBARSKÁ 

Beáta1, VAŠKOVÁ Monika1 
1University of Presov, Faculty of Sports 

2Department of Musculoskeletal and Sports Medicine, AGEL 
Hospital Košice-Šaca 

3Pavol Jozef Šafárik University in Košice, Faculty of Madicine 
 
BACKGROUND: Soccer is a sport that consists of intermittent 
high-intensity exercises including sprinting, jumping and 
multiple changes of direction. The contractility of muscles, 
among other aspects, is a determinant for these activities. It is 
the underlying contractile properties of the lower limb muscles 
that are related to physical performance and the percentage 
decline in performing repetitive high-intensity activities that 
are characteristic for soccer. Research studies claim that muscle 
fibres are highly adaptable as a result of habitual patterns of 
physical activity and ageing. PURPOSE: The aim of this study 
is to describe changes in muscle fibre properties of young 

Bakalar
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soccer players as influenced by age. MATERIALS and 
METHODS: The presented data are a part of the ongoing 
research project ERASMUS+ Sport: Collaborative Partnerships 
no. 622594-EPP-1-2020-1-SK-SPO-SCP "Physical activity-
related injuries prevention in adolescents (PARIPRE)". The 
study group consisted of a total of 267 male soccer players 
(members of talented youth teams) aged 12-15 years. In order 
to meet the objective, players were divided according to their 
calendar age at the time of measurement into the following 
subgroups: S12 (n=88, (mean±SD) age 12.6±0.3 y., height 
155.5±7.8 cm, weight 46.6±9.1 kg), S13 (n= 56, age 13.4±0.3 y., 
height 160.7±8.9 cm, weight 50.4±9.5 kg), S14 (n= 79, age 
14.6±0.3 y., height 172.9±7.6 cm, weight 58.1±10.3 kg) and S15 
(n= 44, age 15.2±0.2 y., height 174.9±6.7 cm, weight 59.0±9.4 kg). 
Contractile properties of the biceps femoris (BF), 
gastrocnemius medialis (GcM), gluteus maximus (GM), vastus 
lateralis (VL) and vastus medialis (VM) on the right and left 
leg were assessed using tensiomyography methods (TMG-
BMC Ltd, Slovenia). Evaluated parameters were contraction 
time (Tc), maximal amplitude (Dm) of the muscle belly and 
radial velocity (Vc). The Shapiro-Wilk test showed a non-
normal distribution of the data; therefore, the Kruskal-Wallis 
H test (K-W Anova) with multiple pairwise comparisons was 
used for evaluation of the age factor. RESULTS: The results of 
K-W Anova analyses showed significant differences in 
contraction time (Tc) only for GcM contraction both for the 
right and left leg (H(3,267)=17.522, p=0.001; H(3,267)=13.872, 
p=0.003). In the stiffness characteristics (Dm), age-related 
differences for GM were as follows: (H(3,267)=16.335, p=0.001; 
H(3,267)=15.259, p=0.002 for the right and left side, respectively) 
and for VL (H(3,267)=8.847, p=0.031 for the left side only). In the 
Vc indicator, significant age differences were found in the 
same muscles: GM (H(3,267)=14.356, p=0.002; H(3,267)=12.261, 
p=0.007 for the right and left side, respectively) and VL 
(H(3,267)=9.625, p=0.022; H(3,267)=12.210, p=0.007 for the right and 
left side, respectively). CONCLUSIONS: The results of the 
analyses are inconclusive, showing no trend in year-to-year 
changes in the contractile properties of the diagnosed muscles 
of soccer players aged 12-15 years. As significant in terms of 
the influence of age, with the assumed transfer of the training 
load effect, the evaluation of the characteristics of the gluteus 
maximus and vastus lateralis muscles in particular appears to 
be significant. For the evaluation of the contraction rate, from 
the perspective of age, the control of the gastrocnemius 
medialis is essential. 

Keywords: Ageing. Tensiomyography. Muscle belly 
characteristics. Contraction time. Velocity of contraction. 
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TRAINING LOADS OF ATHLETES TRAINING FOR 
START IN THE IRONMAN TRIATHLON 

GAŁĄZKA Anna1, SUDOŁ Grzegorz2, TOTA Łukasz3 
1 University of Physical Education in Kraków, Faculty of 

Physiology and Biochemistry 
2 University of Physical Education in Kraków, Faculty of 

Physical Education and Sport 
3 University of Physical Education in Kraków, Faculty of 
Physical Education and Sport, Faculty of Physiology and 

Biochemistry 
 

BACKGROUND: The triathlon is an endurance sports 
discipline consisting of swimming (Ironman distance - 3.8 km), 
cycling (180 km) and running (42.2 km). PURPOSE: Analyse 
the training loads of athletes preparing for a start in the 
Ironman Triathlon. MATERIAL and METHODS: The research 
material consisted of data collected in the electronic training 
diary of 3 Polish athletes at various levels in the annual 
training macrocycle. Personal bests of competitors for the 
Ironman Triathlon distance: competitor A – 8 h 31 min, B – 9 h 
24 min, C – 10 h 58 min. Training loads were recorded by 
athletes using Garmin sportstesters in conjunction with a heart 
rate belt. The recorded data were automatically transferred to 
the compatible Training Peaks program, which was an 
electronic training diary. During swimming training, the time 
and distance of individuals were recorded, while for cycling 
and running training, time, distance and heart rate were noted. 
RESULTS: Athletes devoted the most time to cycling training, 
followed by running and swimming training. The percentage 
distribution of time devoted to swimming, cycling and 
running was as follows: athlete A - 14.82%, 52.6%, 25.01% 
(+7.57% supplementary training); B - 22.17%, 42.93%, 28.44% 
(+6.46% supplementary training); C - 23.02%, 50.22%, 26.76%. 
Despite great differences in the level of advancement, the 
training volume in the case of the 2 amateurs (B, C) was at a 
similar level (during the annual macrocycle: competitor A - 
904:52:00 h, B - 601:31:00 h, C - 597:55:00 h of training). 
Competitor A completed more hours of cycling training by 
84% compared to competitor B and by 59% in comparison to 
competitor C. A significant difference in the training intensity 
of athletes was that competitor A spent more time in higher 
heart rate zones. In the case of the 2 amateurs, the share of time 
spent in the lowest heart rate zone was respectively B - 64%, C 
- 53%, and in the case of competitor A, only 28% of the total 
training time. The completed training load in the annual 
macrocycle expressed via the Training Stress Score (TSS) 
indicator by the PRO competitor (A) was 49,327 points. 
Competitor B completed 84.48% of the load carried out by the 
PRO competitor during the year (approx. 15% less load than 
A) and obtained a 10% worse result in the competition. Athlete 
C carried out 73.32% of the workload of a professional athlete 
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