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Abstract
The aim of this study was to compare chosen parameters and coefficients
characterizing the action of the cardiovascular system and the respiratory
system at a low level of a cycloergometric exercise in young boys practicing
handball and their untrained peers. In the present study we searched for an
answer to questions concerning the influence of physical training on chil-
dren’s organism in progressive youth development.
The technique of parallel groups was used: the experimental one (boys train-
ing handball, n=12) and the control one (not trained boys, n=58). The develop-
mental age of the subjects was evaluated by percentile charts. A five-minute
work on a bicycle ergometer was used to observe reaction of the organism to
submaximal exercise below AT. During the test the parameters characterizing
the respiratory and cardiovascular systems were measured by means of a gas
analyzer Oxycon Pro Jaeger (Viasys) and Breath by Breath program.  
We noted adapting changes in the circulatory system in young handball players.
The group practicing handball showed a higher value of O2·HR-1 (p≤0.05) in
comparison with the untrained boys. Oxygen deficit was higher in the trained
group, but there were no statistically significant differences between the train -
ed and untrained boys.
Training during the biological progressive development causes adaptive chan -
ges in the cardiovascular system in the light of an increase in pulse oxygen
(O2·HR-1) in submaximal work. Handball training during the biological pro-
gressive development causes an increase in oxygen deficit (Def. O2).
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Introduction
Understanding the reaction of a child’s respiratory system, cardiovascular system, musculo -

skeletal system, metabolic changes to the physical activity of varying intensity should be the

starting point for planning and programming of training loads and can protect against their neg-

ative effects. Kozłowski et al. [1] think that cardiorespiratory responses to submaximal and max-

imal exercise are different and should always be clearly distinguished. Susceptibility of the

organism to physical training, and ultimately adaptive changes resulting in an increase in aero-

bic capacity are determined largely genetically. Continuous observation of the reaction of 

a child’s organism and the impact of training on aerobic capacity provides valuable information

about the body’s metabolic reserve and the purposefulness of forming aerobic capacity. Bar-Or

and Zwiren [3] proved that there is no significant improvement in the level of aerobic capacity in

children trained before the puberty age. Rowland [4] states that before the puberty age the level

of testosterone is too low to stimulate the development of aerobic capacity. There is high physi-

cal activity during this period, which is a strong stimulus, so the use of specific training is not

effective. In this paper the aerobic exercise possibilities were determined using selected param-

eters characterizing the function of the respiratory and cardiovascular systems – responsible for

transporting oxygen to tissues and the parameters characterizing oxygen uptake in terms of sub-

maximal work below the anaerobic threshold (AT) and the constant load. This paper attempts to

answer what impact specialized handball training has on the organism of children during the pro-

gressive development exposed to submaximal exercise below AT.

Material and methods
The technique of parallel groups was used: the experimental one (handball training [TR],

n=12) and the control one (not trained [NT], n=58). Boys from both groups were on average

about 16 years old when the study began, and the period of the experiment took two years. The

research has been carried out on teenagers (born in 1986) who have been selected from the

most talented boys from Poland and who are the students of the Polish Handball Federation

Sports Masters’ Secondary School in Gdansk (TR, n=12). The control group (NT), which was

test ed on the same parameters as the handball players group, were secondary school pupils

from Tricity (Poland), and were only subjected to typical obligatory P.E. activities at their respec-

tive schools. In choosing this control population, the only condition of significance was their

height, with the criterion of being at least 170 cm. The set of tests has been carried out three

times at the stage of direct start preparation (BPS) for the first round of league games, in which

the training boys were characterized by the highest level of performance. The results obtained

in the continuous tests allowed us to gather some comparative material, which was essential to

determine the influence of a handball player training on the ability of adolescents at circumpu-

bertal age to perform submaximal work. Developmental age of the subjects was evaluated by

percentile grids [5]. A five-minute work on a bicycle ergometer (Jaeger ER900) was used to

observe the reaction of the organism to submaximal exercise below AT. The load of 2.0 W per

kilogram of body weight and frequency of 50 pedal revolutions per minute ensured a compara-

ble performance of work by all subjects. 

The parameters characterizing the respiratory and cardiovascular systems were continuous-

ly monitored and recorded every 15 seconds using a gas analyzer Oxycon Pro Jaeger (Viasys)

and Breath by Breath program during the test. Oxygen deficit (Def.O2) was determined as the dif-

ference between the demand for oxygen (steady-state) during the work and its consumption.

Ventilation equivalent of oxygen consumption (V° E·V° O2
-1), ventilation equivalent of carbon dioxide

production (V° E·V° CO2
-1) and pulse oxygen (O2·HR-1) were calculated. 

The data were statistically analyzed using a computer program STATISTICA PL 9th StatSoft.

We used the multiple comparison test (post-hoc) to determine the statistical differences between

the groups’ means. The constant number of the subjects in the examined TR group allowed the
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usage of Tukey’s test of the reasonable essential difference (RIR) for the even size of the two

samples. In the case of the control group (NT) we chose the second variant of the test – for an

uneven size of the samples. For variables which did not fulfil the assumptions of normal distri-

bution or homogeneity variance we used the Kruskal-Wallis test. In this case we verified the dif-

ference between groups’ means using multiple averages comparison for all samples test. For all

conducted analyses statistical significance was determined at the level of p≤0.05 [6].

Results
There were significant statistic differences (p≤0.05) between the groups in somatic parame-

ters. The body height was higher in the TR group in all periods of the study. The body mass and

fat free mass (FFM) were higher in the 16- and 17-year-old TR group. Percentile values for

weight and body height in the TR group were between 85 and 90. In the NT group we observed

percentile level of body weight in 60–78 and body height in 70–62 (Tab. 1). 

Comparing the values of chosen parameters characterizing the reaction of an organism to

submaximal intensity effort in both tested groups (Tab.2), we found no important statistical dif-

ferences between the 16-year-old boys from the control group and their peers who have been
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Tab. 1. The values of selected anthropometric parameters characterizing the boys of the group training handball (TR)

and the control group (NT) in subsequent periods of research

Tab. 2. Selected parameters characterizing the reactions of boys’ organisms to submaximal work in the group train-

ing handball (TR) and the control group (NT) in subsequent periods of research



training handball for many years. The only important statistical difference was seen in the value

of an oxygen pulse (O2·HR-1). The indicator among the training boys was on average 2.85 mL

higher (Fig. 1A) than in the NT group. The volume of lung minute ventilation (V° E) was higher 

(2.50 L·min-1), the time of achieving functional stabilization (TAst.st.) was shorter by 33 seconds,

and the heart rate (HR) was lower by 15 1·min-1 in TR16 group. The level of oxygen deficit

(Def.O2) in subsequent periods of research was higher in the TR group on average by 0.26 L

(Fig. 1B). It was observed that the difference in the value of O2·HR-1 between the TR group and

the NT group increased in the two consecutive years. This value was higher in the TR group by

3.10 mL and 4.20 mL in the first and second year of observation. This was the only statistically

significant difference in subsequent periods of observation. In the following two years of the dif-

ference in values of the V° E and V° T between the TR group and the NT group increased respec-

tively by 5.10 L·min-1 and 5.00 L·min-1 and 0.16 L and 0.18 L. The TAst.st. was shorter in the TR

group by 36.6 s and 41.4 s respectively in the first and the second year of observation. The val-

ues of the ventilation equivalent of oxygen consumption (V° E·V° O2
-1) and the production of carbon

dioxide equivalent (V° E·V° CO2
-1) were higher in the NT, in each of the subsequent research.

Discussion
The first handball players’ (TR16) tests brought to comparative analysis with the results of the

control group (NT16) suggest a possibility of the conclusion about the influence of 4-6 years’

handball training on the development of children at the circumpubertal age. Location of the body

weight and height above 50 percentile in the first study suggests that acceleration of the biolog-

ical development of the boys in the TR group may be a result of the previous training load

(between the age of 10–16). Their biological development can be defined as harmonious with lit-

tle differentiation in somatic terms as shown by the percentile value for weight and body height

located between 85 and 90 percentile growth. All anthropometric parameters and coefficients

were characterized by smaller dispersion in the TR group than in the NT group. The obtained

results suggest that handball training stabilizes the changes at the morphological and functional

level, which leads to a more harmonious development and increasing the physical efficiency. The

results in the TR group are consistent with the observations by Jensen et al. [7] and differ from

the results of Wilmore and Costill [8]. Comparing the values of chosen parameters characteriz-

ing the reaction of an organism to submaximal intensity effort in both tested groups, we stated

important statistical differences between the 16-year-old boys from the control group and their
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Fig. 1. Mean values of oxygen pulse (O2•HR-1) [A] and the oxygen deficit (Def.O2) [B] in submaximal exercise in the

training (TR) and control (NT) groups in the subsequent periods of research (vertical bars indicate the confidence

interval 0.95, * average significant differences statistics between TR and NT at p ≤ 0.05)



peers who have been training handball for many years. The only important statistical difference

was seen in the value of an oxygen pulse (O2·HR-1). The indicator of the training boys was on

average 2.85 ml higher. Comparing the values O2·HR-1 to the norm (13-15) indicated by Gon -

doro wicz et al. [9], we find that in the case of the NT group the result was below (the first study)

and in the lower range of the norm (the second and the third test). The O2·HR-1 of the TR group

was in the upper range of the norm (the first test) and above (the second and third test). This sit-

uation confirms adaptive changes in the cardiovascular system as a result of training. It is known

that O2·HR-1 depends on the cardiac stroke volume (SV) and arteriovenous difference (AVd).

Both indicators are higher during physical submaximal exercise after training than before its

beginning [1,10]. Lower values of O2·HR-1 and higher values of V° E·V° CO2
-1 in the NT group may

indicate a greater oxygen cost of physiological processes in the boys’ bodies. According to

Szczęsna-Kaczmarek et al. [11] high V° E·V° CO2
-1 value is associated with less effective alveolar

diffusion, whereas low O2·HR-1 value suggests low oxygen content (in the volume of blood)

offered by the blood volume equal to the cardiac stroke volume. Moreover, the authors suggest

that children’s ‘immaturity’ of the mechanisms described above is compensated by a high AVd

value. That means that a large amount of oxygen diffuses from the arterial blood to tissues. We

observed that carbohydrate oxidation was the primary source of energy during work below AT in

both groups, as evidenced by the respiratory quotient (RQ). There were interesting results of

Def.O2 which show higher values in TR group than in NT group in subsequent periods of obser-

vation. The higher values of Def.O2 in TR group may indicate more advanced processes of

anaerobic energy production for muscular work, as a result of loads used in handball training.

Similar differences in values of Def.O2 were observed by Szczęsna-Kaczmarek et al. in untrained

children and long-distance runners [12]. Handball training not only caused an increase in Def.O2

but also shortening TAst.st. and reduction in HR. Rannou suggests that handball training generates

adaptive changes in anaerobic metabolism as well as sprinter training [13].

Conclusion
1. Handball training during the biological progressive development causes adaptive changes in

the cardiovascular system in the light of an increase in pulse oxygen (O2·HR-1) in submaximal

work.

2. Handball training during the biological progressive development causes an increase in oxy-

gen deficit (Def.O2) in submaximal work.

3. Several years of handball training at the prepubertal age of boys may accelerate biological

development.
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