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Introduction. Physical loads are a powerful accelerator for the development of the cardiovascular system
(CVS) of the growing body, improvement of its neurohumoral regulation [2, 13]. However, despite a great
number of research works covering the CVS functionality in junior athletes, its rates variations are generally
estimated only from the point of view of children’s training level [3, 5]. At the same time, the effects of certain
endogenous factors are neglected. Such factors are: age-related morphofunctional reorganization of the CVS,
neuroendocrine changes occurring during puberty and causing amplification of sympathetic impulses in the
neuromuscular system of the heart and blood vessels, which considerably negates the efficiency of adaptation
reactions [6]. The role of sympathetic regulation during pubertal growth spurt is, beyond dispute, crucial, its
enhancement is biologically expedient and necessary for the formation of the morpho-functional parameters of
the CVS. At the same time, excessive physical loads can exceed the CVS physiological level, which can not
only affect the dynamics of evolutive processes in the heart of junior athletes, but also cause cardiovascular
system disorders [14]. Of special interest is the study of junior ice hockey players’ hemodynamics, since ice
hockey, as one of acyclic sport disciplines, imposes heightened requirements to the level of speed-strength and
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coordination abilities of the body. Game performance is determined by the integrated functioning of the
hemodynamic system, vestibular, visual and motor analyzers, the degree of emotional stability of players [8, 9].
Objective of the study was to find the effects of systematic muscular exercise on hemodynamics of 11-15year-old hockey players.
Methods and structure of the study. Subject to the study were 58 11-15 year-old boys from the special sports
classes of School #1 in Kazan city trained in ice hockey groups and having the 5-years-long uninterrupted
formal sport records. The 11-year-old subjects were at the beginner stage of intensive physical training process.
The Reference Group for the study was composed of the boys (n=48) from general education school who
trained in compliance with the standard physical education course. The cardiovascular system functionality was
tested in the study by the tetrapolar chest rheoplethysmography using Reo-Spectrum-2 Rheograph (made in
Russia). Stroke volume (SV) was determined by the modified method of Kubicek (modified by J.T. Pushkar
[10]), cardiac output (CO) was calculated as the product of SV by heart rate (HR). Total peripheral vascular
resistance (TPVR) was calculated by the Poiseuille formula [1], blood pressure (BP) was measured by the
Korotkov’s method using a semi-automatic blood pressure monitor "MF-30" (Japan). We measured systolic,
diastolic and mean hemodynamic pressure (SBP, DBP, MHP) [11]. The functional test consisted in the use of a
graded physical load performed on a bicycle ergometer "Rhythm" VE-0.5 (Ukraine) at 1.5 W per 1 kg of body
mass for 3 minutes.
Results and discussion. The findings revealed that the dynamics of the CVS parameters in the junior ice
hockey players was different from that in the boys of the Reference Group and had its unique features. Thus,
HR equaled 84.40±1.90 bpm in the 11-year-old athletes, but it decreased with age to 65.66±1.02 bpm; the most
pronounced difference was observed in the age from 14 to 15 years (p<0.05), which does not conflict with the
regularities of formation of the cardiac chronotropic function in children [2, 6] and agrees with the results of the
earlier studies on the direct relationship between the heart-rate fall rate and the level of motor activity [2]. A
different picture was observed among the boys of the Reference Group against the background of a gradual
decrease in HR from 11 to 13 years (from 82.00±1.99 to 75.80±1.34 bpm); it increased significantly at the age
of 14 years - by 7.56 bpm (p<0.05), which can be interpreted as a pubertal growth spurt in HR, associated with
an increase in sympathetic regulation of cardiac activity [6]. Other research works [7] are devoted to the
stabilization or increment of this CVS parameter in 13-15-year-old adolescents with an average level of
physical development. It was further found that SV in the 11-12-year-old hockey players slightly changed and
was at a relatively high level of 54.90±1.33 and 53.91±1.40 ml, from 12 to 13 and from 14 to 15 years it
increased - by 5.41 and 7.42 ml (p<0.05), which is consistent with the data of the studies conducted with junior
swimmers, skiers, gymnasts, according to which junior athletes’ SV increases with improvement of their fitness
level [3, 5]. In the non-sporting boys the SV values at all stages of the study were significantly lower than in the
sporting ones, the differences ranged from 11.84 to 15.96 ml (p<0.05). The same pattern was observed in terms
of CO, namely, it increased in the 11-, 12-, 13-year-old hockey players compared with the Reference Group
subjects (p<0.05).
In the following, it was reasonable to analyse the age-specific changes in the TPVR, as cardiac output and
peripheral resistance of the blood vessels are the major factors within the adaptive blood circulatory system
[12]. The property that specifies the TPVR dynamics in athletes is its increase with age and improvement of
training level, which is most clearly observed at the ages from 12 to 13 and from 13 to 14 years, when the
increase equals 202.90 and 327.18 dynes per s-1cm-5 (p<0.05), at 15 this trend is preserved. In the Reference
Group subjects, despite a relatively higher TPVR level at the age of 11 and 12 years (p<0.05), a significant
decrease is observed at the age of 14 years. An increase of the vascular tone in the 11-15-year-old hockey
players may, on the one hand, be associated with the anatomic features of formation of vasculature during the
pre- and pubertal periods [6, 7], on the other hand - the detected differences from the Reference Group may
indicate that it is the increased physical activity that provokes a progressive increase of the TPVR with age. The
emerging problem of increasing vascular tone is alarming, since an arteriolar spasm and growth of peripheral
resistance of the blood vessels may be the key factors of pathogenesis of hypertensive conditions in children [4,
11].
Further on it was found that the differences in the TPVR values between the 11-12-year-old sports class and
Reference Group boys were quite comparable with the CO values. Thus, the increased CO values in the
athletes, which were 1.5 and 1.3 times higher than those in the Reference Group, were accompanied by a
relative decrease in the TPVR at this age, that is, compensated by an increase in the capillary blood flow
capacity, which indicates the manifestation of the mechanism of self-regulation of hemodynamics [12]. At the
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same time, the level of this regulation in the junior ice hockey players was insufficient, as evidenced by the BP
study results, particularly, unexpectedly high SBP values at the age of 11, 12, 13 and 14, reaching the upper
normal level for healthy adolescents [11] - from 129.66±1.85 to 131.24±2.00 mmHg. This was accompanied by
an increase in DBP at 11 and 12 years by 8.00 and 7.18 mmHg, which exceeded the values of the Reference
Group subjects (p<0.05), in whom SBP was lower than in athletes and did not exceed 122.19±1.25 mmHg.
Special attention should be paid to MHP as a hemodynamic constant used to estimate the correlation between
cardiac output and vascular tone. In the junior athletes, this indicator settled at a relatively high level - from
91.73±1.93 to 98.64±2.25 mmHg, while in the non-sporting boys it was lower and did not exceed 88.06±1.80
mmHg. In other words, an increase in MHP in athletes in combination with higher CO values (at the age of 1113 years) may indicate a decrease in the capillary blood flow capacity [12].
The discrepancy between the cardiac output and peripheral circulation in the junior ice hockey players became
especially apparent after physical exercise; however, it should be noted that their CVS response varied
depending on age. Thus, it was at the age of 11, 12 and 13, when the chronotropic effect was the most
pronounced, the inotropic cardiac manifestations were weakened, and the HR shift was 20.33; 25.03 and
24.45% (p<0.05) at each age, respectively. At the same time, practically no increase was noted in SV, while the
CO increase equaling 20.08, 21.57 and 24.38% (p<0.05) was provided at the expense of HR. The absence of a
SV shift in the boys at the stage of urgent adaptation to increased physical loads may be associated with a
considerable pre-load tension of the cardiac inotropic function, when the athletes’ cardiac output significantly
exceeds its values in the children of the Reference Group. These data may indicate the manifestation of the
homeostatic mechanism of regulation of hemodynamics – "law of initial values" by Widler, according to which
initially high activity of the functional state slightly changes under the influence of external impulses [11].
Meanwhile, the CO increase in response to the graded exercise is accompanied by a simultaneous increase in
the TPVR (p<0.05) - from 15.18 to 27.80%; being most pronounced at the age of 12 years. Herewith, a
significant increase is also observed in DBP, which altogether may indicate a discrepancy between the
increasing circulating blood volume of the capillary flow outcome, which is confirmed by a mathematically
significant increase in MHP (11, 12 years) (p<0.05). The 14-15-year-old athletes were found to have a more
balanced ratio of the cardiac chrono- and inotropic reaction, increasing role of the latter in providing CO. For
instance, in the 14-year-old hockey players, the increase in HR was 20.78% (p<0.05), at the age of 15 - 11.24%
(p<0.05), and SV - 21.80% (p<0.05) and 16.10% respectively. At the same time, SBP increased by 24.30%
(p<0.05) and 20.33% (p<0.05), along with a relative stabilization of DBP. However, the detected decrease in the
TPVR by 133.15 and 188.98 dyne s-1 cm-5 is insufficient against the background of a sharp increase in CO by
38.25 and 40.05% (p<0.05), which leads to a significant increase in MHP (p<0.05). Hence, CO increases
without an adequate decrease in the peripheral resistance of the blood vessels, consequently, muscular work is
performed under significant load on the arterial bed. It is not improbable that cardiac output that increases in
this case is a compensatory adaptive reaction of the heart aimed to overcome the vascular resistance [6].
Dissociation between cardiac output and vascular bed capacity may indicate the earliest changes in the
regulation of the circulatory system in children, which may testify to a tendency to hypertensive reactions [4,
11].
Conclusion. The age of 11-15 years is a critical and vulnerable period in the development of CVS of sporting
boys, which necessitates strict medical supervision and correction of athletic training regime.
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Abstract
The study was designed to analyse the age-specific haemodynamics in junior (11-15 years old) ice hockey
players. Subject to the study were 58 boys from the special sports classes of School #1 in Kazan city trained in
ice hockey groups and having the 5-years-long uninterrupted formal sport records. The 11 year-old subjects
were at the beginner stage of intensive physical training process. The Reference Group for the study was
composed of the boys (n=48) from general education school training in compliance with the standard physical
education course. The cardiovascular system functionality was tested in the study by the tetrapolar chest
rheoplethysmography using Reo-Spectrum-2 Rheograph (made in Russia).
The study data was found to indicate that a systemic physical training may be of high effect on the junior
athletes’ age-specific cardiovascular system functionality. It was found that the 11-14 years old subjects’
systolic blood pressure (SBP) notably grows with the falling heart rates (HR) and the growing stroke volumes
(SV) associated with the growing peripheral resistance of the blood vessels with age – versus the Reference
Group subjects whose test rates were significantly lower. Fast adaptation of the 11-13 year-old athletes’
cardiovascular system (CVS) to graded exercise is associated with spastic responses of the vessels without any
positive changes in the stroke volumes (SV).
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