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According to many studies, the rheovasographic index of the thighs can detect slight
changes in the vessels, do not constitute a critical inconvenience, but in advance
indicate that more serious diseases of the lower limb are approaching. The purpose of
the study is to determine the age and gender features of thigh rheogram indicators in
practically healthy adolescents in the Podillia region of Ukraine. The rheographic
parameters of the thighs of 103 practically healthy boys aged from 13 to 16 years old
and 108 girls aged from 12 to 15 years, urban residents of the Podillia region of
Ukraine, were determined using a cardiology computer diagnostic complex. The
statistical processing of the obtained results was carried out in the license package
"Statistica 5.5" using parametric and nonparametric methods for evaluating the obtained
results. In 12-year-old girls, in comparison with other age groups, it was found that most
of the amplitude indices (with the exception of the incisura amplitude), the time of the
downstream part of the rheogram and the average speed of fast and slow blood flow are
significantly higher, while the time of the rising part of the rheogram and fast and slow
blood overflow and thumb vascular tone rates in most cases are significantly lower. In
most cases, 13 and 14-year-old boys, compared to 15 and 16-year-old adolescents,
the basic impedance and amplitude of the systolic wave, as well as most vascular tone
rates and average slow-blood flow rates are significantly higher or tend to be higher. It
has also been found that most of the time indicators (with the exception of slow blood
flow time) in 14-year-old boys are significantly lower or tend to be lower than in other
age groups of boys. When comparing rheogram data between boys and girls according
to the calendar and biological age, the majority of amplitude and derivative indices, as
well as the time of slow blood filling in 14 and 15-year-old girls, are significantly higher
in girls. Boys have significantly higher values of the duration of the cardiac cycle and
the time of the downstream part of the thigh rheogram, as well as all time and most
indicators of vascular tone in 13-year-old boys than in 12-year-old girls. Thus, the
expressed age and gender differences in the rheogram data of the thigh in practically
healthy adolescents have been established.
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Introduction
The pathology of the vessels of the lower extremities is a

rather frequent disease not only among the adult population,
but also a significant part of children and adolescents are
facing this problem [13, 16, 22]. Genetic predisposition and
burdened heredity cause the appearance of this pathology
(severe somatic, infectious pathology, smoking, alcohol use
and drug addiction in parents, which greatly complicate the
process of arteries and veins formation in the fetus) [2, 8, 10,
11, 17]. Violation of the hormonal background in adolescents
affects the strength of the vessel wall. With very active growth,
the vessels do not keep up with the growth of other body

structures. Excessive weight of the child, alcohol and nicotine
consumption, low active lifestyle and impaired
musculoskeletal system are accompanied by refinement
and inhibition in the development of the vessels of the lower
extremities [3, 6, 15, 18, 19, 29].

It becomes apparent that varicose veins and other
vascular diseases of the leg in adults begin at childhood
and adolescence age [7, 24]. A number of cohort studies
were conducted that confirmed the following hypothesis: if
pathological changes in rheographic indexes were
observed in adolescents, this would lead to a pathology
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and complications from the vessels of the lower limbs in
adulthood with high probability [1, 11, 32].

In the initial stages and in the stage of compensating the
diseases of the vessels of the lower extremities, the
adolescent can practically have no complaints and apparent
clinical changes may not yet be. Indicators of thigh
rheograms from a few functional and instrumental studies
are capable of detecting such symptoms that suggest minor
changes in blood vessels, do not constitute a critical
inconvenience, but already indicating in advance that a more
serious illness is approaching [21, 28, 34].

In such conditions, issues related to the definition of risk
groups taking into account the age and sex of the subjects
are of special importance.

The aim of the study - determine the age and gender
features of thigh rheogram indicators in practically healthy
adolescents in the Podillia region of Ukraine.

Materials and methods
On the base of the research center of the National Pirogov

Memorial Medical University, Vinnytsya conducted a survey
of 103 practically healthy boys aged from 13 to 16 years old
and 108 girls aged from 12 to 15 years old, urban residents
of the Podillia region of Ukraine. The contingent of practically
healthy individuals was formed according to the data of the
previous questionnaire and the results of instrumental and
clinical-laboratory examinations.

The rheographic parameters of the thigh were
determined using a cardiological computer diagnostic
complex [36]. The complex provides simultaneous
registration of an electrocardiogram, a phonocardiogram, a
basic and differential tetrapolar rheogram and a
measurement of an arterial pressure. For registration, tape
rheovasographic electrodes TE.293.063-01 were used,
production of Open Joint Stock Company "NDI REMA" type
"roulette" with a width of 6 mm tape and a distance between
the strips 10 mm. The electrodes were superimposed on
the edges of the studied sections of the limbs. The
rheographic study was conducted in a room with an air
temperature of 20-22°С. The study was conducted in a
horizontal position of the person after a 10-15 minute rest
on the onset. Prior to registration, the investigated areas in
the places of electrode overlay were treated with alcohol,
and then with a physiological solution to reduce the
resistance of the electrode-skin contact. Also, the electrodes
were treated with alcohol before each overlay. Before each
measurement, the device performed an automatic
calibration with the quality control of the electrode overlay.
The measuring current is 1.8 mA, the current is 80 kHz. For
the analysis 15 s rheogram records were used, with
subsequent program averaging of all periods of oscillation.
This allowed increasing the accuracy of the measurements
and significantly reducing the impact level of interference on
the measurement results. As a result of processing
rheograms, the characteristic points on the curve were
automatically determined, the main indicators were

determined, the conclusion about the condition of the
circulatory system of the investigated area was formed.

The statistical processing of the results obtained in the
license package "Statistica 5.5" using parametric and non-
parametric methods for evaluating the results.

Results
Among the amplitude indices of thigh rheograms in girls

aged from 12 to 15 years, the following changes are typical:
significantly higher values, or a tendency towards higher
values of the base impedance, amplitudes of systolic,
diastolic, and fast blood flow in 12-year-old girls, than in
other age groups of adolescent girls; the practical absence
of a difference in the magnitude of incisura amplitude in
girls of all age groups and most ratios of amplitude indices
in 13 and 14-year-old girls compared with the value of these
indicators in girls in general (Table 1). In boys founded the
following changes in the indicators of thigh rheogram:
significantly greater values of the basic impedance in 13
and 14-year-old boys than in the 15 and 16-year-olds, and
the tendency toward larger values of the systolic wave
amplitude in 13-year-old boys than at 16-year-olds; the
practical absence of the difference in the magnitude of most
amplitude indices (with the exception of the basic impedance)
in boys of different ages compared with the value of these
indices in boys in general (see Table 1).

When comparing the amplitude indices  of thigh
rheograms between girls and boys of the corresponding
biological or calendar age, attention is given to significantly
higher values in the biological age of practically all indicators
in girls (with the exception of the amplitude of rapid blood
filling in 14 and 15-year-old girls) and all (with the exception
of the amplitude of the fast blood supply) by the calendar
year (see Table 1).

Among the time indicators of thigh rheograms in girls
between 12 and 15 years of age founded the following
changes: significantly lower values of time of the ascending
part, fast and slow blood flow in 12-year-old girls than in
other groups of adolescent girls; significantly higher values
of the time of fast blood filling in 13-year-olds than in 14-
year-old girls; relatively lower values of time of slow blood
filling in 13-year-old than in 15-year-old girls; significantly
higher values of the time of the downward part in 12-year-
old girls than in 13 and 14-year-olds; there is practically no
difference in the duration of the heart cycle in young women
of all ages and most of the time indices (with the exception
of rising part time) in 14-year-old girls, as compared with the
data of girls in general (see Table 1). In boys, attention is
drawn to the following changes in the time indicators of hip
rheograms: significantly lower cardiac cycle duration in 14-
year-old boys than in other age groups of adolescents;
significantly lower values of the time of the downward part in
the 14-year-old boys than in the 15 and 16-year-olds; the
values of the rising part are significantly lower in the 16-year-
old boys than in the 13 and 15-year-olds, and the tendency
towards the higher values of this indicator in 13-year-old
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boys compared with 14-year-olds; significantly higher values
of the time of rapid blood filling in 13-year-old boys than in
the 14 and 16-year-olds; the practical absence of a difference
in the amount of time of slow blood flow in boys of different
ages compared with the value of this indicator in boys in
general (see Table 1).

When comparing the time indicators of thigh rheograms
between girls and boys of the corresponding biological or
calendar age, the values of the following indicators are
significantly higher: the time of the downward part of the 15-
year-old girls than the 16-year-old boys; the time of slow
blood filling in 14 and 15-year-old girls than in the
corresponding biological and calendar age groups of boys;
duration of the heart cycle and time of the downward part in
all boys by biological and calendar age groups; time of rising,
fast and slow blood filling in 13-year-old boys than in 12-
year-old girls and time of rapid blood filling in 13-year-old
boys than in 13-year-old girls (see Table 1).

Among the derivatives of thigh rheogram in girls from 12
to 15 years characterized the following changes: significantly
higher indicators of mean average speed of fast and slow
blood flow in 12-year-old girls than in other age groups of
adolescent girls; the value of the diastolic index in 13-year-
old girls is significantly lower than in the 12-year-olds and
the tendency towards smaller values compared to 15-year-
old girls; the values of the indicators of tone of all arteries,
the tone of arteries of large diameter and the tone of middle
and small diameter arteries in 12-year-old girls are
significantly lower than that of other age groups of adolescent
girls and significantly higher values of the indicator of high-
diameter arteries in 13-year-old girls than in 14 and 15 years
old; the value of the ratio of arterial tone in 13-year-old girls
is significantly higher than in the 12 and 15-year-olds, and
the tendency towards higher values compared to 14-year-
old girls; the tendency to lower values of the dicrotic index in
12-year-old girls than in the 15-year-olds (see Table 1). In

Indicators
Young women Young men

12 13 14 15 13 14 15 16

B_Z (Ohm)

B_H1 (Ohm)

B_H2 (Ohm)

B_H3 (Ohm)

B_H4 (Ohm)

B_C (s)

B_A (s)

B_B (s)

B_A1 (s)

B_A2 (s)

B_H2H1 (%)

B_H3H1 (%)

B_H4A1 (Ohm/s)

B_H1H4A2 (Ohm/s)

B_AC (%)

B_A1C (%)

B_A2C (%)

B_A1A2 (%)

Table 1. Changes in rheogram Indicators in adolescents of different ages.

Notes:  - the value of the indicator within the respective groups of young men or girls does not differ significantly from its size in boys
or girls in general;  or  - the value of the corresponding indicators within the respective groups of boys or girls has a slight tendency
to larger or smaller values;  or   - the value of the corresponding indicators within the respective groups of boys or girls tends to be
higher or lower values;   or    - reliable differences, between the corresponding indicators in the groups of boys or girls;       -
significant differences between boys and girls of the corresponding biological age (higher rates are noted);       - significant differences
between boys and girls of the corresponding calendar age (marked higher scores) В_ - rheographic indexes of the thigh; _Z - basic
impedance; _H1 - amplitude of the systolic wave; _H2 - incisura amplitude; _H3 - amplitude of diastolic wave; _H4 - the amplitude of rapid
blood flow; _C - duration of the heart cycle; _A - time of the ascending part; _B - time of the downward part; _A1 - time of fast blood filling;
_A2 - time of slow blood flow; _H2H1 - dicrotic index; _H3H1 - diastolic index; _H4А1 - average speed fast blood flow rate; _H1H4A2
- the average speed of slow blood flow; _AC - index of tone of all arteries; _A1C - index of tone of arteries of large diameter; _A2C - index
of tone of arteries of medium to small diameter; _A1A2 - ratio of arteries tones.
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boys are found to the following changes in the derivative of
the thigh rheogram: the 13-year-old boys have significantly
less value of the dicrotic index than the 14-year-old boys; the
value of the average rate of slow blood flow in 14-year-old
boys is significantly higher than that of 15-year-old
adolescents; the value of the indicator of the tone of all arteries
in 16-year-old boys is significantly lower than that of the 13
and 14-year-olds, and the tendency towards smaller values
than those of 15-year-olds; the value of the indicator of large-
diameter arteries in 13-year-old boys is significantly higher
than in the 16-year-olds and the tendency towards larger
values compared to 14 and 15-year-old adolescents, as well
as a significantly higher value of the value of this indicator in
14-year-old boys than in 16 years old; the value of the indicator
of average and small diameter arteries in the 14-year-old
boys is significantly higher than that of the 16-year-olds; the
value of the indicator of the arterial tone ratio in 13-year-old
boys is significantly higher than in the 16-year-olds and the
tendency towards higher values compared to 14-year-old
adolescents; the practical absence of a difference in the
magnitude of the majority (with the exception of the dicrotic or
diastolic indexes) of the ratio of the amplitude to the time
indices in boys 14 and 15 years in comparison with the value
of these indices in girls in general (see Table 1).

When comparing the derivatives of the rheogram of the
thighs between girls and boys of the corresponding biological
or calendar age, the values of the following indicators are
significantly higher: the dicrotic index in girls of 14 years old
than in boys 15 and in girls 13 and 15 years than in boys of
13 and 15 years; the average speed of rapid blood flow in
girls of 12 and 14 years old than in boys of 13 and 15 years
old and gir ls 13-15 years old than in boys of the
corresponding calendar age; the average rate of slow blood
flow in all groups of girls of the corresponding biological
and calendar age; the indicator of the tone of all arteries and
the tone of arteries of medium to small diameter in girls 13-
15 years old than in boys of the corresponding biological
and calendar age and the index of tone of all arteries in 13-
year-old boys than in 12-year-old girls; an indicator of the
tone of arteries of large diameter in 13-year-old girls than in
14-year-old boys and 13-year-old boys than in 12-year-old
girls; an indicator of the ratio of arterial tone in boys 13 and
15 years, than in girls 12 and 14 years old, and in boys 13-
15 years old, than in girls of the corresponding calendar
year (see Table 1).

Discussion
In recent years, attention has been paid to the study of

morphofunctional changes in the arterial and venous vessels
of the lower extremities during human ontogenesis [4, 9]. In
the process of growth and development of the child's body,
there are structural and functional alterations in the vessels,
which manifest themselves in a natural change in vascular
tone and mechanisms for its regulation. The tone of the
limb vessels in healthy children from 10 to 17 years
undergoes changes related to maturation of the

mechanisms of vegetative regulation. With age, the central
regulatory influence of the autonomic nervous system
decreases and the activity of autonomous contour of
vegetative regulation increases due to the predominance
of parasympathetic influences. This leads to a reduction in
the blood supply intensity of the unit volume of tissue and
an increase in the tone of the vessels of the extremities of
large and medium diameters [9, 14].

The tone and the magnitude of the propulsive activity of
vessels in both sexes are significantly different. In boys,
compared with girls, higher volumetric blood flow rates and
specific peripheral vascular resistance is found; lower tone
of arterioles, but higher tone of veins, with the following
explanation. In the males diameters of the major vessels of
the lower extremities dominate in the upper and middle third
of the thigh [5, 33]. The activity of the sympathoadrenal system
and vasotropic effects are controlled by sex hormones (the
expansion of peripheral vessels in the female is due to the
effect of estrogen) [20, 23, 27].

In a number of studies [5, 12, 25, 26, 35] for children and
adults had established age and gender differences in
rheogram indices of the lower extremities. The teenage age
in this direction remains virtually uninvestigated.

When analyzing the age and sexual characteristics of
the thigh rheogram in practically healthy teens, we have
established the following changes:

- age features of thigh rheogram indicators in young
women: 1) in 12-year-old girls, most of the amplitude indices
(with the exception of the incisura amplitude) are significantly
higher than in other age groups of girls; 2) the time of the
ascending part of the rheogram and fast and slow blood
supply is significantly lower, and the time of the downward
part of the rheogram is in most cases significantly higher in
12-year-old girls than in other age groups; 3) the average
speed of fast and slow blood filling in 12-year-old girls is
significantly higher, and vascular tones in most cases are
significantly lower than in other age groups of girls;

- age characteristics of thigh rheogram indicators in boys:
1) only the basic impedance and amplitude of the systolic
wave are in most cases significantly higher, or tend to be
higher in 13 and 14-year-old boys than in 15 and 16-year-
olds; 2) most of the time indicators (except for the time of
slow blood flow) in 14-year-old boys are significantly lower
or tend to be lower than those of other age groups of boys;
3) in 13 and 14-year-old boys, most vascular tones indicators
and the average slow-blood flow rate are significantly higher
or tend to be higher than those of 15 and 16-year-old boys;

- sexual characteristics of indicators of rheograms of the
thigh in adolescents: 1) most of the amplitude rheogram
parameters of the thigh are significantly higher in girls, both
in the calendar and in the biological age; 2) among the time
indicators, the duration of the cardiac cycle and the time of the
downward part of the thigh rheogram are significantly higher
than the calendar and biological age of the boys; the attention
is drawn to the fact that all time indicators in 13-year-old boys
are significantly higher than those of 12-year-old girls and
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significantly higher values of slow blood flow in 14 and 15-
year-old girls, both in calendar and in biological age; 3) in
most cases, among the derivatives of the rheogram of the
thighs significantly higher values have girls; only the majority
of indicators of vascular tone in 13-year-old boys are
significantly higher than in 12-year-old girls.

In the study of the indicators of thigh rheovasograms in
practically healthy young men and women, Vadzuk S. N. and
Tsvyntarnyi A. V. [30, 31] found that 20-year-old young women,
compared with young women 16-19 years old, have higher
blood-flow rates of arteries of large, medium and small
caliber, a tone of arteries of large caliber, but lower tone
indices of all arteries and arteries of medium and small
caliber. In young men, a smaller number of age differences
in the parameters of the thigh rheogram is established -
only smaller values of the indicator of the tone of the arteries
of middle and small caliber at 20-year-olds than those of 18
and 19-year-old young men. In the analysis of gender
differences in the rheogram of the thigh, the authors, as in
our studies, found that girls of the general group and all age
groups were larger than the corresponding groups of boys,
the values of all amplitude and derivative indices of the
rheogram, as well as the time of slow blood filling.

The obtained results broaden the idea of the peculiarities
of the activity of the vessels of the lower extremities in healthy
teens, depending on gender and age, which will allow,
substantiated and differentiated normalize muscle loading

in the process of their physical education. This will contribute
to the correct development of the organism, increase its
functional and reserve capacity for various environmental
influences. The results of the research will be able to find
practical application in age and sports physiology, in
pediatrics, in preventive medicine and angiology.

Conclusions
1. 12-year-old girls have significantly higher values than

girls of other age groups (with the exception of the incisura
amplitude), the time of the downstream part of the rheogram,
the average speed of fast and slow blood flow, and
significantly lower values of the time of the rising part of the
rheogram and fast and slow blood flow, as well as vascular
tone.

2. 13 and 14-year-old boys have significantly higher or
tended to higher values than the 15 and 16-year baseline
impedance and amplitude of the systolic wave, most vascular
tone indices, and the average slow-blood flow speed, and
only in 14-year-old boys - significantly lower, or a tendency
towards lower values of most time indices (with the exception
of the time of slow blood transfusion).

3. Established manifestations of sexual dimorphism of
thigh rheogram indicators in adolescence: most of the
amplitude and derivative indices are significantly higher in
girls, and the duration of the cardiac cycle and the time of the
downward part are significantly higher in boys.
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ВІКОВІ ТА СТАТЕВІ ОСОБЛИВОСТІ ПОКАЗНИКІВ РЕОГРАМИ СТЕГНА У ПРАКТИЧНО ЗДОРОВИХ ПІДЛІТКІВ
Хмель Л. Л., Серебреннікова О. А., Кириченко Ю. В., Гненна В. О.
Згідно даних багатьох досліджень реовазографічні показники стегна здатні виявити незначні зміни судин, що не становлять
собою критичних незручностей, але заздалегідь свідчать про наближення більш серйозних захворювань нижньої кінцівки.
Мета дослідження - встановити вікові та статеві особливості показників реограми стегна у практично здорових підлітків
Подільського регіону України. Реографічні параметри стегна 103 практично здорових хлопчиків віком від 13 до 16 років та
108 дівчаток віком від 12 до 15 років, міських мешканців Подільського регіону України, визначали за допомогою кардіологічного
комп'ютерного діагностичного комплексу. Cтатистична обробка отриманих результатів проведена в ліцензійному пакеті
"Statistica 5.5" з використанням параметричних і непараметричних методів оцінки отриманих результатів. У 12-річних
дівчаток, у порівнянні з іншими віковими групами, встановлено, що більшість амплітудних показників (за винятком амплітуди
інцізури), час низхідної частини реограми та середня швидкість швидкого і повільного кровонаповнення достовірно більші,
а час висхідної частини реограми та швидкого і повільного кровонаповнення та показники тонусу судин стегна у більшості
випадків достовірно менші. У більшості випадків у 13 і 14-річних хлопчиків, у порівнянні з 15 і 16-річними підлітками, базовий
імпеданс і амплітуда систолічної хвилі, а також більшість показників тонусу судин та середня швидкість повільного
кровонаповнення достовірно більші, або мають тенденцію до більших значень. Також встановлено, що більшість часових
показників (за винятком часу повільного кровонаповнення) у 14-річних хлопчиків достовірно менші, або мають тенденцію до
менших значень, ніж у хлопчиків інших вікових груп. При порівнянні показників реограми стегна між хлопчиками та дівчатками
за календарним і за біологічним віком встановлено достовірно більші значення у дівчаток більшості амплітудних і похідних
показників, а також часу повільного кровонаповнення у 14 і 15-річних дівчаток. У хлопчиків встановлені достовірно більші
значення тривалості серцевого циклу та часу низхідної частини реограми стегна, а також усіх часових показників і
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більшості показників тонусу судин у 13-річних хлопчиків, ніж у 12-річних дівчаток. Таким чином встановлені виражені вікові
та статеві відмінності показників реограми стегна у практично здорових підлітків.
Ключові слова: показники реограми стегна, практично здорові підлітки, вік, стать.

ВОЗРАСТНЫЕ И ПОЛОВЫЕ ОСОБЕННОСТИ ПОКАЗАТЕЛЕЙ РЕОГРАММЫ БЕДРА У ПРАКТИЧЕСКИ ЗДОРОВЫХ
ПОДРОСТКОВ
Хмель Л. Л., Серебренникова О. А., Кириченко Ю. В., Гненная В. О.
Согласно данным многих исследований реовазографические показатели бедра способны выявить незначительные изменения
сосудов, не представляющих собой критических неудобств, но заранее свидетельствуют о приближении более серьезных
заболеваний нижней конечности. Цель исследования - установить возрастные и половые особенности показателей
реограммы бедра у практически здоровых подростков Подольского региона Украины. Реографические параметры бедра
103 практически здоровых мальчиков в возрасте от 13 до 16 лет и 108 девочек в возрасте от 12 до 15 лет, городских
жителей Подольского региона Украины, определяли с помощью кардиологического компьютерного диагностического
комплекса. Статистическая обработка полученных результатов проведена в лицензионном пакете "Statistica 5.5" с
использованием параметрических и непараметрических методов оценки полученных результатов. У 12-летних девочек, в
сравнении с другими возрастными группами, установлено, что большинство амплитудных показателей (за исключением
амплитуды инцизуры), время нисходящей части реограммы и средняя скорость быстрого и медленного кровенаполнения
достоверно больше, а время восходящей части реограммы и быстрого и медленного кровенаполнения и показатели
тонуса сосудов бедра в большинстве случаев достоверно меньше. В большинстве случаев у 13 и 14-летних мальчиков, по
сравнению с 15 и 16-летними подростками, базовый импеданс и амплитуда систолической волны, а также большинство
показателей тонуса сосудов и средняя скорость медленного кровенаполнения достоверно больше, или имеют тенденцию
к большим значениям. Также установлено, что большинство временных показателей (за исключением времени медленного
кровенаполнения) у 14-летних мальчиков достоверно меньше, или имеют тенденцию к меньшим значениям, чем у других
возрастных групп мальчиков. При сравнении показателей реограммы бедра между мальчиками и девочками по календарному
и по биологическому возрасту установлено достоверно большие значения у девочек большинства амплитудных и производных
показателей, а также времени медленного кровенаполнения у 14 и 15-летних девочек. У мальчиков установлены достоверно
большие значения продолжительности сердечного цикла и времени нисходящей части реограммы бедра, а также всех
временных показателей и большинства показателей тонуса сосудов у 13-летних мальчиков, чем у 12-летних девочек.
Таким образом установлены выраженные возрастные и половые различия показателей реограммы бедра у практически
здоровых подростков.
Ключевые слова: показатели реограммы бедра, практически здоровые подростки, возраст, пол.
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