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Norms for assessing the functional state of the peripheral vascular system are 
developed, as a rule, without regard to age, gender and somatotype. The purpose of the 
study is to establish features of the indicators of crus rheogram in practically healthy 
girls and boys of different somatotypes, residents of the Podillia region of Ukraine. 
Rheographic indicators of the cohort of 108 practically healthy girls aged from 12 to 15 
years old and 103 boys aged from 13 to 16 years and 103, urban residents of the 
Podillia region of Ukraine, were determined using a cardiology computer diagnostic 
complex. Anthropometric survey was conducted in accordance with the scheme of 
V. V. Bunak (1941). To evaluate the somatotype of adolescents, the mathematical 
scheme of J. Carter and B. Heath (1990) was used. The statistical processing of the 
obtained results was carried out in the license package "Statistica 5.5" using 
nonparametric methods for evaluating the obtained results. As a result of the research, 
it was found that most of the amplitudes and some of the derived indicators of the crus 
rheogram in girls of the mesomorphic somatotype are significantly lower or tend to be 
smaller than those of other somatotypes, while the time of the rising part of the rheogram 
and the time of slow blood filling are significantly higher than at representatives of an 
ectomorphic somatotype. In boys of mesomorphic somatotype, the basic impedance 
and amplitude of the systolic wave and the average speed of fast and slow blood flow of 
the rheogram are significantly lower or tend to be lower than those of other somatotypes, 
while the time of the ascending part and fast blood flow of rheograms and the diastolic 
index are significantly greater than in the representatives of the ecto-mesomorphic 
somatotype. It has also been found that almost half of the amplitude and derivative 
indices are significantly higher in girls than in boys of corresponding somatotypes, and 
most of the time - on the contrary, in boys, than in girls of corresponding somatotypes. 
Thus, indicators of crus rheogram in practically healthy girls and boys of different 
somatotypes, inhabitants of the Podillia region of Ukraine have pronounced differences 
mainly between the representatives of mesomorphic and ectomorphic somatotypes. 
Established pronounced manifestations of sexual dimorphism of indicators of crus 
rheogram between adolescents of corresponding somatotypes.
Keywords: indicators of crus rheogram, somatotype, practically healthy girls and 
boys, sexual differences.

Introduction
Despite the considerable efforts of world medicine, the 

problem of successful treatment of lower limb vessels is 
still far from being solved. Thus, the successes of modern 
angiology led to an increase in the life expectancy of 
patients, which in turn led to an increase in the number of 
late complications of this pathology [6, 10]. First of all, they 
create a threat to early disability, worsen the quality of life 
and reduce its duration [14, 17, 26, 27].

To date, it has been established that vascular diseases

of the lower extremities develop more often in patients who 
became ill both in childhood and in adolescence [1, 8]. 
This indicates the need to develop effective methods of 
prevention and treatment of vascular complications already 
in the early stages of the disease [11, 23, 28]. That is why 
specialists who solve these tasks, should focus on the 
establishment of age standards and effective prediction of 
the occurrence  of these d isorders in children and 
adolescents [13, 18].

http://bba-journal.com


To evaluate the state of peripheral circulation, it is best to 
use the rheographic method. Its important advantage is the 
ability to evaluate the total blood flow to the tissues, for 
example, due to developed collaterals. In addition, blood 
circulation of several vascular areas, including symmetrical 
ones, is also simultaneously investigated, which makes it 
possible to easily detect circulatory disorders. This method 
significantly helps to correctly diagnose and, especially, for 
the current assessment of changes in blood circulation, 
including during functional tests [32].

Despite all the benefits of the method, the issue of 
hyperdiagnosis of vascular disease of the lower extremities 
in persons of different sex, age and somatotype by the results 
of the rheographic study rem ains relevant. Incorrect 
interpretation of the rheogram leads to hyperdiagnosis of 
serious illnesses and, consequently, to iatrogenesis and 
unreasonable limitation of physical activity and incorrect 
decision of expert questions. Most of the experimental and 
clinical studies performed on the diagnosis and treatment 
of lesions of the lower extremities from the side of the vascular 
bed relate mainly to the adult organism [4, 22, 24, 29]. A 
norm for assessing the functional state of the peripheral 
vascular system of adolescents were developed, as a rule, 
without somatotype and gender [9, 24, 25].

The purpose of the study is to establish features of the 
indicators of crus rheogram in practically healthy girls and 
boys of different somatotypes, residents of the Podillia region 
of Ukraine.

Materials and methods
After the preliminary questioning and instrumental and 

clinical-laboratory examinations on the basis of the research 
center of National Pirogov Memorial Medical University, 
Vinnytsya were selected 103 practically healthy boys aged 
13 to 16 years old and 108 girls aged 12 to 15 years old, 
urban residents of the Podillia region of Ukraine.

Rheographic indicators of crus were determined using 
a cardiological computer diagnostic complex [35], which 
provides simultaneous recording of the electrocardiogram, 
phonocardiography, the main and differential tetrapolar 
rheogram and the measurement of blood pressure. For 
registration, tape rheovasographic electrodes TE.293.063- 
01 were used, of OJSC "NII REMA" production type "tape 
measure", which were superimposed on the edges of the 
investigated sections of the limbs. The study was conducted 
in a horizontal position of the patient after a 10-15 minute 
rest on the attic in a room with an air tem perature of 
20-22 °C. Before the registration, the electrodes and the 
investigated areas in the places of electrode overlay were 
treated with an alcohol, and then a physiological solution to 
reduce the resistance of the electrode-skin contact. Before 
each measurement, the device performed an automatic 
calibration with the quality control of the electrode overlay. 
The measuring current - 1.8 mA, the current frequency - 
80 kHz. For the analysis 15 s rheogram records were used 
w ith subsequent program averaging of all periods of

oscilla tion. As a result o f processing rheogram s, the 
characteris tic  points on the curve were autom atically 
determ ined, the main indicators were determ ined, the 
conclusion about the condition of the circulatory system of 
the investigated area was formed.

Anthropometric survey was conducted in accordance with 
the scheme of V. V. Bunak [5]. To evaluate the somatotype of 
adolescents, the mathematical scheme of J. Carter and 
B. Heath [7] was used.

Statistical processing of the obtained results was carried 
out in the license package "S tatistica 5.5" using non­
parametric methods for evaluating the obtained results.

Results
Among the amplitude indicators of crus rheogram in girls 

of different somatotypes, the following changes are typical: 
relatively (p <0.05-0.01) lower values of the amplitude of the 
systolic wave of the rheogram and rapid blood flow of the 
rheograms in mesomorphs than in ectomorphs and ecto- 
mesomorphs; relatively (p <0.05) lover value of the amplitude 
of the diastolic wave of rheograms in mesomorphs than in 
ectomorphs; expressed tendency (p = 0.057) to the lower 
values of the  basic im pedance in the  m esom orphs 
compared to the ectom orphs (Table 1). The follow ing 
changes in the amplitude indices of the crus rheogram attract 
attention in boys: the values of the basal impedance in 
mesomorphs are significantly lower than in ectomorphs 
(p <0.01), and in the ecto-mesomorphs the tendency (p =
0.070) to greater values than in the mesomorphs; relatively 
(p <0.05) lower values of the amplitude of the systolic wave 
of the rheogram in mesomorphs than in ectomorphs (see 
Table 1).

When comparing the amplitude indicators of the crus 
rheogram between girls and boys of the corresponding 
somatotypes, the values of the following indices established 
significantly higher: basic impedance (p <0.001) in girls of 
different somatotypes; amplitudes of incisure of rheograms 
(p <0.05) in g irls m esom orphs and ectom orphs; the 
amplitude of fast blood flow of rheograms (p <0.05) in boys 
mesomorphs (see Table 1).

Among the time indicators of the crus rheogram in girls 
of different somatotypes, the following changes are typical: 
s ignificantly higher (p <0.05) values of the time of the 
ascending part of the rheogram and the time of slow blood 
flow of the rheograms in mesomorphs than those of the 
ectom orphic somatotype (see Table 1). Boys have the 
fo llow ing changes in the tim e ind ica tors of the crus 
rheogram: the higher values of the time of the rising part of 
the rheogram and the time of fast blood flow to the rheograms 
in the mesomorphs are significantly higher (p <0.05-0.01) 
than in the ecto-mesomorphs and the tendency towards 
higher values (p = 0.069) of the time of the rising part than of 
ectomorphs (see Table 1).

W hen com paring time indicators of crus rheogram 
between girls and boys, of corresponding somatotypes 
established significantly higher, or the tendency towards



higher values of the following parameters: cardiac cycle 
duration (p<0.01-0.001) and time of the downward part of 
the rheogram in boys of different somatotypes; time of the 
rising part o f the rheogram  (p <0 .05 -0 .01 ) in boys 
mesomorphs and ectomorphs; time of fast blood-filling 
rheograms in boys ectomorphs (p <0.05) and mesomorphs 
(p = 0.056) (see Table 1).

Among the derivative indicators of crus rheogram in girls 
of different somatotypes the following changes are typical: 
significantly (p <0.01-0.001) lower values of the average 
speed of fast and slow blood flow of rheograms in girls of 
mesomorphs than in girls of other somatotypes (see Table 
1). In boys attract attention the following changes in the 
derivatives of the crus rheogram: significantly (p <0.05) 
greater diastolic index values in mesomorphs than in ecto- 
mesomorphs; relatively (p <0.05) lower values of mean 
speeds of fast rheogram in boys m esom orphs than in 
ectomorphs and a slight tendency (p = 0.076) to lower values 
in comparison with ecto-mesomorphs; relatively (p <0.05­
0.01) lover values of mean velocity of slow blood filling of the 
crus in the mesomorphs are lower than those of other 
somatotypes (see Table 1).

Comparison of the derived indicators of crus rheogram 
between girls and boys of the corresponding somatotypes 
has established significantly higher values of the following 
ind icators: the d icro tic  index (p <0 .05 -0 .01 ) in g irls 
mesomorphs and ectomorphs; the index of tone of all arteries 
(p <0.05-0.01) in girls mesomorphs and ecto-mesomorphs; 
indicator of the tone of the arteries of middle and small 
diameter (p <0.05-0.001) in girls of different somatotypes 
(see Table 1).

Discussion
A dolescence is the period of the m ost intense 

reorganization of the  body. From how the  genetically 
determined program of human development is implemented 
at this stage, its future health depends in many respects. 
Incorrect interpretation of normative rheographic data in 
adolescence is noted by the authors of many well-known 
manuals [20, 34]. For a long time, more attention was paid 
to young people in connection with the prize to the armed 
forces, therefore, the norm s developed during the 
examination of young men, were used for young women, 
w ithou t tak ing  into accoun t the age peculiarities of 
developm ent and the formation of their cardiovascular 
system [2, 12].

The authors of the research devoted to the development 
of functional criteria for assessing the circulation of lower 
extremities in adolescents emphasize that the range of rules 
for this age group is very broad [30, 33]. At the same time, in 
the literature less attention is paid to the causes of these 
changes. The assum ptions about the m echanism s 
underlying the morpho-functional changes of the vessels of 
the lower extremities are stated. It is an intensive growth of 
vessels, activation of the hypothalamic-pituitary-adrenal 
gland system and associated vegetative changes, electrolyte

Table 1. Changes in rheogram crus performance of adolescents 
of different somatotypes.

Indicators
Girls Boys

mes ec ec/mes mes ec ec/mes

G_Z (Ohm) 4 T q t ▲ T

G_H1 (Ohm) q ▲ ▲ q ▲

G_H2 (Ohm)

G_H3 (Ohm) q ▲

G_H4 (Ohm) q ▲ ▲
G_C (s)

G_A (s) ▲ q ▲T q
G_B (s)

G_A1 (s) ▲ q
G_A2 (s) ▲ q

G_H2H1 (%)

G_H3H1 (%) ▲ q
G_H4A1 (Ohm/s) q ▲ ▲ q t ▲ T

G_H1 H4A2 (Ohm/s) q ▲ ▲ q t ▲ ▲
G_AC (%)

G_A1C (%)

G_A2C (%)

G_A1A2 (%)
Notes: mes - mesomorphic somatotype; ec - ectomorphic 
somatotype; ec/mes - ecto-mesomorphic, or meso-ectomorphic 
somatotype; T or i  - the value of the relevant indicators within the 
respective groups of boys or girls have a slight tendency to higher 
or lower values; t  or i  - the value of the relevant indicators within 
the respective groups of boys or girls tends to higher or lower 
values; P A  or T V  - significant differences between the 
respective indicators in the groups of boys or girls; - significant 
differences in the performance of the respective somatotypes 
between boys or girls (higher rates are noted); - trends in the 
differences between boys or girls in the corresponding 
somatotypes (higher rates are noted); G_ - rheographic indicators 
of crus; _Z - basic impedance; _H1 - amplitude of the systolic 
wave; _H2 - incisure amplitude; _H3 - amplitude of the 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; _H4A1
- average speed of rapid blood flow; _H1 H4A2 - 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 and shallow diameter; _A1A2 - ratio of arteries 
tones.

imbalance, and also features of the stature [21, 31].
A do lescents o f the same calendar age cannot be 

considered as a homogeneous group. They may be at 
different stages of puberty development and therefore have 
a different degree of morphofunctional maturity. Accumulate 
data on the dependence of morphofunctional parameters 
on the rate of puberty development; from biological, not from 
a calendar age. The interconnection of hemodynamic 
parameters with the types of constitution, biological age and 
hormonal phenotype of young women and young men [3,



15] is traced. The rheographic diagnostic algorithms used 
up till now do not take into account these features.

In connection with the foregoing it seems urgent to 
consider the features of hemodynamics of the vessels of the 
lower extremities in persons of adolescence age, evaluating 
the results depending on the type of body and gender.

In analyzing the features of the rheograms of crus in 
practically healthy teens of d ifferent som atotypes, we 
established the following changes:

- somatotypological features of girls crus rheograms: 1) 
in most cases, the amplitude indices in mesomorphs are 
significantly lower, or tend to be less than those of ecto- and 
ecto-m esom orphs (w ith the exception of the incisure 
amplitude); 2) the time of the ascending part of the rheogram 
and the time of slow  blood filling in m esom orphs are 
significantly greater than that of ectomorphs; 3) the average 
speed of fast and slow blood filling in m esom orphs is 
significantly less than that of ecto- and ecto-mesomorphs;

- somatotypological features of crus rheograms in boys: 
1) the basic impedance and amplitude of the systolic wave 
in mesomorphs are significantly lower, or tend to be less 
than those of ecto- and ecto-mesomorphs; 2) the time of the 
ascending part and the rapid blood flow to rheograms in 
mesomorphs are significantly greater than that of ecto- 
mesomorphs; 3) the average speed of fast and slow blood 
flow to rheograms in mesomorphs is significantly lower or 
tend to be lower than that of ecto and ecto-mesomorphs, 
and the diastolic index in mesomorphs is significantly greater 
than that of ecto-mesomorphs;

- gender-som atotypological peculiarities of the crus 
rheograms: 1) in girls of all somatotypes, the basic impedance 
is significantly greater than that of boys and attracts the 
attention of significantly higher values of the incisure amplitude 
in girls m esom orphs and ectom orphs, as well as the 
amplitude of rapid blood flow  in boys mesomorphs; 2) 
significantly higher, or have tendency towards higher values 
of all time indicators in boys of mesomorphic and ectomorphic 
somatotypes, as well as the duration of the heart cycle and 
the time of the downward part of the rheogram in boys ecto- 
mesomorphs; 3) significantly higher, or have tendency towards 
higher values of the dicrotic index in girls of mesomorphic 
and ectomorphic somatotypes, the index of tone of all arteries 
in young women mesomorphs and ecto-mesomorphs, as 
well as the index of tone of arteries of middle and small diameter 
in girls of all somatotypes.

I. M. Kyrychenko [16] and V. M. Moroz et al. [19] proved that
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ОСОБЛИВОСТІ ПОКАЗНИКІВ РЕОГРАМИ ГОМІЛКИ У ПРАКТИЧНО ЗДОРОВИХ ПІДЛІТКІВ РІЗНИХ СОМАТОТИПІВ 
Хмель Л. Л., Гненна В. О., Серебреннікова О. А., Смолко Н. М.
Нормативи для оцінки функціонального стану периферичної судинної системи розробляються, як правило, без урахування 
віку, статі та соматотипу. Мета дослідження - встановити особливості показників реограми гомілки у практично здорових 
дівчаток і хлопчиків різних соматотипів, мешканців Подільського регіону України. Реографічні параметри гомілки 108 
практично здорових дівчаток віком від 12 до 15 років і 103 хлопчиків віком від 13 до 16 років, міських мешканців Подільського 
регіону України, визначені за допомогою кардіологічного комп'ютерного діагностичного комплексу. Антропометричне 
обстеження проведено згідно схеми В. В. Бунака (1941). Для оцінки соматотипу підлітків використовувалась математична 
схема J. Carter i B. Heath (1990). Статистична обробка отриманих результатів проведена в ліцензійному пакеті "Statistica 
5.5" з використанням непараметричних методів оцінки отриманих результатів. В результаті проведених досліджень 
встановлено, що більшість амплітудних і частина похідних показників реограми гомілки у дівчаток мезоморфного 
соматотипу достовірно менші, або мають тенденцію до менших значень, ніж у представниць інших соматотипів, а час 
висхідної частини реограми та час повільного кровонаповнення - достовірно більші, ніж у представниць ектоморфного 
соматотипу. У хлопчиків мезоморфного соматотипу базовий імпеданс і амплітуда систолічної хвилі та середня швидкість 
швидкого і повільного кровонаповнення реограми достовірно менші, або мають тенденцію до менших значень, ніж у 
представників інших соматотипів, а час висхідної частини і швидкого кровонаповнення реограми та діастолічний індекс 
- достовірно більші, ніж у представників екто-мезоморфного соматотипу. Також встановлено, що майже половина 
амплітудних і похідних показників достовірно більша у дівчаток, ніж у хлопчиків відповідних соматотипів, а більшість 
часових - навпаки, у хлопчиків, ніж у дівчаток відповідних соматотипів. Таким чином, показники реограми гомілки у практично 
здорових дівчаток і хлопчиків різних соматотипів, мешканців Подільського регіону України мають виражені розбіжності 
переважно між представниками мезоморфного та ектоморфного соматотипів. Встановлені виражені прояви статевого 
диморфізму за показниками реограми гомілки між підлітками відповідних соматотипів.
Ключові слова: показники реограми гомілки, соматотип, практично здорові дівчатка та хлопчики, статеві розбіжності.

ОСОБЕННОСТИ ПОКАЗАТЕЛЕЙ РЕОГРАММЫ ГОЛЕНИ У ПРАКТИЧЕСКИ ЗДОРОВЫХ ПОДРОСТКОВ РАЗНЫХ 
СОМАТОТИПОВ
Хмель Л. Л., Гненная В. О., Серебренникова О. А., Смолко Н. Н.
Нормативы для оценки функционального состояния периферической сосудистой системы разрабатываются, как правило, 
без учета возраста, пола и соматотипа. Цель исследования - установить особенности показателей реограммы голени у 
практически здоровых девочек и мальчиков разных соматотипов, жителей Подольского региона Украины. Реографические 
параметры голени 108 практически здоровых девочек в возрасте от 12 до 15 лет и 103 мальчиков в возрасте от 13 до 16 
лет, городских жителей Подольского региона Украины, определены с помощью кардиологического компьютерного 
диагностического комплекса. Антропометрическое обследование проведено согласно схеме В. В. Бунака (1941). Для оценки 
соматотипа подростков использовалась математическая схема J. Carter и B. Heath (1990). Статистическая обработка 
полученных результатов проведена в лицензионном пакете "Statistica 5.5" с использованием непараметрических методов 
оценки полученных результатов. В результате проведенных исследований установлено, что большинство амплитудных 
и часть производных показателей реограммы голени у девочек мезоморфного соматотипа достоверно меньше, или 
имеют тенденцию к меньшим значениям, чем у представительниц других соматотипов, а время восходящей части 
реограммы и время медленного кровенаполнения - достоверно больше, чем у представительниц эктоморфного соматотипа. 
У мальчиков мезоморфного соматотипа базовый импеданс и амплитуда систолической волны, средняя скорость быстрого 
и медленного кровенаполнения реограммы достоверно меньше, или имеют тенденцию к меньшим значениям, чем у 
представителей других соматотипов, а время восходящей части и быстрого кровенаполнения реограммы и диастолический 
индекс - достоверно больше, чем у представителей экто-мезоморфного соматотипа. Также установлено, что почти 
половина амплитудных и производных показателей достоверно больше у девочек, чем у мальчиков соответствующих 
соматотипов, а большинство временных - наоборот, у мальчиков, чем у девочек соответствующих соматотипов. Таким 
образом, показатели реограммы голени у практически здоровых девочек и мальчиков разных соматотипов, жителей 
Подольского региона Украины имеют выраженные различия в основном между представителями мезоморфного и 
эктоморфного соматотипов. Установлены выраженные проявления полового диморфизма по показателям реограммы 
голени между подростками соответствующих соматотипов.
Ключевые слова: показатели реограммы голени, соматотип, практически здоровые девочки и мальчики, половые различия.
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