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Morphofunctional development of 13-15-year old girls of different somatotypes

Abstract: The present article provides a comparative analysis of the morphofunctional indicators
of 13-15 year old girls of different types of constitution, living in the cities of Pavlodar and Kyzy-
lorda. Most of the studied schoolgirls belonged to the thoracic and muscular types of constitution.
Considerable attention is paid to the comparison of such morphological parameters as body length
(BL), body mass (BM), chest circumference (CC), wrist strength (WS), cardio-respiratory system
indices at rest and after dosed load. The study found that morphological parameters (BL, BM, CC)
in girls of two regions increase from asthenoid type to digestive. The results show that the capacity
of the cardio-respiratory system of girls of the digestive type is less compared with schoolgirls of
other somatotypes.
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Human health is formed in ontogenesis and at its each stage is determined by a set of different
reactions for the realization of the innate characteristics of the organism. Nowadays requirements
for the pedagogical and health process require ever more in-depth study of individual-typological
(constitutional) differences at each stage of individual human development. Typological differences of
children and adolescents should be the basis of a differentiated approach in the upbringing, education
and conduction of therapeutic and recreational activities [1]. This problem is of particular relevance
in assessing the dynamics of the development of children and adolescents, since only the value of
the child’s individual capabilities and the prediction of his ontogenesis is a necessary prerequisite for
successful education and upbringing without compromising health [2].

The problems of constitutional science in Kazakhstan have not been well studied, except for
the works of Z.M. Aliakbarova [3, 4]. Therefore, the study of the characteristics of the physical
development of children, taking into account the individual-typological features, is relevant.

The present study aimed to investigate the morphological and functional indicators of 13—15 year
old schoolgirls of different types of constitution, living in cities of Pavlodar and Kyzylorda.

Materials and methods

The research was conducted on the basis of schools in the cities of Pavlodar and Kyzylorda. In
total, 120 children aged 13-15 years old of different types of constitution took part in the study.

Types of the constitution were determined by the method of V.G. Shtefko and A.D. Ostrovskiy
[5]: asthenoid (A), thoracic (T), muscular (M), digestive (D). Among the main anthropometric
indicators of physical development the following were investigated: body length (BL), body mass
(BM), chest circumference (CC), wrist strength (WS). According to the length, body mass and chest
circumference the Quetelet index (QI) and stenia index (SI) were determined: QI =BM, kg/BL, m ?;
SI = BL, em / (2 x BM, kg +CC, cm) [6]. The function of external respiration was assessed by the
indicator of vital capacity of the lungs (VC) using a dry spirometer [7], and the vital index (VI =
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VC / BM) was also calculated [8]. In order to study the adaptation to physical loads and assess the
functional reserves of the body, a step ergometric testing was conducted [9]. Heart rate (HR) was
determined using an electrocardiograph "Axion EC 1T-07"; blood pressure (BP) was measured by
the Korotkov auscultatory method [10].

The significance of differences was assessed by Student’s t-test, the differences were considered
significant at p < 0.05 [11].

Results and discussion

Analyzing the data obtained, the following distribution of types of constitution of schoolgirls
living in Pavlodar city was revealed: asthenoid type — 15%, thoracic type — 59%, muscular type
— 23%, digestive type — 3%. Among schoolgirls living in Kyzylorda, the following distribution of
somatotypes was noted: asthenoid type — 48%, thoracic type — 45%, muscular type — 7%, while
schoolgirls with digestive type constitution were not detected (Fig. 1).
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Ficure 1 — Distribution of types of constitution of schoolgirls (13-15 years old) in Pavlodar and Kyzylorda

The main anthropometric indicators (BL, BM, CC), as well as the Quetelet index, which charac-
terizes body build obesity, in this age group tended to increase from asthenoid to digestive type. It
is worth noting that, in terms of body length, schoolgirls in Kyzylorda were ahead of schoolgirls in
Pavlodar. Significance was noted in children of the astenoid and muscular types of the constitution.
For the rest of the indicators (BM, CC, QI) schoolgirls in Pavlodar were ahead of their peers in
Kyzylorda (table 1).

Table 1. Indicators of physical development of 13-15 year old girls of different types of constitution living in

the northern and southern regions of Kazakhstan

Indicators Age, years old
13-15
A T M D
N (number) P | n=9 n=35 n=14 n=2
K | n=29 n=27 n=4
Body length, cm P | 158,1+1,4 160,24+1,1 158,9+1.,6 166,04+1,5 *
K |162,4+1,2 # 162,84+0,8 166,5+1,5 *#
Body mass, kg P | 50,7+1,0 51,64+0,8 55,3+0,9 * 67,5+1,8 *
K | 48,24+1,0 51,840,6 * 54,8420 *
Chest P | 75,8415 76,4+0,7 79,7+£1,2 87,0+0,5 *
circumference, cm K | 73,84+0,7 76,2+0,8 * 79,442,0
Quetelet index cu | P | 20,34+0,2 20,1+0,2 21,9+0,4 * 24.5+0,2 *
K | 18,3+0,3 # 19,5+0,2 *# 19,7£0,6 #
Stenia index cu P | 0,8940,01 0,89+0,01 0,84+0,01 * 0,754+0,01 *
K |0,964+0,01 # 0,914+0,01 * 0,88+0,02
% of fat reserve P |16,940,9 22,6+0,5 * 26,2+1,1 * 28,8+0,5 *
K |17,340,5 21,7+0,5 * 24,3+0,3 *
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Fat reserve, kg P | 8,6+£0,6 11,7+0,4 * 14,54+0,7 * 19,440,2 *
K |8,4+0,4 11,240,3 * 13,3+0,5 *
Active body mass, | P |42,1+0,8 39,94+0,5 * 40,7+0,7 48,14+1,6 *
kg K |39,840,7 # 40,640,6 41,5+1,6
Wrist strength P |418+1,5 41,4+0,8 43,8420 41,0+4,5
(R+L), kg K |35,940,8 # 36,6+0,7 # 41,3+2,6
Wrist index, kg/kg | P | 0,8240,02 0,81+0,02 0,79+0,03 0,61+0,1
K |0,754+0,01 # 0,714+0,01 *#4# | 0,75+0,03
Notes - Significance of differences in mean values for non-parametric independent samples:
* - in relation to the previous type of constitution (P<0,05); # - when comparing schoolgirls
living in the northern and southern regions (P<0,05)

Evaluation of the results of the wrist strength showed that schoolgirls in Pavlodar exceeded the
values of schoolgirls in Kyzylorda (table 1). Analysis of the function of external respiration showed
that the vital capacity of the lungs, both in the girls of Pavlodar and in the girls of Kyzylorda,
In southern schoolgirls,

is unevenly increasing from the asthenoid type to the digestive (table 2).

the asthenoid and thoracic types of life indicator (LI) are lower in comparison with northern peers,

which indicates a large reserve of the respiratory system of northern girls.

In the study of the functions of the cardiovascular system of girls at rest, higher values of heart
rate, systolic and diastolic blood pressure were found in schoolgirls living in Pavlodar (table 2). The
physiological meaning of a decrease in heart rate at rest contributes to an increase in the chronotropic
reserve of the heart. This indicated a less economical functioning of the cardiovascular system in

northern girls in a state of relative rest [12].
Table 2.

constitution living in the northern and southern regions of Kazakhstan

Indicators of the cardio-respiratory system at rest of 13—15 year old girls of different types of

Indicators Age, years old
13-15
A T M D
N (number) P | n=9 n—35 n=14 n—2
K | n=29 n=27 4
Respiratory system indicators
Vital capacity, P | 2,5240,08 2,4540,04 2,60+0,1 2,70£0,2
liters K |2,27+0,04 # 2,30+0,05 # 2,75+0,1 *
Life index, ml/kg | P | 49,7+1,0 47.8+1,0 47,04+1,0 40,0+£3,4
K | 42,9434 44,440,8 # 50,3+1,7 *
Cardiovascular system indicators
Heart rate, bpm P | 83,24+0,9 83,51+0,5 83,4+0,7 85,0£0,5
K |81,64+0,5 81,4£0,5 # 81,8+1.4
Systolic pressure, | P | 112,24+1,5 110,0+1,3 111,44+1,8 110,0+£5,0
mmHg K | 107,0£1,3 # 107,4£0,9 # 107,56+2,5
Diastolic pressure, | P | 71,1+£2,0 68,2+1,4 67,9+1,5 60,0+£5,0
mmHg K | 62,5414 # 62,6+1,6 # 62,5+2,5
Pulse pressure, P |41,14+1.1 41,840,8 43,6+1,3 50,04+0,0 *
mmHg K | 44,54+1,1 # 44.8+1,1 # 45,045,0
Robinson index, P 93,4419 91,9+14 92,9+1,5 93,5+4.,9
cu K | 87,44+1,4 # 87,4+0,9 # 88,0+3,4
Stroke volume, P |595+1,6 64,8+1,1 * 69,1+1,3 * 77,0+£3,0 *
mL K | 66,44+1,3 # 68,8+1,4 # 71,4+£3,8 #
Cardiac output, L | P | 4,95£0,1 5,41+0,1 * 5,77+0,1 * 6,5+0,2 *
K | 5,4140,1 # 5,60£0,1 5,85+0,4
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Notes - Significance of differences in mean values for non-parametric independent samples:
* - in relation to the previous type of constitution (P<0,05); # - when comparing schoolgirls
living in the northern and southern regions (P<0,05)

Under the conditions of a step ergometric load with a capacity of 12 kg / min kg, in the studied
schoolgirls, in terms of heart rate, systolic pressure, diastolic pressure and Robinson index, there was
an increase from asthenoid to digestive type, while in the case of southern peers — to muscular. The
adaptive cardiovascular system response to physical activity was accompanied by an increase in car-
diac output. Blood pressure, stroke volume and cardiac output in girls of the digestive constitutional
type were significantly higher compared with schoolgirls of other somatotypes (table 3).

Table 3. Indicators of the cardio-respiratory system under load of 13—15 year old girls of different types of

constitution living in the northern and southern regions of Kazakhstan

Indicators Age, years old
13-15
A T M D

N (number) P | n=9 n=35 n=14 n=2

K | n=29 n=27 n=4
Heart rate, bpm P ]161,2+0,9 162,3£0,7 162,64+0,8 * 165,0£2,0

K | 149,7+0,7 # 150,540,6 # 152,54+1,2 #
Systolic pressure, | P | 147,841,5 147,7+1,1 152,1+1,9 140,0+5,0
mmHg K | 143,5+1,1 # 145,24+1,2 147,5+2.5
Diastolic pressure, | P | 72,2+1.,5 68,2+1,6 68,6+1,8 60,0+5,0
mmHg K | 63,0+1,3 # 63,0+1,6 # 62,5+2.5
Pulse pressure, P | 75,6+1,8 79,54+2,0 83,6+2,0 * 80,0+0,0 *
mmHg K | 80,5+1,7 82,2+1,7 85,0£2,9
Robinson index, P | 2382+2,1 239,7+1,7 247,5+3,5 231,0+5,3
cu K | 214,7+£1,9 # 218,5+1,9 # 225,0+4,8 #
Stroke volume, P |76,0+1,6 83,7+1,9 * 88,6+1,8 92,043,0
mL K | 85,7+1,6 # 87,2+1,7 91,4+2.3
Cardiac output, P |12,340,3 13,6+0,3 * 14,4+0,3 15,2+0,7
L K | 12,840,2 13,1£0,2 13,9+0,4
Notes - Significance of differences in mean values for non-parametric independent samples:
* - in relation to the previous type of constitution (P<0,05); # - when comparing schoolgirls
living in the northern and southern regions (P<0,05)

When studying the values of the reaction of the cardiovascular system to physical activity in
comparison with the state of rest, there was a noticeable increase in heart rate, systolic pressure,
diastolic pressure and Robinson index in the northern representatives of all types of constitution,
which demonstrates a high "price" of adaptation to physical activity. The study of physical perfor-
mance (PWC170) of 13-15 year old girls showed higher values for southern schoolgirls, which proves
greater endurance for girls living in Kyzylorda (table 4).

Table 4. Indicators of absolute and relative physical performance and maximum aerobic performance of

13-15 year old girls of different types of constitution living in the northern and southern regions of Kazakhstan

Indicators Age, years old

13-15

A T M D
N (number) P | n=9 n=35 n=14 n=2

K | n=29 n=27 n=4

PWC170, P |666,3£16,7 671,7+9,5 715,7+11,7 * 8475+1,4 *
kg:m /min K | 708,3£14,5 # | 759,1+13,7 # | 775,54+28,0
PWC170/kg, P |13,14+0,1 13,03+£0,1 12,96+0,1 12,60+0,4
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kG'm /min- kg K |14,69+0,1 # 14,64+0,1 # 14,174£0,2 *#

VO2 max, P |2,02+0,04 2,0240,02 21140,03 * | 2,4040,01 *
L,/min K | 2,0640,03 21440,03 # | 2,2040,07

VO2 max /kg, | P | 39,8%£0,3 39,2404 38,2404 * 348408 *
mL/min kg K | 42,9404 7 1,450,277 | 40,350,4 #

Notes - Significance of differences in mean values for non-parametric independent samples:
* - in relation to the previous type of constitution (P<0,05); # - when comparing schoolgirls
living in the northern and southern regions (P<0,05)

Conclusions

1. Among schoolgirls living in Pavlodar, the most frequent are representatives of the thoracic and
muscular constitutional types, and the rarest type is the digestive. Among Kyzylorda schoolgirls,
asthenoid and thoracic types prevail, while the digestive type is absent.

2. Representatives living in Pavlodar are ahead of Kyzylorda peers in terms of physical develop-
ment. Schoolgirls living in Kyzylorda have higher cardiovascular system functionality.
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13-15 >kacTarbl KbI3AapAblH 9PTYPJi comaroTunrepinin mopdodyHKIMOHANAbI JaMy bl

Anvotanus: Byn makanana Kasakcranubsig Ilasinogap »xone Keoisbuiopma o6JibICTapbIHIA TYPATHIH KOHCTUTYIASTHBIH,
Typsepine 6GaimanbicTel  13-15  KacTarbl KbI3ZApPABIH MOPQMOQYHKIMOHAIIL! KOPCETKIIITEPIHE CAJBICTHIPMAJIbLI  TaIgay
KesiTipiieni.  3eprTesireH KbI3ZapAblH Kebici acTeHOWATHIK KOHE TOPAaKaJIblK KOHCTHUTYLMS TypJepine karkaH. Jlene
y3biaprsl (YY), gewe canmarbt (JC), xeyme kybicbiubiy rienbepi (KKIII), Gisex KyimiHe, THIHBINTHIK, KyHiHzeri »KoHe
MeJIIIEePJIeHT €H KYKTeMeIeH KeHiHri KapAuo-peCIupaTOPJIbIK »KYHeHIH KopceTKimTepi CuAKTH MOP@OIOrUsAIbIK, KOPCETKIITepre
esieysi KeHi GesliHeni. 3eprrey GapbIChIHAA €Ki OOJIBICTAFbl KbI3Iap/blH aCTEHOWATHI TYPJIEH JUTMEeCTUBTI Typre KaparaHa
mopdosorusiblk, kepcerkimrepi (JIY, JC, KKII) yaraona. AJIbIHFAH HOTHIKEJIED KOPCETKEHJEH, IUTeCTHBTI Typmeri
KBI3JaP/IbIH, KapANOPECINPATOPJIBIK, XKYIeCiHiH MyMKiHIIKTepi 6acKa COMATOTUNITEPIH KbI3/Iapbl MEH CAJIBICTBIPFAH/Ia a3.

TyitiH ce3zep: MopdodbyHKIMOHAIABI OaMy, KOHCTHUTYIUSI TYpJepi, AaHTPOIOMETDPHUSIIBIK KOPCETKIINTep, Kapauo-
PecupaToOpJIbIK Kyiie, JIeHe TaMybl.
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A.A. AxmeroBa, 2K.M. MykaraeBa
Espasutickutl nayuorasvtoli yrnusepcumem um. JI.H.Iymunesa, Acmana, Kazaxcman

MopdodyHKIMOHAILHOE pa3BUTHUE AeBo4deK 13-15 jieT pa3sHbIX COMaTOTHUIIOB

AnHoranus: B naHHOl cTaThe NPUBOAUTCS CPABHUTEJbHBIN aHau3 MOPMOdYHKIIMOHAIBHBIX [TOKa3areseil nesodek 13-15
JIeT Pa3HbIX TUIIOB KOHCTUTYIWUU, IIPOXKUBAKOIIUX B I. Ha.BJIO,ELap " T. KbI3bIJ'IOp,ELa.. BOJTI)IHI/IHCTBO HCCJIEJOBAHHBIX MIKOJIBHUIY
OTHOCUJIUCh K TOPAKAJbHOMY M MBIIIEYHOMY THUIAM KOHCTUTYLIUU. J3HAYUTEJbHOE BHUMAHUE YJEJISeTCsl CPABHEHUIO TaKUX
MopdoJIorauecKkux nokasaresei, kak quuaa rena (I T), macca rena (MT), okpy»xkuocTs rpyauoit kiaerkn (OI'K), kucresas cuna
(KC), nokasaresn KapAuo-peCIUPATOPHON CUCTEMBI B COCTOSIHUY [IOKOs ¥ [10CJIe JO3MPOBAHHON HArPy3KH. B Xoze uccienoBanus
6BLI0 yCcTaHOBJIEHO, 9TO Mopdosorndeckue nokasarean (AT, MT, OI'K) y meBoduek aByx o6JsacTeil OT aCTEHOMJIHOTO THIIA K
JIUTECTUBHOMY YBEJUYUBAIOTCS. 1lOJIydeHHBIE Pe3yJIbTAThl MOKA3BIBAIOT, 9TO BO3MOXKHOCTU Kap/IMO-PECIIUPATOPHON CHCTEMBI
JA€BOYEeK JUTI'€CTUBHOI'O THUIIA MEHBIIE 110 CPDABHEHUIO C IIIKOJIbHUIIAMU JPYTI'UX COMATOTHUIIOB.

KiroueBbie cijioBa: MOPhODYHKIIMOHAIBLHOE PA3BUTHUE, TUIILI KOHCTUTYIIMU, KAP/IUO-PECIUPATOPHAs CUCTEMA, (DU3HIECKOe
pasBuTHe.
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