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MODELING OF INDIVIDUAL INDICATORS OF CEREBRAL BLOOD
CIRCULATION IN DEPENDENCE FROM ANTHROPOS-SOMATOMETRIC
PARAMETERS OF PRACTICALLY HEALTHY WOMEN OF THE MEDIUM
INTERMEDIATE SOMATOTYPE

Summary. The article describes and analyzes the regression models of individual indicators of cerebral circulation in practically
healthy women of the middlle intermediate somatotype on the basis of their anthropometric, somatotypological indices and components
of the body mass index. Simulated 17 out of 18 studied cerebral blood flow parameters with a determination coefficient R2 greater
than 0.6, including 5 models of amplitude (R2 from 0.783 t0 0.868), 5time (R2 from 0. 752 to 0.882) and 7 derivatives (R2 from 0.639
to 0.888) indicators of reoencephalogram. The built-up models of the amplitude indices of the reoencephalogram most often include
the circumferential dimensions of the body (29.0%), the longitudinal dimensions of the body (22.6%), the thickness of skin and fat
folds (19.4%) and the diameters of the body (12.9%), to the models of the time indices of the reoencephalogram - the circumferential
dimensions of the body (51.6%), body diameters (19.4%) and the width of distal epiphyses of the long tubular bones of the limbs
(12.9%); to the models of derivative indices of the reoencephalogram - the circumferential dimensions of the body (27.9%), body
diameters (18.6%), cephalometric indices, longitudinal body sizes, thickness of skin and fat folds and width of distal epiphyses of long
limb bones (by 11.6%).

Key words: practically healthy female of medium intermediate somatotype, cerebral hemodynamics, anthropometric indices,
regression models.

Introduction
The high social significance of circulatory disorders in  of scientists and clinicians in the study of the properties of
the vessels of the brain determines the increased interest  cerebral hemodynamics [3]. As one of the approaches to
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researching and forecasting processes of blood circulation
in the vessels of the brain, the most optimal is the
mathematical analysis of hemodynamic processes (most
often, the parameters of reocencephalography) [2, 8].

However, great difficulty is the application of mathematical
methods in the modeling of cerebral circulation of a person.
This is due to both morphological and functional
characteristics, and the complexity, multiplicity of vascular
reactions in individuals of different constitutional types [12].
In this situation it is necessary to search for the most
informative system of indicators of physical development
and conduct their further ranking. The construction of
regression equations involves an appeal to the system
analysis of this phenomenon, its main components and their
relationships, the decision on the nature of established
regularities [10].

There are very little works relating to the construction
and analysis of regression models of individual indicators of
cerebral circulation, depending on anthropometric-
somatometric parameters of the body in practically healthy
persons [6, 13].

The purpose of the study is to construct and analyze a
regression model of individual indicators of cerebral
circulation, depending on the anthropometric and
somatometric parameters of the body of practically healthy
women of the middle intermediate somatotype.

Materials and methods

The results of anthropo-somatotypological and
reoencephalographic studies that were conducted in
practically healthy urban women of the Podillia region of
Ukraine were taken from the data bank of the Research center
of the National Pirogov Memorial Medical University, Vinnytsya.

The reoencephalographic parameters were obtained
using a computer diagnostic complex. As a result of
processing, the rheograms automatically determined the
characteristic points on the curve, determined the main
indicators, formulated and substantiated the conclusion about
the state of the circulatory system of the investigated area
[15]. Thefollowing parameters of the reoencephalogram were
determined: amplitude - basic impedance (EZ, Ohm);
amplitude of systolic wave (EH1, Ohm); incidence amplitude
(EH2, Ohm); amplitude of the diastolic wave (EH3, Ohm);
amplitude of the phase of rapid blood filing (EH4, Ohm); time
- duration of the heart cycle (EC, s); the duration of the
ascending part (EA, s); the duration of the downward part (EB,
s); duration of fast blood filling phase (EA1, s); duration of the
phase of slow blood filling (EA2, s); derivatives - dicrotic index
(EH2H1,%); diastolicindex (EH3H1,%); average speed of the
fast blood filling phase (EH4A1, Ohm/sec); average speed of
the phase of slow blood flow (EH4A2, Ohm/sec); index of
total arterial tone (EAC,%); index of tone of arteries of large
caliber (arteries of distribution) (EA1C,%); meantone of arteries
of medium and small caliber (arteries of resistance) (EA2C,%);
the ratio of tone of arteries of different caliber (EA1A2,%).

Anthropometric study conducted in accordance with the

scheme of V.V. Bunak [4] included definition of: total,
longitudinal, transverse, circumflex body size, pelvic size and
thickness of skin and fat folds (TSFF). Craniometry included
a definition: the girth of the head (glabella), sagittal arc, the
largest length and width of the head, the smallest head width,
face width and mandible [1]. The somatotype is determined
by the method of J. Carter and B. Heath [5], and the
component composition of the mass of the body - according
to the method of J. Matiegka [11] and additionally the
muscular component - according to the formulas of the
American Institute of Nutrition [9].

The construction of regression models of individual
indicators of cerebral circulation, depending on the
anthropometric-somatometric parameters of the body, in
practically healthy women of the middle intermediate
somatotype was carried out inthe licensed statistical package
"STATISTICA6.0".

Results. Discussion

As a result of our research, we have developed
mathematical models for practically all indicators of cerebral
circulation in healthy women of the middle intermediate
somatotype. Only the dicrotic index depends on the total
complex of anthropometric and somatotypological
characteristics of the organism less than 50% and therefore
is not essential for practical medicine.

Models of individual indicators of cerebral circulation in
practically healthy women of the middle intermediate
somatotype with a determination coefficient R2 greater than
0.6 have the form of the following linear equations (in the
equations below F is Fisher's criterion, Std Error of estimate
is the standard error of regression estimation):

EZ (base impedance) = - 17,79 + 1,546 x height of the
swing point - 1,354 x height of the finger point + 2,968 x
shoulder girth in the not tense state - 2,573 x interstitial
distance of the pelvis + 5,781 x forearm circumference in
the lower third - 0,980 x TSFF on the side (R?> = 0.868; F(
=17.50; p<0,001; Std. Error of estimate: 5,386);

6.16)

EH1 (systolic wave amplitude) = 0,076 + 0,003 x height
of the swing point - 0,013 x foot circumference + 0,006 x
TSFF under the shoulder - 0,003 ? TSFF on the shoulder
back surface + 0,005 x maximum length of the head - 0,004
x shoulder grip in the not tense condition (R = 0.805; F(
=10.99; p<0,001; Std. Error of estimate: 0,012);

6.16)

EH?2 (incisura amplitude)= - 0,179 + 0,002 x chest girth
with calm breathing - 0,009 x foot circumference + 0,002 x
height of the swivel point - 0,004 x muscle mass component
of body by Matiegka + 0,036 x width of the distal shoulder
epiphysis + 0,004 x anteroposterior size of the thorax - 0.004
x the pelvic intercostal distance (R? = 0.864; F(, ..) = 13.62;
p<0,001; Std. Error of estimate: 0,010);

7.15

EH3 (amplitude of the diastolic wave) = - 0,084 + 0,002
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x chest circumflex at rest in the breath - 0,008 x foot
circumference + 0,003 x height of the swivel point + 0,005
x TSFF on the chest - 0,002 x height of the over-thoracic
point + 0,022 x width of the distal shoulder epiphysis (R? =
0.792; F(,,;)=10.14;p<0,001; Std. Error of estimate: 0,011);

EH4 (amplitude of the fast blood flow filling phase) = -
0,082 + 0,001 x height of the swivel point - 0,005 x foot
circumference + 0,002 x transverse lower-thoracic size +
0,007 x width of the distal epiphyses of the thigh - 0,002 x
TSFF on the shoulder back surface + 0,002 x TSFF on the
shin(R?2=0.783; F(. ,.)=9.64; p<0,001; Std. Error of estimate:
0,006);

6.16)

EC (duration of the heart cycle) = 0,528 + 0,055 x front
and rear size of the chest + 0,030 x transverse lower limb
size - 0,073 x inter-swivel distance of the pelvis + 0,056 x
foot circumference - 0,053 x brush circumference + 0,035
x leg circumference in the lower third (R? = 0.795; F(
10.35; p<0,001; Std. Error of estimate: 0,079);

6.16)

EA (duration of the ascending part of the rheogram) = -
0,025 + 0,005 x upper leg shin circumference - 0,014 x
forearm circumference in the lower third + 0,006 x head
circumference + 0,003 x TSFF on the side - 0,005 x hip
circumference + 0,003 x muscle mass component body by
Matiegka (R?=0,808; F(...)=11,283; p<0,001; Std. Error of
estimate: 0,007);

6,16)

EB (length of the descending part of the rheogram) =
1,130 + 0,050 x front and rear size of the chest - 0,179 x
width of the distal hip epiphysis + 0,179 ? width of the distal
epiphysis of the leg - 0,026 x inter-swivel distance of the
pelvis + 0,040 x greatest length of the head - 0,061 x forearm
girth in lower third (R?=0,752; F(.,.)=8,10; p<0,001; Std.
Error of estimate: 0,086);

6,16)

EAT1 (duration of fast blood flow phases)= - 0,040 +
0,008 x upper leg shin circumference - 0,004 x width of
distal hip epiphysis - 0,002 x foot circumference - 0,003 x
face width + 0,001 x head circumference + 0,001 x pelvic
intercostal distance (R>=0,882; F(.,.)=19,87; p<0,001; Std.
Error of estimate: 0,002);

6,16

EA2 (duration of the phase of slow blood filling)= 0,015 -
0,010 x forearm circumference in the lower third + 0,003 x
head circumference + 0,002 x TSFF on the side + 0,003 x
forearm circumference in the upper third - 0,003 x hip
circumference + 0,005 x circumference of upper part of
shin - 0.011 x width of the distal shin epiphysis (R>=0,789;
F(;,5)=8,02; p<0,001; Std. Error of estimate: 0,006);

EH3H1 (diastolic index)= - 158.6 - 9.690 x width of the
mandible + 8.908 x neck circumference - 6.231 x inter-
swivel distance of the pelvis + 4.938 x foot circumference -
2.684 x TSFF on the abdomen + 2.072 x height of the
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swivel point (R?=0,888; F(
estimate: 7,701);

=19,81; p<0,001; Std. Error of

6,15)

EHA4A1 (average speed of the fast blood flow phase) = -
0,253 + 0,153 x face width - 0,089 x lowest head width -
0,074 x foot circumference + 0,023 x height of the swivel
point (R>=0,659; F(, ..)=8,69; p<0,001; Std. Error of estimate:
0,130);

4,13)

EHA4A2 (average speed of the slow blood flow phase) = -
0,674 + 0,143 x forearm circumference in the lower third -
0,097 x foot circumference + 0,015 x height of the swivel
point - 0,093 x forearm circumference in the upper third +
0,028 x height of the pubic point - 0,036 x leg circumference
in upper third + 0,032 x intervertebral pelvic distance
(R%>=0,813; F(,.,.)=9,34; p<0,001; Std. Error of estimate:
0,094);

7,15)

EAC (tone of all arteries) = - 9,377 + 3,472 x width of the
distal femoral epiphysis - 0,411 x TSFF on the front of the
shoulder - 4,320 x width of the distal epiphysis of the leg -
0,602 x front and rear size of the chest + 0,799 x shin
circumference in the upper third + 1,736 x ectomorphic
component of the somatotype + 0.396 x TSFF on the tibia
(R?=0,878; F(,,.)=15,44; p<0,001; Std. Error of estimate:
1,085);

7,15

EA1C (toneindex of large caliber arteries)= 14,37 + 0,512
x muscle mass component of the body for Matiegka - 0,328
x front and rear size of the chest - 0,299 x transverse lower
limb size + 0,308 x TSFF under the shoulder blade - 0,292
x circumference of shoulder in the stress state + 0,466 x
forearm circumference in the lower third - 8,061 x body
surface area (R?=0,845; F(, ,.)=11,69; p<0,001; Std. Error of
estimate: 0,532);

7,15)

EA2C (meantone of arteries of medium andshallow caliber)
=- 3,843 + 3,763 x width of the distal hip epiphysis - 0,597
x inter-crested distance - 2,160 x width of the distal epiphysis
of the leg - 0,322 x front and rear size of the chest + 0,482
x interstitial distance of the pelvis + 0,749 x brush
circumference - 0,397 x greatest head length (R?>=0,855;
F(7,15)=1 2,59; p<0,001; Std. Error of estimate: 0,778);

EA1A2 (arterial tone ratio) = - 92.86 - 2.229 x TSFF on
chest + 4.239 x sagittal arc + 1.698 x height of over-thoracic
point - 14.22 x width of distal femoral epiphysis - 0.832 x
chest circumference at maximum exhalation (R?=0,639;
F(;,,)=6,01;p<0,01; Std. Error of estimate: 7,346);

where, the longitudinal dimensions of the body - in cm;
girth dimensions of the body - in cm; transverse body
dimensions - in cm; TSFF - in mm; indicators of the body
composition of the component - in kg; cephalometric indices
- incm; components of somatotype- in points; body surface
area - in m2,
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Thus: all five possible amplitude rheoencephalogram
parameters with a determination coefficient R2 from 0.783
to 0.868 have been constructed; all 5 possible time indices
of the reoencephalogram with determination coefficient
R2 from 0.752 to 0.882; of the 8 possible derivatives of
the rheoencephalogram, 7 with a determination coefficient
R2 from 0.639 to 0.888 were constructed.

Constructed models with a determination coefficient of
more than 0.6 most often include:

for amplitude parameters of the reoencephalogram- the
circumferential dimensions of the body (29.0%), the
longitudinal dimensions of the body (22.6%), TSFF (19.4%)
and body diameters (12.9%);

for the time parameters of the rheoencephalogram- the
circumferential dimensions of the body (51.6%), body
diameters (19.4%), and the width of distal epiphyses of
long tubular bones of the extremities (12.9%);

for derivative indices of the reoencephalogram - the
circumferential dimensions of the body (27.9%), body
diameters (18.6%), cephalometric indices, longitudinal body
dimensions, TSFF and width of distal epiphyses of long
limb bones (by 11.6%).

The results of modeling obtained by us in women of
the middle intermediate somatotype differ from the results
of ectomorphic (models of time indicators most often
included the circumferential dimensions of the body, TSFF,
cephalometric indices and body diameters, and to the
amplitude and derivative indices, in addition widths distal
epiphyses of long tubular limb bones) [7] and mesomorphic
somatotypes (models of amplitude and time indices of
reoencephalograms most frequent included circumferential
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CepebpenHikoBa O.A., CemeH4yeHko B.B., lleniteko K.B.

MOJOENIOBAHHA IHOUBIOYANNbHUX MOKA3HWKIB LUEPEBPAJIbHOFO KPOBOOEBITY B 3AJIEXXHOCTI Bl
AHTPOMNO-COMATOMETPUYHUX NAPAMETPIB TIJIA NMPAKTUYHO 3A40POBUX XIHOK CEPEOHLOIO
ANPOMPXHOIO COMATOTUNY

PesioMe. B crarri onvcaHi i npoaHasioBaHi perpeciviHi Moneni iHanBsiayanbsHuX MnokasHuKIB LiepebpasibHOro KpoBoobiry y rnpakTuy-
HO 30POBUX XIHOK CEPEAHBLOIrO MPOMIXKHOIrO COMaroTurly Ha OCHOBI ypaxyBaHHS iX aHTPOMOMETPUYHUX, COMATOTUMNONIONYHUX I10-
Ka3HUKIB Ta MOKa3HWKIB KOMITOHEHTHOIr0O Ckaaay macu Tina. 3moaesnboBaHo 17 3 18 gocnigxyBaHux nokasHukis LepebpasibHoro
KpoBOOOIry 3 koegiuieHToMm aeTepmiHauii R2 6inbwnm 0,6, B ToMy yncai 5 mogeneri amnnityaHmx (R2 Biag 0,783 ao 0,868), 5 yacoBux
(R2 Big 0,752 no 0,882) i 7 noxigHux (R2 Bia 0,639 fo 0,888) nokasHukis peoeHueganorpamu. [Jo nobyaoBaHux MOaesesi amityd-
HUX MMOKa3HUKIB peoeHLeganorpamy HavibibLL 4acToO BXOASTL 00xBaTHI poamipu Tina (29,0%), no340BxHIi posmipu Tina (22,6%),
TOBLUMHA LUKIPHO-XnpoBux cknaaok (19,4%) i giametpu tina (12,9%); 4O MOAENEL YacoBUX MOKA3HUKIB peoeHueganorpamu -
obxBarHi poamipu Tina (51,6%), giametpu tina (19,4%) i lumpmHa AnCTaibHUX enigisiB A0Brux Tpyb4acTmx KicToK KiHUiBOK (12,9%);
210 MoZfesneri noxigHux rnokasHukiB peoeHuedasnorpamv - obxsartHi poamipy Tina (27,9%), aiametpu tina (18,6%), keganrometpudHi
OKa3HUKM, MO340BXHI PO3MIpY Tifla, TOBLUMHA LLKIPHO-XUPOBUX CKI8A0K Ta LUMPUHA AUCTa/IbHUX enigi3iB JOBrux Tpyo64YacTux KicToK
KiHYiBok (no 11,6%).

Knio4oBi cnoBa: rpakTuyHO 340P0BI XIHKU CEPELHLOro rMNPOMIXHOIrO COMaroTumny, LiepebpasibHa reMoauHamika, aHTPOormoOMeTPUYHI
MOKa3HUKN, PErPECIKIHI MOAE].

CepebperHHukoBa 0O.A., CemeH4yeHko B.B., lllenutbko K.B.

MOJEJIMPOBAHUE WHAWBUAYAJNbHbIX MOKA3ATEJIEM MO3roBOro KPOBOOBPALLEHUSA B
3ABUCUMOCTUN OT AHTPOMNO-COMATOMETPUYECKUX NMAPAMETPOB TEJIA NPAKTUYECKWN 300POBbLIX
XEHWWH CPEAHErO NMPOMEXYTOYHOIO COMATOTUNA

Pesiome. B crartbe onucaHbl v npoaHann3upoBaHbl PerpeccuoHHbIe MOAE/N UHANBULAYATbHBIX MOKa3aTesesi Mo3roBoro KpoBo-
obpalLeHus1 y NpakTUYEeCKN 340P0BbIX XEHLUNH CPEAHEro MPOMEXYTO4YHOro CoMaroTmna Ha OCHOBE y4era ux aHTpornoMeTpudec-
KUX, COMaTOTUMONOrM4YECKNX rokasareses u rnokasaresnesi KOMIOHEHTHOro coctaBa maccel Tena. CmonennpoBaHo 17 n3 18
uccenyemMsix rokasaresieri Mo3roBoro KpoBoobpalleHns ¢ KoagouumeHTom getepmuHaumn R2 6osbiwmnm 0,6, B TOM 4ucie 5
mogeneii amnantyaHeix (R2 or 0,783 ao 0,868), 5 BpemeHHbix (R2 ot 0,752 no 0,882) u 7 nponssoaHsix (R2 or 0,639 o 0,888)
riokasartesieri peosHuedanorpamMmel. B nocTpOeHHbIe MOAEIM aMITJINTYAHbIX OKa3aTenel peosHLedanorpammel Hamboiee 4a-
CTO BX0ASIT 00xBaTHble paamepsl Tena (29,0%), nponosibHble pasmepsl Tena (22,6%), TonwmHa KOXHO-XUPOoBbIX cknanok (19,4%)
u anameTpbl Tena (12,9%); B Moaenm BpeMeHHbIX rnokasateseli peosHuyeganorpammsl - 06xBaTHble pasmepsl Tena (51,6%),
anametpel Tena (19,4%) v LwmpnHa AncTanbHbIX 3MM@U30B JIMHHBIX TPYb4YaTbiX KOCTEVi KOHe4YHocTel (12,9%); B mogeam npous-
BOAHbIX [10Ka3aresieri peosHLUeganorpammel - 06xBaTHble paamepsl Tena (27,9%), anametpsi Tena (18,6%), keganomerpuyec-
Kue rokasarenu, rnpoaosibHbIe pasmMepbl Tena, TOMUNHA KOXHO-XUPOBbLIX CKAGA0K U LNPUHA ANCTalbHbIX SMM@PU30B AIIMHHbLIX
TPy64aTbix KOCTe KOHeYyHocTew (no 11,6%).

KnioueBble cnoBa: rmpakTu4ecku 340POBbIE XEHLLUHBI CPEAHEro rMpoMeXyTO4YHOro comaToTuna, LyepebpaabHas reMoanHaMmmuKa,
aHTPOMOMETPUYECKME 10Ka3aTENN, PErPECCUOHHbBIE MOLEJIN.
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ANNNOMHOI oceiTu BHMY im. M.I. Muporoea, +38(067)9605672

CemeH4eHko Bitanivi Bonogumuposuny - NowyKyBad HaykoBO-AocnigHoro ueHtpy BHMY im. M.I. Muporoea, +38(098)9702133;
semm88@ukr.net

Lleniteko KocTssHTUH Boaoanmuposud - O.Mef.H, AOLEHT, 3aBiayBad kadenpu MmeonumHm katactpod Ta BiiCbKOBOI MeALNHU
BOH3Y "YkpaiHcbka MeaunyHa ctomatosoriyHa akagemia”, +38(096)3020020; Shepitko1973@ukr.net
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