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Abstract

A comparative analysis of the two types of samples showed differences in values
of the statistical moments of the 3 and 4™ orders. In particular, the statisticalmoment
of the 3rd order (asymmetry) is 2.5 times greater and the 4th parameter (kurtosis) is
2.5 times greater for the blood samples of newborns without pathological changes
than the similar parameter for the blood samples of newborns with pathological
changes. Fractal analysis showed the transformation of the distribution of power
spectra from fractal for coordinate distributions of the Muller matrix element for
blood samples without pathology to multifractal (fractal dimensions D =1.66, D = 2.90
and D = 0.56) of blood samples with pathology.

he diagnostic sensitivity of the statistical moments of the coordinate

distributions of the orientation-phase elements of the Muller p34 matrix of higher
orders (3 and 4%) to structural changes occurring in blood samples of mothers
of newborns with a normal physiological state and with pathological changes was
revealed. In particular, with pathological changes, the statistical moments of the third
order (asymmetry) decrease by 3.5 times, and accordingly, the statistical moment of
the fourth order (kurtosis) increases by 2.5 times. The spread of the values of the
statistical moments within the two groups did not exceed 5-10% of corresponding
average values. The diagnostic possibilities of statistical and fractal analysis of the
coordinate distributions of the elements of the Mueller matrix of blood samples of
different physiological states of newborns and their mothers have been demonstrated.

Fractal and statistical analysis of the coordinate distributions of the orientational
elements of the Mueller matrix p_. are diagnostically sensitive when examining
the blood of newborns. For maternal blood samples, the statistical analysis of the
orientational-phase elements of the Muller p_, matrix (increase in the statistical
moments of the 3rd and 4th orders with pathologlcal changes) is diagnostically
sensitive.
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Kniouosi cnoBa: AHoTaujiA
J1a3epHa NosIApuUMempis; lMopisHasbHUl aHasi3 080X munie 3paskis Nokazas 8iOMiHHOCMI y cmamucmuy-
mampuus Mionnepa; HUX MOMeHMAx 3-20 Md 4-20 NOPAOKIE enemeHma mampuui p_, 30Kkpema 018 3pas-

Kie KpOGI HOBOHGpoaMEHUX 6e3 namo/102iYHUX 3MiH CmeUCmUHHUU MOMEHM 3-20

NYyNoBUHHA Kpos; 3 i 3
KaninApHa Kpos Mamepi; nopsoky (acumempis) 8 2,5 pasis _l/lbwuu 3a'aHa/102MHvuu napamemp 0.8 3paskie

KpO8i HOBOHAPOOMEHUX 3 NAMO/OIMHUMU 3MiHAMU, 4-Uli napamemp (ekcyec) 8 2,5
3aX80PIOBAHHA HUPOK Ma

pasu 6invwull 0415 3pd3Kie KpPosi HOBOHAPOODHEeHUX 6e3 NAMo/0zii y NOPIBHAHHI 3
; N aHA/N02{YHUMU ndpdmMempamu 017 3pd3Kie Kposi HOBOHAPOOMEHUX 3 NAMO/OZIE.
802IMHOI. PpakmansbHUl aHAn3 NOKazag mpaHcopmayito po3nodisy cnekmpie nomyxcHocmi
3 PpaKmasnbHo20 0415 KOPOUHAMHUX po3nodinie enemeHmy mampuyi Miossepa p_
0415 3paskie kposi 6e3 namosozii 8 Mynemu@pakmaneHull (ppakmanbHi poslvupHocml
D=1,66,D,=2,90 maD =0 ,56 ) 3paskis Kposi 3 Nnamosozieto.

BusieneHo a:aZHocmuwHy yym/augsicms CMamucCmMuYHUX MOMeHMI6 3-20 md 4-20
nopsokie KOOpOUHAMHUX po3nodinie opieHMaAyitiHo-Pa3osux enemeHmis mampuui
Miosnepa p_, 00 cmpykmypHUX 3MiH sk 8i06ysaomecs 8 3paskax Kposei mamepie
H060HapoameHux 3 HOpMA/ZIbHUM Pi3i0/N102IYHUM CMAHOM Md 3 NAMO/02IYHUMU 3Mi-
HAMU. 30KpemMd npu Ndmo/02iYHUX 3MiHAX CMAmucmuy4Hi MOMEHMU mpems0o20 No-
ps0Kky (acumempis) 3meHWyembcs 8 3,5 pd3u, a 8ionosioHO cmamucmuyHUli MOMeHM
yemaepmozo nopadKy (ekcyec) 36in1bwyeEMbC 8 2,5 pasu. Po3kud 3Ha4eHb cmamuc-
MUYHUX MOMEHMIB 8 MEWAX 080X 2pyNn He nepesuwlysds 5-10%. [I[po0emMoHCcmMpo8aHo
0did2HOCMUYHI MOM/IUBOCMi CMAMUCMUYHO20 Md PPAKmMA/IbHO20 dHAANI3y KOOpOu-
HAMHUX po3nodinie enemenmis mampuui Mtoss1epa 3paskie Kposi pizHoz20 ¢izionoziy-
HO20 CMAHy HOBOHAPOOMWEHUX md iX mamepis.

[lpu docniomeHHi Kposi HOBOHAPOOWEHUX 0id20CMUYHO YymausuUMU € Ppak-
manbHUl ma cmamucmuyHull dHA/i3 KOOPOUHAMHUX po3nodinie opieHmauiliHux ese-
MeHmig Mampuw Miosnepa p_. s 3pa3me Kposi mamepig did2HOCMUYHO Yym/IUBUM
€ cmamucmuyHud aHanis op:e:—;mawuHo ¢asosux enemermie mampuuyi Miossepap_,
(36i/bWEHHS CMAMUCMUYHUX MOMEHMI8 3-20 Ma 4-20 NOPsAOKI8 NpU NAMO/02iYHUX

CeyoBUBIOHUX NPOMOK

3MiHAX).
Contents
Introduction 23
Research material and methods 24
Results and discussion 25
Conclusion 28
References 29

Introduction
The vector approach to the research physiological state created a foundation,
of the morphological structure and in particular, for the development of
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model ideas about the structures of
biological tissues [1-3]. Biological tissue
is considered as a two-component
amorphous-crystalline  structure-matrix.

The amorphous component - fats,
lipids, wunstructured proteins, etc. is
polarization-isotropic (optically inactive)

[4, 5]. The crystalline component - collagen
proteins, myosin, etc. are spatially
oriented birefringent protein fibrils.

The properties of each individual fibril
are modeled optically by an uniaxial crystal,
the direction of the axis of which coincides
with the direction of stacking in the plane
of the biological tissue, the birefringence

The aim of the study
Estimate laser polarimetry as
diagnostic technique to analyze the

Research material and methods

Experimental samples were prepared
according to the standard method in the
form of smears on optically homogeneous
glass, which were then dried at room
temperature. Differentiation @ of  the
polarization properties of blood smears:
umbilical cord blood of newborns (n =
20) and capillary blood of their normal
mothers (n = 20), umbilical cord blood of
a newborn (n = 20) and capillary blood of
mothers who, according to clinical data,
had pathology. Obtaining a sample of blood
smears from healthy pregnant women and
maternal pathology of kidney and urinary
tract diseases in pregnant women were

index is determined by its substance. A
higher level of organization of biological
tissue is an architectural grid formed by
differently oriented birefringent beams [6, 7].

Within the framework of this
model, it was possible to explain the
mechanisms of formation of polarization
heterogeneity of the objective fields of
biological tissue of various types [8, 9].
The method of polarization visualization
of the architectural structure of biological
tissue of various morphological types
allows for statistical analysis of coordinate
distributions of polarization parameters
of scattered laser radiation fields [10-12].

umbilical cord blood of the newborn
and the capillary maternal blood.

determined in the gynecological hospital of
Chernivtsi by the ultrasound method based
on the general analysis of the maternal
blood. Previously, on the basis of protocols
for the examination of pregnant women in
the gynecological department of Chernivtsi,
a selection of healthy pregnant women and
diseases of the kidneys and urinary tract in
pregnant women was made. The selection
of patients was carried out based on a prior
written agreement with pregnant women for
the analysis of umbilical cord blood of their
newborns and capillary maternal blood.

[Nlumination ofsamplesofpolycrystalline
networks of blood is carried out in parallel

Fig. 1. Optical scheme of the polarimeter: 1 — He-Ne laser; 2 — collimator; 3 — stationary quarter-wave
plate; 5, 8 —- mechanical moving quarter-wave plates; 4, 9 — polarizer and analyzer, respectively; 6 —
research object; 7 — micro lens; 10 — CCD camera; 11 — personal computer.
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(D = 2x10® pm) with a low-intensity
(W = 5.0 mW) He-Ne laser
beam A = 0.6328 ypm) (Fig. 1).

The polarization illuminator consists
of quarter-wave plates 3, 5 and a
polarizer 4, which ensures the formation
of a laser beam with an arbitrary
azimuth and ellipticity of polarization.

For the processing of laser images of
biological samples, statistical and fractal
methods of analysis of the distributions
of the elements of the Mueller matrix of
optically anisotropic biological tissues were
used. Statistical moments of the 1st-4®
orders that characterize the distribution p_,
were calculated using the following ratios:

o 0
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where Q is the number of
pixels of the CCD camera.

The coordinates of the distribution of the

Results and discussion

The analysis of the optical properties
of polycrystalline protein networks,
which are formed by blood plasma
amino acids, as well as formed blood
elements, is based on the following model:

* blood plasma is considered as a two-
component isotropic-anisotropic structure;

* the optically anisotropic component
is a protein fraction consisting of

elements of the Mueller matrix of blood
samples were evaluated within the limits
of statistical and fractal approaches.

Fractal analysis of distributions was
carried out by determining logarithmic
dependencies logJ(p,)-log(d') of power
spectra, where d' - spatial frequencies
determined by the range of changes in
the size of the structural elements of the
polycrystalline network. The calculated
logarithmicdependenceswereapproximated
by the method of least squares, the
fractal dimension was determined by the
formula D = 3 - tg n, where 1n - angle
of inclination of linear part of graph.

The classification of coordinate
distributions p,(x,y) was carried out in
accordance with the following criteria:

°p.(x,y) — fractal or self-similar
provided n=const within 2-3 decades
of changes in geometric dimensions d;

°p. (Y — multifractal, provided
that there are  several constant
angles of  inclination N.-..,.=CONSL,

*p. (x,y) — statistical or random provided
n#const for the entire change interval of d.

optically uniaxial birefringent crystals of
the amino acids albumin and globulin;

* the ©polarization properties of
such biological crystals are
characterized by the Mueller matrix;

s elementsofthe Muellermatrix p, planar
network layer (N) of crystalline aminoacids
and formed elements are determined by the
superposition of partial matrix operators.

Statistical and fractal analysis of Mueller matrix images of biological crystal networks.

Fig.2 shows histological images
of umbilical cord blood of a newborn
and  capillary maternal blood in
normal and pathological conditions.

Fig.3 and Fig.4 shows polarization
images of crystallite samples of umbilical
cord blood of a newborn (a) and capillary

https:/ /science.bsmu.edu.ua/

maternal blood (b) with pathological changes
for co-axial (0 = 0°) and the cross (0 = 90°)
transmission planes of the analyzer and
polarizer. Corresponding polycrystalline
networks of blood are illustrated by a eries
of laser images obtained in coaxial (6 = 0°)
and transmission planes of the polarizer
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Fig. 2. Histological image of blood smears. Increased 60*: capillary blood of the mother and umbilical cord
blood of the newborn in normal conditions and in case of maternal pathology (according to ultrasound).

Fig. 3. Polarization images of crystallite samples of umbilical cord blood of a newborn (a) and capillary
blood of the mother (b) without pathological changes for co-axial (8 = 0°) and the cross (6 = 90°)
transmission planes of the analyzer and polarizer.

and the analyzer, the crossed ones (6 = 90°).

Comparative analysis of laser images
revealed a different coordinate structure of
these samples. For the optically anisotropic
component of the blood samples of
a healthy person, they are spatially
ordered in several directions. The blood
of newborns with pathological changes
in the mother’s blood contains globulin

https:/ /science.bsmu.edu.ua/

crystals that are more disordered in the
directions of the optical axes (Fig. 5 a, b).

The subject of statistical and fractal
analysis were two types of Mueller matrix
images p,(mx n) umbilical cord blood of the
newborn and capillary maternal blood in
the norm and pathology of the mother. The
first type is the coordinate distribution of
the diagonal elements of the Mueller matrix
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Fig. 4. Polarization images of crystallite samples of umbilical cord blood of a newborn (a) and capillary
maternal blood (b) with pathological changes for co-axes (0 = 0°) and the cross (0 = 90°) transmission
planes of the analyzer and polarizer.

P, (m x n), characterizing the degree of perpendicular directions p=45°-135°
transformation of the laser wave polarization (p,,(m x n)), in accordance. In this sense, we
azimuth by amino acid crystals whose willcallsuchmatrixelements«orientational».
optical axes are oriented in two mutually A comparative analysis of the two

Fig. 5. Coordinate distribution, power spectra and statistical moments of the Mueller matrix element p54

blood samples of a newborn without pathological changes (a) and with pathological changes (b).
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types of samples showed differences in
the statistical moments of the 3™ and 4%
orders, in particular, for the blood samples
of newborns without pathological changes,
the statistical moment of the 3™ order
(asymmetry) is 2.5 times greater than the
similar parameter for the blood samples of
newborns with pathological changes, the
4t parameter (kurtosis) is 2.5 times greater
for blood samples of newborns without
pathologycomparedtosimilarparametersfor
blood samples of newborns with pathology.

Fractal analysis showed the
transformation of the distribution of power

spectra from fractal (fractal dimension)
for coordinate distributions of the Mueller
matrices element p,, for blood samples
without pathology to multifractal (fractal
dimensions D =1.66, D,= 290 and
D,= 0.56) for samples blood with pathology.

The table shows the statistical
parameters of the coordinate distributions
of the orientation-phase elements of
the Mueller’ matrix p,, for the group of
blood samples of mothers of newborns
without  pathological changes and,
accordingly, with pathological changes.

Table

Statistical moments of the 1st-4th orders of orientational-phase elements p3, Mueller matrices of blood samples

of different physiological states

z, Norm (20 samples) Pathological changes (20 samples)

Zq 0.29+0.02 0.31£0.03

Zo 0.03+0.006 0.02+0.009

Z3 1.49+0.08 0.39+0.04

Z4 2.4440.11 6.15+0.23

The comparative analysis of the state and with pathological changes.
data presented in the table revealed the In particular, with  pathological

diagnostic sensitivity of the statistical
moments of the coordinate distributions
of the orientation-phase elements of
the Mueller matrix (p,,) of higher orders
(3¢ and 4%) to structural changes that
occur in blood samples of mothers of
newborns with a normal physiological

Conclusion

The diagnostic possibilities of statistical
and fractal analysis of the coordinate
distributions of the elements of the Mueller
matrix of blood samples of different
physiological states of newborns and
their mothers have been demonstrated.
In particular, when examining the blood
of newborns, fractal and statistical

changes, the statistical moments of the
third order (asymmetry) decrease by 3.5
times, and accordingly, the statistical
moment of the fourth order (kurtosis)
increases by 2.5 times. The spread of the
values of the statistical moments within
the two groups did not exceed 5-10%.

moments of the 3™ and 4% orders) of the
coordinate distributions of the orientational
elements of the Mueller matrix p,, are
diagnostically sensitive p,,. For maternal
blood samples, the statistical analysis of the
orientational-phase elements of the Mueller
matrix (increase in the statistical moments
of the 3™ and 4™ orders with pathological

analysis (transformation of fractality into changes) is diagnostically sensitive.
multifractality, reduction of statistical
https:/ /science.bsmu.edu.ua/
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