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Summary

In recent years, modern non-destructive and non-invasive methods of optical diagnostics of biological tissue and fluid
preparations have become widely and effectively used in various branches of medicine. Among the wide range of optical methods,
one of the most effective has been distinguished — laser polarimetric diagnostics of the polycrystalline structure of biological
layers.

The purpose and tasks of the research. To experimentally test and determine a set of markers for differential diagnosis of
the cause of death due to the formation of hemorrhages of traumatic and non-traumatic genesis in the substance of the human
brain by using the Muller matrix mapping method with algorithmic reproduction of linear birefringence of native histological
brain sections.

Research materials and methods. As a research material, native histological sections of human brain taken from the parietal
region of head from the deceased, whose cause of death was traumatic hemorrhage — group 11 (total number n=100), ischemic
cerebral infarction—group 111 (n=100), non-traumatic hemorrhage —group 1V (n=100), acute coronary insugficiency —group | —
control (n=40), were used. The extracted samples of human brain matter were frozen at a temperature of —70 °C and histological
sections were then made using a freezing microtome. Further, the obtained samples were studied using a Stokes polarimeter
using the method of azimuthal-invariant experimental measurement of coordinate distributions of the magnitude of the elements
of the Muller matrix of native histological sections of the brain from deceased.

Research results. In the process of increasing degeneration and necrosis, the level of macrostructural linear birefringence
decreases, as well as the transformation of the topographic hierarchy of the polycrystalline architectonics of the brain. As a result, the
corresponding random values and their fluctuations in the coordinate distributions of linear birefringence of the structural elements
of the polycrystalline architectonics of the experimental brain samples decrease. The topographic structure of algorithmically
reproduced maps becomes less homogeneous, small-scale and statistical due to degeneration and necrosis of neural networks. Based
on this, prognostic scenarios of changes in the set of digital statistical, correlation, fractal and wavelet markers that determine the
pathological transformation of linear birefringence of neural networks of native histological brain sections were substantiated.

Conclusions. The diagnostic power of the method of azimuthal-invariant Muller matrix microscopy of native histological
sections of the brain of deceased persons due to hemorrhages of traumatic and non-traumatic hegemony has been established
at an excellent level (up to 97.5%).

Key words: Traumatic Brain Injury; Forensic Medicine; Time of Hemorrhage Formation; Laser Polarimetry, Birefringence;
Histological Sections.

Introduction dynamics of pathological and necrotic changes in tissues

In recent years, modern non-destructive and non-
invasive methods of optical diagnostics of biological tissues
and fluid preparations have been widely and effectively
used in various branches of medicine [1,2]. Among a wide
range of optical methods, one of the most effective is laser
polarimetric diagnostics of the polycrystalline structure
of biological layers [3,4]. In particular, the possibility of
laser polarimetric high-precision and express differential
diagnostics of pathological and necrotic conditions has been
demonstrated [4-6]. The methodological generalization and
development of laser polarimetry have become the methods
and systems of multiparametric Muller matrix polarimetry,
which provide comprehensive and complete information
about the optically anisotropic component of biological
tissues and fluid preparations [2-11].

The most effective at present are applications of such
methods in complex tasks of forensic medicine, which are
related to determination of the cause and prescription of death,
traumatic injuries, etc. [8-11]. It should be noted that the entire
arsenal of methods and systems of Muller matrix polarimetry
is mainly aimed at determining the criteria and practical
application of such markers in differential diagnostics and
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and fluids of human organs over short periods of time. At the
same time, practically unresearched and currently relevant
are issues related to establishing criteria for diagnosing the
genesis of hemorrhages in the substance of the human brain.

The aim and tasks of the research: Experimental
testing and determination of a set of markers for the differ-
ential diagnosis of the cause of death due to the formation
of hemorrhages of traumatic and non-traumatic genesis in
the substance of the human brain by means of the Muller
matrix mapping method with algorithmic reproduction of
linear birefringence of native histological brain sections.

Materials and methods. As research material were
used native histological sections of human brain matter
from the parietal region of the deceased whose cause of
death was traumatic hemorrhage —group |1 (total number
n=100), ischemic cerebral infarction — group I11 (n=100),
non-traumatic hemorrhage — group IV (n=100), acute
coronary insufficiency — group | — control (n=40). The
samples of human brain material, taken during forensic
autopsies in the State Medical Establishment «Chernivtsi
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Regional Bureau of Forensic Medical Examination», were
frozen at—70 °C and then histological sections were made
using a freezing microtome.

In the laboratory of the Institute of Physical, Technical
and Computer Sciences named after Yuriy Fedkovych,
studies of the obtained samples were carried out with the
Stokes polarimeter using the method of azimuthal-invariant
experimental measurement of coordinate distributions of
the size of the elements of the Muller matrix of native
histological sections of the brains of deceased persons,
which consists of the following set of actions.

1. The brain sample is placed on the mechanical
stage of the laser Muller matrix polarimeter (the detailed
design and description of the parameters of its optical and
optoelectronic elements are given in numerous publications
[3-11] and are not given by us).

2. Using a multi-channel polarization filter, four
polarization states of the parallel beam of a He-Ne laser
with a wavelength of 0.6328 pum irradiating the brain
sample are sequentially formed:

e 1st channel —linearly polarized with azimuth 0°;

e 2nd channel —linearly polarized with azimuth 90°;

Stf°;90°:45°:® —

0.9n0. 0.
o Stg ;909,450
0.900.4c0.
Stg ;90,455 —
0.9n0. 0.
Stg ;90Y;45%;@ —
7. Coordinate distributions of the magnitude of partial
matrix elements, calculated within the set of all pixels
of the photosensitive area of a digital camera, form

R0%:90%:45%®

0

R0%:90%45%®

45

02;90%;459;
R ®
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e 3rd channel - linearly polarized with azimuth 45°;

e 4th channel -right (&) circularly polarized.

3. Amicrolens (magnification x4) projects an image of
the brain sample onto the plane of the photosensitive area
of the digital camera, which consists of 1120x960 pixels.

4. A multichannel polarizer-analyzer with six filters is
placed in front of the digital camera:

1st filter — linearly polarized with azimuth 0°;

2nd filter — linearly polarized with azimuth 90°;

3rd filter — linearly polarized with azimuth 45°;

4th filter — linearly polarized with azimuth 135°;

5th filter —right (&) circularly polarized,;

6th filter — left () circularly polarized.
. The microscopic image of the brain sample passed
through each partial polarization filter is discretized by
a set of coordinately distributed pixels of the digital camera
and enters the interface of the computing device as a two-
dimensional digital array.

6. On this basis, for each channel of polarization (0°%
90°% 45° ) irradiation with a parallel laser beam, the four
parameters (St,_, , . ,) of the Stokes vector St are calculated
according to the known relations [2-10]:
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Muller matrix images (MMI) of optically anisotropic
polycrystalline architectonics of brain samples of deceased

persons with different genesis of hemorrhage:

()
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8. The set of Muller matrix meanings (MMM) is the
basis for algorithmic reproduction of linear birefringence
(LB) maps of neural networks of the brain:

LB = 0,5arcsin ((m24 - m42)/(m34 _ m43))' 3)

The obtained distributions of random values of the
quantity LB are algorithmically processed within the
following analytical approaches:

Statistical approach in the MATLAB software product
calculates central statistical moments of the 1st—4th orders:

- m41.

mxn men
0, = \/mxnzmxn@BZ)J,
0 =
4)
Qi =

@)
average St_,, dispersion Q_,, asymmetry

m x n — number of pixels of the

where Qurnia
Q._, and kurtosis Q_,;
digital camera.

The autocorrelation approach provides a description
of the correlation homogeneity of coordinate distributions
of LB random variables. The main analytical tool of the
method is the calculation of two-dimensional and one-
dimensional autocorrelation functions (ACF) of LB
coordinate distributions in the MATLAB software product.

Each eigenvalue of the ACF characterizes the degree
of similarity of the distributions of random values of the
quantity LB. Quantitatively, this similarity is characterized
by the kurtosis K, (the degree of «sharpness» of the ACF
peak) and the correlation square SK, which is determined
by integration under the calculated correlation function.

Fractal approach. The essence of fractal analysis,
which was performed in the MATLAB software product,
is to calculate the logarithmic dependences of the power
spectral density (PSD) of LB distributions. The fractality
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of LB distributions is assessed by the presence and
geometric length of linear sections of the slope of the
logarithmic dependences of the power spectral density
PSD. As an additional quantitative parameter, we chose the
«sharpness» of the peak or kurtosis of the power spectral
density PSD, which characterizes the distribution by the
sizes of the structural elements of LB.

Wavelet approach. Wavelet analysis is generally an
analogue of a mathematical microscope for LB distributions
of brain preparations of deceased people. In the calculations
of the wavelet transformation, the MATLAB program
and the «Mexican hat» wavelet function — MHAT with
a variable half-width or scale a were used. Such a function is
analytically moved (linear movement coordinate b) along the
LB distributions. At each point (b) the degree of correlation
consistency between LB and the half-width (a) of the
wavelet function is determined.

Research Results.

Four groups of representative samples of native
histological brain sections of deceased persons were
studied on the basis of the following theoretical provisions
of multifunctional Mller matrix polarimetry of biological
tissue preparations of human organs [2-9]

1. A native histological brain section is a two-component
structure consisting of an amorphous (optically isotropic)
and an optically anisotropic polycrystalline component.

2. The amorphous component of the brain specimen
attenuates the laser radiation due to different absorption

coordinates —resulting in a coordinate intensity distribution
or a classical microscopic image, which is the subject of
traditional histological studies.

3. The polycrystalline architecture of the nervous tissue
of the brain is formed by spatially structured networks of
neurons and has predominantly linear birefringence.

4. The consequences of traumatization of nervous tissue
are manifested in edema and infiltration of neurons. As
a result, signs of their degeneration and necrosis increase,
which is manifested by a decrease in the level of structural
linear birefringence, as well as a transformation of the
topographic hierarchy of the polycrystalline architecture
of the brain.

5. The most informative method for experimental
detection of optically anisotropic architectonics of
brain slices is Muller matrix mapping with algorithmic
reproduction of linear birefringence maps.

The fragments of Fig. 1 (control group 1), Fig. 3 (group
2), Fig. 5 (group 3) and Fig. 7 (group 4) show a series of
algorithmically reproduced coordinate (1) distributions of
random values of linear birefringence magnitude and three-
dimensional (2) reconstructions of structural anisotropy
maps of neuronal networks of experimental samples of
native histologic brain The set of Fig. 2 (group 1), Fig. 4
(group 2), Fig. 6 (group 3) and Fig. 8 (group 4) illustrate
the results of wavelet (coordinate (1), linear dependences of
amplitudes of wavelet coefficients (3)) and fractal (power
spectral density PSD (2), logarithmic dependence PSD (4))
algorithmic transformation of LB maps.

Fig. 1. 2D (fragment (1)) and 3D (fragment (2)) maps of LB neural networks of native histological
sections of the deceased brain from control group 1..

Fig. 2. Coordinate (fragment (1)), linear (fragment (2)), autocorrelation (fragment (3)) and fractal
(fragment (4)) characteristics of the wavelet transform of the LB map of a native histological section
of the brain of a deceased person from the control group 1.
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Fig. 3. 2D (fragment (1)) and 3D (fragment (2)) maps of LB neural networks of native histological
sections of the deceased brain from group 2.

Fig. 4. Coordinate (fragment (1)), linear (fragment (2)), autocorrelation (fragment (3)) and fractal
(fragment (4)) characteristics of the wavelet transform of the LB map of a native histological section
of the brain of a deceased person from the group 2.

Fig. 5. 2D (fragment (1)) and 3D (fragment (2)) maps of LB neural networks of native histological
sections of the deceased brain from group 3.

Fig. 6. Coordinate (fragment (1)), linear (fragment (2)), autocorrelation (fragment (3)) and fractal
(fragment (4)) characteristics of the wavelet transform of the LB map of a native histological section
of the brain of a deceased person from the group 3.
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Fig. 7. 2D (fragment (1)) and 3D (fragment (2)) maps of LB neural networks of native histological
sections of the deceased brain from group 4.

Fig. 8. Coordinate (fragment (1)), linear (fragment (2)), autocorrelation (fragment (3)) and fractal
(fragment (4)) characteristics of the wavelet transform of the LB map of a native histological section
of the brain of a deceased person from the group 4.

1. For all four groups of brain samples, common pat-
terns were found by comparative analysis of coordinate dis-
tributions of the value of the structural anisotropy param-
eter and data from statistical processing of scale-selective
(wavelet), correlation and scale-self-similar (fractal) trans-
formations of polarization-reproduced linear birefringence
maps of spatially structured neuronal networks.

2. LB maps of experimental brain samples are coordi-
nate inhomogeneous with random local values of linear bi-
refringence. Quantitatively, this is manifested by different
half-widths and peaks of the autocorrelation functions of the
amplitude distributions of the wavelet transform coefficients of
the ensemble of values of the structural anisotropy parameter.

3. LB maps are formed by large-scale ensembles of local
areas (optically anisotropic domains). Quantitatively, this is
manifested in different amplitude and period of modulation of
wavelet coefficients at different scales of structural optically
anisotropic domains of spatially structured neural networks.

4. Fractal analysis of the amplitude distributions of the
wavelet transform coefficients of the topographic structure of
LB maps revealed the individual number and geometric length
of linear sections of the logarithmic dependences of the power
spectral density of the distributions of the structural anisotropy
parameter within all representative samples of brain samples
for different groups of deceased persons.

5. The following pathological transformations of the
statistical and topographic structure of the LB maps were
observed in different study groups, depending on the cause
of death
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1) adecrease in the average level and depth of fluctuations
of random values of the linear birefringence value, - Fig. 1,
Fig. 3, Fig. 5 and Fig. 7 (fragments (1), (2)); 2) an increase
in the modulation period of the amplitudes of the wavelet
coefficients of the algorithmic scale-selective transformation
of the coordinate distributions of the linear birefringence
value, — Fig. 2, Fig. 4, Fig. 6 and Fig. 8 (fragments (1),
(2)); 3) an increase in the sharpness of the peak of the
autocorrelation functions of the distribution of the amplitudes
of the wavelet coefficients of the algorithmic transformation
of the ensemble of random values of the structural anisotropy
value, —Fig. 2, Fig. 4, Fig. 6 and Fig. 8 (fragments (3));

Experimentally revealed patterns can be associated
with the proposed model concepts of necrotic changes in
the architectonics of brain samples of deceased individuals
from experimental groups 2-4.

In the process of increasing degeneration and necrosis,
the level of macrostructural linear birefringence decreases,
as well as the transformation of the topographic hierarchy of
the polycrystalline architectonics of the brain. As a result,
the corresponding random values and their fluctuations in
the coordinate distributions of LB structural elements of
the polycrystalline architectonics of experimental brain
samples decrease.

The topographic structure of algorithmically reproduced
LB maps becomes less homogeneous, small-scale and
statistical due to degeneration and necrosis of neuronal
networks. Based on this, the following prognostic scenarios
of changes in the set of digital statistical, correlation,

KEY TITLE: NEONATOLOGIA, HIRURGIA TA PERINATAL'NA MEDICINA (ONLINE)
ABBREVIATED KEY TITLE: NEONATOL. HiR. PERINAT. MED. (ONLINE)



PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-OOCIIAHUX POBIT

fractal and wavelet markers that determine the pathological
transformation of linear birefringence of neuronal networks
of native histological brain sections were substantiated:

1) Central statistical moments of the 1st and 2nd order
(Q1 mean and Q2 dispersion) — there is a continuous de-
crease in the average level of linear birefringence due to
infiltration and necrotic destruction of neural networks.

2) The central statistical moments of the 3rd and 4th
order (asymmetry Q3 and kurtosis Q4) are a sequential in-
crease in quantities that are inversely proportional to the
Q1 and Q2 orders.

3) The kurtosis K4 of the autocorrelation functions of
the distributions of the amplitudes of the wavelet coefficients
increases sequentially, and the corresponding correlation

area SK, on the contrary, decreases due to the formation of
coordinately inhomogeneous distributions of the parameters
of the scale-selective wavelet transform of the LB maps of
the necrotically changed neuronal networks of the brain.

4) The asymmetry W3 and kurtosis W4 of the distribu-
tions of the amplitudes of the wavelet coefficients increase
sequentially due to the increase of the modulation period
of the eigenvalues associated with the coordinate inhomo-
geneity of the linear birefringence maps of the necrotically
changed brain architectonics.

Table 1 presents the results of statistical analysis
of the results of the azimuthal-invariant Muller matrix
polarization reconstruction method of structural anisotropy
maps of neural networks of the brain.

Table 1

Statistical markers characterizing linear birefringence maps of neural networks of native histological sections
of the brain of deceased

Sample Native histological brain sections

Qi34 Group 1 Group 2 Group 3 Group 4

Q,x10°% 1,26+0,065 1,13+0,058 1,09+0,054 1,03+0,047
P p,<0,05; p,.,<0,05; p,,<0,05; p,,<0,05

Q,x10° 0,34%0,014 | 0,29+0,013 | 0,22+0,012 | 0,16+0,011
P p,<0,001; p,,<0,05; p,,,<0,05; p,,<0,05
Q, 0,25%0,014 | 0,34+0,019 | 0,53+0,025 | 0,68+0,035
Py p,<0,001; p,,<0,001; p,,<0,001; p,,<0,001
Q, 0,390,022 | 0,51+0,027 | 0,650,034 | 0,76+0,039
P, p,<0,001; p2;3<0,001; p2;4<0,001; p3;4<0,001

Digital statistical markers that are most sensitive to
necrotic transformation of optically anisotropic brain
architecture have been established: asymmetry Q3 of the
distribution of random values of the linear birefringence
value of neuronal networks of the brain with a diagnostic
range of statistically significant change (<0.001) —predicted
growth from 0.25 to 0.68; kurtosis Q4 (peak sharpness) of
the histogram of the distribution of random values of the

parameter of structural anisotropy with a diagnostic range
of statistically significant change (<0.001) — predicted
growth from 0.39 to 0.76.

On this basis, applying the principles of evidence-based
medicine and using statistical markers Q3; Q4, levels of
balanced accuracy of the diagnostic power of the method
of polarization tomography of linear birefringence were
established (see Table 2).

Table 2

Balanced accuracy of statistical markers of differential diagnosis of the genesis of cerebral hemorrhage using
the method of Muller matrix microscopy of linear birefringence of neural networks of histological sections of the
brain of deceased persons

Sample Native histological brain sections
Group «1-2+4»
Q14 Se, % Sp, % Ac, %
asymmetry, Q, a=96;b=4; c=94;d=6; 95
kurtosis, Q, a=97,b=3; c=94,d=6; 95,5
Group «2-4»
Q1234 Se, % Sp, % Ac, %
asymmetry, Q, a=95b=5; c=93,d=7,
kurtosis, Q, a=96;b=4; c=94;d=6;
Group «2-3»
Q14 Se, % Sp, % Ac, %
asymmetry, Q, a=94;b=6; c=92;:d=8;
kurtosis, Q, a=95b=5; c=92;d=8;
Group «3-4»
Q1234 Se, % Sp, % Ac, %
asymmetry, Q, a=94;b=6; ¢ =90;d=10;
kurtosis, Q, a=94;b=¢6; c=91;d=09;
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Where b is the number of false negatives, d is the
number of false positives.

The following diagnostic efficiency of statistical
differentiation of linear birefringence maps of brain
samples with different genesis of hemorrhage has been
demonstrated:

Diagnostics («control group 1 — experimental
groups 2, 3, 4») —excellent level of balanced accuracy
Ac = 97% — 98%.

Differentiation (group 2 —group 4) —excellent level of
balanced accuracy Ac = 95% — 98% .

Differentiation (group 2—group 3) —very good level of
balanced accuracy Ac = 93% — 94% .

Differentiation (group 3 —group 4) —good level of
balanced accuracy Ac = 89% — 92%

Table 3. presents the results of determining additional
digital markers for differential diagnostics of the genesis
of hemorrhage by statistical, correlation and fractal
processing of linear distributions of amplitudes of wavelet
transform coefficients of linear birefringence maps of
neural networks of native histological sections of the brains
of deceased individuals.

Table 3

Correlation and fractal markers characterizing wavelet transform of linear birefringence maps of neural networks
of native histological sections of deceased brains

Sample Native histological brain sections
Groups Group 1 | Group 2 | Group 3 | Group 4
Parameters Wavelet
asymmetry, W, 0,081+0,004 | 0,12+0,007 | 0,21+0,012 |  0,33%0,017
P p1<0,001; p2;3<0,001; p2;4<0,05; p3;4<0,001
kurtosis, W, 0,91+0,045 | 1,34+0,076 | 1,96+0,11 | 2,79+0,15
P, p,<0,001; p2;3<0,001; p2;4<0,05; p3;4<0,001
Parameters Autocorrelation
kurtosis, K, 1,11+0,053 | 0,92+0,054 | 0,74+0,039 | 0,41%0,021
P p,<0,001; p,,<0,001; p,,,<0,05; p,,<0,001
Square, SK 0,191x0,001 | 0,222+0,011 | 0,246+0,001 | 0,281+0,0011
P p,<0,001; p,,<0,001; p,,<0,05; p,,<0,001

Analysis of the results of the algorithmic diagnostic
correlation and fractal processing of the distributions of
the amplitudes of the wavelet transform coefficients of the
LB maps revealed the following digital diagnostic markers:
correlation kurtosis K4, the value of which characterizes
the sharpness of the peak of the autocorrelation functions
of the distributions of the amplitudes of the wavelet
transform coefficients of the structural anisotropy maps of
neuronal networks of native histological brain sections of
deceased persons with a diagnostic range of statistically
significant change (<0.001) — predicted decrease from
1.11 to 0.41; correlation square SK of the autocorrelation
function of the linear distribution of the amplitudes of the
wavelet coefficients with a diagnostic range of statistically
significant change (<0.001) — predicted increase from 0.191
to 0.281;

Asymmetry of distributions of wavelet amplitude
values of linear birefringence map coefficients of neural
networks of experimental brain samples of deceased
persons W3 with diagnostic range of statistically significant
change (<0.001) — predicted increase from 0.081 to 0.33;
kurtosis W4 of distributions of wavelet amplitude values
of LB map coefficients of neural networks with diagnostic
range of statistically significant change (<0.001) — predicted
increase from 0.91 to 2.79.

Table 4 shows the results of determining the operational
characteristics (sensitivity, specificity and balanced
accuracy) of the diagnostic power of the method of
azimuthal-invariant mapping of LB maps of native
histological brain sections of deceased persons using the
identified digital statistical and correlation markers of
wavelet parameters.

Table 4

Balanced accuracy of correlation and fractal markers for differential diagnosis of hemorrhage genesis
by polarization reconstruction of LB neural network maps of native histological brain sections of deceased

individuals
Sample Native histological brain sections
Groups «1-2+4»
Q14 Se, % Sp, % Ac, %
asymmetry, W, a=98;b=2; c=96;d=4 97
kurtosis, W, a=98;b=2; c=97;d=3; 97,5
kurtosis, K, a=99;b=1; c=95,d=5; 97
Square ACF, SK a=98;b=2; c=96;d=4; 95
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Continuation of the table 4

Sample Native histological brain sections
Groups «2-4»

Qi:1;2;3:4 Se’ % Sp' % AC' %
asymmetry, W, a=98;b=2; c=95;d=5; 96,5
kurtosis, W, a=98;b=2; c=96;d=4 97

kurtosis, K, a=98;b=2; c=95;d=5; 96,5
Square ACF, SK a=97;b=3; c=94;d=6; 95,5
Groups «2-3»
Q1234 Se, % Sp, % Ac, %
asymmetry, W, a=97;b=3; c=095;d=5; 96
kurtosis, W, a=98;b=2; c=95;d=5; 96,5
kurtosis, K, a=97;b=3; c=94;d=6; 95,5
Square ACF, SK a=96;b=4 c=92;d=8; 94
Groups «3-4»
Q1234 Se, % Sp, % Ac, %
asymmetry, W, a=96;b=4; c=94;d=6; 95
kurtosis, W, a=97,b=3; c=95d=5; 96
kurtosis, K, a=96;b=4, c=95d=5; 95,5
Square ACF, SK a=95b=5; c=92;d=8; 93,5

The following levels of diagnostic differentiation
accuracy were determined for:

Correlation markers K,; SK wavelet transform of
polarization reconstructed LB maps:

Diagnostics («control group 1 — experimental
groups 2, 3, 4») —excellent level of balanced accuracy
Ac =95%-97% .

Differentiation (group 2 —group 4) —excellent level of
balanced accuracy Ac = 95,5% — 96,5%.

Differentiation (group 2 — group 3)-very good (SK)
Ac = 93,5% and excellent level (K,) Ac = 95,5% of
balanced accuracy.

Differentiation (group 3 — group 4)—very good (SK)
Ac = 93,5% and excellent level (K,) Ac = 95,5% of
balanced accuracy.

2. Statistical markers of the amplitude distributions of
wavelet transform coefficients W,, W, :

Diagnostics («control group 1 —experimental groups
2, 3, 4») —excellent level Ac = 97% — 97,5% of balanced
accuracy.

Differentiation (group 2 —group 4)—excellent level of
balanced accuracy Ac = 96,5% — 97%.

Differentiation (group 2 — group 3) —excellent level
Ac = 96% — 96,5% of balanced accuracy.

Differentiation (group 3 —group 4)- very good (W,)
Ac = 95% and excellent level (W,) Ac = 96% of balanced
accuracy.

Conclusions

1. The method of azimuthally invariant Muller matrix
microscopy with algorithmic reproduction of linear
birefringence maps of polycrystalline architectonics of
neuronal networks of experimental samples of native
histological sections of brains of deceased persons with
traumatic and non-traumatic cerebral hemorrhage has been
experimentally tested.

2. Within the framework of a comprehensive statistical
analysis of the correlation and wavelet transformation
of coordinate distributions of random values of the
magnitude of linear birefringence, a set of digital markers
(central statistical moments of the 3rd and 4th orders
of the distributions of the anisotropy parameter and the
amplitudes of the wavelet transform coefficients, as
well as kurtosis and correlation area of autocorrelation
functions of such distributions) for differential diagnostics
of necrotic changes in structural anisotropy of native
histological sections of brains of deceased persons were
determined, and the values of balanced accuracy of
differential diagnostics of traumatic and non-traumatic
genesis of hemorrhages were established.

3. The diagnostic power of the method of azimuthal-
invariant Muller matrix microscopy with algorithmic
reproduction of linear birefringence maps of neuronal networks
of native histological sections of the brain of deceased
persons due to traumatic and non-traumatic hemorrhages was
established at an excellent level (up to 97,5%).

Prospects for further research. In order to
increase the sensitivity and accuracy of differential
diagnostics of the genesis of cerebral hemorrhage, the
possibilities of testing the above-mentioned method
of Muller matrix mapping of native histological brain
sections with algorithmic reproduction of maps of another
mechanism of optical anisotropy — circular birefringence,
associated with the optical activity of individual molecular
complexes, are being investigated.
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MOJISIPU3AIIMHE BIITBOPEHHS MAII CTPYKTYPHOI AHI3OTPOIIIi TPEMMAPATIB FTOJIOBHOI'O
MO3KY JUISI JU®EPEHIIAJIBHOI JIATHOCTUKA KPOBOBUJHUBIB TPABMATUUYHOTO TA
HETPABMATUYHOTO ITEHE3Y

M. C. I'apazowxt, O. I'. Yuenko?, O. B. /[y6onazoe?

BykoBUHCHKMI lep:kaBHUI MeIMYHUIT yHiBepcUTET!,
YepuiBeubkuii HanioHaabHuii yuiBepcutet imeni FOpis ®enproBnya’
(YepHiBui, Ykpaina)

Pesrome.

3a OCTaHHI pOKH y PI3HOMAHITHHX Tally3siX MEIULUHH MIHPOKOTO Ta €(PEKTUBHOTO PO3MOBCIOKEHHS HAOyIIN cydacHi HepyHHIBHI
Ta HEIHBAa3WBHI METOJM ONTHYHOI A1arHOCTUKY ITpernapariB 0i0M0TIYHUX TKaHUH 1 piguH. Cepel MUPOKOTO CIIEKTPY ONTHYHUX METO/IIB
BHOKPEMUBCS OJIMH 3 HAOUTBII €)eKTHBHUX — JIa3epHA MOIIPUMETPUYHA TIarHOCTHKA MOTIKPHCTAIYHOT CTPYKTYpH O10JIOTIYHHX MIapiB.

Merta i 3aBIaHHA JOCJTiIKEHHs . EKCTIEPIMEHTAIIFHO anpoOyBaTH 1 BU3HAYUTH CYKYITHICTh MapKepiB AudepeHIiaabHol JiarHo-
CTHKH TIPUYHMHH CMEPTi BHACIIIOK YTBOPEHHS KPOBOBHJIMBIB TPABMATHYHOTO Ta HETPABMAaTHYHOTO I€HE3Y B PEUYOBHHY TOJIOBHOTO
MO3KY JIFOAMHH LUISIXOM BUKOPUCTaHHS MeToy MIojiep-MaTpiu4HOro KaprorpadyBaHHs 3 alrOPUTMIYHIM BiJTBOPEHHSM JiHIFHOTO
JIBOITPOMEHE3AIOMIICHHSI HATUBHHX TiCTOJIOTTYHHX 3Pi3iB MO3KY.

Marepiajiu Ta MeTOIH AOCTIIzKeHHS. Y SIKOCTI IOCTITHOTO MaTepialy BHKOPUCTOBYBAIMCS HATHBHI TiCTONOTIYHI 3pi3H PEUOBUHH
TOJIOBHOTO MO3KY JIFOJIMHH 3 TiM’SIHOT JIUISTHKH BiJ] TOMEPITHX, TIPUYHHOIO CMEPTI SKHX OYJIM KPOBOBHIIBH TPaBMAaTHYHOTO reHesy — II rpyma
(3arampha kinbkicts N=100), iHdapkT Mo3Ky imemiunoro rere3y — III rpyma (n=100), kpoBOBHIHMB HeTpaBMaTHYHOTO rene3y — |V rpyma
(n=100), roctpa kopoHapHa HemocTarHicTh — I rpyra — kouTpoib (N=40). Buiyteri 3pa3ku pedoBHHH TOJIOBHOTO MO3KY JIFOJNHHU 3aMOPO-
KyBaiu ipu Temrneparypi—/0 °C Ta Hagasi BUTOTOBIIUTHCS TiCTONOTTYHI 3pi3H 3a JTOMOMOTOI0 3aMOPOXKYIOY0ro Mikpotoma. Hanasi Gymu
MIPOBEJICHI AOCTIKEHHS OTPUMaHHX 3pa3KiB 32 JOMOMOT00 CTOKC-TIONIIPIMETPa METOIOM a3UMYTaIbHO-IHBapiaHTHOTO €KCIIEPHMEHTAITh-
HOTO BUMipIOBaHHS KOOPIMHATHHUX PO3MO/ILIIB BEIMYMHH €JIEMEHTIB MaTpuIli Moiiepa HATUBHUX T1CTONOTTYHUX 3pi3iB MO3KY ITOMEPIIHX.

Pe3yabTaTn gociaimkenHs. Y mpoieci HApOCTaHHS JIeTeHepallii Ta HEeKpo3y 3HWKYETHCS PiBEHb MAKPOCTPYKTYPHOTO JIiHIITHOTO
JIBOTIPOMEHE3ATOMIICHHS, a TaKOXK TpaHcopMmallii TormorpadiqHoi iepapXii MoMiKpUCTAIIYHOT apXiTEeKTOHIKH MO3KY. Y pe3ynbrari
3MEHIIYIOTHCS BiATIOBITHI BUITAIKOBI 3HAYCHHS 1 X (IIyKTyallil y KOOpAWHATHAX PO3IOALTIAX JiHIIHOTO JBOTIPOMEHE3IOMIICHHS CTPYK-
TYPHHX €JIEMEHTIB MOJTIKPUCTATIYHOT apXiTEKTOHIKU TOCTIIHUX 3pa3kiB MO3Ky. Tomorpadidaa cTpyKTypa alropuTMIdHO BiITBOPEHUX
Marl cTa€ MEHII OHOPIAHO0, TpiOHOMACIITA0OHOIO Ta CTATHCTUYHOIO 32 PaXyHOK JeTeHepallii Ta HeKpo3y HEHpOHHUX CiTOK. Buxo-
JIST9U 3 TIHOTO OyII0 0OTPYHTOBAHO MPOTHOCTUYHI CIIEHApii 3MIHM CYKYITHOCTI IU(POBUX CTATUCTHYHMX, KOPEIALIHHUX, (hpaKTaTEHIX
1 BeHBJIET MapKepiB, SKi BU3HAYAIOTH MATOJIOTIYHY TPAHC(HOPMAIIIIO JIHIHHOTO JBOMPOMEHE3ATIOMIICHHS HEHPOHHUX MEPEX HAaTHBHUX
TICTOJIOTIYHHX 3Pi3iB MO3KY.

BucHOBKH. YCTaHOBIICHO JIIaTHOCTHYHY CHITy METO/Y a3MMyTallbHO-IHBapiaHTHOT MIOJUIep-MaTpUyHOi MiKpOCKOMii HATHBHUX TiCTO-
JIOTIYHMX 3pi3iB MO3KY MOMEPIIMX BHACIIIOK KPOBOBUIIMBIB TPABMATHYHOTO TA HETPABMATHYHOTO Tere3y Ha BiqMiHHOMY piBHi (10 97,5%).

Kuaro4oBi cj1ioBa: uepenno-mMo3koBa TpaBMa; Cy10Ba MEIHMIMHA; Yac YTBOPEHHS KPOBOBUJIMBY; JIa3epHa TOAPUMETPIs, BO-
MTPOMEHE3AIOMIICHHSI; TICTOOTIYHI 3Pi3H.
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