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Abstract:

Introduction: The article presents the current state of issues regarding the diagnosis of pathological conditions for forensic
medical experts, in particular the study of normal muscle tissue and in the presence of hemorrhages. Particular attention is paid
to biophysical research methods with evidence-based accuracy, objectivity, reproducibility, and rapid results.

Objectives: The purpose of the research was to study the possibilities of using spectrophotopolyarimetric methods to analyze
and determine the relationship of morphological structure of biological tissues with the temporal dynamics of changes in their
optical parameters, to establish the possibility of differentiating necrotic changes and signs of damage by applying Mueller
matrices of human muscle tissue samples.

Results: During the study, we found a number of features and patterns of change in the properties of the laser beam as a result
of passing through biological tissue. Polarization-correlation methods provide new, objective information about the dynamics
of change in laser polarimetric imaging of morphological structure of biological tissues. By analyzing the statistical
distributions of the ellipticity of polarization of laser images of normal human muscle tissue and in the presence of hemorrhages,
the possibility of identifying the relationship between the development of statistically significant changes with increasing time
of death and the possibility of differentiating them are considered.

Conclusion: Based on these results, we can conclude that employing laser polarization methods will allow us to open new doors
in the study of the biological tissues of the human body. The results showed the effectiveness of the studied methodology and
the prospect of further research in this direction.
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Introduction

To date, in studying the morphological features of biological tissues of the human body, researchers are
faced with a number of issues, particularly in forensic medicine, that cannot be solved without
developing new approaches to the diagnosis of pathological conditions. Recent advances in science,
technology, and new diagnostic methods in medicine allow us to find new approaches to solving urgent
practical problems. (Carew et al., 2019; Aalders, et al., 2017)

Modern digital techniques for evaluating biological tissues, such as laser polarization techniques, have
proven themselves well. (Bachinskyi et al., 2020; Garazdyuk et al., 2016; Protsiuk et al., 2020)
According to this methodology, the whole spectrum of biological tissues can be represented as a set of
fibrillar protein structures that form their own unique structural and functional organization. An
important feature of these proteins is their strict order, which gives them the properties of liquid crystals.
Given these facts, biological tissues can be investigated using laser polarimetry methods. (Li, et al.,
2017; Ushenko, et al., 2019). These methods provide the most complete information on the
polycrystalline structure of biological tissues and fluids of the human body and allow to study of the
dynamics of changes in different pathological conditions. (Ushenko, et al., 2017; Wang, et al., 2016). A
distinctive feature of biophysical research methods is the high sensitivity and the ability to accurately,
objectively record the results.

Purpose

The purpose of the research was to study the possibilities of using spectrophotopolyarimetric methods
to analyze and determine the relationship of the morphological structure of biological tissues with the
temporal dynamics of changes in their optical parameters, to establish the possibility of differentiating
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necrotic changes and signs of damage by applying Mueller matrices of human muscle tissue (MT)
samples.

Materials and Methods

The study was based on a two-component model for describing biological tissue structure: isotropic and
anisotropic or crystalline. (Ushenko et al., 2016). The state of polarization of light changes when
radiation passes through a sample of biological tissue and when reflected from its surface. The
application of laser polarimetry methods in forensic medicine is based on the analysis of these
parameters. These techniques provide an analysis of a wide range of parameters, which allows to obtain
important information about biological tissues' morphological structure and properties. (Ushenko et al.,
2015; Vanchulyak et al., 2019).

The object of the study was histological sections of human skeletal MT fibers with hemorrhages in these
areas and without them (control group), selected from 96 corpses of both sexes. Native histological
sections up to 60 mkm thick were obtained from the extracted samples of human MT using a freezing
microtome. The studies were carried out using the standard scheme of the spectropolarimeter (Figure 1).

Figure 1: Structural-logical scheme of the method of azimuthal-invariant mapping of the degree of
crystallization of biological layers
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Experimental scheme of the spectropolarimeter: 1- He-Ne laser; 2 - He - Cd laser; 3- beamsplitter;
4,5 — mechanical diaphragm; 6 — collimator; 7, 15 — A1/4 plate; 8, 13 — polarizer; 9, 17, 18 —\2/4
plate ; 10 — BT; 11 — microlens; 12 - X1/4 plate; 14 - CCD- camera (800x600 pixels); 16 —
computer.

Source: Authors

Human muscle tissue samples were illuminated with parallel beams He-Ne laser (/= 0.633 mm, W =
10.0 mBt) and He-Cd laser (12 = 0.414 mm, W = 10.0 mBt). The laser beams were sequentially directed
to the beam splitter, which made the orientation in the direction of the collimator, which formed a
parallel beam of rays (& = 102 mm). The optical path was blocked with mechanical diaphragms in order
to achieve alternate illumination with lazars. Polarizing illuminator (for each wavelength consisted of
plates A1/4, A2/4, and a polarizer) formed linearly polarized laser beams. Polarized images of human MT
samples using microlens were projected into the light-sensitive plane of a CCD camera. The
methodology of this research method is detailed in the works of Ushenko A.G. et al.

Statistical moments of 1-4 orders of magnitude were used as the main analytical tool for assessing the
distribution of random variables that characterize the images and structure of human MT. Calculations
were carried out using the following algorithm (Ushenko, et al., 2017; Wang, et al., 2016):
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Results

In control and experimental groups, the polarization structure of laser images at different time intervals
after death was studied. A series of polarized laser images of histological sections of MT from the control
and experimental groups indicates the presence of a structured grid of optically anisotropic myosin
fibrils (Figure 2, 3).

Figure 2: Three-dimensional reconstruction of the intensity distribution of the laser image of

sections of muscle tissue (control group): a) - 6 hours; b) - 24 hours; ¢) - 48 hours

Source: Authors

Thus, the application of the method of polarization filtering of laser images of human MT opens the
possibility of direct study of the structure of their extracellular matrices. The information obtained can
objectively assess the processes of temporal dynamics of structural changes in human tissues and
identify various pathological conditions. The comparative analysis shows that the value of the extremes
of local values of intensity in the area of hemorrhage is much lower than the value in the image of intact
areas. This feature can be explained by the more intense absorption of radiation in the area of
hemorrhage. Thus, the intensity of the image in such places is less than in areas without hemorrhage.

In order to quantify the identified differences in the statistical and coordinate structure of the
distributions of the degree of depolarization, the statistical moments of the 1st - 4th orders were
calculated. Table 1 shows the statistical parameters of the distributions of the values of depolarization
of laser images of MT, in the presence of hemorrhages and without them, according to the period after
death.

Figure 3: Three-dimensional reconstruction of the intensity distribution of the laser image of
sections of muscle tissue with hemorrhages: a) - 6 hours; b) - 24 hours; c) - 48 hours
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The obtained data indicate a high level of sensitivity of this research method to the detection of specific
postmortem changes in the protein structure of MT, which is manifested in the change in the anisotropy
of the polarization structure of MT images. The probabilities of random values of statistical moments of
the 1-2nd order with increasing observation time after death have a pronounced tendency to
redistribution to the minimum values, while the values of asymmetry and excess increase (Table 1).

Table 1: Central statistical moments of the 1st - 4th orders characterize the coordinate distributions
of the values of polarization parameters of the MT images from the control and experimental
groups.
Histological sections of the MT (control group) (n=45)
statistical
1 hour 12 hours 24 hours 36 hours 48 hours
moments
7 2.261+ 2.185+ 1.824 + 1.671+ 1.281 +
0.037 0.032 0.027 0.021 0.012
p1 (p <0.05) (p <0.05) (p <0.05) (p <0.05) (p <0.05)
Z, 0.836+ 0.723 £ 0.687 + 0.562 + 0.483 +
0.0321 0.032 0.020 0.029 0.023
p2 (p <0.05) (p <0.05) (p <0.05) (p <0.05) (p <0.05)
Z 1.140+ 1.614+ 1.804 + 2.350+ 2.980 +
0.027 0.022 0.021 0.01 0.020
ps (p <0.05) (p <0.05) (p <0.05) (p <0.05) (p <0.05)
7 1.245+ 1.764+ 1.985+ 2.249+ 2.989 +
4 0.027 0.033 0.041 0.042 0.040
P4 (p <0.05) (p <0.05) (p <0.05) (p <0.05) (p <0.05)
Histological sections of the MT with hemorrhage (h=51)
7 1.084 + 1324 + 1.534 + 1.860+ 1.981 +
! 0.031 0.028 0.027 0.021 0.0 20
p1 (p <0.05) (p <0.05) (p <0.05) (p <0.05) (p <0.05)
Z, 0.713+ 0.623 + 0.567 + 0.388 + 0.272 +
0.0141 0.012 0.011 0.009 0.013
p2 (p <0.05) (p <0.05) (p <0.05) (p <0.05) (p <0.05)
7 1.081 + 1.360+ 1.604 + 1.981+ 2.021 £
3 0.027 0.023 0.022 0.015 0.011
ps (p <0.05) (p <0.05) (p <0.05) (p <0.05) (p <0.05)
. 1.205+ 1.384+ 1.584 + 1.873+ 2.328 +
0.037 0.034 0.032 0.022 0.025
pa (p <0.05) (p <0.05) (p <0.05) (p <0.05) (p <0.05)
Source: Authors

The obtained data show that the whole set of statistical moments of the coordinate distribution of the
values of the laser image of the histological section of the skeletal muscle tissue has reliable and non-
zero values. The obtained statistical information about the properties of the histological section of human
MT can be used to characterize its properties objectively.

The decrease in the values of statistical moments of the 1-2nd order and the increase in the values of
statistical moments of higher orders with increasing time after death can be associated with a decrease
in the level of optical anisotropy of MT architecture.

The study revealed a fairly wide range of dynamics of changes in statistical moments of the 1st-4th
orders from 1 to 48 hours.

A comparative analysis of the average set of central statistical moments of 1 - 4th orders was performed
(Table 2).

The analysis revealed the diagnostic efficiency (statistical reliability p <0.05) of the
spectrophotopolarimetric method in the differentiation of MT samples of control and experimental
groups.

The obtained results allow us to state that the proposed method is effective in solving a number of
forensic issues, in particular the establishment of the presence of damage in the study areas and the time
of their occurrence. These issues are extremely important, as they are of crucial medical and legal
importance in investigating crimes to establish responsibility for their commission. According to world
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Table 2: Statistically averaged values of statistical moments of the 1st - 4th orders, which
characterize the coordinate distributions of the values of MT image polarization parameters from the
control and experimental groups in 24 hours after death

Sample histological sections of MT
statistical moments group 1 (n=45) group 2 (n=56)
Z; 1.824 +0.027 1.534 +0.027
p1, p2 p1<0.05 p2<0.05
P152 £1,2<0.05
Z; 0.687 + 0.020 0.567 + 0.011
p1, p2 p1<0.05 p2<0.05
P152 £1,2<0.05
Z3 1.804 + 0.021 1.604 + 0.022
p1, p2 p1<0.05 p2<0.05
P152 £1,2<0.05
Z, 1.985+0.041 1.584 + 0.032
p1, p2 p1<0.05 p2<0.05
P12 p1,2<0.05

Source: Authors

literature sources, experts in practice use mostly visual and descriptive methods, and then to clarify the
results - histological, histochemical and immunohistochemical methods of research. (Siddiqui et al.,
2016; Ibrahim et al., 2019). Siddiqui et al. described the possibility of using a histopathological method
to establish a causal relationship between the time of injury and the time of death. In other scientific
works, the authors propose an assessment of early molecular changes of miRNAs in damaged areas.
(Ibrahim et al., 2019). Similarly, as in our study, the results are based on the detected progressive
morphological changes in the areas of damage with increasing interval after death. However, we would
like to note that all the above-described techniques, in contrast to laser spectrophotopolarimetry, are
quite time-consuming and relatively expensive and depend largely on the researcher's subjective
assessment.

Conclusion

Thus, the topographic and statistical structure of maps of polarized images of normal human MT and
with hemorrhages was studied. The interval of dynamics of change of statistical moments of the 1st-4th
orders from 1 to 48 hours is established. The possibility of statistically significant differentiation of
histological samples of MT with and without hemorrhages has been established, which becomes
extremely relevant in the practice of a forensic experts in resolving important issues.

Based on these results, we can conclude that the use of laser polarization methods will allow us to open
new doors for the study of biological tissues of the human body. The results showed the effectiveness
of the studied methodology and the prospects for further research in this direction, in particular the
search for relationships between pathological changes in biological tissues and the polarization
parameters of their images and architecture.
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