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Abstract

For high-precision objective histological determination of the prescription of damage to internal organs
over a long period of time, a systematic approach was used based on digital azimuthally invariant
polarization, Mueller-matrix and tomographic methods for studying temporal changes in the molecular
and polycrystalline structure of brain, liver and kidney samples in the postmortem period. It was revealed
that the linear change in the magnitude of statistical moments of the 1% - 4" orders, characterizing the
distribution of data from digital azimuthally invariant polarization, Muller-matrix and tomographic
methods, is interconnected with the duration of damage to internal organs in the time interval from 1
hour up to 120 hours. On this basis, a new algorithm for digital histological determination of the age of
damage is proposed.

Keywords: Histology; Polarization; Mueller matrix; Tomography; Statistical moments; Determining the
age of damage

Highlights

The main idea of our study is based on the existence of diagnostically important
relationships between traditional microscopic images, as well as computer polarized and
tomographic images new to histological practice, and quantitative (digital) characteristics
of their topographic maps. The study of the diagnostic capabilities of multiparametric
digital histology is based on the complex application of polarization [1], Mueller-matrix [2-
4], and tomographic [5-7] mapping techniques and the use of objective statistical analysis
of the obtained microscopic and computer images. Certain parameters of such an analysis
(statistical moments of the 1% - 4" orders [8]) are the basis for establishing objective forensic
criteria for determining the prescription of damage to internal organs. The design of our
study is illustrated by the following structural and logical diagram, - Table 1.
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Table 1: The design of our study.

Forensic medical criteria for azimuthally invariant digital histology in determining the age of formation of damage to internal organs

Objects

Brain (Group 1) ‘

Liver (Group 2)

‘ Kidney (Group 3)

Azimuthally invariant methods

Polarization mapping ‘

Mueller-matrix mapping

‘ Polarization reconstruction

Results

Azimuth and polarization maps ‘

Maps of Mueller-matrix invariants

‘ Maps of birefringence

Statistical analysis

Time dynamics of changes in the magnitude of statistical moments of the 1st - 4th orders

Forensic medical criteria for determining the prescription of damage to the internal organs of a person

Materials and Methods

Polarization azimuth maps of microscopic images of
histological sections of biological tissues of human
internal organs

This part presents a comparative presentation of the
topographic structure of traditional microscopic images (4x
and 40x magnification) of a histological section of the brain that
died due to Coronary Heart Disease (CHD) (Figure 1, fragments
((1),(3))) and the corresponding maps of polarization azimuth such
images (Figure 1, fragments ((2),(4)). It can be seen from the data
obtained (Figure 1) that, along with the topographic structure of the
intensity values of traditional microscopic images ((1), (3)) their
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polarization maps are also more clearly structural ((2), (4)) as the
spread of the azimuth values polarization, and by its average level.
This result indicates additional information reserves for studying
computer polarization maps of such images in order to obtain
new information about changes in the biochemical and molecular
structure of samples of biological tissues of human internal organs
with different damage duration. Note that the above example of
polarization mapping of azimuth and polarization is related to
the microscopic image of a biological preparation itself and does
not carry information about its direct morphological, biochemical
and molecular structure. Such data can be obtained using other
polarization techniques - Mueller-matrix mapping [6].
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Figure 1: Microscopic images ((1), (3)) and polarization azimuth maps ((2), (4)) of a histological section of the brain of
a person who died from CHD.
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Method of Mueller-matrix mapping of histological
sections of biological tissues of human internal organs

In a series of fragments in Figure 2 shows microscopic
images ((1),(3)) and maps of Mueller-matrix images ((2),(4))
of linear birefringence (degree of crystallization) of the liver of a
person who died of CHD. Analysis of certain (Figure 2) maps of
Muller-matrix images of linear birefringence ((2),(4)) revealed a
significant structural heterogeneity in the degree of crystallization
of the histological section of the liver compared to the topographic
structure of the magnitude of the intensity of traditional microscopic
images ((1),(3)). Azimuthally invariant Muller-matrix mapping
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of the crystal and molecular structure of histological sections
of biological tissues of internal organs provides the possibility
of a comprehensive analysis of changes in the structure of their
substance as a result of traumatic injuries. Note that the above
examples of polarization and Muller-matrix mapping are related to
indirect information about the structure of biological objects and
their microscopic images. Therefore, it is important from an applied
(diagnostic) point of view to supplement the considered methods
with the latest approaches of polarization tomography, which
allow reconstructing maps of optical anisotropy (birefringence and
optical activity) of histological sections of biological tissues and
films of biological fluids.

X, pm

Figure 2: Microscopic images ((1), (3)) and Mueller-matrix images of linear birefringence ((2), (4)) of a histological
section of the liver of a deceased from CHD.

The technique of polarization reconstruction
(tomography) of the polycrystalline structure of
histological sections of biological tissues of human
internal organs

The technique for reconstructing the parameters of the
polycrystalline component (linear and circular birefringence) of
the substance of tissues of human internal organs is presented in
detail in scientific papers [5-7]. It is based on successive probing
of a biological preparation with differently polarized light beams,
polarization filtering of a series of microscopic images, and
algorithmic reconstruction of the coordinate distributions of the
magnitude of linear and circular birefringence. On the fragments

of Figure 3 shows examples of polarization reconstruction of the
degree of crystallization of the substance of a histological section
of a kidney of a person who died from CHD. Comparison (Figure
3) of traditional microscopic images ((1),(3)) and tomographically
reproduced maps of linear birefringence of fibrillar structures
((2),(4)) of a histological section sample revealed a significant
range of change and coordinate heterogeneity in the degree of
tissue crystallization. The information obtained in this way allows
direct detection (inaccessible to traditional light microscopy
methods) and quantitative assessment of changes in the spatial
structure of fibrillar networks of the morphological structure
of tissues of human internal organs due to traumatic injuries of
various prescriptions..
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Figure 3: Microscopic images ((1), (3)) and maps of linear birefringence ((2), (4)) of a histological section of a kidney of
a person who died of CHD.

Conclusion

1.  The most sensitive parameters and the following ranges
of linear change in the magnitude of statistical indicators of
polarization digital histology and the accuracy of determining the
age of damage were identified:

A. Polarization azimuth maps of microscopic images
(asymmetry, kurtosis - 12 hours, accuracy - 55 min. - 60 min.);

B. Polarization ellipticity maps of microscopic images
(asymmetry, kurtosis - 12 hours, accuracy - 65 60 min. - 75 60
min.).

2. Diagnostically sensitive parameters have been established
- time ranges of linear change in the magnitude of statistical
indicators of Muller-matrix digital histology methods and the
accuracy of determining the age of damage:

A. MMI maps of the degree of crystallization (asymmetry,
kurtosis - 24 hours, accuracy - 55 min. - 60 min.);

B. MMI maps of optical activity (asymmetry, kurtosis - 24
hours, accuracy - 65 min. - 75 min.).

3. Asetoftime ranges for linear changes in the magnitude of
statistical moments of 1-4 orders of magnitude characterizing the
distribution of data of the tomographic technique of optical activity
of molecular complexes of digital histology and the accuracy of

determining the duration of damage to internal organs of a person
has been established:

A.  Average - 72 hours, accuracy 30 min. - 35 min.
B.  Dispersion - 72 hours, accuracy 30 min. - 35 min.
C.  Asymmetry - 120 hours, accuracy 15 min. - 25 min.

D.  Kurtosis - 120 hours, accuracy 15 min. - 25 min.
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