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ABSTRACT
This manuscript are presented the results of algorithmic testing of digital histological investigation of the
duration of kidney tissue damage based on polarization reconstruction of linear birefringence maps of protein
fibrillar networks. The relationships between the temporary change in the magnitude of the statistical
moments of the 1st - 4th orders of magnitude characterizing the distribution of the degree of crystallization of
histological sections of the kidney and the duration of damage are determined.
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1. Introduction
Development of a set of objective forensic medical criteria to expand the functionality and improve the accuracy of
establishing the limitation of damage to internal organs according to multi-parameter digital histological examination of
kidney tissue through the integrated use of polarization mapping 1-5 and reconstruction (tomography) 6-9 of the
polycrystalline structure of prototypes based on statistical analysis of the temporal dynamics of changes in topographic
structure of the histological sections crystallization degree of.
To describe the processes of transformation of the polarization structure of optical radiation by partial optically
anisotropic layers, the following algorithm was obtained 10-12 in terms of the parameters of the Stokes vector
S  S1 ; S 2 ; S 3 ; S 4 
dS
 r S r  .
dr

(1)



Here r  - differential Mueller matrix; S r - Stokes vector of optical radiation at a distance r in a medium.
To represent the optical properties of an anisotropic medium using the formalism of the Mueller matrix, expression (1)
takes the following form 2
d F r 
 F r r  ,
dr

(2)

where F r  - Mueller matrix of a phase-inhomogeneous object in the plane of the partial layer located at a distance r .

For single scattering (non-depolarizing) layers, the symmetry of the differential matrix r  is a combination of six
polarization properties 3.
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Here LD 0,90 and LB 0,90 - linear dichroism and birefringence for the direction of the optical axis   0 0 ; LD 45,135 and
LB45,135 - linear dichroism and birefringence for the direction of the optical axis   45 0 ; CD and CB - circular

dichroism and birefringence.
In what follows, we will use the generalized linear birefringence parameters to analyze the optical anisotropy of the
polycrystalline structure of biological layers ( LB )
2
LB  LB 02;90  LB 45
;135 .

(4)

2. Results and discussion
2.1. Maps of linear birefringence of histological sections of biological tissues of internal organs
In fragments of fig. 1 are presented examples of polarization reconstruction of the degree of crystallization of the
substance of the histological section of the kidney of a deceased from coronary heart disease.

Fig. 1. Microscopic images ((1), (3)) and linear birefringence maps ((2), (4)) of a histological section of the kidney of a person who
died from coronary heart disease.

Comparison (Fig. 1) of traditional microscopic images ((1), (3)) and tomographic reproduced maps of linear
birefringence of fibrillar structures ((2), (4)) of the histological section specimen revealed the presence of a significant
range of variation and coordinate inhomogeneity of the degree of tissue crystallization the kidneys.
The information thus obtained makes it possible to directly detect (inaccessible to traditional light microscopy methods)
and quantify the changes in the spatial structure of the fibrillar networks of the morphological structure of tissues of the
internal organs of a person as a result of traumatic injuries of various prescriptions.

Maps of circular birefringence of histological sections of biological tissues of human internal organs
On Figure 2 are illustrated another type of optical anisotropy map - circular birefringence (fragments (2), (4)) of
optically active molecular complexes of the histological section material of a kidney from a coronary heart disease.

Fig. 2. Microscopic images ((1), (3)) and maps of circular birefringence ((2), (4)) of a histological section of the kidney of a person
who died from coronary heart disease.

Thus, the polarization tomography technique opens up the possibility of a comprehensive analysis of the structural and
biochemical properties of the substance of samples of biological tissues of human internal organs. Due to this, new
objective diagnostic parameters will be determined and the damage limitation established.
The results of polarization tomography of digital histological studies of large-scale (40x) topographic maps of linear
birefringence of histological sections of the kidney are shown in Fig.3.

Fig. 3. Maps of the distributions of linear birefringence (x40) of histological sections of the kidney of the dead from the control group
(1), research groups with different damage durations (6 hours - (2)) and (18 hours - (3)).

An analysis of the results of large-scale polarization reconstruction of the degree of crystallization of kidney samples
revealed:
 the average distribution of the degree of crystallization is two linear intervals of 1 hour - 24 hours. and 24 hours
- 48 hours and a range of variation of the eigenvalues of 0.045;
 dispersion of the distribution of the degree of crystallization — a linear interval of 24 hours and a range of
variation of the eigenvalues of 0.27;
 asymmetry of the distribution of the degree of crystallization - two linear intervals of 1 hour - 24 hours and 24
hours - 72 hours and a range of variation of the eigenvalues of 2.14;
 excess of the distribution of the degree of crystallization - two linear intervals of 1 hour - 24 hours and 24 hours
- 72 hours and a range of variation of the eigenvalues of 2.99.
Table 1. Temporal dynamics of changes in statistical moments of the 1st - 4th orders characterizing the distribution of
the magnitude of the linear birefringence (40x) of histological sections of the kidney
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Table 2. Time intervals and accuracy of the method for reconstructing the polycrystalline structure of histological
sections of kidney tissue
Statistical moments
Increase
Average
Dispersion
Asymmetry
Excess

Interval, hours
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1-24
24-48
1-24
24-48
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24-72
1-24
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Accuracy, min.
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35
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Conclusions
This method is aimed at differentiating the manifestations of optical anisotropy of samples very close in morphological
structure that are found in a damage formations of human internal organs. Therefore, the achieved level of accuracy
( Ac  77 ,8% ) in terms of evidence-based medicine corresponds to a good level.
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