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ABSTRACT
Our work consists the materials of the experimental determination of the set of maps and histograms of the magnitude
distribution of the linear (DFLB) birefringence fluctuations for differential diagnosis and the formation of hemorrhages
of traumatic origin, cerebral infarction ischemic and hemorrhagic genesis by diffuse tomography of the polycrystalline
structure of brain histological sections .
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1. Introduction
Cases of coronary heart disease (control group 1), traumatic hemorrhage (research group 2), cerebral infarction ischemic
(research group 3), and hemorrhagic (research group 4) genesis were investigated.
In Fig. 1 and Fig. 2 are shown the polarized-reproduced diffuse maps of DFLB (left column) and histograms (right
column) of the distribution of the magnitude of fluctuations in the linear birefringence of histological sections of the
brain of the deceased.

Fig. 1. Maps (left column)) and histograms (right column) of the DFLB distribution of histological sections of the brain of the dead
from group 1 (top row) and group 2 (bottom row).

From the analysis of diffuse tomography data1,2 of the distribution of the magnitude of the fluctuations of linear
birefringence, it was found:
 individual topographic structure of the distribution of fluctuations of linear birefringence of fibrillar networks of
histological sections of the brain of deceased from all groups;

Fig. 2. Maps (left column)) and histograms (right column) of the DFLB distribution of histological sections of the brain of the dead
from group 3 (top row) and group 4 (bottom row).

 histograms of the distribution of the DFLB value of histological sections of the brain from all groups are
characterized by different localization of the main extreme, ranges of scatter of random values, significant asymmetry
and sharpness of the peak.

2. Methodology and theory of the method
A sample of brain tissue is taken from a corpse. Histological sections are irradiated with a low coherent semiconductor
laser diode with a wavelength of 0.405 μm; four partial channels of laser probe beams with polarization azimuths are
formed '' 0 0 ''; '' 90 0 ''; '' 45 0 ''; and "rights circulation", project the image of histological sections of brain tissue into the
plane of the digital photosensitive camera, for each channel of optical sensing, multi-parameter polarization filtering is
implemented (" 0 0 ", " 90 0 ", " 45 0 ", " 135 0 " "right circulation" and "left circulation"), measure a series of coordinate
distributions of the intensity of digital laser images of histological sections of brain tissue, on this basis determine the
coordinate distributions of the mean values of phase (linear and circular birefringence) and amplitude (linear and circular
dichroism) anisotropy, calculate the statistical moments of the 1st - 4th orders of such distributions, determine the
temporal dynamics of changes in their magnitude, and are used in differential diagnosis and determining the limitation of
the formation of hemorrhages of traumatic origin, ischemic cerebral infarction and hemorrhagic origin.
The theoretical basis for using the method is the following data.
In1–7, polarization reproduction algorithms were obtained for the average values of the phase
( n0;90 ; n45;135 ; n; ) and amplitude (  0;90 ;  45;135 ;  ; ) anisotropy parameters of a
partially depolarizing biological layer according to the values of the elements of the Mueller matrix.
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Here  is the wavelength; n0,90 ; n45,135 - the magnitude of birefringence for linearly polarized with azimuths

00  90 0 and 45 0  135 0 orthogonal components of the amplitude of the laser radiation; nCB - birefringence value for
circularly right- (  ) and left (  ) orthogonally polarized components of the amplitude of the laser radiation.
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0 ; 90 ;  45 ; 135;  ;  of the linearly polarized with azimuths 0  90 and 45  135 and the circularly
right- (  ) and left (  ) orthogonally polarized components of the amplitude of the laser radiation.
Thus, the differential approach to the analysis of data obtained by the direct Mueller matrix mapping method8–11 made it
possible to obtain a set of algorithms (relation (1) - (6)) for polarization reproduction of distributions of average values of
linear and circular birefringence ( n0;90 ; n45;135 ; n; ) and dichroism (  0;90 ;  45;135 ;  ; ).
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3. Results and discussion
The average values and mistakes of determining the set of statistical moments of the 1st - 4th orders of magnitude
characterizing the distribution of the DFLB value are presented in table 1.
Table 1. Statistical moments of the 1st - 4th orders characterizing the distribution of the DFLB value of histological sections of the
brain of groups 1 – 4

Parameters

SM1
SM 2
SM 3

SM 4

Group 1
0,08  0,0035

Group 2
0,12  0,005

Group 3
0,14  0,006

Group 4
0,13  0,0055

0,11  0,0045

0,16  0,007

0,21  0,009

0,17  0,0075

0,41  0,019

0,33  0,015

0,27  0,012

0,21  0,009

0,56  0,025

0,48  0,021

0,39  0,018

0,31  0,013

The results of a statistical analysis of polarized-reconstructed maps of the magnitude of fluctuations of linear
birefringence (table 1) found a statistically significant difference (

pi 3;4 ) between the values of all statistical moments

of the 3rd and 4th orders of magnitude characterizing the asymmetry and excess of the distributions of the magnitude of

the DFLB of histological sections of the brain for cases of coronary heart disease, hemorrhages of traumatic origin,
cerebral infarction of ischemic and hemorrhagic genesis (control group 1 and research groups 2 to 4).
An information analysis of the strength of the method of diffuse tomography of linear birefringence of the fibrillar
networks of the nervous tissue of brain samples revealed the following diagnostic effectiveness, which is illustrated by
the data shown in Table 2.
Table 2. The specificity, sensitivity, accuracy of the DFLB method of histological sections of the brain

Parameters

SM 1
SM 2
SM 3

SM 4
Parameters

SM 1
SM 2
SM 3

SM 4
Parameters

SM 1
SM 2
SM 3

SM 4
Parameters

SM 1
SM 2
SM 3

SM 4

Groups “1 – 2+3+4”
Sensitivity, Se,%
Specificity, Sp,%
86
84

Accuracy, Ac,%
85

92

90

91

100

98

99

100

97

98,5

Groups “2 – 3”
Sensitivity, Se,%
Specificity, Sp,%
82
80

Accuracy, Ac,%
81

84

82

83

95

95

95

95

95

95

Groups “2 – 4”
Sensitivity, Se,%
Specificity, Sp,%
83
81

Accuracy, Ac,%
82

82

80

81

92

88

90

92

88

90

Groups “3 – 4”
Sensitivity, Se,%
Specificity, Sp,%
70
66

Accuracy, Ac,%
68

68

64

66

82

80

81

81

79

80

Conclusions
The following strength parameters of the diffuse tomography method were experimentally established:
 satisfactory (average - 84% - 86%), good (dispersion - 90% - 92%) and excellent (asymmetry and excess - 97% 100%) balanced accuracy of differentiation of histological sections of the brain of the "1"- "2 + 3 +4 " groups ;
 good ( SM 3 ; SM 4 - 88% - 92%) balanced accuracy of intergroup differentiation of histological sections of the brain
sections of the "2" - "4" groups;
 satisfactory (statistical moments of the 1st and 2nd orders - 80% - 82%) and excellent (statistical moments of the
3rd and 4th orders - 95%) balanced accuracy of intergroup differentiation of histological sections of the brain of the
"2" - " 3 " groups ;



unsatisfactory balanced accuracy of intergroup differentiation of histological sections of the brain of the "3" - "4"
groups;
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