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ABSTRACT   

By Mueller-matrix mapping of changes in the distribution of the magnitude of matrix invariants 

characterizing the degree of crystallization of histological sections of the brain, liver and kidney, the forensic 
medical criteria were determined and the interval for determining the damage duration of 24 hours with an 

accuracy of 45min. - 50 min. was established. For azimuthally invariant polarization mapping of changes in 

the distributions of Mueller-matrix invariants characterizing the optical activity of molecular complexes of 
histological sections of the brain, liver, and kidney, forensic medical criteria were developed for the first time 

and accuracy was improved to 35 min. - 40 min. in the interval for determining the damage duration period of 

72 hours. For highly accurate objective determination of the damage duration in a long time interval (1 hour - 

120 hours), a polarization tomography method has been developed (reproducing the distributions of 
birefringence of fibrillar networks of histological sections of internal organs), which provides an accuracy of 

25 minutes. (1 hour - 24 hours) to 45 minutes  (24 hours - 120 hours). 

Keywords: polarimetry, birefringence, biological tissue, diagnostic. 

1. INTRODUCTION  

To represent the optical properties of an anisotropic medium using the formalism of the Mueller matrix, takes the 

following form 1-5 

 

  
    rrF

dr

rFd
 ,                                                               (1) 

 

where   rF  - Mueller matrix of a phase-inhomogeneous object in the plane of the partial layer located at a distance r . 

It is known that for single-scattering (non-depolarizing) layers that convert the polarization of the probe radiation, 

the symmetry of the differential matrix   r  is a combination of six elementary polarization properties 6-8. These 

parameters fully characterize the amplitude (linear 90,0LD , 135,45LD  and circular CD  dichroism) and phase (linear 

90,0LB , 135,45LB  and circular  CB  birefringence) anisotropy of the biological layer 
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Here 90,0LD  and 90,0LB  - linear dichroism and birefringence for the direction of the optical axis 00 ; 135,45LD  and 

135,45LB  - linear dichroism and birefringence for the direction of the optical axis 045 ; CD  and CB  - circular 

dichroism and birefringence. 

The main "information" object of our studies of optical anisotropy of partially depolarizing biological layers will be the 

coordinate distribution of the value of the averaged elements by the average ( ikm ) of the differential matrix   9-12. 

Let us determine the algorithm for finding the elements of such a matrix by Stokes polarimetric mapping of 

polycrystalline networks of the sample under study, followed by obtaining a series of Mueller-matrix images  yxfik , . 

The polarization component  r  of the logarithmic matrix algorithm   r  can be represented as follows 
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where  

 

ikik fp ln ;                                                                (4) 

 

 kiikkiik ffpp  ln ;                                                   (5) 
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Expression (3), taking into account relations (4) - (6), can be rewritten in the following analytical form, which 

characterizes the relationship between the polarization component    of the differential matrix    and the Mueller 

matrix  F  
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So, by direct Mueller-matrix mapping (  yxfik , ) of an optically anisotropic partially depolarizing biological layer, 

information on coordinate distributions   yxmik ,  characterizing the averaged parameters of phase and amplitude 

anisotropy can be obtained. 

The information obtained in this way is the basis for the polarization reproduction of the distributions of the average 

values of the linear and circular birefringence and the dichroism of the polycrystalline structure of the biological layer. 

 

2. ALGORITHMS FOR RECONSTRUCTING THE DISTRIBUTIONS OF THE AVERAGE 

VALUES OF THE OPTICAL ANISOTROPY PARAMETERS OF BIOLOGICAL 

LAYERS  

By a joint analysis of the relationships between the distributions   yxmik ,  and  yxfik ,  on the basis of relations (1) - 

(3) and (7), we obtained algorithms for the polarization reproduction of the average values of the phase 

(  ;135;4590;0 ;; nnn ) and amplitude (  ;135;4590;0 ;;  ) anisotropy parameters of a partially 

depolarizing biological layer12-16 
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Thus, the differential approach to the analysis of data obtained by the direct Mueller-matrix mapping method allowed us 

to obtain a set of algorithms (relation 8 – 13  for the polarization reproduction of the distributions of the average values 

of the linear and circular birefringence (  ;135;4590;0 ;; nnn ) and dichroism (  ;135;4590;0 ;;  ) 

parameters. 
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3. DIFFERENTIAL DIGITAL HISTOLOGICAL DIAGNOSIS OF THE DURATION OF 

THE FORMATION OF HUMAN LIVER DAMAGE BY METHOD OF THE 

TOMOGRAPHY OF CIRCULAR BIREFRINGENCE  

On a series of fragments (1) - (3) fig. 1 shows tomograms of the optical activity of molecular complexes of liver tissue 

samples with different damage durations. 

 
Fig.  1. Distribution maps of the magnitude of circular birefringence (x4) of histological sections of the liver of the deceased 

from the control group (1), research groups with different damage durations (6 hours - (2)) and (18 hours - (3)) 

An analysis of the transformation of the topographic structure of polarized reconstructed tomograms of circular 

birefringence of the totality of histological sections of the brain and intact and damaged liver (fig. 1) showed a decrease 
in the dispersion of the optical activity of liver samples while monotonously smoothing out fluctuations in circular 

birefringence with an increase in the damage duration of 6 hours and 18 hours (table 1)17-20. 

Table 1. Temporal dynamics of changes in statistical moments of the 1st - 4th orders of magnitude characterizing the 
distribution of the magnitude of the circular birefringence (4x) of histological sections of the liver 

,T  hours 2 4 6  12 18 

1SM х10-3 
0,78 0,034 0,71 0,031 0,64 0,023 0,51 0,019 0,37 0,012 

p  05,0p  

2SM  х10-3 0,63 0,024 0,55 0,031 0,47 0,019 0,31 0,013 0,15 0,008 

p  05,0p  

3SM  0,77 0,032 1,08 0,041 1,39 0,057 2,07 0,092 2,69 0,11 

p  05,0p  

4SM  0,86 0,035 1,26 0,048 1,68 0,067 2,38 0,096 3,04 0,12 

p  05,0p  

,T  hours 24 48 72 96 120 

1SM  х10-3 0.23 0,008 0,09 0,004 0,11 0,005 0,09 0,006 0,11 0,005 

p  05,0p  05,0p  

2SM  х10-3 0,06 0,002 0,05 0,013 0,04 0,012 0,03 0,012 0,02 0,012 

p  05,0p  05,0p  

3SM  3,18 0,13 3,73 0,14 4,34 0,21 4,49 0,25 4,52 0,22 
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p  05,0p  05,0p  

4SM  3,76 0,016 4,47 0,22 5,17 0,24 5,33 0,25 5,41 0,24 

p  05,0p  05,0p  

Comparison of statistical monitoring data on changes in the topographic structure of the tomograms of the optical 

activity of the substance of brain samples and liver (table 1) revealed a similar scenario - an increase in the duration and 

an increase in the intervals of linear changes in the average, dispersion, asymmetry and excess. 

The following temporal and dynamic characteristics of digital histology of tomograms of circular birefringence were 

determined: 

 two intervals (1 hour - 24 hours and 24 hours - 48 hours) of a statistically significant ( 05,0p ) linear change in 

the magnitude of the statistical moment of the first order, which characterizes the average distribution of 

circular birefringence up to 48 hours with a dynamic range of 0.93; 

 24 hours - a linear change in the magnitude of the statistical moment of the second order characterizing the 

variance of the dispersion of the values of the optical activity parameter with a dynamic range of 0.65; 

 72 hours - the duration of the treatment-sensitive interval (two linear sections 1 hour - 24 hours and 24 hours - 

72 hours) changes in the magnitude of the statistical moments of the 3rd and 4th orders, characterizing the 

asymmetry and excess of the maps of circular birefringence. 

Even greater functional capabilities in terms of greater duration diagnostic sensitivity method of digital histological 
polarization imaging optical activity of molecular complexes to determine the limitation of damage internal organs 

demonstrated by the use of large-scale (40x) reconstruction of the topographic distribution of magnitude of the circular 

birefringence of the liver tissue samples from a control and a set of research representative samples  in a subsequent 

analysis of the data within the statistical approach, - fig. 2, table 2. 

 
 

Fig. 2. Distribution maps of the magnitude of the circular birefringence (x40) of the histological sections of the liver of the 
deceased from the control group (1), research groups with different damage durations (6 hours - (2)) and (18 hours - (3)). 

It is shown (table 2) that the use of a statistical analysis of the temporal dynamics of changes in topographic large-scale 

polarization tomograms of the degree of circular birefringence of optically active molecular complexes of samples of 

histological sections of the liver provided the maximum possible ranges (up to 120 hours) for detecting the age of 

damage by detecting linear intervals of variation in the average, dispersion , asymmetries and excesses characterizing the 
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distribution of birefringence magnitude of representative sets of samples from the control and the totality of research 

groups: 

 1st-order statistical moment characterizing the average distribution of the magnitude of circular birefringence - 

two linear intervals of 1 hour - 24 hours and 24 hours - 72 hours and a range of variation of the eigenvalues of 

0.7; 

 

Table 2. Temporal dynamics of changes in the statistical moments of the 1st - 4th orders characterizing the distribution of 
the magnitude of the circular birefringence (40x) of histological sections of the liver 

,T  hours 2 4 6  12 18 

1SM  х10-3 0,72 0,034 0,66 0,031 0,59 0,023 0,45 0,019 0,32 0,012 

p  05,0p  

2SM  х10-3 0,59 0,024 0,53 0,031 0,47 0,019 0,35 0,013 0,23 0,008 

p  05,0p  

3SM  0,83 0,032 1,18 0,041 1,53 0,057 2,23 0,092 2,93 0,11 

p  05,0p  

4SM  0,95 0,035 1,35 0,058 1,78 0,067 2,53 0,011 3,34 0,15 

p  05,0p  

,T  hours 24 48 72 96 120 

1SM  х10-3 0.21 0,008 0,08 0,004 0,02 0,005 0,03 0,006 0,04 0,005 

p  05,0p  05,0p  

2SM  х10-3 0,11 0,004 0,05 0,013 0,02 0,012 0,03 0,012 0,02 0,012 

p  05,0p  05,0p  

3SM  3,68 0,15 4,33 0,18 5,04 0,22 5,74 0,25 6,32 0,28 

p  05,0p  

4SM  4,16 0,16 4,96 0,22 5,76 0,26 6,63 0,29 7,41 0,34 

p  05,0p  

 
 statistical moment of the second order, characterizing the dispersion of the scatter of a random value of optical 

activity - two linear intervals of 1 hour - 24 hours and 24 hours - 72 hours and a range of variation of 

eigenvalues of 0.57 

 3rd-order statistical moment, characterizing the asymmetry of the distribution of the magnitude of the circular 

birefringence of molecular complexes — two linear intervals of 1 hour to 24 hours. and 24 hours - 120 hours 

and a range of variation of eigenvalues of 5.49; 

 a fourth-order statistical moment characterizing the excess of the distribution of the magnitude of circular 

birefringence - two linear intervals of 1 hour to 24 hours and 24 hours - 120 hours and a range of variation of 

eigenvalues of 6.46. 

Table 3. Time intervals and accuracy of the method of reconstructing the optical activity of histological sections of internal 
organs 

Brain 

Statistical moments Interval, hours Accuracy, min. 

Magnification 4х 40х 4х 40х 

Average 1-24 

24-48 

1-24 

24-72 

35 

45 

30 

35 

Dispersion 1-24 

24-48 

1-24 

24-72 

35 

45 

30 

35 
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Asymmetry 1-24

24-72

1-24

24-120

25 

35 

15 

25 

Excess 1-24

24-72

1-24

24-120

25 

35 

15 

25 

Liver 

Statistical moments Interval, hours Accuracy, min. 

Magnification 4х 40х 4х 40х 

Average 1-24

24-48

1-24

24-72

40 

50 

35 

45 

Dispersion 1-24

24-48

1-24

24-72

40 

50 

35 

45 

Asymmetry 1-24

24-72

1-24

24-120

30 

40 

25 

35 

Excess 1-24

24-72

1-24

24-120

30 

40 

25 

35 

Kidney 

Statistical moments Interval, hours Accuracy, min. 

Magnification 4х 40х 4х 40х 

Average 1-24
24-48

1-24
24-72

35 
45 

30 
35 

Dispersion 1-24

24-48

1-24

24-72

35 

45 

30 

35 

Asymmetry 1-24

24-72

1-24

24-120

25 

35 

20 

30 

Excess 1-24

24-72

1-24

24-120

25 

35 

20 

30 

CONCLUSIONS 

A new original method of tomography of the optical activity of molecular complexes of tissues of internal organs of a 

person in a digital histological study of the age of damage to the tissues of the brain, liver and kidney over a time interval 

of 1 hour was developed. up to 120 hours. 

A set of treatment-relevant relationships between temporal changes in the statistical structure of the topographic maps of 

circular birefringence of optically active molecular complexes of histological sections of human internal organs with 

different damage durations and variations in the average, dispersion, asymmetry and excess characterizing the 

distribution of the value of this anisotropy parameter has been determined. 

The scenarios of changes in topographic tomograms of optical activity depending on the age of the damage are 

determined - the growth of this parameter is accompanied by a decrease in the statistical moments of the 1st (average) 

and 2nd (dispersion) orders, the statistical moments of the 3rd (asymmetry) and 4th (excess) orders, on the contrary, are 

growing. 

A set of time ranges of linear change in the variation of the magnitude of statistical moments of the 1st - 4th orders of 

magnitude characterizing the distribution of tomographic data of the optical activity of molecular complexes of digital 

histology and the accuracy of determining the age of damage to internal organs: 

1. Small-scale tomograms of circular birefringence (4х):

 average – 48 hours, accuracy 35 min. – 45 min.;

 dispersion – 48 hours, accuracy 35 min. – 45 min.;

 asymmetry – 72 hours, accuracy 25 хв. – 35 хв.;

 excess – 72 hours, accuracy 25 min. – 35 min.

2. Large-scale circular birefringence tomograms (40х):

 average – 72 hours, accuracy 30 min. – 35 min.;

 dispersion – 72 hours, accuracy  30 min. – 35 min.;
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 asymmetry – 120 hours, accuracy 15 min. – 25 min.; 

 excess – 120 hours, accuracy 15 min. – 25 min. 
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