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INTRODUCTION
Determining the time of death is of great importance in deter-
mining the circumstances of the death of a person who died in 
unknown circumstance. Even more relevant this information 
is in the autopsy and investigation of the killings [1].

Postmortem interval (PMI) is determined by different 
indicators in the study of various tissues and organs of the 
corpse using numerous methods of investigation [1,2]. 
However, the determination of the limitation of death has 
long been carried out mainly organoleptically with the 
study of post-mortem processes, the degree of development 
of early and late cadaveric changes. They are very informa-
tive and of great forensic significance, but in some cases 
they do not allow to reliably answer the questions posed to 
the expert because of a wide range of variables [3].

At the present stage of science development, laser optical 
methods are effective for studying structural changes in 
biological tissues and liquids [4, 5]. Thus, on the example 
of brain tissue, muscles, parenchymatous organs, and in 
the study of liquor films, it was found that the temporal 
dynamics of changes in the morphological structure of 
biological tissues and fluids in the post-mortem period is 
accompanied by dynamic patterns of change in the struc-
ture of their polarization images, which is the basis for 
determining PMI [6, 7]. The monitoring of vitreous body 
(VB) biochemical changes has already been successfully 
used to diagnose PMI [3, 8, 9], it is appropriate to attempt to 
investigate its structural changes by polarization methods.

THE AIM
The aim was to develop a set of forensic criteria for 
determining PMI on the basis of complex selective sta-
tistical data analysis of magnitude distributions of the 
wavelet-amplitude coefficients of VB polycrystalline films 
microscopic images.

MATERIALS AND METHODS 
The object of study is polycrystalline films of VB taken 
from 41 cadavers of both sexes aged from 37 to 79-year 
with pre-known time of death (the cause of the death was 
cardiovascular disease) ranged from 3 to 36 h. Potassium 
levels were examined in all VB samples for control. Con-
cerning the time that passed after death, the selection is 
as follows: 3h – 5 cases ( 12.2 %), 6h – 7 cases (17.1 %), 
12h – 7 cases (17.1 % ), 18h – 10cases (24.4 %), 24h – 6 
cases (14.6 %), 36h – 6 cases (14.6 %).

The VB was collected in accordance with source [10]. 
Potassium level was determined by using an automatic 
biochemical analyzer.

Coordinate distributions of fourth parameter of the 
Stokes vector (hereinafter “phase parameter” – PP) VB 
polycrystalline films microscopic image values were deter-
mined for each sample of VB in the optical arrangement 
of the Stokes polarimeter. Experimental measurements of 
Stokes-parametric images of biological layers were carried 
out according to the method presented in [4].
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Statistical processing of the calculated values of set of 
points that characterize the PP distributions was carry out. 
The depending on the time change of the most sensitive 
points of statistical values were built.

RESULTS
We found that the degree and intensity of the increase in the 
amount of the VB potassium are directly dependent on PMI. 

According to the amount of potassium, PMI can be set with an 
accuracy of 4-6 hours in the interval up to 18 hours from the time 
of death and with an accuracy of 8-12 hours at a later date of PMI.

Necrotic changes in the polycrystalline structure of VB 
begin with changes in the structure of small-scale protein 
complexes. Based on this, the maximum differences be-
tween the necrotic states of VB specimens with different 
PMI should be sought at small scale changes in the struc-
ture of PP maps of microscopic images.

Table I. Temporal dynamics of changes in the magnitude of the statistical moments of the 1st – 4th orders (SMi=1;2;3;4), which characterize the distri-
butions of the linear section C15;b of the Stokes wavelet coefficients Wa,b map of the VB films microscopic images of deceased with different PMI (T, h.)

SMi T=1 T=6 T=12 T=18 T=24 T=36

SM1 0,18±0,07 0,25±0,011 0,31±0,013 0,38±0,015 0,44±0,018 0,58±0,024

ρ ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05

SM2 0,11±0,005 0,16±0,007 0,21±0,009 0,25±0,011 0,31±0,014 0,39±0,016

ρ ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05

SM3 0,43±0,019 0,54±0,024 0,65±0,031 0,75±0,034 0,86±0,041 1,08±0,051

ρ ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05

SM4 0,49±0,021 0,62±0,028 0,75±0,034 0,89±0,041 1,02±0,049 1,29±0,058

ρ ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05 ρ < 0,05

Table II. Accuracy (±ΔT) of PMI estimation by wavelet analysis by Stokes polarimetric mapping of VB films
SMi T=1 T=6 T=12 T=18 T=24 T=36

SM1 55 min 59 min 57 min 61 min 60 min 62 min

SM2 56 min 56 min 55 min 56 min 57 min 59 min

SM3 44 min 47 min 46 min 47 min 48 min 49 min

SM4 43 min 45 min 45 min 44 min 46 min 46 min

Fig. 1. Maps (1) and linear dependences (2) of the wavelet coefficients 
amplitude of the VB microscopic image Stokes vector PP for PMI 3h.

Fig. 2. Maps (1) and linear dependences (2) of the wavelet coefficients 
amplitude of the VB microscopic image Stokes vector PP for PMI 12h.
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In Fig. 1 and Fig. 2 presents the results of studies of the 
maps of the magnitudes of the amplitude distribution of the 
wavelet coefficients Ka,b (fragments (1)), which characterize 
the large- and small-scale (a=15) structure (fragments (2)) 
of the PP coordinate distributions value of microscopic im-
ages of optically anisotropic structures of VB layers in case 
of different PMI (3 hours – Fig. 1) and (12 hours – Fig. 2).

Comparative analysis of the results of the study of the 
coordinate distributions of the wavelet coefficients Wa,b(x,y) 
amplitudes characterizing the PP maps of VB films samples 
microscopic images of deaths with different PMI revealed 

the biggest differences between them at the level of small 
scales amin of the wavelet function (Fig. 1 and Fig. 2, 2nd 
fragments).

Objectively, this illustrates the greater level of modulation 
of the amplitude of the “small-scale” linear dependencies 
of the wavelet coefficients Ca=15,b of the polarization map 
of the microscopic image of a layer of VB with PMI 3 h. 
(Fig. 1, fragment (2)).

Quantitatively this scenario of temporal dynamics of 
necrotic changes in the scale structure of the coordinate 
distributions of the Stokes vector 4th parameter of VB 

Fig. 3. Time linear and pie charts of changes in the value of the statistical moments of the 1st- 4th orders (SMi=1;2;3;4), which characterize the distri-
bution of the linear section C15,b of the wavelet map of the coefficients Wa,b of the Stokes vector of VB films microscopic images from deceased with 
different PMI (T, h)
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films microscopic images with different PMI illustrates 
the magnitudes of the statistical moments of the 1st – 4th 
orders, which characterize the magnitudes of the wavelet 
coefficient Ca=15,b amplitude (see Tab. I).

It was found:
1)	� the linear range of change in the magnitude of the 

statistical moments of the 1st – 4th orders, which 
characterize the magnitude distributions of the wavelet 
coefficients Ca=15,b of the deceased by the magnitude of 
the PMI, is 36 h (see Tab. I);

2)	� the mean SM1 value of the wavelet coefficients Ca=15,b 
distribution amplitude varies within the range of aver-
ages means defined for all groups of samples from 0.18 
to 0.58.

3)	� the dispersion SM2 value of the wavelet coefficients 
Ca=15,b distribution amplitude varies within the range of 
averages means defined for all groups of samples from 
0,11 to 0,39;

4)	� the asymmetry SM3 value of the wavelet coefficients 
Ca=15,b distribution amplitude varies within the range of 
averages means defined for all groups of samples from 
0,43 to 1,08;

5)	� the kurtosis SM4 value of the wavelet coefficients Ca=15,b 
distribution amplitude varies within the range of aver-
ages means defined for all groups of samples from 0,49 
to 1,29.

From the data obtained it can be seen that the magnitudes 
of all statistical moments of the 1st-4th orders (the mean 
(1), the dispersion (2), the asymmetry (3) and the kurtosis 
(4)) linearly vary within 36 hours. At the same time, the 
most sensitive to necrotic changes in the polycrystalline 
structure of such samples were the temporal changes of 
asymmetry SM3 and kurtosis SM4 (see Fiure 3).

Analysis of the obtained data on the time dependences 
of the magnitude of the statistical moments of the 1st – 4th 
orders set, which characterize the magnitudes of the am-
plitudes of the small-scale structure wavelet coefficients of 
VB films microscopic images PP coordinate distributions 
at different intervals of the PMI, revealed the maximum 
level (highlighted in gray) accuracy in the determination 
of PMI within 43- 46 min (see Table II). 

DISCUSSION
A large number of scientific works are devoted to the de-
velopment and improvement of existing methods for deter-
mining the PMI. In particular, VB as a subject of research 
aroused great interest. Many studies are known based on 
the determination of the electrolyte composition of VB. 
Patel U.P. and co-authors established the rule of 12: every 
12 hours of PMI, potassium concentration in VB increases 
by approximately 2 mmol/l [9]. In scientific work, Tumram 
N.K. and co-authors confirm that a linear increase in the 
concentration of potassium was observed in the synovial 
fluid and VB with increasing PMI, and the results of their 
study were consistent with previous researchers [1]. Foster 
S.N. and others proposed the use of a regression equation 
based on the level of potassium in VB, which allows you to 

set the PMI up to 24 hours [8]. The limitation of this study is 
that it does not take into account the ambient temperature, 
which may affect the obtained results. Also known works 
of other authors, who note that this technique has some 
drawbacks [3]: potassium levels in VB may be elevated or 
decreased before death. In this case, it should be expected 
that such changes cause another starting point and larger 
changes in the final values. The researchers also noted 
a greater increase in potassium levels in young subjects 
compared to the elderly, which may be due to a significant 
loss of retinal cells with age and a decrease in thickness [3]. 
Also, in some cases, potassium levels may differ in different 
types of death. All this encourages scientists to search for 
new promising techniques.

In recent years, laser polarimetric techniques have been 
proven to solve many medical and biological problems. These 
techniques are based on measuring the coordinate distribu-
tions of the polarization of laser beams in biological tissues 
[4, 11]. Based on the model of generalized optical anisotropy, 
a two-wave technique of azimuthal-invariant Mueller-matrix 
reconstruction of optical anisotropy parameters characteristic 
of biological crystals was developed. [12]. These methods 
determine the set of statistical moments of 1-4th order, which 
characterize the distributions of the parameters of the optical 
anisotropy of biological tissues [13]. These polarization tech-
niques have also been tested to establish PMI. Garazdyuk M.S. 
and co-authors propose a method of two-dimensional Stokes 
polarimetric mapping of azimuth polarization distributions 
of microscopic images of cerebrospinal fluid films in time 
monitoring of postmortem changes in optical manifestations 
of polycrystalline networks to determine PMI. Scientists have 
established the possibility of setting the PMI with an accuracy 
of 45 minutes at an interval of 30 hours, and an accuracy of 
25 minutes at a short time after death (up to 14 hours) [7]. 

We believe that it is possible to increase the accuracy and 
extend the PMI detection range by using VB as the object of 
study, as it has a unique structure that gives it the properties 
of uniaxial liquid crystals. As a result of large-scale selective 
Wavelet image analysis of the VB layers, a sensitivity range 
of 36 hours was established with a PMI setting accuracy of 
45 minutes. The obtained results confirm the diagnostic 
efficiency of this technique in establishing PMI and the 
prospects for further research in this area.

CONCLUSIONS
The temporal dynamics of changes in the magnitude of 
the statistical moments of the 1st – 4th orders, which 
characterize the phase parameter distribution of polarizing 
microscopic images vitreous body films of the deceased 
with different postmortem interval are investigated.

The efficiency of the wavelet analysis of the phase param-
eter distributions of polarizing microscopic images vitreous 
body films of the deceased with different postmortem 
interval has been demonstrated.

Scale-selective analysis has been shown to increase the 
sensitivity range up to 36 hours after death and increase the 
accuracy of postmortem interval estimation to 45 minutes.
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