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- Abstract

Introduction: One of the most urgent tasks of forensic science and practice fo
many years, both in Ukraine and abroad, remains the exact estimation of time sinc
death (TSD).

Aim: To develop a complex of forensic objective criteria to improve the accuracy ¢
TSD estimation at the long-term time intervals on the basis of complex direct an
large-scale selective statistical data analysis of the polarization-correlation mappin
of microscopic images of polycrystalline films of vitreous body (VB) from a huma
cadaver.

Material and methods: The object of study is polycrystalline films of VB, taken fror
52 cadavers of both sexes aged from 35 to 81-year with pre-known time of deat
coming ranged from 1 to 24 h. Measuring the coordinate allocation (two-dimensions
measurements in the plane of the samples of polycrystalline films of VB) meanings
parameters of polarization in the points of microscopic images was carried out at th
location of the standard Stokes-polarimeter.

Results and conclusions: The analysis of the data obtained on the time depender
ces of the magnitude of the set of statistical moments of the 1st to 4th orders, whic
characterize the distributions of phase parameters at different gaps in the TSD, re
vealed the maximum accuracy of the Stokes polarimetric mapping of the VB layers i
the determination of the TSD in the range of 50-51 min.
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Diagnostika ¢asu smrti metodou azimutalne-invariantnej polarizacnej mikro-
skopie ludského oéného sklovca

Abstrakt

Uvod: Jednou z najnaliehavejSich tloh stdnolekarskej vedy a praxe po mnoho rt
kov, tak na Ukrajine, ako aj v zahranici, zostava presné stanovenie ¢asu smrti.
Ciel: Vypracovat komplex objektivnych forenznych kritérii na zlepSenie presnos
odhadu &asu smrti v dlhodobych &asovych intervaloch na zaklade komplexnej pri
mej a rozsiahlej selektivnej Statistickej analyzy udajov polarizacno-korelacného m
povania mikroskopickych snimok polykrystalickych filmov o&néeho sklovca odobrat
ho pri pitve.
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Material a metody: Predmetom Studia st polykrystalické filmy o&ného sklovca, odo-
braté z 52 mitvych tiel oboch pohlavi vo veku od 35 do 81 rokov s vopred znamym
Zasom umrtia od 1 do 24 hodin. Meranie alokécie suradnic (dvojrozmerné merania
v rovine vzoriek polykry$talickych filmov oéného sklovca) vyznamu parametrov pola-
rizacie v bodoch mikroskopickych obrazov sa uskuto&nilo $tandardnym Stokesovym
polarimetrom.

Vysledky a zavery: Analyza ziskanych adajov o &asovych zavislostiach velkosti su-
boru tatistickych momentov 1. a7 4. radu, ktoré charakterizujd rozdelenie fazovych
parametrov pri roznych intervaloch gasu po smrti, odhalila maximainu presnost Stok-
sovho polarimetrického mapovania vrstiev o&ného sklovca pri stanoveni ¢asu smrti v

‘rozsahu 50 - 51 min.

Kricové slova: stanovenie &asu smrti, oény sklovec, polarizatna mikroksopia

Introduction

One of the most urgent tasks of forensic science and practice for many years, both in
Ukraine and abroad, remains the exact establishment of the time since death (TSD)
{1-14). The high accuracy of the TSD estimation is an important goal of the medical
and legal investigation and a guarantee of the successful disclosure of crimes
2gainst the life and health of citizens. However, at present, the most accessible me-
#ods for determining the TSD for a forensic expert-practitioner are the visual asses-
sment of posthumous changes, which are a macroscopic reflection of the biochemi-
zal and biophysical processes occurring in the human body after death. These inclu-
2= diagnosis of livores mortis, cooling and drying of the body, rigor mortis, assessing
of supravital reactions, etc. They are very informative and of great forensic signifi-
cance, but in some cases they do not allow us to reliably answer the questions posed
0 the expert. After all, natural biological as well as artefact changes that occur in the
suman body after death are complex and unpredictable, as these phenomena are
=ffiected by a wide range of variables. i

Modern physico-optical methods of diagnostics of the TSD are very perspective, sin-
2= they are based on the use of hardware computer technology, which allows to ob-
1=in objective data of the dynamics of posthumous changes of the studied biological
sssues and human environments and, accordingly, more precisely determine the
TSD (1-3). Distinctive feature of biophysical methods of research is the high sensitivi-
2 and the possibility of accurate, objective recording of the obtained results.

Aim

To develop a complex of forensic objective criteria to improve the accuracy of TSD
imation at the long-term time intervals on the basis of complex direct and large-
<cale selective statistical data analysis of the polarization-correlation mapping of
icroscopic images of polycrystalline films of vitreous body (VB) from a human ca-

Ver.

terial and methods

The object of study is polycrystalline films of VB, taken from 52 cadavers of both se-
225 aged from 35 to 81-year with pre-known time of death coming ranged from 1 to
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24 h. Concerning the time that passed after death, the selection is as follows: 1h -3
cases (9.6 %), 3nh — 8 cases (15.4 %), 6h — 10 cases (19.2 %), 12h — 8cases (154
%), 18h — 10 cases (19.2 %), 24h — 11 cases (21.2 %).

Measuring the coordinate allocation (two-dimensional measurements in the plane of
the samples of polycrystalline films of liquor) meanings of parameters of polarization:
in the points of microscopic images was carried out at the location of the standaré
Stokes-polarimeter (6,7).
The results of the statistical analysis of the time distribution dynamics of the fourih
parameter of the Stokes vector (hereinafter "phase parameter’ - PP (4)) of the
microscopic images of VB layers of the deceased persons with the severity TSD in-
terval are presented. Experimental measurements of Stokes-parametric images of
biological layers were carried out according to the method presented in (5-7).

On the Fig. 1 the maps (1) and distributions ((2), (3)) of the magnitudes of the PP ¢
the Stokes vector of the microscopic images of VB layers with TSD 3 hours are

shown.
The obtained results illustrate the existence of differences between the data of az-

muthally invariant polarization microscopy of layers of VB of the deceased with diffe-
rent TSD. Distributions of the PP values (Fig. 1, fragments (2), (3)) of the sample of
the deceased with a larger TSD (3 hours) are characterized by lower average values
(the statistical moment of the 1st order) and the range of distribution (statistical me-
ment of the 2nd order) of random values.

A by o aret

Fig. 1 Map (1) and distributions ((2), (3)) of the magnitude of the PP of the Stokes vec-
tor of the microscopic images of VB layers with TSD 3 hours.

This fact can be related to the results of polarization mapping of coordinate distribut-
ons of the magnitude of Stokes vector parameters of microscopic images of histolc
gical sections of biological tissues of different organs of a person (8-10). Here it s
shown that the main factor in the formation of the coordinate structure of the distrib
tion of the Stokes vector parameters at the points of polarization microscopic images
is the optical anisotropy of biological objects. This mechanism leads to the appez
rance of phase shifts between the orthogonal components of the amplitude of laser
radiation at the points of the microscopic image (distribution of the magnitudes of PF
- Fig. 1, fragments (1), (2)) of the VB layer.
Such phase distributions in the microscopic image are formed due to the influence ¢
the following factors:
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structural anisotropy of a spatially ordered network of collagen fibrils - linear biref-
ingence;

“islet" anisotropy of molecular protein complexes of protein fraction of VB - circular
irefringence;

multiple scattering of laser radiation in the volume of optical anisotropic layer of VB.
Jue to the latter factor, averaging of the distribution of the magnitude of the polariza-
jon parameters of the Stokes vector and the reduction of phase modulation in the
lane of the microscopic image of the sample of the VB are present. Proceeding from
his, we can formulate the following scenario of the dynamics of the transformation of
olarization manifestations of necrotic changes in the polycrystalline structure of lay-
rs in case of different TSD interval.

-irst - with an increase of the TSD, the level of optical anisotropy decreases. The
lisordered collagen network is reduced and the concentration of protein complexes
lecreases.

secondly - the optically process of necrotic changes is manifested in reducing the
iepth of phase modulation of laser radiation by polycrystalline structures of the VB.
“hirdly - the statistically increasing degree of necrotic degradation of the polycrysta-
ine component of VB is accompanied by a decrease in the mean and dispersion of
he coordinate distributions of the size of the PP (Fig. 1, fragments (2), (3)) of
nicroscopic images of biological preparations.

-ourth - reducing the level of linear and circular birefringence of VB leads to an in-
rease in the magnitude of statistical moments of the 3rd and 4th orders, which cha-
acterize the distributions of PP of microscopic images of layers of the deceased.
Juantitatively this scenario of the time dynamics of the necrotic change in the phase
tructure of the microscopic images of layers of VB with different TSD illustrates the
tatistical moments of 1-4 order, which are shown in table 1:

SM, Tr=1 =3 | T=6 L F=12 T=18 =24
SM, 098z 093+ 088+ 0.83% 081% 078+ i
0.045 0.043 0.041 0.037 0.036 0.035 |
p | pn005 | pn005 | pn005 | px0035 | prn 0,05  pn0,05 |
SM, | 018% 0.165+ 015+ 0.12% | 0,09+ 0.06 ‘
0.008 | 0.007 0.006 0.005 | 0.004 0.003
p p 0,03 : pr 005 | pn0.05 | pn0,05 | pm 0,05 | p=n 0,05 _
i SM, |033% 037 % 041+ 049+ 057+ 0.64+ I
AN | 0.014 | 0.016 0.018 0.21 0.023 | 0.028
l G T pm0.05 I pr005 | pmn005 | pr0,05 | pn 0,05 | pn0.05
TS, T041T 046+ 052 063% 073 e
5 | 0.018 | 0.021 0.024 0.028 0.034 0.038
p [ pm005 | pm005 | pn 005 [ pr005 | pn0.05 T pn0.035
. | j !

Table 1 The time dynamics of the change in the magnitude of the statistical moments of the
1st to 4th orders (), that characterize the distributions of the PP of the Stokes vector of the
microscopic images of the VB layers of the deceased with different TSD (, h)

lled:

the linear range of the change in the magnitude of the statistical moments of the
1st to 4th orders, which characterizes the distributions of the PP of the microsco-
pic images of the layers of the deceased by the size of the TSD, is 24 hours;
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« the value varies within the range of the average values set for all groups from
0.98 to 0.78; |

«+ the value varies within the range of the average values set for all groups from
0.06 to 0.18;

+ the value varies within the range of the average values set for all groups
0.33 to 0.64;

+ the value varies within the range of the average values set for all groups
0.41 to 0.84.
Fig. 2 illustrates linear and circular diagrams for changing the value of a set

statistical moments :

8 12 15 1827

15 18 21

0 S 12 15 18 21 24 T 12,51%

Fig. 2 Time charts of the change in the magnitude of the statistical moments of the 1
4th order (), that characterize the distributions of the PP of the Stokes vector of the micro
pic images of VB layers of the deceased with different TSD (, h.)

From the data obtained (Fig. 2) can be seen that the mean (1), dispersion (2),

mmetric (3) and kurtosis (4), describing Stokes-polarimetric maps of micros
images of VB layers with a different TSD demonstrate linear change in within
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nours. The most sensitive to necrotic changes in the polycrystalline structure of such

samples were time changes in asymmetry and kurtosis .

Duantitatively this is manifested in the growth of the angles of inclination of such li-

sear dependencies of statistical moments of higher orders.

We obtained the following results for the method of azimuthally invariant polarization
icroscopy of layers of decayed with different TSD — see table 2:

SM T =1 T=3 T=6 [T=12 [T=18 |[T=24
SM, 58min | 60 min | 59 min__| 63 min 62 min 66 min
SM, |56min |58 min | 57 min | 58 min 60 min | 62 min
SM, |53min_|54min | 55min | 54 min 55 min 55 min
SM, [50min |51min_|51min_| 52 min 51 min 51 min

Tab. 2 Accuracy () of TSD estimation by the method of Stokes polarimetric mapping of VB
layer

The analysis of the data obtained on the time dependences of the magnitude
% the set of statistical moments of the 1st to 4th orders that characterize the distribu-
sons of the PP at different intervals of the TSD revealed the maximum level (highligh-
#=d by grey colour) of the accuracy of the Stokes polarimetric mapping of the VB lay-
=s in the estimation of the TSD in the range of 50-51 min. This level corresponds to
e temporal parameters of the TSD estimation, which were received by the scien-
of the prof. Bachinsky V.T. school from the Bukovinian State Medical University

{11-14).
Conclusions

1 The method of azimuthally-invariant Stokes-polarimetric mapping of a set of pola-

szation maps and histograms of distributions of random values of the phase parame-

=r of microscopic images of layers of deceased persons with different time since
=ath intervals was investigated. %

2 The temporal dynamics of the change in the magnitude of the statistical moments

=f the 1st-4th order, which characterizes the distributions of the phase parameter of
»e polarization microscopic images of the layers of the vitreous body in case of diffe-

rent time since death intervals was investigated.

3 The sensitivity range (24 h) and the accuracy (50 min) of the Stokes polarimetry
sethod of the microscopic images of the vitreous body layers in case of different

e since death intervals were established.
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