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MULTI-PARAMETER MUELLER-MATRIX TOMOGRAPHY OF
HISTOLOGICAL SAMPLES OF BIOLOGICAL TISSUES AS AN
ACCURATE AND EFFECTIVE METHOD FOR DETERMINING THE
DEGREE OF BLOOD LOSS
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Summary. Establishing the volume of blood loss is extremely important in the context of forensic
practice, as it can indicate various circumstances of death and is important in solving criminal cases.
Consideration of modern methods of determining this parameter in the article is relevant and aims to
reveal new opportunities and perspectives in this field of forensic medical examination.

Aim of the work. To develop a set of new forensic criteria for accurate determination of the
volume of blood loss using the method of multichannel polarization Muller-matrix tomography of
histological sections of parenchymal organs and human blood samples.

Materials and methods. Samples of parenchymal organs and human blood were collected from
76 corpses of both sexes with varying degrees of blood loss from 0 mm?® to 2500 mm?. The research was
carried out using the method of multichannel polarization Muller-matrix linear dichroism tomography
of biological tissue samples.

Results. For all studied biological samples, a decrease in the level of circular birefringence (CB)
of formed blood elements against the background of a gradual necrotic decrease in distributions of linear
birefringence (LB) of the optical anisotropy of parenchymal tissues and blood films was established
for the process of blood loss. The range of sensitivity of the method of differential Mueller-matrix
tomography with algorithmic reproduction of linear dichroism maps to changes in blood loss volume
of the deceased, which is (0+2000) mm?, is determined.

Conclusions. The accuracy of the method of differential Mueller matrix mapping with algorithmic
reproduction of linear dichroism maps of biological preparations was determined, which is 86-92 %
in the range of the level of blood loss AV = (0+£2000) mm?.

Keywords: forensic medicine, blood loss, polarimetry, diagnostics, Mueller’s matrix.

Introduction. In forensic medical practice, determining the volume of blood loss is a key aspect
for reconstructing the circumstances of death and establishing its cause, which makes it possible to
make a significant contribution to the investigation of the case [1-3].

When determining the causes of death from blood loss, experts often have to deal with issues
related to the causes of blood loss, its volume, severity of damage and the role of this factor in the dying
process. When investigating such cases, the police turn to experts to find out about the possibility of
active actions of dying persons, to determine the effectiveness of medical assistance. Establishing these
aspects is often a challenge for experts. In many cases, the circumstances of death remain unknown or
there are no medical documents that could help in retrospective analysis. At the same time, determining
the volume of blood loss through morphometric analysis during autopsy is not sufficiently accurate and
objective, nor is it sufficient to resolve issues related to the speed of development of this process [4, 5].

Modern methods, approaches and technologies contribute to improving the accuracy and
objectivity of determining the amount of blood loss, which has a significant practical value for forensic
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experts and investigations of fatal cases. With the development of new technologies and analytical
methods, which are aimed at the accurate determination of this indicator, the possibility of improving
forensic investigations opens up [6, 7].

In this paper, we propose to consider the possibilities of multiparameter differential Muller-
matrix tomography of linear dichroism of histological sections of parenchymal biological tissues and
human blood samples in determining the volume of blood loss [8].

Aim of the work. To develop a set of new forensic medical criteria for accurate determination
of the volume of blood loss using the method of multichannel polarization Muller-matrix tomography
of histological sections of parenchymal organs and human blood samples.

Materials and methods. Samples of parenchymal organs and human blood were collected from
76 cadavers of both sexes aged 18 to 56 years with various degrees of blood loss.

Depending on the volume of blood loss (V), the following groups of samples were considered:
V =0 mm’ - group 1 —control group (10 samples);

V = (500+£100) mm® — group 2 (6 samples);

V = (1000£100) mm?* — group 3 (12 samples);

V = (1500£100) mm? — group 4 (13 samples);

V =(2000£100) mm?* — group 5 (17 samples);

V = (2500£100) mm?* — group 6 (18 samples).

The research was carried out using a laser polarimeter of the following structure (fig. 1) [6-8]:
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Fig. 1. Functional block diagram of multiparameter differential Mueller-matrix tomography of biological
samples:

I —lighting unit (1 —laser; 2 — collimator);

II — polarization filter (3 — polarizer; 4 — quarter-wave phase plate);

III - object unit (5 —biological sample);

IV —projection unit (6 — polarizing microlens);

V —polarization analysis unit (7 — polarizer; 8 — quarter-wave phase plate);

VI - photoelectronic registration unit (9 —digital camera);

VII — data processing unit (10 — personal computer).

Statistical data processing was carried out using MS® Excel® 2010™ and Statistica® 7.0
applications.

Results. Based on previous works, we believe that the process of blood loss leads to a decrease in
the level of CB and dichroism of formed blood elements against the background of a gradual necrotic
decrease in the distribution of LB and dichroism of optical anisotropy of fibrillar and parenchymal
structures. Thus, the determination of the volume of lost blood is based on the establishment of
relationships between changes in the distributions of parameters of various types of tomographically
reproduced maps of phase and amplitude anisotropy and the level of blood loss of the deceased.

On a series of fragments of fig. 2 shows the experimentally determined coordinate distributions
of random values of the dichroism value of the parenchymal structure of the histological sections of
the spleen of the deceased from group 1 (1) and group 3.
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Fig. 2. Maps and histograms of size distributions of histological sections of the spleen of the control (1)
and experimental (2) groups.

Quantitatively, the scenario of changes in the distribution of the size of the LB of the parenchymal
structure of the histological sections of the spleen of the deceased with different degrees of blood loss
illustrate the significance of the statistical points listed in table 1.

Table 1

Statistical structure of linear birefringence maps of histological sections of the spleen of
deceased persons with various degrees of blood loss

Blood loss, mm’ 0 (501(1)1:2;)0) (10(1)1(1):1100) (15(111(1):1100) (20(111(1):1100) (25(;?;&00)
Average (SM,) | 0,16+0,007 |0,145+0,006| 0,12+0,005 {0,099+0,005|0,082+0,004 | 0,095+0,006
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05
Dispersion (SM,) | 0,13+0,0064 | 0,097+0,004 | 0,065+0,003 | 0,036:0,001 | 0,015+0,001 | 0,026+0,001
p <0,05 <0,05 <0,05 >(,05 >(,05 >0,05
Asymmetry (SM,) | 1,02+0,046 | 1,36+0,057 | 1,740,074 | 2,15+0,104 | 2,51+0,12 | 2,21+0,106
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05
Excess (SM,) 1,36+0,061 | 1,65+0,053 | 1,98+0,105 |2,34+0,108 | 2,62+0,12 | 2,23+0,11
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05

Thus, the value of the set of statistical moments of the 1st—4th order changes, according to the
volume of blood loss, it is (0£2000) mm?.
In fig. 3 presents graphic dependencies —diagrams of changes in the value of statistical moments

SM

1;2;3:4°

all groups of the deceased.
From the obtained results of the method of multichannel polarization Miiller-matrix tomography

(fig. 3), it can be seen that the dynamics of changes in the value of statistical moments SM

which characterize the distributions of the LB value of spleen samples due to blood loss for

which

1;2;3:4°

characterize the distribution of LB values of histological sections of the spleen, change within the
blood loss volume of (0+£2000) mm?.



Forensic-medical examination, 2023, No2 http://forensic.bsmu.edu.ua

SM1

15 574
1,2 2,41

2,1
0,9

1,8
0,6

1,54
0,3 1,24

0 500 1000 1500 2000 2500 V, sz
4

2
V, CM™ 2500 2000 1500 1000

500 0

2,2 3,91

24 4,24

SM3 SM

Fig. 3. Dependencies of the average (SM1), dispersion (SM2), asymmetry (SM3) and excess (SM4),
which characterize linear birefringence maps of histological sections of the spleen for the deceased with different
degrees of blood loss.

The statistical parameters most sensitive to changes in the degree of LB of optically anisotropic
parenchymal structures of histological sections of the spleen are asymmetry and excess.

Maps and histograms of distributions of the value of LB of polycrystalline fibrillar networks of
the structures of histological sections of the kidneys of the deceased from group 1 (1) and group 3 (2),
which were obtained using multichannel differential Mueller matrix mapping (fig. 4).
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Fig. 4. Maps and histograms of distributions of the value of LB of histological sections of the kidneys of
the control (1) and experimental (2) groups of the deceased.
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From the analysis of the obtained data, it was found that with an increase in the volume of blood
loss and a corresponding decrease in the concentration of formed blood elements, the magnitude
of the degree of linear dichroism of the optically anisotropic collagen nets of the kidney decreases
(fig. 4). Statistically, this is manifested in a decrease in the average and variance values, which
characterize the distributions of the LB value of histological sections of kidney tissue of all groups
of the deceased.

Also, the scenario of increased blood loss is accompanied by inverse changes in the magnitude of
the statistical moments SM, and SM,, which characterize the asymmetry and excess of the distributions
of the corresponding coordinate maps of the LB of histological sections of the kidney of the deceased
in the range of the volume of blood loss up to V = (2000£100) mm?®.

The results of the statistical analysis of changes in the structure of LB maps of histological
sections of the kidneys of the deceased with different degrees of blood loss illustrate the statistical

points SM_ . ., the values of which are given in table 2.

Table 2
Statistical structure of linear birefringence maps of histological sections of the kidneys of
deceased persons with various degrees of blood loss

Blood loss, mm’ 0 (500&:1300) (10001100) (1500%00) (2000%00) (2500%00)
mm mm mm mm mm
Average (SM,)  [0,18+0,008 |0,1530,007|0,127:£0,005 | 0,098+0,005 | 0,069:£0,003 | 0,078+0,004
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05
Dispersion (SM,) | 0,130,005 | 0,110,004 |0,093+0,004 [ 0,071=0,003 | 0,043%0,002 | 0,056+0,002
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05
éﬁ“;metry 1,14+0,046| 1,38+0,056 | 1,61+0,073 | 1,810,087 | 2,09+0,095 | 1,84+0,085
3
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05
Excess (SM,)  [1,49+0,069| 1,88+0,77 | 2,38+0,11 | 2,74%0,12 | 3,03+0,14 | 2,82+0,13
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05

In fig. 5 presents graphical dependences of changes in the values of statistical moments SM,, 5.4
which characterize the coordinate structure of distributions of random values of linear dichroism
by optically anisotropic collagen networks of biological crystals of a representative set of samples
of histological sections of the kidneys of the deceased from all groups according to the level of
blood loss.

From the obtained data of the statistical analysis of the results of multi-parameter Mueller
matrix tomography of changes in the optically anisotropic absorption of optically anisotropic grids
of biological crystals, which is due to blood loss (fig. 5, table 2), it can be seen that the values of the
average, dispersion, asymmetry and excess, which characterize the distributions of the LB value of
histological kidney sections of the deceased, change within the blood loss volume of (0+£2000) mm?®.

The next stage of our work was the study of linear dichroism of polycrystalline blood films of
corpses with different degrees of blood loss (fig. 6).

We would like to note that for the blood film, the main factor in changing the coordinate
polycrystalline structure is the optical anisotropy of the shaped elements that scatter (depolarize) laser
radiation against the background of the unchanged structural anisotropy of polycrystalline albumin —
globulin networks [9]. Therefore, with a decrease in the concentration of formed blood elements in
cases of blood loss, the value of linear dichroism of LB also decreases.
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Fig. 5. Dependencies of the value of the mean (SMI), variance (SM2), asymmetry (SM3) and kurtosis
(SM4), which characterize the LB maps of histological sections of the kidneys of the deceased with different
degrees of blood loss.
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Fig. 6. Maps and histograms of distributions of LB values of polycrystalline blood films of the control
(1) and experimental (2) groups.

The results of the statistical analysis of the specified changes in the optically anisotropic linear
dichroism of the polycrystalline blood films illustrate the statistical moments of the 1st to 4th orders,
which are listed in table 3.
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Table 3

Statistical structure of maps of linear birefringence of polycrystalline blood films of the

corpses with different degrees of blood loss

Blood loss, mm’ 0 (501(1)1:2300) (10(1)1(1)1:300) (15({)3;&00) (20?1(:1:;100) (25(;?;%00)
Average (SM,) {0,21+0,0090,183+0,008 | 0,152+0,007 |0,121+0,005 | 0,092+0,005 |0,063+0,003
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05
Dispersion (SM,) 0,19+0,008| 0,17+0,007 | 0,145+0,006 | 0,124+0,005 | 0,103+0,004 | 0,084+0,003
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05
(Assl\}//IrSmetry 0,36+0,014| 0,660,027 | 0,94+0,043 | 1,2440,065 | 1,57+0,077 | 1,85+0,084
p <0,05 <0,05 <0,05 >(,05 >(,05 >(,05
Excess (SM,) 0,57+0,023| 0,78+0,032 | 0,99+0,045 | 1,19+0,052 | 1,47+0,064 | 1,72+0,075
p <0,05 <0,05 <0,05 >0,05 >0,05 >0,05

The following statistical parameters turned out to be most sensitive to such changes in the
concentration of formed elements — statistical moments of the 3rd and 4th orders, which characterize
the asymmetry and excess of the linear dichroism value distributions of the polycrystalline blood films
of the corpses, which change within the blood loss volume of (0+£2000) mm?®.

Thus, the analysis of the results of the study of the effectiveness of determining the degree of
blood loss by the method of differential Mueller-matrix mapping of coordinate distributions of the linear
dichroism value of histological sections of parenchymal (spleen, kidney) tissues and polycrystalline blood
films revealed: for all studied biological preparations, the sensitivity range of the method is (0+£2000) mm®.

The results of determining the accuracy of the proposed method are illustrated in tables 4-6.

Accuracy of As (%) of determining the volume of blood loss (spleen) fovled
Blood loss, (500+100) (1000+£100) | (1500+100) | (2000+100) | (2500+100)
mm? mm? mm? mm? mm? mm?
Average (SM)) 86 86 84 82 66
Dispersion (SM,) 92 92 90 88 70
Asymmetry (SM,) 78 76 72 70 66
Excess (SM,) 82 82 80 76 72
Table 5
Accuracy of As (%) of determining the volume of blood loss (kidney)
Blood loss, (500+100) (1000+£100) | (1500+100) | (2000+100) | (2500+100)
mm? mm? mm? mm? mm? mm?
Average (SM)) 90 88 86 86 72
Dispersion (SM,) 94 92 92 92 76
Asymmetry (SM,) 92 90 88 86 74
Excess (SM,) 84 82 82 80 68
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Accuracy of As (%) of determining the volume of blood loss (blood films) fevle
Blood loss, (500+100) (1000+100) | (1500£100) | (2000+£100) | (2500+100)
mm? mm? mm? mm? mm? mm?
Average (SM)) 78 76 74 70 62
Dispersion (SM,) 84 82 80 80 68
Asymmetry (SM,) 92 92 90 88 74
Excess (SM,) 94 94 92 90 76

The accuracy of the method of differential Mueller-matrix tomography with algorithmic
reproduction of linear dichroism maps of the polycrystalline structure of biological samples varies within:
o AV = (0+£2000) mm?® < 86-92 %,

o AV = 2500 mm?® <> 56-68 %.

The maximum level is achieved for the following statistical parameters that characterize the
linear dichroism maps of the following biological preparations:
. spleen—SM, < 88% —92%;

SM, < 86% —90%:
e kidney—{SM, < 92% —94%;
SM, < 86% — 92%;
SM, <> 88% —92%;
’ blOOd_{SM4 & 90% — 94%.

Conclusions.

1. The dynamics of changes in the magnitude of statistical moments of the 1st to 4th orders,
which characterize the distributions of LB of histological sections of parenchymal tissues, as well as
polycrystalline films of the blood of the dead with different volumes of blood loss AV = (0+£2500) mm?®,
were studied AV = (0£2500) mm?>.

2. The values and ranges of changes in the accuracy of the method of differential Mueller
matrix mapping with algorithmic reproduction of linear dichroism maps of biological preparations
are determined AV = (0+£2000) mm?® < 86-92 %.

3. It is shown that the maximum level is reached for statistical moments that characterize the
LB map:

e histological sections of the spleen —asymmetry and excess SM, ,—>86-88 %;

e polycrystalline films of blood —dispersion SM,«>90-92 %.
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BATATOITAPAMETPUYHA MIOJIVIEP-MATPUYHA TOMOI'PA®IA
T'ICTOJOTTYHUX 3PA3KIB BIOJIOTTYHUX TKAHUH SIK TOUHUI
I IIEBU METO/I Y BUSHAUEHHI CTYIIEHSI KPOBOBTPATH

bauuncwkuii B. T., Illnaan K. B.
BbykoBUHCHKHIT ep>KaBHUN MeIUYHUI yHIBepcUTeT, M. UepHiBii, YkpaiHa

Pe3tome. BcranoBneHHs1 00’ eMy KpOBOBTpATH HAJA3BUYAHO Ba)KJIMBE B KOHTEKCTI CYIOBOL
MPaKTHUKH, OCKIJTBKH MOX€E BKa3yBaTH HA pi3HI 0OCTaBUHU CMEPTi Ta MaTH BEIMKE 3HAUCHHS MPU
BUPINICHHI KPUMIHAJIBHUX CIIPaB. PO3MIsL CydacHUX METO/iB BU3HAYCHHS IIbOTO MTapaMeTpa B CTATTi
€ aKTyaJbHUM 1 Ma€ Ha METi PO3KPUTH HOBI MOXJIMBOCTI Ta MEPCIIEKTUBH B JAaHIi ramy3i CyJ0BO-
MEJINYHOI EKCIIEPTU3H.

Meta po6oTu. Po3po0iaeHHsI KOMIUIEKCY HOBUX CYIOBO-MEIMYHUX KPUTEPIiB AJIST TOYHOTO
BCTAHOBIICHHS 00’ €My KPOBOBTPATH 3a JIOTIOMOTOI0 METOly OararokaHaIbHOI Mossipu3aliiHoi Mrosep-
MaTpuuHOi ToMorpadii ricToIOrYHUX 3pi3iB MApEeHXIMAaTO3HUX OPTaHiB 1 3pa3KiB KPOBI JIIOAMHU.

Marepiaau Ta meToau. 3abip 3pa3KiB MapeHXiMaTO3HUX OPTaHiB 1 KPOBI JIIOAWHU MPOBOIUIH
Bijl 76 TpymiB 000X cTaTeil 3 pi3HUM CTyIeHeM KpoBoBTpatu Big 0 mm® 10 2500 mm?. JlocimkeHHs
BUKOHYBAJIH, 3aCTOCOBYIOYM METOJI 0ararokaHaJIbHOT nosspu3aniitnoi Mrosep-mMarpuyHoi Tomorpadii
JHIHHOTO JUXPOi3My 3pa3KiB 0i0JOTTYHUX TKAHHH.

PesyabTaTn. J{ns BCix HociKeHUX O10JIOTIYHUX TIpernapariB Oyl0 BCTAHOBJICHE XapaKTepHE
JUIS TIPOIIeCY KPOBOBTPATH 3HMXKEHHS PIBHS IUPKYISIpHOTO ABonpomenesanomieHss (L[/])
(opMEHHX eJIeMEHTIB KpPOBi Ha TJIi MOCTYIIOBOTO HEKPOTUYHOTO 3MEHIICHHS PO3MO/LIIB JIHIITHOTO
nBorpomeHesanomiaeHHs (JIZ) onTuaHoi aHi30TpoIIil mapeHXiMaTO3HUX TKAHUH 1 IJTIBOK KPOBI.
ByB BU3HaueHM Aiana3oH YyTIAUBOCTI MeToay audepenuiitnoi Mromnep-marpuaHoi Tomorpadii
3 QJITOPUTMIYHUM BiITBOPEHHSIM Mall JIHIHHOTO TUXPOI3MY J10 3MiHH 00’ €My KPOBOBTPATH ITOMEPIIHX,
1o ckiagas (0+£2000) mm?.

BucnoBku. byna Bu3HaueHa BeITMUUHA TOYHOCTI METOIY qudepeHiiiHoro Mioiiep-MaTpuaHOro
KapTorpadyBaHHs 3 AATOPUTMIYHUM BiITBOPEHHSM Marl JIIHIHHOTO TUXPOi3My O10J0TIHHUX MTpenaparis,
o craHoBmia 86-92 % na miana3oHi piBasg KpoBoBTpatu AV = (0£2000) Mm>.

KurouoBi cjioBa: cygoBa MeauImHa, KpOBOBTPATa, MOISIPUMETPIis, 11arHOCTHKA, MATPHUIIS
Mromiepa.
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