www.czasopisma.pan.pl P N www.journals.pan.pl
Y

Opto-Electronics Review 26(2018) 252-259

. . . . OPTO-ELECTRONICS
Contents lists available at ScienceDirect T viEw

Opto-Electronics Review

journal homepage: http://www.journals.elsevier.com/opto-electronics review

2D-Mueller-matrix tomography of optically anisotropic polycrystalline networks
of biological tissues histological sections

L. Trifonyuk?, W. Baranowski®, V. Ushenko¢, O. Olar¢, A. Dubolazov *,
Yu. Ushenko¢, B. Bodnar¢, O. Vanchulyak?, L. Kushnerik ¢, M. Sakhnovskiy ¢

2 Rivne State Medical Center, 78 Kyivska Str., Rivne, 33007, Ukraine

b Warsaw Military Institute of Medicine, ul. Szaseréw 128, Warsaw, 04141, Poland
¢ Chernivtsi National University, 2 Kotsiubynskyi Str., Chernivtsi, 58012, Ukraine

d Bukovinian State Medical University, 3 Theatral Sq., Chernivtsi, 58000, Ukraine

ARTICLE INFO ABSTRACT

Article history:

Received 23 August 2017

Received in revised form 5 June 2018
Accepted 11 July 2018

Available online 24 August 2018

A new technique of Mueller-matrix mapping of the birefringent structure of biological preparations of
human organs tissues is suggested. The algorithms of reconstruction of average values and magnitude
of fluctuations of the phase (birefringence) and amplitude (dichroism) of optically anisotropic structure
of myocardium and connective tissue component of the vaginal wall histological section are proposed.
The magnitudes and ranges of changes in the statistical moments of the 1st-4th order that characterize
the distribution of average values and magnitude of fluctuations of birefringence and dichroism of the
myocardium and connective tissue of the vaginal tissues histological sections were determined. Joint
studies of distributions of the characteristics of phase and amplitude of the anisotropy of myocardium
and connective tissue component of the vaginal wall tissues of different states were performed. The cases
of various necrotic changes in the myocardium and pathological conditions of the vagina wall (prolapse of
the genitals) are examined. Balanced accuracy of the method of Mueller-matrix polarization-phase and
diffuse tomography of optically anisotropic polycrystalline networks in the differentiation of necrotic
and pathological changes in human organs is determined.

© 2018 Association of Polish Electrical Engineers (SEP). Published by Elsevier B.V. All rights reserved.
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1. Introduction

One of the mostcommon directions in the analysis of mecha-
nisms of conversion of optical radiation by biological layers is the
statistical [1-4] and correlation optical [5-8] approach. Important
place in different directions of diagnostics of light-scattering bio-
logical layers structure belongs to polarization and Mueller-matrix
techniques [9-12]. Sufficient progress is achieved in polarimetric
studies of optically thin (non-depolarizing) biological layers. Here,
based on the statistical approach, correlations are found between
the average, dispersion, skewness, and kurtosis, which characterize
the phase-inhomogeneous layers and Mueller-matrix elements of
the distributions [13-15]. On this basis, diagnostic criteria for can-
cer and other pathologies of human organs were found [16-19].
However, real biological media usually have depolarizing effect on
the laser beam, propagating in them [20-23]. Because of this, the
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unilateral relationship between the parameters of biological object
and the distribution of matrix elements is broken. Thus, develop-
ment of new methods based on a differentiation of fully polarized
and completely depolarized Mueller-matrix components is impor-
tant [24-26].

In our work, we consider the possibility of expanding function-
ality of the methods of matrix mapping and 2D reconstruction
of distributions of average values and magnitude of fluctuations
of birefringence and dichroism in the differentiation of necrotic
(myocardium) and pathological (prolapse of the genitals) changes
of biological tissues.

2. Theory

It is known that biological tissues have a complex anisotropy
which is manifested in linear (fibrillar molecular structures) and
circular (chirality of the molecular complexes structure) birefrin-
gence mechanisms [1,13-15,27,28].

Theoretical background of the Mueller matrix approach to
describe the interaction of optical radiation with depolarizing lay-
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ers is shown in a series of publications [20-23]. This dependence is
analytically illustrated by the equation:

d||B

AR sl o) o

where ||B(2)|| is the Mueller matrix of the object in the plane zand

||D(2)|| is the differential matrix operator.

For optically thin layers, which do not depolarize, but trans-
form the polarization of the probing beam, the matrix operator
| ’D (z)‘ ‘ consists of six parameters that completely describe phase
and amplitude anisotropy of the biological layer:

0 Apogo  Assi3s Aee
| |DH _ Aop,90 0 Do —Pas135 @)
Ag5135 —Pee 0 Do,00
Ag.e  Pasi13s —Po90 0

where the parameters are defined as:

® Apoo, Ass,135 - linear dichroism;

® Dg g0, Pas5,135 - linear birefringence for orthogonal components
09 —900 and 459 — 1359;

* Age and @g g - circular dichroism and birefringence for right-
(®) and left- (&) circularly polarized components.

Then, the parameters of phase and amplitude anisotropy are
determined by the following relations:

2w
Do,90 = 80,00 = Tﬂno,goli Ang,gp = Ng — Ngp; (3)
27
Dys5;135 = 845;135 = TAH45;1351: Anys;135 = Ng5 — Ny35; (4)
2r
D0 = Pg.0 = TAH&@IC Angg =Ng —Ng (5)
2w
Ao,00 = To;90 = TATO;QOI; Atg,90 = To — Too; (6)
2
Ags;135 = Ta5;135 = TAMS;BS[; ATys:135 = Ta5 — T135; (7)
2m . 3
Agio = Xew = TA'C@:@L Atgip = Tg — To- (8)

Here 8g.90 and 845:135 are the phase shifts of linear birefringence
between the orthogonal (0° —90°, 459 — 1359) linearly polarized
components of laser wave amplitude; ¢g. is the phase shift of
circular birefringence between the orthogonal (right ® and left @)
circularly polarized components of laser wave amplitude; 7p.gp and
T45.135 are the phase shifts of linear dichroism between the orthog-
onal (0° —90°, 459 — 1359) linearly polarized components of laser
wave amplitude; xg.q is the is the phase shift of circular dichroism
between the orthogonal (right ® and left @) circularly polarized
components of laser wave amplitude; Ang.qp and Anys.q35 are the
values of linear birefringence; Ang.q is the value of circular bire-
fringence; Atg.90 and Atys.135 are the values of linear dichroism;
Atg;g is the value of circular dichroism; nj and 7; are the refraction
and absorption indices for the orthogonal polarized components
(09-900, 45% — 1350 and @— @) of the laser radiation amplitude;
is the geometrical thickness; A is the laser beam wavelength.

Further (without reducing the completeness of the analysis),
according to Refs. [20] and [21], we consider generalized param-
eters of the linear birefringence (&) and dichroism (A):

D=/ PGoo + Pis.i3s 9)

A= \ Afgo + Adsiazs, (10)

For a depolarizing medium the matrix operator (||D(2)||) in
expression (1) can be represented as average (polarized part of
||D(2)||) and fluctuating ||D(z)|| (depolarized part of ||D(z)||)
components giving:

HD(Z)H:LT;HD(Z)H>+H15(Z)H. (11)

It should be noted that there always is the feedback:

@ =ex (o). 12)

The simultaneous analysis of Eqs. (1), (2), (11), (12) enabled to
obtain the expression of the logarithmic matrix algorithm:

A@)=In{||Bz)||} =P(@) +H(2) (13)

that is determined as a superposition of antisymmetric P (z) (polar-
ization) and symmetric H (z) (depolarization) components A (z)
according to:

P(z)={||D||)z: H(z)=0,5]||D||2, (14)

where
P=05(A-MATM);
M =diag(1,-1,-1,-1).

H=0.5 (A +MATM); (15)

Here M is the metric Minkovsky matrix [24-26].

Let’s consider the algorithms for determining the antisymmetric
P (z) (polarization) and symmetric H (z) (depolarization) compo-
nents of A (z).

2.1. Polarization P (z) component

Taking into account Egs. (2), (13-15), the polarization compo-
nent of the matrix logarithmic algorithm takes the form:

0 (iz+ k1) (hz3+1B1) (ha+la)

|21 +h2) 0 (I3 = I32) (24 = la2)
([Ip[]) ==
(b1 +h3) (32 —h3) 0 (I34 — s3)
(a1 + ha) (laz —bg) (l43 —b4) 0
(16)
where
lie = InBy;
lix + Iy = In(Byy x Byi) s 17)

B.
Ly — s = In (i‘)
ik ki Bki

Taking into account relations (15), the non-zero elements of the
matrix ( ||D||) Eq. (16) makes it possible to obtain:

<d12> = <d21> =In(By2B21);
<d13> = <d31> =In(B13B31);

<d]4> = <d41> =In (B14B41);

(|p[|)==" (dy3) =~ (d3) =1n (%>; (18)
<d24> == <d42> =In (%) :

(dsa) =~ (daa) = In (24

The common analysis of relations (3)-(8) and (18) allows obtain-
ing the algorithms of polarization-phase tomography as analytical
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layer-by-layer (0 <z <I) expressions of Mueller matrix with the
step Az reproduction of average values of the parameters §; ¢,
T; x giving the optical anisotropy of biological layers:

80,90 = %Ano,go =In (%) (19)
345,135 = ?Anzxs,ns =In (g%:) (20)
bs.0 = 52 Mmoo =In (52 1)
T0,90 = ?Afo;go = In(B12B21) (22)
T45,135 = iLZAT45;135 =In(B13B31) (23)
Xowo = 7 At = In(BiaBan). (24)

Using the ideologies of differential data analysis of Mueller-
matrix mapping allowed us to obtain a set of algorithms [Egs.

1D]] =

(aﬁ+a§+a§)“

0, 5(0206 — 03075 )1 (oﬁ —05 - Gg)zz

0,5(0304 — 0106)3;

0,5(0105 — 0204)4

(19)-(24)] of polarization reproduction of average values of bire-
fringence and dichroism of biological layers.

2.2. Depolarization H (z) component

It can be shown that the symmetric component H (Dik) (ratio
(13)) is determined by the matrix operator of the next symmetry:

hy (i —b1) (3 —=131) (ha—la)
. |21 —h2) I (b3 +132) (La+142)
] -o.5:
(31 = h3) (2 +h3) l33 (I34 + 143)
(g1 —hia) (L2 +h4) (l43 +134) lyg

In expanded form (25) is written as follows:

B> Bi3 Big
e () w(g) w(g)
In (ZA) InBy;  In(B23B32) In(Bz4Ba2)
T
In (%) In(B3zBa3)  InBsz  In(Bs3s4Ba3)
In (gﬂ) In(Bg2B24) In(Bg3B3g)  InByy
14
(26)

The theoretical analysis of the MMI of the depolarization com-
ponent Dj, is based on our generalization of V. Devlaminck’s theory
[22-24]. Here, the value of each of the elementary polarization

-0, 5(0206 — 0305)1;

0, 5(01(72 + 0405)32

0, 5(0103 + 04064,

properties &;_;_g [ratio (2) - (8)] of the scattering medium is con-
sidered as the average u; and the fluctuating o; components:

& = Wi+ 0. 27)
Here

1 = {Ao00) a1 = /01 (Ao90):

2 ={Ass135) 03 = /62 (Aas135);
e | |emvEms |

s = (Boan) = \ B

s = (Pas135) ; 05 = /05 (Pas;135);

1e = (Peie) 06 = /06 (Paro)-

where 4/6; is the standard deviation of fluctuations of the polar-
ization properties £;-1_g.

In the approximation of Egs. (27) and (28) V. Devlaminck
[22-24] got the next expression for the differential matrix of the
2nd order:

—0,5(0304 — 0106)13  —0,5(0105 — 0204)14

0, 5(010% + 0405 )53 (29)

(03 — o} _05)33
2

0, 5(0203 + 0506 )43 (062 —0? - a§)44

0,5(0103 +0405)54

0, 5(0203 + 0506)34

The analysis of Eq. (29) reveals the following physical content
of the partial elements of the depolarization component of an opti-
cally thick biological layer Mueller matrix with fluctuations of the
linear and circular birefringence and dichroism parameters:

e diagonal elements d1; -22:33.44 are determined by combinations of
dispersion 0.1 ¢ of the parameters fluctuations of various mech-
anisms of phase (64.¢) and amplitude (0;.3) anisotropy;

¢ off-diagonal elements dy.; . x characterize the degree of mutual
correlation of fluctuations in the parameters of linear and circular
birefringence (04.¢) and dichroism (o1.3).

It was shown in Refs. [25,26] that at the increase of light scat-
tering multiplicity, a second-order differential matrix || D| | tends to

a diagonal matrix diag (dy1; dp; dis; das ) Therefore, in our
work we confine ourselves to the analysis of coordinate distribu-
tions:

a11 = (94-1—95 +96) ll‘l(B]]);
an = (94 792 *93) ln(BZZ);
( )

T (Dii) =0.5z72 (30)

diy = (05 — 61 — 63) =In(Bs3);
di1 = (05 — 61 — 62) =In(Bag).

On the basis of our theoretical consideration, we propose the fol-
lowing principles of 2D Mueller-matrix tomography of histological
sections of depolarizing biological tissues:

e Stockes-polarimetric mapping (according to the traditional
method presented in the reviews [13-19]) of biological prepa-
rations and the definition of a series of Mueller-matrix images
Bi (%, ¥);
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Fig. 1. 1 - diode laser (A =0.63um); 2 - collimator; 3, 5, 8 - quarterwave plates; 4, 9 - polarizers; 6 - biological object; 7 - infinity corrected strain-free objective with tube

lens; 10 - digital camera; 11 - PC.

e Obtaining the polarization-phase tomograms - calculation [Egs.
(18) and (19)-(24)] of coordinate distributions T ((d)) =
8

(f *.y)
X
e Obtaining diffuse tomograms - calculation (Egs. (26
and (27)-(30)] of coordinate distributions T (&,,-) =
1
(04-1—95 +96)71 g:_ZT_gz *,¥);
Og — 601 — 6

e Statistical (statistical moments of the 1st-4th order [13]) and
information (balanced accuracy of the method [15]) analysis of
the distributions T (x, y) and T (x, y).

3. Materials and methods

Experimental study of the 2D structure of Mueller matrix ’ |B‘ ‘
was performed in the polarimeter shown in Fig. 1. The devices, as
well as the parameters and measurement procedures are presented
in Refs. [16], [17], [27] and [28]. Here, we only give the optical
scheme of the polarimeter for better understanding of the process
of our study.

4. Results and discussion

This part of the work presents detailed experimental and statis-
tical results of Mueller-matrix tomography in the expert evaluation
of degenerative-dystrophic changes in myocardial tissue, as well as
the accuracy of the clinical application of this method in the differ-
ential diagnosis of the connective tissue component of the vaginal
wall during genital prolapse.

4.1. Samples preparation

The histological sections (geometrical thickness
d=30um-+-40um) for the biopsy of myocardium and con-
nective tissue component of the vaginal wall tissues were
prepared using conventional freezing microtome. In this case
such standard samples appear to partly depolarize (attenuation
coefficient t=0.05+0.07, degree of depolarization A =35%+-42%)
laser radiation. Therefore, in order to describe such samples it is
not enough to use traditional for laser polarimetry approximation
of non-depolarizing optically thin layers (z < 0.01) [13-15,29-31].

Further generalization of Mueller-matrix mapping of histo-
logical sections of biological tissues requires consideration as
polarization <HD(Z)| |> (18), as depolarization HD(Z)H (26) parts
of matrix operator.

We investigated the samples of biological tissues with two types
of polycrystalline structure changes:

e Degenerative-dystrophic in the post-mortem period or fiecrotic?
e Pathological; due to the presence of the disease.

As specific examples of such changes it were considered:

¢ necrotic changes - histological sections of myocardial biopsy of
the patients who died of acute coronary insufficiency (type A, 36
samples) and ischemic disease (type B, 36 samples);

¢ pathological changes - of the healthy patients (type C, 33 sam-
ples); of those suffering from genitals prolapse (type D, 33
samples).

A collection of samples of type A and type C - test groups; of
type B and type D - groups to be diagnosed.

4.2. Polarization-phase Mueller-matrix tomography of
myocardium histological sections

The data of the polarization-phase Mueller-matrix tomography
8

of the distributions T ({(di)) = f

X
tological sections of the myocardium are presented in the series of
Figs. 2 and 3.

Quantitative estimation of the optically anisotropic structure
of biological preparations was carried out through calculations by
the known algorithms [32] of a set of central statistical moments
Zi-1:2:3.4 that characterize the average (Z;), dispersion (Z;), skew-
ness (Z3) and kurtosis (Z4) characterizing the distribution of a series
of polarization-phase tomograms [T (x, ¥)].

The analysis of distribution of the parameters values T ((dj)) =

)
¢
T

(x,y) obtained for the his-

(x,y) showed that the myocardial samples of both groups

X
of the dead patients are characterized by all kinds of linear and

circular birefringence and dichroism. The linear birefringence (frag-
ments [(1),(2),(5),(6), Fig. 2)] is more vivid in comparison with the
mechanisms of circular phase (fragments [(3),(4),(7),(8), Fig. 2] and
amplitude (fragments [(1)-(8), Fig. 3] anisotropy.

The comparison of the polarization phase of myocardial tomo-
grams of the type A and type B samples has revealed a higher level
of optical anisotropy in type B.

. 8) > (0); )
The predominance ( ) of the mechanisms of
¢) > (x)

phase anisotropy of fibrillar myocardial networks over manifes-
tations of dichroism can be explained by the minimal absorption in
the fed(A =0.63um) region of the protein molecules of myosin and
actin. The spectral absorption maximum of these compounds falls
on the ultraviolet region of the spectrum (AA =250 um +350 um)
[19].
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Fig. 2. Polarization-phase tomograms [(1),(3),(5),(7)] and histograms [(2),(4),(6),(8)] of the distributions § (x, y) and ¢ (x, y) of myocardium layers of the dead patients from

type A[(1)-(4)] and type B[(5) - (8)].
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Fig. 3. Polarization-phase tomograms [(1),(3),(5),(7)] and histograms [(2),(4),(6),(8)] of the distributions 7 (x, y) and x (x, y) of myocardium layers of the dead patients from

type A[(1) - (4)] and type B[(5) - (8)].

Long process of ischemic heart disease leads to degenerative and
dystrophic changes of myocardium. Optically it is manifested in the
decrease of mechanisms of structural anisotropy (linear birefrin-
gence and, to a lesser extent, dichroism) due to disorientation and
reduction of geometric dimensions of myosin fibrils [13,19]. There-
fore, the distribution histograms of phase shifts N (§) [fragments
(2),(6), Fig. 2] and the absorption coefficient N (7) [fragments (2),(6),
Fig. 3] obtained for histological sections of type B myocardium are
characterized by lower values of the central moments of the 1st
and 2nd orders.

Similar parameters of the 3rd and 4th orders, on the contrary,
increase. In order to obtain quantitative estimates of differentia-
tion of myocardial samples with different pathology the statistical
analysis of the structure of tomograms T (x, y) within both groups
was performed.

4.3. Diffuse Mueller-matrix tomography of myocardium
histological sections

In this part of the research, we will analyze the results of
the diffuse Mueller-matrix tomography method of depolarizing
histological sections of the myocardium under the assump-

tion 8> >0 . Proceeding from this, the structure of the
$) > (x)

T (dzz)

T (daa
determined by fluctuations (Eqgs. (28) and (29)] of the parame-
ters of linear [04 (Po.90) and 65 (P4s.135)] and circular birefringence
[06 (Ps;0)]-

Therefore, as it follows from Refs. [20] and [21], similarly to the
case of polarization-phase tomography [Eq. (9)], we shall consider
the generalized parameters of fluctuations of linear (65) and circular
(04) birefringence:

2
=./05+062 —dn V dzz +ds3-

144
0p =06 =di1d

experimentally obtained distributions (x,y)is mainly

(31)

The data of diffuse Mueller-matrix tomography (T (95) and

T (9¢)) scattering samples of the myocardium are presented in
Fig. 4.

The comparative analysis of the maps 605 (x, ¥), 64 (x,y) and his-
tograms N (), N (6, ) depolarizing the histological sections of the
myocardium [Fig. 4,(1)-(8)] revealed a smaller level of fluctuations
in the values of 65 and 6, like in the case of studies of polarization-
phase tomograms [Fig. 2, type B layers with necrotic destruction of
birefringent fibrillar networks. Quantitatively this fact illustrates
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Fig. 4. Diffuse tomograms [(1),(3),(5).(7)] and histograms [(2),(4),(6),(8)] of the distributions 65 and 6 of myocardium layers of the dead patients from type A [(1) - (4)] and

type B[(5) - (8)].

Table 1
Central moments of polarization-phase tomograms distributions T (x, y) of histological sections of the myocardium.
Ziissa | TE) T(p) T(7) T(x)
Type A Type B Type A Type B Type A Type B Type A Type B
Z,x10 tlolrE 0.07% 0.085% 0.076 % 0.09% 0.05% 0.075% 0.067%
0.009 0.005 0.006 0.005 0.007 0.004 0.005 0.004
Z,x10 1015 0.09% 0.13% 0.11% 0.11% 0.08% 0.11% 0.096 %
0.011 0.006 0.01 0.0084 0.0081 0.005 0.009 0.0074
Z, 0.87% 051% 107+ 0.89% 128+ 091+ 133+ 1.18+
0.062 0.039 0.088 0.065 0.092 0.0.69 0.108 0.095
Z 1.19% 0.68% 146+ 1.18% 1.89+ 1.06+ 1.54% 131+
0.097 0.042 0.12 0.098 0.13 0.092 0.13 0.11
Table 2
Balanced accuracy of the method of polarization-phase tomography of myocardium layers.
Ay T(s) T(p) T(7) T(x)
zZ, 86% 62% 74% 61%
Ac(z,) z, 88% 65% 68% 65%
Z, 91% 76% 78% 72%
z, 95% 78% 80% 69%
Table 3

the increase in the average and dispersion of the corresponding
distributions N (64 ) and (Fig. 4, (6), (8)].

4.4. Statistical approach in the differentiation of necrotic and
pathological changes in the optical anisotropy of biological tissues
of human organs

To determine the quantitative criteria, according to which it
is possible to reliably differentiate the necrotic (type A and type
B) and pathological (type C and type D) changes in the optical
anisotropy of biological tissues of human organs, we used the
technique developed in Refs. [33-35]. Here, within the sample
groups, the histological sections of the myocardium and the con-
nective tissue component of the vaginal wall determine the average
(Zi:1;2;3;4) and standard deviations (+2v) of the central moments
Zi—1:2:3.4 (Tables 1 and 3). For each of these parameters we define
the balanced accuracy (Ac - Tables 2 and 4), which character-
izes the number of correct and incorrect estimates (A-Bind C-D)
obtained by the polarization-phase (Tables 1 and 3) and diffuse
(Tables 2 and 4) Mueller matrix tomography methods.

Central moments of diffuse tomogram distributions T (x, y) of histological sections
of the myocardium.

Zf=1,2,3.4 %(95) ¥(0¢)
Type A Type B Type A Type B
Z, %10 031 044% 0.095* 0.11%
0.019 0.025 0.006 0.007
Z, %10 “tlo21E 034% 0.08% 0.095*
0.011 0.016 0.005 0.007
Z, 125% 091+ 081% 0.69%
) 0.14 0.11 0.068 0.035
z, 099% 0.73% 132% 1.02%
0.061 0.042 0.15 0.12

The obtained results (Table 1) of the intergroup statistical anal-
ysis of the aggregate of distributions T (x, y) revealed the statistical
reliability of the difference between the average values of the cen-
tral moments Z;_;.».3.4 within the two groups of samples of type A
and type B myocardium.
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Table 4
Balanced accuracy of the method of diffuse tomography of myocardium layers.
Zi:1;2;3;4 T(HJ) T(H(p)
zZ, 83% 66%
Ac (z)) z, 85% 68%
Z, 75% 62%
Z, 77% 60%

It was observed that the parameters Z;_s.4 (8, 7) appeared to
be sensitive to the change in the structure of the tomograms T(§)
and T(t) that represent the coordinate distributions of the birefrin-
gence and dichroism of fibrillar networks of myocardium samples
(highlighted in gray in Table 1).

For the optical activity and dichroism of the polarization-phase
tomograms T(¢) and T( x) of myocardium histological sections are
less informative. The difference between the values of Zi=1;2;3;4 in
both groups of myocardium samples is not so vivid.

The data presented in Table 2 indicate high accuracy, according
to the criteria of evidence-based medicine [35], in the differen-
tiation of necrotic conditions of the myocardium by the method
of polarization-phase tomography of the linear birefringence
(Ac (Z3,4 (8)) > 90% - excellent quality) of its fibrillar networks.

The accuracy of this method for the parameters of circular bire-
fringence (¢) and optically anisotropic absorption ( 7; x )does not
exceed the satisfactory level — Ac (Zi_1_4) < 80%.

The results of the statistical analysis of the coordinate struc-
ture of diffuse tomograms of phase anisotropy of both groups of
myocardial samples are presented in Table 3.

The analysis of the obtained data proved that the statistical
moments of the 1 st and 2nd orders, which characterize the average
and the dispersion of distributions N (64) and N (6,,) (highlighted
in gray), are the most sensitive statistical parameters of fluctua-
tions 05 and 6,4. The greatest differences between the values Z;

(1.42 times) and Z, (1.61 times) occur for diffuse tomograms T (95)
of the myocardium samples of the A and B types. For tomograms
of the fluctuations in the magnitude of the circular birefringence
T (9,,,) the differences between the statistical parameters showed
the decrease of Z; (by 1.16 times) and Z, (by 1.19 times).

Table 4 presents the values of the balanced accuracy of the
diffuse Mueller-matrix tomography method of the polycrystalline
structure of the A and B types of myocardium depolarizing layers.

The data presented in Table 4 demonstrate a somewhat lower
(by 7%-10%) level of accuracy of the diffuse tomography method
in comparison with the results of polarization-phase tomography
(Table 2). Despite this, for distributions T (95) indicate a good level
of accuracy in the differentiation of histological sections of the A
and B types of myocardium - Ac (21;2 (05)) ~83% — 85%.
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4.5. Potentiality of clinical application

Table 5 presents the parameters of information value of method
of polarization-phase and diffuse tomography of optical anisotropy
of depolarizing (A =38%+47%) histological sections of healthy tis-
sue of the vaginal wall and of that with genitals prolapse.

As in the expert evaluation of degenerative-dystrophic changes
in myocardial tissue, the accuracy of the clinical application of this
methods of polarization-phase and diffuse Mueller matrix tomog-
raphy in differential diagnosis of the connective tissue component
of the vaginal wall at genital prolapse reaches the good (85%-90%)
and high (>90%) quality (highlighted in gray).

The results obtained are optimistic for the further development
of the objective and rather fast (t < 15 minutes) polarization meth-
ods for the clinical differentiation of the histological sections of
strongly depolarizing biological tissues — A =50%=-90%.

5. Conclusions

The theoretically substantiated and experimentally real-
ized technique of polarization-phase and diffuse Mueller-matrix
tomography in the differentiation of necrotic (myocardium) and
pathological (vaginal wall) changes in birefringence and dichroism
of partially depolarizing layers of biological tissues of human organs
is proposed.

The parameters (central statistical moments of all orders) that
characterize the structure of the polarization-phase and diffuse
tomograms of histological sections of the myocardium (type A and
type B), as well as the vaginal wall (type C and type D) are the most
sensitive to the changes in the phase and amplitude anisotropy.

High accuracy of differential diagnostics of the following is
achieved:

e severity of necrotic changes in the myocardium (excellent qual-
ity);

e pathology of the vaginal wall with prolapse of the genitals (good
quality).
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