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DIAGNOSTIC CAPABILITIES OF POLARIZATION REPRODUCTION OF
MUELLER-MATRIX IMAGES OF THE CERVIX SUBSURFACE TISSUE LAYER

The Mueller-matrix tomography diagnostic capabilities of a smooth muscle subsurface layer of the cervix shielded
by connective tissue are investigated in this paper. Efficiency of the polarization modulation tomography method to restore
the structure of Muller-matrix images of "phase" elements is established.
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BiHHMIbKHI HAI[IOHATBHUN TEXHIYHUN YHIBEPCUTET

JIATHOCTHAYHI MOKJIABOCTI IMOJISIPA3AIIIITHOT O BIITBOPEHHSA MIOJLJIEP-MATPUUHHAX
30BPAKEHD MIIIMTOBEPXHEBOT'O IIAPY TKAHUHM IMAWMKHA MATKH

B po6omi docaidxcero diazHocmuyHi modcausocmi Miwoanep-mampuuHoi momoepadii nionogepxHegozo wapy 21a0ko020 M’sa3y
wutiku Mamku, ekpaHo8aHo20 CNOIyYHOI0 MKAHUHOW. Bcmanosaena epekmusHicme memody nossipuzayitino-modyasyitinoi momoepadii
04151 8idHO8AeHHS cmpykmypu Mwoaaep - mampuyHux 306padceHsb “pasosux” enemernmis.

Knarwouosi caosa: noasipuszayis, 6ios02ivHa mkaHuHa,nio nogepxHeautl wap, Moasep-mampuuHa momozpadis, cmamucmuyHull
aHani3, kopeasyitiHull aHa.i3, ppakmaavbHuli aHaAi3.

Introduction

One of the perspective development directions of diagnostic technology of biological tissue (BT) structure
heterogeneity is the development of highly sensitive automated laser polarimetry. Automated control of polarization
characteristics of inhomogeneous BT distributions obtained from the multilayer BT Mueller-matrix allows the
identification of structural changes in BT [1-4].

Criteria for diagnosis of muscular dystrophy, precancerous conditions of connective tissue,

collagenoses, etc. were formulated as a result of the implementation of amorphous-crystalline biological
tissue model to determine the correlation of the element distributions of Mueller-matrix BT images and orientation
birefringent BT ability [4-7]. However, real investigated biological objects are more complex multi-layer structures
with the need of diagnostic changes in an orientation-phase structure of the biological crystal network of subsurface
tissue layers shielded by other biological tissue layers one of human organs.

The method and the system of reproduction polarization distributions of Mueller matrix elements of
internal (shielded) layers of double-layer BT networks are proposed in [8]. According to this method one can find
such values of the optical axes direction and phase shifts of optically uniaxial biological crystals where the influence
of the outer layer of a dual-layer BT is virtually eliminated by polarizating of state variation of the laser radiation
that probes two-layer BT and monitoring changes in the values of the corresponding elements of the Mueller-matrix
images. On the basis of complex statistical, correlation and fractal approach applied to the analysis of
polarizationally reconstructed Mueller matrix images of multilayered biological tissues according this method in [8]
the interrelations between the experimentally measured and polarizationally reconstructed distributions of matrix
elements were revealed. However, there is a need of further experimental studies of these two-layer BT types for
this method using the considered system to establish their diagnostic capabilities.

The task of this research is experimental study of diagnostic possibilities of polarization reproduction of
Mueller-matrix images of the subsurface smooth muscle screened by the layer of the cervix connective tissue by
changing polarization states of the probe laser radiation in a two-dimensional Mueller-matrix imaging system.

Polarization reproduction of biological layers subsurface
structure in a two-dimensional system of Mueller-matrix imaging BT

The main idea of this approach is polarization state (0{0; ﬁo) variation of the laser beam probing the tissue
(Zik) and monitoring changes of Stokes vector Si:1;2;3;4 (X Y ) parameters in the points (X ,Y ) of its

polarizationally inhomogeneous (0( (X Y ); p (X Y )) image.

The analysis of analytical expressions of Mueller matrix elements (equation (1), (2)) shows that at certain
values of the direction of the optical axis o and the phase shift ¢ of a biological crystal they take "extreme value"
that from the physical point of view correspond to the formation of linear or circular polarized wave which irradiates

biological crystal network of the outer layer y;, ( 0,0 ) of biological tissue.
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zy, =cos’ (2p)+sin’ (2p)cos(5);
Zy3.3 =008 (2p)-sin(2p)(1-cos(5));
z5; =sin’ (2p)+cos’ (2p)cos
w00 iy ®
Zyy.qp = E8in(2p)sin(5);
2,4 =c0s(5).

Here p — is the direction of the optical axis determined by the direction of birefringent fibril packing;

0= 27 g And - the phase shift introduced between the orthogonal components of amplitude of the laser wave

with wavelength A that passes through a fibril with the linear size of geometrical section d and birefringence An .

As shown in [8], in the case of linearly polarized radiation(xl.k (5 = O),xik (5 = 72')) Mueller matrix

elements z;, of a two-layer biological structure are described by the equations:

1
cos(2ax) Zy T V5293 = Va3 Z3n = V325233 = Vi3
S.=| . = Zy (Sx) =V%33 = V345243 = Va3 5224 = Vs 5%40 = Vo5 3)
sin (2a,) _
4 = Vaa-

0

In the second case( (5 +0,57 )) , there is the following transformation of matrix elements z; of a

multilayer biological object.

1 Zp = Va3t V45293 = Vo3 + V045
s |0 o Z3p = V33 T V345233 = Y t Vags
S, = 0| Zix (Sx ): 234 =V T V335243 = Var + Vags (4)
1 2y = V0 T V235240 = Va3t Vags
4=Vt Va3

In other words, there are certain states of polarization (linear or circular)of laser radiation transformed by
the netwok of biological crystals of the subsurface layer where the measuring Mueller matrix elements becomes
easier allowing to continue the using them for the orientation-phase structure reproduction of the BT subsurface, as
it is shown in [8].

Measurement of aggregate distributions of Mueller matrix elements of histological sections was carried out
at the BT system of two-dimensional Mueller-matrix imaging BT architecture that has been considered in detail in
[9] and optical circuit is shown in Fig. 1. The principle of the scheme and the operating modes are described in
detail in previous works [8,9] and they are not considered in this article.

Optically thin (attenuation coefficientz < 0,1) histological sections of cervical (subsurface layer of

smooth muscle that screening-nated layer of connective tissue) of healthy and abnormal (precancerous condition -
dysplasia) physiological state used as objects of experimental study.

(
1 2 3 4 5 6 T 4 9 10 "
Figure 1. Optical scheme of Mueller-matrix tomography:

1 — He-Ne laser; 2 — collimator; 3 — stationary quarter-wave plate; 5, 8 — mechanically movable quarter-wave plates; 4, 9 — polarizer and
analyzer correspondingly; 6 — object of investigation; 7 — microobjective; 10 — CCD-camera; 11 — personal computer
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Two groups of Muller - matrix images were measured: diagonal elements that characterize respectively v
and "phase" biological crystals network properties of the smooth muscle layer. Measurement in system was carried
out in the mode of direct experimental measurements of as described in [8] and in polarization reproduction mode of
the subsurface structure of two-layer BT structure.

Muller-matrix image series of polarizationally reconstructed "orientation" element of healthy layer (a,b)
and cancer modified (c,d) smooth muscle tissue are shown in Fig. 2. Muller - matrix images of "phase" element of
the cervix smooth muscle tissue of various physiological conditions are shown in Fig. 3.
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Figure 2. Polarizationally reconstructed Muller-matrix images of "orientation"

element },, = (m X n) of healthy (a,b) and cancer modified (c,d) smooth muscle tissue of cervix

Table 1 contains the values of statistical, correlation and spectral moments characterizing coordinate,
autocorrelation and fractal distributions of the directly experimentally measured (optically thin layers of healthy
tissue and smooth muscle in a state of dysplasia) and polarizationally reconstructed ("smooth muscle - the

* *
connective tissue" layer structure) matrix elements y,, (m X n) and y,, (m X n) .

From the analysis of the data set forth in Table 1 shows that the method of Muller-matrix polarization
properties reproduction of optic-anisotropic multilayer structure of the smooth muscle tissue of the cervix is
effective. Although the maximum difference between the experimental parameters and polarization reconstructed is
35% - 45%, however trends are shown in changing the statistics, correlation and spectral moments of measured
directly and reconstructed Mueller-matrix images of healthy and cancer altered smooth muscle tissue of the cervix is
same.
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Puc. 3. Polarizationally reconstructed Mueller-matrix images of “phase” element }';, (m X I’l)

healthy (a,b) and cancer modified (c,d) smooth muscle tissue of cervix

Diagnostic performance of all groups of statistics M;_,.,.5.4, correlationQJ;_,., and spectral J;_;.5.5.4

parameters describing coordinate and the correlation of self-similar structure of Mueller - image matrix "phase"
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elements was established. Shown that the most diagnostically effective for optical properties differentiation of
healthy and cancer modified layer of smooth muscle tissue of the cervix are:

*
2" 3 i 4™ statistical moments of coordinate distributions Vo (mxn) — the differences between

them lie in the range from 1,8 (MZ) to 4 (M4) times;

4™ correlation moments - the differences between them reach 2 times;
ot 3rd j4th spectral moments - the differences between them reach 1,65 — 2 times.

Table 1
Statistics, correlation, spectral distributions of experimentally measured elements and polarizationally

reconstructed elements ), (m X n) and y,, (m X n) smooth muscle tissue of cervix

Yik Y Vaa
Condition Norm Pathology Norm Pathology
M(l) 0,31 0,27 0,38 0,33 0,25 0,21" 0,19 0,25
M(z) 0,18 0,2" 0,21 0,24 0,14 0,1" 0,08 0,11
M(3) 0,31 0,36" 0,49 0,57 0,29 0,19 0,77 0,56
M(4) 3,35 3,917 4,19, 471" 1,64 1,147 6,19 4.99"
Q(z) 0,22 0,24" 0,18 0,22" 0,18 0,23" 0,14 0,17
o 1,14 1,42" 143 1,59° 0,97 0,74" 1,85 1117
J(l) 0,62 0,57 0,55 0,63" 0,59 0,68" 0,66 0,72°
J(z) 0,14 0,19 0,16 0,22* 0,17 0,12° 0,34 0,28"
J(3) 0,19 0,21° 0,27 0,24" 0,24 0,15" 0,41 0,29"
J(4) 0,42 0,32" 0,48 0,36 0,32 0,22° 0,57 0,36"

*
For polarizationally reconstructed Mueller matrix images of "orientation" elements ¥,, (mxn)of the

layer of smooth muscle tissue of the cervix diagnostic efficiency of the method of polarization-modulation
tomography turned insignificant. Differences between statistical M,_.,.5.,, correlation O,_,., and spectral

J i=1:2:3;4 Parameters of the two groups of samples does not exceed 15% - 35%.

Conclusions

The experimentally confirmed efficiency of the polarization reproduction method of Mueller-matrix images
of subsurface layers of two-layer biological tissues on the base of studying a subsurface smooth muscle screened by
the layer of cervix connective tissue.

The relationship between the experimentally measured and reconstructed polarization distributions of
matrix elements of birefringent networks of a smooth muscle screened by the layer of connective tissue was first
discovered on the base of a complex statistical, correlation and fractal approach to analyze polarization
reconstructed by Muller-matrix images of multilayer biological tissues of the cervix.

The average statistical values and the range of variation of objective parameters (statistical moments of the
1st-4th order, correlation and spectral moments) of the coordinate distributions of polarizationally reconstructed
phase of Mueller matrix elements that can realize diagnose of precancerous condition (dysplasia) of the cervix are
determined.
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