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Abstract - The optical model of polycrystalline networks of histological sections of rectum wall is
suggested. The results of investigating the interrelation between the values of statistical (statistical moments
of the 15-4™ order) parameters are presented. They characterize the coordinate distributions of the fourth
parameter of Stokes vector of Fourier transforms of laser images of rectum wall histological sections and

oncological changes. The diagnostic criteria of rectum cancer are determined.
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1. INTRODUCTION

A new direction of optical physical diagnostics [1-
8] — laser polarimetry of microscopic images of
polycrystalline networks of biological tissues histological
sections [9-12] has been developed in recent years. This
approach is focused on in vitro measurements of
coordinate distributions of Stokes vector parameters of
biological tissues laser images with further complex
(statistical, correlation, fractal, singular, wavelet, etc.)
analysis on the basis of the obtained data arrays [13-24].

Another diagnostic biomedical laser technique —
polarizationally sensitive optical coherent tomography —
also became widely spread [25-28]. It is based on
measuring the parameters of Stokes vector in the remote
(Fourier) diffraction zone of the field of scattered laser
radiation.

That is why the task of combining the information
potentiality of the above mentioned techniques of optical
diagnostics basing on the development of new methods of
analysis and processing of polarizationally
inhomogeneous images of biological tissues in the Fourier
plane [29] of scattered radiation field proves to be topical.

This research is focused on the development of
experimental technique of polarization investigation of
coordinate distributions of Stokes vector parameters of
the laser field in the Fourier plane for diagnostics and
differentiation of the severity of pathological changes in
rectum tissue biopsy.

2. BASIC ANALYTICAL RELATIONS

It was determined for the fields of scattered laser
radiation that polarization state in every point with (n,m)
coordinates is formed by the mechanisms of statistical
interference and is determined using the following
relations [15, 19, 30]
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between the orthogonal components EX,Ey of laser
radiation amplitude determined from relations [26]
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Here &gy, dpx — phases of orthogonal components

(Eox: Eoy) of the amplitude of the laser image probing
polycrystalline network; p ¢ 6 6=06x -0y =¢p+06.

Expressions (3) and (4) are “input” parameters for
diffraction integrals [31] determining further diffraction-
interferential process of evolution of amplitude-phase
distributions of object field.

For the case of finding the biological tissue layer in
the focal plane of the objective the following can be
written
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Here f - focus distance of the objective; 4 —

wave length of laser radiation; n,m and n*.m" -
coordinates of the points in the image plane and Fourier
plane respectively.

Diffraction integrals (5) and (6) enable to
determine the asymmetry degree of Fourier spectrum in
two mutually transverse directions
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Thus, taking into account relations (1)-(6) the
following expressions for the Stokes vector parameters
can be written [31]
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and asymmetry degree of Sk:1;2;3;4(m*,n*) distributions

can be determined and to determine the degree of
asymmetry (relations (7) — (12)).
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For objective (quantitative) estimation of

distributions S_1:2-3.4{m",n" ) the statistical, correlation
and spectral approaches were used.

3. DIAGNOSTIC POTENTIALITY OF FOURIER
STOKES POLARIMETRY OF LASER FIELDS OF
BIOLOGICAL TISSUES HISTOLOGICAL SECTIONS
IN VITRO

Histological sections of rectum wall biopsy with
benign (group of samples 1-9) and malignant (group of
samples 2-10) were used as objects of investigation.

This research is confined to the analysis of
distributions structure of the 4™ Stokes vector parameter
most vividly characterizing the changes in optical
anisotropy of polycrystalline biological networks.

The coordinate (left parts) and probability (right
parts) distributions of the values of the 4™ Stokes vector
parameter of optically realized Fourier spectrum of laser
radiation scattered by histological sections of rectum wall
biopsy of group 2 (Fig. 1) and group 2 (Fig. 2) are
presented in Fig. 1 and Fig. 2.
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Fig. 1. Coordinate structure and histogram of
values distribution of the 4™ parameter of Stokes vector
scattered by histological section of group 1 in Fourier
plane
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Fig. 2. Coordinate structure and histogram of
values distribution of the 4™ parameter of Stokes vector
scattered by histological section of group 2 in Fourier
plane
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The results of the 1%-4™ order moments calculation
characterizing the coordinate distributions in Fourier
plane of the field of laser radiation transformed by
histological sections of rectum wall with benign (group 1)
and malignant (group 2) tumors are presented in Table 1.

TABLE 1. STATISTICAL MOMENTS OF THE 157-4™
ORDERS OF FOURIER SPECTRUM S,

Parameters Benign changes Malignant
changes
R, 0,28 10,0012 0,070,021
R, 0,11+ 0,008 0,39+ 0,014
R3 1,14 £ 0,009 0,59+ 0,016
R4 2,471 0,017 0,79+ 0,027

It was determined that the difference between the
statistical parameters Rj_yp.34 for both groups of
histological sections amounts to: mean R; — 4 times;
dispersion R, — 3.8 times; asymmetry R3; — 1.9 times;
excess R, — 3.1 times. On the basis of this the following

parameters of sensitivity and specificity in differentiation
of benign and malignant changes of rectum wall:

Group1(q=9)
State Benign changes
Parameters b=7

Malignant changes
d=2

Group 2 (q =10)
State Benign changes
Parameters c=3

Malignant changes
a==6

Thus, sensitivity Se and specificity Sp equal to:

Se(dQ, )=78%; Sp(dQ, )= 77%.

4. CONCLUSIONS

1.The complex technique of estimating
polarizationally inhomogeneous field of scattered laser
radiation in Fourier plane is suggested. It is based on
determination of values and range of changes of statistical
moments of the 1%-4" orders, characterizing the
probability, coordinate and spatial-frequency structure of
Stokes vector parameters coordinate distributions.

2. The ensemble of diagnostically urgent statistical
(statistical moments of the 1%-4" orders), parameters of
coordinate distributions of the 4™ Stokes vector parameter
of Fourier image of polarizationally inhomogeneous
image of optically anisotropic component of histological
sections of stomach wall tissue is determined. By means
of these parameters differentiation of benign and
malignant tumor with high sensitivity and specificity
levels is realized for the first time.

REFERENCES

[1] Y. Yasuno, S. Makita, Y. Sutoh, M. Itoh, T. Yatagai,
“Birefringence imaging of human skin by

492

polarization-sensitive spectral interferometric optical
coherence tomography”, Opt. Lett., 27, 1803-1805
(2002).

[2] Mark C. Pierce, John Strasswimmer, B. Hyle Park,
Barry Cense, Johannes F. de Boer, “Birefringence
measurements in human skin using polarization-
sensitive optical coherence tomography”, J. Biomed.
Opt., 9, 287-291 (2004).

[3] W.-F. Cheong, S. A. Prahl, A. J. Welch, “A Review
of the Optical Properties of Biological Tissues”,
IEEE J. of Quan. Elec., 26, 2166-2185 (1990).

[4] Bruscaglioni, G. Zaccanti, Q. Wei, “Transmission of
a pulsed polarized light beam through thick turbid
media: numerical results”, Appl. Opt., 32, 6142-
6150 (1993).

[5] V. Sankaran, M. J. Everett, D. J. Maitland, J. T.
Walsh, “Comparison of polarized-light propagation
in biological tissue and phantoms™, Opt. Lett, 24,
1044-1046 (1999).

[6] Johannes F. de Boer, Thomas E. Milner, J., “Review
of polarization sensitive optical coherence
tomography and Stokes vector determination”,
Biomed. Opt, 7, 359-371 (2002).

[7] W.-E. Cheong, S. A. Prahl, A. J. Welch, “A Review
of the Optical Properties of Biological Tissues,”
IEEE J. of Quantum Electron. 26, 2166-2185 (1990).

[8] M. I. Mishchenko, L. D. Travis, A. A. Lacis.
Scattering, absorption and emission of light by small
particles (Cambridge University Press, 2002).

[9] Ushenko, A.G., Misevich, 1.Z., Istratiy, V.,
Bachyns'ka, 1., Peresunko, A.P., Numan, O.K.,
Moiysuk, T.G. Evolution of statistic moments of
2D- distributions of biological liquid crystal net
mueller matrix elements in the process o f their
birefringent structure changes (2010) Advances in
Optical Technologies, art. no. 423145.

[10] Ushenko, A., Yermolenko, S., Prydij, A,
Guminetsky, S., Gruia, I., Toma, O., Vladychenko,
K. Statistical and fractal approaches in laser
polarimetry diagnostics o f the cancer prostate
tissues. (2008) Proceedings of SPIE - The
International Society for Optical Engineering, 7008,
art. no. 7008 2C.

[11] Angelsky, O.V., Ushenko, A.G., Ushenko, Yu.A.,
Ushenko, Ye.G. Polarization singularities of the
object field of skin surface. (2006) Journal of
Physics D: Applied Physics, 39 (16), art. no. 005, pp.
3547 -3558.

[12] Angelsky, O.V., Ushenko, A.G., Burkovets, D.N.,
Ushenko, Yu.A. Polarization visualization and
selection of biotissue image two - layer scattering
medium. (2005) Journal of Biomedical Optics, 10
(1), pp. 1-12.

[13] Olar, E.l., Ushenko, A.G., Ushenko, Yu.A.
Correlation microstructure o f the Jones matrices for
multifractal networks f biotissues. (2004) Laser
Physics, 14 (7), pp. 1012-1018.

[14] Ushenko, A.G., Burkovets, D.N., Ushenko, Yu.A.
Polarization - Phase Mapping and Reconstruction of
Biological Tissue Architectonics during Diagnosis
of Pathological Lesions. (2002) Optics and
Spectroscopy, 93 (3), pp. 449-456.



[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

2" International Conference on Nanotechnologies and Biomedical

Ushenko, A.G. Polarization Contrast Enhancement
of Images of Biological Tissues under the
Conditions of Multiple Scattering. (2001) Optics and
Spectroscopy, 91 (6), pp. 937 -940.

Ushenko, A.G. Laser Probing of Biological Tissues
and the Polarization Selection of Their Images.
(2001) Optics and Spectroscopy, 91 (6), pp. 932-
936.

Ushenko, A.G. Laser Polarimetry of Polarization-
Phase Statistical Moments of the Object Field of
Optically Anisotropic Scattering Layers. (2001)
Optics and Spectroscopy, 91 (2), pp. 313-316.
Angel'skiy, O.V., Ushenko, A.G., Arkhelyuk, A.D.,
Ermolenko, S.B., Burkovets, D.N., Ushenko, Yu.A.
Laser Polarimetry of Pathological Changes in
Biotissues. (2000) Optics and Spectroscopy, 89 (6),
pp. 973-978.

Ushenko, A.G. Polarization Structure of Biospeckles
and the Depolarization of Laser Radiation. (2000)
Optics and Spectroscopy, 89 (4), pp. 597 -600.
Ushenko, A.G., Ermolenko, S.B., Burkovets, D.N.,
Ushenko, Yu.A. Polarization microstructure of laser
radiation scattered by optically active biotissues.
(1999) Optika i Spektroskopiya, 87 (3), pp. 470-474.
Ushenko, A.G., Znack, V.M., Burkovets, D.M.,
Yermolenko, S.B., Arkhelyuk, A.D., Pishak, V.P.,
Yuz ko, A.M., Per esunko, A.P. Stokes polarimetry
of biotissues. (1999) Proceedings of SPIE - The
International Society for Optical Engineering, 3904,
pp. 527 -533.

Ushenko, A.G., Zimnyakov, D.A., Burkovets, D.M.,
Yermolenko, S.B., Arkhelyuk, A.D., Pishak, V.P.,
Pishak, O.V., Grigorishin, P.M. Investigated o f
polarized radiation diffraction on the systems of
oriented biofractal fibers. (1999) Proceedings of
SPIE - The International Society for Optical
Engineering, 3904, pp. 553-556.

Ushenko, A.G., Ermolenko, S.B., Burkovets, D.N.,
Ushenko, Yu.A. Polarization Microstructure o f

493

Engineering, Chisinau, Republic of Moldova, April 18-20, 2013

Laser Radiation Scattered by Optically Active
Biotissues. (1999) Optics and Spectroscopy, 87 (3),
pp. 434-438.

[24] Ushenko, A.G. Depolarization of laser emission
field as the correlation development of its
polarization structure. (1997 ) Proceedings of SPIE -
The International Society for Optical Engineering,
3317, pp. 331-339.

[25]J. F. de Boer, T. E. Milner, M. J. van Gemert, J. S.
Nelson, “Two-dimensional birefringence imaging in
biological tissue using polarization-sensitive optical
coherence tomography,” Proc. SPIE 3196, 32-37
(1998).

[26]J. F. de Boer, T. E. Milner, M. G. Ducros, S. M.
Srinivas and J. S. Nelson, “Polarization-sensitive
optical coherence tomography,” in Handbook of
Optical Coherence Tomography, B. E. Bouma and
G. J. Tearney, eds, (Marcel Dekker Inc., New York,
2002), pp. 237-274.

[27TM. J. Everett, K. Shoenenberger, B. W. Colston, L.
B. da Silva, “Birefringence characterization of
biological tissue by use of optical coherence
tomography,” Opt. Lett. 23, 228-230 (1998).

[28]). F. de Boer, T. E. Milner, J. S. Nelson,

“Determination of the depth-resolved Stokes

parameters of light backscattered from turbid media

by use of polarization-sensitive optical coherence

tomography,” Opt. Lett. 24, 300-302 (1999).

J. W. Goodman, “Statistical properties of laser

speckle patterns,” in Laser Speckle and Related

Phenomena, J. C. Dainty, ed. (Berlin: Springer-

Verlag, 1975), pp. 9-75.

A. Gerrard, J. M. Burch, Introduction to matrix

methods in optics (New York, A Wiley-Interscience

Publication, 1975).

[31] M. Born, E. Wolf, Principles of Optics (Cambridge
Univ. Press, Cambridge, 1999).

[29]

[30]



