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ABSTRACT

The paper presents the results of polarization-correlation investigation of multifractal collagen structure of
physiologically normal and pathologically changed tissues of women’s reproductive sphere. The technique of
polarization selection of cohcrent biotissues’ images with the following determination of their autocorrelation functions
and spectral densities is suggested. The cormelation-optical criteria of early diagnostics of pathological changes’
appearance of myometry (forming of the germ of fibromyoma) and of uterine cervix (precancerous) are determined.
The suggested paper is directed to investigation of the possibilities of pathological changes of biotissues’ morphological
structure by means of determining the polarizationally filtered autocorrelation functions (ACF) and corresponding
spectral densities of their coherent images,
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1. INTRODUCTION
The stricture of the majority of tissues can be regarded as double-component amorphously (intermediate substance)-
erystalline (optically uniaxial collagen fibers) matrix'®. The analysis of puthological changes of such a strueture shows

that these changes appearance can be defined as:
tumor formation of soft tissues of woman's reproductive sphere (WRS) with forming of collagen multifractal nets’

growth directions®;
statistic excrescence of uterine cervix structure’,
Tissue probing by coherent light leads to the formation of optical signal:
S(X.¥)=l(X.¥)+UXY), (H
there U(X, ¥) and I(X, ¥) - random and “anisotropic” components of object field. The autocorrelation function of the

detected optical signal can be defined by following relation (one-dimensional case is analyzed for simplicity without
loss of generality)®:
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This expression can be transformed to the following form
G, (&)= G, (dx}+ G, (4x)+ G, () G, (4r). ®)
In the case of statistically independent signal I(X) and noise U(X) components we can rewrite Eq. 4 as follows:

G, (&)= G'u(dx)+ G w{) + G {80) + G® ). )

Correlation terms ¢ ®, (4x); 6 ® . (4x) fall to zero with the increasing interval of integration X,. Finally, we have
G, ()= G o (4x)+ G (r). )

The component (;',,(AX) plays the role of a noisc component in the course of G.fAY) definition and makes
insufficiently effective the diagnostical value of G',(AX). This problem can be solved by polarization selection of
coherent image of a diagnosed tissue.

The polarization features of biofractals can be totally described by the following Mueller matrix”'":
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where:

[ = cos’ 2p+sin’ 2p-cos 8,

L= fy=cos2psinpll-cosd )

Jo = =fo = =sin2psind: . M
fyr = sin’ 2p+cas’ 2peosd,

o= =1, = cos2psiné;

Sy cosd.

In these equations, the magnitude p is the angle of orientation of the fractal domain optical axis with respect to the
incidence plane, and & is the induced phase shift As a result of linearly polarized laser beam propagation through an
lement of multifractal collagen net, an object field is induced with following values of the azimuth o and the
polarization ellipticity B:
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Here @, is the polarization azimuth of illuminating laser beam. It can be seen that the image contrast of a fractal
fragment against the background of an amorphous substance will be determined by the following equation:
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B=cos’@. (12)

Here /, 1+ are the intensities of background and object signals induced by amorphous and crystaline components of
tissue for random value of the rotation angle of the polarization axis of analyzer ©; I, @’ -- corresponding intensitics in
the case of @=0.

Muhifractal collagen structure of tissue in the plane of histological section possesses a wide variety of random values of
the orientation p and the optical anisotropy & and, conscquently, the coordinate-dependent polarization parameters

a(X, ¥); BX. ¥} of boundary field. That's why the level of visualization of such a multifractal net in the coherent image
will be determined as follows:
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The computer simulation shows the wide range in which the visualization parameter ¥(q, €) changes. The largest
wvaiue is obtained when the rotation angle of the analyzer @ is close to 90°. In this case, the object signal can be
presented as:

S(X)=1"(x)+ 1%(x), (14)
aind autocorrelation function has the following form:
Gla)=
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“Thus, this relation illustrates the possibilities of autocorrelation analysis of multifractal components in tissue coherent
images. In the accordance with Wiener-Khintchin theorem®, it is convenient to use the spectral density for
<haracterization of such component:

ju(",,)* ]G:,(Ax)cos 2w xdxs (16)

where v, is the spatial frequency. Analysis of obtained relations shows that appearance of pathological changes, leading
to the formation of tissue multifractal collagen structure (tumor formation) is connected with appearance of oscillations
of G'(AY) oscillations. As a result, a quasi-discrete spectrum Sy{v,) appears, On the contrary, the overgrowth and de-
orientation of the architectonic collagen net (psoriasis) will be manifested in smoothing G',.(AX) and appcaring
continuous spectrum Sy.(v,).

2. EXPERIMENTAL SETUP

Figure 1 illustrates the scheme of experimental setup. The beam of He-Ne laser 1 (1=0.6328 pm) is collimated by the
lens system 2 and passes through the polarization unit (A4 plate 3 and polarizer 4) and after this falls on sample 5 which
is placed in the cuvette with physiological solution 7. The objective 8 projects the coherent image of histological section
through the analyzer 9 on CCD-camera connected with PC 11. The detected polarization images are digitized with use
of 256 gray level scale; the image format was 800x600 pixels.

3. EXPERIMENTAL RESULTS

The following groups of tissue samples were investigated experimentally: histological sections of myometry (the WRS
biotissue) ~ group A: histological sections of uterine cervix — group B. The thickness of samples was 10 um that
corresponded to the condition of a single scattering. Figure 2 presents images of such sections, obtained in the crossed
(1) polarizer and analyzer. Normal structure of tissues A and B is shown in figures 2a, 2d. while the figures 2b, 2c,
2e, and 21 present the pathologically changed tissues.

Coherent images of myometry tissue with probablc fibromyoma node® (fragments 2b, 2c) are characterized by optically
anisotropic collagen net being compared with normal tissue (fragment 2a). The precancerous state human wterine cervix
collagen net (fragments 2e, 2f) is characterized by sufficient enlargement and disorientation in comparison with the
healthy tissue (fragment 2d).

Figure 3 illustrates the series of ACF’s for coherent images of myometry tissue with probable tibromyoma germ. These
images were obtained for the following cases of analyzer axis orientation: 0', 45" and 90" (figures 3a, 3b, 3¢). The
corresponding spectral densities are illustrated by graphs 3d, 3e, 3f. All autocorrelation function exhibit a peak in the
origin that is related to white noise connected with random intensity [uctuations in tissue coherent image. One can
observe the extrema assemblage on ACF tails. These peculiarities are associated with presence of quasi-periodic
component in the structure of polarization images of multifractal net.

Figure 4 presents the results of the comparative polarization-correlation analysis of coherent images of normal (4a, 4b)
and pathologically changed myometry tissue (4c, 4d). It can be seen that the correlation structure of polarization images
of physiologically normal myometry does not contain any sufficiently marked fluctuation component. The fibromyoma
germ forming is manifested in the increasing amplitude of fluctuations (in 1.8-2 times) of ACF tails and the extrema of
quasi-discrete spectra Syy( v, of polarization images of multifractal collagen net.

Changes in polarization-dependent ACFs and spectral densities Syy(v,)} of intensity distributions for coherent images 9f
human uterine cervix are illustrated by figure 5. The significant difference of auto-correlation peak half-width Gyy -
Axy (graphs 5a, 5b, Sc) and power spectra Sy(v,=0) (fragments 5d, Se, 5f) should be noted for analyzed cohérent
images of the derma layer. It is obvious that these tendencies are related to an increase of characteristic size of collagen
structures. In its turn, this leads to the increase of correlation length Ax, and concentration of the intensity in
polarization images of collagen structures in the vicinity of zero spatial frequency v, = 0. Figure 6 displays the
histograms of distribution of parameters Axo and Syx(v,~0) for coherent images of 38 samples of physiologically
normal uterine cervix and 41 samples of the pre-cancerous uterine cervix.

4. SUMMARY

The presented results show the potentiality of the polarization comelometry of the tissue coherent images for
diagnostical applications. The study of polarization-correlation structure of tissue object fields gives the possibility:

1. to determine the stochastic quasi-periodic component in tissue coherent images, which 15 identified with the
orientated structure of tissue multifractal net;

2. to define the spatial-frequency structure of optically anisotropic fractal component of biotissue;

3. to diagnose the appearance and dynamics of the propress of pathological changes in morphological structure of
tissue collagen nets.
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Figure 1: Optical scheme of the experiment.

Figure2: Coherent images of WRS (Women Reproductive Sphere) myometry and uterine cervix.
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Figure 3: The dynamics of polarization changes in the ACF and spectral densities of coherent image of myometry with the probable
fibromyoma perm.
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Figure 5: Polarization-correlation structure of uterine cervix coherent images in the normal and pathological states,
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Fig.8. The probability structure of the ACF (a) and spectral densities (b) of uterine cervix coherent images. | - the
histograms of physiologically normal tissue; 2 - the histograms for precancerous uterine cervix.



