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ABSTRACT 
The principles of optical model of human bile polycrystalline structure are described. The results of 

investigating the interrelation between the values of statistical, correlation and fractal parameters are 
presented. They characterize the coordinate distributions of mutual polarization degree of the points of laser 
images of bile smears of cholelithiasis patients in combination with other pathologies. The diagnostic criteria 
of the cholelithiasis nascency and its severity degree differentiation are determined. 
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 1.Introduction 
Among the methods of optical diagnostics of human biological tissues the techniques of laser polarimetry 

diagnostics of their optical anisotropic structure became widely spread [1-15]. 
The main information for these methods is obtained from coordinate distributions of polarization azimuths 

( )yx,α  and ellipticity ( )yx,β  (polarization maps) with the following correlation (auto- and mutually correlation 
functions and fractal (fractal dimensions analysis [6,7]. 

As a result, several techniques of early diagnostics and differentiation of pathological changes in biological tissue 
(BT) structure with their degenerative, dystrophic and oncological changes were developed [8-11]. 

Besides, there is a widely spread group of optically anisotropic biological objects, for which the techniques of 
laser polarimetry diagnostics are not efficient enough. Optically thin (attenuation coefficient 1,0≤τ ) layers of different 
biological fluids (bile, urine, liquor, synovial fluid, blood plasma, etc.) belong to such objects. Biological fluids are much 
more accessible for direct laboratory analysis if compared with traumatic techniques of the BT biopsy. 

In terms of the above mentioned the task of searching new additional parameters for laser diagnostics of biological 
fluids’ optical anisotropic structure appears to be topical. 

This research is focused on the analysis of potentiality of diagnostics and differentiation of cholelithiasis of 
patients with chronic cholecystitis and 2nd type diabetes by means of new technique of polarization correlometry of 
human plasma layers laser images. 

 
2. The Technique of Coordinate Distribution of Mutual Polarization Complex Degree 
The technique of determining the parameter of mutual polarization complex degree consists in the following 

procedure: 
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1. By rotating the transmission plane of polarizer within the rotation angle θ  00–1800 the arrays of minimal and 

maximal intensity levels 
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CCD-camera were determined , as well as rotation angles 
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2. The coordinate distributions (polarization maps) of polarization states in the plane of human bile samples 
images were calculated by such relations 
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1. The value of complex degree of mutual polarization ( )rrrV Δ+;  of human bile samples’ laser images was 

calculated by the following relation 
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3. Experimental Results and Discussion 
Laser images of three groups of blood plasma samples of the patients of different pathological state: 
- healthy patients – group 1 (11 patients); 
- patients with endometrioses – group 2 (10 patients); 
- cancer patients – group 3 (12 patients). 
The coordinate distribution and histogram of random values of ( )yxV ,  parameter of polarizationally-

inhomogeneous laser image of blood plasma layer laser image of a healthy patient are presented in Fig. 1.  
It can be seen from the obtained data that the laser image of a healthy patient’s bile layer is characterized with a 

high homogeneity of polarization parameters – the number of values ( ) 1, =yxV  is by three orders higher than the other, 
non-zero values of mutual polarization degree. 

In other words, in biochemical structure of this bile layer the optically isotropic component prevails. 
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Figure 1. Coordinate distribution (a) and histogram of values (a) of mutual polarization ( )yxV ,  degree if a healthy patient’s 

blood plasma layer (group 1). 
 
Correlation (b) fractal (c), structure of distribution (a) and the amount (b) of values of parameter ( ) 5,0, =yxV  

characterizing the liquid crystalline component of blood plasma of patients from group 1 are presented in Fig. 2.  

 
Figure 2. Autocorrelation function (c) and log-log dependencies (d) of the amount of values 5,0=V  (b) in the coordinate 

distribution ( )yxV ,  (a) of a healthy patient’s blood plasma layer (group 1). 
 
It was determined that the set of values ( ) 5,0, =yxV  is fractal ( ( ) ( ) 16,05,0;11,25,0 ==Ω== VVD ) with 

correlation area ( ) 16,05,0 ==VS  great enough. 
For biochemical composition of blood plasma layer from group 2 a much more developed optically anisotropic 

component is typical – Fig. 3. 
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It can be seen from the analysis of histograms of random values of mutual polarization degree of the laser image 
of blood plasma layer of chronic cholecystitis patient that the number of values ( ) 5,0, =yxV  (liquid crystalline fraction) 
amount to 15% of the number of values ( ) 0,1, =yxV  characterizing the images of optically isotropic component. 

The corresponding statistical (b), correlation (c) and fractal (d) parameters of coordinate distributions 5,0=V  (a) 
are presented in Fig.4.  

 
Figure 3. Coordinate distribution (a) and histogram of the values (a) of mutual polarization degree ( )yxV ,  of blood plasma 

layer of group 2. 

 
Figure  4. Autocorrelation function (c) and log-log dependencies (d) of the amount of values 5,0=V  (b) in the coordinate 

distribution ( )yxV ,  (a) of blood plasma layer of group 2. 
 
It was determined for liquid crystalline fraction of blood plasma layer that the set of values ( ) 5,0, =yxV  is fractal 

( ( ) ( ) 21,05,0;03,25,0 ==Ω== VVD ) with maximally great correlation area ( ) 24,05,0 ==VS . 
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The following peculiarities are typical for polarization-correlation structure of laser images of bile layers of 
second type diabetes patients (Fig. 5, Fig. 6). 

 
Figure  5. Coordinate distribution (a) and histogram (a) of the values of mutual polarization degree ( )yxV ,  of blood plasma 

layer of group 3. 
 
The extreme values of distribution ( )yxV ,  of blood plasma layer of a patient from group 3, corresponding to 

sampling 5,0=V , increase and amount to 45% - 50%. 

 
Figure 6. Autocorrelation function (c) and log-log dependencies (d) of the amount of values 5,0=V  (b) in the distribution 

( )yxV ,  (a) of blood plasma layer of group 3. 
The correlation area and dispersion of extremes distribution of log-log dependency of power spectra of the number 

of extreme values of mutual polarization degree 5,0=V  of the laser image of blood plasma layer of the patient with 
complex pathology are as follows: ( ) 25,05,0 ==VS  and ( ) ( ) 29,05,0;93,15,0 ==Ω== VVD . 
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5. Criteria of Diagnostics of the Patients with Different Types of Pathology 
The following parameters of values distribution of liquid-crystalline sampling ( ( ) 5,0, =yxV ) of mutual 

polarization degree of laser images of human blood plasma layers belong to the basic criteria of diagnosing: 
- statistical moments ( ( )VMi 4;3;2;1= ) of distribution of mutual polarization degree values ( ) 5,0, =yxV ; 
- correlation areas ( )5,0=VS  of distribution of mutual polarization degree values ( ) 5,0, =yxV ; 
- dispersions ( )VΩ  of extremes distribution of log-log dependencies of power spectra of parameters ( ) 5,0, =yxV  

values. 
The ensemble of data about the values of diagnostic parameters ( )5,04;3;2;1 == VM k  is presented in Table 1. 
 
Table 1. Statistical moments of the 1st-4th orders of distributions ( ) 5,0, =yxV  of bile layers of all groups of patients 

Parameters Group 1 Group 2   Group 3 
( )5,01 =VM  0,09 

±  
0,008 

0,21 
±  

0,027 

0,32 
±  

0,019 
( )5,02 =WM  0,26 

±  
0,031 

0,13 
±  

0,023 

0,12 
±  

0,019 
( )5,03 =WM  0,11 

±  
0,021 

1,28 
±  

0,41 

4,26 
±  

0,58 
( )5,04 =WM  0,09 

±  
0,009 

2,12 
±  

0,52 

5,29 
±  

0,0096 
The obtained data about the coordinate distributions of mutual polarization degree of laser images of blood plasma 

of all groups of healthy and sick patients prove that the statistical analysis of dependencies of the number of values of 
( ) 5,0, =yxV  sampling (liquid-crystalline phase) of blood plasma layers laser images. 

The difference between statistical moments ( )WM k  of laser images of test group patients’ blood plasma (group 1) 
and the patients with various pathologies (groups 2 and 3) – mean (increasing by 2.7 – 3.5 times); dispersion (decreasing 
by 2.5 – 3.3 times); asymmetry (increasing by 3.3 – 5.4 times) and excess (increasing by 4.5 – 6.1 times) – are 
determined. 

Thus, it can be stated that statistical moments’ ( )5,04;3;2;1 == VM k  investigation enables to perform reliable 
differentiation of the patients from groups 2 and 3. 

Comparative data of correlation and fractal parameters of extreme values ( ) 5,0, =yxV  distribution of laser 
images of all groups of patients are presented in Table 2. 

 
Table 2. Correlation ( ( )5,0=VS ) and fractal ( ( )5,0=Ω V ) parameters of ( ) 5,0, =yxV  distributions of blood plasma layers 

of all groups of patients 
 

Parameters Group 1 Group 2   Group 3 
( )5,0=VS  0,15 

±  
0,038 

0,22 
±  

0,042 

0,29 
±  

0,036 
( )5,0=Ω V  0,17 

±  
0,048 

0,24 
±  

0,069 

0,38 
±  

0,089 
The data about correlation and fractal structure of extreme values ( ) 5,0, =yxV  distributions of mutual 

polarization degree indicate that the value of correlation area ( )5,0=VS  and power spectra dispersion ( )5,0=Ω V  of 
mutual polarization degree distributions enable to reliably diagnose with different pathology types. Correlation area 
( )5,0=VS  increases by 1.7-1.9 times. Dispersion ( )5,0=Ω V  increases by 1.6-2.1 times. 

 

Proc. of SPIE Vol. 8842  884211-6

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 10/16/2013 Terms of Use: http://spiedl.org/terms



 

 

6. Conclusions 
1. A new technique of estimating the structure of laser images based on measuring coordinate distributions of 

mutual polarization degree is suggested that characterizes the homogeneity of optically isotropic and optically 
anisotropic components in biochemical composition of blood plasma. 

2. The statistical (mean, dispersion, asymmetry and excess), correlation (correlation area of distribution of mutual 
polarization degree values) and fractal (dispersion of extremes of log-log dependencies of power spectra of mutual 
polarization degree values distribution) criteria of polarization-correlation diagnostics all groups blood plasma layers. 
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