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ABSTRACT 

The paper presents the results of the possibility of a polarization-interference approach to the analysis of microscopic 

images of biological preparations in the differential diagnosis [1-7] of benign and malignant prostate tumors with 

different degrees of differentiation. Measurements and analysis of maps and histograms of the distribution of the local 

contrast value of polarization-interference distributions of microscopic images of biological preparations of the prostate. 

Determination of the relationship between the statistical moments of the 1st - 4th orders, characterizing the distributions 

of the value of the local contrast of polarization-interference distributions of microscopic images of biological 

preparations of the prostate [8-12]. Determination of statistical criteria for polarization-interference diagnosis of 

histological sections of biopsy of adenoma and adenocarcinoma of the prostate with varying degrees of differentiation. 

Determination of operational characteristics (sensitivity, specificity, accuracy) of the diagnostic power [13-19] of the 

polarization interferometry method for differential diagnosis of histological sections of biopsy of adenoma and 

adenocarcinoma of the prostate with varying degrees of differentiation. 

Keywords: laser, polarization, interference, image, fluorophore, statistical moments of the 1st-4th orders, adenoma, 

adenocarcinoma, sensitivity, specificity, accuracy 

 

1. CHARACTERISTICS OF RESEARCH OBJECTS 

The following groups of prostate tissue samples were studied: 

1. Histological sections of prostate adenoma biopsy control group 1 (36 samples). 

2. Histological biopsy sections of highly differentiated adenocarcinoma (3 + 3) of the prostate - study group 2 (36 

samples). 

3. Histological biopsy sections of medium differentiated adenocarcinoma (3 + 4) of the prostate - study group 3 (36 

samples). 

4. Histological biopsy sections of low differentiated adenocarcinoma (4 + 4) of the prostate - study group 4 (36 

samples). 

 

2. THE TECHNIQUE OF POLARIZATION-INTERFERENCE MAPPING OF THE 

FIELD OF COMPLEX AMPLITUDES IN THE PLANE OF THE MICROSCOPIC 

IMAGE OF PROSTATE TUMOUR PREPARATIONS 

The technique of polarization-interference mapping of the field of complex amplitudes in the plane of the microscopic 

image of the biological layer consists in the following set of actions: 
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 Simultaneous formation of right-circularly polarized states in the "irradiating" and "reference" parallel laser beams. 

 Registration of the coordinate distribution of intensity of the interference pattern in the plane of a set of pixels 

( nm ) of a digital camera 14. 

 By scanning along the lines (
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) of points with a step pix1 , the intensity values of neighboring points of 

the interference distribution are measured  rI  and  pix1rI  . 

 For each pair of points, the value of the local contrast is calculated by the ratio  
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and a map of the local contrast  nmW   of the interference distribution of the polarization-inhomogeneous microscopic 

image of the biological layer is obtained. 

 

3. COORDINATE AND STATISTICAL STRUCTURE OF LOCAL CONTRAST 

MAPS OF MICROSCOPIC IMAGES OF HISTOLOGICAL SECTIONS OF 

BIOPSY OF PROSTATE TUMOURS WITH DIFFERENT DEGREES OF 

DIFFERENTIATION 

Coordinate (fragments (1)) and statistical parameters of histograms (fragments (2)) of the distributions of the 

magnitude  n,mW  of digital microscopic images of histological sections of biopsy of adenoma and adenocarcinoma 

with different degrees of differentiation are shown in a series of fragments in Fig. 3 - Fig. 6 

 

 
 

Fig. 1. Map (fragment (1)) and distribution histogram (fragment (2)) of the local contrast value of a polarization-interference 

microscopic image of a histological section of adenoma biopsy - control group 1. 
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Fig. 2. Map (fragment (1)) and distribution histogram (fragment (2)) of the local contrast value of a polarization-interference 

microscopic image of a histological section of a biopsy of a highly differentiated adenocarcinoma (3 + 3) - study group 2. 

 

 
 

Fig. 3. Map (fragment (1)) and distribution histogram (fragment (2)) of the local contrast value of the polarization-

interference microscopic image of the histological section of the biopsy of adenocarcinoma of medium differentiation (3 + 

4) - study group 3. 
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Fig. 4. Map (fragment (1)) and distribution histogram (fragment (2)) of the local contrast value of the polarization-

interference microscopic image of the histological section of the biopsy of adenocarcinoma of low differentiation (4 + 4) - 

control group 4. 

 

Comparative analysis of the results of polarization-interference measurement of local contrast maps (Fig. 2 - Fig. 5) of 

microscopic images of biological preparations of representative samples of all types of prostate tissue tumors revealed: 

 The presence of the widest possible range of coordinate and quantitative changes in the magnitude of the local 

contrast of polarization-interference distributions in the plane of digital microscopic images of a set of histological 

sections of biopsy of adenoma and adenocarcinoma of the prostate of different differentiation according to the Gleason 

scale – (3+3), (3+4) and (4+4), - 10 W . 

 Individual structure of histograms of distributions of the local contrast of polarization-interference maps in the 

plane of digital microscopic images of a set of histological sections of a biopsy of adenoma and adenocarcinoma of the 

prostate of different differentiation according to the Gleason scale – (3+3), (3+4) і (4+4). 

 Sequential decrease in the average histograms of distributions of the local contrast value of polarization-

interference maps in the plane of digital microscopic images of histological sections of biopsy of adenoma and 

adenocarcinoma  as the degree of differentiation on the Gleason scale decreases – (3+3), (3+4) and (4+4). 

Biophysical, this can be associated with necrotic changes in the morphological structure of malignant prostate tumors, 

which lead to a decrease in the level of optical anisotropy of histological sections of adenocarcinoma with a decrease in 

the level of their differentiation. – (3+3), (3+4) and (4+4).  

This scenario corresponds to a decrease in phase fluctuations at the points of digital microscopic images of histological 

sections of malignant tumors with low differentiation.  

Therefore, one should expect the formation of an individual topographic and statistical structure with small relative 

values of the local contrast  nmW ,  of polarization-interference distributions at the points of microscopic images of 

histological sections of biopsy of adenocarcinoma of low differentiation 
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4. STATISTICAL ANALYSIS OF LOCAL CONTRAST MAPS OF DIGITAL 

MICROSCOPIC IMAGES OF HISTOLOGICAL SECTIONS OF BIOPSY OF 

PROSTATE TUMOURS WITH DIFFERENT DEGREES OF 

DIFFERENTIATION 

Quantitatively, morphological scenarios of such necrotic processes of oncological destruction are illustrated by a set of 

mean intragroup values and standard deviations of the magnitude of statistical moments iSM  characterizing the 

distribution of the local contrast value  nmW ,  of digital microscopic images of representative samples of histological 

sections of biopsy of adenoma (control group 1) and adenocarcinoma (experimental group 2 - group 4) of various 

differentiation – (3+3), (3+4) and (4+4), - table1. 

 

Table 1 Statistical parameters of the local contrast map  nmW ,  of microscopic images of histological sections of biopsy of 

benign and malignant prostate tumors 

Type Adenoma Adenocarcinoma (3+3) Adenocarcinoma (3+4) Adenocarcinoma 

(4+4) 

1SM  0.59 0.024 0.46 0.021 0.35 0.016 0.29 0.014 

p  001.0p     

 05.0p    

  05.0p   

2SM  0.37 0.017 0.25 0.012 0.18 0.008 0.13 0.006 

p  001.0p     

 05.0p    

  05.0p   

3SM  0.62 0.029 0.73 0.034 0.88 0.041 0.94 0.045 

p  001.0p     

 05.0p    

  05.0p   

4SM  0.49 0.022 0.63 0.027 0.74 0.033 0.85 0.039 

p  001.0p     

 05.0p    

  05.0p   

 

The statistical significance of intergroup differentiation of samples of histological sections of adenoma and carcinoma 

with different degrees of differentiation was carried out by cross-comparison of the magnitude of the statistical moments 

of the 1st - 4th orders 4;3;2;1iSM , which characterize the distributions of the value of the local contrast of digital 

microscopic images of representative samples of histological sections of adenoma biopsy (control group 1) and 

adenocarcinoma (experimental group 2 - group 4) of various differentiation – (3+3), (3+4) and (4+4). 

If the means within one of the representative set of samples of biological preparations of prostate 4;3;2;1iMS  are outside 

the standard deviation 4;3;2;12  i  of similar values found in another group of histological sections of prostate tumor 

biopsies, then the difference is considered statistically significant - 05.0p  either 001.0p . 

From the obtained data of the statistical analysis of local contrast distributions  nmW , , which were determined by the 

method of polarization-interference mapping of a set of digital microscopic images, the statistical reliability of 
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differentiation of all types of histological biopsy sections of benign and malignant of prostate tumors with varying 

degrees of differentiation according to the Gleason scale (3 + 3, 3 + 4, 4 +4) was established. 

5. INFORMATIONAL ANALYSIS OF THE DIAGNOSTIC POWER OF THE 

METHOD OF POLARIZATION-INTERFERENCE MAPPING OF 

MICROSCOPIC IMAGES OF HISTOLOGICAL SECTIONS OF BIOPSY OF 

PROSTATE TUMOURS WITH DIFFERENT DEGREES OF 

DIFFERENTIATION 

The following results were obtained: 

 Excellent level of accuracy of differential diagnosis "adenoma (control group 1) - adenocarcinoma (study group 2 - 

group.4)" – %96%95 Ac ; 

 Very good level of accuracy in the differential diagnosis of "adenocarcinoma (3 + 3, - group 2) - adenocarcinoma (4 

+ 4, - group 4)" – %91%93 Ac ; 

 Very good level of accuracy in the differential diagnosis of "adenocarcinoma (3 + 3, - group 2) - adenocarcinoma (3 

+ 4, - group 3)" – %91Ac ; 

 A good level of accuracy in the differential diagnosis of "adenocarcinoma (3 + 4, - group 3) - adenocarcinoma (4 + 4, 

- group 4)" – %85Ac . 

CONCLUSIONS 

1. The possibilities of the polarization-interference approach to the analysis of microscopic images of the prostate 

proteins fluorofores in the differential diagnosis of benign and malignant tumours experimentally investigated and 

clinically analyzed.. 

2. A complex cycle of measuring and analyzing the topographic structure of maps and histograms of the distribution of 

the value of the local contrast of polarization-interference distributions of digital microscopic images of a set of 

representative samples of biological preparations of prostate tumours of various differentiation was implemented.  

3. Statistical criteria for polarization-interference diagnostics of a set of representative samples of histological sections 

of biopsy of adenoma and adenocarcinoma of the prostate with varying degrees of differentiation have been established 

and analytically substantiated.  

4. As part of the information analysis, the operational characteristics (sensitivity, specificity, accuracy) of the diagnostic 

power of the polarization interferometry method were determined for the differential diagnosis of histological sections of 

the biopsy of adenoma and adenocarcinoma with varying degrees of differentiation. 
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