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ABSTRACT 

The provided materials present the results of the diagnostic application of polarization-correlation cartography of 

microscopic images of the polycrystalline component of biological tissues for the differential diagnosis of benign 

(adenoma) and malignant (adenocarcinoma) prostate tumors. For microscopic images of histological sections of adenoma 

and adenocarcinoma biopsies, integral and layered maps, as well as histograms of the distributions of the following 

parameters are provided: 

1. The modulus of the fourth parameter |𝑆𝐾4
12|  of the polarization-correlation vector. 

2. The argument of the fourth parameter 𝐴𝑟𝑔(𝑆4
12)  of the polarization-correlation vector. 

Systematized tables contain the values of central statistical moments of the 1st to 4th order, which characterize the 

polarization-correlation, wavelet, and multifractal parameters of the polarization-correlation maps |𝑆𝐾4
12|(𝑚 × 𝑛) and 

𝐴𝑟𝑔(𝑆4
12) (𝑚 × 𝑛). Additionally, a set of the most sensitive diagnostic markers has been determined, representing 

statistical parameters that are highly responsive to changes in the polycrystalline structure of biological samples. 
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1. INTRODUCTION  

The vast majority of scientific research in the field of biomedical polarimetry is focused on utilizing various methods of 

statistical, correlation, fractal singular, and other analyses of distributions from experimental data, such as polarization and 

Mueller matrix maps of biological samples1-9. All these methods share a common platform, known as the "single-point" 

approach, where the analysis of experimental information occurs from point to point in the coordinate distribution. 

However, this approach leads to the loss of information about the topographical structure of polarization and Mueller 

matrix maps of biological samples. 

Our work is aimed at testing a different "dual-point" approach, or polarization corneometry of polarization and Mueller 

matrix maps of prostate tumor biological samples. In this approach, we aim to retain the topographical information of the 

structural features present in the polarization and Mueller matrix maps10-14, allowing for a more comprehensive analysis 

and potentially enhancing the diagnostic capabilities for prostate tumor samples. 

2. POLARIZATION-CORRELATION MAPS OF MICROSCOPIC IMAGES OF 

HISTOLOGICAL SECTIONS OF PROSTATE ADENOMA AND ADENOCARCINOMA 

To implement the complex diagnostic polarization-correlation research10-12, two groups of histological section samples of 

prostate tumors were formed: 

• Adenoma - Control Group 1, consisting of 19 samples. 

• Adenocarcinoma - Experimental Group 2, consisting of 19 samples. 

The optico-geometric parameters of the samples are provided in the following table 

 
Parameters  

Geometric thickness, ℎ, µ𝑚 40 – 45 

Optical thickness, 𝜏 µ𝑚 0,25 – 0,28 

Degree of depolarization, ∆, % 29 – 33 
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Figure 1 shows: 

1. Layered 𝜇 = 𝜋 8⁄  maps |𝑆𝐾4
12|(𝑚 × 𝑛) (fragments (1), (2)) of histological sections of biopsy samples from group 1 

(fragments (1)) and group 2 (fragments (2)) tumors. 

2. Histograms of the distribution of |𝑆𝐾4
12|(𝑚 × 𝑛) microscopic images of histological sections of adenoma from group 

1 (fragments (3)) and group 2 (fragments (4)). 

The results of the statistical and informational analysis of the polarization-correlation maps |𝑆𝐾4
12|(𝑚 × 𝑛)   of 

microscopic images of histological sections of adenoma and carcinoma biopsy samples are presented in Table 1. 

The comparative analysis of the obtained data on the layered structure of polarization-correlation maps of the module 

|𝑆𝐾4
12|(𝑚 × 𝑛)  of microscopic images of histological sections of benign and malignant prostate tumors from both groups 

revealed the following: 

1. For malignant conditions, there is a minimal (within 10%-15%) decrease in the magnitude of the first and second-

order statistical moments    𝑍𝑖=1;2(|𝑆𝐾4
12|(𝑚 × 𝑛) ), as shown in Table 1. 

2. On the contrary, the statistical moments of higher orders, which characterize the asymmetry and excess of the 

distributions of  |𝑆𝐾4
12|(𝑚 × 𝑛)  samples from group 2, slightly increase, as shown in Table 1. 

 

 

 
Figure 1. Polarization-correlation maps |𝑆𝐾4

12|(𝑚 × 𝑛) (top row) and histograms 𝐺(|𝑆𝐾4
12| )  of |𝑆𝐾4

12|  | distributions (bottom 

row) in the phase plane μ=π⁄8 of microscopic images of histological sections of biopsy samples from adenoma (left column) 

and carcinoma (right column) 

 

Table 1. Statistical moments 𝑍𝑖=1,2,3,4, characterizing the distributions of the polarization-correlation parameter 

|𝑆𝐾4
12|(𝑚 × 𝑛) of microscopic images of histological sections of biopsy samples from adenoma and carcinoma of the prostate 

- phase plane 𝜇 = 𝜋 8⁄  

 
𝑍𝑖=1,2,3,4 Group 1 Group 2 𝐴𝑐, % 

𝑍1 0,087±0,005 0,074±0,005 82,4 

𝑍2 0,103±0,006 0,088±0,006 82,4 

𝑍3 1,93±0,11 2,28±0,12 85,3 

𝑍4 3,19±0,17 3,68±0,19 85,3 

 

The obtained results show that the balanced accuracy of differential diagnosis between adenoma and adenocarcinoma 

samples is low - unsatisfactory, 𝐴𝑐 < 80% (Table 1) or satisfactory, 𝐴𝑐~82% − 85%. 

From a physical standpoint, this result can be explained by the fact that the magnitude of |𝑆𝐾4
12|(𝑚 × 𝑛) is determined by 

the level of circular birefringence of optically active molecular domains. For different stages of oncological changes, their 

concentration does not undergo significant changes. Therefore, the differences between the polarization-correlation maps 

|𝑆𝐾4
12|(𝑚 × 𝑛) of microscopic images of histological sections of adenoma and adenocarcinoma of the prostate are 

minimal, resulting in low accuracy in differentiating between these conditions. 
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3. POLARIZATION-CORRELATION MAPS OF 𝑨𝒓𝒈(𝑺𝟒
𝟏𝟐)(𝒎 × 𝒏) FOR MICROSCOPIC 

IMAGES OF HISTOLOGICAL SECTIONS OF PROSTATE ADENOMA AND 

ADENOCARCINOMA 

Figure 2 shows: 

• Layered 𝜇 = 𝜋 8⁄  (Figure 2) maps of the argument 𝐴𝑟𝑔(𝑆4
12)(𝑚 × 𝑛)  (fragments (1),(2)) of histological sections of 

tumors from group 1 (fragments (1)) and group 2 (fragments (2)). 

• Histograms of the distribution of 𝐴𝑟𝑔(𝑆4
12)(𝑚 × 𝑛)  microscopic images of histological sections of adenoma from 

group 1 (fragments (3)) and group 2 (fragments (4)).  

Comparative analysis of the obtained data on the layered structure of polarization-correlation maps of the argument 

𝐴𝑟𝑔(𝑆4
12)(𝑚 × 𝑛) from microscopic images of histological sections of benign and malignant prostate tumors from both 

groups revealed: 

• For the malignant condition, there is a minimal (within 12%-17%) decrease in the values of the first and second-order 

statistical moments 𝑍𝑖=1;2(𝐴𝑟𝑔(𝑆4
12)(𝑚 × 𝑛) ), - Table 2. 

• The higher-order statistical moments, characterizing the asymmetry and excess of the distributions of 

𝐴𝑟𝑔(𝑆4
12)(𝑚 × 𝑛) from samples in group 2, on the contrary, significantly increase, - Table 2. As a result, the balanced 

accuracy of the differential diagnosis of adenoma and adenocarcinoma samples increases to a satisfactory level 

𝐴𝑐~82,4% for the phase cross-section   𝜇 = 𝜋
8⁄ . 

 

 

 
Figure 2. Polarization-correlation maps 𝐴𝑟𝑔(𝑆4

12)(𝑚 × 𝑛)( (top row) and histograms 𝐺(𝐴𝑟𝑔(𝑆4
12) ) (bottom row) of the 

distributions of 𝐴𝑟𝑔(𝑆4
12) in the phase plane μ=π⁄8 of microscopic images of histological sections of adenoma (left column) 

and adenocarcinoma (right column). 

 

The results of the statistical and informational analysis of the polarization-correlation maps 𝐴𝑟𝑔(𝑆4
12)(𝑚 × 𝑛) of 

microscopic images of histological sections of adenoma and adenocarcinoma are presented in Table 2. 
 

Table 2 Statistical moments 𝑍𝑖=1,2,3,4 characterizing the distributions of the polarization-correlation parameter 

𝐴𝑟𝑔(𝑆4
12)(𝑚 × 𝑛) of microscopic images of histological sections of adenoma and adenocarcinoma of the prostate - phase 

plane 𝜇 = 𝜋 8⁄  

 

𝑍𝑖=1,2,3,4 Group 1 Group 2 𝐴𝑐, % 

𝑍1 0,098±0,005 0,087±0,005 82,4 

𝑍2 0,113±0,006 0,099±0,006 82,4 

𝑍3 1,62±0,09 1,98±0,11 88,2 

𝑍4 2,32±0,13 2,97±0,16 88,2 

4. CONCLUSIONS 

From a physical perspective, the observed results can be explained by the fact that the parameter 𝐴𝑟𝑔(𝑆4
12) of polarization-

correlation manifestations in an optically thin biological layer with complex linear 𝐿𝐵 and circular 𝐶𝐵 birefringence 
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predominantly depends on the parameters of structural anisotropy (distributions of optical axis directions ρ and phase shift 

values δ between linearly and orthogonally polarized components of the laser radiation amplitude) - 

𝐴𝑟𝑔(𝑆𝐾4
12)~(𝛿1𝑠𝑖𝑛𝜌1 + 𝛿2𝑠𝑖𝑛𝜌2)−1.  For different stages of oncological changes, this structure undergoes significant 

alterations. In malignant conditions, due to necrotic states, the fibrils become disordered and refined. As a result, the 

differences between polarization-correlation maps of 𝐴𝑟𝑔(𝑆4
12)(𝑚 × 𝑛) of microscopic images of histological sections of 

adenoma and adenocarcinoma of the prostate increase, and the accuracy of the differential diagnosis for such conditions 

reaches a good level. 
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