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The possibilities of the diagnostic use of the singular approach of the distributions of the number of characteristic values of the MMI is effective for differentiating the polarization properties of histological biopsy sections of benign and malignant tumours of the uterus and prostate. Within the framework of evidence-based medicine, the sensitivity, specificity and accuracy of the azimuthal-invariant express (∼15 min) method of Mueller-matrix mapping of polarization-singular states in the differential diagnosis of uterine myoma and adenocarcinoma, as well as adenocarcinoma of the prostate with varying degrees of differentiation have been determined.
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INTRODUCTION
In biomedical optics, polarized light plays a decisive role in understanding and detecting the processes of conversion of electromagnetic waves by optically anisotropic structures of human biological tissues [1–20]. The most important analytical direction in the development of diagnostic techniques using polarization probing of biological layers is the Mueller-matrix formalism [10]. This approach provides the most complete information on the optical anisotropy of diagnostic objects. Several key strands of investigation have emerged, including: Mueller matrix polarimetry (MMP) [21–24] polar decomposition of Mueller matrices [25, 26]; and two [27–32] dimensional Mueller matrix mapping (MMM) using various approximations [19, 20, 33].
One of the main tasks of MMP is to detect and differentiate the type of oncological changes that occur in the tissues of human organs. Using MMM methods [14–16, 23–26], the possibility of differential diagnosis of histological sections of biopsy of benign and malignant tumours of the prostate, endometrium, cervix, breast, etc. has been demonstrated. However, the further successful development of MMP restrains a number of theoretical and experimental problems that have not been resolved to the end:
❖ Azimuthal dependence of the value of 12 out of 16 elements of the Mueller matrix, which worsens the accuracy of MMM methods in the process of serial measurements of histological preparations;
❖ Significant “computational” time required for processing large arrays of experimental data obtained by polar decomposition of Mueller matrices and two-dimensional MMM;
❖ Distorting effect of the depolarized background on the Mueller-matrix detection of optical anisotropy of tissue samples of human organs [34].
One of the options for a comprehensive solution to these MMP problems can be the synthesis of MMM methods of optically thin (non-depolarizing) biological preparations and the principles of polarization-singular analysis of their object fields [1–5, 7, 9]. The main idea of this approach is that for such layers there are direct relationships between the points of linear (“[image: image]”) and circular (“[image: image]”) polarization states of the microscopic image and the characteristic values of azimuthally invariant matrix elements that characterize the optical anisotropy of fibrillar networks.
At this point in time in biomedical optics, singular approaches were applied in so far, few publications [35–37]. Here, for the first time, the analytical conditions for the formation of singly (linear) and doubly degenerate (circular) polarization singularities of images of linearly birefringent biological tissues are determined. The distributions of the number of polarization singular states in the images of such biological tissues are experimentally investigated. It has been demonstrated that the statistical moments, which characterize the distributions of the number of singular points in the object field, are sensitive to changes in morphological structure of biological tissues of various physiological state.
However, this direction of biomedical diagnostics remains poorly researched and requires further extension of the ideology of the singularity of optical fields to methods and means of one of the most effective optical technologies–azimuthally invariant MMP of the polycrystalline component of pathologically altered tissues of various human organs.
Our work is aimed at:
❖Identification of analytical relationships between polarization-singular states of the object field of optically thin anisotropic layers of tissues of the uterus and prostate and characteristic values of their Mueller-matrix images;
❖Development of a new azimuthally invariant Mueller-matrix polarization-singular technique for serial and express (∼15 min) measurements for differential diagnosis of changes in optical anisotropy caused by tumours of uterus (malignant myoma and malignant adenocarcinoma) and prostate (adenocarcinoma with different malignant grades) tissues.
The relevance of such studies is associated with the widespread prevalence and high mortality caused by these cancers.
Prostate cancer is the second most common cancer globally in men, and in some countries is now the most diagnosed form of cancer [38, 39]. Early diagnosis, intervention, and management can give significantly improved patient outcomes [40]. It is necessary to differentiate between malignant (carcinoma) grades of tumour tissues [41]. A similar situation is realized for uterine cancer, which ranks fourth among women oncological diseases [42].
BRIEF THEORY AND BASIC RELATIONS
In a polarization-inhomogeneous field, the existence of lines or surfaces is possible, at each point of which an indefinite (singular) one of its parameters [1–5, 7, 9]:
1) points of circular polarization of the field (“C”-point), in which the polarization ellipse degenerates into a circle and, accordingly, the direction of the main axis (azimuth) of the polarization ellipse is uncertain;
2) points with linear polarization (“L”-point), which are degenerate in the direction of rotation of the electric vector.
The characteristic values of the fourth parameter [image: image] of the Stokes vector [image: image] are used as the main “detector” of the presence and coordinate position of polarization-singular points in the object field of laser radiation [6, 8, 10].
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Here [image: image]—spatial coordinate in a polarization-inhomogeneous object field; [image: image]—phase shift between orthogonal amplitude components at a point [image: image].
At the same time, the analytical representation of the grid of polarization singularities of the object field of laser radiation does not carry direct information about the polycrystalline structure of the biological layer—the distributions of the directions of the optical axes [image: image] of biological crystals and the phase shifts [image: image] that they form.
The fact is that the process of formation of a polarization-inhomogeneous field can be represented by a superposition of two main mechanisms:
❖ “object”-phase modulation [[image: image]] of probing laser radiation with optically anisotropic birefringent biological crystals (protein fibrillar networks);
❖ “diffractive”—secondary phase modulation [[image: image]] as a result of cross-interference of partial laser waves formed by an object of a polarization-inhomogeneous object field during propagation in free space.
Therefore, in each zone of laser radiation diffraction, the maps of polarization singularities [[image: image] and [image: image]] change. As a result, the problem of polarimetric diagnostics of changes in the structure of the biological layer turns out to be ambiguous.
Overcoming this problem can be the use of the Mueller-matrix formalism [10] in the description of the processes of the formation of the polarization-singular structure of the object field of an optically anisotropic biological layer. This approach provides unambiguous information on the relationships between the maps of polarization singularities and the parameters of the polycrystalline birefringent structure of fibrillar networks.
[image: image]
Within the framework of the model of birefringence of spatially structured fibrillar networks of the biological layer, developed in numerous studies [12–16, 18, 27–32], one can write the following expression for the Mueller matrix
[image: image]
where
[image: image]
Here [image: image]—direction of the optical axis, determined by the orientation of the position of the fibril in the plane of the biological layer; [image: image]—object phase shift between linearly orthogonally polarized components of the laser beam amplitude; [image: image]—wavelength; [image: image]—birefringence; [image: image]—geometric layer thickness.
The Mueller-matrix formalism for describing the birefringent properties of biological tissues makes it possible to exhaustively describe the formation of polarization at the points ([image: image]) of the object field in terms of the parameters of the Stokes’ vector [image: image] [10].
[image: image]
Here[image: image] и [image: image]—Stokes’ vectors of probing and transformed by a layer of biological tissue of laser beams.
In expanded form, matrix Eq. 6 is rewritten as a system of four linear equations with coefficients [image: image]
[image: image]
Taking into account relations Eqs 4–, expressions Eq. 3, which characterize the Stokes-polarimetric relationships Eqs 1, 2 of maps of polarization singularities and parameters of the polycrystalline birefringent structure of fibrillar networks, take the following form
[image: image]
Analysis of expressions Eq. 9 reveals two main dependences of formation [image: image] and [image: image] states:
❖ “polarizing”
[image: image]
❖ “azimuth”
[image: image]
Hence (expressions Eqs 10, 11) there are significant limitations in the use of the Stokes-parametric approach in diagnostic serial measurements of maps of polarization singularities of a large number of biological preparations. Even in the situation of a constant polarization state ([image: image]) of the probing laser beam, the coordinate position of the [image: image] and [image: image] - points turns out to be dependent on the angle of rotation ([image: image]) of the biological preparation - [image: image] and [image: image]. The indicated azimuthal irreproducibility of polarization-singular data is multiplied within the limits of representative samplings of biological samples.
To overcome this problem of Stokes polarimetry, we considered the diagnostic capabilities of the polarization-singular approach using the Mueller-matrix formalism.
Based on relations Eqs 3–5, it is possible to determine diagnostically important relationships between the characteristic values of the elements of the Mueller matrix of the conditions of formation [image: image] and [image: image] polarization-singular states that are formed by a birefringent fibrillar network—Table 1.
TABLE 1 | Relationships between the characteristic values of the Mueller matrix elements and the singularity of polarization-inhomogeneous images of birefringent biological tissue.
[image: Table 1]The analysis of the ratios given in Table 1 revealed an azimuthal dependence of the formation of characteristic values [image: image] of practically all elements of the Mueller matrix of the birefringent biological layer. The exception (highlighted in green) is the matrix element [image: image], which in what follows we will call the Mueller-matrix invariant–MMI.
Measurement and Analysis of Experimental Data
In Figure 1 shows the optical scheme of Stokes polarimetry [14, 15] of the coordinate distributions of the Mueller-matrix invariant [image: image], which characterizes the birefringence of histological sections of uterine tumours.
[image: Figure 1]FIGURE 1 | Optical scheme of laser Stokes-polarimeter of human organs histological sections. Here 1—He-Ne laser; 2—collimator; 3, 5, 8—quarter-wave plates; 4, 9—polarizer and analyzer respectively; 6—object of investigation; 7—optical system; 10—CCD camera; 11—PC.
The optical and metrological parameters of the Stokes-polarimeter are presented in detail in a series of publications [14, 15, 27–32]. Here we give a brief description of them, which is necessary for a better understanding of the further presentation of the experimental material.
Illumination of samples was performed by parallel ([image: image]) weakly intensive (p = 5 mW) beam 1 of He-Ne laser ([image: image]). Using a collimated illuminating beam provides the same conditions of transformation of the polarization states at different points of the illuminated area of the object. In this case, our scheme provides the resolution of 4.65 × 4.65 µm. This scale is sufficient to evaluate the optical properties of the average (5–20 μm) crystalline structural elements of the biological samples. Polarization light source consisted of quarterwave plate 3 and polarizer 4. The image of samples 6 were projected in the plane of light-sensitive plane of CCD-camera 10 (The Imaging Source DMK 41AU02. AS, monochrome 1/2″ CCD, Sony ICX205AL (progressive scan); resolution—1280 × 960; size of light-sensitive plate—5952 × 4464 µm; sensitivity—0.05 lx; dynamic range—8 bit; SNR—9 bit, nonlinearity does not exceed 3–5%) by means of optical system 7. In this experimental arrangement 7 designates an image forming apparatus, which consists of strain-free objective (Nikon CFI Achromat P, working distance—30 mm, focal distance—50mm, NA—0.1, magnification—4x) and tube lens (focal distance 200 mm). Polarization analysis of the samples images was performed by means of quarterwave plate 8 and polarizer-analyzer 9.
The technique of experimental measurement of the set of characteristic elements of the Mueller-matrix invariant [image: image] includes the following actions:
1) Formation of the basic right-hand circularly polarized probing beam—the angle between the plane of polarization of the laser beam and the axis of the highest velocity of the quarter-wave plate—[image: image].
2) Isolation by sequential polarization filtering of a set of partial plane and circularly polarized laser probes with the following parameters:
❖ azimuth of linear polarization [image: image]—rotation of the transmission plane of polarizer 4 by an angle [image: image];
❖ azimuth of linear polarization [image: image]—rotation of the transmission plane of polarizer 4 by an angle [image: image];
❖ introduction of a quarter-wave plate 5 into the optical path and rotation of the axis of its highest velocity by an angle [image: image].
3) Projection by a polarizing microobjective 7 for each of the laser probes of the image of a histological section of a preparation of a uterine tumour into the plane of the photosensitive area of a digital camera 10.
4) Polarization selection of the right- and left-circularly polarized components of the object field at the points of the microscopic image by rotating the axis of the highest velocity of the quarter-wave plate 8 at angles [image: image] and [image: image] relative to the transmission plane of the polarizer 9.
5) Calculations within each pixel of CCD camera 10 of the ensemble ([image: image]) of the Muller-matrix invariant quantities of [image: image] elements of the biological layer sample were performed in accordance with the algorithm
[image: image]
  Here [image: image]—Stokes vector parameter of the points of the digital image ([image: image]) of a biological layer sample measured for a series of linear ([image: image]) and right-circularly ([image: image]) polarized laser beams
[image: image]
  Here [image: image]—the intensity of transmitted by the object light that passed through a system of “quarter-wave plate–polarizer” of polarization analysis unit which transmits right- ([image: image]) and left- ([image: image]) circularly polarized components of the object laser radiation.
6) The accuracy of determining the value [image: image] is 2% and was determined through a series of measurements using model phase-shifting plates [image: image] and [image: image].
7) By line-by-line scanning ([image: image]) was determined (within each column [image: image]) the number of characteristic values [image: image] and [image: image]. On this basis, the distributions of the number of characteristic values [image: image] and [image: image] were finding.
8) We calculated [14, 15, 42] the central statistical moments of the first–second orders, which characterize the average and dispersion of the distribution [image: image] and [image: image]
[image: image]
Here [image: image]—total number of pixels of a digital camera 10 (Figure 1).
Characteristics of Research Objects
For the purpose of express (∼15 min) differential diagnosis of benign (myoma) and malignant (adenocarcinoma of varying degrees of differentiation), optically thin single-scattering histological sections of uterine tumours were made on a microtome with rapid freezing during the operation.
Three representative groups of histological biopsy sections of tumours were formed:
• Group 1 consisted of [image: image] myoma samples;
• Group 2 consisted of [image: image] high differentiated adenocarcinoma samples;
• Group 3 consisted of [image: image] poorly differentiated adenocarcinoma samples.
The type of uterus tumour was determined by an independent assessment of stained histological samples (Figure 2).
❖ Fixation of prostate tissue with formalin (40% formaldehyde aqueous solution);
❖ Washing samples in running water for 24 h;
❖ Dehydration with alcohols with increasing concentration (70–100%) within 48 h;
❖ Fixing the material in a mixture of xylene-paraffin for 1–2 h at a temperature of [image: image] and cutting out a block with a sample enclosed in it;
❖ Production of histological sections on a standard microtome;
❖ Staining of histological sections with hematoxylin-eosin (Figure 2 shows microscopic images in real colors);
❖ Microscopic examination of images of the obtained preparations with differentiation of their structure by grade and determination of the position of the prostate tumor sample according to the Gleason scale.
[image: Figure 2]FIGURE 2 | Representative microscopic images (magnification 50x) of: (A) myoma, (B) high differentiated adenocarcinoma, and (C) poorly differentiated uterus adenocarcinoma. The procedure for histological analysis included the following steps [43].
Table 2 presents the optical and geometric parameters of the samples of native histological sections of prostate tumour biopsies from each of the groups.
TABLE 2 | Optical and geometric parameters of uterus tumour histological sections.
[image: Table 2]The geometric thickness ([image: image]) of histological sections of prostate tissue was determined by the standard values of the freezing microtome scale.
The extinction coefficient ([image: image]) of uterus tissue samples was measured according to the standard method of photometric measurement of the attenuation by the sample of the intensity of the illuminating beam [44] using an integral light scattering sphere [45].
The measurement of the integral degree of depolarization ([image: image]) of samples of histological sections of uterus tissue was carried out in the scheme of a standard Mueller-matrix polarimeter, the optical scheme of which is presented in [14, 15, 27–32].
The experimental data presented in Table 2 indicate the adequacy of our model analysis of the phase modulation of laser radiation by birefringent fibrillar networks (relations Eqs 4–11, Table 1)—within the statistically reliable samplings of samples of all groups, the conditions of single scattering are realized ([image: image] [16]) in the volume of histological sections of biopsy of uterine tumours.
To determine the statistical significance of a representative sampling of the number of samples by the cross-validation method [46], the standard deviation [image: image] of each of the calculated values of the central statistical moments [image: image], which characterize the distribution of the values of parameters of [image: image] and [image: image], was determined. The specified number (40 for each group) of samples provided the level [image: image]. This standard deviation corresponds to a confidence interval [image: image], which demonstrates the statistical reliability of the polarization-interference mapping method.
RESULTS
In the series in Figures 3–5 are presented:
❖Coordinate distributions of the value of the Mueller-matrix invariant [image: image] of histological biopsy sections of benign (Figure 3) and malignant with varying degrees of differentiation (Figure 4 and Figure 5) of uterine tumours [fragments (2)];
❖Maps of characteristic values [image: image] [fragments (3)];
❖Maps of characteristic values [image: image] [fragments (3)].
 ❖ Analysis of 2D mapping data (Figures 3–5) the values of the Mueller-matrix invariant [image: image] in the plane of histological sections of biopsy of all types of tumours revealed:
❖ The presence of characteristic values [image: image] [fragments (1)] and [image: image] [fragments (3)] with individual coordinate and quantitative distribution;
❖sequential increase in the number of characteristic values [image: image] for samples of malignant tumours of adenocarcinoma with high [Figure 4, fragment (1)] and low [Figure 5, fragment (1)] degrees of differentiation in comparison with benign myoma [Figure 3, fragment (1)];
❖the opposite trend for maps [image: image]—a sequential decrease in the number of characteristic values for malignant tumour samples of adenocarcinoma with a high [Figure 4, fragment (3)] and low [Figure 5, fragment (3)] degrees of differentiation in comparison with benign myoma [Figure 3, fragment (3)].
[image: Figure 3]FIGURE 3 | Mueller-matrix image [fragment (2)] of the azimuthal invariant [image: image] of the histological section of myoma biopsy and polarization-singular maps of characteristic values [image: image] [fragments (1)]; [image: image] [fragments (3)].
[image: Figure 4]FIGURE 4 | Mueller-matrix image [fragment (2)] of the azimuthal invariant [image: image] of the histological section of biopsy of adenocarcinoma of high differentiation and polarization-singular maps of characteristic values [image: image] [fragments (1)]; [image: image] [fragments (3)].
[image: Figure 5]FIGURE 5 | Mueller-matrix image (fragment (2)) of the azimuthal invariant [image: image] of the histological section of biopsy of adenocarcinoma of low differentiation and polarization-singular maps of characteristic values [image: image] [fragments (1)]; [image: image] [fragments (3)].
From a physical point of view, these results can be associated with the processes of necrotic destruction of birefringent fibrillar networks of the uterine tissue during the formation of benign neoplasms (myoma) of malignant adenocarcinomas with varying degrees of differentiation. As a result, the level of phase modulation ([image: image]) of laser radiation probing histological sections decreases ([image: image]). The indicated oncological destruction of the optical anisotropy of the uterine tissue is accompanied by an increase in the probability of the formation of characteristic values [image: image] (relations (5), Table 1), which characterize the mechanisms of formation of [image: image]—states. On the contrary, the probability of the formation of characteristic values [image: image] (relations (5), Table 1), which characterize the mechanisms of formation of [image: image]—states, decreases.
These processes quantitatively illustrate the distributions [image: image] and [image: image], which are shown in Figures 6, 7.
[image: Figure 6]FIGURE 6 | Distributions [image: image] of the number of characteristic values [image: image] the Mueller-matrix invariant [image: image] of the histological section of myoma [fragment (1)], of adenocarcinoma of high degree of differentiation [fragment (2)] and of low degree of differentiation [fragment (3)] biopsy.
[image: Figure 7]FIGURE 7 | Distributions [image: image] of the number of characteristic values [image: image] the Mueller-matrix invariant [image: image] of the histological section of myoma [fragment (1)], of adenocarcinoma of high degree of differentiation [fragment (2)] and of low degree of differentiation [fragment (3)] biopsy.
The results of the statistical analysis of the distributions [image: image] [fragment (1)] and [image: image] within the representative samplings of histological sections of uterine tumours of all types are presented in Tables 3, 4.
TABLE 3 | Statistical moments of the first and second orders, which characterize the distribution [image: image] of representative samplings of biopsy samples of histological sections of uterine tumours.
[image: Table 3]TABLE 4 | Statistical moments of the first and second orders, which characterize the distribution [image: image] of representative samplings of biopsy samples of histological sections of uterine tumours.
[image: Table 4]Here are the mean ([image: image]) and standard deviations ([image: image]) within all groups of samples ([image: image]2) values of the statistical moments of the first and second orders, which characterize the distributions [image: image] (Table 3) and [image: image] (Table 4).
From the data given in Table 3 it follows:
statistical moments of the first and second orders, which characterize the distributions [image: image] of the number of characteristic values of Mueller-matrix invariants [image: image] of representative samples of histological sections of myoma biopsy (group 1) and adenocarcinoma of high (group 2) and low (group 3) differentiation, have individual values;
for the statistical moment of the first order, which characterizes the distribution [image: image], a high level of statistical reliability of differentiation of benign and malignant tumours of the uterus—[image: image]and [image: image], as well as the severity of the oncological condition—[image: image] is established.
statistically significant in differential and intergroup diagnostics are the values for the statistical moment of the second order, which characterizes the distribution [image: image],—[image: image]; [image: image] and [image: image].
From the data given in Table 4 it follows:
❖ for the statistical moments of the first and second orders, which characterize the average and dispersion of the distributions [image: image] of Mueller-matrix invariants [image: image] of birefringence of the fibrillar networks of the uterine tissue, the statistical reliability of the differentiation of benign and malignant tumours of the uterus was established [image: image]—and [image: image];
❖ Intergroup diagnostics of samples of histological sections of biopsy of adenocarcinoma with a high and low degree of differentiation turned out to be statistically unreliable,—[image: image].
CLINICAL APPLICATIONS
With the aim of the possible clinical application of the data of Mueller-matrix mapping of polarization-singular distributions of characteristic values [image: image] and [image: image] we used the principles of evidence-based medicine [47].
To differentiate benign and malignant tumours, for each of the statistical moments [image: image], the sensitivity ([image: image]; [image: image]), specificity ([image: image]; [image: image]) and balanced accuracy [[image: image]; [image: image]] were calculated. Here, [image: image] and [image: image] are the number of correct and incorrect diagnoses within group 2 (group 3); and [image: image] and [image: image] are the same within group 1.
Similarly, to differentiate the grade of cancer, the sensitivity ([image: image]), specificity ([image: image]) and balanced accuracy ([image: image] were calculated for each of the statistical moments [image: image]. Here, [image: image] and [image: image] the number of correct and incorrect diagnoses within group 3; while [image: image] and [image: image] are the same within group 2.
TUMOURS OF THE UTERUS
The results of information analysis using statistical processing of the set of distributions of characteristic values [image: image] and [image: image] within representative samples of histological sections of biopsy of myoma and adenocarcinoma with different degrees of differentiation are presented in Tables 5, 6.
TABLE 5 | Sensitivity, specificity, balanced accuracy of statistical analysis of distributions of characteristic values [image: image].
[image: Table 5]TABLE 6 | Sensitivity, specificity, balanced accuracy of statistical analysis of distributions of characteristic values [image: image].
[image: Table 6]The results shown in Tables 5, 6 indicate:
❖ a high (91.25–96.25%) efficiency of differential diagnosis of uterus tumours by Mueller matrix mapping of histological biopsy sections of myoma and adenocarcinoma with varying degrees of differentiation by statistical analysis of distributions of characteristic values [image: image], —Table 5;
❖ low efficiency (80–82.5%) of statistical analysis of experimental data of polarization-singular Mueller-matrix differentiation of samples of benign and malignant tumours of the uterus;
❖ unsatisfactory accuracy (57.5–63.75%) of intergroup differentiation based on the data of statistical analysis of distributions of characteristic values [image: image].
TUMOURS OF THE PROSTATE
Three Representative Groups of Histological Biopsy Sections of Tumours Were Formed:

• Group 1 consisted of [image: image] high differentiated (ISUP 1–3 + 3 on Gleason’s pattern scale) adenocarcinoma samples;
• Group 2 consisted of [image: image] moderately differentiated (ISUP 2–3—3 + 4; 4 + 3 on Gleason’s pattern scale) adenocarcinoma samples;
• Group 3 consisted of [image: image] poorly differentiated (ISUP 4–4 + 4; 3 + 5; 5 + 3 on Gleason’s Pattern scale) adenocarcinoma samples.
Table 7 presents the optical and geometric parameters of the samples of native histological sections of prostate tumour biopsies from each of the groups.
TABLE 7 | Optical and geometric parameters of prostate tumour histological sections.
[image: Table 7]The results of information analysis using statistical processing of the set of distributions of characteristic values [image: image] and [image: image] within representative samplings of histological sections of prostate adenocarcinoma biopsy with varying degrees of differentiation are presented in Tables 8, 9.
TABLE 8 | Sensitivity, specificity, balanced accuracy of statistical analysis of distributions of characteristic values [image: image].
[image: Table 8]TABLE 9 | Sensitivity, specificity, balanced accuracy of statistical analysis of distributions of characteristic values [image: image].
[image: Table 9]The results shown in Table 8 indicate a high (90–93.75%) efficiency of differential diagnosis of prostate tumours by Mueller matrix mapping of histological sections of biopsy of adenocarcinoma with varying degrees of differentiation by means of a statistical analysis of distributions [image: image] that determine the mechanisms of formation [image: image]—states.
The efficiency of differentiation of the degree of statistical analysis of the experimentally obtained distributions of characteristic values [image: image], which determine the mechanisms of formation of—states, turned out to be rather low and did not exceed 60–82.5%, —Table 9.
CONCLUSIONS

1) For the first time, the Mueller-matrix approach to the described processes of the formation of polarization-singular states of microscopic images of optically thin histological sections of biopsy of benign and malignant tumours of the uterus and prostate was proposed.
2) The relationship between the characteristic values of the elements of the Mueller matrix and the types of singularity of polarization-inhomogeneous images of optically anisotropic biological preparations of fibroids (uterus) and adenocarcinomas with varying degrees of differentiation (uterus, prostate) has been established.
3) It was found that the statistical analysis of the distributions of the number of characteristic values of the Mueller-matrix invariant, which characterizes the mechanisms of formation [image: image] and [image: image] states of microscopic images of biological preparations is effective for differentiating the polarization properties of such objects associated with pathological changes in the birefringent fibrillar networks of tumours of the uterus and prostate.
4) Within the framework of evidence-based medicine, the sensitivity, specificity and accuracy of the method of azimuthal-invariant mapping of the characteristic values of the Mueller-matrix invariant distributions have been established:
❖ A high (91.25–96.25%) efficiency of differential diagnosis of uterus tumours by Mueller matrix mapping of histological sections of biopsy of myoma and adenocarcinoma with varying degrees of differentiation by statistical analysis of distributions of characteristic values [image: image];
❖ A high (90–93.75%) efficiency of differential diagnosis of prostate tumours by Mueller matrix mapping of histological biopsy sections of adenocarcinoma with varying degrees of differentiation by means of a statistical analysis of distributions [image: image] that determine the mechanisms of formation [image: image]—states.
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