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Abstract: New Mueller matrix-based embossed depolarization mapping is developed to assess 

quantitatively morphological biotissues abnormalities in 3D. Typical results demonstrating 

polarization property variations for cardiac and liver tissues are presented. 
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1. Introduction 

Mueller matrix mapping is one of the upcoming trends for polarimetric diagnosis of optically anisotropic 

biostructures [1]. Usually, tissues have a complex morphology of linearly and circularly birefringent fibrillar 

networks [2,3]. Various tissues types can be detected with embossed topographic depolarization maps method that 

assesses the biotissues 3D-morphology. In frame of further development of the digital histo-biophotonics – a new 

paradigm in modern tissue diagnosis, we seek to compare depolarization properties of myofibrils in myocardium 

(striated cardiac tissue) and liver parenchyma (functional part of the liver) in from humans’ autopsy material. 

2. Materials and Methods 

In typical (non-birefringent) diffuse tissues (where multiple scattering occurs) the value for most elements of 

Mueller matrix  is insignificant or tends to zero. Then the leading diagonal elements of Mueller matrix obviously 

represent an exception. These diagonal matrix elements, 22;33;44, determine the depolarization degree of light 

passing through an optically anisotropic object. The depolarization degree, , is expressed as: 

 22 + 33 + 44).                                                                (1) 

It may also be described as an integral of optical properties for a layer with thickness ; the integral is averaged 

over the volume of light propagation. It is determined by two factors: formation of orthogonal component in laser 

radiation amplitude (i.e. a shift to state of polarization) due to optical anisotropy of the layer, or A-component; then, 

B-component, which is an average for the polarization state taking into account superposition of laser waves, 

scattered within the layer. For an optically homogeneous isotropic layer ( 22;33;44  = 0, while for a 

perfect diffuser ( 22;33;44  = 1. In any other case (i.e., partially depolarizing biological layers) changes 

of  are described by A and B components ratio in longitudinal direction ( ) within a polycrystalline medium. 

Optical scheme of modified Stokes polarimeter for polarization-holographic Mueller matrix polarimetry 

measurements of biological layers is presented further in Fig.1 [4]. 

Fig.1. Optical scheme of a 3D Mueller matrix polarimetry setup: 1 - laser; 2 - collimator; 3 - beam splitter; 4 - 

reflecting mirror; 5, 7, 10, 12, 13 - polarizers; 6, 11 - quarter-wave plates; 8 - investigated object; 9 - strain-free 

polarization objective; 14 - digital camera; 15 - processing unit. 
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The distribution of  ( , , ) variable within the volume of a biological tissue samples is measured and 

analyzed. A parallel (Ø = 2×103 ) beam of He-Ne (  = 0.6328 ) laser radiation is generated by passing 

through the collimator. Beam splitter divides the beam into equal and separate illuminating and reference beams. 

The illuminating beam is polarized and directed through a biological sample and then to a digital camera. The 

reference beam is also polarized and directed to the camera. As a result, an interference pattern is formed and 

registered by the camera; its intensity coordinate distribution is recorded. We have regarded two tissue types both 

humans and small animals with different morphological and optically anisotropic structures [4]: 1. Depolarizing (  

2.08) layers: optically anisotropic mesh of optically active myosin 

fibrils. The mesh provides linear birefringence and dichroism.  = 82%). 

Optically anisotropic components are little island structures formed by optically active protein molecules. 

To check the results reproducibility and to determine the method’s reliability, we have carried out statistical 

measurements for two representative samples of myocardium (  = 36) and liver (  = 36) histological sections. The 

slides are performed by standard method with a frozen microtome. The study follows the Helsinki Declaration 

principles, the rules of Good Clinical Practice and local regulatory requirements. 

3. Results and Conclusions 

Fig.2 shows a series of layered depolarization maps  (x, y) of a myocardium histological slide for phase sections 

at:  = 0.3 rad (see Fig.2 a, d);  = 0.9 rad, (see Fig.2 b, e);  = 1.5 rad (see Fig.2 c, f). Figure 2 (g, h) describes 

(statistical moment mean, variance, skewness, and kurtosis) the degree distribution for depolarization in every phase 

plane. The depolarization in every k is distinguished by a different statistical structure, so that 

Zi=1;2;3;4 j)  Zi=1;2;3;4 j+1). An increase in mean Z1 2 k. A decrease 

in the value of Z3 4 describing skewness and kurtosis, is true k. 

Topographic structure of myocardium phase section maps (see Fig.2, d-f) might be associated with different 

ratios between A and B components of the depolarization degree, , in different phase planes, . In low-

multiplicity scattering region (  = 0.3 rad) A-component dominates. With a longitudinal increase of  (an increase 

in light scattering multiplicity), the contribution of B-component grows. As a result, there is an increase of  (x, y, 

k) for same (x, y) position. According to central limit theorem the variable tends to distribute normally. If the mean, 

Z1 the variance, Z2 , increase, then the skewness, Z3 , and kurtosis, Z4 , decrease (see Fig. 2, g, h). 

 
Fig. 2. Layered distribution of the depolarization degree of myocardium: a-c) 3D-surfaces and d-f) 2D-contours, 

for phase sections at a, d)  = 0.3 rad, b, e)  = 0.9 rad, and c, f)  = 1.5 rad. The visualization is performed in 

Matlab R2020a. The statistical moments are calculated in three phase sections of an embossed topographic 

depolarization map, g, h). Data was plotted in Origin Pro 2020. 

Comparing the layered depolarization maps of myocardium (see Fig.2) with those of parenchymal liver tissue 

(Fig.3), we mention a slightly higher mean level, 1( ), of depolarization in the set of phase planes, , of 

parenchymal tissue. Fig.3(g, h) presents values of statistical moments giving the distribution of the depolarization 

degree in different phase planes for parenchymal liver tissue. Statistical structure analysis of the depolarization maps 
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for liver tissue shows the results to be similar with those which are obtained for myofibrils in the myocardial tissue 

(see Fig.2, g, h). However, optically anisotropic components of the liver sample are little "island" structures formed 

by birefringent optically active protein molecules (part of A component). Hence, the diffraction angle of the laser 

radiation is much larger than the analogous variable for large fibrillar networks. In the limit of small , 

contributions of different A and B components to the value of the depolarization degree are comparable. Therefore, 

the distributions for small values of the phase section (  < 0.6 rad) are described by larger mean and variance and, 

conversely, by lesser skewness and kurtosis (compared to the distributions for myocardium). 

 
Fig.3. Layered distribution of the depolarization degree of liver: a-c) 3D-surfaces and d-f) 2D-contours, for phase

sections at a, d)  = 0.3 rad, b, e)  = 0.9 rad, and c, f)  = 1.5 rad, respectively. The statistical moments are

calculated in three phase sections of a 3D-depolarization map, g, h).

Statistical moments shift describing the distribution of the depolarization degree for optically thick myocardium

 = 2.08;  =  = 2.14;  = 88%) in different phase sections of them has been studied.

Topographic depolarization structure of myocardium phase section maps may be related to scattering multiplicity

within the sample and specific structures of crystallite networks. Then the overall depolarization map is a

convolution of these two factors impact. Liver tissues features remind those of myocardium a lot, but there are some

distinctions. A presence of different biostructures leads to a more rapid increase of scattering multiplicity for phase

also increasing. The statistical moments analysis shows that the distributions are described by greater mean and

variance and lesser skewness and kurtosis, compared to myocardium. Thus, combined with the machine learning,

e.g. similar as discussed in [5], the presented polarization-holographic Mueller matrix imaging approach for

quantitative mapping of biological tissues with different morphology has a great potential in frame of a new

paradigm in modern tissue diagnosis, known as new digital histo-biophotonics.
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