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Abstract: The use of polarimetry as a diagnostic tool for biological tissues could show increased
contrast in several pathologies. In this work polarimetric parameters are used to analyze structurally

oriented biological tissues.
OCIS codes: (260.5430) Polarization; (110.5405) Polarimetric imaging; (170.4580) Optical diagnostics for medicine;
(260.1440) Birefringence

1. Introduction

The use of optical techniques for tissue diagnosis provides non-invasive, non-contact, high resolution and increased
contrast. In particular, the use of the polarization information can add contrast, particularly in strongly oriented biological
tissues. Most of these tissues exhibit strong birefringence, particularly when they are collagen-based, like tendons,
ligaments or cartilage [1]. The study of these tissues can be implemented by polarization sensitive techniques, such as
Polarized Light Microscopy (PLM) or Polarization Sensitive Optical Coherence Tomography (PS-OCT) [2].

Among the most significant polarimetric parameters of strongly oriented biological tissues are birefringence and
optic axis orientation. In order to analyze these or other polarimetric parameters, the measurement of Mueller matrix
contains all the polarimetric information of the sample [3]. The expected polarimetric response can be estimated by
extended Jones calculus [4], considering that the incident radiation could be not perpendicular to the tissue and/or the
fibril orientation of the collagen inside is arbitrary, like in Full-Field PS-OCT on curved structures. Afterwards Muller
matrix can be measured by means of a full Mueller polarimeter. With these results several decompositions can
calculations can be made, such as the Lu Chipman decomposition [5], the Mueller Coherency matrix [6] or the
differential Jones matrix [7].

In this work strongly oriented biological tissues, such as muscular and nerve tissues, are analysed by a Mueller matrix
system. The system is based on liquid crystal variable retarders, and provides the 16 elements of the Mueller matrix. Ex
vivo pig tissues are modeled and measured.

2. Methods

Biological tissues are considered as strongly oriented retarders, with particular fibrils orientation and birefringence.
The employed model is based on the electromagnetic propagation of light in birefringent media. The tissue is modeled as
a positive uniaxial crystal whose optic axis is coincident with the fibrils direction. Figure 1 shows an scheme with the
main axes and parameters, including the extraordinary and ordinary refractive indexes, and the orientation of the optic
axis c. Propagation is modeled by vector k for the incident light in an isotropic medium and vectors k, and k. for the
birefringent medium. The incident and output Jones vectors are referred to a system defined by TE and TM incident
vectors s and p, respectively. Dichroism, optical activity and multiple reflections in the inner interfaces are neglected.
The collagen-based birefringent N-layered biological tissue is described by the product of 2x2 Extended Jones matrices:
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J i 18 the incident Jones vector; J o the output Jones vector; M r is the Extended Jones matrix of the biological

tissue; matrices D,

;. and D fin model the interaction at the interface between an isotropic medium (usually air) and the

biological tissue; B are propagation matrices through the 7 th layer, of depth d P 7; .+ are the dynamical propagation
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matrices between uniaxial layers i and 7+ 1; 0 and € are the ordinary and extraordinary polarization vectors;

p, = k oXS;and 7, ,tp,l‘s ,l‘p are the Fresnel transmission coefficients.

Mueller matrix polarimeter is based on four liquid crystal variable retarders (Meadowlarks Inc.), in a reflection
configuration. The system is calibrated by the eigenvalues calibration method [8]. The optical source is a white light
broadband QTH source (Newport Inc.), which is previously filtered. A diagram is shown in Figure 1.
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Fig 1. Diagram of the Mueller polarimeter: Pol: linear polarizer; LC: Liquid crystal variable retarder.

Matrix analysis is mainly achieved by the comparison with the estimated global response obtained by the previous

method. Afterwards Lu Chipman decomposition is applied, the diattenuation, retardance and depolarization matrices are
obtained:

M = MAMRMD
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Mueller Coherency matrix method is also considered, from Pauli matrices o;:
p;,=0,Q0, ~ ©
p; _ Gi ®GO TI4,-+‘,< - pi pj

The use of the Dirac matrices allows the connection of the Mueller matrix elements m; with a 4x4 coherence

matrix, Cyyy, which is directly related with the properties of the optical device. This 4x4 coherence matrix is defined from
the SU(4)«>0" (6) homomorphism by the Mueller matrix elements and Dirac matrices as follows:
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The number of significant (non-zero) eigenvalues and their values are directly related to the depolarizing
characteristics of the optical media. The entropy-factor H is then defined as:
A,

H=-Yxlog (x) » x =< (10)
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3. Results and discussion

Ex vivo pig biological tissues of muscle and verve tissues are employed. Their real orientation is visually and
microscopically estimated. All of them are modeled according to the previous section methods, and measured with the
Mueller matrix polarimeter. Figure 2 show one of the samples, and Figure 3 shows an example of entropy map.
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Fig 3. Entropy map of one of the samples.

The results obtained by means of the decomposition and analysis methods provide different estimations of the
preferred orientation of the tissues. The estimation by the model further contributes to suppress experimental uncertainty.
The adequate consideration of tissue orientation is of great relevance for several pathologies, particularly for corneal
diseases, such as keratoconus, or articular disorders, such as those of the hyaline cartilage.
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