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Polarization-correlation analysis of maps of optical
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’Bukovinian State Medical University, Chernivtsi, 58000, Ukraine

a.dubolazov@chnu.edu.ua

ABSTRACT

A new information optical technique of diagnostics of the structure of polycrystalline films of bile is
proposed. The model of Mueller-matrix description of mechanisms of optical anisotropy of such objects as
optical activity, birefringence, as well as linear and circular dichroism is suggested. The ensemble of
informationally topical azimuthally stable Mueller-matrix invariants is determined. Within the statistical
analysis of such parameters distributions the objective criteria of differentiation of films of bile taken from
healthy donors and diabetes of type 2 were determined. From the point of view of probative medicine the
operational characteristics (sensitivity, specificity and accuracy) of the information-optical method of
Mueller-matrix mapping of polycrystalline films of bile were found and its efficiency in diagnostics of
diabetes extent of type 2 was demonstrated. Considered prospects of applying this method in the diagnosis
of cirrhosis.

Keywords: polarimetry, optical anisotropy biological layers, polarization-correlation analysis.

1. Introduction

Laser polarimetry techniques [1-10] require further development and generalization. Firstly, not all elements of
Mueller matrix prove to be convenient for characterizing biological samples. The reason of this is the azimuthal
dependence of the majority of matrix elements — generally 12 of 16 elements change at rotation of the sample around the
probing axis. Secondly, the spectrum of mechanisms of optical anisotropy of biological layers is not confined to linear
birefringence only. Taking into consideration the impact of other mechanisms — circular birefringence, as well as linear
and circular dichroism — appears to be topical in the aspect of enlarging the range of diagnostic techniques. Thirdly, there
is a wide range of optically anisotropic biological objects, for which laser polarimetry techniques did not spread widely.
Biological fluids — blood and its plasma, urine, bile, saliva and others — belong to them. The objects of this class are
easily accessible and do not require the traumatic surgery of biopsy.

This research is focused on the development of the method of “azimuthally stable” Mueller-matrix mapping of
optical anisotropy of bile films in the task of diabetes extent of type 2.

Biosensing and Nanomedicine VI, edited by Hooman Mohseni, Massoud H. Agahi, Manijeh Razeghi,
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2. Brief theoretical background

Laser polarimetry techniques [1-10] require further development and generalization. Firstly, not all elements of
Mueller matrix prove to be convenient for characterizing biological samples. The reason of this is the azimuthal
dependence of the majority of matrix elements — generally 12 of 16 elements change at rotation of the sample around the
probing axis. Secondly, the spectrum of mechanisms of optical anisotropy of biological layers is not confined to linear
birefringence only. Taking into consideration the impact of other mechanisms — circular birefringence, as well as linear
and circular dichroism — appears to be topical in the aspect of enlarging the range of diagnostic techniques. Thirdly, there
is a wide range of optically anisotropic biological objects, for which laser polarimetry techniques did not spread widely.
Biological fluids — blood and its plasma, urine, bile, saliva and others — belong to them. The objects of this class are
easily accessible and do not require the traumatic surgery of biopsy.

This research is focused on the development of the method of “azimuthally stable” Mueller-matrix mapping of
optical anisotropy of bile films in the task of diabetes extent of type 2

The description of mechanisms of optical anisotropy characteristic of bile films identified the following

relationship Mueller-matrix invariants with phase parameters (0 , @) u amplitude (Az,C ) anisotropy [11-21]:

(1

Here O - phase shift between linearly polarized orthogonal components of light beam amplitude, & - rotation
angle of polarization plane of the transformed light beam.

My, =(-Az)sing. 2)
C
M, =4V At coso - 3)
1+C
T Ty =TCOSP; . . . .
Here Az =—-, . , Ty, T, -absorption coefficients of linearly polarized orthogonal components of
r, |7, =tsinp

light beam amplitude, C :M, Zg¢> &o - absorption indices of left- (&) and right-hand (@) circularly
8ot 8o

polarized components of light beam amplitude.
My4.41.44 (mxn)
Thus, having measured the parameters distributions (¢ = AM , = AM 3.3, (m N n))’ one can obtain azimuthally
Z M3
stable information about optical anisotropy of proteins of blood plasma film.
3. Investigation technique and processing of Mueller-matrix images
The measurements of coordinate distributions of Mueller-matrix elements were performed in the setup of the

standard Stokes-polarimeter. The detailed description of the optical scheme(fig.1) and main parts of experimental setup
was presented in the series of research works [11,12].
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AU,

1 2 3 4 5 6 7 8 9 10 11
Fig. 1. Optical scheme of polarimeter, where 1 — He-Ne laser; 2 — collimator; 3 — stationary quarter-wave plate; 5, 8 —

mechanically movable quarter-wave plates; 4, 9 — polarizer and analyzer respectively; 6 — object of nvestigation; 7 —
polarization microobjective; 10 — CCD camera; 11 — personal computer.
Explanations are in the text.

Illumination of samples 6 was performed by parallel (@ = 2 x10° zm ) low intensive (W=5,0 mW) beam of He-Cd
laser (A =0,414um ). Polarization light source consists of quarter-wave plates 3, 5 and polarizer 4. The investigated

histological section 6 was sequentially probed by laser beam with the following polarization types: linear with azimuths
0°, 90°, +45°ans right circulation (®). The obtained images were projected on the plane of light sensitive plate
(mxn=2800x600 pixels) of CCD-camera 10 by means of polarization microobjective 7 (focal distance f =30 mm,

magnification 4X, numerical aperture NA = 0.1). The analysis of the images of histological sections 6 was performed by
means of polarizer 9 and quarter-wave plate 8. For the series of linearly (0% 45% 90°) and right- (®) circularly

polarized probing laser beams the Stokes-vector parameters ng;?f ‘® were measured in the points (m x n ) of the digital

image

£45;90; 0;45;90;® 0;45;90;®
SUASN® _ y 0:4590:0 _ y 045908,

=2 90 s
0;45;90;® _ 70;45;90,® 0;45;90;®

SiZ3 =143 — 135 “4)
0;45;,90;® _ 0;45;90;® 0;45;90;®

So45900 _ —Iy .

Here I (());;;3;;22;;16;5;&@ - intensities of linearly (0°;90%;45%;135°), right- (®) and left- (@) circularly polarized
components of the filtered (by means of polarizer 9 and quarter-wave plate 8) laser radiation.

Further the “informationally topical” parameters (10),(11) were calculated using the algorithm
My, =S5 —0,5(5) +83°);
D Moy =My + My =0,5(S3 = $5°)+ 55> = 0,5(S5 +53°); (5)
AM 533 = M3 — M, = 557 —0,5(S7 +85°) - 0,5(53 - S5°).

4. Analysis and discussion of experimental data

Optically thin (attenuation factor 7 < 0.1) donors bile films dried at room temperature (group 1 — 25 patients)

and those of breast cancer patients (group 2 — 25 patients) were used as objects of investigation.
Such distributions are illustrated by a series of coordinate dependences represented in Figures 2-5.
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Fig. 2. Coordinate distributions of Mueller-matrix rotation invariant M 4, , characterizing linear birefringence of films of
donor’s blood plasma ((a) — (b)) and of cancer patient ((c) - (d).

M..(X,y) 4 x10°
0.5 N(M,,)
2
0
1
05
-%.5 0 0.5
(a) (b)
M14(X,y) 10 X 104
‘ N(M.,)
5
©) -8.5 0 0.5 (d)

Fig. 3. Coordinate distributions of Mueller-matrix rotation invariant A, , characterizing linear dichroism of films of
donor’s blood plasma ((a) — (b)) and of cancer patient ((c) - (d).
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Fig. 4. Coordinate distributions of Mueller-matrlx rotation invariant AM ;; , characterizing circular birefringence of films
of donor’s blood plasma ((a) — (b)) and of cancer patient ((c) - (d).
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Fig. 5. Coordinate distributions of Mueller-matrix rotation invariant M 4, , characterizing c1rcu1ar dichroism of films of
donor’s blood plasma ((a) — (b)) and of cancer patient ((c) - (d).
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The comparative analysis of the data obtained showed:

e  Linear birefringence (Fig. 2). Distributions M 44 (m X n) found for samples of both types are characterized by
commensurable range of values change and rather identical coordinate structure. This fact can be related to that
close in values to phase shifts O determined by simultaneous contribution of the value of birefringence.

o Linear dichroism (Fig. 3). It is determined that protein network of donor’s bile film has greater level of linear
dichroism in comparison with similar sample of diabetic patient. The differences found between Mueller-
matrix images M, ,(m x n) can be related to the differences in concentration of basic proteins of bile.

e Circular birefringence (Fig. 4). It is defined that distributions AM ;, of the film of bile diabetic type II patients
exceed the similar dependences for the samples from group 1.

e Circular dichroism (Fig. 5). Optically the anisotropic manifestations of tertiary structure of molecules are more
vividly manifested for polycrystalline network of the film of bile of a healthy person. The range of changes of
the value of matrix element M ,, of the sample from group 1 are greater than in Mueller-matrix image of the
sample from group 2.

The results of quantitative statistical analysis of a series of Mueller-matrix rotational invariants of two groups of
bile films are illustrated by the data presented in Table 1.

Table 1. Statistical (£ i=1:2:3.4 ) moments of distributions of Mueller-matrix invariants of films of bile of group 1

(normal) and group 2 (diabetes extent of type 2)

Paramete M,y M,, AM ;, M,

IS Normal Diabetes Normal Diabetes Normal Diabetes Normal Diabetes

7 0,34%+0,0 | 0,26x0,0 | 023£0,0 | 0,11x£0,0 | 0,14%+0,0 | 0,21+0,0 | 0,12£0,0 | 0,08=* 0,0
1 61 57 38 11 24 38 18 11

7 0,17£0,0 | 02100 | 0,22%+0,0 | 0,15%£0,0 | 0,16£0,0 | 0,12+0,0 | 0,21%£0,0 | 0,12% 0,0
2 18 24 33 19 19 21 46 18

7 0,23+0,0 | 0,31+0,0 | 0,78%*0,1 | 1,23+0,3 | 0,97%£0,1 | 0,73+0,0 | 1,17£0,1 | 1,71%£0,5
3 43 61 4 9 2 59 5 3

7 0,22+0,0 | 027+0,0 | 0,95+0,1 | 1,34*+0,4 | 1,46%£0,1 | 0,81+0,0 | 1,42%+0,2 | 2,15%£0,7
4 29 38 1 7 6 65 2 3

The most sensitive parameters of differentiation of optically anisotropic networks of bile proteins of both groups
are highlighted by grey colour in Table 1.
For possible clinical application of Mueller-matrix mapping within the investigated groups of samples the

operational characteristics typical for probative medicine are: sensitivity (Se= LblOO% ), specificity
a+
c Se+ Sp . Cr
(Sp= 7 100% ) and accuracy ( Ac = ), where @ and b - the number of correct and wrong diagnoses within
c+

group 1; ¢ and d - the same within group 2 — Table 2.

Table 2. Operational characteristics of Mueller-matrix mapping techniques

Parameters | My | My, | AMy | My,
Se(z;),% | 74 | 84 86 88
Sp(z).% | 66 | 75 | 74 | 76
Ac(Z),% | 70 | 79 80 82
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Thus, the statistical and correlation analyses of Mueller-matrix invariants characterizing polarization
manifestations of linear dichroism, circular birefringence and circular dichroism appeared to be efficient in the task of
differential diagnostics of diabetes extent of type 2.

5. Perspectives for other clinical applications
This method method was tested in the problem of diagnosing liver disease (cirrhosis) man. The following results —

Table. 3.
Table 3. Operational characteristics of Mueller-matrix mapping techniques
Parameters M, M,, AM M,
Se(Zi ) Y% 86 80 92 78
Sp(Zi),% 78 74 84 74
Ac(Zi),% 82 77 88 76
CONCLUSIONS

1. The Mueller-matrix invariants characterizing polarization manifestations of partial mechanisms of optical
anisotropy — linear birefringence, linear dichroism, circular birefringence and circular dichroism of
polycrystalline film of blood plasma are determined.

2. Within the statistical and correlation approaches the interconnections between the set of moments of the 1°-
4™ orders and peculiarities of optically anisotropic networks of proteins of bile of healthy people and diabetes
extent of type 2 patients are defined.

3. The efficiency of the technique of azimuthally invariant Mueller-matrix mapping of polycrystalline films of
bile in the task of diabetes extent of type 2diagnostics is demonstrated.
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