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Abstract

Polarization dependent time-resolved
intensity profiles of transmitted photons
through chicken breast tissues were used for
calibrating the anisotropic optical properties
of skeletal muscle tissues based on a
phenomenological coupling model.

L. Introduction

Recently, there has been an increasing
interest in the polarization-gating method
for optical imaging. This method is based on
the depolarization effect in random
scattering of tissues. However, in some
tissues such as skeletal muscle tissues,
besides the de-polarization effect due to
random  scattering, coherent coupling
between the two mutually perpendicular
polarization components may occur [1,2].
Such coherent coupling is due to certain
anisotropic optical properties of the tissue
structures. In this paper, we report the
optical characterization results of chicken
breast tissues based on a phenomenological
model.
I1. Experiment Procedures

An Argon laser pumped mode-locked
Ti:sapphire laser was used to provide around
100 fsec laser pulses at 800 nm (Fig. 1).
Two polarizers were used for polarization
gating. The optical signals were directed to

a streak camera with a fiber bundle.
HI1. Phenomenological Model

The time-gated, polarization dependent
optical signals can be described with the

coupled differential equations
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Here, p, and p, are the extinction
coefficients for polarization components in
the x and y directions, respectively, and «,,
and x, are the coupling coefficients of
polarization from the y to x and the x to y
directions, respectively. The x direction was
designed to be along the chicken breast
tissue filaments. Optical signals propagate
in the z direction. The coupled equations in
(1) were solved with initial and final
conditions given bx our experimental data.
IV. Experimental and Calibrated Results
The time-resolved intensity profiles of
three input polarization cases are shown in
Fig. 2. In cach case, curves I, and I;
represent the co-polarized and the cross-
polarized output components. Cases 1, 2,
and 3 (i =1, 2, 3) describe the results of 0,
45, and 90 degrees input polarization,
respectively. The chicken breast tissue
sample has the thickness varying from 1.3 to
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1.5 cm. A thin chicken bone with thickness
of around 2 mm was stuck into the thick
portion of the tissue sample.

In Table 1, we show the calibration
results of those coefficients in (1). The cases
of Slthrough S5 represent the different data
sets used for calibration. The thickness’ of
the tissue samples for S1 through S5 are
1.5cm, 1.5cm, l.4cm, 1.3cm, and 1.5cm,
respectively. The case S5 refers to the data
from a location of chicken bone. The ranges
in this table were obtained by reasonably
adjusting a calibration factor of the streak
camera. Usually, p, is larger than p,. This
indicates that in such tissues, polarization
parallel to tissue filaments is more strongly
extinguished than that perpendicular to
tissue filaments. The coefficient «,, is larger
than k., indicating that polarization in the x
direction is more easily coupled to the y
direction than the other way. From Table 1,
we can see the results from different data
sets are quite consistent no matter the
variation of tissue thickness. With the
chicken bone stuck in the soft tissue, all the
coefficients are increased, implying that
scattering is enhanced.

V. Conclusion

In conclusion, based on time-gated and
polarization-dependent transmitted intensity
measurements, we have calibrated a set of
extinction and cross-polarized coupling
coefficients for describing optical signal
transmission through chicken breast tissues.
Such calibration was implemented based on
a phenomenological mode.
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Fig. 2 Normalized and synchronized
intensity profiles of the three cases.

Table 1 Five sets of extinction and coupling
coefficients (unit: cm™).

S1 | s2 [ s3 | s4 | s5
b [241- [311- [2.96- [2.26- [2.87-
339 379|345 [2.93 [3.88
W, |143- |1.92- [146- [137- |2.32-
25 253 213 [1.89 |33
K, |0-49- [0.78- [0.95- [0.65- |0.76-
051 (0.8 1.01 lo.67 |0.82
K, |161- [279- [2.57- [1.69- [2.14-
169 282 272 |1.86 [2.27
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