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Abstract: Polarized light microscopy (PLM) is a useful microscopic imaging technique that can generate
contrast in birefringent specimens and determine qualitative and quantitative aspects of crystallographic
axes present in various materials such as glass, plastic, and optical fibers. In biomedical research, PLM
is the gold standard imaging technique for the collagen ultra-structure in tissues such as cartilages and
tendons. The technique uses a physical property of the collagen fibers, namely the birefringence, to
indirectly describe the morphological features of the collagen fibers in cartilage. In this paper, we describe
a PLM technique that can be used to find the collagen-fiber orientation and to construct histological zonal
imagining for the superficial, transitional and radial zones in articular cartilages.
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INTRODUCTION

Liquid crystal (LC) compensators are principally
made of a liquid crystal layer sandwiched between two
flat glass plates coated with a transparent electrode and
an alignment layer. The two glass plates are precisely
spaced apart with a glass fiber at the edges. The cavity
formed by these plates is filled with a special blend of
liquid crystals optimized for high birefringence, small
temperature dependence and high stability. The cell is
hermetically sealed with glue. The alignment layer is
a gently rubbed polyimide layer necessary for the
alignment of the LC molecules. In this work an
electrically tuneable liquid crystal (LC) phase shifter is
used with a simple laboratory alternative power supply
or function generator. It is used as an optical valve (for
narrow wavelength range) or as Polarization State
controller. The liquid crystal variable phase shifter (or
phase retarder) can be compared to a tuneable
waveplate. By addressing it with the right voltage, the
LC variable phase retarder is able to provide any phase
shift from zero to several times the light wavelength.

They can be also used throughout the visible and
the near infrared region (400 to 1200 nm) without
losses higher than 20%. Lower losses (about 95%
transmission in the visible) can even been obtained
with anti-reflection coatings. 

The electric field can be induced by applying a
voltage on the transparent electrodes (0-7V). 

We developed a new computer Algorithm depends
on [7] method to control (LC) phase shifter to obtain
the collagen-fiber orientation and to construct
histological zonal imagining for articular cartilages. 

Optical Setup: The experiment setup shown in figure
2 contains LC compensator attached to a Cambridge
Research Instrument (CRI) model VLC-ELEC
Poloscope to control the applied potential on the liquid
crystal. The specimen is visualized using a Leica DM
Polarized Light Microscope through its eye piece and
the pictures are captured using a thermoelectrically
cooled Sensys Camera that is connected to power
Macintosh computer through a SCSI interface. The LC
variable phase shifter can only be used when working
with polarized light. Totally unpolarized light will not
be affected by the phase shifter. A circular polarizer is
also placed between the light source and the specimen.
If the incoming light is polarized parallel with respect
to the optical axis of the phase shifter the beam
maintains its polarization and the beam experiences
certain phase retardance inversely proportional to the
applied bias on the variable phase shifter. If the
incoming polarization is oriented by 45o with respect to
the optical axis of the phase shifter the output of the
phase shifter will change depending of the applied bias.

A 546 nm green filter was used at the Microscope
as necessary for the LC compensator optics and to
make images appear in high contrast green when
viewed through the eyepiece.

Method and Results: The Light coming out from the
green filter passes thought the circular polarizer then
the LC compensator such that the polarizer is rotated
until we reach a cross polarized state where no light
will be seen through the microscope eyepieces. The
biological sample is then placed between the polarizer
and the LC compensator and due to the optical
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properties of the specimen it changes the light
polarization state. We developed a MATLAB code to
control the amount of potential reaching the LC
compensator and the CCD camera. The Algorithm
acquires for each specimen four background images
and four specimen images at four different settings of
the optical retarders as shown in Figure 3. For each
camera shot two parameters can be calculated pixel-by-
pixel using these eight ‘raw’ images: the retardance
image and the azimuthal image. After each shot the
Algorithm automatically changes the applied potential
on the LC compensator and so the amount of
retardance the specimen should compensate.

At each setting the Polscope send a certain
potential such that the LC compensator work as a two
parallel quarter wave retarder plate with a retardation
αmin and βmin for each such that  αmin and βmin setting
will give the minimum light intensity passing through
the Microoscope eyepiece.

We adjust the LC compensator at four settings and
we measure the light intensity passing through the
eyepiece. The four settings applied are given as:

Where x= λ/4, I0 is the incident light intensity and
Imin is the minimum amount of light intensity pass at
the cross polarization state.

Solving the above four equation simultaneously
gives:

The retardance resulting from the biological sample
is then calculated as:

The fibril azimuthal direction is given by:

In the first zone the fibril are almost parallel with
the tissue, the second zone fibril seems to have a
random directions as seen from angle values and fibril
are normal to the surface. Fibril direction is obviously
affecting cartilage optical properties as seen from the
right figure.

Conclusion: We developed a numerical model to
understand fibril optical properties in Cartilages. A
MATLAB code is used to control a CCD camera and
an LC compensator connected to a Lecia DM Polarized
light Microscope used to image the samples. We
determined the specimen’s retardance and azimuth. The
new code will be upgraded to calculate more
independent parameters when imaging the collagen
fibers. We are also expanding the technique to
experimentally determine the elements of the Muller
matrix of any cartilage sample as we can find the
Stokes column of any beam of light. 
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Fig.1: Orientation of the LC molecules in the phase retarder as a function of the applied voltage for 0, 3 and 7
Volts
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Fig.2: Schematic diagram for the optical setup

Fig.3:  Images of the Articular Cartilage at different retardances settings

Fig.4: Retardation and direction of fibril in Articular Cartilages, Depth in  m
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