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OPTICAL TISSUE-EQUIVALENT PHANTOMS FOR MEDICAL IMAGING
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Medical imaging with laser radiation, especially for early detection of cancer is gaining importance as this is based on
refractive index variation which is quite sensitive parameter in contrast to parameters used in other diagnostic techniques.
Optical scattering of various sheep organs were measured by laser reflec tometer and their surface reflectance profiles
were determined. Tissue equivalent optical phantoms for these tissues were prepared from paraffin wax by mixing a
specific combination of wax color materials till the best fit surface profile of the phantoms with that of their corresponding
tissues were achieved. The optical parameters absorption coefficient (µa), reduced scattering coefficient (µs ) and
anisotropy factor (g) of tissues and phantoms were determined by Monte Carlo simulation technique. Based on this
technology tissue equivalent optical phantoms for optical imaging of healthy and diseased organs could be developed and
their optical parameters determined.

INTRODUCTION
Clinical diagnostic imaging with
laser radiation is not only a novel concept
but also an appealing one. In recent times,
tissue characterization with laser radiation is
widely gaining importance as a diagnostic
tool since laser radiation is noninvasive
unlike X-rays. Photon transport is based on
the spatial variations in refractive indices in
a tissue medium. By analyzing the photontissue interaction by a suitable technique
one can determine the spatial distribution of
refractive indices in the medium. Moreover,
detection of changes in the refractive indices
of a medium is more sensitive parameter
than X-ray attenuation coefficient or
mismatch of ultrasonic acoustic impedance.
At the early stages of cancer development in
tissues the refractive index of the tissue is
changed leading to the significant change in
optical scattering. Therefore, optical imaging
is ideally suitable for early detection of tissue
abnormalities than the existing imaging
modalities [1].
The tissue equivalent phantoms
play an important and crucial role in
evaluating any new diagnostic or therapeutic
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modality. These are also important for
calibration and standardization of the new
technique before putting it into clinical
practice. For this purpose many materials
have been used as optical phantoms for
optical imaging studies this includes agar gel
[2], intralipid [3, 4], India ink [5], milk [6],
blood [7] etc., but none of these has the
desired qualities of an ideal phantom.
Therefore the objectives of the
present work are not only to develop tissue
equivalent optical phantoms of freshly
excised sheep organs by analyzing the
spatially resolved steady state diffuse
surface reflectance measurements but also
to determine their optical parameters
through Monte Carlo Simulation technique.
MATERIALS AND METHODS
Laser reflectometer
The laser reflectometer detects the
backscattered photons from various layers
of tissue/phantom. The photons emerging
from the deeper layers are measured at
farther distance from the beam entry point
and vice versa [8]. By measuring these
backscattered
intensities
the
tissue/phantom’s surface emission profile
was determined. The schematic of laser
reflectometer used for measuring the
surface profile is shown in figure 1.
This
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system consists of laser source (670nm,
2mW), optic fibre-probe assembly consisting
of one source fiber and three collecting
fibers,
photo-detectors,
current-voltage
converter and an ADC interface with a PC.
The details of the system are described
elsewhere [9].
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head of laser reflectometer perpendicular to
the tissue surface. The measured values
were
expressed
as
percentage
of
normalized data with respect to the
maximum reflectance value when the source
fibre was held directly at the photo detector.
These normalized backscattered intensity
(NBI) values were plotted against the radial
distance from the source entry point.
Phantom preparation

Fig.1: Schematic of laser reflectometer

To 100 ml of melted white paraffin
wax, measured quantities of wax coloring
materials (Ganesh coloring company,
Chennai, India) were added and stirred
gently to achieve uniform distribution of color
pigments in the medium. Thereafter this was
poured into a glass cylinder of diameter
3.0cm and 10cm length and allowed to cool
at the room temperature. After solidification,
this was removed from the cast cylinder and
their surface reflectance measured.

Tissue preparation
Freshly excised sheep organs such
as bone, cerebellum, heart, kidney, muscle
and spleen were procured from a
commercial butcher and cleaned thoroughly
to remove dirt and blood. They were soaked
in physiological saline for about 30minutes
to remove any excess blood. Prior to
measuring their reflectance the organ
surface was mopped with blotting paper to
remove saline and moisture.
Monte Carlo Simulation
Monte Carlo simulation is a
stochastic technique; it has been widely
applied in radiation transport studies since
photon tissue interaction is a random
process. The scheme of the simulation is
shown in the figure. 2 [10]. Further details of
the application of this procedure are given
elsewhere [11]
Data Collection and Analysis
The surface reflectance of sheep
organs were measured by holding the probe

To facilitate the matching of
experimental normalized back scattered
intensity profiles with that of phantoms, a
color palette was made with different color
concentrations of both pure colors as well as
different color combinations. A given
experimental profile is compared with the
nearest profile of the palette. Based on this
the phantom was prepared. By similar
procedure all other phantoms were
prepared.
Monte Carlo simulation scheme as
explained earlier was implemented to obtain
the diffusely reflected light for a range of
reduced
scattering
coefficient
(µs ),
absorption coefficient (µa) and anisotropy
factors (g). The experimental profile of
tissue/phantom was compared with these
simulated profiles and the best matching
curve was selected by a chi-square test. The
parameters µs , µa and g of the best fit
simulated curve was assigned as optical
parameters
of
the
corresponding
tissue/phantom.
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Fig. 2. Scheme of Monte Carlo simulation technique WT = Weight at the i th scattering;
D =Absorbed dose at the i th scattering

RESULTS
Experimentally measured normalized
backscattered intensity (NBI) profile of
sheep’s cerebellum and its equivalent
phantom is plotted against the radial distance
from the beam entry point is shown in Fig.3. A
good agreement between these curves
indicates that the phantom is optically
equivalent to that of the cerebellar tissue. A
comparison of the NBI profiles of experimental
and tissue equivalent phantoms with that of
the best fit Monte Carlo simulation curve is
shown in Fig 4.
The best fit between
experimental and simulated curves shows the
equivalence of their optical parameters. By
the same procedure matching was done for all
other organs as well. Table. 1 shows the
determined values of reduced scattering
coefficient (µs ), absorption coefficient (ìa) and
the anisotropy factor (g) of various tissues. µs

, ìa is maximum for muscle and spleen
respectively. The anisotropy factor g shows
comparatively less variation among different
tissues. The color combination details of
various tissue equivalent optical phantoms are
given in table 2. For muscle phantom red,
black and white wax colors were used. For
cerebellum and heart only red color of varying
concentrations was used. Similarly, for bone
and spleen varying concentrations of brown
color alone was used.
Discussion
The backscattered intensity profiles
has high correlation to the structural and
functional details of tissues. It is determined
by factors like color, spatial and temporal
variations in the tissue structure (cell
geometry, cell population, cellular orientation
and distribution), blood flow and contents

Optical Tissue

Table 1. Determined optical parameters for the sheep
organs
Tissue

ìs (cm -1)

ìa (cm -1)

g

Bone
Cerebellum

13.8

0.08

0.8

14.6

0.02

0.74

Heart

13.8

0.18

0.78

Kidney

11

0.01

0.85

Muscle

21.2

0.02

0.74

Spleen

13

2.8

0.78

Table 2. Wax color combination of tissue
equivalent phantoms
Tissue
equivalent
optical
phantoms
(100 ml of
paraffin wax)

Wax color concentration (mg %)
Red

Black

Brown

White

Bone

-

0.1464

-

2.342

Cerebellum

2.428

-

-

-

Heart

0.1464

-

-

-

Kidney

-

-

0.0285

-

Muscle

0.142

0.0731

-

2.342

Spleen

-

-

0.5857

-

(amount of blood flow, presence of
metabolites, pigments and their functional
status) along the tissue.
The reflectance profile is maximum
for skeletal muscle and minimum for spleen.
Since skeletal muscle is a highly stratified,
well organized, light in color and relatively less
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vascular tissue, it has the maximum
reflectance. On the other hand, spleen owing
to its dark colored surface and large amounts
of entrapped blood inside it has the least
reflectance profile. Even though heart is a
muscle, due to the presence of blood inside
its cavities it has less reflectance. Cortical
bone is highly compact, dense and avascular
tissue hence it offers less absorption and
more scattering. Kidney is light colored and
covered by a glistening avascular capsule
which reflects away light and offers least
absorption.
These observations are further
strengthened by the determined optical
parameters for these organs. Tissues and
phantoms were characterized by combining
experimental measurements and simulation
studies. The determined optical parameters
show similar trends with other investigators
observations [12, 13]. Muscle and spleen has
the highest scattering and absorption
coefficients respectively.
Kidney has the
minimum
absorption
and
scattering
coefficients.
Tissue equivalent phantoms were
made by mixing a specific combination of wax
color materials with the paraffin wax. Four
color pigments namely red, black, brown and
white were used. Of these colors, red and
black were highly scattering and absorbing in
nature, brown is moderately absorbing while
white is a good diluant and moderate
scatterer. The reflectance profile along the
length of the phantom is uniform ensuring
good homogeneity.
In conclusion, the above mentioned
techniques could be extended for optical
characterization of human organs and
development of their equivalent phantoms for
medical imaging.
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Fig. 3.

Comparison of the Normalized backscattered intensity profiles of sheep’s cerebellum
and its equivalent phantom

N B I (%)

4

Cerebellum
Phantom
MCS

3

2

1

0
2

3

4

5

6

Distance from beam entry point (mm)
Fig. 4.

Normalized backscattered intensity variation of cerebellum and its phantom along with
best-fit curve as obtained by Monte Carlo simulation.
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