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The onset of tumour in biological tissues affects their
optical properties. In the present study Monte Carlo
simulation of the diffuse surface reflectance and
transmittance for detection of the inhomogeneities/
tumour in control tissue is carried out. From the iso-
lated heart, spleen and adipose tissues of goat digital
phantoms are prepared. The virtual optical probe
consists of a photon injection port (source), three
ports placed along the x-axis at 2, 4 and 6 mm to
collect backscattered photons and one port placed
coaxially to the source port at the exit end to collect
transmitted photons. Two types of inhomogeneities of
diameter 2 mm are introduced in the phantoms — first
a tissue of absorption coefficient 10% more than that
of heart and same scattering coefficient; second, adi-
pose or spleen tissue, embedded in heart phantoms, at
depths 2, 4 and 6 mm. The inhomogeneity placed at
depth 2 mm gives maximum normalized backscattered
intensity (INBI|) at the port placed at 2 mm. The
maxima of low |NBI|s are also observed at ports
located at 4 and 6 mm of inhomogeneities embedded
at depths 4 and 6 mm. The signals due to high scatter-
ing and high absorption are positive and negative with
reference to that of heart. The transmittance also
shows respective variations with placement of tissues
in the phantoms. The normalized transmitted inten-
sity is maximum when the tissues are placed close
to the exit surface. These are further characterized
by the peak intensity and full-width at half maximum
of signals. The data analysis provides details of
their type, location and size. Inhomogeneities
with minimal change in optical parameters are also
identified.

Keywords: Backscattering, biological tissues, digital
phantoms, transillumination, tumour.

IN the present study, Monte Carlo simulation (MCS) of
the diffuse surface reflectance and transmittance to deter-
mine the extent of changes due to inhomogeneities/
tumour in control tissue is carried out. The virtual optical
probe consists of a photon injection port (source), three
ports placed along the x-axis to collect backscattered
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photons and one port placed coaxially to the source port
at the exit end to collect transmitted photons. Adipose,
highly scattering, and spleen, highly absorbing tissues are
taken as inhomogeneities and heart is taken as a control
tissue. Two types of inhomogeneities of diameter 2 mm
are introduced in the phantoms — first, a tissue of absorp-
tion coefficient 10% more than that of heart and same
scattering coefficient; second, adipose and spleen, em-
bedded in heart phantom at depths 2, 4 and 6 mm. After
injection of photons, the backscattered photons are col-
lected by three ports placed at 2, 4 and 6 mm from the
source. For 10% increase in tissue parameters all the
spheres located at depth 2 mm are detected by the first
port at 2 mm and are selectively detected by other ports.
For adipose and spleen the absolute value of normalized
backscattered intensity (|]NBI|) and detection capability of
deeply embedded tissues by different ports are increased.
The inhomogeneity placed at depth 2 mm gives maxi-
mum (|NBI|) at the port placed at 2 mm. The maxima of
lower |NBI|s are observed at other ports by placing the
tissues at increased depths, 4 and 6 mm. The [NBI|
increases with the increase in size of the adipose inho-
mogeneity and is maximum for diameter 5 mm. The nor-
malized transmitted intensity (NTI) is maximum when
the tissues of diameter 2 mm are placed close to the exit
surface. These are further characterized by peak intensity
and full-width at half maximum (FWHM). The analysis
provides details of type, location and a parameter related
to size. Inhomogeneities with minimal change in optical
parameters by backscattering ports are also identified.
Laser interaction with biological tissues is a complex
process. There are several mechanisms of radiation inter-
action with tissues such as backscattering, transmission
and absorption within the medium. These interactions
depend on laser wavelength, and optical properties of
tissues such as refractive index, absorption and scattering
coefficients and anisotropy parameter. The laser trans-
mission is further associated with collimated and diffuse
transmission'. Transillumination is similar to transmis-
sion but is attributed to illumination of a volume through
multiple interactions near the exit end of tissues®.
Biologically all tissues possess microstructure thus
contributing to their inhomogeneous nature, but for
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macro-modelling these tissues are considered to be homo-
geneous with their unique optical properties as deter-
mined by experimental’ and simulated* procedures.
During the development of tumour or tissue inhomogene-
ity, attributed to change in local cellular growth process,
the abnormal growth develops into a complex tissue with
its own distinct optical properties®. Its detection at the
onset stage by X-ray and ultrasonic technique does not
produce any significant change in attenuation coefficient
and acoustic impedance respectively, whereas these
changes are detected by optical techniques, operating
within the therapeutic window region (600—1300 nm)’.
Based on this principle several experimental techniques
have been developed to detect the tumour as it grows
within the tissues® .

Theoretical simulation of the process is an essential
part to strengthen our understanding of tissue—photon
interaction and is generally carried out by diffusion
theory'', finite element method'? and MCS". Some of the
prominent results achieved by these procedures include
near infrared radiation propagation in tissues, multilayer
tissue scattering, influence of refractive index variation,
laser—tissue interaction, detection of breast cancer,
determination of optical parameters of tissues, etc. In
contrast to other methods, MCS is often preferred as it
provides details of photon interaction at individual level,
even close to the beam entry point’. These photons
emerge at various distances from the beam entry point
and the surface profile constructed by these is a unique
representation of tissue optical properties’.

In our previous studies on MCS of laser backscattering
from a simulated tissue phantom, we have shown that the
radiations emerging closer to the beam entry point origi-
nates from lower depths, whereas those emerging far
away are the result of interactions taking place in deeper
layers in tissues'*. Based on this we designed a laser
multiprobe system which has successfully been used for
various applications'>. Some of these include imaging of
tissue composition changes in various layers of human
organs'®'’, development of optical tissue-equivalent
phantoms'®, and localization of internal organs in the
thorax region'’.

The presence of tumour in tissues, depending on their
optical properties and location produces changes in back-
and forward-scattering of photons. In the backscattering
process these could be measured as changes in signals
originating at various locations on the entry surface.
Similarly, the change in transmitted signal is attributed to
the presence of inhomogeneity in the tissues. But further
details for effective utilization of functional capability of
backscattering multiprobe and transmission techniques
are required, which may help in the detection of tumour
not only at the onset stage but also after it has developed
in the tissues. As MCS is an established procedure
for analysis of these processes, the objective of the
present work is to apply this simulation for detection of
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inhomogeneities in tissue phantoms in terms of various
parameters.

Materials and methods
Tissue phantoms

For this study adipose, spleen and heart tissues of goat
were chosen. Heart tissue was used as the control,
whereas adipose and spleen as inhomogeneities repre-
senting tissues with high scattering and absorption re-
spectively. Table 1 shows these tissues with optical
parameters: scattering (u;) coefficient, absorption (i)
coefficient and anisotropic parameter (g). Three types of
phantoms were made. In one type, to simulate the onset
of absorbing type of inhomogeneity, the absorption coeffi-
cient at a selected location of diameter 2 mm in control
tissue was increased by 10% while keeping its scattering
coefficient constant. Three such inhomogeneities at
depths 2, 4 and 6 mm at various locations along the centre
line were introduced in the phantom. For another set of
phantom, the inhomogeneities of diameter 2 mm of
spleen and adipose tissues below its centre at various
depths were embedded, which represents fully grown
abnormalities that are absorbing and scattering types. In
the third phantom adipose tissue as spheres of diameter
1-5 mm was individually introduced below the centre as
inhomogeneity. These control phantoms consisting of
adipose and spleen tissues at various depths will hereafter
be referred to as H+a and H+s respectively.

Model of scanning system

Figure 1a shows the schematic of the scanning system
with a phantom of homogeneous control tissue of infinite
dimensions in x- and y-directions, and with a selected
slab of size 30 x 10 x 10 mm superposed on this. The
scanning head consisted of a photon injecting port and
three output ports at distances 2, 4 and 6 mm from the
input port to collect backscattered photons. The input and
output ports were placed in a straight line along the
x-axis. To receive transmitted photons, another port was
placed coaxially to the input port at the exit surface of
the phantom. The photons were injected at the input port,
which after interaction emerged as backscattered compo-
nents collected by three ports and as transmitted component

Table 1. Optical parameters of adipose, spleen and heart tissues of
goat
Scattering Absorption Anisotropy
Organ/tissue coefficient (cm™')  coefficient (cm™')  parameter
Heart 100.03 1.27 0.990
Spleen 109.86 4.0 0.995
Adipose 419.92 1.5 0.994
1825



RESEARCH ARTICLES

collected by a single port placed along the z-axis (Figure
1 b). The area of each port was 1 mm®. One million pho-
tons of wavelength 632.8 nm were injected into the phan-
tom through the input port. For scanning of phantoms the
probe was placed at the first location and after comple-
tion of operation at this position, the scanning head was
shifted to the next location 1 mm away along the x-axis.
At this position also one million photons were introduced
and the number of transmitted and backscattered photons
at various locations was counted. This process was
repeated till the scanning head reached another end of
phantom (30 mm from the first position).

For detection of inhomogeneity of 10% increase in
absorption coefficient, three such inhomogeneities were
introduced in a straight line at depth 2, 4 and 6 mm. In a
single scan starting from the initial position (x = —15 mm)
to the final position (x =15 mm), MCS for one million
photons for each position was performed® and the pho-
tons undergoing scattering were counted. For the second
study the control tissue phantom was embedded with
adipose or spleen tissue of 2 mm diameter, located below
the centre of the phantom (0, 0, 0) at depths 2, 4 and
6 mm. Initially adipose was embedded at location (0, 0,
2 mm), followed by its placement at (0, 0, 4 mm) and (0,
0, 6 mm). MCS was performed for each position and
backscattered and transmitted photons were counted. By
a similar procedure spleen tissue was embedded at loca-
tions (0, 0, 2 mm), (0, 0, 4 mm) and (0, 0, 6 mm) and
simulation for the same number of photons was perfor-
med. To observe the effect of variation of size, five phan-
toms with spheres of adipose inhomogeneity of diameters
1, 2, 3, 4 and 5 mm respectively, were prepared. Each
phantom contained only one sphere which was placed at
(0, 0, 2 mm). By simulation procedure the backscattered
photons from these phantoms were counted.
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Figure 1. a, Schematic of the optical scanning system for measure-
ment of backscattered and transmitted photons after interacting with
tissues. b, The unit consists of five ports, one for photon injection and
three to collect backscattered photons at various distances from beam
entry port and one to collect transmitted photons located coaxial to the
input port.
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Data processing

From the number of backscattered photons collected
within 1 mm?® around the grid point (|NBI|), in terms of
percentage was calculated by

NBI(%) = (Ni/No) x 100,

where N, is the total number of incident photons, and N;
is the total number of photons collected at position i.

The |NBI| values as obtained at various grid points,
along with their positions were stored in the computer for
further processing’ Similarly, the number of transmitted
photons collected within 1 mm” grid point at the corre-
sponding position i was counted and represented as NTI

NTI(%) = (Ti/Ny) x 100,

where N, is the total number of incident photons, and 7;
is the total number of photons collected at position i by
the transmission port. The NTI values were stored in the
computer along with their positions for further process-
ing.

Monte Carlo simulation

Figure 2 shows the flow chart of MCS. This is a stochas-
tic procedure that can be applied to any random event in
nature. Here it has been used to simulate the light trans-
port by injecting photons or photon packets on a random
walk through biological tissues. The photon was treated
as a neutral particle and its movement was governed by
the mean free path, scattering and absorption coefficients,
and anisotropy parameter’. The photons after multiple
interactions emerged as backscattered and transmitted
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Flow chart of Monte Carlo simulation.

Figure 2.
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components on the top and exit surfaces respectively. The
code for MCS was written in C"". Total time taken for a
complete operation of one million photons was approxi-
mately 2 h and 15 min.

The photons were introduced perpendicular to the sur-
face for maximizing their entry and minimizing the sur-
face reflection, undergoing diffuse backscattering and
transillumination process (Figure 3). Each photon, out of
one million, was initialized with a weight of unity, which
corresponds to the collimated ray of incident photons.
The step-size s of the photon was calculated using a gene-
rated random variable ¢ given by

s=(1Ing/m)and = pi + ps, (1)

where p, ., Us are the total attenuation, absorption and
scattering coefficients of the medium respectively. The
value of the random number ¢ was between 0 and 1. The
deflection angle 0 was calculated as

1 1- g
cosf=—/|1+g" — =g’

2
2
— forg#0, (2)
2g {(l—g+2gg)}

cos 0=2¢—-1 forg=0, 3)

where g is the anisotropy parameter of the medium. The
azimuthal angle  is given by

v =2my, 4

where yis a random variable between 0 and 1.
The path length of the first interaction of the photon
was found, and thereafter it was moved. If the photon had

Incident photon
Backscattered photon

- 1, Wt=1 / 3
¥ /
7/ i i l’
o= W= (s
\ ! LT
X 1.
0 2WLEW(usiug
i !
~’l/ \Z
b : Absorption
-J\° i
\ T
....... A
k
l z v 'b\d W
Diffuse Collimated
transmitted transmitted
photons photons

Figure 3. Model of photon propagation through the tissue medium.
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left the tissue, the possibility of its presence at one of the
receiving ports was checked. If detected, a counter was
incremented to count the photon received by the corre-
sponding port. If the photon was internally reflected, then
the photon location was updated and the program conti-
nued. With each step the photon weight was reduced due
to absorption by the tissue. The amount of weight lost,
AQ, in absorption was given by

AQ = W/ ), ®)

where W is the total weight of the photon. The photon
weight and direction after scattering were updated. The
new position of the photon (x', y’, z") from the previous
position (x, y, z) was given by

x' X sin 6 cosy
V' | =|y|+s|sinfsiny |. (6)
z' z cosd

If the photon weight falls below a minimum threshold
(W.=0.001), it was subjected to roulette condition for
elimination. Further details of this simulation are given
elsewhere™.

Data acquisition and processing

The optical probe was implemented by performing the
MCS of light photon propagation in tissues. Initially at
position x =—15 mm, 1 million photons by input port
were injected into the tissue phantom. The photons that
reach the backscattering and transmitted output ports
were counted and converted into [NBI| and NTI respec-
tively. Thereafter, the probe was moved by 1 mm along
the x-axis to the next location and the photons were in-
jected through the input port. At each source location
MCS for photon transport was performed. In this manner
the entire length of tissue phantom up to x = 15 mm was
scanned. The photons detected by the ports were stored in
four files, one for the transmission port and three for the
backscattering ports.

For determination of the changes in [NBI| due to place-
ment of adipose spheres of various sizes below the origin,
MCS by the above procedure was carried out. After
completion of data acquisition with sphere of 1 mm, the
same procedure was repeated with spheres of diameter
ranging from 2 to 5 mm.

Prior to signal analysis, the [NBI| and NTI data were
collected from control phantom at three backscattering
and one transmission ports. These data were subtracted
from the data collected from the phantoms with inho-
mogeneities placed at various depths. By this procedure
the associated noise with signals was minimized?'.
Finally the |[NBI| and NTI signals with position on the
phantoms were plotted.
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Results

Figure 4 shows [NBI| signal variation due to placement of
the inhomogeneities of 10% increase in absorption coef-
ficient, embedded at various locations in heart phantom.
The |NBI| variation as received by the first, second and
third ports is shown in Figure 4 a—c respectively. At the
port located at 2 mm, the first signal with high |[NBI| is
received. This is followed by the signals as detected by
the port at 4 mm. All three inhomogeneities are detected,
but |[NBI| is corresponding to the inhomogeneity located
at 4 mm is higher compared to that at other depths. At
6 mm port the signal corresponding to inhomogeneity
placed at 6 mm is only observed.

Figure 5 shows |NBI| variation for different phantoms
with inhomogeneities placed at various locations. |NBI|
obtained with adipose placed at 2 mm is the maximum.
With placement of inhomogeneity at depth 4 mm, |NBI| is
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Figure 4. Placement of the inhomogeneities with 10% increase in ab-

sorption coefficient of heart while retaining the scattering coefficient
constant, embedded at various locations. a—¢, The |[NBI| variation as
received at the first, second and third ports respectively. At 2 mm the
first, at 4 mm all three but with increased [NBI| corresponding to 4 mm
position and at 6 mm port the inhomogeneity placed at 6 mm only are
observed.
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Figure 5. The scans of |[NBI| along the x-axis of phantoms with

inhomogeneities placed at (a) (0, 0, 2 mm), (b) (0, 0, 4 mm) and (c)
(0, 0, 6 mm) measured at ports placed at 2, 4 and 6 mm away from the
injection port respectively.
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reduced. With increase in depth of placement to 6 mm,
INBI| is further reduced. The scans of phantoms with
spleen embedded at various depths show negative values
of [NBI| compared to those of adipose tissues, attributed
to its high absorption. The maximum |[NBI| in each plot
occurs away from the origin. This is attributed to the
position of the first collection port, which is 2 mm away
from the injection port.

Considering the homogeneous nature of the heart and
adipose tissues, their 3D plots were constructed. The
occurrence of maximum |[NBI| for adipose, along with its
distribution at various locations, is shown in Figure 6.
Due to high scattering within the tissues, |NBI| shows
reduction at ports located at 4 and 6 mm. Similar plots
are also made for spleen spheres placed at various depths
in control phantoms.

The |NBI| peak intensities (Plg) and full-width at half
maximum due to backscattered photons (FWHMp) were
compared for the phantoms with inhomogeneities placed
at various depths (Table 2). FWHMj was calculated from
INBI| variation with respect to scanning distance. Plg was
high for adipose compared to that of spleen, placed at
various depths, attributed to its high scattering. FWHMp
was maximum for adipose placed at 2 mm, whereas it
was minimum for spleen embedded at depth 6 mm. These
parameters are related to size of the inhomogeneity, but
are affected by optical scattering.

Figure 7 shows NTI variation for inhomogeneities
embedded in control tissue phantom at various depths.
The change in NTI is attributed to the type of tissue
embedded in this. Due to high forward scattering distinct
peaks from the adipose tissue phantom are observed. On
the other hand, for spleen high absorption leads to broad-
ening of signal with lesser NTI values. The NTI signal
emerging after placement of inhomogeneities at 6 mm is
lower for spleen compared to that of adipose tissues.
Figure 8 shows the 3D variation of inverted NTI. The
minimum NTI values are observed at the centre. Due to
homogeneous nature of various tissues, a symmetric
shape of these plots is observed, highlighting the distribu-
tion of NTI at various locations.

Based on NTI signals from various tissue phantoms,
PIr and FWHM<1 were calculated (Table 3). Plt is mini-
mum when the inhomogeneities are embedded at 6 mm
and maximum for 2 mm, which is primarily attributed to
the multiple scattering within the medium. PIp with
increasing depth of placement of tissues in the phantoms
is less for adipose at 2 and 4 mm, and more at 6 mm com-
pared to that of spleen. FWHM< shows a decreasing trend
with increasing depth of placement of inhomogeneities in
tissues, but this change is more for spleen compared to
that for adipose.

For determination of the effect of variation in the size
of inhomogeneity on the above parameters, several simu-
lation studies of the backscattering process were carried
out. From the |NBI| plots, PI and FWHM were calculated.
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3D plots of [NB| along the x-axis of H+a phantoms with inhomogeneities placed at (a) (0, 0, 2 mm), (b) (0, 0, 4 mm) and

(¢) (0,0, 6 mm) measured at ports placed at 2, 4 and 6 mm away from the injection port respectively.

Table 2. Peak intensity (Plg) and full-width at half maximum

(FWHMsg) of the data collected by the backscattered ports when

adipose and spleen tissues of diameter 2 mm are embedded inside the
control tissue at various depths

PIy FWHMj (mm)
Depth (mm) Adipose Spleen Adipose Spleen
0,0,2) 0.015 0.0056 5.375 3.25
0,0,4) 0.009 0.0043 3.35 2.875
0,0,6) 0.0044 0.00367 2.85 1.75

Table 3. Peak intensity and FWHM from the data received at the
transmission port from phantoms with adipose and spleen of diameter

2 mm
Pl; FWHM;z (mm)
Depth (mm) Adipose Spleen Adipose Spleen
2 0.928 0.6396 4.9 6.25
4 1.367 0.9559 3.875 5.625
6 1.587 1.837 3.75 4.625
Table 4. Variation of Pl and FWHMjp for adipose inhomogeneity of

different diameters placed at 2 mm depth, as determined from the NBI

scans
Diameter of adipose tissue (mm) Pl FWHMg (mm)
1 0.0061 2.500
2 0.0152 4.875
3 0.0293 4.500
4 0.0538 5.000
5 0.0724 5.625

Table 4 shows the effect of change in size of the adipose
inhomogeneity placed in the control phantom at a depth
of 2 mm on Plg and FWHMjg. The initial increase in
FWHMs is followed by a decrease with increase in the
size of the inhomogeneity. In contrast, a smooth increase
is observed in Pl for adipose tissues.

Discussion

The laser radiation—tissue interaction is associated with
several parameters such as layered tissue structure,
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Figure 7. The scans along the x-axis of H+a and H+s phantoms
with inhomogeneities placed at (@) (0, 0, 2 mm), (b) (0, 0, 4 mm) and
(¢) (0,0, 6 mm).

refractive index variation within the layers, optical para-
meters of each layer and wavelength of light source.
MCS offers a flexible approach to photon transport in
turbid tissues, which describes local rules of photon
propagation that are expressed as probability distribu-
tions. As this method is statistical in nature, it relies on
calculating the propagation of a large number of photons
using the computer, which requires a large amount of
computational time"’.

The scattering of electromagnetic radiation increases
with increase in wavelength within the therapeutic win-
dow region. This further depends on the optical parame-
ters of the biological tissues. The present study shows
that the basic interaction mechanism is not changed even
at 10% increase in absorption coefficient and its presence
is still being detected. This means that detection capabil-
ity of optical scattering is sensitive to tissue composi-
tional changes. This also shows that the multiport system
is still capable of identifying objects placed at different
depths. With increase in depth the scattering increases,
leading to reduced |NBI]| signal.

The present study is based on optical backscattering
and transillumination from the phantoms embedded with
inhomogeneities. The backscattering forms a fraction of
the transmitted component. Initially the backscattering (a
time-dependent process) is confined to closer regions, but
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with increase in time duration the number of scattered
photons at farther distances from the input port also
increases”®. This is attributed to multiple interactions and
absorption within the tissues. Based on the number of
photons reaching different ports a surface profile is
formed, which is used to determine optical parameters of
the tissues®. Due to embedding of inhomogeneities in tis-
sues, the surface profiles of the corresponding region are
changed. Further change occurs due to shift in their posi-
tions in the phantoms, leading to shift in the occurrence
of maximum, primarily attributed to their optical proper-
ties and absorption of photons within the tissues. All
tissues exhibit the respective maximum [NBI| at various
ports depending on the placement of inhomogeneities but
for H+a phantom this is positive compared to H+s phan-
tom. Thus by this procedure the effects of inhomogenei-
ties are identified. Similar analysis has been effectively
used in determining the tissue changes in epithelium
below the surface™.

Through the movement of probe and placement of
inhomogeneity the respective |[NBI|s are obtained. 3D
plots of these are not symmetric, which is attributed to
the statistical fluctuations in the collection of photons and
location of the ports with respect to photon injection port.
The maximum |NBI| occurs when the photon injection
port is located at the origin (above the inhomogeneity),
and collection ports are located off-centre. FWHMg, is
affected by the scattering, which decreases with the depth
of placement of inhomogeneity. For spleen these values
are less and negative compared to that of adipose, show-
ing the effect of high absorption.

FWHM; and Plp increase with the size of the adipose
inhomogeneity placed at a fixed depth. This is attributed
to the increase in backscattering due to increase in size,
thus leading to higher values of these parameters. The
percentage change in Plg increases with the change in
size from 1 to 5 mm, but due to its complex variation no
proportionality factor related to size could be established.
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3D plots of phantoms (a) H+a and (b) H+s with inhomogeneities placed at (0, 0, 6 mm).

In transmission mode, due to prominence of forward
scattering, higher NTIs are observed for H+a and H+s
phantoms at all depths of placement of inhomogeneity
compared to that of [NBI| values. After placing this at
6 mm, NTI is less for H+s than for H+a phantom, which
is attributed to enhanced scattering of adipose inhomoge-
neity. This is despite the high refractive index of adipose
tissues. For H+s phantom the refractive index of heart is
the same as that of spleen, thus allowing the photons to
follow their paths without deviation. This process is fur-
ther associated with high absorption of multiple scattered
photons within the spleen and transmitting others through
the heart tissue, leading to low PI; and FWHMy com-
pared to that of adipose tissue. The transillumination at
the exit surface is symmetrical around the z-axis, irre-
spective of the type of inhomogeneity embedded in the
phantom, as shown by their 3D plots. The increased/
decreased scattering affects the transillumination to a
varying degree which is related to the object size’®. Due
to complexities of the scattering process no proportionality
of FWHM- with size could be established with increasing
depth of embedding of inhomogeneity. The blurring
caused by multiple scattering is one of the prominent
factors affecting the size determination of the objects”’.

In conclusion, the present study shows that the basic
mechanism of radiation interaction with inhomogeneities
remains the same. When the change is less in optical
parameters, [NBI| is proportionally altered. The place-
ment at different depths in tissue leads to a distinct
pattern of backscattered signal, as measured by multiport
system, indicating their type and position in the phantom.
The signal is associated with less noise if the inhomoge-
neity is located close to the beam entry surface. On the
other hand, the transmitted signal is associated with less
noise if the inhomogeneity is located close to the exit sur-
face of tissues. In contrast to optical coherence tomogra-
phy®®, this procedure may help in detecting tumour in
various layers of soft tissues. Further analysis of the
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