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Abstract

Cancer and breast tissue have a very high electrical impedance ratio, so imaging based on
impedance can produce high contrast. It is very useful for the early detection of breast cancer.
Trans-admittance mammography (TAM) is a moddality to detect breast cancer based on
impedance. The weakness of TAM is that it can only produce a projection image so that the
volume and ratio of cancer to breast tissue cannot be obtained at once. The ratio of anomaly
and volume is very important to be determined properly because it is related to the stage and
type of cancer. TAM shortcomings can be overcome if anomalous volume information is known
precisely. The ultrasound reflection modality can produce information about an anomaly depth
and volume correctly. Combining TAM and ultrasound reflection data is expected to provide
promising results. The study was conducted to prove the hypothesis by creating a breast phantom
composed of gelatin, agar, graphite, glycerol, and distilled water to represent the electrical and
acoustic physical properties of cancer and breast tissue. The results showed that the TAM data
was only able to produce information about fransverse position accurately, while the depth was
less accurate. Acoustic devices can produce fransverse position information, depth, and volume
precisely. The dual-modality of TAM and ultrasound reflection can produce information about the
depth position, volume, and the ratio anomaly to reference conductivity accurately.

Keywords: Dual modality, trans-admittance mammography, ulirasound reflection, accurate,
breast cancer
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1.0 INTRODUCTION

Based on Globocan data, it is stated that there were
12.7 million cancer cases and 7.6 million estimated

deaths caused by cancer in 2008 globally. Breast
cancer is one of the most frequent types of cancer
diagnosed in women and caused of their death,
about 23% of the total cancer cases and 14% of the
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total deaths from cancer [10]. Based on data from
the American Cancer and Society, it is stated that
the number of breast cancer increases by age. The
more aged woman, the higher the risk for breast
cancer [5]. Therefore at 40 years old, women should
check the condition of her breasts regularly every
year [15, 21].

The earlier detection and freatment, more
women with breast cancer will be saved [13, 18].
Therefore, WHO recommends two programs that
must be done to combat breast cancer. They are
education and screening programs. Education
means helping women to be able to recognize the
signs of breast cancer manually and immediately
report it fo the hospital.

To conduct the screening process, it requires
medical equipment that is capable of detecting the
presence of breast cancer early. Some equipment
has been built to detect the presence of breast
cancer, such as x-ray mammography, breast
ultrasound, and MRI mammography [8, 21, 13].

Mammography is a medical instrument that is
commonly used to detect breast cancer, but this
equipment has some disadvantages which often
give negative or positive false information and the
dangers posed by radiation due to the use of X-rays
for the breast [23]. Early detection using
mammography equipment will double the risk if it is
done at the age of 40 to 50 years, and the risk will
increase up fo the age of 75 years [4].

The ability of ultrasound to detect breast cancer is
less accurate than x-ray mammography, although
ultrasound capability has progressed in recent years.
However, because it is much more flexible and users
can scan the desired area repeatedly from various
angles, the ultrasound is often used fo investigate
suspicious anomalies near the surface of the skin or
cyst. It is generally used in diagnostic purposes to
check the type of tumor on or as a monitor to help
the placement of the biopsy needle [7].

MRl mammography is rarely used for early
detection of breast cancer because it is high-cost.
Generally, MRl is only utilized for diagnosis verification.
It is only used for early detection when the X-ray
mammography procedure is not possible, for
example in the case of young women who generally
have still dense breasts or women with high risk when
she is exposed to X-ray radiation [7].

The tissue impedance properties have long been
an interesting study because changes in the
electrical impedance of the organs are associated
with physiological and pathological properties. Both
physiological and pathological properties are closely
related to medical application information [14, ?].

Some experiments showed that breast cancer has
a lower impedance than the normal breast tissue so
that the imaging impedance-based can be used as
an alternative instrument to detect breast cancer
[24, 11, 19, é]. This is also supported by studies that
have been conducted by Zoa and Gua that in the
future, electrical impedance tomography (EIT) will

replace the X-ray mammography as medical
equipment for early detection of breast cancer [27].

Intensive research of electrical impedance has
been done since the 80s. in the 2000s, they have
produced several prototypes of medical devices for
the application of early detection of breast cancer
based on EIT [3, 2], such as Z-Tech Breast Scan,
TS2000, MEIC, EIS breast imaging, TAM, which each of
the equipment developed by MIT, Israel, Russia,
Dartmouth University and IIRC (Impedance Imaging
Research Centre) Kyung Hee University.

When each type of equipment is operated
separately, it will have a detection accuracy that is
similar to the accuracy of breast cancer early
detection equipment. However, because the
devices based on EIT have different basic information
from the existing equipment, then to be able to
detect breast cancer with better results it is
recommended fo combine EIT with other cancer
indicator techniques [27, 12, 1].

It has proposed a detection algorithm to obtain
the transversal position, depth, and size of breast
cancer anomalies that can be used in TAS (trans-
admittance scanning) and TAM (Trans-admittance
mammography) [16, 17, 22]. However, TAS and TAM
are only able to produce electric current mapping,
so that the accurate results are only obtained by the
fransversal position. Meanwhile, the depth position is
difficult to obtain accurately, even the volume and
the ratio between the conductivity anomalies and
references have never been obtained. So that
information from TAS and TAM is limited to the
fransversal position, depth, and size of the anomaly
prediction based on the prediction ratio [26, 25]. Both
the volume and the ratio of anomalous information
are very important tfo be determined precisely
because it is associated with the stage and type of
cancer information.

Acoustic data can obtfain information on the
fransversal position, depth, and volume anomalies
appropriately. By combining the information of depth
and volume from acoustic data with TAM data is
expected to give promising results for the two systems
non-ionizing completely and accurate information
i.e. the fransversal position, the position of depth,
volume, and type of anomaly.

Here, the proposed topic is to increase the
accuracy of breast cancer early detection between
TAM  which has high confrast and acoustic
information which has a high spatial resolution. It is
assumed that the combination of two the
information above will obtain anomaly information
completely and accurately.

This paper is divided into 4 secfions. Introduction
(Section 1) talks about the importance of research
was conducted so that there is a hypothesis that the
combination of two TAM and UR modalities is
complementary so that produced complete and
accurate information. The methods (Section 2) talk
about the steps taken to prove hypotheses that
include constructing phantoms that have electrical
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and acoustic properties resembling tissue and breast
cancer, comparing the results of each modadlity, i.e.
TAM, UR, and TAM-UR modality. The result and
discussion are explained elaborately in Section 3,
followed by the conclusion in Section 4.

2.0 METHODOLOGY

The study begins by reviewing equation of fransversal
position, depth and volume anomalies which have
been derived by Seo et al. (2004), as follows:

a. Tranversal position (o , yo), is position of

max|g(x,y) — g°(x, y)| (1)

Where g(x,y) and g°(x,y) are frans-admittance data
of frequency w and ao

b. Depth position (zo) can be obtained from identity,

2-2
lg(ab)-g°(@b)| _ | "7 2)
19 (x0,¥0)~9° (x0,¥0)] (dz )5/2
2(S5+1
Z0

where d = \/(xo — @)> + (yo — b)2 and (a.b) is the
position of the point (xg, yo)-

c. If the ratio of TZ/T1 was known, then volume of
anomaly will be obtained,

”|2+T2/‘t1 l1z01? |g (x0,¥0)~9° (x0.¥0)]

Dl =
D |1_T2/‘L’1| 39%(x0,y0)

(3)

where T1/T2 is ratio of conductivity or admittance

between anomaly and normal.

From the TAM devices, the transversal posifion
can be directly obtained from trans-admittance
data in Equation (1), on the other hand, the anomaly
depth can be indirectly got from frans-admittance
data in Equation (2), so its accuracy is determined by
the accuracy of the ftrans-admittance data.
Anomalous volume can be calculated from Equation
(3), but it requires data of the ratio between the
conductivity anomalies and reference. The ratio
cannot be obtained from TAM. Therefore, the
anomalies volume is estimated from the data of ratio
between the conductivity anomalies and reference
[26].

The device of reflection ultrasound can directly
obtain the transversal position, depth position, and
anomaly volume from ultrasound reflection data so
that the information can be obtained accurately. A
combination of ultrasonic reflection data and trans-
admittance will generate information of fransversal,
depth position and volume anomalies accurately as
well as the ratio between the anomalies conductivity
and references previously unknown. Two of the last

information is the most important parameter to
determine the stage and type of anomalies in the
breast.

Besides, a combination of these devices is
expected to be applied to analyze the object of the
multi  anomaly. The high confrast from frans-
admittance data can be used as a guide fo
obtaining the fransversal position of anomalies
correctly. The information of the fransversal position is
then used as the prior information on the ulfrasonic
reflection data to obtain the position of the depth
and volume anomalies more accurately. By using
Equation (3), information on the depth and volume
of anomaly can be used as initial information to
obtain the rafio between the conductivity of
anomalies and reference. The three activities and
analysis in this study can be displayed as a block
diagramin Figure 1.

Review equation:

1. Tranversal position (Xo, Yo)
2. Depth position (zo)

v

TAM (Trans-admittance UR (Ultrasound
mammography) modality Reflection) modality

L

Dual modality TAM-UR

v $ v

Analysis:

1. Tranversal position (xo . Yo)
2. Depth position (zo)

Figure 1 The three activities and analysis in this study

The devices used in the study are the immersion
ultrasound sensor 1 MHz, signal generator, amplifier
(Usip-12  Kraut  Kramer), digital  oscilloscope,
computer, Impedance/Gain-phase analyzer, and
TAM multi-frequency.

Real samples are very complex because the
composition of the breast does not only consist of
two phases, i.e cancer, and breast tissue. To simplify
the problem, real objects are replaced with the
phantom. The phantom should have electrical and
acoustic physics characteristics that are not much
different from real objects. The material required as
phantoms is gelatin, agar, graphite, glycerol, and
distilled water.

The materials are made for the breast phantom
which has electrical and acoustical properties
appropriate with the data. The experiment set up in
Figure 2(a) is a TAM device to obtain electrical data
and Figure 2(b) is the principle of the TAM device.
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Figure 2 Experiment set up (a) the TAM system (b) the
principle of TAM

Figure 3(a) is an ultrasound reflection device and
Figure 3(b) is a schematic of reflection ultrasound to
obtain the acoustic data.

The analysis is done by calculating the relative
error of transversal (x,y) and the depth (z) position.
Relative error on transversal or depth position can be
expressed as,

error (%) = F";—F’” x 100% (4)

Where &, is anomaly position, & is reference position,
l; is a half of length i-axis and i is x,y,z axis. While the
ratio analysis is conducted by comparing the
calculation ratio towards the measurement ratio.
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Figure 3 Experiment set up (a) acoustic reflection data of
Ultrasound system (b) principle of ultrasound reflection

3.0 RESULTS AND DISCUSSION

The study uses the normal breast and the cancer
phantom as an experiment object. Normal breast
phantom is made from the composition of distilled
water (1260 ml), agar (63.085 g), gelatin (191.621 g),
and glycerol (540 ml). Meanwhile, cancer phantom is
made from the composition of distilled water (88 ml),
agar (3.281 g), gelatin (12.125 g), glycerol (37.5 ml),
sodium chloride (0.500 g) and carbon graphite (6.125
g). Sodium chloride and carbon graphite are added
into the cancer phantom to produce the difference
electric conductivity and acoustic impedance
between normal breast and breast cancer.

The phantom was made by mixing all the
ingredients and then heating it inside the microwave
until it boils. Next, it is chilled in the mold, to configure
normal and breast cancer phantom as shown in
Figure 4.

15 mm
4
15 mm
v T 40 mm
20 mm l
+
(b)

Figure 4 Normal breast and cancer phantom (a) phantom
(b) configuration of phantom
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Figure 5 shows the electrical properties of the normal
and breast cancer phantom which are tested using
impedance/gain-phase analyzer at a frequency
from 100 Hz to 1 MHz.
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Figure 5 Electrical properties of normal and cancer breast
phantom (a) The real data (conductivity) (b) imaginary
data (relative permittivity)

The breast phantom is placed between the two
electrodes of TAM devices, as showed in Figure 2(qa).
The process of data collection is conducted to
obtain real and imaginary electric current data. The
TAM devices have 3600 electrodes and it is operated
in the frequency of 500 Hz, 1 kHz, 5 kHz, 10 kHz, 50 kHz,
and 100 kHz. The data are illustrated in Figures 6 and
7.

1200
1103
10000

s

7m0

5000
2

Figure 6 Real data in z-axis and fransversal position in x-y axis
in frequency of (a) 0.5 kHz,(b) 1 kHz, (c) 5 kHz, (d) 10 kHz, (e)
50 kHz, and (f) 100 kHz

Figure 7 Imaginary data in z-axis and fransversal position in
x-y axis in frequency of (a) 0.5 kHz, (b) 1 kHz, (c) 5 kHz, (d) 10
kHz, (e) 50 kHz, and (f) 100 kHz

The datfa in Figures 6 and 7 were analyzed by
using Equation (1), (2), and (3), in order to obtain
fransversal position and depth of the anomaly. The
results are tabulated in Table 1.

Table 1 shows that analysis of the transversal
position from the TAM can provide accurate resulis
by an average error of 2.82% for real data and 2.32%
for imaginary data, on the other hand, the depth
position gives less accurate results by an average
error 46% for real data and 28.3% for imaginary data.
The accurate information of depth position s
necessary to analyze volume or the ratio between
anomaly  conductivity and  the  reference
conductivity from the Equation (3).

The experiment of ultrasound reflection s
conducted by placing a transducer over the breast
phantom and time of flight (TOF) is measured. The
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TOF is a time echo signal from the fransducer into the
object and backward the transducer. The TOF data
are obtained by shifting the transducer as far as 5
mm. Because phantom has a size of 18 cm x 18 cm,
then there are 36x36 data. The set-up experiment of
an ulfrasonic reflection is displayed in Figure 3. If there
is a difference in acoustic impedance, the
fransducers will acquire the signal reflection on the
boundary.

A number of 36x36 TOF data was obtained fo be
converted intfo a signal envelope. The envelope
signals are then amrranged in three-dimensional
space. The three-dimensional reconsfruction image
can be displayed as a two-dimensional slice in the xz
and yz axis as showed in Figure 8.

(a) (b)

Figure 8 Reconstruction image of ultrasound reflection data
(a) x-z slice (b) y-z slice

Analysis of transversal position, depth position,
and volume anomalies in Figure 8 is conducted by
measuring the ratio between the image of the
surface boundary of anomalies and phantom
anomaly size. The information on the ftransversal
position, depth position, and volume anomalies can
be obtained from Figure 8. The transversal position x
and y are at the center of the ordinate. The depth of
anomaly is 18 mm from the surface with a 10% error.
The anomaly volume is (15x15x14) mm3 with a 0.03%
error. The acoustic reflection system can generate
position information better than the trans-admittance
system.

Data on electric properties from TAM and
acoustic properties from the ultrasound system can
be combined to obfain an accurate fransversal
position, depth position, volume anomalies, and ratio
anomaly as background by utilizihng the depth data
and volume anomalies from the ulirasound
reflection, they are reported in Table 2. It appears
that rafio accuracy depends on the frequencies
used.

Basically, the TAMUR dual-modality system is a
combination of an ultrasound reflection system that
has the ability to obtain the depth and anomaly
volume and electrical properties from the TAM
system fo obtfain the information of ratio anomaly
conductivity and reference. The analysis combined
electrical parameters from the TAM and acoustic
parameters from the ultrasound reflection system will
obtain the transversal position, the depth position,
volume, and the rafio of anomalies to reference
accurately. In summary, the comparison among the
three systems, namely the TAM, ultrasound reflection
(UR), and TAMUR is displayed in Table 3.

Khusnul Ain et al. / Jurnal Teknologi (Sciences & Engineering) 82:4 (2020) 117-124

Table 1 Analysis of experiment data using reference
frequency wo = 500 Hz
Phantom Real data
Transversal depth
Freq. X Y YA X Error Y Error VA Error
(kHz) mm (%) mm (%) Mm (%)
1 0O 0 20 132 1.47 3.20 3.56 11.5 42.5
5 0O 0 20 132 1.47 1.93 214 118 41
10 0O 0 20 132 1.47 10.01 11.12 8.2 59
50 0 0 20 1.32 1.47 1.89 2.10 10.5 47.5
100 0 0 20 1.32 1.47 1.75 1.94 120 40
Average 1.47 4.17 46
Phantom Imaginary data
Transversal depth
Freq. X Y YA X Error Y Error VA Error
(kHz) mm (%) mm (%) Mm (%)
1 0O 0 20 0.09 0.10 4.07 4.52 147 26.5
5 0O 0 20 1.4 1.27 3.06 3.4 157 21.5
10 0O 0 20 1.5 1.28 3.07 3.41 157 21.5
50 0O 0 20 1.09 1.21  3.04 3.38 122 39
100 0O 0 20 1.06 1.18 3.03 337 134 33
Average 1.01 3.62 28.3
Table 2 Analysis of conductivity ratio of breast and cancer
phantom by using reference frequency of 500 Hz
Frequen Cancer Breast Ratio Ratio Error
cy (kHz) phantom phantom from from (%)
conduc conduc measur  predi
Tivity tivity ements  ction
0.5 0.262 0.062 4.260
1 0.262 0.061 4.267 4489 520
5 0.265 0.061 4.334 3.689 14.88
10 0.268 0.061 4.382 5.257  19.97
50 0.279 0.062 4.498 3.448 23.34
100 0.286 0.064 4.433 6.730  51.82

Table 3 Comparison among TAM, UR and TAMUR

(x.y) (z) Volume Tanomaly/ Treference
position position
TAM accurate  low Prediction Prediction
accurate
UR accurate  Accurate  Accurate -
TAMUR accurate  Accurate  Accurate  Accurate

This study sfill uses a simple phantom with a single
anomaly, according to the models in Equation (1),
(2), and (3). In further research, it is recommended to
use phantom with more than one anomaly and or
with different electrical conductivity according to
real conditions. Therefore it is also necessary to
modify the Equations (1), (2), and (3) fto
accommodate the real case.

4.0 CONCLUSION

The TAM device is not able to inform the volume of
an anomaly, but can provide the information about
the transversal position and depth of the anomaly by
an average error of 2.57% and 37.15% respectively.
The ultrasound reflection device can inform the
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depth of ultrasonic reflection and anomaly volume
by an error of 10% and 0.03% respectively. The TAM
device is only able to predict the anomaly volume
from the prediction of conductivity ratfio. However,
the combination of depth and anomaly volume from
ultrasonic reflection data on the TAM device can
provide the right information for the ratio of
conductivity anomalies and reference. The dual-
modality TAMUR is expected to be applied to
analyze multi anomalies that correspond to a real
case. High confrast data from frans-admittance and
high accuracy in determining the fransversal position
can be used as a guiding presence and location of
anomalies in the fransversal position. The fransversal
position information is then used as the prior
information on the ultrasonic reflection system to
obtain position information of the depth and multi-
volume anomalies.
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