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Bone cancer is an uncommon sort of malignancy that alludes to irregular
development of tissue inside the bone, with high opportunity to spread to
different pieces of the body. It is extremely important to distinguish bone
cancer at the beginning phase to cure it productively. Presently, in addition to
a physical examination, magnetic resonance imaging, blood tests, positron
emission tomography (PET), computed tomography (CT) or PET-CT scan,
X-ray, Bone scan, Biopsy and computed tomography scan, are used to

Keywords: diagnose or determine the stage (or extent) of bone sarcoma. But these
methods are costly and not free of radiation. Moreover, these machines are

EIDORS b TR : :
L ulky. Electrical impedance tomography approach was proposed in this
Electrical impedance research for identifying bone cancer as this detection technique is able to
tomography _ distinguish between cancerous and non-cancerous cells by differentiating
Image reconstruction between their conductivity and it has the possibility to remove the limitations
algorithms of conventional medical imaging techniques. Here, equivalent bone models
MATLAB were generated using (electrical impedance and diffused optical
Simulation reconstruction software (EIDORS) which had been implemented in

MATLAB, and three different image reconstruction algorithms-GREIT,
Sheffield Backprojection, Gauss-Newton inverse algorithm had been used to
detect the cancerous cells.
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1. INTRODUCTION

Cancer is a threatening disease which refers to a malignant growth or tumor resulting from an
uncontrolled division of cells and affects nearby parts of the body. Tumors in a bone generate while the bone
cells split uncontrollably and form a cluster of tissue. As per the U.S. Surveillance, epidemiology and end
results program [1], osteosarcomas contribute 36% of a wide range of bone malignant growth, trailed by
chondrosarcomas and Ewing's sarcomas with around 30% and 16% distinctly. Bone malignant growth can
start in any bone in the body, yet it ordinarily impacts the pelvis or the long bones of the arms and legs. There
are mainly two sorts of bone cancer and they are primary bone cancer and secondary bone cancer. Primary
bone cancer occurs in the bone. Secondary bone cancerwhen malignant growth has spread to the bones from
where it began. The reasons of bone cancer have not been clearly recognized. However, acquired hereditary
transformations, radiation, injury, have been recognized as potential causes. The American Cancer Society's
evaluations for malignant growth of the bones and joints for 2020 are:
—  About 3,600 new cases will be analyzed
— About 1,720 passings from these diseases are predictable
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Ordinary clinical imaging procedures either utilize destructive radiations that might be harmful to
the body tissues or the expense isn't reasonable to all. The machines are not compact. As a clinical imaging
methodology, electrical impedance tomography (EIT) offers to solve these problems: the non-intrusive
connection to a patient with electrodes and wires is appropriate for ceaseless intensive care applications; it is
free of hazardous radiation; this is fit for operating at high casing rates providing great transient resolution;
this is conceivably cheap, utilizing off-the-rack low-frequency hardware parts. Then again, EIT provides a
low spatial resolution,as well as is inclined to relics from terminal development and helpless
contact quality [2].

EIT is a non-invasive clinical imaging strategy in which electricity is applied to the outer part of
human body using contact electrodes and the subsequent surface voltages are utilized in the reproduction of
pictures [3]. The conductivity of cancerous and non-cancerous cells is different and this property can be helpful
for detecting cancer [4]. EIT is able to be helpful to implementations where conductive differences exist
between cluster of tissues, liquids, or vapors, for example, imaging of destructive or ischemic tissue or
utilitarian checking of inhalation, neural movement, bloodstream, and intestinal motility [4]. EIT illustrates a
structural image of the dissemination of conductance. It has been being used in medical purposes in the late
1970s [5] and mid 1980s [6]. Numerous clinical uses have been suggested for EIT such as in
recruitment/derecruitment of lung tissue [7], contrast-based perfusion measurement [8], screening of breast
cancer [9], [10], Prostate cancer screening [11], [12], gastric and Intestinal motility [13], cerebral perfusion [14],
titrate positive end-expiratory pressure in COVID-19 acute respiratory distress syndrome [15]. In the field of
detecting bone cancer, electrical impedance tomography is a new method.

Bone cancer is an unusual kind of malignancy that structures as an excruciating lump (‘tumor’) in
human bone. This is otherwise called bone sarcoma. While bone malignancy originates in the body, the
carcinogenic cells increase and begin to devastate human bone. There are different approaches for depicting
bone cancer using image processing such as k-means segmentation and knn classification [16]. A restricted
version of EIT named enclosure method to extract stable features from the data and convolutional neural
network can be used also [17]. A computed tomography (CT) image-guided electrical impedance
tomography (EIT) method for clinical imaging can be implemented too [18]. Benign cancer tumor is
equivalent to non-conducting impurity while the malignant tumor is equivalent to conducting impurity. The
normal tissue and the cancerous show different conductivity and dielectric properties. Malignant tumors
show expanded capacitance and conductance esteems hence decline its impedance [19]. The benign tissue
and the malignant tumors are different according to their conductivity: close-to 35 micro siemens/mm for
normal bone tissue and 3-4 times greater for cancerous tissue at 1 kHz [20]. The impedance contrast is more
articulated at higher frequencies, cresting at roughly 1 MHz [20]. These contrasts will permit to separate
between the typical tissue and harmful tissue. EIDORS s utilized for 2-D and 3-D reconstruction of images
according to voltage datasets. EIDORS is an open-source suite executed in MATLAB package [21], [22].
This software is partitioned into three phases i.e. mesh generation, forward problem, and inverse problem
[23]. In the explanation of inverse problem, the applied electricity rate and the voltage on the edge, calculated
with electrodes are utilized for evaluating the reckoned internal dissemination of resistivity [24].

2. THE PROPOSED METHOD

The mechanism of detecting tumor or cancerous cell can be illustrated. These steps are contrasting
electrical properties of tissues, electrodes positioning, solving the forward problem, image reconstruction
(solving inverse problem) and diagnosis of tumor from EIT image as shown in Figure 1.
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Figure 1. Image interpretation pathway by using EIT

2.1. Contrasting electrical properties of tissues

The conductivity and permittivity of the cancerous and non-cancerous tissues are different. Here is
the conductivity and permittivity of healthy tissue and tumor. The constants used in these equations are
introduced in Table 1. Here, s1, s2 and s3 are relative permittivity measured three times and r1, r2 and r3 are
electrical conductivity measured three times. The simulations are performed in normal temperature.
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Table 1. The coefficients of the temperature dependence dielectric properties [25]-[27]

Relative permittivity Electrical conductivity
S1 S2 S3 rl r2 r3
Healthy Tissue 44.3 5.223 5.223 1.80 6.583 0.0598
Tumour 54.8 5.223 5.223 2 6.583 0.0598

The dielectric properties of the tissue are dependent on temparature [27]. The electrical permittivity
(I) and electrical conductivity (S/m) is denoted by a linear function of temperature, [25], [26],

&(T)=s1 [1- 1/{1+exp(s2-s3T)}]
&(T)=rl [1- L{1+exp(r2-r3T)}]

2.2. Electrodes positioning

Experimental arrangement of EIT incorporates a signal generator, a voltage to current converter
delivering a electricity of 20 mA at 5 kHz, a phantom model of the object with 16 electrodes set up and a
multimeter for the measurement of subsequent differential voltages [28]. The current can be applied in
neighboring pattern. In first projection current is applied to one sets for example electrode 1 and electrode 2
and differential voltage is calculated between other pair i.e. between electrode 3 and 4 then voltage drive is
moved to next pair between electrode 4 and 5 and so on up to last pair i.e. electrode 15 and 16. The electricity
density is the most noteworthy between current electrodes and continues diminishing quickly as a function of
distance. Round electrodes are characterized by the crossing point of the central chamber with cylinders and
electrode mesh modification is executed by indicating a lesser maximum mesh size for every radial cylinder.

2.3. Solving the forward problem

The forward problem is typically solved with finite elements method (FEM) [29]. Forward problem
explanation contains computation of voltage value on the superficial level electrodes for individual resistivity
dissemination, while equally the resistivity dissemination of the bone and applied electricity rate are
acknowledged. The forward problem is demonstrated with boundary conditions and Laplace equation by
applying the FEM method [30]. In elucidation of the inverse problem the used electricity rate and the voltage
value on the border, calculated with electrodes are utilized for evaluating the assessed inner dissemination of
resistivity [31]. Here, a cylindrical shaped finite elements method model has been created which is
reasonable for performing simulations.

2.4. Image reconstruction (solving inverse problem)

Reconstruction of image in electrical impedance tomography (EIT) is a nonlinear, ill-posed inverse
problem. Here, image has been reconstructed with the “Graz consensus reconstruction algorithm for EIT
(GREIT), Sheffield Backprojection, Gauss-Newton Inverse algorithm. The GREIT involves a
comprehensive, homogenous technique dependent on point-formed training and assessment data. GREIT
comprises of point-formed changes in the homogenous background impedance. On the off chance that we
recognize the impedance-space to be discretized, we can consider these adjustments in impedance as a great
deal of unit vectors. The Sheffield image reconstruction algorithm depends on the presumption that the
underlying conductance appropriation of human body is uniform. One-step Gauss-Newton (GN) EIT
reconstruction approaches was generally utilized in EIT (eg. Cheney et al 1990; Adler and Guardo, 1996).
These approaches permit utilization of refined standardized models of the EIT inverse problem, can denote
this solution as a linear reconstruction matrix, that would be able to permit quick, real-time imaging.

2.5. Diagnosis of tumor from EIT image

As the tumors show different electrical properties from the normal tissues, the position of the tumor
can easily be detected. Applying different reconstruction methods, the tomographic image of the tumor can
be compared.

3. DESIGN OF PHANTOM MODEL

A cylindrical geometry has been characterized as a human bone with the electrodes which are
attached around the phantom model of the bone as shown in Figure 2. These materials have decided to carry
on similarly to human tissues. No noise has been added to the simulated electrode voltage signal. This
technique has not been used for bone cancer in real system yet, so the proposed mechanism for detecting
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bone cancer is simulated to get the output. The code proceeds by taking the number of the electrodes (16) and
the inhomogeneous materials (tumor) as inputs as shown in Figure 3.

y-axis

Z-axis

X-axis |

y-axis

Figure 3. Applying electrodes on the surface of the phantom model

4. RESULTS AND DISCUSSIONS

In this part, it is clarified the results of the research and simultaneously is given a comprehensive
discussion. This paper focuses on 2-D reconstruction in view of the location of the tumor as unidentified. 2-D
EIT reconstruction image has been acquired for classification of normal and cancerous lung tissues but it has
not been for bone cancer yet. Starting step for assessing the conductivity and permittivity dissemination in
long bone is to generate finite element model of electrodes. This finite model is explained by expecting
homogenous conductivity and computing voltage distribution. The voltage dataset is stacked in MATLAB.
Inverse algorithm is implemented. Inverse algorithm utilizes distinction technique to acquire image
reconstruction.

4.1. Image reconstruction using different algorithms

A bone tissue is characterized in the correct territory section, while the whole locale is portrayed as
homogeneous. After simulation, reconstructed image with the GREIT, Sheffield Backprojection, Gauss-
Newton Inverse algorithm is acquired and it shows the 2D framework of the tumor. We require a structure
for estimating the surface calculation, a mesh generator for making a cross section dependent on a superficial
level data, code for calculating the finite element estimation and a perfect algorithm for cracking the inverse
problem for reconstructing EIT images in geometrical settings. We also require devices to show the outcomes
and furthermore to analyze the images. The reconstruction of the image from the information acquired by
EDIORS has been shown. The location of electrodes and the location of carcinogenic tissue are visibly
observed in reconstructed images of EIDORS. The blue shading displays the sudden lessening of
conductance. In this way the existence of conducting impurities (malignant cancer tumor) is distinguished.
Also, the red tone in reproduced pictures recognizes the presence of non-conducting (benign malignancy
tumor) impurity. GREIT plots the similar curios to ‘blobs’ as shown in Figure 4. This is simpler for an
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administrator to determine such blobs and recognize the existence of data errors. It shows limited shape
deformation of the object.

Sheffield backprojection inclines to plot measurement artifacts to ‘streaks’. These streaks show the
situation of the tumor and in this manner bone malignancy as shown in Figure 5. The Sheffield image
reconstruction algorithm depends on the supposition that the underlying conductance dissemination of the
human body is uniform. This algorithm is officially denoted as ¢, = B(FB)™ gn here, ‘c,’ a normalized image
of conductivity values ,‘gn’ is a normalized boundary measurements vector, ‘F’ the forward transform matrix,
which takes a known conductivity distribution into boundary data (gn = Fcn) given knowledge of the
electricity injection pattems and ‘B’ a backprojection matrix [32]. Outcomes establish that the Gauss-Newton
algorithm is able to precisely reconstruct the location and outline of the object, but exhibit lesser noise
performance as shown in Figure 6.

The Gauss-Newton with data which is averaged obscures the reconstructed picture crosswise all the
averaged data frames on the other hand, can exhibit better noise performance which is estimated from
collective averaging. Thus, this algorithm is suggested when noise levels are low, when the conductivity is
changing gradually concerning the frame rate, Gauss-Newton with weighted data is a better method [33].
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Figure 4. Reconstructed image of detecting the Figure 5. Reconstructed image of detecting the
cancer cell using GREIT algorithm cancer cell using Sheffield Backprojection algorithm
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Figure 6. Reconstructed image of detecting the cancer cell using the Gauss Newton inverse algorithm

4.2. Performance comparison
The comparison between the performances of these three algorithms is shown in Figure 7. These
plots show the correlation between the algorithms as shown in Figure 7. Different contemplations were made
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in the wake of amassing the total EIT system. EIDORS gives an interface to test algorithm performance
against the parameters characterized for the GREIT algorithm: Amplitude (AR), position error (PE),
resolution (RES), shape deformation (SD), and ringing (RNG) as shown in Figure 8. The key contrast is that
GREIT structure depends on a bunch of execution necessities, while other reproduction calculations depend
straightforwardly on the basic numerical models that express the performance requirements expressly.
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Figure 8. Parameters defined for the algorithms

Phantom tumors were properly recognized and separated from non-destructive tissue based on
impedance. In ampliitude and phase at 1 kHz and 100 kHz, the areas of low impedance tumor distinguished
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had impedance contrasts from the normal tissue larger than the standard deviation in impedance in the tumor
position. In Sheffield Backprojection and Gauss-Newton, the reconstructed images illustrate spatial non-
consistency in the amplitude of image, location, and resolution, which make explanation of regional air
circulation tough and error-prone. GREIT method does not introduce such problems. Sheffield back-
projection performs well for objects on which are far from the medium limit; close to the boundary, it creates
smearing artifacts. GN reconstruction creates perfect ringing artifacts, yet in any case illustrates great
execution with perfect resolution. A little lesser resolution than Gauss-Newton algorithm is provided by
GREIT, yet this algorithm provides more steady resolution with so small ringing artefacts, keeping similar to
the consensus prerequisites [33]. Gauss-Newton algorithm gives us better reconstructred pictures regarding
shape and size of tumour. A drawback of Sheffield backprojection reconstruction algorithm is that it is a
hindrance to interpretation of EIT images since the reconstructed images are not described well. This issue
can be solved by GREIT method.

5. CONCLUSION

As electrical impedance tomography is a cost-effective and radition-free method for patients, it has
the probabilities of taking place of the other medical imaging techniques in near future. The development of
different algorithms for reconstruction of images is an important part of the research. In this research, three
different algorithms have been tested and verified on a phantom model of bone and their performance is
compared precisely to identify their suitability in different conditions. The limitations of Sheffield
backprojection and Gauss-Newton reconstruction algorithm can be solved by GREIT algorithm. These
observations are feasible able to open a new era in the detection of bone cancer. It is an ongoing project and it
can be applied to a real bone in future. In future, noise removal from the voltage signal can be done. Some
study to identify the false positives and remove these problems can be done also in future for getting accurate
result.
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