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Abstract  
Soft tissue Elastography is a well-established technique that has 
received substantial attention in recent years in the detection and 
classification of tumors. The core target of elastography in the 
field of breast imaging is to identify the tumor at its early stage, 
providing a non-invasive method for obtaining the mechanical 
properties of tissue in the breast. Theoretically, elastography data 
can be utilized to obtain the Young’s Modulus distribution of the 
targeted soft tissue region. However, elastography techniques are 
only able to extract the distribution of strain in the selected area. 
The strain data can be calculated from ultrasound based imaging 
techniques. To obtain the actual Young’s modulus requires the 
knowledge of stress distribution around that region, which is 
challenging in different aspects. A number of research groups are 
working on prediction of stress distribution of tissue. In this 
paper, we investigate the error between the simulated results to 
the actual value of stress distribution, from differing external 
sides of the tissue, as well as based on the location of the tumor. 
This error, based on the location, presents the order of challenges 
that must be overcome in order to predict the stress 
distribution.        . 
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1. Introduction 

Elasticity imaging is a technique which provides 
information about the mechanical properties (e.g.,elasticity 
or elastic modulus, such as Young’s modulus) of tissue. It 
utilises this information to distinguish between normal soft 
tissue and cancerous hard tissue. This makes it useful in 
the detection of Breast cancer at an early stage. The death 
rate of breast cancer is very high amongst women. It is the 
second-leading cause of cancer deaths among women in 
the United States [1]. Almost one-third of the patients 
affected with breast cancer could survive if their cancer is 
detected at an early stage and treatment is provided in 
accordance. Worldwide, nearly 400,000 lives could be 
saved a year as a result of early detection of cancer [2]. 

Available breast cancer detection techniques like clinical 
breast examination (CBE) or X-ray mammography have 
low sensitivity compared to Breast magnetic resonance 
imaging (MRI) [3]. However, MRI is costly and does not 
provide much specificity for breast cancer diagnosis [3] 
Dynamic contrast-enhanced MRI (DCE-MRI) technique 
provides acceptable sensitivity as well as specificity for 
differentiating between benign and malignant lesions [4]. 
Nevertheless, DCE-MRI is not only costly but also 
requires exogenous contrast agents to be injected to have 
such contrast. Elasticity imaging is a technique for breast 
cancer detection which employs tissue stiffness as a 
contrast mechanism. The technique is established on the 
fact that the pathological state of the breast cancer highly 
correlates with their mechanical properties, such as 
Young’s modulus (or shear modulus) and viscoelasticity 
[5]. 
Conventional elasticity imaging displays strain images. 
Elastography which uses quasi-static compression [6] is 
considered to be the most established approach. It 
estimates the strain within the tissue, which can be 
interpreted to measure the Young’s modulus distribution 
indirectly, as the Young’s Modulus is a relationship 
between the stress applied and the strain resulting. Here 
assumption of a constant stress field within the tissues is 
made. However, the stress within the tissues decays with 
depth and concentrates at the boundaries of inclusions [6]. 
Due to the non-uniform stress distribution within the tissue, 
several mechanical artifacts could exist in the axial strain 
image and may compromise the diagnosis in the clinic [8]. 
To overcome this limitation, many researchers are devoted 
to reconstructing the Young’s or shear modulus within the 
tissue by using certain constraints and the estimated 
displacements or strains [9-11]. 
Many investigations have been performed using motion of 
the ultrasound probe as thesource of quasistatic mechanical 
excitation [14]. Tissue compresses when the probe is 
pushed firmly against the surface, and relaxes when the 
probe is held lightly. If motion of the ultrasound probe 
causes a uniform change in the axial component of 
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longitudinal stress, then strain at each point in the image is 
inversely proportional to Young’s modulus, if the behavior 
is isotropic linear-elastic. M. K. Metwally et al. [15] done 
some work to show the influence of the anisotropic 
mechanical properties of the breast cancer on 
Photoacoustic Imaging (PI). Is a completely simulation 
based work which shown the impact of the anisotropic 
behavior of the tumor. 
In this work, error is calculated between theoretical and 
estimated Young’s moduli found from simulation, based 
on location of tumor. We investigate the influence of 
position of the tumor to estimate the modulus and which 
provides an effective guideline to make the modulus 
reconstruction system more robust. 

2. Method 

2.1 The Tissue Model 

A model of breast tissue is created using COMSOL 
Multiphysics software. COMSOL Multiphysics is a cross-
platform finite element analysis, solver and multi-physics 
simulation software [3]. It allows for the creation of a 
conventional physics-based user interface. The size of the 
overall model is taken as 3 cm with and 3.6 cm depth. The 
tumor is modeled by 1 cm diameter circular structure and 
placed in different positions for analysis. Skin and fat 
tissue depth is taken as 0.1 cm and 0.5 cm respectively 
where the width is 3 cm.  
 

 

Fig. 1  Geometry of the FE model of breast tissue 

Water is the selected material used to represent various 
parts of the model. Distinctions were made between soft 
tissue, tumor, skin and fat by varying the mechanical 
properties. The altered properties included the Poisson’s 
ratio and Young’s modulus according to the literature [14]. 
Poisson’s ratio is the ratio of the proportional decrease in a 

lateral measurement to the proportional increase in length 
in a sample of material that is elastically stretched. Young's 
modulus is a measure of the ability of a material to 
withstand changes in length when under lengthwise tension 
or compression. Sometimes referred to as the modulus of 
elasticity, Young's modulus is equal to the longitudinal 
stress divided by the strain. Poisson’s ratio is taken as 
0.495 for soft tissue, tumor, skin and fat. Young’s modulus 
is considered as 10 kPa, 40 kPa, 200 kPa and 1.5 kPa for 
soft tissue, tumor, skin and fat respectively.  It is assumed 
that bone is at that side. All the other sides were left free 
for movement. 

Table 1: Mechanical properties of tissue components of breast 
Tissue type Poisson’s ratio Young’s modulus 
Soft tissue 0.495 10 kPa 

Tumor 0.495 40 kPa 
Skin 0.495 200 kPa 
Fat 0.495 1.5 kPa 

2.2 Variation Of Tumor Position 

The tumor is placed in three different location inside the 
soft tissue. Naturally the tumor can be very close to the 
skin or it can be little bit far or even far away from the skin. 
We modelled our simulation based on those natural 
position of the tumor. Considering the lower left corner as 
the center (0,0) of the model, the tumor’s center is placed 
at Position-01 (1.5,2.0), Position-02 (1.5,1.5) and Position-
03 (1.5,1.0). The tumor position is changed vertically but 
not horizontally. For horizontal change of tumor position, 
the effect of skin at upper side and the effect of bone at 
lower side is the same. Therefore, vertical changes have 
been made to calculate the error closer to skin and closer 
to the bone. 
 

 

Fig. 2  Tumor at top side of the soft tissue (Position-01) 
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Fig. 3  Tumor at middle of soft tissue (Position-02) 

 

Fig. 4  Tumor at bottom side of the soft tissue (Position-03) 

2.3 Young’s Modulus Reconstruction 

For Young’s Modulus reconstruction, stress and strain 
values are required. In a practical scenario, compression is 
made by the ultrasound probe. The stress field is usually 
non-uniform, so strain data are ambiguous, but strain 
imaging is the simplest way of displaying quasistatic 
deformation data to provide a visual indication of variation 
in mechanical properties [7, 15]. 
In our model we utilizes a fixed displacement of 0.03 cm 
to represent the compression from an ultrasound probe. 
Stress and strain values are then found directly from the 
simulation. Both the stress and strain value points are 
depends on the mesh pattern of the model. Here we have 
108,661 data point. In the multiphysics software the data 
points are in random position. This data set is channelized 
to MATLAB for future calculation. Young’s Modulus is 
calculated based on those data set. 

 

(a) 

 

(b) 

 

(c) 

Fig. 5  Ultrasound probe is pressed at the top surface which is 
represented by fixed displacement of 0.03 cm; (a) Fixed displacement 
field is applied at the top surface, (b) Stress distribution found from 

Comsol Multiphysics, (c) Strain distribution found from Comsol 
Multiphysics 
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In our analysis an average value of stress is calculated by 
the obtained stress data. This average value of stress is 
assumed as constant for all the portions of the model. This 
average stress value, alongside respective absolute values 
of strain at each point of the model, is then considered to 
calculate the Young’s modulus. It defines as the Calculated 
Young’s Modulus value, which varies from the Actual 
Young’s Modulus value. Actual Young’s Modulus data 
also exported to excel database and hence to MATLAB. 
 

   (1) 

 (2) 
 
Where  and  are the row and column position of the grid 
respectively. n (n = 361) and m (m = 301) are the number 
of row and column of the grid respectively. 
 

 

(a) 

 

(b) 

Fig. 6  (a) Actual Young’s Modulus distribution found from MATLAB, 
(b) Calculated Young’s Modulus distribution found from MATLAB 

2.4 Error Estimation 

The percentage of error between the Actual Young’s 
Modulus and the Calculated Young’s Modulus are 
calculated for different position of the tumor. Deviation or 
error from actual result is calculated both inside and 
outside the tumor. The error inside the tumor is calculated 
for the position marked with the red box in the figure. The 
error outside the tumor is calculated for seven positions: 
Upper side, Lower side, Left side, Right side, Diagonal-1, 
Diagonal-2 for all the different position of the tumor. 
 

                      (3) 
 

 

 

 

Fig. 7  Various positions for error calculation. 

The error was calculated for all seven positions using the 
proposed model of Position-01. After that the position of 
the tumor is changed vertically (Position-02) and the error 
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calculation was repeated for all seven positions.  The 
whole process is similarly repeated for Position-03. 

3. Results and Discussion  

Table 2 shows the percentage error values for all the 
positions we considered. The values have been plotted and 
shown in Figure 8. From the graph we find that the error 
inside the tumor is almost the same and very small for all 
three positions. In the case of error outside the tumor, for 
all positions, the error increases with depth, except in the 
case of Diagonal-1. For Diagonal-1, the error is greater at 
Position-01, which is closer to the skin. Then error 
decreases at Position-02, and again increases slightly at 
Position-03. It can be also observed that the deviation is 
very high for the lower side of the tumor when we consider 
the tumor is far from skin. In case of upper side the error 
deviation is very negligible. For right side and left side the 
error are the same and they are supper imposed in the 
diagram. 

Table 2: Percentage of error for various positions (Applied displacement 
0.3 cm) 

 
Inside 
Tumor 

Upper 
side 

Lowe
r side 

Right 
side 

Left 
side 

Di
ag
1 

Di
ag
2 

P-
01 14.3 25.0 49.8 41.5 41.5 48 37 
P-
02 13.3 35.6 79.5 58.5 58.5 18.

95 
43.
8 

P-
03 15.6 39.1 188 83.2 83.2 27.

96 
74.
4 

 

 

Fig. 8  Percentage error for various positions 

 

Fig. 9  Percentage of error for different orientation 

This study aimed at investigation the influence of the 
position of the tumor, with respect to the skin, on the 
modulus reconstruction. The investigation is done by using 
the COMSOL Multiphysic and MATLAB software. Here 
the COMSOLE Multiphysic helps to understand the model 
and to get the strain and stress value of all the points of the 
model. MATLAB gives the freedom to do the calculation. 
The simulation result demonstrate that modulus 
reconstruction may not face any challenge inside the tumor 
itself. On the other hand the prediction algorithm will face 
challenges to predict the modulus for the lower location of 
the tumor when that is far away from the skin and it will 
gradually increase the prediction error. For a single 
symmetric tumor the error rate on both left and right side 
will behave same but for multi tumor case it might be 
different.   

4. Conclusions 

The error calculation method we used in this paper takes 
into account realistic boundary conditions and the non-
uniform distribution of stress, leading to a reliable Young’s 
Modulus reconstruction. This work can help to improve 
the modulus reconstruction technique hence the elasticity 
imaging technique by providing useful information about 
noise induction for different location of tumors. This will 
lead to contribute to the improving the accuracy of 
detection of breast cancer through elasticity imaging, 
which is still in a developmental state. Conventional 
elasticity imaging shows strain images, and can provide 
improved ability to determine the lesions’ location and 
shape when compared to the corresponding B-mode 
imaging, which is more commonly used for breast cancer 
detection. Although current approaches impose 
assumptions about the response of tissues to mechanical 
stimuli and are forced to create images with limited 
sensory information from the imaging device, they 
nevertheless provide unique diagnostic information about 
structure and function. Similar work can be done for multi 
number of tumor for different location and with the 
combination.   
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