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Soft tissue’s cancers are related to major variations in the mechanical properties of the tissue. In
recent years, number of developing techniques have been introduced for early detection of soft
tissue’s cancers. The major advantage of these methods over the common available techniques is
that, while being noninvasive to the body, the accuracy of detection is noticeably increased. This
article intends to analyze mechanical behavior of the breast tissue by considering Mooney-Rivlin
hyperelastic model. Coefficients of the model are defined by using series of experimental
mechanical datasets. For this purpose, mechanical device is designed and fabricated based on
new non-invasive method named Artificial Tactile Sensing (ATS). The device is examined on
patients in the age range of 20 to 50 years referred to as “Jahad Daneshgahi Breast Diseases
Clinic” while considering Helsinki agreement’s protocols. Due to wide anatomical variations of the
breast tissue in individuals, 40 speci ied regions ar examined on the tissues of all attended cases.
Experimental stress versus strain datasets are collected for 40 test points. To achieve reliable
and optimized model, genetic algorithm (GA) is used for calculating Mooney-Rivlin’s coefficients.
Results confirmed that an accurate model can be afforded to estimate the soft tissue’s mechanical
behavior with the least error. The model is suitable for disease diagnosis and follow-up
procedure.
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3- Autonics E50S8, South Korea
4- HP USA  

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

                     

  

136  139415 9  

2-2-  
8 20 50 

1 .
  

-    
- 

  
- 

 
  

2 
  .

)LIQ  UIQ(
UOQ)LOQ( 2 

 .2

 .

 .
 8  

 
 UOQ LIQ

  

2-3- 

 .3 
( ) 

4 
.( )  

 ]25[ .1   

  
2    

  

1- Helsinki agreement  
2- Nipple
3- Strain energy density function 
4- Stretch ratio 

= )1(

) 1(  .
  

  .
  .

 
 )  2 (

 ) 2(
  

 

)   .3-5 (  .
) 2 -5(1 6  .

26 
) 7 (

]26[ .
  

)2(= ( 3) + ( 3)

)3(= + +

)4(= + +

)5(= & = =
1

)6(= 2 +

)7(= 2 +
2

+
1

=  

2-4 -    

 .3 
 .

8 40 
200 300 

 .)  8 (

 ( ) 
 . 

  

)8(5
=

3 - 
8 40   

  

5- Cost Function 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

                     

139415 9  137  

 UOQ LIQ  .1
 

 .1  

 .
1  .UOQ 

LIQ    

3-1-  UOQ

) 123  ( .
4 4 )  

125 8 (3  .

 . 

  .
 .

4 
 .

1   .
  

 
  

 125 8 12 
) 5 .(  

   
 

 

 

 

 

 

 

 
  

 3   
  

  

 2  

  .4 5  

12 3  .
12 

3  .12 
  

6 
 .

2 
2 

 .
 .

  

4 3 
  

5 12 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

                     

  

138  139415 9  

6   

3-2- LIQ  

 .
7 2378 

 .7  

 .

  
8 

245 6  .8 
 
 

26  .  
  

  
7 7 

1    
  

  

(mm)

 

- 30/474 0525/5 2205/0 2/17 5
0

1
- 83/247 - 3870/4 5726/0 1
+ 81/162 - 0205/1 2853/0 3
- 93/349 1240/0 2241/0 7
- 2/223 - 7392/2 4274/0 9
- 80/193 - 2159/1 1905/0 4/8 2

0
2

- 16/280 - 0174/5 8306/0 3
+ 45/2520 4469/5 4559/0 8-7
- 84/181 - 2322/1 4327/0 10
+ 51/738 - 8266/3 6822/0 12
- 27/1030 0441/3 9522/0 1/14 4

8
3

+ 81/201 5864/0 3591/0 3
- 69/250 0216/5 1033/0 7
- 13/206 5158/1 7206/0 9
- 7/317 2750/3 8889/0 12
- 63/92 4088/0 0648/0 1/14 3

6
4

- 49/315 9802/0 1940/0 2
- 7/158 - 7367/0 2455/0 6
- 33/135 3870/0 0477/0 8
- 71/99 8712/0 2114/0 12
- 42/92 1322/0 1225/0 9/21 4

0
5

- 23/364 - 3603/0 1031/0 2
- 98/201 8732/0 1466/0 6
- 40/135 6018/0 1017/0 8
- 54/158 3129/0 1381/0 12
- 74/1630 9790/9 1479/0 4/11 3

5
6

- 53/233 - 0884/0 3260/0 2
- 57/233 - 6955/2 5121/0 6
- 65/1759 9945/9 2141/0 8
- 93/350 0326/3 5055/0 12
- 70/51 1423/0 2089/0 2/9 2

8
7

- 14/235 4530/4 7567/0 3
- 74/144 7388/8 -

5217/0
7

- 74/482 - 1801/1 8544/0 9
- 37/126 2190/2 5957/0 12
- 74/171 2050/0 2248/0 1/14 4

9
8

+ 13/449 - 2622/3 0541/1 3
- 15/363 - 6424/0 1576/1 7
- 17/267 8861/1 7756/1 9
- 10/233 2609/4 -

0913/0
12

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

                     

139415 9  139  

8 8 
  

  
9 LIQ 
 .

137 8  .
9 

 .
1 

 )  50  (
 .

  
UOQ LIQ 

 

   .  

9 9 
  

 ) 
  

 
 2  .

10 8 
378912

  11 12 

 .

25 %75 %
 .25 75 

 .1 8 
7 9  .

7 
 .

 . 2 9 
7 8  .

 3  7  
   

4 -  
  

2  UOQ  LIQ  

   

C2C1

UOQ2153/0-4893/031/280
LIQ6616/24628/02/158

2785/22665/063/92

10 
8 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

                     

  

140  139415 9  

 .

 .8 

 .
40  . 

 .

 .
40 

UOQ LIQ  .

 .
 .

  
  

  
11 C1 

8 

12 C2 
8 

  

5 - 
[1] A. Jemal, F. Bray, M. M. Center. J. Ferlay, E. Ward, Forman. Global cancer

statistics. CA: cancer journal for clinicians 61(2), pp. 69-90. 2011
[2] M. E. Akbari, Head of Cancer Research Center of Iran. Interview with

IRNA (Islamic Republic News Agency). Accessed July 2014;
http://www.irna.ir/fa/News/81230172/

[3] P. Boyle, B. Levin. World cancer report 2008.
http://www.cabdirect.org/abstracts/20103010665.html Accessed 2008 

[4] International Agency for Research on Cancer, 2013 
[5] World Cancer Report 2014. World Health Organization. pp. Chapter 1.1.

ISBN 9283204298. 2014
[6] H. Mehrabian, A. Samani. An Iterative Hyperelastic Parameters

Reconstruction for Breast Cancer Assessment. Medical Imaging, 2008
[7] F. A. Duck. Physical Properties of Tissues: Comprehensive Reference

Book London: Academic Press. 1990 
[8] T. A. Krouskop, T. M. Wheeler, F. Kallel, B. S. Garra and T. Hall. Elastic

moduli of breast and prostate tissues under compression, Ultrasonic
Imaging vol. 20, pp. 260-274, 1998.

[9] A. S. Khalil, B. E. Bouma and M. R. K. Mofrad. combined FEM/genetic
algorithm for vascular soft tissue elasticity estimation. Cardiovascular
Engineering 6(3), pp. 93-102. 2006

[10] A. R. Karimi, M. Navidbakhsh, B. Beigzadeh. visco-hyperelastic
constitutive approach for modeling polyvinylalcohol sponge, Tissue and
cell 2013

[11] H. Khajehsaeid, J. Arghavani, R. Naghdabadi. hyperelastic constitutive
model for rubber-like materials. 2012

[12] M. Sasso, G. Palmieri, G. Chiappini, D. Amodio. Characterization of
hyperelastic rubber-like materials by biaxial and uniaxial stretching
tests based on optical methods, Polymer testing 2008

[13] A.P. Åstrand, V. Jalkanen, B.M. Andersson and O.A. Lindahl. Contact Angle
and Indentation Velocity Dependency for Resonance Sensor—
Evaluation on Soft Tissue Silicone Models. Journal of Medical
Engineering&Technology pp. 185-196.  

[14] A.P. Åstrand Flexible Resonance Sensor System for Detection of Cancer
Tissue—Evaluation on Silicone Lic. Thesis, Chapter 4, pp. 5-8. Umea
University, Umea 2012

[15] A.P. Åstrand, V. Jalkanen, B.M. Andersson and O.A. Lindahl. Detection of
Stiff Nodules Embedded in Soft Tissue Phantoms, Mimicking Cancer
Tumours, Using Tactile Resonance Sensor, Biomedical Science and
Engineering, pp. 181-193, 2014

[16] G. Y. Zhang, A. Wittek, G. R. Joldes, X. Jin K. Miller “A three-dimensional
nonlinear meshfree algorithm for simulating mechanical responses of
soft tissue”.Engineering Analysis with Boundary Elements pp. 42, 60-66.
2014

[17] P. Boonvisut, M. C. Cavusoglu. Estimation of soft tissue mechanical
parameters from robotic manipulation data., IEEE/ASME Transactions on
Mechatronics, Vol. 18, No. 5 ,pp. 1602-1611, 2013

[18] M. Mooney. theory of large elastic deformation, Journal of Applied
Physics 11(9), pp. 582-592. 1940

[19] R. S. Rivlin. Large elastic deformations of isotropic materials. IV.
Further developments of the general theory, Philosophical Transactions
of the Royal Society of London. Series A, Mathematical and Physical
Sciences 241(835), pp. 379-397. 1948 

[20] M. Pawlikowski, Non-linear approach in visco-hyperelastic constitutive
modelling of polyurethane nanocomposite. Mechanics of time-dependant
materials, Vol. 18, Issue. 1, pp. 1-20, 2014 

[21] A. Mojra, S. Najarian, SM TowliatKashani, F. Panahi, Yaghmaei. novel
haptic robotic viscogram for characterizing viscoelastic behavior of
breast tissue in clinical examinations. International Journal of Medical
Robotics and Computer Assisted Surgery 2011

[22] A. Mojra, S. Najarian, SM TowliatKashani, F. Panahi, M. A. Tehrani.
novel robotic tactile mass detector with application in clinical breast
examination. International Journal of Minimally Invasive Therapy and
Allied Technologies printed online on September 16, 2011.
(doi:10.3109/13645706.2011.602087). 2011

[23] A. Mojra, S. Najarian, SM TowliatKashani, F. Panahi. novel tactile-
guided detection and three-dimensional localization of clinically
significant breast masses International Journal of Medical Engineering
&Technology,printed online, 2011.

[24] S. M. Hosseini, S. M. TowliatKashani, S. Najarian, F. Panahi, A. Mojra.
Medical Tactile Sensing Instrument for Detecting Embedded Objects
with Specific Application for Breast Examination, International Journal of
Medical Robotics and Computer Assisted Surgery 2010 Mar; 6(1):73-8.
2010

[25] M. M. Attard, G. W. Hunt. “Hyperelastic constitutive modeling under
finite strain”. International Journal of Solids and Structures 41(18), pp.
5327-5350. 2004

[26] D. R. Veronda, R. A. Westmann. “Mechanical characterization of skin—
finite deformations”.Journal of biomechanics 3(1), pp. 111-124. 1970 

 
C 1

 
C 2

www.sid.ir

