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SUMMARY 
The originality of this study was to develop a phantom with 
a density and a mechanical behavior reflecting the biological 
soft tissue. The elastic properties (shear stiffness: µ) and 
viscoelastic behavior (viscosity: η) were determined with 
experimental (Magnetic Resonance Elastography: MRE) 
and Finite Element Modelling techniques. The shear 
stiffness was measured from the propagation of the shear 
waves, which was simulated using the same boundaries 
conditions as experimentally. The identification method 
showed similar elastic properties obtained with MRE test 
(µ = 4.09 kPa) and FE model (µ = 3.76 kPa). Moreover, data 
were in the same range as the stiffness of soft tissues. The 
viscoelastic properties of the phantom was found 
experimentally with an increase of the shear stiffness in 
function of the frequency (60 Hz, 70 Hz and 80 Hz) and also 
numerically using Voigt (η = 2.84 Pa.s), Maxwell 
(η = 17.79 Pa.s) and Zener (η = 1.97 Pa.s) models. The 
association of experimental and numerical data showed the 
feasibility of the present model to identify the elastic 
behavior of biological soft tissue.  
 
INTRODUCTION 
Characterization of biological soft tissues, with experimental 
and numerical techniques, could help for clinicians in order 
to prevent and to establish a diagnosis. Clinical imaging 
techniques such as ultrasound or magnetic resonance 
imaging provide the structural information of the tissue. 
Since a decade, new imaging techniques were developed to 
determine the mechanical properties which are of 
importance for the clinician to quantitatively evaluate the 
pathology. 
 
Thus, Magnetic Resonance Elastography (MRE) technique 
was performed in vivo on soft tissues [1,2,3], but also in 
vitro on different kinds of phantoms (bovine gel, agarose 
gel) [4,5] to measure the elastic [1,3,4,5] properties and 
viscoelastic [2] ones. In parallel to experimental methods, 
finite element models were also developed to analyze the 
impact of the applied experimental parameters on the 
mechanical properties [4]. Moreover, the simulation of the 
soft tissue mechanical behavior will allow the development 
of specific models for surgery simulation [6]. 
 
The purpose of this study is to develop a phantom with a 
density close to biological soft tissue and to simulate the 
propagation of the shear waves obtained experimentally 
with MRE technique. 
 

METHODS 
A cylindrical phantom (Diameter: 25cm) was made with a 
combination of 55% liquid plastic and 45% softener 
(LureCraft, LaGrande, USA). The mixture was heat until to 
obtain a homogeneous solution (Figure 1) which was poured 
into a cylindrical silicone mold (thickness: 5 cm). Then, the 
phantom was cool down at room temperature (23°C) before 
to undergo a MRE test.  
 

 
Figure 1:  Homogeneous phantom 
 
The phantom was placed inside a 1.5T MRI machine (GE, 
Signa HDx), resting on a round pneumatic driver which 
generates the shear waves through the phantom at three 
different frequencies (60 Hz, 70 Hz, 80 Hz). The head coil 
was used and MRE images were collected with a gradient 
echo sequence, a flip angle of 45°, a 30x30 cm field of view 
and a 256x64 acquisition matrix. Four offsets were recorded 
with a TE corresponding to the minimum echo time 
allowing for motion encoding and a TR equal to 50 ms, 
43 ms and 38 ms at 60 Hz, 70 Hz and 80 Hz, respectively. 
MRE technique provides the phase images (Figure 2A) 
showing the shear wave displacement inside the phantom. A 
white profile was manually placed in the direction of the 
wave propagation to measure the elastic properties (shear 
stiffness: µ) of the phantom, calculated with the following 
equation: µ =ρλ2f2 where λ is the wavelength, ρ=1000 kg/m3 

the phantom density and f the frequency. It is assumed that 
the phantom is composed of an isotropic, a homogeneous 
and an elastic media [1].  
 

 
Figure 2:  A: MRE phase image with a white profile drawn 
along the propagation of the shear waves. B: Shear waves 
along the profile  
 



In addition to the elastic properties, the viscoelastic 
properties, including the shear stiffness (µ) and the viscosity 
(η), were determined experimentally and numerically using 
different rheological models such as Voigt, Maxwell and 
Zener [2]. A mean squared method was used with 
MATLAB R2008b (The Mathworks Inc.) to calculate the 
viscoelastic properties of the phantom.  
 
To simulate the propagation of the shear waves obtained 
through the phase images, a 2D rectangular model 
(12.5 x 5 cm) was generated with the software ABAQUS 
6.9-1 Standard (Simulia Dassault Systems) representing a 
cross section of the cylindrical phantom. Symmetry 
conditions were applied and boundary conditions were 
placed at bottom edge with a maximal displacement of 
40 µm. In addition, sinusoidal motion was generated at the 
same experimental frequency (60 Hz). Mesh was composed 
with elements (CPS4) of 1 mm. The phantom is assumed to 
be homogeneous, isotropic, linear elastic and almost 
incompressible with a Poisson’s ratio fixed to 0.499. An 
identification process was used to determine the elastic 
properties (shear stiffness: µ) by comparing the 
experimental (MRE) and numerical (FEM) wavelengths. To 
visualize the global wave propagation inside the entire 
phantom, a 3D reconstruction was made from the finite 
element model (Figure 3). 
 

 
Figure 3:  Finite element model (A) representing the 
cylindrical phantom. B: rectangular section of the model 
with the boundaries conditions and the axis of symmetry 
allowing a 3D geometry reconstruction (C). 
 
RESULTS AND DISCUSSION 
MRE tests showed a clear propagation of the shear waves 
inside the phantom (Figure 4A) with an increase of the shear 
stiffness in function of the frequency (Table 1), reflecting 
the viscoelastic behavior of the phantom. Data of the 
viscoelastic properties were obtained with fluid (Maxwell) 
and solid (Voigt and Zener) models which also provide the 
elastic properties of the phantom. Maxwell model showed a 
higher viscosity (about 15 Pa.s) and shear stiffness (about 
1 kPa) compared to Voigt and Zener models, due to its 
property to reflect the fluid component.   
 
The comparison between the experimental and numerical 
wavelengths (Figure 4C) revealed similar shear stiffness at 
60 Hz (µMRE = 4.09 kPa vs. µFEM = 3.76 kPa). The 
identification method showed a 3.86% of error between 
wavelengths, attesting the feasibility of the FE model to 
simulate the elastic behavior of the present phantom. In 

addition, at 60 Hz the experimental shear stiffness value 
(4.09 kPa) is in the same range as the literature for in vivo 
MRE study performed on soft tissue, such as liver tissue [3]. 
This last result suggests that our phantom could be used to 
simulate the liver stiffness and in the future mechanical 
behavior for other biological soft tissues. 
 

 
Figure 4:  MRE (A) and FEM (B) results in elastic case for 
an excitation frequency of 60 Hz. C: comparison of the 
wavelength profiles.  
 
CONCLUSIONS 
The originality of this study was to develop a phantom with 
a density and a mechanical behavior reflecting the biological 
soft tissue. Finite Element Modelling is an appreciate tool to 
validate and compare results with experimental data. In 
perspective, the viscoelastic behavior of soft tissue will be 
simulated with finite element method. 
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Table 1: Shear stiffness (µ) and viscosity (η) obtained with theoretical and FE models performed on the phantom. 
 

 MRE Elastic Voigt Maxwell Zener FEM Elastic 

Test 
µ60Hz = 4.09 kPa 
µ70Hz = 4.14 kPa 
µ80Hz = 4.27 kPa 

µ = 3.85 kPa 
η = 2.84 Pa.s 

µ = 4.48 kPa 
η = 17.79 Pa.s 

µ1 = 3.82 kPa 
µ2 = 3.38 kPa 
η = 1.97 Pa.s 

µ60Hz = 3.76 kPa 


