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Abstract—Magnetic Resonance Elastography (MRE) is a 
phase-contrast technique using conventional Magnetic 
Resonance Imaging system to visualize propagating shear 
waves and study the stiffness of tissues. Usually, shear 
vibrations are applied to the surface of tissues by means of 
mechanical driver at one point. But in femoral artery study, the 
shear wave generated by the single driver on the surface of 
thigh cannot reach the femoral artery behind vein because of 
the blockage from the vein. In this study, the twin drivers set 
developed in our laboratory is used to overcome the problem. 
By using twin drivers driven simultaneously, interference shear 
wave pattern is generated. MR Interference Elastography is 
using interference shear wave image to study the stiffness of 
tissues. And, a finite element modeling was used to simulate 
single and twin driver datasets. The method was applied to in-
vivo human’s femoral artery. And the result demonstrates the 
feasibility of this method. Further study will be conducted with 
the twin drivers in more in-vivo studies. 
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I. INTRODUCTION 

Magnetic Resonance Elastography (MRE) is a phase-
contrast technique to visualize propagating shear waves and 
study the shear properties of tissue [1]. Recently, D. A. 
Woodrum et al. show that MRE can be applied to 
quantitatively assess the stiffness of blood vessels [2]. 
Typically, the excitation wave is produced by a single driver 
placed at one point on the surface of the object. But the shear 
wave generated by one driver can be easily blocked by 
vessels or bones or other structures when propagating in the 
tissue. In femoral artery study, the shear wave generated by 
the single driver on the surface of thigh cannot reach the 
femoral artery behind vein because of the blockage from the 
vein. In this study, the twin driver set developed in our 
laboratory [3] is used to generate two synchronous shear 
waves to overcome this problem. In our former experiments, 
the elastogram of phantom is shown to be more 
homogeneous and has fewer artifacts along the boundaries in 
twin drivers case [3]. By using twin drivers driven 
simultaneously, interference shear wave pattern is generated. 
MR Interference Elastography is using interference shear 
wave image to study the stiffness of tissues. A finite element 
modeling software “Comsol Multiphysics,” was used to 

simulate single and twin driver datasets. The method was 
applied to in vivo human’s femoral artery. 

II. THEORY 

The propagation of an acoustic wave in a locally 
homogeneous isotropic viscoelastic medium is described by 
the following partial differential equation (PDE) [4] 
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(1)                      
where u denotes the displacement vector u(x, t), ρ is the 
density of the material (which is taken as constant and equal 
to water, 1.0g/cm3), μ is the shear modulus, λ is the second 
Lamé coefficient, ζ is the shear viscosity accounting for 
attenuation within the medium, and ξ is the viscosity of the 
compressional wave.  

In considering shear waves only, we apply the curl-
operator to (1), and the equation becomes: 

2 2 2 , ,q q i q q u q Cρω μ ως− = ∇ + ∇ = ∇× ∈              (2) 
There are only two unknown parameters in the above 

equation: μ the shear modulus and ζ the shear viscosity.   
 
The equation of shear wave interference from two 

identical shear wave sources is deduced as following. 
Considering two plan wave sources with separation D, the 
right traveling shear waves can be expressed as:  
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The left traveling shear waves can be expressed as:  
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Both waves decay exponentially with coefficient α. 
When 1 2ω ω ω= = , 1 2k k k= =  the interference patterns 

are the superposition of the two waves: 
right left

W W+  

The square signals envelope is:  
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2 exp( / 2)[cosh(2 ) cos(2 )]D αx ikx= +  
The shear wave interference pattern has the same 

frequency as the original wave source. 
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III. MATERIAL AND METHODS 

A. Twin Drivers 
The electromechanical driver consists of an electrical coil 

that generates motion to the rod attached. Alternating current 
was applied to the coil via a signal generator and power 
amplifier, and was triggered by the pulse sequence. This 
current created a magnetic field orthogonal to the main 
magnetic field, resulting in vertical oscillating motion of the 
rod. The other end of rod was attached to a rigid plate with 
two contact points placed symmetrically. Vertical motion 
was transmitted to the contact points simultaneously and 
caused two synchronous shear waves to propagate through 
the phantom. Fig. 1 shows the configuration of the twin 
drivers set. 

 
Fig.   1. The configuration of the twin drivers set 

B. Porcine Gel Phantom 
The vessel phantom model of thin-walled tubing was 

used in the experiment to mimic the artery. Fig. 2 shows the 
schematic of the gel phantom. The thin-walled tubing was 
made of 15% porcine powder, filled with pure water. The 
Background phantom was made of 8% porcine powder. The 
wall of the tubing phantom is 1.8mm thick. The diameter of 
the tubing is 12.5mm.  

 

 
Fig.   2. Schematic of the vessel phantom 

C. Phantom measurement 
Images were obtained on a Philips Intera Achieva whole 

body imager operated at 3.0 Tesla using a SENSE Flex-M 
coil. The MRE pulse sequence was a motion sensitized 
(using sinusoidal displacement encoding gradients) spin 
echo sequence, phase-locked to the mechanical excitation. 
Data Acquisition parameters for MRE are: TR 520-534ms, 
TE 25-30ms, matrix size 128², FOV 96mm and slice 
thickness 2mm. Seven adjacent slices through the phantom 
were acquired. Harmonic mechanical waves were applied at 
frequencies of 100 Hz, 150 Hz and 200 Hz respectively. 

By estimating the wavelength of the shear waves from the 
acquired MRE images, the shear modulus was calculated by 
means of Helmholtz-Hodge decomposition [5]. 

D. In Vivo Human Artery 
To assess the feasibility of the method in-vivo, we 

performed experiments on one healthy male volunteer (24 
years old, 80kg), examining the common femoral artery in 
groin because the femoral artery is very surface here. The 
subject was placed into the MRI scanner with a harmonic 
mechanical driver applied over the femoral artery at the 
femoral head with a SENSE Flex-L coil over the thigh. 
Stimulation was then performed at 85-100 Hz using the 
image parameters: TR 247-270ms, TE 29-30ms, matrix size 
144², FOV 144mm and slice thickness: 1.5-2mm. Five 
adjacent slices through the thigh were acquired. Harmonic 
mechanical waves were applied at frequencies of 85Hz and 
100 Hz respectively. 

IV. MODELING 
A finite element modeling software “Comsol 

Multiphysics,” was used to simulate single and twin driver 
datasets. Experiments were done on a pure phantom with 
single driver on one side and twin drivers on both sides 
driven simultaneously. Figure 3(a) shows a comparison of 
the wave images by single driver of the experimental 
datasets and the predicted datasets, Figure 3(b) shows the 
line profiles along the red lines respectively. Figure 4(a) 
shows a comparison of the wave images by twin drivers of 
the experimental and the predicted datasets, Figure 4(b) 
shows the line profiles along the red lines respectively. The 
green arrows represent the locations of the drivers on the 
phantom. And blue arrows represent the sources in the 
modeling. 

By compare the wave images and line profiles from 
experiments and models, the models can simulate the 
experiment results well. Due to noise, propagating wave far 
away from source becomes weaker in experimental results 
than in model. By comparing the profiles in Figure 3 and 
Figure 4, it can indicate that the models could be used to 
predict the shear wave propagating in tissue-like phantom 
and the interference shear wave image.  

 

 
Fig.   3. Wave image in single driver case 
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Fig.   4. Wave image in twin drivers case 

 
We also use “Comsol Multiphysics” to model the shear 

wave propagating in thigh. In Fig. 5, the large semi-circle 
represents the upper part of the thigh, upper big circle 
represents the vein and the lower smaller circle represents 
the femoral artery. The blue arrow presents the location of 
single source and the two green arrows present the locations 
of two synchronous sources. The blue curves show the wave 
profiles along the red lines.  

From Fig. 5 (a), we can see the “vein” blocked most of 
shear wave propagating towards it; there is nearly no wave 
in the shadow of the “vein”. So the wave is weak around 
“femoral artery” in single source case. But in the twin 
sources case (Fig. 5 (b)), there is wave around the “femoral 
artery”, and the wall of “femoral artery” is wholly 
illuminated. The maximum wave displacement is 0.35 in 
twin sources case and the maximum wave displacement is 
0.1 in single source case. The wave displacement around 
artery in twin sources case is much greater than wave 
displacement in single source case. 

 

 

V. RESULTS 
Figure 6 shows the wave image of the thin-walled tubing 

phantom. We can see the wave propagating in the thin-
walled vessel clearly.  

 

 
Fig.   6. Wave image of the vessel phantom 

 
In the in-vivo study, we can see from the MR image 

figure (Fig. 7 (a)): the vein is on the top of the femoral artery. 
When putting one driver (the blue arrow) on surface of the 
thigh, the wave is blocked by the vein mainly. From the Fig. 
7 (b), there is nearly no wave around the femoral artery 
(represented by the yellow circle). But when putting twin 
drivers on the thigh (represented by two green arrows), there 
are still shear waves around the femoral artery (represented 
by the yellow circle in Fig. 7 (c)).   

 

 
 
Fig. 8 (b) shows the wave image along the femoral artery 

wall when putting twin drivers on thigh. Imaging 
demonstrated as propagating shear wave within the local 
musculature, with extended propagation through the femoral 
artery wall.  

 
Fig. 8 Wave image of femoral artery wall 
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VI. DISCUSSION AND CONCLUSION 

MR Elastography can be applied to quantitatively assess 
the stiffness of blood vessels. We choose common femoral 
artery to study. Drivers were put on groin because the 
femoral artery is very surface here. However, the vein is on 
the top of femoral artery and blocks most of shear wave 
propagating. Even we do not put the single driver right on 
top of the vein; the artery still cannot be wholly illuminated 
due to the blockage of shear wave by vein and by artery 
itself. To overcome this problem, we use MR Interference 
Elastography – the method using interference shear wave 
image to study the stiffness of tissues. In out experiment, we 
use twin drivers driven simultaneously to generate the 
interference wave pattern that can illuminate the femoral 
artery behind the vein.  

The results from the modeling and the in-vivo 
experiments both indicate that using twin drivers can 
effectually overcome the problem that the shear wave is 
blocked by vein when propagating along the tissue.  

It’s hoped that this method can be also used to solve the 
problem that shear waves are blocked by bones or other 
structures in tissue. Future work will be conducted using MR 
Interference Elastography in more in-vivo studies. 
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