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Abstract—MR Elastography is a new technique using 
conventional MRI system to assess the elastic properties of 
tissues. When using pneumatic driver, usually one driver was 
put at one place of tissue. But the shear wave generated by one 
pneumatic driver cannot illuminate the large area due to the 
attenuation. So we use two pneumatic drivers driven 
synchronously to generate interference shear wave in our 
experiments. The results from the phantom study show the 
interference wave pattern generated by the twin pneumatic 
drivers can compensate the attenuation of the shear wave when 
propagating in phantom. Also, a finite element modeling was 
used to simulate twin pneumatic driver datasets. It is hoped 
that by twin pneumatic drivers, we can illuminate the whole 
brain; the liver and large areas in-vivo. Further study will be 
conducted with the twin pneumatic drivers in ex-vivo and in-
vivo studies.  
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I. INTRODUCTION 

  MR Elastography is a new technique using conventional 
MRI system to assess the elastic properties of tissues [1]. To 
generate shear wave in tissue, there are three kinds of drivers: 
pneumatic driver; piezoelectric driver and electromagnetic 
driver [2-4]. When using pneumatic driver, usually one 
driver was put at one place of tissue. But the shear wave 
generated by one pneumatic driver can hardly illuminate the 
whole large area like whole brain and liver due to the wave 
attenuation. In order to compensate the wave attenuation, we 
use twin pneumatic drivers in our experiment. We have 
already use twin electromechanical driver in our formal 
experiments [5] and get good results. The purpose of this 
study is to determine whether the twin pneumatic drivers can 
compensate the shear wave attenuation.  

II. METHODOLOGY 
The pneumatic driver is designed by Mayo Clinic [2]. 

Fig. 1 shows the setup of the pneumatic driver. The speaker 
drives air propagates in the attached tube connected to the 
driver. The membrane of the driver is put on the gel 

phantom, and vibrates to generate shear wave propagating in 
the phantom. The drum-like driver and tubes are all plastic.   

 
Fig. 1.  The schematic of the pneumatic driver 

 
 Fig. 2 depicts the configuration of the twin pneumatic 

drivers. We put two pneumatic drivers symmetrically on the 
both sides of pure tissue-simulating gel phantom. The two 
pneumatic drivers are driven synchronously by the same 
source.  

 
Fig. 2.  The configuration of the twin pneumatic drivers 
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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. 
Seven slices (Slice Thickness= 2 mm) through the phantom 
were acquired. The field-of-view (FOV) was 128 mm; and 
the matrix size was 64² leading to an isotropic voxel size of 
2 mm in all three directions. Four dynamics images were 
measured with TR= 420ms at 100Hz excitation frequency, 
leading to an acquisition time of 109s to obtain one 
component of the displacement.  

 
The shear stiffness can be calculated using the following 

equation:    
                            μ=ρ f ²λ²                                           (1) 

where μ is the shear modulus, ρ is the density of the material 
(which is taken as constant and equal to water, 1.0 g/cm3), 
f  is the excitation frequency and λ is the shear wave 

wavelength determined from the wave images.  

III. RESULTS 
Fig. 3 and Fig. 4 show the wave pattern images at 100Hz 

excitations generated by the single pneumatic driver and 
twin pneumatic drivers respectively. The shear wave 
generated by single pneumatic driver put on the top of the 
phantom attenuates seriously in the bottom. The twin 
pneumatic drivers generate interference wave pattern. The 
wave is clear all through the phantom. The profiles show the 
wave profile along the red line in phantom. In both case, the 
pneumatic drivers are driven in same frequency and same 
power.  

 
Fig.   3. Wave image obtained from the single pneumatic 

driver on phantom and the profile along the red line 
 

 

 
Fig.   4. Wave image obtained from the twin pneumatic 

drivers and the profile along the red line 
 
By comparing Fig. 3 and Fig. 4, we can see that the shear 

wave generated by the pneumatic driver is attenuate 
seriously when propagating in the phantom. By putting twin 
pneumatic drivers on phantom, the interference wave pattern 
can compensate the attenuation effectually.  

A finite element modeling software “Comsol 
Multiphysics,” was used to simulate twin pneumatic drivers’ 
datasets. The rectangle represents the pure gel phantom in 
experiment. And the wave sources are on the two sides of 
the rectangle. In Fig. 5, we also can see the interference 
wave pattern and the wave is clear along the red line. By 
compare the interference wave images and line profiles from 
experiments and models, the models can simulate the 
experiment results well. 

   
Fig.   5. Interference image pattern from modeling and 

the profile along the red line 
 

IV.    DISCUSSION AND CONCLUSION 

Usually we put one pneumatic driver at one place of 
tissue. But the shear wave generated by one pneumatic 
driver can hardly illuminate the whole large area like whole 
brain and liver due to the shear wave attenuation. In order to 
compensate the wave attenuation, we use twin pneumatic 
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drivers in our experiment. The results from the phantom 
study and modeling indicate that using the twin pneumatic 
drivers can effectually compensate the attenuation of shear 
wave propagating in gel phantom. By twin pneumatic 
drivers, we can illuminate the large area in-vivo like the 
whole brain [6] and it’s hoped that we can use it in liver.

Further study is planned to use the twin pneumatic drivers 
set in ex-vivo and in-vivo studies of brain and liver.  
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