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1. Introdaction 
  Shear wave elastography (SWE), which 

utilizes the shear wave velocity (SWV) generated in 

tissue by acoustic radiation force, has been used in 
clinical practice as a method for evaluating the 

stiffness of tissues by ultrasound. However, SWV 

calculation dramatically depends on the diagnosis   
equipment because of the difference of the 

algorithms of pre and post signal processing, and the 

calculated SWV is also unstable in some observation 
targets to the physical properties and the structure of 

the tissue [1]. 

 In this report, the calculated SWV was 

investigated by means of simulated shear wave 
propagation in tissue with the elastic finite-

difference time-domain (FDTD) method [2]. The 

propagation of the shear wave in any biological 
tissues were simulated under the transmission 

condition which mimicked the acoustic radiation 

force (ARF) distribution of actual diagnosis 
equipment, and SWV of each tissue was evaluated 

with the cross-correlation method. In addition, the 

influence of tissue structure on the shear wave 

velocity evaluation was verified.  

2. Method 
2.1 Simulation 

 Propagation for X-direction of shear wave 
simulated in two dimensions with elastic FDTD by 

ARF excitations in the left of simulated space. In this 

study, the propagated shear wave was calculated by 

temporal change of particle velocity for Y-direction. 
Uniform simulated space (SWV; 2 m/s) of 300 pixels

was used. ARF was 

mimicked acoustic field of push pulse of abdominal 

linear array probe (9L-D, GE Healthcare) of 
ultrasonic diagnosis equipment (LOGIQ S8, GE 

Healthcare). The simulation scheme is shown in FFig. 
1.  

Fig. 1  Schematic of simulation space 
 
2.2 Analysis of SWV 

Temporal change of shear wave was 
calculated by simulated particle velocity distribution 

and SWV was analyzed. First, particle velocity 

distribution was processed to remove wave which 
propagated in the opposite direction (the negative 

direction for X-direction) of shear wave. Second, the 

time difference for propagation of shear wave 

between two points was found with timewave of two 
spatial grids continuous in the X-direction with 

cross-correlation, and SWV between two points was 

calculated [3]. This process was performed for each 
spatial grid in the analysis area of Fig. 1, and SWV 

distribution was estimated. 
        

2.3  Vector of shear wave propagation direction 
 Propagation of shear wave was shown 

from 7 to 10.5 ms after ARF excitations in vector. 

Shear wave in the image of the frame was 

surrounded by ROI, the distance and direction the 
ROI moved several frames later, and vector was 
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calculated. This process was performed every 

350 µs, and the trajectory of shear wave was 
shown in vector. 

3. Result
Fig.2(a) shows SWV distribution set in 

the analysis area, and Fig.2(b) shows SWV 
distribution calculated in the analysis area. 

Compared with the set spatial model, calculated 

SWV distribution was different from set SWV by 
the circular tissue.

As this factor, it is difficult to detect the 

waveform of shear wave at the boundary between 
tissue with different stiffness, and the propagation 

direction of shear wave propagating was 

complicated by the circular structure.Fig.3 shows 

spatial waveform of shear wave for X direction from 
9.5 to 10 ms after ARF excitations. This figure also 

shows the propagation of shear wave from low 

stiffness tissue to high stiffness tissue. In the 
waveform 9.8 ms after pushing ARF, SWV 

evaluation accuracy decrease due to be distorted 

shear waveform because the amplitude was lager and 
the wavelength was shorter in the low stiffness tissue 

than in the high stiffness tissue. Therefore, it is 

important how to process propagation of shear wave 

in various directions in the case of more complicated 
tissue.

FFig.4 shows the propagation direction of 

shear wave in vector. Shear wave was propagated 

along the boundaries of the circular tissue. In the 

report, SWV evaluation accuracy was decreased due 
to be evaluated considering only the X direction 

without considering the Y direction. 
4. Conclusion

The Propagation of shear wave was 

simulated in uniform simulated space which was 

included the low stiffness circular tissue with elastic 

FDTD, and the factors that circular tissue was given 
to SWV distribution was verified As a result, SWV 

evaluation accuracy was decreased due to be difficult 

to detect the waveform of shear wave at the boundary 
between different tissues and be complicated by 

circular tissue. Currently, we are investigating the 

factor that affect shear wave evaluation by more 
complicated tissue, SWV calculated method that 

corrects these factors will be developed, and we want 

to use to formulate SWV standardization indicators. 
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Fig. 2 SWV distribution in analysis area

Fig. 3 Spatial waveform of shear wave after 
ARF excitations

Fig. 4 Propagation direction of shear wave in 
vector
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