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Introduction: During the treatment of soft tissue tumors with high-intensity focused ultrasound (HIFU), the 
focus may shift away from the desired point due to tissue heterogeneity. By studying the effect of biological 
tissue on focus shift, it can provide a theoretical basis for the safety and reliability of HIFU therapy. 
Material and Methods: The finite difference time domain (FDTD) method was used to construct the 
simulation model of HIFU irradiated multi-layer biological tissue. Based on the Westervelt nonlinear 
acoustic propagation equation, the focus position change caused by the thickness of biological tissue and 
ultrasonic transducer during HIFU irradiation were simulated and calculated. The effects of ultrasonic 
transducer's electric power, irradiation frequency and tissue thickness on the focus position shift were 
analyzed and discussed. 
Results: With the increase of electric power of HIFU transducer, the sound pressure at the focal point rose 
and the focal point approached the transducer side. With the increase of irradiation frequency of transducer, 
the sound pressure at the focus increased and the focus shifted away from transducer. With the increase of the 
thickness of biological tissue, the amplitude of sound pressure at the focal point decreased gradually. If the 
sound velocity of biological tissue was greater than that of water, the focus was close to the transducer side. 
If the sound velocity of biological tissue was less than the sound velocity of water, the focus moved to the 
side away from the transducer. For biological tissue with sound velocity greater than (or less than) water, the 
greater the sound velocity, the greater the relative shift distance difference of focal position. 
Conclusion: As the electric power and frequency of ultrasonic transducer increased, the focus of HIFU 
moved toward and away from the transducer, respectively. For multi-layer biological tissue, the focus shift 
direction depended on the sound velocity relationship between biological tissue and water. 
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Introduction 
High-intensity focused ultrasound (HIFU) can 

make the temperature of the diseased tissue rise 

above 70 ℃ in a short time, thus directly ablating the 

diseased tissue [1-3]. HIFU treatment technology has 
been applied to the clinical treatment of a variety of 
solid tumors, including superficial soft tissue tumors, 
prostate cancer, uterine leiomyoma, etc. as a non-
invasive method, it has attracted much attention [4-6]. 
However, due to the differences in the electric power, 
irradiation frequency, thickness difference of 
biological tissue, the focus shift of the treatment area 
may occur in clinical treatment. For example, in the 
treatment of liver cancer nodules behind the ribs and 
adjacent large blood vessels, gallbladder, extrahepatic 
bile duct and gastrointestinal tract, if the location of 
HIFU treatment cannot be accurately predicted, it is 
likely to damage adjacent important tissue structures. 
In order to achieve accurate treatment, it is necessary 
to study the effects of the electric power, irradiation 

frequency and thickness of biological tissue on the 
focal shift of HIFU. 

Numerical simulation is an effective method to 
predict the distribution of acoustic field in HIFU 
treatment. Many scholars have studied the changes of 
focal field during HIFU treatment. Hynynen et al. 
found that at lower frequencies, the ultrasound beam 
can be effectively focused through the skull, but the 
position of the focus may be shifted by several 
millimeters from its predicted geometric position [7]. 
On the basis of considering the temperature-
dependent dynamic sound velocity, Hallaj et al. found 
that there was thermoacoustic lens effect in the liver 
with fat layer by comparing the sound field of liver 
with and without fat layer, and the acoustic focus 
moved 2 mm to the transducer position [8]. Aubry et 
al. studied the adaptive ultrasonic focusing of sound 
waves through ribs under low-power HIFU irradiation 
through in vitro experiments. The pressure field in the 
focal plane was affected by nonuniform attenuation 
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and phase distortion. The average 2 mm shift of the 
main lobe was observed [9]. Okita et al. developed a 
HIFU simulator to simulate the transcranial HIFU 
treatment of brain tumors. It was found that the focus 
was shifted due to tissue heterogeneity and the 
focused ultrasound was diffused [10]. Narumi R et al. 
estimated the focal length error after propagation 
through breast issue and believed that the focal length 
error in breast tissue was caused by acoustic 
nonuniformity [11]. 

Based on the above research status, the finite 
difference time domain (FDTD) method is used to 
simulate the acoustic field, and the change of 
ultrasonic focusing position is studied when multi-
layer biological tissue is in HIFU acoustic channel. To 
analyze the influence of the electric power, frequency, 
and thickness of the ultrasonic transducer on the 
focus position and accurately predict the HIFU 
treatment position. This paper has certain reference 
value for the formulation and implementation of HIFU 
treatment plan and the analysis of the real sound field, 
which will help to improve the treatment accuracy of 
HIFU in the treatment of human related diseases. 

 

Materials and Methods 
Westervelt nonlinear acoustic equation 

The propagation of sound waves in media follows 
Huygens Fresnel principle [12]. Westervelt equation is a 
nonlinear acoustic model for the propagation of finite 
amplitude acoustic waves in thermoviscous media, 
which is derived from the fluid motion equation [13,14]. 
Westervelt equation can be expressed as: 
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p
 is the sound pressure, 


 and 

c
 are the density 

and sound velocity,   is the diffusion coefficient of 

sound, 
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0 /2  c
, where   is the acoustic 

angular frequency and   is the acoustic absorption 

coefficient. 1 / 2B A    is the nonlinear coefficient. 
The first two terms in equation (1) are the d'Alembert 
operator acting on the sound pressure, which is used to 

describe the linear lossless propagation under the sound 
velocity of small signal ultrasonic waves. The third term 
is the loss term, which describes the heat conduction and 
viscosity of the media, and the fourth item describes the 
nonlinear distortion of ultrasonic waves. FDTD 

difference [15] is performed for equation (1), where 
2  

is Laplace operator, which can be written as follow: 
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Where i , 
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 and k  are unit direction vectors of x , 
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 and z , respectively. From equation (2), it can be 

obtained that 
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 in equation (1) is: 
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Figure 1 is the distribution diagram of spatial 
computing cells in rectangular coordinate system. On 
this basis, the calculation space of acoustic wave 
propagation is distributed and gridded. 

 

 
Figure 1. Spatial computation cell of FDTD in rectangular coordinate 
system 

 
The differential terms in equations (1) and (3) are 

discretized by the finite difference time domain method 
as follow: 
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Where x , 
y

 and z  respectively represent the 

spatial steps along the x -axis, 
y

-axis and z -axis, t  

represents the time steps, i , 
j

 and k  respectively 
represent the number of steps in the discrete space along 

the x , 
y

 and z -axis, and n  represents the number of 

time steps. , ,

n

i j kp
 represents the instantaneous sound 

pressure at time n t  at coordinate 
( , , )i x j y k z  

. 
The explicit expression of the unknown term x can be 
obtained by substituting (4) - (6) into (1). The first-order 
Mur absorption boundary condition [16] is adopted for 
the boundary region: 
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Where H  may represent x , 
y

, z  directions, 
respectively. In the rectangular coordinate system, the 
calculation of three-dimensional sound field by 
Westervelt equation is very large, and the calculation 
time is also very long. For HIFU transducer, because of 
its axial symmetry, in order to simplify the calculation, 

the equation can be solved in two-dimensional r - z  
cylindrical coordinates to save the calculation time. In 

cylindrical coordinates, 
2 p

 can be expressed as: 
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Where z  represents the coordinate along the 
acoustic axis direction under the cylindrical coordinate, 

and r  represents the coordinate perpendicular to the 
acoustic axis direction. Substitute equation (10) into 
equation (1) and use the finite difference time domain 
method to discretize the solution in cylindrical 
coordinates. The fourth-order accuracy is retained in 
space and the second-order accuracy is retained in time. 
The difference formula is as follow [15]: 
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The first-order Mur absorption boundary condition 

of formula (9) is adopted for the boundary. At the 

acoustic axis r = 0, symmetric boundary conditions are 
adopted for treatment: 

0
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By substituting (11) - (16) into equation (1), the 

explicit expression of unknown term 

1

,

n

i jp 

 can be 
obtained. Combined with boundary conditions (9) and 
(17), the two-dimensional sound field of HIFU 
transducer can be solved. 

When the HIFU irradiation frequency is 
f

, the 
corresponding acoustic absorption coefficient can be 
expressed as [17]: 

 )/()( ** fff                                                   （18）                 

In equation (17), *  is the acoustic absorption 
coefficient corresponding to the media with acoustic 

frequency *f . The index 


 is usually 2 in water and 
1.14 in biological tissue. 
 

Establishment of simulation model 
A two-dimensional axisymmetric geometric model 

of multi-layer biological tissue irradiated by HIFU 
transducer as shown in Figure 2 is established. The 
geometric focal length of HIFU ultrasonic transducer 
F=11 cm, the inner radius r1=2 cm, and the outer radius 

r2=5 cm. The irradiation frequency 
f

 (1 MHz~4 MHz) 

and the driving electric power P (100 W~700 w) of the 
ultrasonic transducer are adjustable. The multi-layer 
biological tissue is composed of water, skin, fat, 
connective tissue, muscle and liver, and theirs thickness 

are d1 cm、 d2 cm、 d3 cm、 d4 cm、 d5 cm、 d6 cm, 

respectively. 
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Figure 2. Simulation model of multi-layer biological tissue irradiated by HIFU 
 
Table 1.  Acoustic parameters of multi-layer media (1 MHz) [18-20] 
 

Material properties Units Symbol Water Skin Fat 
connective 
tissue 

Muscle Liver 

Density kg/m3 ρ 1000 1109 960 1525 1090 1036 

Sound velocity m/s c 1482 1400 1476 1613 1547 1590 

Absorption coefficient dB/m α 0.217 115 36 100 200 58 

Nonlinear parameter / β 3.5 4.5 6.1 5.1 4.6 4.3 

 

Simulation parameters 
The sound field and focal position shift were 

simulated and calculated by MATLAB software 
(MathWorks, Natick, Massachusetts, United States). 
The acoustic parameters of relevant media were shown 
in Table 1.  
  

Results 
Figure 3, Figure 5, Figure 7, Figure 9, Figure 11, and 

Figure 13 showed the simulation results of sound pressure 

under different parameters such as electric power, 

frequency, and tissue thickness of ultrasonic transducer, 

respectively. The sound pressure had a direct impact on the 

focal temperature field. Figure 4, Figure 6, Figure 8, Figure 

10, Figure 12, and Figure 14 showed the simulation 

calculation results of focus shift under different parameters 

such as electric power, frequency, and tissue thickness of 

ultrasonic transducer, respectively, and it was found that 

the changes of these parameters had a significant impact on 

the focus position shift of HIFU. 

 

Influence of electric power change of ultrasonic 

transducer on focus shift  
Under the condition of keeping the thickness of media 

unchanged, the influence of the electric power of ultrasonic 

transducer on the sound pressure and focus shift of HIFU 

was analyzed. Based on the model shown in Figure 2, the 

media thickness was d1=4 cm, d2=1 cm, d3=2 cm, d4=1 cm, 

d5=2 cm, d6=1 cm, respectively, and the irradiation 

frequency was 
f

=1 MHz. The simulation results were 

shown in Figure 3 and Figure 4. Figure 3 showed the axial 

sound pressure distribution. When the electric power was 

100 W and 700 w, respectively, the sound pressure at the 

focal point increased from 6.96 MPa to 14.95 MPa, an 

increase of about 114.8%. Figure 4 showed the change of 

shift distance of the focus position relative to the focus 

position in the water area with electric power of ultrasonic 

transducer, where "-" represented the movement of the 

focus toward the transducer. As can be seen from Figure 4, 

with the increase of the electric power of ultrasonic 

transducer, the focus position gradually moved toward the 

ultrasonic transducer. 

 

 
 

Figure 3. Comparison of axial sound pressure amplitude 

 

 
 
Figure 4. Shift of focus position with corresponding to electric power 

change electric power change             
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It can be seen from Figure 4 that when the electric 

power was 100 W and 700 W, respectively, the focal 

position in the non-linear case was shifted by 0.68 cm and 

0.77 cm to the transducer direction relative to the focal 

position in water area, and theirs relative offset distance 

difference was 0.09 cm. As a result, it can be found that the 

change of electric power had little effect on the shift of 

focus position. 

 

 
 
Figure 5. Comparison of axial sound pressure amplitude  

 

 
 

   Figure 6. Shift of focus position with corresponding to irradiation 

frequency change irradiation frequency change     

 

Effect of HIFU irradiation frequency change on focus 

shift 

Under the condition of keeping the thickness of media 

unchanged, the influence of HIFU irradiation frequency on 

the sound pressure and focus shift of HIFU was analyzed. 

Based on the model shown in Figure 2, the media thickness 

was d1=4 cm, d2=1 cm, d3=2 cm, d4=1 cm, d5=2 cm, d6=1 

cm, and the electric power was 100W. The simulation 

results were shown in Figure 5 and Figure 6. Figure 5 

showed the axial sound pressure distribution. When the 

irradiation frequency was 
f

=1 MHz and 4 MHz, 

respectively, the sound pressure at the focal point increased 

from 6.96 MPa to 17.40 MPa, an increase of about 150.0%. 

Figure 6 showed the shift distance of the focal position 

relative to the focal position in the water area as a function 

of frequency, where "-" represented the movement of the 

focal point toward the transducer. As can be seen from 

Figure 6, with the increase of irradiation frequency, the 

focus position moved away from the ultrasonic transducer. 

It can be seen from Figure 6 that when the frequency was 1 

MHz and 4 MHz, respectively, the focal position in the 

non-linear case was shifted by 0.69 cm and 0.57 cm away 

from the transducer in the direction of the focal position in 

water area, and the relative shift distance difference was 

0.12 cm. Therefore, it can be found that the change of 

frequency had a great influence on the focal position shift. 

 

Effect of biological tissue thickness change on focal shift 

(a) Skin  

Keeping the electric power P =100W and the 

irradiation frequency 
f

=1MHz constant and only 

changing the skin thickness, the influence on the sound 

pressure and the focus shift of HIFU was analyzed. Based 

on the model shown in Figure 2, the media thickness was 

d1 = 4 cm, d3 = 2 cm, d4 = 1 cm, d5 = 2 cm, and d6 = 1 cm. 

The skin thickness was set to 1.0 cm, 1.1 cm, 1.2 cm, and 

1.3 cm for simulation calculation, respectively, keeping the 

thickness of other tissue on the acoustic channel consistent. 

The simulation results were shown in Figure 7 and Figure 8. 

 

 
 

Figure 7. Comparison of axial sound pressure amplitude 

 

 
   

 Figure 8. Shift of focus position with corresponding to skin thickness 
change  skin thickness change 

 

Figure 7 showed the axial sound pressure distribution. 

When the skin thickness was 1.0 cm and 1.3 cm, 

respectively, the sound pressure at the focal point decreased 

from 6.96 MPa to 5.99 MPa, a decrease of about 13.94%, 
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which was caused by tissue attenuation on the acoustic 

channel. Figure 8 showed the change of the shift distance 

of the focus position relative to the focus position in the 

water area with the thickness of the skin, where "-" 

represented the movement of the focus toward the 

transducer. As can be seen from Figure 8, as the thickness 

of the skin increased, the focus position moved away from 

the ultrasonic transducer. It can be seen from Figure 8 that 

when the fat thickness was 1.0 cm and 1.3 cm, respectively, 

the focal position in the non-linear case was shifted by 0.71 

cm and 0.67 cm from the focal position in water area to the 

direction away from the transducer, and the relative shift 

distance difference was 0.04 cm. Thus, it can be found that 

the change of skin thickness had little influence on the shift 

of focus position. 
 

 
 

Figure 9. Comparison of axial sound pressure amplitude  

 

 
 

Figure 10. Shift of focus position with corresponding to fat thickness 
change fat thickness change 

 

(b) Fat 

Keeping the electric power P =100W and the 

irradiation frequency 
f

=1MHz constant and only 

changing the fat thickness, the influence on the sound 

pressure and the focus shift of HIFU was analyzed. Based 

on the model shown in Figure 2, the media thickness was 

d1 = 4 cm, d2 = 1 cm, d4 = 1 cm, d5 = 2 cm, and d6 = 1 cm. 

The fat thickness was set to 2.0 cm, 2.1 cm, 2.2 cm, and 2.3 

cm for simulation calculation, respectively, keeping the 

thickness of other tissue on the acoustic channel consistent. 

The simulation results were shown in Figure 9 and Figure 

10. Figure 9 showed the axial sound pressure distribution. 

When the fat thickness was 2.0 cm and 2.3 cm, respectively, 

the sound pressure at the focal point decreased from 6.96 

MPa to 6.27 MPa, a decrease of about 9.91%, which was 

caused by tissue attenuation on the acoustic channel. Figure 

10 showed the change of the shift distance of the focal 

position relative to the focal position in the water area with 

the thickness of the fat, where "-" represented the 

movement of the focal point toward the transducer. As can 

be seen from Figure 10, with the increase of fat thickness, 

the focus position moved away from the ultrasonic 

transducer. It can be seen from Figure 10 that when the fat 

thickness was 2.0 cm and 2.3 cm, respectively, the focal 

position in the non-linear case was shifted by 0.94 cm and 

0.68 cm from the focal position in water area to the 

direction away from the transducer, and the relative shift 

distance difference was 0.26 cm. Therefore, it can be found 

that the change of fat thickness had a certain effect on the 

focal position shift. 

 

 
 

Figure 11. Comparison of axial sound pressure amplitude 
 

 
   

 Figure 12. Shift of focus position with corresponding to connective tissue 

thickness change connective tissue  
 

(c) Connective tissue 

Keeping the electric power P =100W and the 

irradiation frequency 
f

=1MHz constant and only 

changing the connective tissue thickness, the influence on 

the sound pressure and the focus shift of HIFU was 

analyzed. Based on the model shown in Figure 2, the media 

thickness was d1 = 4 cm, d2 = 1 cm, d3 = 2 cm, d5 = 2 cm, 
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and d6 = 1 cm. The connective tissue thickness was set to 

1.0 cm, 1.1 cm, 1.2 cm, and 1.3 cm for simulation 

calculation, respectively, keeping the thickness of other 

tissue on the acoustic channel consistent. The simulation 

results were shown in Figure 11 and Figure 12. Figure 11 

showed the axial sound pressure distribution. When the 

thickness of the connective tissue was 1.0 cm and 1.3 cm, 

respectively, the sound pressure at the focal point decreased 

from 6.96 MPa to 6.28 MPa, a decrease of about 9.77%, 

which was caused by the attenuation of the tissue on the 

acoustic channel. Figure 12 showed the change of the shift 

distance of the focal position relative to the focal position 

in the water area with the thickness of the connective tissue, 

where "-" represented the movement of the focal point 

toward the transducer. As can be seen from Figure 12, with 

the increase of the thickness of the connective tissue, the 

focus position moved toward the ultrasonic transducer. It 

can be seen from Figure 12 that when the thickness of the 

connective tissue was 1.0 cm and 1.3 cm, respectively, the 

focal position in the non-linear case was shifted by 0.37 cm 

and 0.69 cm toward the transducer direction relative to the 

focal position in water area, and the relative offset distance 

difference was 0.32 cm. As a result, it can be found that the 

change of connective tissue thickness had a great impact on 

the focal position shift. 

 

 
 

Figure 13. Comparison of axial sound pressure amplitude  
 

   
 

Figure 14. Shift of focus position with  corresponding to muscle thickness 

change   muscle thickness change 

 

 

(d) Muscle 

Keeping the electric power P =100W and the 

irradiation frequency 
f

=1MHz constant and only 

changing the muscle thickness, the influence on the sound 

pressure and the focus shift of HIFU was analyzed. Based 

on the model shown in Figure 2, the media thickness was 

d1 = 4 cm, d2 = 1 cm, d3 = 2 cm, d4 = 1 cm, and d6 = 1 cm. 

The muscle thickness was set to 2.0 cm, 2.1 cm, 2.2 cm, 

and 2.3 cm for simulation calculation, respectively, keeping 

the thickness of other tissue on the acoustic channel 

consistent. The simulation results were shown in Figure 13 

and Figure 14. Figure 13 showed the axial sound pressure 

distribution. When the muscle strength was 2.0 cm and 2.3 

cm, respectively, the sound pressure at the focus decreased 

from 6.96 MPa to 6.34 MPa, a decrease of about 8.91%, 

which was caused by tissue attenuation on the acoustic 

channel. Figure 14 showed the change of the shift distance 

of the focus position relative to the focus position in the 

water area with the thickness of the muscle, where "-" 

represented the movement of the focus toward the 

transducer. As can be seen from Figure 14, with the 

increase of muscle thickness, the focus position moved 

toward the ultrasonic transducer.  

 

 
Figure 15. Comparison of axial sound pressure amplitude  

 

 
Figure 16. Shift of focus position with corresponding to liver thickness 

change liver thickness change 

 

It can be seen from Figure 14 that when the muscle 

thickness was 2.0 cm and 2.3 cm, respectively, the focal 

position in the non-linear case was shifted by 0.69 cm and 

0.72 cm to the transducer direction relative to the focal 
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position in water area, and the relative shift distance 

difference was 0.03 cm. Thus, so it can be found that the 

change of muscle thickness had little influence on the focal 

position shift. 

 

(e) Liver 

Keeping the electric power P =100W and the 

irradiation frequency 
f

=1MHz constant and only 

changing the liver thickness, the influence on the sound 

pressure and the focus shift of HIFU was analyzed. Based 

on the model shown in Figure 2, the media thickness was 

d1 = 4 cm, d2 = 1 cm, d3 = 2 cm, d4 = 1 cm, and d5 = 2 cm, 

respectively. The liver thickness was set to 2.0 cm, 2.1 cm, 

2.2 cm, and 2.3 cm for simulation calculation, respectively, 

keeping the thickness of other tissue on the acoustic 

channel consistent. The simulation results were shown in 

Figure 15 and Figure 16. Figure 15 showed the axial sound 

pressure distribution. When the liver thickness was 2.0 cm 

and 2.3 cm, respectively, the sound pressure at the focal 

point decreased from 6.96 MPa to 6.26 MPa, a decrease of 

about 10.06%, which was caused by tissue attenuation on 

the acoustic channel. Figure 16 showed the change of the 

shift distance of the focal position relative to the focal 

position in the water area with the thickness of the liver, 

where "-" represented the movement of the focal point 

toward the transducer. As can be seen from Figure 16, with 

the increase of muscle thickness, the focus position moved 

toward the ultrasonic transducer. It can be seen from Figure 

16 that when the liver thickness was 2.0 cm and 2.3 cm, 

respectively, the focal position in the non-linear case was 

shifted by 0.68 cm and 0.80 cm to the transducer direction 

relative to the focal position in the water area, and the 

relative shift distance difference was 0.12 cm. It can be 

seen that the influence of the liver thickness on the focal 

position was larger than that of the muscle thickness on the 

focal position shift. 
 

Discussion 
Usually, the beam generating array element or the 

acoustic lens would focus the ultrasonic beam energy 
[21, 22]. The ultrasonic wave must travel through multi-
layer media, including skin, fat, connective tissue, 
muscle, and liver, before it can reach the diseased tissue 
area from the ultrasonic transducer. Owing to the vast 
variations in the acoustic properties of various media, 
there will be some degree of focus shifting as sound 
waves travel through them due to attenuation, reflection, 
and refraction [23]. The emphasis can be somewhat 
shifted further by the refraction of sound waves along 
the acoustic channel. This will exacerbate the patient's 
additional agony and result in needless complications 
for the real therapeutic procedure. 

For biological tissue, there were a certain number of 
bubbles inside [26-28]. The higher the HIFU irradiation 
frequency, the weaker the bubble oscillation in 
biological tissue. The attenuation of bubble oscillation 
led to the reduction of ultrasonic attenuation and the 
shift of focus position [29]. In addition, the larger the 

initial void fraction of the bubbles in the biological 
tissue, the larger the bubble number density, and the 
weaker the penetration of ultrasound through the bubble 
region. On the other hand, from the relationship between 
the acoustic absorption coefficient and the irradiation 
frequency (see equation (18)), the larger the irradiation 
frequency, the larger the acoustic coefficient. All these 
factors would lead to the increase of ultrasonic 
attenuation, and then led to the shift of HIFU focus 
position away from the transducer. This result was 
consistent with the research results in literature [30]. 

According to Snell's theorem, when the acoustic 
wave passed through another biological tissue from one 
layer, the acoustic wave would be refracted, so the 
addition of biological tissue would cause the focus to 
shift [24]. When the sound wave passed through the 
connective tissue from the fat, the refraction angle was 
large and inward, so the focus position would shift 
toward one end of the transducer. With the continuous 
increase of the thickness of the connective tissue, the 
longer the inward refraction path, the focus would 
further move toward one end of the transducer. It can be 
seen from Table 1 that, taking the sound velocity of 
water as a reference, the change of sound velocity of fat 
relative to the sound velocity of connective tissue was 
small, and the sound velocity of fat was smaller than 
that of water, while the sound velocity of connective 
tissue was larger than that of water. The refraction angle 
of the acoustic wave in the fat was small relative to the 
connective tissue, and the refraction direction was 
outward, which caused the focal position to move away 
from the transducer, and the change caused by the offset 
distance relative to the thickness of the connective tissue 
was small. Similarly, since the sound velocity of the 
skin was less than that of water, the external refraction 
angle of the sound wave in the skin was smaller than 
that of water, and with the continuous increase of the 
thickness of the skin, the focus position moved away 
from the transducer. While the sound velocity of muscle 
and liver was greater than that of water, the internal 
refraction angle of sound wave in muscle and liver was 
larger than that of water, and with the continuous 
increase of the thickness of muscle and liver, the focus 
position moved toward the transducer. 

For single biological tissue (such as connective 
tissue, liver, and muscle) with a sound velocity greater 
than water in the acoustic channel, the greater the sound 
velocity, the greater the relative shift distance difference 
of the focus. The relative shift distance difference of 
connective tissue, liver and muscle was about 0.32 cm, 
0.12 cm, and 0.03 cm, respectively. For single biological 
tissue (such as fat and skin) with sound velocity less 
than that of water in the acoustic channel, the greater the 
sound velocity, the greater the relative shift distance 
difference of focus, and the relative shift distance 
difference of fat and skin was about 0.26 cm and 0.04 
cm, respectively. At the same time, the greater the 
acoustic absorption coefficient of biological tissue, the 
stronger the focus energy attenuation. With the increase 
of the thickness of biological tissue, the more significant 
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the shift of the focus in the direction of the acoustic axis, 
the greater the thickness, the greater the energy 
attenuation, that was, the greater the decrease of the 
acoustic pressure amplitude. 

 

Conclusion 
In this paper, the focal position of the acoustic beam 

after passing through multi-layer biological tissue 
during HIFU treatment was studied by simulation. The 
electric power, frequency and thickness of biological 
tissue irradiated by HIFU would cause the shift of focus 
position and the change of sound pressure amplitude, 
and their effects on the focal position of HIFU were 
analyzed and discussed. With the increase of electric 
power of HIFU transducer, the sound pressure at the 
focal point rose and the focal point approached the 
transducer side. With the increase of frequency of the 
transducer, the sound pressure at the focus increased and 
the focus shifted away from the transducer. As the tissue 
thickness increased and the biological tissue was the 
same tissue, and the sound velocity of tissue was greater 
than that of water, the focus moved to the HIFU 
transducer side, on the contrary, the focus moved to the 
side away from the HIFU transducer. The greater the 
thickness of biological tissue in the acoustic channel, the 
greater the acoustic attenuation at the focal point, and 
the more obvious the decrease of acoustic pressure 
amplitude. For biological tissue with sound velocity 
greater than (or less than) water, with the increase of its 
thickness, the greater the sound velocity, the greater the 
relative shift distance difference of the focus. This study 
will allow physicians to obtain the axial focus shift of 
the incident ultrasound prior to the procedure, which 
will help them determine whether the current HIFU 
transducer focus is in the lesion area, and further 
develop safer HIFU treatment protocols to improve 
treatment efficiency. Future research work will focus on 
experimental work, and we will create experimental 
conditions and conduct experimental studies to support 
the simulation results in this paper. 
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