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INTRODUCTION
Ultrasonic diagnosis has been widely used in the clinical 
medicine. However, contemporary ultrasonic diagnosis 
technique is limited to the qualitative description at fre-
quency ranging between 0.5-10 MHz based on the gray 
scale presentation in ultrasonic image. Due to the longer 
wavelength at a low frequency, the image resolution is not 
very high. Besides, the physical quantity using the ultrason-
ic image is the amplitude of  the echo while the spectrum 
of  the echo is overlooked. 

The research on the ultrasound scatter spectrum has 
begun since 1970s. Shung and Reid[1] conducted an experi-
mental study of  ultrasound backscatter in calf  liver and 
muscle using the pulse insert-substitution method. The 
backscatter coefficients for calf  heart, kidney, pancreas and 
spleen were studied by Ten and Shung[2] at frequency be-
tween 2-7 MHz using bandwidth pulse insert-substitution 
measurement system. The ultrasound backscatter in myo-
cardial muscle of  dog was studied by Donnell et al[3]. The 
anisotropy for ultrasound backscatter in myocardial muscle 
was reported by O’Mottley and Miller[4], which coincides 
with the theoretical prediction. The backscatter coeffi-
cient for human brain was studied at frequency between 
0.5-1.5 MHz by Barger[5], who successfully differentiated 
the white from the gray matters in the brain. Nicholas[6] 
studied the backscatter coefficient of  human tissues us-
ing spectrum technique. However, the frequency used in 
these researches is below 10 MHz. To increase the reso-
lution of  imaging, the frequency of  ultrasound must be 
increased. D’Astous et al[7] and Foster et al[8] have achieved 
the high frequency imaging of  breast. Turnbull[9-12] studied 
mouse embryos using ultrasound backscatter microscopy. 
Ye et al [13] and Pavlin et al[14,15] studied the ocular tissue us-
ing high frequency imaging. The ultrasonic properties of  
vascular tissues and blood were measued from 35 to 65 
MHz by Lockwood et al[16] and Meyer et al[17].  Yano et al[18] 

and Liu et al[19] studied the high frequency imaging of  skin 
and thyroid. Ultrasound backscatter microscopy images of  
the internal structure of  living tumor spheroids have been 
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Abstract
AIM: To study the relation between acoustic parameters 
and histological structure of biological tissue and to pro-
vide the basis for high-resolution image of biological tis-
sues and quantitative ultrasonic diagnosis of liver disease.

METHODS: Ultrasonic imaging and tissue characteriza-
tion of four normal porcine liver and five cirrhotic liver 
tissue samples were performed using a high frequency 
imaging system. 

RESULTS: The acoustic parameters of cirrhotic liver tis-
sue were larger than those of normal liver tissue. The 
sound velocity was 1577 m/s in normal liver tissue and 
1631 m/s in cirrhotic liver tissue. At 35 MHz, the attenua-
tion coefficient was 3.0 dB/mm in normal liver tissue and 
4.1 dB/mm in cirrhotic liver tissue. The backscatter coef-
ficient was 0.00431 dB/Srmm in cirrhotic liver tissue and 
0.00303 dB/Srmm in normal liver tissue. The backscatter 
coefficient increased with the frequency. The high fre-
quency images coincided with their histological features. 
 
CONCLUSION: The acoustic parameters, especially 
the sound backscatter coefficient, are sensitive to the 
changes of liver tissues and can be used to differenti-
ate between the normal and pathological liver tissues. 
High frequency image system is a useful device for high-
resolution image and tissue characterization.

© 2006 The WJG Press. All rights reserved.
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obtained[20,21].
Liver is the important organ for metabolism. Hepatic 

lobule is the basic element in liver, and is surrounded by 
connective tissue. Most blood capillaries pass through 
the boundary of  its connective tissues. Hepatic tissue 
regeneration and connective tissue hyperplasia induce 
change of  the normal structure of  hepatic lobule. The liv-
er becomes deformed and stiff, known as hepatocirrhosis. 
Common liver diseases can be diagnosed by B- ultrasound. 
However, it is difficult to diagnose diffuse diseases of  liver.

The present study was to investigate the relation be-
tween acoustic parameters and histological structure of  
biological tissue and to provide the basis for high-resolu-
tion image of  biological tissues and quantitative ultrasonic 
diagnosis of  liver disease.

MATERIALS AND METHODS
Experimental system
High frequency imaging system was set up in our labora-
tory. The sample was fixed in the sample-holder between 
quartz and a thin plastic membrane and then mounted 
in water bath. The focused ultrasound transducer (center 
frequency 35 MHz, -3dB bandwidth from 25 MHz to 55 
MHz, f-number 1.6, focus depth 1 mm, beam width 70 µm) 
was excited with a pulse (300 Vpp in amplitude, 15 ns in 
width). The ultrasonic pulse passing through the mem-
brane, sample reflected from the quartz flat was received 
by the same transducer. The transducer and the step motor 
were carefully moved, the region of  interest in the sample 
was located in the focus area and in the focal depth of  the 
transducer. The scan parameters for raster motion were 
downloaded by MTM2500 pp (Newport Co, USA). The 
attenuation signal and backscatter signal were recorded by 
a 400 MHz digital scope (HP54502A, USA). The informa-
tion about the C-scan imaging was acquired by sampling 
the backscatter signal after a specified delay correspond-
ing to the focus and stored in a hard disk for software 
scan conversion after data collection was completed. An 
IEEE-488 bus transferred the digitized signals to the con-
trol computer for further processing

The transducer in a raster fashion over a 3 mm × 5 mm 
area was removed and a backscatter image of  the sample 
was generated using C-scan mode. The region of  homo-
genous tissue was selected for quantitative measurement. 
The incident direction of  the sound beam was perpendicu-
lar to the surface of  the sample during the measurement. 
The interest region containing 16 points in 4 by 4 grids 
was selected to measure the velocity of  sound, 64 points in 
8 by 8 grids were selected to measure the attenuation and 
backscatter coefficients of  the sample and each grid was 
separated by 80 µm. 

Sample preparation
Liver tissue samples were obtained from the Meat Pro-
cessing Plant. In the experiment, the sample was clamped 
between plastic membrane and reflector quartz flat in a 
specially designed sample holder and both sides of  the 
sample were cut at -10 ℃ using Cryostat 2 700 (Frigo-
cut, Reichert-june, Germany) to make the surface with 
a homogenous thickness between 0.5-1.5 mm. Then the 

sample was thawed in saline solution and sealed with a thin 
plastic membrane. In the study, four normal liver tissue 
samples and five cirrhotic liver tissue samples (hepatocir-
rhosis) were used. A slice from each sample was stained. 
The corresponding histological  diagram and ultrasound 
image were obtained.                                                          

RESULTS
 Images
The ultrasound imaging of  normal and cirrhotic liver 
tissues and their corresponding pathological slices are 
shown in Figure 1A-1D. From the images, some micro-
structures of  the tissue could be observed. However, 
the image of  normal liver tissue (Figures 1A, 2B) was 
different from that of  cirrhotic liver tissue (Figures 1C, 
1D). The image of  normal liver tissue was ultrasonically 
homogenous while the image of  cirrhotic liver tissue was 
contrary to that of  normal liver tissue. From the imaging, 
we could see the hyperecho of  the cirrhotic liver. Some 
short and strong echoes caused by hyperplasia of  connec-
tive tissue occurred.

Sound velocity, attenuation and backscatter coefficient
A summary of  the acoustic parameters measured in the 
liver are listed in Table 1.The experimental results showed 
that the acoustic parameters from cirrhotic liver were 
larger than those from normal liver. The sound velocity in 
normal liver was 1 577 m/s and 1 631 m/s in cirrhotic liv-
er, which coincides with the sound velocity (1 600 m/s) in 
bovine liver[22]. At 35 MHz, the attenuation coefficient was 
3.0 dB/mm in normal liver and 4.1 dB/mm in cirrhotic 
liver. However, it has been reported to be 9.73 dB/mm at 
70 MHz[22] and 0.89 dB/mm at 10.0 MHz respectively in 
liver[23]. The backscatter coefficient was 0.00431/Srmm at 
35 MHz in cirrhotic liver and 0.00303/Srmm in normal 
liver. The power-law fits with the backscatter coefficient 
in normal liver as a function of  frequency. However, it has 
been reported to be (2.66×10-6±1.43×10-6)f1.98/Srmm) and 
(4.85×10-6±1.52×10-6)f1.91/Srmm in cirrhotic liver[24]. The 
increase of  backscatter coefficient is caused by hyperplasia 
of  the connective tissue in cirrhotic liver (Figure 2). The 
backscatter occurs when the size of  backscatter structure 
is similar to the wavelength of  the sound beam, suggesting 
that the size of  backscatters is within the wavelength of  
the ultrasound wave and the size of  porcine liver lobules 
may be similar to it. The frequency-dependent decrease in 
cirrhotic liver reflects the increase of  scattering elements 
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                                             Normal liver                Cirrhotic liver

Sound speed (m/s)                           1577 ± 7                              1631 ± 5
Attenuation                     α1              0.121 ± 0.045                      0.082 ± 0.023
(dB/mm)                         α35                 3.0 ± 0.6                              4.1 ± 0.8
                                           m                  0.9                                       1.1
Backscatter coefficient   μ1    2.66 × 10-6 ± 1.43 ×10-6   4.85 × 10-6 ± 1.52 ×10-6

(1/Srmm)                        μ35         0.00303 ± 0.00015                0.0043 ± 0.00025
                                           n                   1.98                                      1.91

Table 1 Sound speed and attenuation and acoustic backscatter 
coefficient (mean ±SD)
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in the liver.

DISCUSSION
Ultrasonic tissue characterization based on spectrum 
analysis of  backscattered radio frequency (RF) echo signals 
provides information regarding the acoustic properties of  
tissue, such as the size, concentration, and acoustic imped-
ance of  scatterers that are not available by conventional 
imaging methods[25,26]. The ultrasonic backscatter coeffi-
cient in human liver was measured in the range of  2.0-4.0 
MHz[24]. The ultrasonic propagation properties at 100 
MHz in excessively fatty rat liver were studied[27]. Strong 

correlation of  ultrasonic speed with both water concentra-
tion and fat concentration in the liver was observed. The 
ultrasonic attenuation and velocity in rat liver as a function 
of  fat concentration at 100 MHz were investigated[28] and 
the acoustic properties of  freshly excised bovine liver were 
characterized at the frequency range between 20-200 MHz 
by the ultrasonic spectroscope system[22].

On the other hand, ultrasonic imaging systems in medi-
cine depend fundamentally upon analysis of  the ultrasonic 
scattering properties of  the soft tissues investigated. How-
ever, the mechanism governing ultrasonic scattering within 
most soft tissues have not been delineated. In many cases 
the absolute magnitude of  the scattering process has not 
been accurately quantified. The relationship between col-
lagen and ultrasonic backscatter in myocardial tissue was 
evaluated[3]. The dependence of  the ultrasonic scatter coef-
ficient on collagen concentration in mammalian tissues was 
addressed[29]. And the mean-scatter spacing estimated with 
spectral correlation was used for tissue characterization[30]. 
However, there is little report on tissue characterization of  
hepatic tissues in the range between 25-55 MHz.

In this study, ultrasound images and sound parameters 
for hepatic tissues were studied by using C-scan ultrasound 
system at the frequency between 25-55 MHz. The above 
experimental results indicate that the resolution of  high 
frequency image is much better than that obtained at low 
ultrasound frequency because some microstructure of  the 
tissue can be seen. The information obtained from the 
ultrasound image is coincided with the histological fea-
ture of  the sample. Furthermore, the samples need not to 
be stained. The acoustic parameters especially the sound 
backscatter coefficient are sensitive to the changes of  the 

Figure 2 Backscatter coefficients changing with frequency in normal liver (A) and 
cirrhotic liver (B).

0.0120

0.0098

0.0076

0.0054

0.0032

0.0010
20     25       30      35       40      45       50      55    60

Ba
ck

sc
at

te
r 

co
ef

fic
ie

nt
 (

1/
Sr

m
m

)

Frequency (MHz)

A

B

2278         ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     April 14,  2006   Volume 12    Number 14

Figure 1  Ultras-
ound  images  o f 
normal and c i r r -
hotic liver and their 
corresponding pa-
thological slices A: 
ultrasound imaging 
of normal liver; B: 
pathological slice 
of normal liver; C:
ultrasound imaging 
of cirrhotic liver; D: 
pathological slice of 
cirrhotic liver.
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tissues and can be used to differentiate between the nor-
mal and pathological tissues, the frequency dependence of  
backscatter coefficient could be reflected by the change of  
scattering elements and may be employed as a parameter 
for characterizing tissues and their physiological states. 
Therefore the high frequency image system is a useful de-
vice for high-resolution image and tissue characterization 
within the high frequency range.
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