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Introduction 
Ultrasonic elastographic imaging technique has been developed 
during last 10 years as a powerful method to image the elastic 
properties of soft biological tissues. The method consists of apply-
ing a small external, quasi-static compressions to the region of 
interest and use the set of radio frequency A-scans recorded before 
and after compression to estimate corresponding matrix of axial 
displacements by means of correlation technique.  Afterwards, the 
displacement matrix is used to estimate the strain field, which can 
be interpreted as a relative measure of elasticity distribution and 
can be visualized as a gray scale elastogram. The main intention of 
our research was to consider the problem of visualization and re-
construction of tissue elastic properties within the framework of an 
appropriate inverse problem solution as well as its experimental 
exploration.  

Approaches to the elastographic imaging 

Presently, there are several approaches to mapping and representa-
tion of mechanical attributes of the constitutive tissues for the 
purposes of medical diagnostic information, i.e., sonoelasticity 
imaging, elastography and inverse problem treatment of strain 
images  [1, 2].  

The first approach involves the application of the low-frequency 
vibration energy to the tissue under the investigation and subse-
quent displaying the elastic modulus calculated from the local 
wavelength of the shear-wave, or the amplitude of the vibration that 
is related to the shear modulus [3 - 7]. 

Another approach, i.e., elastography, is aimed at the imaging of the 
local responses of the medium to an applied load by imaging the 
longitudinal or shear strain components produced by this load at 
different locations of the tissue. The load is applied to the tissue 
stepwise and resultant image is known as an elastogram [8 - 10]. 

The inverse problem approach is corresponded to the reconstruc-
tion of the elastic modulus from the displacement or the strain data 
obtained through elastography [11 - 17].  

Depending on the mechanical attributes to be imaged, the above-
mentioned approaches can be classified into two groups. In the first 
group, the imaged mechanical attributes are based on a direct esti-
mation of one or more parameters from experimental observations. 
For example, in the case of elastography, the parameters to be 
imaged are the longitudinal strains, the shear strains or the Pois-
son’s ratio estimated from the pre- and post-compression rf-data 
forming pre- and post-compression B-images. In the second group, 
the mechanical attribute to be imaged is based on an indirect esti-
mation of one or many parameters obtained through the solution of 
an inverse problem using directly estimated data and a mechanical 
forward model of the tissue. 

Adiabatic values of mechanical variables  
It is well known, that the acoustic expansions are more nearly 
adiabatic than isothermal, so the sound speed as well as elastic 

characteristics of the medium have to be expressed in the limit of 
zero thermal conditions, i.e., when the compression is purely adia-
batic. The final expressions for the connection between adiabatic 
and isothermal bulk modules of elasticity, and correspond-

ingly, as well as between adiabatic and isothermal compressibili-
ties, i.e., 
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where T is a temperature, β  is a coefficient of the thermal expan-

sion defining the fractional change in volume (or density) with 
temperature at constant pressure, C  is a heat capacity at constant 

pressure [18]. 
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For the adiabatic Young's modulus  and  Poisson's ratio SE Sν  the 

following equations have to be used 
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or, taking into account that in real conditions the value 2 / PET Cβ  

is negligibly small:  
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Poisson’s ratio for soft tissues 
As it follows from the theory of elasticity [18], the values of Pois-
son’s ratio have to be changed in the region from – ½  to ½. In fact, 
the values of Poisson’s ratio are changed from 0 to ½ because there 
are no data on the materials which could have the values of 

0Sν < , i.e., which could became thicker after the longitudinal 

elongation. Nevertheless, a supposition about the implicit incom-
pressibility of the biological tissues leads to the instability in all 
basic equations describing the propagation of acoustic waves in 
continuous media.  

The elastography is based on the principle that both deformations 
and strains in the tissues are very small (on the order of 1% or less) 
and the constitutive equations are considered to be linear. If the 
material is also assumed to be homogeneous, isotropic and viscoe-
lastic, the longitudinal sound speed c  and shear sound speed  

for plane wave excitation can be expressed as 
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and appropriate wave equations have the form: 
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As it follows from Eq. (4), the shear sound speed c is much lower 

as the longitudinal one c . Theoretically, an inequality 
t

l 2lc c> t  

is taken place.  

For biological tissues, an order-of-magnitude range for c  of be-

tween 9 m/s and 100 m/s was given for a range of tissues including 
red blood cells, liver, kidney and muscle measured at 2.0, 6.5 and 
14 MHz [19].  

t

Combining two expressions in Eq. (4), we have  
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The ranges of Poisson’s ratio is thus predicted to be approximately 
from 0.497910 to 0.499 985 with reference longitudinal sound 
speed   m/s. 1550lc =

Let us also estimate the values of Sν  using the approximation 

0.5S Sν ν= − %  where  Sν%  is a characteristic value of the Poisson’s 

ratio for biological tissue. From Eq. (4.a) we have 
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By the derivation of Eq. (7), the values of 2
Sν%

S =

 were neglected. If 

the tissue elastic modulus in the normal breast fat will be used for 
an approximation, then having the value  kPa at 1 Hz 

loading frequency [20] and =1476 m/s ,

19 7E ±

lc ρ =928 kg /m3, we 

obtain Sν% =0.0000156639, and, correspondingly, Sν =0.4999843361. 

Numerical modeling of the elastographic problem  
The simulation procedure for effective modeling of the elasto-
graphic problem  contains three  composite,  and  interactive parts, 
i. e., mechanical tool having in output the axial/lateral displacement 
at each of its nodes after the application of the external compres-
sion on the specimen; acoustical tool measuring the acoustic RF-
signals and images inside the phantom before and after compres-
sion; and image formation technique (at the initial stage, the cross-
correlation one) giving the estimations of the displacement field 
and strain distribution.  

 

 

Fig. 1: Block-diagram of the integrated software for numerical  
modeling of elastographic problem 

Forward elastographic modeling using plane strain 
state model 
The numerical simulations were performed with MSC.Marc, a 
standard finite element program. To simulate the mechanical be-
havior of the tissue-mimicking phantoms, a two-dimensional mesh 
consisting of 2236 eight-node, isoparametric, arbitrary quadrilateral 
elements, written for incompressible or nearly incompressible plane 
strain applications, was used. In order to reproduce the experimen-
tal setup, the boundary conditions shown in Fig. 2 were applied to 
the model.     

Fig. 2: Sketch of the the finite element discretization with 
applied boundary conditions 

All nodes on the upper and lower boundary can move freely in x-
direction, whereas the movement in y-direction is prescribed. In all 
FE-analyses, the Young's modulus of the matrix was fixed at 
32 kPa, while the Youngs's modulus of the inclusion was varied 
between 8 kPa and 160 kPa. The Poisson's ratio of both parts was 
set to 0.495. The appropriate results are given in Fig. 3. 

 
               (a) 

                  
                 (b) 

 
Fig.  3: Results of finite element analyses:  displacement  

in y-direction (a) and strain εyy at Einc/Emat= 5 / 1 (b) 
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Results of experimental elastographic imaging for 
one-inclusion specimen 
All experiments (Fig. 4) were performed using a commercially 
available ultrasound system SONOLINE Omnia (Siemens AG) 
equipped by a 7.5 MHz linear probe and sampled by a conventional 
gauge card on a desktop PC. A set of tissue-mimicking phantoms 
using different gelatin and agar concentrations were produced.  

 

Fig. 4. Schematic diagram of the experimental setup 

The strain images were collected by comparing echo signal sets 
obtained prior to and immediately after following less than 5% 
compression at the supposition that tissue properties are approxi-
mately linear and elastic.  
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Fig. 5. B-mode imaging and elastographic one 

Using the exact measurement of temporal displacements between 
two signal sets is the key to estimate strain. A phase root-seeking 
algorithm [21] has been utilized for fast and accurate displacement 
shift estimation, improving the accuracy and reducing the time 
needed for calculation.  

In an experiment a tissue-like soft gelatin phantom with a hard agar 
inclusion (Ea/Eg = 5/1) is slightly compressed using the US trans-
ducer. The rigid body with cylinder shape in the phantom is not 
visible in the conventional B-mode image (Fig. 5, left ). The same 
body can be clearly seen in the elastogram (strain image) to the 
right. Experimentally obtained images of displacement distribution 
and strain are given also in Fig. 6. 

 

 

                                                  (a) 

 
                                                  (b) 

Fig. 6. Experimentally obtained displacement distribution (a ) 
and the strain image (b) 
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