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Since the beginning of medicine, palpation has been the primary semiologic method used to detect
abnormalities during clinical examination. The mechanical properties of soft tissues are usually related
to changes in stiffness. However, changes in stiffness and echogenicity of soft tissues are not always
correlated. Elastography has emerged in the last decade as a new method that, when used in
association with ultrasonography, can provide information about the acoustic properties (echogenicity
and texture) and mechanical attributes (stiffness) of a region of interest in a specific tissue. The
objective of this article is to review the literature on the physical principles of elastography and to
describe several features of the elastographic imaging process to provide a better understanding of
this new technique and its potential utilization in the veterinary field.
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INTRODUCTION

Since the beginning of medical practice, palpation has their molecular constitution (the presence of fat, collagen
been used to detect the presence of abnormalities in fibers, elastin and water, among others) and on the
tissue consistency that could indicate the presence of micro- and macroscopic structural organization of the
pathology. The success of this method rests on the fact tissues. These attributes include the elasticity, stiffness
that the mechanical properties of diseased tissue are and mobility shown by a tissue in response to forces

typically different from those of the adjacent normal applied to it (Konofagou, 2004). Pathological changes are
tissue. However, palpation is of limited usefulness in usually correlated with changes in tissue stiffness in
detecting masses located deeply in relation to the skin many cases, the small size of a lesion and/or its deep
surface. The assessment of other properties associated location prevents its detection or evaluation by palpation,

with diseased tissue, including water content, tissue despite the fact that it differs from normal tissue in
density and acoustic interaction capacity, has prompted stiffness and mobility. In addition, lesions may or may not
the emergence of the diagnostic imaging field, which exhibit acoustic properties that render them detectable by
currently makes possible imaging that offers resolution ultrasonography. Because the mechanical attributes and
far beyond the limits of palpation (Konofagou, 2004). echogenicity of tissues are not always correlated,

The mechanical attributes of soft tissues depend on combining data on these properties is expected to reflect
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tissue structure and pathology and to provide greater
diagnostic accuracy. For example, although harder than
adjacent tissue, prostate tumors may be sufficiently small
to be not observable by normal ultrasonography. This is
also true in the case of diffuse diseases; liver cirrhosis,
for example, significantly increases the stiffness of liver
tissue, although in early stages of the disease
sonographic images may be within normal limits on
conventional ultrasonography examination (Konofagou,
2004).

Elastography, which has emerged in the last decade,
offers a very promising imaging method when combined
with ultrasonography. Used together, these methods
provide data on the acoustic properties and mechanical
attributes of an area of interest in relation to adjacent
tissues (O’Brian and Holmes, 2007). The proper inter-
pretation of images generated using this technological
resource requires an understanding of the mechanical
attributes of the tissue in question, that is, the relationship
between stiffness and elasticity, as well as knowledge of
the various processing methods that can be used with
elastographic images (O’Brian and Holmes, 2007). This
study aims to perform a review of the literature published
on the physical principles of elastography with the goal of
helping practitioners to understand the potential
applications of this new diagnostic tool.

TISSUE MECHANICAL PROPERTIES

The responses of tissue to applied mechanical forces
(that is, compression, traction, tension and elasticity) are
considered their mechanical properties. Depending on
the material (live tissue) and temperature, the tension
(stress) applied to a medium is approximately
proportional to the deformation (strain) on the tissue. The
ratio of proportionality between the applied stress and the
resulting strain is called the elasticity modulus or Young's
modulus (Lai, 2009). Young's modulus (E) is a measure
of a material's resistance to compressive deformation.
Tissue deformations occur in response to stress (o)
applied to the tissues, and this stress is related to the
force applied. The deformation that occurs is known as
the strain (g). Tissues with higher Young’s moduli, such
as fibrous tissues, are more resistant to deformation than
other more compliant tissues such as fat.

To understand the application of these physical
principles to the elastographic method and because soft
tissues are typically composed of heterogeneous and
complex material, it is also important to understand the
following:

1. The force applied to the tissue is considered static; that
is, the data acquisition time is very short compared to the
time during which the force acts to cause changes. Thus,
the applied force may be considered constant during data
acquisition, reducing the complexity of the resultingdynamic

dynamic viscoelasticity equation.

2. The tissue axial displacement is very small, on the
order of less than 1%; therefore, the resulting equation is
considered to describe a linear force (that is, the amount
of strain resulting from an applied stress is not a function
of the absolute stress applied).

3. The material is elastic (that is, the tissue returns to its
non-deformed state when the applied stress is removed,
and the deformation state is not dependent on the rate of
the applied stress), isotropic (that is, the tissue’s material
properties are not orientation-dependent) and incompres-
sible (that is, the volume of the tissue remains the same
when strained due to its high water content) (Sarvazyan,
1993).

To simplify the analysis and interpretation of
elastography, stress and strain can be related to each
other by Young’s modulus (that is, stress is a function of
strain): o = Et.

When an elastic medium undergoes compression due
to the application of a constant uniaxial force, all points in
the medium whose main components are arranged along
the axis of compression and motion experience some
level of longitudinal displacement. The resulting level of
displacement of a given element will be greater or smaller
if one or more tissue elements have stiffness parameters
that differ from those of other elements (Ophir et al.,
1991; Sarvazyan, 1993). A harder tissue element will
undergo less deformation when subjected to
compression than other elements of lower stiffness
(Figure 1).

The longitudinal (axial or lateral) displacement of the
elements of a tissue can be estimated through the
analysis of ultrasound signals detected using a diagnostic
ultrasonography device. If the amount of tension
necessary to obtain a certain degree of deformation of
the medium is known, the elasticity of the medium being
studied can be calculated. The higher the modulus of the
medium is, the greater the tension required for
deformation of the medium; thus, the stiffer the material.
The linear relationship between these quantities is known
as Hooke's law (Sarvazyan, 1993). These data are
usually gathered in the following order:

1. A sample of radiofrequency echoes obtained in the
region of interest in the tissue under study is collected.

2. A small compression of the tissue is performed using a
transducer along the same direction of the sound beam.
3. A second linear echo sample is acquired after
compression of the same region of interest (Ophir et al.,
1991; Palmieri and Nightingale, 2011).

The data are compared using cross-correlation
techniques in which similar linear echoes are subdivided
into small time windows and paired, thereby permitting
mathematical calculation of the change in the region of
interest after compression at several points within the
area (Ophir et al., 1991). Tissues may show greater or
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Figure 1. Effect of a compression force on a
tissue with focal lesions of various origins. The
harder lesion is less deformed than the normal

tissue.

smaller viscoelastic behavior depending on the presence
and quantity of certain components, including fluid flow at
the site and the ability of fibers within the tissue to under-
go stress relaxation. Thus, most soft tissues appear iso-
tropic when a mechanical stress force is applied (Parker
et al., 1990; Sarvazyan, 1993; Palmieri and Nightingale,
2011), although there is evidence that some soft tissues,
for example, muscles, possess anisotropic mechanical
and ultrasonographic properties (Levinson, 1987).

The introduction of viscosity to the tissue description
allows tissue stiffness to be analyzed as a function of the
excitation frequency (that is, E(f)). Higher frequency exci-
tations yield stiffer tissue responses than lower frequency
excitations (Sarvazyan,1993). The use of a device that
permits results to be obtained in real time, as is the case
in ultrasound imaging, is optimal for mathematically
describing the mechanical behavior of the analyzed
tissues and determining all the factors involved. Elasticity
imaging modalities generate images of tissue stiffness
(Ophir et al., 1991; Palmieri and Nightingale, 2011). They
accomplish this by applying stress to the tissues using an
external excitation source, an internal, physiological mo-
tion source or an acoustic radiation force and measuring
the resulting deformation (displacement) that occurs in
response to the applied stress. Based on a known
stress/strain relationship, the deformation that occurs in
response to the applied stress can be related to the

tissue stiffness.

FORCES AND STRESS SOURCES

Elasticity imaging requires a source of stress to deform
tissue so that relative or absolute responses to that stress
can be measured to generate elasticity images. These
excitation sources can be external to the body and
include mechanical punches, vibrating rods and com-
pression plates. We may consider two types of waves
resulting from a specific stress source traveling through a
medium: compression and shear waves (Figure 2).

Compression waves

With compression waves, the particles of a medium
oscillate in the direction of motion. The tissues of the
body have substantially different mechanical properties
because their mechanical functions are different.
Furthermore, the estimation and imaging of tissue dis-
placement is, by definition, a three-dimensional problem.
When a tissue is deformed, the apparent proximal non-
compressibility of most soft tissues means that stress
components are generated in all directions simulta-
neously (Levinson, 1987; Han et al., 2003). In ultrasound
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Figure 2. Schematic drawing showing compression and shear waves traveling through a medium.
The compression waves move particles in a medium along the direction of motion, while, when shear
waves are applied, the particles oscillate perpendicular to the direction of motion.

elasticity imaging, the ultrasound transducer can be used
to apply compression to the tissues of interest through
the skin surface. The advantage of using this excitation
source is that known stresses or strains can be applied to
large volumes of tissue, which can be useful when
screening for lesions. A potential drawback to external
excitation, however, is the limited penetration of these
applied stresses into deep organs of interest (example,
the liver in an obese patient) due to attenuation of the
stress from the skin surface or a physical barrier such as
the presence of abdominal ascites.

Shear waves

With shear waves particles oscillate perpendicular to the
direction of motion. Shear waves are important for
elastography because  calculation of stiffness is
performed using a mathematical formula (Young's
modulus) that requires wave velocity data (Hoskins,
2012). Local displacement of the tissue occurs as shear
waves pass through it. These local displacements cause
changes in the returning echo pattern over time that can
be monitored using methods of axial image correlation.
However, this requires that the time between subsequent
ultrasound pulses be less than 0.5 ms, which is
equivalent to a minimum pulse repetition frequency (PRF)
of 2,000 Hz. This parameter can be easily adjusted in
devices that produce one-dimensional images (for

example, in M-mode). However, a PRF is required to
produce two-dimensional multiaxial images; such images
cannot be obtained using conventional technology
devices (Levinson, 1987; O’Brian and Holmes, 2007;
Hoskins, 2012).

Another stress source that can be used in ultrasound
elasticity imaging to overcome the challenge of
introducing stress into internal organs of interest is the
acoustic radiation force, the force that results from
transfer of momentum from the propagating ultrasonic
wave to the sound-absorbing soft tissue. This transfer of
momentum applies a force in the direction of the wave
propagation; thus, through the use of longer and/or
stronger acoustic pulses which are typically used in
diagnostic ultrasound, transient tissue deformation on the
order of microns can be generated. The acoustic
radiation force (F) is a force applied over a volume of
material, and it is related to the acoustic attenuation of
the tissue (a), the acoustic intensity (I) and the speed of
sound (c) by the formula F=2al/ c.

The ultrasound systems that are currently commercially
available can be classified according to their capacity for
wave emission and detection (Ophir et al., 1991;
Nightingale et al., 2002; Palmieri and Nightingale, 2011;
Jaffer et al., 2012). The elasticity of tissue can be inferred
in three ways: by generation of shear waves using an
external mechanical agent; by sonoelastography that
involves automatic generation of shear waves and by
generation of shear waves using acoustic radiation force
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Method Stress source Equipment Vibration source Advantages Limitations
Static Mechanical Hitachi Toshiba Commercially

. Manual . Operator- dependent
elastography compression Esaote available
Transient Automaticcompression  Fibro scan Mechanical transient Validated in humans  Body conditions
elastography force
Acqusﬁc Shear wave Siemens phillips Transient radiation Potentially useful in Expensive; few studies
radiation force all organs
Supersonlc Shear wave Aixplorer Acougtlc radiation Faster Expenswe; no
image force impulse standardization

(a)

(b)

Figure 3. Schematic drawing showing the motion of particles in the
medium according to the type of acoustic wave. (a) compression waves;

(b) shear waves.

or shear force associated with a B-mode image (Table 1).
The types of stress sources described above can be
applied (quasi) statically (that is, under conditions in
which a stress state is applied and held), dynamically (the
stress is applied impulsively, that is, there is a transient
excitation typically lasting tens to hundreds of
microseconds) or harmonically (that is, the stress is
applied as a sinusoid of one or more frequencies).

ELASTOGRAPHY IMAGE PROCESSING

Quantitative evaluation of the mechanical parameters of
tissues has yielded a broad range of values (Parker et al.,
1990). Most studies of the mechanical parameters of
tissues have been performed on tissues (muscles,
arteries, lungs, tendons, bones, skin, ureter) that were
subjected to a tensile force. Conversely, limited data on
the compression features of tissues within organs have
been gathered. Even fewer studies have measured the
elastic resultants of these tissues in vitro (Parker et al.,
1990). Some in vivo studies were performed; the results
of these studies indicate that the mechanical properties of
tissues are significantly different under normal conditions
and in the presence of tumorous lesions (Han et al.,
2003).

The existence of significant differences in the responses

of normal and abnormal tissues to a mechanical stimulus
has enabled the development of imaging techniques that
reveal the mechanical attributes of a tissue or a region of
interest within a tissue (Nightingale et al., 2002; Jaffer et
al., 2012). Currently, a variety of techniques can be used
to obtain measurements of tissue mechanical properties
and process the measurements into an image format that
can be used as a diagnostic tool. The commercially
available methods can be subdivided into two main types:
strain elastography or elastography by mechanical com-
pression waves and shear wave elastography performed
by shear wave emission (Figure 3) (Hoskins, 2012).

In shear wave elastography, a force is exerted on the
tissue, and the imaging system measures the response
of the tissue to that force. There are two basic techniques
that can be used; both are based on tissue compression.
In the first method, the transducer is moved along an
axis; this technique is termed strain elastography (A-line
correlation) or static elastography. The other technique,
which is called sonoelasticity imaging, transient elasto-
graphy or Fibroscan, involves the application of low-
frequency vibration energy to the tissue followed by
simultaneous detection of Doppler ultrasound waves
showing the hemodynamic disturbance caused by vibra-
tions (Nightingale et al., 2002). In the latter case, data
obtained using the Doppler tool generate a result that
shows the elastic modulus calculated from the wavelength
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Figure 4. Elastographic image of a liver with a hard nodule (in blue color) centrally located in the left medial
lobe. The colored bar at the side of the image illustrates the degrees of relative stiffness (harder tissues are
shown in blue, and softer tissues range from yellow to red in color). A plot of sinusoids that shows the

mechanical compression exerted in the study area is presented below the color image.

at the vibration site; that is, they show only the
displacement amplitude related to the elasticity of this
modulus also along an axial path (Hoskins, 2012).

The technique termed strain elastography measures
the local response of a tissue subjected to a force and
transforms the calculations of longitudinal (axial) dis-
placement of the relevant components at different points
of a single tissue into an image (Ophir et al, 1991). The
resulting image is known as an elastogram (Figure 4).
This technique can be used to detect tissue movement,
tissue compression and extension along the axis of
displacement and are especially used in real-time in
clinical practice (Hoskins, 2012). They may be performed
in real-time or not, using ultrasound devices equipped
with specific software that is capable of evaluating the
physical properties of a tissue (Figure 5) and assessing
its degree of stiffness in relation to the adjacent tissue
through compression of the evaluated site (Jaffer et al.,

2012).
In static elastography, a sound beam is emitted by the
transducer while a slight manual mechanical

compression is simultaneously performed. An elastogra-
phic image is generated from the tissue deformation, with

the software performing a comparative analysis of the
moment of compression and the resultant after com-
pression. Harder tissues deform less upon compression,
while tissues more susceptible to compression show
greater deformation (Saftoiu et al., 2007). The deformity
experienced by the tissue is represented on a color scale,
according to the elastic variation: red corresponds to
softer tissues, green to tissues showing intermediate
deformity, and blue to tissues with less deformation, that
is, of greater stiffness (Saftoiu et al., 2007).

It is important to note that strain elastography does not
provide an exact mathematical image of the elastic
modulus itself. In strain elastography, a stiffness index
can be estimated by comparing the stiffness of the lesion
with that of an adjacent reference region. Thus, the
operator must remember that the measurement is
sensitive to the positioning of the reference region; to
obtain a reliable index, the reference region should be at
the same depth as the lesion under study (Figure 6). This
is important because the stress caused by compression
(that is, the force per unit area) often changes with depth.

In a uniform tissue such as the liver or at a phantom,
stress and elasticity decrease with increasing depth
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Figure 5. Strain elastography of a testicle with a nodular focal lesion of greater stiffness than the

adjacent tissue and suggestive of malignancy.

(Hoskins, 2012). Thus, depth becomes a limitation
because lesions at depths greater than 5 cm cannot be
compressed sufficiently to be evaluated by this imaging
technique. This primarily occurs in organs located at
greater depths or in obese patients (Hoskins, 2012).
Variations of elastography techniques, including real-time
elastography and transient elastography, have been
described in the literature. These variations are the result
of technological development aimed at finding optimal
methods for different clinical indications (Hoskins, 2012).
Another technique that has been described in the
literature is based on the propagation of an acoustic
radiation force impulse (ARFI) or a shear waveform. This
force is capable of causing tissue displacement without
the need for manual compression. This technique can
provide both strain and sheare wave data (Figure 7). The
displacement caused by the shear wave is minimal,
although the focus of a high-mechanical index pulse may
produce displacements of up to 20 um, with the tissue
returning to its initial position in 5 ms (Nightingale et al.,
2002). The displacement can be detected using the strain
elastography technique and can be used at greater
depths and they are permitted by simple strain
elastography because the force originates directly from
the focal region of the transducer. Moreover, the
subjectivity of the measurements resulting from the
variation in compression force applied by the operator

ceases to exist with this method. Thus, the method is
more accurate and involves less inter-observer variation
and greater reproducibility (Jaffer et al., 2012).

Shear wave elastography involves a step forward in the
reconstruction of the elastic modulus resulting from axial
displacement in real-time, as it measures the waves able
to cause elastic deformation in the direction of motion,
thereby enabling the user to calculate the tissue stiffness
from the data gathered in the region of interest (Kallel et
al., 1999). Several studies that show the accuracy of
estimates of the displacement of waves in various tissues
have been published (Konofagou et al., 1999). Shear
wave elastography or shear wave elastography is
currently performed using devices that rely on focused
ultrasound wave propagation to generate marginal and
orthogonal (or shear) waves within the organ. This
process may be performed using either ARFI imaging
devices or supersonic shear wave imaging devices
(Konofagou et al., 1999).

PRIMARY APPLICATIONS OF ELASTOGRAPHY

Among the primary applications of the method, it is
important to emphasize the use of so-called transient
elastography. Transient elastography was the first elasto-
graphy method to be commercially used. It is performed
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Figure 6. Elastographic image of two adjacent regions of interest and the resulting plots of comparative stiffness.

using a device termed Fibroscan® that was specifically
developed to quantify liver fibrosis without, however,
forming an image. This device has the ability to send
elastic waves together with the sound beam. These
waves go through the tissue at speeds directly propor-
tional to tissue stiffness. The technique offers advantages
over conventional biopsy for the quantification of liver
fibrosis: it is risk-free for patients, it is painless, and it
evaluates liver tissue within a 1-cm-thick and 2-cm-deep
cylindrical fragment that is 100 times larger than the
fragment removed by biopsy (Serejo et al., 2007; Rivero-
Juarez et al., 2012). However, studies show that some
conditions associated with chronic liver disease, including
liver inflammation and congestion, biliary obstruction and
portal hypertension, may increase the elasticity of the
liver, making the method inconclusive in 20% of cases
(Friederich-Rust et al., 2008; Castera and Pinzani, 2010).
Furthermore, some technical difficulties, including the
high cost of the device, the long user learning curve and
the impossibility of performing the technique in the
presence of ascites and in obese patients, limit the use of
the method (Hoskins, 2012).

Mechanical or real-time elastography involves the use
of ultrasound devices with specific software and offers

the advantages of lower cost and ease of operation. Most
ultrasound device manufacturers produce machines that
use this method. Notwithstanding its advantages,
mechanical elastography is considered operator-
dependent because it requires manual application of the
force; for this reason, it has low reproducibility. The
literature reports that mechanical elastography has been
used as an auxiliary method in conventional ultrasound
imaging for differentiating malignant from benign focal
lesions (O’'Brian and Holmes, 2007). Preliminary studies
of its use in liver tissue have aimed to standardize the
technique and evaluate its diagnostic value in detecting
focal and diffuse lesions, differentiating malignant and
benign processes (Carvalho et al., 2012), and detecting
degenerative and inflammatory processes (Orlacchio et
al., 2012) in addition to quantifying fibrosis in human
(Boozari et al., 2010) and canine (Rivero-Juarez et al.,
2012) patients. For these reasons, many expectations
have been generated regarding this new technique
(Jaffer et al., 2012).

Lastly, methods based on shear wave propagation
(ARFI and supersonic shear waves) offer several
advantages compared to other methods. They enable the
procedure to be combined with routine real-time ultrasound
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Figure 7. Shear wave elastography of a focal liver lesion showing a speed (Vs) of
2.03 m/s at a depth of 5.4 cm, suggesting a greater stiffness in the region than in

the normal adjacent tissue.

ultrasound even in overweight patients or in patients with
ascites because they generate greater penetration of the
mechanical wave. Furthermore, the technique provides
better accuracy in the calculation of tissue elasticity and
better reproducibility because the result is independent of
the skill of the operator (Friedrich-Rust et al., 2009; Muller
et al, 2009; Boursier et al., 2010). The primary
disadvantages of the shear wave propagation techniques
are related to the cost of the device, which often
precludes its use outside of reference centers for human
and veterinary medicine. We may also add that another
disadvantage of the shear wave propagation method is
the size of the sample measured, which is small and not
always significant in relation to the whole organ in the
case of diseases without diffuse parenchymal infiltration
(Friedrich-Rust et al., 2008). Studies using this technique
are still very recent, and there are no established
benchmarks in the veterinary literature.

Elastography has the potential to be more challenging
in animals than humans. Obtaining measurements from
deeper regions within the liver was sometimes
problematic as these regions had a tendency to show
increased movement during the respiratory cycle, com-
pared with the more subtle movement of the superficial
tissues. Breath holding is commonly used in human
elastography but, in veterinary medicine, is not possible
to request conscious patients to breath hold or remain

still; therefore, the values obtained are likely to be more
variable. Some patients that were uncooperative and
moving and patients that were panting heavily were noted
to produce invalid readings (XXX readout). To minimize
the impact of respiratory motion on the accuracy and
reliability of results, efforts can be made to time
measurements such that acquisition to occur during the
normal end-expiratory pause. Another possible solution,
in some instances, would be to sedate or anesthetize
animals for the procedure to prevent voluntary
movement, permit control over respiration and allow
breath-hold techniques to be employed (Holdsworth et
al., 2014). Besides the application of the Elastography on
the evaluation of the hepatic parenchyma, recently, in
several case reports this technique is also being used on
the evaluation of different organs.

This technique has proved to be immensely useful in
assessing lymph nodes in the neck and maxillofacial
region (Tan et al., 2010). Information on lymph node
stiffness would likely be clinically useful for guidance of
percutaneous biopsy and/or nodal dissection. Such
information might also improve patient follow-up by
enabling early detection of cancer recurrence (Lyshchik
et al.,, 2007). Elastography has been used to identify
metastatic lymph nodes, measure masseter stiffness
(Ariji et al., 2009) for the purpose of massage and to
evaluate focal lesions in major salivary glands (Bhatia et
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al., 2010; Das et al., 2011).

Pancreatic applications of ultrasound elastography are
relatively recent because of the difficulty in pressing the
pancreas, which is located deep in the body. The lesion
detection rate and diagnostic rate could be improved to
over 90% by the combined use of B-mode and
elastographic images, compared to using b-mode images
alone (Uchida et al., 2009; Park et al., 2014). This tech-
niqgue has been reported to be useful in characterizing
and differentiating normal pancreas, chronic pancreatitis
and acute pancreatitis. In a study using ARFI elasto-
graphy to evaluate the pancreas tissue, the authors
conclude that mean ARFI values less than 2,2m/s for
pancreatic parenchyma may be exclude an acute
pancreatic inflammatory disease. If mean ARFI value is
higher than 2,2m/s, an acute pancreatitis attack may be
diagnosed. Higher ARFI values in acute pancreatitis are
due to increased fluid content in the inflamed organ
making the tissue hard (Mateen et al., 2012). Another
study (Janssen et al.,, 2007) concluded that chronic
pancreatitis and hard tumors cannot be distinguished by
elastography, probably because of their similar fibrous
structure and calcification, leading to high ARFI values
(Janssen et al., 2007; Park et al., 2014).

Spleen stiffness as measured by noninvasive imaging
modalities, as elastography, has more recently been
reported to be a marker for prediction of portal
hypertension (Grgurevic et al., 2011). Spleen stiffness as
measured by the mean share wave velocity has a close
relationship with portal vein pressure and can be used to
predict the presence of cirrhosis and varices in patients
with liver fibrosis and portal hypertension. When portal
vein pressure is higher, the spleen is stiffer, and the
mean share wave velocity is increased, whereas when
portal vein pressure is lower, the spleen becomes softer,
and the mean share wave velocity is decreased (Gao et
al., 2012). The explanation for these results would be that
portal hypertension would initially and directly induce
hypersplenism with associate histologic changes in the
spleen (Ran et al., 2012).

Some recent studies showed that acoustic radiation
force impulse (ARFI) elastography was useful for the
differentiation between benign and malignant thyroid
nodules. The mean share wave velocity value of
malignant thyroid nodules was significantly higher than
that of normal tissue or benign nodules (Zhang et al.,
2014). In a study about clinical application of thyroid
elastography including 92 consecutive patients with a
single nodule, the researchers calculated the sensitivity
to be 97% and the specificity to be 100% from predicting
thyroid malignancy (Rago et al.,, 2007). In practice,
elastography is usually performed as an extension of
convencional US and not as an independent test (Kwak
and Kim, 2014). Vorlander et al. (2010), confirmed the
possibility of measuring the increased stiffness in
Hashimoto disease by using magnetic resonance
elastography and in other study was reported the possible

possible usefullness of ARFI to confirm the presence of
Graves disease and chronic autoimmune thyroiditis
(Zaleska-Dorobisz et al., 2014).

Another common application of ultrasound elasto-
graphy is in breast examinations. The combination of
conventional ultrasound, elastography and virtual touch
tissue quantification technology are proven to have high
diagnosis performance on detecting breast lesions and
diagnostic of breast cancer. The stiffness of breast
lesions is closely associated with the degree of malig-
nancy, and is the basis for the evaluation of benign or
malignant tumors by elastography. However, due to the
overlap in the hardness of benign and malignant tumors,
actual clinical application would benefit from combining
these methods with conventional ultrasound to optimize
the accuracy of breast tumor diagnoses. Furthermore,
elastography would increase the sensitivity of B-mode
sonography in distinguishing benign and malignant
lesions, in consequence, could potentially reduce
unnecessary biopsies. This seems to be an important aim
because nearly 80% of biopsied breast lesions turn out to
be benign, according to the American Cancer Society
(Jiang et al., 2014; Zaleska-Dorobisz et al., 2014). In a
study to evaluate the applicability of acoustic radiation
force impulse elastography as a complementary method
in diagnosing mammary neoplasia in 50 female dogs, the
autors conclude that elastography helped to differentiate
between malignant and benign mammary neoplasm.
Future studies with larger number of samples should be
performed in order to determine the sensitivity and
specificity of this imaging technique in the evaluation of
mammary tumors in dogs (Feliciano et al., 2014).

Elastography is constantly being improved and it also
allows us to show the lesions that are in the prostate
gland. This method targeted approach detects high-risk
prostate cancer more reliably than biopsy, requires a
reduced number of cores for prostate cancer detection,
and enhances the overall sensitivity in the combined
biopsy setting (Junker et al., 2014). Inconsequence, it
helps in making a decision on whether to carry out a
biopsy and thanks to higher precision additional contuses
is not necessary (Zaleska-Doronisz et al., 2014). Trans
rectal elastography revealed carcinoma in 93% cases in
a study with 97 patients. In these study, the detectability
of carcinoma was higher than in trans rectal ultrasound —
59% in 16 patients, but the autors (Junker et al., 2014)
noticed that the effectiveness of sonoelastography of the
prostate gland depends on malignant tumor size. In the
case of foci of 0 to 5 mm the effectiveness of this method
is 6/62, 6 to 10 mm is 10/37, 11 to 20 mm is 24/34 and
the highest detectability of 14/14 is in the case of tumors
bigger than 20 mm (Zaleska-Dorobisz et al., 2014).

Application of these new ultrasound techniques to the
kidney has been shown to be possible and the first
results are encouraging. However, the kidney is a much
more complex organ than the liver, with two compart-
ments and a high vascularity. Increased cellularity and



increased intratubular and interstitial hydrostatic pressure
would change and bias the elasticity values obtained
within the renal parenchyma. But the correlation between
renal elasticity quantification and intrarenal pathological
changes is quite controversial in the literature. One
possible explanation for such discrepancies is the non-
specificity of stiffness changes related to interstitial
fibrosis. The results of recent studies suggest that the
degree of renal cortical stiffness does not reflect any
specific intrarenal change, such as fibrosis, but rather the
association of several renal microlesions, especially
chronic lesions. Therefore, more experience is needed in
preclinical models and in patients’ cohorts with
pathological correlation to better understand which are
the physical factors of variation and the histopathological
causes of elasticity changes (Grenier et al., 2013).

Conclusion

The primary challenges that complicate the widespread
and routine use of elastography in human (Palmieri and
Nightingale, 2011) and veterinary medicines are:

1. The difficulty of access in obese patients and to some
organs, including the liver, given the thoracic skeleton;
this is true especially in the case of veterinary medicine
because some breeds of dogs have keel-shaped deep
chests, complicating liver examination.

2. The need for devices that support the new technology
and are affordable.

However, elastographic imaging methods have a
promising future given their safety and the good image
resolution of current conventional diagnostic ultrasound
devices (Table 1) (Palmieri and Nightingale, 2011). The
main areas in which we may expect significant progress
and clinical research for the application of this technique
are:

1. Characterization of the stiffness of tissues with respect
to the presence of structural lesions in organs
(Holdsworth et al., 2014; White et al., 2014).

2. Monitoring of processes of tissue fibrosis in various
organs.

3. Tumor characterization based on the image pattern
associated with the tumor's mechanical properties
(including stiffness and mobility);

4. Early detection of malignant lesions using three-
dimensional characterization of the affected area.

5. Lastly, applications at the cellular level through the use
of high-frequency transducers for small organs
(Konofagou, 2004).

These are some examples of the numerous possibi-
lities various elastography methods may provide for
clinical applications in veterinary medicine in the coming
years.
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