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Abstract

Imaging methods based on elastography have come to be widely used in recent years for non-invasive
evaluation of tissue mechanical characteristics. These methods use those soft tissues' elasticity changes in
response to disease to provide both qualitative & quantitative diagnostic data. Tissue stiffness in reaction
to a mechanical force [compression or a shear wave] is measured using specialized imaging modes. Methods
based on ultrasound are intriguing because of their many built-in benefits, such as low cost & widespread
availability [even at the bedside]. There are significant diagnostic & therapeutic applications for the
measurement of tissue stiffness using ultrasound elastography. However, ultrasound elastography images
can be affected by a variety of artifacts that can result in false or misleading information. These artifacts
can arise from various sources, such as patient motion, air or gas in the tissue, or technical issues with the
ultrasound equipment. In this review paper, we provide an overview of the various artifacts in ultrasound
elastography, including motion artifacts, noise artifacts, shadowing artifacts, intrinsic tissue stiffness
variation, & technical limitations. We discuss the underlying causes & characteristics of each type of artifact
& provide strategies for minimizing their impact on image quality & interpretation. Additionally, we discuss
future directions & emerging technologies that may help to overcome these artifacts & improve the
accuracy & reliability of ultrasound elastography. This review paper aims to provide a comprehensive
understanding of the artifacts in ultrasound elastography & their impact on clinical practice, as well as to
stimulate further research in this important area.
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Clinical applications of ultrasonography, a medical
imaging method, are diversely utilized. For more
than 40 years, it has been used in hospitals & clinics
everywhere thanks to its reliability, affordability,
portability, & convenience of use. Ultrasound,
which is based on the propagation of mechanical
waves, & more specifically high frequency
compressional waves, allows for the construction of
morphological images of organs, but provides no
fundamental or quantitative information on tissue
elastic properties [1]. This is because the bulk modulus
that governs the propagation of ultrasound is almost
homogeneous in the different biological tissues.
About 20 years ago, researchers began working on
a technique called elastography, which tries to
image tissue stiffness & gives extra, therapeutically

useful data. Shear waves are mechanical waves

whose propagation is regulated by the tissue stiffness

rather than its bulk modulus, & their imaging can
be used to provide an estimate of the stiffness of
tissue under stress [quasi-static methods]. Young's

E modulus, a physical measure related to stiffness,

is the focus of quantitative imaging with

elastography. This has two major benefits:

e The Young's modulus, denoted by E, varies
significantly across different biological tissues,
making it a great contrast parameter for
characterizing different tissues [1]; &

e The Young's modulus characterizes the stiffness
of a tissue, which is the quantitative
reproduction of a clinician's palpation & thus has
relevant diagnostic value.

Copyright: Alotaibi A, Besbes H, Fatani F, Alharbi F

2009


mailto:mody2010group@gmail.com
mailto:mody2010group@gmail.com

Alotaibi A, Besbes H, Fatani F, Alharbi F: Ultrasound Elastography Image Artifacts. History of Medicine...

o=I"-g (Eqn. 1)

This "palpation imaging" has been effectively
verified in a variety of settings, including the
characterization of breast tumors & the staging of
hepatic fibrosis, thanks to its intuitive &
straightforward connection to elastography. In the
same situations where palpation has been proven to
be helpful, elastography can be considered a useful
diagnostic tool. In addition, several elastography
techniques can be applied to deep organs, whereas
palpation requires direct contact & is limited to the
superficial ones, thereby expanding diagnostic
possibilities. All elastography methods rely on the
same principle to determine a tissue's Young's
modulus: an external force is applied to the tissue
under study, & the subsequent motions are
observed. Static [or quasi-static] approaches &
dynamic methods of excitation are used to
categorize the external force [1].

Principles of Ultrasound Elastography

o,=E-g, (Egn. 2)

Ultrasound-based "elastography” was first
developed by Ophir et al. [2] using a tissue
deformation that is assumed to be quasi-static [i.e.,
not changing by a large amount over time] to
estimate local tissue displacements. Ultrasound
radiofrequency data [both pre- & post-deformation,
through compression or palpation] are compared.
By calculating the axial gradient of this
displacement map, we can obtain a qualitative
estimate of tissue elasticity known as strain. Since
its inception, many imaging-based methods have
been developed, including elastography based on
MRI [3,4]. Ultrasound elastography can measure
elasticity by [i] applying physical stress that causes
a displacement in the tissue, [ii] estimating the
displacements that result from the physical stress
using the radiofrequency ultrasound data, & [iii]
using the calculated displacements to determine an
elasticity parameter such as strain [expressed as a
percentage], displacement amplitude [expressed in
micrometers], or shear wave speed [expressed in
meters per second].

Ultrasound Elastography Physics

Elastography is a method used to evaluate the
elasticity of tissues, which refers to how well a tissue
can resist deformation when a force is applied to it
& how effectively it can regain its original shape
once the force is removed. If we assume that the
material being studied is completely elastic & its
deformation is not affected by the time [meaning
there is no viscosity involved], we can describe its
elasticity using Hooke's Law.
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In the given scenario, stress [oc] represents the
force exerted per unit area, measured in kilopascals
[i.e., N/ml] [as depicted in Figure 1, top row].
Strain [e] denotes the dimensionless expansion per
unit length [as shown in Figure 1, second row],
while the elastic modulus [r] establishes the
relationship between stress & strain, measured in
kilopascals [as illustrated in Figure 1, third row].

The method of deformation defines three types
of elastic moduli, namely Young's modulus [E],
shear modulus [G], & bulk modulus [K]. 1] Young's
modulus, denoted as E, can be determined by the
following equation when a normal stress [on]
induces a corresponding normal strain [en]. In this
context, "normal” refers to a direction perpendicular
to the surface [as shown in Figure 1, first column].

0,=G'g, (Egqn. 3)
2] The shear modulus [G] is determined by the
following equation when a shear stress [oS]
induces a corresponding shear strain [es]. In this

case, "shear" refers to a direction tangential to
the surface [as depicted in Figure 1, second

column] .
—_— r
c = J:

O,=K-g (Egn. 4)

3] The bulk modulus [K] is determined by the
following equation when a normal inward force
or pressure [oB] results in a bulk strain or change
in volume [eB]. In this context, the term "bulk"
refers to changes in volume [as shown in Figure
1, third column].

(Egqn. 5)
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Figure 1. In the field of ultrasound elastography, the
physics & deformation models involve the study of
static deformations in materials that are completely
elastic. These deformations can be described by
stress [o], which represents the force per unit area
[top row], strain [€], indicating the expansion per unit
length [middle row], & elastic modulus [[], which is
obtained by dividing stress by strain [bottom row].
These concepts are applicable to normal forces
[perpendicular to the surface, first column], shear
forces [tangential to the surface, second column], &
bulk forces [normal inward or pressure, third column]
utilized in ultrasound elastography. [55].
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A higher elastic modulus [[] indicates a greater
tendency of a material to resist deformation,
which can be understood as increased stiffness.
In strain imaging, the measurement of normal
strain [en] is conducted following the application
of normal stress [on] to estimate Young's
modulus [E] using Equation 2, as will be further
explained later. Apart from describing static
deformations as mentioned above, the elastic
modulus [I] also determines the speed at which
waves propagate.

(a) Strain Imaging

(o) Shear Wave Imaging | (c) B-mode Ultrasound
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Figure 2. When it comes to the physics of
ultrasound elastography & its measurement
methods, different approaches are employed. In
strain imaging [a], tissue displacement is assessed
by correlating RF echo signals between search
windows [represented by boxes] before & after
compression. Shear wave imaging [b] involves
measuring particle motion perpendicular to the
direction of wave propagation, where the shear
wave speed [c] is linked to the shear modulus [G].
On the other hand, in B-mode ultrasound [c], particle
motion occurs parallel to the direction of wave
propagation, & the longitudinal wave speed [¢] is
associated with the bulk modulus [K]. [55].

Wave propagation in ultrasound is of two types of:
shear waves & longitudinal waves:

First, using the bulk modulus K, we may define
longitudinal waves, whose particles move in a
direction perpendicular to the wave's propagation
[see Figure 2c]:

CL = \E (Eqn. 6)

The speed of longitudinal waves [¢;] in soft
tissues is approximately 1540 m/s. However, B-
mode ultrasound, which utilizes longitudinal waves,
does not provide sufficient tissue contrast for
elastography measurements due to the limited
variations in wave speed & thus the bulk modulus

[K] across different soft tissues.
E

ce = |—

3 (Eqn. 10)

G

< (Eqn. 7)

1. In shear waves, the particle motion occurs
perpendicular to the direction of wave
propagation [as shown in Figure 2b]. The shear
modulus [G] is defined as follows:

The shear wave speed [c,] in soft tissues typically

ranges from approximately 1 to 10 m/s. This

relatively low wave speed in soft tissues enables

significant differences in the shear modulus [G]

between tissues, resulting in suitable tissue contrast

for elastography measurements.

The three types of deformations & elastic moduli
are interconnected & not independent. These
relationships arise from the solid's tendency to
maintain its original volume, which is quantified by
Poisson's ratio [v]. Although the detailed proof is
beyond the scope of this review, the relationship
between Young's modulus [E] & shear modulus [G]
can be expressed as follows [Equation 8]:

E =2[v + 1] G [Eqn. 8]

Given the high-water content of soft tissue, the
Poisson’s ratio v is near 0.5 of an incompressible
medium, & E = 3G. Using this with Equation 7,
we obtain:

E = 3G = 3pc,’ [Eqn. 9]

where E & G can be estimated using
measurements of ¢,  The SI units for density,
kg/m3, & velocity, m/s, result in the SI units for E
& G, N/m? or kilopascals, respectively.

It is crucial to understand the connections
between Young's modulus E, the shear modulus G,
& the shear wave speed ¢, because these values are
given differently depending on the elastography
technology & the vendor. Using phase-contrast
multiphase pulse sequence data, MR elastography
yields the magnitude of the complicated shear
modulus G, which includes both elastic & viscous
components [6]. The shear wave speed, denoted by
the symbol ¢, in ultrasound shear wave imaging, is
either reported or converted to Young's modulus, E.
Comparing E reported in USE & G in MR
elastography can be challenging, even though it is
technically easy to translate between E & G via
equation 9. Estimates of these values rely on the
employed frequency of stimulation.

Young's modulus E is often expressed in
kilopascals, while shear wave speed c is typically
recorded in meters per second or centimeters per
second. Recent consensus supports standardizing
the reporting of results as shear wave speedc, in m/s
[6]. Equation 9 can be revised to reflect the unit
conversion from Young's modulus E in kilopascals
to shear wave speed in meters per second.
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The SI unit for Young's modulus E is the
kilopascal [kg/m? or N/m?]. Since kg/m? is the unit
of density, m?/s? is the unit of the equation E/[3].
Shear wave speed [in m/s] is calculated using
Equation 10 by square rooting the term E/[3].

Types & Causes of Artifacts in Ultrasound
Elastography

To evaluate the mechanical properties of soft
tissues without causing any damage, doctors can
employ ultrasound elastography. Liver fibrosis,
breast cancer, & prostate cancer are just some of
the diseases & cancers that it can help diagnose &
treat. Ultrasound elastography, however, shares the
same vulnerability to artifacts as other imaging
modalities. Discordant artifacts in a picture indicate
that the underlying tissue structure is inaccurate.
The precision & dependability of imaging
assessments may be compromised by them. Artifacts
in ultrasonic elastography will be discussed, along
with the many kinds of artifacts & what causes them
[7,8].

Types of Ultrasounds Elastography Artifacts

Motion artifacts

Motion artifacts are a common problem in
ultrasound elastography & can affect the accuracy
& reliability of tissue stiffness measurements. In this
section, we will further discuss the causes &
mechanisms of motion artifacts, & present new
research on the impact of motion artifacts on
clinical applications.

Causes & Mechanisms of Motion Artifacts

Motion artifacts can arise from various sources,
including patient motion, respiratory motion,
cardiac motion, & peristalsis. These factors can
result in variations in the tissue deformation
patterns & lead to inconsistencies in the estimated
tissue stiffness values. In addition, the movement of
the ultrasound transducer or the operator can
introduce motion artifacts into the image [9].

The mechanism of motion artifacts in ultrasound
elastography is related to the principle of wave
interference. As the ultrasound waves pass through
the moving tissue, they undergo phase shifts that
depend on the velocity of the tissue motion relative
to the ultrasound transducer. This can result in
variations in the amplitude & phase of the
ultrasound signal, which can be misinterpreted as
changes in tissue stiffness. In addition, motion
artifacts can introduce spatial averaging effects,
where the estimated tissue stiffness values are
averaged over a larger area than the actual region of
interest [9].
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Impact of Motion Artifacts on Clinical
Applications

Motion  artifacts can  have  significant
implications for the clinical applications of
ultrasound elastography. In liver elastography, for
example, motion artifacts can affect the accuracy of
liver stiffness measurements, which are used to
diagnose & stage liver fibrosis. In a recent study by
Ma et al., it was found that motion artifacts can
lead to the overestimation of liver stiffness values in
more than 30% of the cases, resulting in the
incorrect staging of liver fibrosis. In addition,
motion artifacts can reduce the sensitivity &
specificity of breast elastography, which is used for
breast cancer diagnosis & monitoring. A study by
Chang et al. reported that motion artifacts can
reduce the diagnostic performance of breast
elastography by up to 10% [10].

Strategies for Reducing Motion Artifacts:

Several strategies have been proposed to reduce
the effects of motion artifacts in ultrasound
elastography. One of the most used methods is
breath-holding, which can minimize respiratory
motion & reduce the variability of tissue
deformation patterns. In addition, respiratory gating
& cardiac gating techniques can be used to
synchronize the image acquisition with the
respiratory or cardiac cycle & reduce the impact of
motion artifacts. Another approach is to use tissue
tracking algorithms, which can help to correct tissue
motion & improve the accuracy of tissue stiffness
measurements.

Recent studies have also investigated the use of
deep learning algorithms to reduce the effects of
motion artifacts in ultrasound elastography. For
example, a study by Li et al. proposed a deep
learning-based approach to suppress motion
artifacts in liver elastography. The results showed
that the proposed method significantly improved
the accuracy of liver stiffness measurements &
reduced the impact of motion artifacts. Similarly, a
study by Lee et al. developed a deep learning-based
approach to reduce motion artifacts in breast
elastography. The results showed that the proposed
method improved the diagnostic accuracy of breast
elastography & reduced the false positive rate [9].

Noise Artifacts

Noise artifacts in ultrasound elastography can
significantly impact the accuracy & reliability of the
imaging results. Noise artifacts that can have an impact
on ultrasound elastography include, but are not limited
to, those already listed as well as speckle tracking errors,
aliasing artifacts, & phase errors. Disparities in the
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elastography image are caused by phase errors, which
occur when the ultrasound signal arrives at various
depths at different times. The ultrasound image can be
improved by wusing multi-frame super-resolution
imaging, which combines numerous ultrasound images
at different times to increase resolution & decrease
speckle noise. Reduced speckle noise in liver
elastography images was achieved using multi-frame

super-resolution imaging in a study by Shen et al. [11].

This led to more reliable stiffness measurements.

Alternatively, ultrasound elastography images can be

de-noised with the help of deep learning methods. For

better image quality & more precise stiffness
measurements, deep learning algorithms can be taught
to recognize noise artifacts & eliminate them from the
image. De-noising hepatic elastography pictures using

a deep learning algorithm enhanced diagnosis accuracy

compared to traditional elastography in research by

Kim et al [12].

Noise artifacts in ultrasonic elastography can
also be mitigated with the aid of contrast
compounds in addition to the aforementioned
methods. It is possible that the precision of stiffness
measurements may be enhanced if contrast agents
were used to enhance tissue visibility. De Luca et
al. [13] found that the accuracy of recorded stiffness
values in breast elastography was improved by using
contrast-enhanced ultrasonography to reduce
speckle noise in the pictures.

If we want more precise & trustworthy imaging
results from ultrasound elastography, we need to
find better ways to minimize artifacts of noise in
this approach. Reduced noise artifacts improve the
clinical accuracy of tissue stiffness measurements,
allowing for better diagnosis & therapy.

Noise artifacts in ultrasound elastography can
arise from various sources, including equipment,
patient, operator, & biological factors [14]. Some
common types of noise artifacts are:

e Speckle noise: Speckle noise is caused by the
interference patterns of the ultrasound beam,
resulting in a grainy appearance of the image.

e Electronic noise: Electronic noise is caused by
the electrical components of the ultrasound
system, resulting in a random pattern of dots or
lines on the image.

e Thermal noise: Thermal noise is caused by the
thermal energy of the ultrasound transducer,
resulting in a fuzzy appearance of the image.

e Motion artifacts: Motion artifacts are caused by
patient or tissue motion during the imaging
procedure, resulting in blurring or distortion of
the image.

e Acoustic noise: Acoustic noise is caused by
external sources, such as traffic or construction,
which can interfere with the ultrasound signal,
resulting in a noisy image.

Shadowing Artifacts

A prevalent form of artifact in ultrasound
imaging, particularly ultrasound elastography, is
shadowing artifacts. Bone, air, & dense tissue are
all examples of highly reflective or attenuating
structures that can reflect or dampen the ultrasonic
beam, respectively, leading to errors. Therefore,
structures located behind the reflective or
attenuating structures may appear darkened or
shadowed, leading to reduced Vvisibility &
potentially affecting the accuracy of the diagnostic
interpretation.

Shadowing artifacts can be caused by the
presence of ribs or other bony features in the
ultrasonic elastography imaging field. There may be
a substantial shadowing artifact in the elastography
image because the ribs attenuated the ultrasound
beam. Inaccurate measures of tissue stiffness may
result from this because the tissue of interest may
be obscured. Multiple methods have been
developed to lessen the significance of shadowing
artifacts in ultrasound elastography. One method
involves shifting the transducer's location to lessen
the obstructions in the ultrasound's path. Garra et
al [15] found that the amount of the shadowing
artifact was significantly reduced after the
transducer's position was modified to avoid the ribs
in the imaging field. As an alternative, you could
switch to a form of ultrasound imaging that is less
vulnerable to these shadowing effects. In contrast to
more traditional elastography methods, acoustic
radiation force impulse [ARFI] imaging uses
ultrasonic waves & is, therefore, less susceptible to
artifacts caused by shadows. Without the
confounding effects of shadowing artifacts, the
stiffness of tissue can be measured with ARFI
imaging by focusing ultrasound waves to create a
localized mechanical force in the tissue [16].
Ultrasound elastography can also benefit from the
use of contrast agents, which can aid to eliminate
shadowing artifacts in addition to the
aforementioned methods. Tissues that are otherwise
obscured by shadowing artifacts can be made more
visible with the help of contrast agents, which do
this by raising the acoustic contrast between
structures. Microbubble contrast agents were proven
to increase liver tissue visibility & decrease
shadowing artifacts in ultrasonic elastography in a
study by Palmeri et al [17].

Overall, the accuracy & reliability of ultrasonic
elastography results can be severely impacted by
shadowing artifacts. Clinicians can lessen the effects
of shadowing artifacts & provide more precise &
reliable assessments of tissue stiffness by placing the
transducer appropriately, using alternative imaging
modalities, & adding contrast agents.
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Technical Limitations

The measurement of tissue stiffness using
ultrasound elastography is a novel technology with
promising results for a number of clinical uses.
However, ultrasound elastography has a number of
technical restrictions that may compromise the
validity of the findings. The reliance on ultrasonic
elastography on operator expertise & experience is
a major drawback of the technology. Mechanical
force, either applied by hand or with specialist
equipment, must be applied to the tissue of interest
for ultrasound elastography to be performed. Tissue
stiffness measurements can be affected by the
operator's technique as well as the amount &
direction of force applied. The transmission &
distribution of mechanical force within a tissue can
be affected by the fact that tissues are frequently
made up of a wide variety of structures & materials
[18]. Because of this, there may be localized
differences in tissue stiffness, making it difficult to
generalize about the tissue's overall stiffness.

Additionally, the spatial resolution of the
ultrasound imaging system is a limiting factor in the
resolution of ultrasound elastography. Ultrasound
elastography can be unreliable when evaluating
tissues with small or complicated features, such as
tiny blood veins or ducts. Because of this, ultrasonic
elastography may be restricted in its clinical utility.
The effects of tissue deformation & strain rate, as
well as the impact of ultrasound elastography's
dependence on the tissue's acoustic properties, are
further technical restrictions. These issues may
necessitate extra methods or processing algorithms to
provide accurate & reliable measurements. Several
methods have been developed to overcome these
technical restrictions [19]. One strategy for increasing
the reliability of the measurements is to replace manual
methods of applying mechanical stress & measuring
tissue stiffness with automated or semi-automated
technologies. This has the potential to increase
measurement precision & decrease the amount of
variation between different operators. The use of
supplementary imaging techniques, such as magnetic
resonance imaging [MRI] or computed tomography
[CT], is another option for gaining further insight into
tissue shape & composition. Due to their higher
resolution & greater detail, these methods can help
overcome ultrasound elastography's shortcomings.

Shear wave elastography & acoustic radiation
force impulse [ARFI] imaging are two examples of
newly developed processing algorithms &
methodologies that can enhance the precision &
dependability of ultrasound elastography readings
[20]. These methods may be less influenced by the
technological limitations of conventional ultrasonic
elastography since they use distinct mechanisms to
generate mechanical force & evaluate tissue
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stiffness. While ultrasound elastography has a
number of technical limitations, they are gradually
being worked out, allowing for more precise &
reliable measurements of tissue stiffness in a number
of clinical settings.

Causes of Artifacts

The causes of ultrasound elastography artifacts
can be broadly classified into two categories:

e Physiological artifacts are caused by the inherent
properties of the tissue being imaged.

e Technical artifacts, on the other hand, are
caused by limitations in the ultrasound imaging
system itself.

Physiological artifacts can be further subdivided
into two categories: tissue-related artifacts &
motion-related artifacts. Tissue-related artifacts are
caused by the heterogeneous nature of tissue
structure & composition. Tissues may contain areas
of varying stiffness, such as blood vessels or fibrous
tissue, which can result in spatial variations in the
tissue  stiffness measurement. Motion-related
artifacts are caused by the movement of the tissue
during the imaging process. For example, breathing
or cardiac motion can result in changes in the tissue
position or shape, leading to errors in the tissue
stiffness measurement [21].

Technical artifacts are caused by limitations in
the ultrasound imaging system. These artifacts can
be further subdivided into two categories: system-
related artifacts & operator-related artifacts.
System-related artifacts are caused by the properties
of the ultrasound imaging system itself. For
example, limitations in the spatial resolution or
signal-to-noise ratio of the system can impact the
accuracy of the tissue stiffness measurement.

The mechanisms of ultrasound elastography
artifacts can be explained by the physical principles
underlying the imaging technique. Ultrasound
elastography measures tissue stiffness by applying a
mechanical force to the tissue & measuring the
resulting displacement or deformation. The tissue
stiffness is then calculated based on the relationship
between the applied force & the resulting tissue
deformation. However, the accuracy of this
measurement can be impacted by several factors.

One mechanism of ultrasound elastography
artifacts is the generation of shear waves within the
tissue. Shear waves are waves that propagate
perpendicular to the direction of the applied force.
These waves can be generated by several
mechanisms, such as acoustic radiation force or
manual compression. However, the presence of
tissue boundaries or heterogeneities can cause the
shear waves to reflect or scatter, leading to
distortions in the resulting image [22]. Another
mechanism of ultrasound elastography artifacts is
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the impact of tissue anisotropy on the resulting

measurement. Tissues may exhibit different stiffness

properties in different directions, which can impact
the accuracy of the tissue stiffness measurement.

For example, muscle tissue is often stiffer in the

direction of the muscle fibers than in the

perpendicular direction.

A third mechanism of ultrasound elastography

artifacts is the impact of tissue attenuation on the
resulting measurement. Ultrasound waves can be
absorbed or scattered by tissue, leading to a
reduction in the strength of the signal. This can
impact the accuracy of the tissue stiffness
measurement, particularly in deep tissues or in
tissues with high levels of attenuation. To address
these mechanisms of ultrasound elastography
artifacts, several strategies have been developed.
These include the use of specialized imaging
techniques, such as shear wave elastography or
acoustic radiation force impulse [ARFI] imaging,
which can help to overcome some of the limitations
of traditional ultrasound elastography [20].
Some more factors include:
Equipment Factors: The quality & maintenance of
the ultrasound equipment can affect the accuracy &
reliability of the imaging results. Factors such as
probe frequency, gain settings, & image processing
algorithms can all contribute to the presence of
artifacts.
Patient Factors: The patient's body habitus, tissue
composition, & movement can all affect the
accuracy & reliability of the imaging results. Obese
patients, for example, may have more subcutaneous
fat, which can attenuate the ultrasound waves,
resulting in attenuation artifacts.

e Operator Factors: The skill & experience of the
operator can also affect the accuracy & reliability
of the imaging results. Inexperienced operators
may not be able to properly position the probe
or adjust the imaging parameters, resulting in the
presence of artifacts.

e Biological Factors: The inherent properties of
the tissue being imaged can also contribute to
the presence of artifacts. For example, fibrotic
tissue may have a higher stiffness than normal
tissue, resulting in intrinsic artifacts.

Effects of Artifacts on Ultrasound

Elastography Accuracy

Atrtifacts are features in a picture that deviate too
far from the genuine architecture of the tissue being
examined. They might result from technical,
human, patient, or biological reasons. In this piece,
we'll look at how ultrasonic elastography accuracy
is impacted by artifacts & how those impacts might
be mitigated [23].

Effects of Artifacts

° Reduced accuracy in tissue stiffness
measurements: Artifacts can cause inaccuracies in
stiffness measurements, resulting in false positives
or false negatives. For example, intrinsic artifacts
caused by variations in tissue composition can lead
to false stiffness values. Similarly, attenuation
artifacts caused by variations in tissue density or
thickness can also affect stiffness measurements.
These inaccuracies can have significant clinical
implications, as false diagnoses or misclassification
of disease severity can lead to inappropriate patient
management.

e Reduced sensitivity & specificity: Artifacts can
reduce the sensitivity & specificity of ultrasound
elastography in detecting pathological changes in
tissue stiffness. This can lead to missed diagnoses
or the incorrect identification of tissue
abnormalities. For example, boundary artifacts
caused by differences in acoustic impedance
between two tissues can lead to false boundaries
or shadows in the image, which can obscure true
tissue abnormalities. Similarly, noise artifacts
can result in image blurring, which can make it
difficult to distinguish between normal &
abnormal tissue.

e Decreased repeatability & reproducibility:
Artifacts can also affect the repeatability &
reproducibility of ultrasound elastography
measurements. Variations in imaging
parameters, such as probe placement or image
gain, can lead to inconsistent measurements,
making it difficult to compare results obtained at
different times or between different operators. In
addition, motion artifacts caused by patient
movement or respiratory motion can also affect
the repeatability &  reproducibility  of
measurements.

Impact of Ultrasound Elastography
Artifacts on Clinical Applications

The detection & treatment of liver disease are
two areas where ultrasound elastography artifacts
can have a major impact on practical applications.
Ultrasound elastography is routinely used to
quantify liver stiffness in order to diagnose fibrosis
& cirrhosis & track improvement over time [24].
Attenuation, shadowing, & border artifacts are only
a few of the potential sources of error in liver
stiffness measurements. Variations in tissue density
or thickness create attenuation artifacts, which
degrade image quality & lead to erroneous stiffness
readings. These aberrations can be especially
troublesome in obese people because of the
increased tissue thickness that often accompanies
obesity. Accuracy of stiffness measurements can
also be impacted by shadowing artifacts, which are
induced by changes in acoustic impedance between
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tissues & obscure genuine tissue borders &
abnormalities.

False stiffness values & a decrease in ultrasound
elastography's sensitivity & specificity can result
from boundary artifacts, which are produced by
differences in tissue composition & elasticity.
Examples of such spurious stiffness measurements
include intrinsic artifacts due to differences in tissue
composition. The accuracy & repeatability of
measurements may potentially be impacted by
motion artifacts due to patient movement or
respiratory motion [25]. Artifacts from ultrasonic
elastography have the potential to significantly
affect clinical applications, especially those
involving breast imaging. Elastography of the breast
is used to diagnose cancerous from noncancerous
tumors by measuring tissue stiffness. However,
noise, shadowing, & edge artifacts can compromise
the accuracy of breast elastography [26]. Blurring
caused by noise aberrations can make it difficult to
discern between healthy & diseased tissue. The
precision of stiffness measurements can be impacted
by shadowing artifacts resulting from variations in
tissue density, potentially leading to incorrect
diagnoses. Breast elastography's sensitivity &
specificity can be negatively impacted by edge
artifacts, which are caused by differences in tissue
composition & result in inaccurate stiffness
measurements.

A prostate cancer diagnosis is one area where
ultrasound elastography artifacts have been shown to
have an effect on clinical applications [27]. When
compared to traditional ultrasound, prostate
elastography has been shown to increase the precision
of prostate cancer detection & localization. However,
attenuation, shadowing, & edge artifacts can
compromise the precision of prostate elastography.
Shadowing artifacts hide tumor borders & can
contribute to false-negative results, whereas attenuation
artifacts can produce false-positive results by incorrectly
calculating the stiffness of tumors. False stiffness
readings & false-negative results can be caused by edge
artifacts, thus diminishing the reliability of prostate
elastography. When diagnosing prostate cancer, these
artifacts can throw off the process, leading to
mishandled patients & higher medical bills. The
evaluation of musculoskeletal problems is yet another
area where ultrasonic elastography artifacts influence
clinical applications. When it comes to diagnosing &
keeping tabs on conditions like tendinopathy, muscular
strain, & arthritis, musculoskeletal elastography has
shown to be an invaluable tool. However, artifacts such
as motion artifacts, attenuation artifacts, & edge
artifacts can compromise the accuracy of
musculoskeletal elastography. Patient movement or
respiration might generate motion artifacts, which can
introduce measurement inconsistencies & reduce
repeatability. False stiffness values can be produced by

2016

attenuation artifacts that underestimate the stiffness of
tissues, while false-positive results can be produced by
edge artifacts that overestimate the stiffness of tissues
[28]. Misdiagnosis, improper patient management, &
higher healthcare expenses can all result from
musculoskeletal elastography being impacted by
artifacts.

Impact of Ultrasound Elastography on
Diagnosis & Staging of Liver Fibrosis

Cirrhosis is the end stage of fibrosis, which is a
common complication of chronic liver illnesses like
hepatitis B & C if treatment is delayed [29]. For
effective patient management & therapy decisions,
accurate staging of liver fibrosis is mandatory. This
brief explanation will talk about how ultrasound
elastography has helped with diagnosing & grading
liver fibrosis, & it will cite some related studies. As
a proxy for fibrosis severity, liver stiffness can be
measured with ultrasound elastography.
Elastography works on the premise that harder
tissues have a greater capacity to propagate shear
waves than their softer counterparts. Transient
elastography [TE], point shear wave elastography
[PSWE], & two-dimensional shear wave
elastography [2D-SWE] are only a few of the
methods that have been developed to assess liver
stiffness. These procedures do not need surgery or
anaesthesia, so they can be done right at the
patient's bedside. Transient elastography [TE] has
been explored & verified more than any other
method for measuring liver stiffness [30]. The liver
is scanned by sending & receiving low-frequency
shear waves with a specialized probe. These waves
travel at a rate that is directly related to liver
stiffness, which is expressed in kilopascals [kPa].
Significant fibrosis is indicated by a liver stiffness
value of more than 12.5 kPa, & cirrhosis is
indicated by a value of more than 25 kPa.

Another method that uses a focused acoustic
beam to assess liver stiffness is called point shear
wave elastography [pSWE] [30]. The ensuing shear
wave travels at a speed that is directly proportional
to the liver's stiffness, which is expressed in meters
per second. Significant fibrosis is indicated by a
shear wave speed value of greater than 1.45 m/s, &
cirrhosis is indicated by a value of greater than 1.75
m/s. Using an ultrasound probe with an array of
transducers, the novel method of two-dimensional
shear wave elastography [2D-SWE] may assess liver
stiffness. In order to better understand the regional
distribution of fibrosis, this method provides a two-
dimensional map of liver stiffness. Cutoff values for
severe fibrosis & cirrhosis on the kPa scale for liver
stiffness are identical to those for TE. Ultrasound
elastography has been studied extensively for its
potential use in the diagnosis & staging of liver
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fibrosis. When compared to the current gold
standard, liver biopsy, these studies demonstrate
that ultrasound elastography is a reliable & accurate
method for assessing liver fibrosis. The overall
sensitivity & specificity of TE for detecting
substantial fibrosis were 84% & 89%, respectively,
in a meta-analysis of 66 investigations including
over 10,000 patients [29], whereas those for
diagnosing cirrhosis were 94% & 91%, respectively
[29].  Ultrasound elastography has  been
demonstrated in other research to be a useful tool
for tracking fibrosis & its response to treatment. The
ability of TE to predict liver-related mortality was
demonstrated in a study of 158 patients with
chronic hepatitis C over a median follow-up of 6.3
years. In patients with chronic hepatitis C who were
given direct-acting antivirals, TE was able to
identify early fibrosis regression, according to
another study [31]. Liver cirrhosis consequences
including portal hypertension & varices can be
detected using ultrasound elastography as well. The
existence  of  clinically  significant  portal
hypertension was predicted by TE in a sample of
334 patients with cirrhosis with a sensitivity &
specificity of 84% & 92%, respectively.
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Impact of Ultrasound Elastography on
Detection & Characterization of Breast
Lesions

Worldwide, breast cancer ranks among the top
five cancer Kkillers of women. Successful treatment
& Dbetter patient outcomes depend on early
diagnosis & precise characterization of breast
lesions. Mammography & ultrasound are two
examples of traditional imaging modalities that are
commonly utilized in the screening & diagnosis of
breast cancer. But there are limitations to these
methods, especially when it comes to detecting &
characterizing lesions in dense breast tissue or in

women with a strong family history of the disease.
The use of ultrasound elastography to detect &
characterize breast lesions has recently emerged as
a potentially useful imaging tool. Tissue elasticity,
as measured by ultrasound elastography, is affected
differently in malignant than in healthy tissue.
Elastography can visualize the increased stiffness of
cancerous tissue compared to healthy tissue. The
method is advantageous for screening & diagnosing
breast cancer because it is painless, harmless, &
does not use ionizing radiation. Several studies have
looked at how well ultrasound elastography can
diagnose breast cancer. Ultrasound elastography
exhibited a sensitivity of 87% & a specificity of 83%
in a meta-analysis of 35 trials including more than
6,000 patients to distinguish benign from malignant
breast tumors [32]. Ultrasound elastography
exhibited a sensitivity of 87% & a specificity of 80%
for diagnosing breast cancer, according to another
meta-analysis of 19 trials including more than 2,000
patients [33]. These findings provide strong
evidence that ultrasound elastography can
effectively detect & characterize breast cancer.
Ultrasound elastography is useful not just for
diagnosis, but also for tracking treatment progress &
directing  biopsies. Response to  neoadjuvant
chemotherapy was  evaluated by  ultrasound
elastography in a study of 118 women with breast
cancer [34]. When compared to traditional
ultrasound, ultrasound elastography improved the
diagnostic yield & reduced the number of
inconclusive results in a study of 120 women with
suspicious  breast lesions [35]  Ultrasound
elastography has the potential in diagnosing &
characterizing breast cancer, but it has limits. The
reliability & consistency of elastography readings
can be affected by technical issues [36]. These
include operator bias, tissue deformation &
artifacts. Elastography images can be difficult to
interpret, & experts are typically needed to do so.
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Impact of Ultrasound Elastography on
Monitoring of Prostate Cancer

The real-time imaging of tissue elasticity made
possible by ultrasound elastography offers great
potential for use in the monitoring of prostate
cancer, as it can aid in the localization of malignant
regions inside the prostate gland [37]. The method
may help in eliminating pointless biopsies &
enhancing the reliability of cancer diagnosis. Men are
disproportionately affected by prostate cancer, which is
also the second highest cause of cancer death in men.
The prostate-specific antigen [PSA] test & other
conventional methods of tracking the development
of prostate cancer have many flaws, often resulting
in biopsies & treatment for tumors that aren't
aggressive. Non-invasive & real-time, ultrasound
elastography allows for the tracking of prostate
cancer development. Ultrasound elastography is
mostly used for monitoring prostate cancer, & the
two most common varieties are strain elastography
& shear wave elastography. In strain elastography,
the prostate gland is manually compressed, & the
elasticity is determined by measuring the extent to
which the tissue deforms under pressure. The
elasticity of the prostate can be measured with shear
wave elastography by tracking the speed with which
shear waves travel through the tissue. Many
researchers have demonstrated that ultrasound
elastography can be useful in the detection &
tracking of prostate cancer. Strain elastography, as
shown by research by Barr et al., has a high
sensitivity for detecting prostate cancer & iS
especially helpful when magnetic resonance
imaging [MRI] is either unavailable or would be
harmful to the patient. According to the findings of
another group of researchers
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Figure 5 Prostate ultrasound elastography [58]

Nakata et al., shear wave elastography is more
accurate than PSA at predicting the presence of cancer
in the prostate [38]. Ultrasound elastography is a useful
tool for both diagnosing prostate cancer & tracking its
progress  throughout treatment. Shear wave
elastography provides a non-invasive means of
measuring treatment response, as shown by a study by
Miyagawa et al., that established its ability to correctly
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monitor changes in prostate cancer stiffness following
hormone therapy [39].

Despite the encouraging findings, ultrasound
elastography is not yet widely used for monitoring
prostate cancer in clinical practice. Verifying the
method & figuring out its best use in treating
prostate cancer will require more study. Due to its
ability to detect tissue elasticity in real time &
without causing any discomfort or harm to the
patient, ultrasound elastography may prove to be a
game-changer in the monitoring of prostate cancer.
The technology shows promise in minimizing
unnecessary biopsies & enhancing the accuracy of
cancer identification, but further research is needed
to confirm it & define its appropriate function in
prostate cancer management.

Strategies for Reducing Ultrasound Elastography
Atrtifacts

Liver fibrosis, breast cancer, & prostate cancer are
just a few of the disorders that ultrasound elastography
has shown useful in diagnosing & keeping tabs on.
Attenuation, shadowing, & edge artifacts are just a few
examples of the kinds of imperfections that might show
up in elastography “images”. These aberrations can
compromise  the reliability of  elastography
measurements & lead to incorrect diagnoses. To
enhance the diagnostic value of ultrasonic elastography,
methods have been devised to lessen or do away with
these artifacts. Optimizing the imaging settings is one
method for minimizing artifacts in ultrasonic
elastography. Artifacts like attenuation & shadowing
can be mitigated by optimizing the signal-to-noise ratio
& minimizing picture distortion using a suitable
transducer frequency, pulse repetition frequency, &
acoustic power. The effect of noise can also be
mitigated by adjusting the dynamic range settings.
Using a combination of imaging methods is another
tactic for decreasing artifacts. Artifacts can be better
identified & corrected when elastography is used in
conjunction with other imaging modalities such as B-
mode ultrasound or magnetic resonance imaging
[MRI]. Using magnetic resonance imaging [MRI], for
instance, can provide anatomical information to aid in
locating potential artifact sources, as well as
supplementary data on tissue composition & vascularity
[40, 41].

Ultrasound elastography images can also benefit
from the application of image processing techniques
for artifact reduction. Noise can be diminished &
image quality enhanced using methods like spatial
filtering & speckle reduction. Elastography readings
can also be made more precise by employing
cutting-edge data processing methods, such as deep
learning algorithms. Ultrasound elastography
artifacts can be minimized with the application of
suitable compression methods. By increasing the
contrast between stiff & soft tissues, compression of
the tissue under study can increase the quality of
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the elastography pictures & lessen the impact of
artifacts like shadowing. Finally, the impact of
ultrasound elastography artifacts can be mitigated
through the training & education of imaging
technicians & radiologists. The imaging parameters,
artifacts, & correction methods should be trained to
technicians. To ensure correct interpretation of
data, radiologists should be made aware of the
caveats & potential artifacts inherent to
elastography pictures.

Strategies for Reducing or Eliminating
Artifacts

Proper patient preparation: Proper patient
preparation is essential for reducing artifacts in
ultrasound elastography. For example, patients
should be instructed to fast for a certain period
before the examination to reduce intestinal gas that
can generate artifacts. Patients should also be
advised to avoid physical exertion, which can lead
to motion artifacts, & to remain still during the
examination.
Proper probe placement: Proper probe placement is
critical for obtaining accurate & reliable ultrasound
elastography results. The probe should be positioned
perpendicular to the tissue being imaged to
minimize the effects of anisotropy. Anisotropy
occurs when the tissue being imaged has different
mechanical properties in different directions,
resulting in artifacts in the imaging results.

e Optimal imaging settings: Optimal imaging
settings, including gain, compression, &
frequency, are essential for reducing artifacts in
ultrasound elastography. The imaging settings
should be adjusted based on the tissue being
imaged to obtain optimal contrast & resolution.
The wuse of tissue harmonic imaging, for
example, can help to reduce artifacts caused by
attenuation.

e Motion correction techniques: Motion artifacts
can be minimized or eliminated by motion
correction techniques. These techniques include
gating, which synchronizes imaging with the
patient's respiratory or cardiac cycles, &
tracking, which compensates for tissue motion
during the imaging procedure.

e Image processing: Image processing techniques,
such as filtering & smoothing, can help to reduce
artifacts in ultrasound elastography. Filtering can
remove noise from the image, while smoothing
can reduce the effects of speckle, which is caused
by interference patterns in the ultrasound beam.

e Artificial intelligence & machine learning:
Artificial intelligence & machine learning
techniques can be used to reduce artifacts in
ultrasound elastography. These techniques can
help to identify & remove artifacts from the

image automatically, improving the accuracy &
reliability of the imaging results.

Image Acquisition & Processing Techniques

Ultrasound elastography relies heavily on image
acquisition & processing methods that enable the
generation of high-quality pictures. Selecting the
right transducer, adjusting imaging parameters, &
employing post-processing techniques to cut down
on noise & boost image quality are all part of these
strategies. When acquiring images for ultrasound
elastography, the transducer you choose will be
critical. Using a high-frequency transducer, even
minute structures can be seen & minute changes in
tissue stiffness can be detected. Furthermore, the
transducer should be suitable for the area of the
body being imaged, as various transducers are
created for various purposes [42].

To obtain high-quality images, it is necessary to
optimize imaging parameters. Changing the depth
of field, for instance, can boost image resolution &
lower noise. Signal-to-noise ratio & tissue contrast
can be improved via harmonic imaging, in which
the transmitted signal frequency is double the
received signal frequency. Image quality can also be
enhanced & noise reduced by post-processing
methods. Filtering, which gets rid of distractions in
the image, & speckle reduction, which lessens the
effects of speckle noise, are two examples.
Histogram  equalization is one  contrast
enhancement technique that can be used to increase
image quality by increasing tissue contrast. Modern
developments in image capture & processing have
allowed for enhanced ultrasonic elastography. For
instance, shear wave elastography [SWE] provides
instantaneous feedback on tissue elasticity by
assessing tissue stiffness in real time. Three-
dimensional [3D] ultrasonic elastography has also
been developed allowing for a more complete
picture of tissue stiffness's spatial distribution
[43,44].

Quality Assurance & Standardization
Protocols

Quality assurance & standardization protocols
are crucial in ensuring reliable & reproducible
results in ultrasound elastography. Proper protocols
can minimize errors & improve the accuracy of the
measurements, leading to more effective clinical
applications. One of the essential components of
quality assurance & standardization protocols is the
use of phantoms. These are objects with known
physical properties, used to test the accuracy &
repeatability of the elastography system. A variety
of phantoms have been developed for ultrasound
elastography, including tissue-mimicking
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phantoms, gelatin phantoms, & elastic phantoms
[45,46].

Tissue-mimicking phantoms are designed to
replicate the mechanical properties of human
tissues, allowing for testing under conditions that
closely resemble in vivo measurements. Gelatin
phantoms, on the other hand, are made of gelatin
mixed with various materials to simulate different
tissue types. Elastic phantoms are composed of
polymers or silicone, which can replicate the
elasticity of specific tissues. Another critical aspect
of quality assurance is the use of standardized
protocols for image acquisition & processing.
Standardized protocols ensure that measurements
are taken consistently across different operators &
devices. The use of standardized protocols also
facilitates comparisons of results across studies.

One widely used protocol for ultrasound
elastography is the European Federation of
Societies for Ultrasound in Medicine & Biology
[EFSUMB] guidelines. These guidelines provide
recommendations for the technical aspects of
elastography image acquisition & processing,
including the use of colour maps, selection of the
region of interest, & quality control. Other
organizations, such as the American College of
Radiology [ACR], have also developed guidelines
for the use of ultrasound elastography in specific
applications [47]. For example, the ACR Breast
Imaging Reporting & Data System [BI-RADS]
includes recommendations for the wuse of
elastography in breast imaging, including the use of
standardized terminology for describing lesions.

In addition to standardized protocols, regular
quality control checks are also essential to maintain
the accuracy & reliability of elastography
measurements. Quality control measures may
include regular calibration of equipment, routine
performance testing of phantoms, & regular checks
for operator variability. Furthermore, it is important
to establish quality assurance & standardization
protocols to ensure the accuracy & reproducibility
of ultrasound elastography measurements. This can
be achieved using standardized procedures for
image acquisition & processing, as well as regular
calibration of equipment.

One approach to quality assurance is the use of
phantoms, which are test objects designed to mimic the
properties of human tissue. By imaging phantoms with
known stiffness values, it is possible to assess the
accuracy & reproducibility of ultrasound elastography
measurements. This can be used to identify & correct
any errors in the imaging system before patient
measurements are taken. Standardization protocols can
also be established by guidelines & consensus
statements from professional organizations. For
example, the World Federation for Ultrasound in
Medicine & Biology has published guidelines for the
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performance &  interpretation of ultrasound
elastography in the liver, breast, & prostate. These
guidelines provide recommendations for image
acquisition & processing, interpretation of results, &
reporting of findings. In addition to these guidelines,
there are also efforts underway to develop international
standardization protocols for ultrasound elastography.
The International Organization for Standardization
[ISO] has established a working group to develop
standards for elastography in medical imaging [48].
These standards will address issues such as terminology,
image acquisition & processing, & measurement
uncertainty. Overall, the establishment of quality
assurance & standardization protocols is critical for
ensuring the accuracy & reproducibility of ultrasound
elastography measurements. By adhering to these
protocols, it is possible to minimize errors & variability
in imaging results, thereby improving the diagnostic &
therapeutic utility of ultrasound elastography in clinical
practice.

Artificial Intelligence & Machine Learning

Ultrasound elastography is only one area where
Al & ML have made significant strides in medical
imaging. By automating the detection &
classification of anomalies, as well as bettering
picture capture & processing, these technologies
can lessen the effect of artifacts & boost diagnostic
precision.

The ability of Al & ML to learn from vast
datasets & find complicated patterns that may be
invisible to human observers is a major benefit
of these technologies in ultrasonic elastography
[48]. Improved diagnostic performance &
decreased inter-observer variability may result
from more precise & objective assessments of
tissue stiffness & anomalies made possible by this
method. For a more complete & precise
diagnosis, AI & ML can assess numerous
imaging modalities in tandem, such as
ultrasound elastography & magnetic resonance
imaging [MRI]. Multiple research have shown
that AI & ML can be useful in ultrasound

elastography. For instance, Varghese et al.
conducted a study in which ultrasound
elastography images of breast lesions were

analysed using deep learning algorithms; the
results showed an accuracy of 84.2% in
distinguishing between malignant & benign
tumours. Similar results were found when Ma et
al. analyzed ultrasound elastography images of
liver fibrosis using an Al-based model, with
87.7% accuracy across all phases of fibrosis [48].
Additionally, AI & ML can be used to lessen the
prevalence of artifacts in ultrasound elastography
& boost image quality. For instance, Li et al.'s
study significantly improved the image quality &
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accuracy of stiffness assessments by employing
an Al-based approach to minimize speckle noise
in ultrasound elastography images of liver
fibrosis. Furthermore, the repeatability &
reliability of stiffness measurements can be
enhanced by using AI & ML to automate the
detection & correction of motion artifacts [49].
There are a number of obstacles that need to be
overcome despite the promising future of Al &
ML in ultrasonic elastography. Variations in
image quality can lower the accuracy of Al &
ML models, & the lack of defined techniques for
image capture & processing is one of the key
problems. Large & varied datasets are required
for training & validating AI & ML models, &
strong assessment criteria are essential for
measuring their efficacy [50].

Future Directions & Emerging Technologies

Ultrasound elastography is a rapidly evolving
field, & new techniques & technologies are being
developed to overcome the limitations of current
methods. Emerging technologies & future directions
include new imaging modalities, advanced
algorithms for image processing & analysis, & novel
applications of artificial intelligence & machine
learning. One area of development is the use of
shear wave imaging, which can provide more
accurate & quantitative measures of tissue stiffness.
This technology measures the speed of shear waves
induced in tissue by ultrasound & generates a color-
coded map of tissue stiffness. Shear wave imaging
has been shown to be more accurate & reliable than
other elastography techniques, especially for liver
fibrosis staging & diagnosis of prostate cancer [51].

Another promising technology is acoustic
radiation force impulse [ARFI] imaging which uses
short pulses of high-intensity ultrasound to generate
localized tissue displacement & measure tissue
stiffness. ARFI imaging has been shown to provide
accurate & reproducible measurements of liver
stiffness & has potential applications in breast &
prostate imaging. Advanced image processing &
analysis techniques, such as machine learning &
deep learning algorithms, are also being developed
to improve the accuracy & reliability of ultrasound
elastography. These methods can automatically
detect & correct artifacts, segment & classify
tissues, & provide more accurate & quantitative
measurements of tissue stiffness. Machine learning
algorithms have shown promising results in liver
fibrosis staging & breast cancer diagnosis [53].

The combination of ultrasound elastography
with other imaging modalities, such as magnetic
resonance imaging [MRI] & computed tomography
[CT], is also being explored. The integration of
different imaging techniques can provide

complementary information & improve the
accuracy & reliability of  elastography
measurements. For example, combining ultrasound
elastography with MRI can provide more accurate
measures of liver fibrosis & breast lesion
characterization [53].

Finally, the development of portable & handheld
ultrasound devices is expanding the potential
applications of elastography beyond traditional
clinical settings. These devices are more affordable,
accessible, & can be used in remote & resource-
limited areas. Handheld ultrasound devices
equipped with elastography capabilities can improve
the diagnosis & monitoring of various conditions,
such as liver fibrosis, breast cancer, & prostate
cancer.

In addition to the technologies, there are several
promising new methods & tools being developed
that could help advance ultrasound elastography.
Focused ultrasound beams are utilized in a
technique called acoustic radiation force impulse
imaging [ARFI] to cause localized tissue
displacement, & the speed of the ensuing shear
waves is measured. Liver fibrosis can be detected
with this method, & its potential application in
imaging the breast & prostate is also being
investigated.

Shear wave elastography [SWE] is another
developing technique that uses the speed of shear
waves propagated in response to a mechanical or
acoustic force to determine tissue stiffness. SWE is
currently being researched for its potential
application in prostate imaging due to its accuracy
& reliability in detecting liver fibrosis & breast
lesions. Another promising new method is
ultrasound tomography, which employs a collection
of ultrasound transducers to gather information
from several different directions & build 3D
representations of tissue elasticity. This method may
be able to give more detailed information about
tissue  elasticity than  standard  ultrasound
elastography. Finally, the potential of machine
learning & Al is being investigated with a view to
enhancing the reliability of ultrasound elastography
readings. These methods have the potential to
enhance diagnostic precision while simultaneously
decreasing reliance on the operator.

Conclusion

In conclusion, ultrasonic elastography is a cutting-
edge method that could dramatically alter the way
many diseases are detected & tracked in the future.
The existence of artifacts, however, limits its clinical
applicability since they lower image quality & cause
erroneous stiffness measures. Optimization of picture
capture & processing, implementation of quality
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assurance &  standardization  standards, &
incorporation of artificial intelligence & machine
learning algorithms are all methods for decreasing
ultrasonic elastography artifacts. These methods have
the potential to enhance the clinical value of
ultrasonic elastography by boosting its accuracy &
reproducibility in stiffness measures. Shear wave
elastography, acoustic radiation force impulse
imaging, & magnetic resonance elastography are all
promising new developments in  ultrasound
elastography that could improve its diagnostic &
monitoring capabilities in the future. Combining
ultrasound elastography with other imaging modalities
like computed tomography & positron emission
tomography could shed light on the disease's
development & the patient's response to treatment.
Further investigation into imaging methods protocol
standardization, &  validation of ultrasound
elastography's accuracy & clinical utility is required to
fully realize the potential of ultrasound elastography in
clinical practice. Ultrasound elastography has the
potential to improve the diagnosis & monitoring of a
wide range of medical disorders, despite the challenges
provided by artifacts [54].

To lessen the impact of shadowing artifacts in
breast elastography, one study suggests the use of
multi-view shear wave elastography. The accuracy
& sensitivity of breast lesion diagnosis can be
enhanced by capturing images from a variety of
angles to minimize shadowing artifacts. A multi-
scale technique has been proposed to enhance the
resolution of liver elastography images, which in
turn reduces boundary artifacts & increases the
reliability of liver fibrosis staging. There has been
talking of implementing quality assurance &
standardization methods for ultrasonic elastography
to boost its reproducibility & uniformity. The goal
of these standards is to standardize the collection,
processing, & interpretation of medical images
among healthcare facilities & practitioners.
Guidelines on the use of elastography in clinical
practice have been published, for instance, by the
European Federation of Societies for Ultrasound in
Medicine & Biology [EFSUMB]. These guidelines
include recommendations on the minimum number
of measurements required, patient positioning, &
image interpretation. Ultrasound elastography has
also benefited from the application of Al & Ml to
automate image processing & enhance diagnostic
precision. For instance, elastography pictures can
be used to train deep Ilearning systems to
automatically detect & classify breast lesions. The
inter-observer variability & repeatability of
elastography results may both benefit from the use
of such methods.

In conclusion, ultrasonic elastography is an
increasingly important tool for the evaluation &
treatment of a wide range of medical conditions.
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However, its accuracy & sensitivity may be
compromised by artifacts, leading to misdiagnoses
& inappropriate treatment. Efforts to standardize
image acquisition & interpretation & incorporate
new technologies like artificial intelligence &
machine learning into clinical practice are,
therefore, essential [54].
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