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Introduction

Elastography is an advanced imaging technique
that measures the mechanical properties,
particularly stiffness and elasticity, of biological
tissues. It has emerged as a valuable tool in
diagnosing and monitoring various diseases,
offering a non-invasive and radiation-free
alternative to traditional diagnostic methods. By
mapping the mechanical characteristics of tissues,
elastography provides crucial information about
pathological changes, especially in soft tissues like
the liver, breast, thyroid and prostate

Description
m  Historical development of elastography

The concept of using mechanical properties to
assess tissue health dates back to ancient times
when physicians palpated the body to detect
abnormalities. However, technological
advancements in the late 20th century paved the
way for quantitative imaging techniques. The
development of elastography began in the 1990s,
primarily driven by the need for more precise
and less invasive diagnostic tools.

The first clinical applications were focused on
liver diseases, particularly fibrosis and cirrhosis,
where stiffness correlates with disease severity.
Since then, elastography has evolved into various
forms, each suited for different organs and
diagnostic purposes.

m  Types of elastography

Several types of elastography techniques have
been developed, each with distinct mechanisms
and applications:

Ultrasound elastography: This is the most
commonly used form of elastography and
includes two main subtypes:
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Strain elastography: Measures tissue deformation
in response to an external or internal force. It
provides qualitative information and s
commonly used in breast and thyroid imaging.

Shear Wave Elastography (SWE): Generates
quantitative measurements by inducing shear
waves within the tissue and measuring their
velocity. Faster waves indicate stiffer tissues.
SWE is widely used in liver fibrosis assessment
and musculoskeletal imaging,.

Magnetic Resonance Elastography (MRE):
MRE combines Magnetic Resonance Imaging
(MRI) with elastography to produce highly
detailed maps of tissue stiffness. It is particularly
useful for evaluating deep organs like the liver,
brain and heart, where ultrasound penetration
may be limited.

Transient  Elastography (TE):  Transient
elastography is a specialized form of ultrasound
elastography that uses a vibrating probe to create
shear waves in the tissue. It is mainly used for
liver fibrosis staging and is considered a rapid
and reliable technique.

= Principles of elastography

Elastography works by applying mechanical stress
to a tissue and measuring its response. Different
tissues have distinct mechanical properties based
on their composition and structure. Healthy
tissues typically exhibit more elasticity, while
diseased tissues, such as those affected by fibrosis,
tumors or inflammation, tend to be stiffer.

The basic steps involved in elastography include:

Mechanical stimulation: The tissue is
subjected to mechanical stress through external
compression, acoustic radiation force or
magnetic field modulation.

Displacement measurement: The induced
displacement or deformation is measured using
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ultrasound or MRI.

Elasticity calculation: The displacement data is
used to calculate tissue stiffness or elasticity,
which is then displayed as a color-coded map
(elastogram).

= Clinical applications of elastography

Liver disease: One of the most significant
applications of elastography is in the assessment of
liver fibrosis and cirrhosis. Chronic liver diseases,
such as hepatitis B and C, Non-Alcoholic Fatty
Liver Disease (NAFLD) and alcoholic liver disease,
lead to fibrosis, which increases liver stiffness.
Elastography provides a non-invasive alternative to
liver biopsy, offering accurate staging of fibrosis
and monitoring disease progression.

Breast cancer detection: In breast
imaging, elastography enhances the diagnostic
accuracy of conventional ultrasound. Benign
and malignant lesions have different stiffness
characteristics, making elastography a  valuable
tool for differentiating between them. It
reduces the need for unnecessary biopsies and
improves early cancer detection rates.

Thyroid nodules: Elastography is increasingly
used in evaluating thyroid nodules. Malignant
nodules are generally stiffer than benign ones. By
providing additional information on nodule
consistency, elastography aids in risk stratification
and decision-making regarding biopsy or follow-
up.

Prostate cancer: Prostate elastography helps
in detecting and characterizing prostate tumors. It
can complement traditional imaging techniques
like MRI, offering improved localization of
cancerous lesions and aiding in targeted biopsies.

Musculoskeletal  disorders: In musculoskeletal
imaging, elastography assesses the stiffness of
tendons, ligaments and muscles. It is particularly
useful in diagnosing conditions like tendinopathy,
muscle tears and fibrosis, as well as monitoring the
healing process after injuries.

m  Advantages of elastography

Elastography offers several benefits over traditional
diagnostic methods:

Non-invasiveness: Unlike biopsies, elastography
does not require tissue extraction, reducing patient
discomfort and risk of complications.

Radiation-free: Elastography, particularly
ultrasound-based techniques, does not involve
ionizing radiation, making it safer for repeated use.

Quantitative and objective: Shear wave and
magnetic  resonance  elastography  provide
quantitative measurements, reducing operator
dependency and increasing diagnostic accuracy.

Conclusion

Elastography represents a significant advancement
in medical imaging, offering a non-invasive,
radiation-free and cost-effective method for
assessing  tissue stiffness and elasticity. Its
applications in diagnosing and monitoring diseases
across various organ systems make it an invaluable
tool in modern healthcare. As technology
continues to evolve, elastography is poised to
become an integral part of routine clinical practice,
improving patent outcomes through early and
accurate diagnosis.
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