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Ultrasound elastography is a new technique that generates images or quantitative data based on the
stiffness of a tissue. Tissue stiffness changes in many disease states, including softening of edematous
tissues or hardening of malignant lesions. Elastography has been shown to provide clinically useful
information in many organs.1-13 This article reviews clinically useful applications.

Technology
Two types of ultrasound elastography are currently available.* For the purposes of this article, we will
focus on compression strain elastography.
Compression strain elastography evaluates how a tissue deforms when an external or patient-induced
force is applied to the tissue. Soft tissues deform more; hard tissues deform less. For example, if a
gelatin mold contains a glass marble and the mold itself is externally compressed, the gelatin would
change shape while the marble would not. The algorithm analyzes the frame-to-frame differences with
compression. The more a tissue deforms, the softer it is. This technique is considered qualitative and is
relative to a given patient. The resulting images are displayed on a scale of the relative tissue stiffness
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in the field of view. Some analysis can be generated using such strain as compression strain/Bmode
measurement comparison ratios and relative strain value displays and comparisons.

Clinical applications
Compression strain elastography can be performed on any tissue from which a B-mode image can be
obtained. This article concentrates on 3 primary elastography applications: breast lesion
characterization, musculoskeletal assessment, and gynecologic pathology.

Breast elastography
Compression strain elastography has been shown to improve characterization of breast lesions as
benign or malignant.
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Compression strain requires only a few minutes of additional scanning. Benign

breast lesions appear smaller on compression strain imaging, while malignant lesions appear ≥ in size
to the same lesions on B-mode imaging. This phenomenon is unique to breast tissue. Figure 1 is a
biopsy-proven fibroadenoma. Note that the lesion measures 1.03 cm on B-mode, but 0.80 cm on
elastography—a strain/B-mode ratio of 0.78, suggestive of a benign lesion. Figure 2 is an ultrasound
scan of a patient who presented with an abnormal screening mammogram. On B-mode imaging, the
lesion has a superior portion outlined by a red circle, a central hypoechoic mass, and a finger of tissue
inferiorly (green arrow). Note that on the elastogram, the superior portion is color-coded white (soft),
while the central mass is color-coded black (hard) and is larger than in the B-mode image (strain/Bmode ratio of 1.5). The finger of tissue inferiorly is also color-coded black and appears larger on the Bmode image. Pathology revealed the central mass and finger of tissue to be invasive ductal carcinoma,
as suggested by the increase in size. The area in the red circle was a benign fibroadenoma, as
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predicted benign by the elastogram. In a large multicenter trial the sensitivity and specificity of this size
change to distinguish benign from malignant lesions were 98.5% and 85%, respectively.
When cystic lesions are being evaluated with strain elastography, an artifact can be seen on some
manufacturers’ equipment. This “bull’s eye” artifact has been described in the literature, and it occurs in
both simple and complex cysts. This artifact has a unique appearance, demonstrating a white central
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area in a black lesion and a white area inferior to the lesion. This artifact has been shown to be
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extremely sensitive and specific to benign simple and complicated cysts. The presence of this artifact
can potentially reduce the number of biopsies performed on benign lesions.
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Musculoskeletal assessment
Musculoskeletal elastography is in its infancy.
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Current studies show that tendons are one of the

stiffest tissues in the body. Pathologies, such as tendinitis or tears, can cause the relative stiffness to
lessen. Magnetic resonance imaging (MRI) is considered the standard technique for evaluating these
changes. However, ultrasound elastography may be able to evaluate these changes at a lower cost than
MRI and allow monitoring of healing. Ultrasound also has the ability to evaluate the dynamics of
muscles and tendons. It is also easy to obtain the contralateral images for comparison.
Figure 3 is the elastogram from a patient with lateral epicondylitis. Soft tissue is color-coded red, while
stiff tissue is color-coded blue. The normal tendon is stiff (blue), while the area of tendinitis is soft (red).
In Figure 3, the area of tendenitis is identified as the red area within the tendon. After conservative
treatment, the tendinitis has improved clinically, and the area which was previously abnormal has
returned to a normal appearance.

Gynecologic elastography
With the addition of strain elastography to the endocavitary probe, high-quality elastograms of the uterus
and ovary can now be obtained.
Early studies demonstrate that uterine fibroids can be characterized by their stiffness using
elastography. Some uterine fibroids can be better visualized using strain, especially if they are
significantly stiffer than the adjacent uterus (Figure 4). The bull’s eye artifact, which has been described
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in breast tissue, also occurs in ovaries. This could be helpful in classifying complicated ovarian cysts as
benign, as this artifact only occurs when low viscocity fluid is present. Since the elastograms are
generated based on frame-to-frame changes in B-mode, done as post-processing, this technique can be
used in fetuses without additional energy input.

Conclusion
Ultrasound elastography is a rapidly evolving technology shown to be an important adjunct to B-mode
imaging in many exams, including those of the breast, thyroid, musculoskeletal system, liver, prostate,
and female reproductive system. The technology has been shown to be most advanced in breast
imaging, where it has demonstrated a major impact on lesion characterization. Elastography is an
exciting development that has the potential to expand ultrasound into more diverse clinical roles as well
as to improve clinical outcomes across many applications.
*Only qualitative strain compression elastrography is available on Philips products in the U.S. and shear
wave is not available on Philips products in the U.S.
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