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Breast Elastography
How We Do It
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Abstract: In recent years, the use of elastography in addition to so-
nography has become a routine clinical tool for the characterization
of breast masses. Studies have investigated the improvement of spec-
ificity in differentiating benign from malignant breast masses. There-
fore, additional use of elastography could help reduce the number
of unnecessary biopsies in benign breast lesions especially in cate-
gory IV lesions of the ultrasound breast imaging reporting data sys-
tem. Ultrasound elastography is a cheap, readily available, useful,
quick, noninvasive method, but it needs specific training as well as
acknowledging technical and pathological factors, which may influence
it. Both strain and acoustic radiation force impulse (ARFI) methods
have been evaluated in breast lesions. Whereas strain elastography
results in qualitative imaging of tissue stiffness due to induced com-
pression, ARFI elastography displays quantitative and qualitative infor-
mation of tissue displacement. A standardized imaging protocol is
essential for an adequate and effective examination, also helping reduce
the dependence from operators. Furthermore, knowledge of pitfalls
that can be encountered when ultrasound elastography is performed
may help avoid erroneous image interpretation. In this article, we de-
scribe a practical examination protocol for both strain and ARFI
elastography and demonstrate the elastographic imaging findings in
benign and malignant breast lesions. Short video clips displaying the
technique are included as supplementary material.
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Historical Background
Palpation is the practice of feeling the stiffness of a pa-

tient's tissues with the practitioner's hands. Manual palpation
dates back at least to 1500 BC, with the Egyptian Ebers Papy-
rus and Edwin Smith Papyrus both giving instructions on
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diagnosis with palpation. In ancient Greece, Hippocrates gave
instructions on many forms of diagnosis using palpation, in-
cluding palpation of the breasts, wounds, bowels, ulcers,
uterus, skin, and tumors. In the modern western world, palpa-
tion became considered a respectable method of diagnosis in
the 1930s.1 Since then, the practice of palpation has become
widespread, and it is considered an effective method of detect-
ing tumors and other pathologies. Palpation has long been used
to detect disease. In breast self-examination, women look for
hard lumps, because cancer is usually stiffer than healthy tissue.
Manual palpation, however, suffers from the following several
important limitations: it is limited to tissues accessible to the
physician's hand, it is distorted by any intervening tissue, and
it is qualitative but not quantitative. Elastography, the measure-
ment of tissue stiffness, seeks to address these challenges.

Basic Principles
Ultrasound (US) elastography is an ultrasonography tech-

nique, which measures tissue deformation in response to com-
pression and displays tissue stiffness. Compression of the
examined tissue induces less strain in hard tissues than in soft
ones. Palpation of a mass relies on the fact that tumors most of-
ten are harder or stiffer than the tissue in which they are
embedded.

In the breast, elastography has found application in fo-
cal diseases, relying on the known high stiffness of most can-
cers compared with both the normal breast and with benign
lesions.

Both strain and acoustic radiation force impulse (ARFI)
methods have been evaluated.

Strain Elastography
Strain elastography (SE) is available in most US systems.

Strain elastographymeasures axial displacement of tissue caused
by mechanical stress in real time. The stress is applied either
externally with the transducer by the operator or by physiologi-
cal shifts inside the patient (breathing, heartbeat). Transducer
stress is applied by continuously compressing and decompressing
the skin of the patient, a few millimeters of axial transducer
movement being sufficient.2

Strain elastography is initially based on visual inspec-
tion of the stiffness color map using the criteria by Itoh et al.3

This 5-point scale scores the lesion according to the extent of
elasticity inside the lesion, as follows: score 1 indicates de-
formability of the entire lesion (Fig. 1A), score 2 indicates
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FIGURE 1. Elasticity score according to the criteria by Itoh et al.3 A, Score 1 indicates deformability of the entire lesion. B,
Score 2 indicates deformability of most of the lesion with some small stiff areas. C, Score 3 indicates deformability of the peripheral
portion of the lesion with stiff tissue in the center. D, Score 4 indicates that the entire lesion is stiff. E, Score 5 indicates that the
entire lesion and surrounding tissue are stiff. Figure 1 can be viewed in color online at www.ultrasound-quarterly.com.
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deformability of most of the lesion with some small stiff areas
(Fig. 1B), score 3 indicates deformability of the peripheral
portion of the lesion with stiff tissue in the center (Fig. 1C),
score 4 indicates that the entire lesion is stiff (Fig. 1D), and
score 5 indicates that the entire lesion and surrounding tissue
are stiff (Fig. 1E). If a lesion is classified between 1 and 3, it
is considered benign, whereas if classified 4 or 5, it is consid-
ered to be malignant.

An important feature is that cancers appear larger on the
elasticity gray-scale image than on B-mode (Fig. 2).2 This
may result from local invasion by the cancer that is not always
obvious on B-mode.

Cysts have a typical “bull's-eye” appearance (smaller
size, white center, black peripheral circle) in the gray-scale
elastogram (Fig. 3A) and a green-yellow-red pattern in the
color map elastogram as a result in the fact that liquid does
not compress and gives little or no reflection (Fig. 3B).4

Τhe relationship between the compression, or the stress,
and the strain is calculated in the Young modulus, E = stress/
FIGURE 2. The lesion appears larger on the gray-scale and color m
diagnosis was invasive ductal carcinoma grade 3. Figure 2 can be
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strain, which estimates the stiffness of a certain tissue.2 Most
elastography techniques measure the strain and not the Young
modulus, and therefore, a direct quantification is not possible.

Another way of semiquantifying the stiffness of a tissue
is to use strain ratio (SR). Strain ratio compares the strain in
2 manually selected regions of interest (ROIs) on the elastograms
and yields the fraction of the average strain in the reference area
divided by the average strain in the lesion. An SR cut-off value of
2.45 allows significant differentiation of malignant and benign le-
sions with 90% sensitivity and 89% specificity (Figs. 4A, B).5

Acoustic Radiation Force Impulse
This mode has the advantage of being objective and in-

dependent of the sonographer. Instead of using external com-
pression, US scanners are used to generate short-duration
acoustic radiation forces that impart small (1–10 μm) localized
displacements in the tissue.6 The response of the tissue to the ra-
diation force is observed using conventional B-mode imaging
pulses to track tissue displacement, which correlates with the
ap elasticity image than on B-mode. Histopathology
viewed in color online at www.ultrasound-quarterly.com.
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FIGURE 3. A, Cyst with typical bull's-eye appearance in the
gray-scale elastogram. B, Green-yellow-red pattern of a cyst
in the color map elastogram. Figure 3 can be viewed in color
online at www.ultrasound-quarterly.com.
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local stiffness of the tissue. Images of tissue displacement are
created by the repetition of this process along multiple image
lines.6 A short-duration (0.03–0.4 milliseconds), high-
intensity acoustic “pushing pulse” (frequency, 2.67 MHz) in
ARFI imaging is transmitted to generate an internal tissue ex-
citation (1–20 mm) in the ROI by the transducer, followed by a
series of diagnostic intensity pulses (frequency, 3.08 MHz;
pulse repetition frequency, 3–12 KHz), which are used to track
the displacement of the tissue caused by the pushing pulse.6 It
is possible to display the quantitative shear-wave velocity of
ARFI displacement. Because the velocity of the shear wave
depends on tissue stiffness, it is possible to apply ARFI tech-
nology to evaluate deep tissue stiffness, which may not be pos-
sible with free-hand elastography.

On the Acuson Siemens S-2000 scanner, the following
2 imaging possibilities are available:
Virtual Touch Tissue Imaging
This image depicts the relative stiffness in the selected

ROI with a gray-scale map. This is a qualitative response.
The virtual touch tissue imaging (VTI) image is classified ac-
cording to Shuang-Ming et al,7 as follows: “softer” when the
lesion appears whiter than the surrounding breast tissue
(Fig. 5A), “equal stiffness” when the lesion appears with sim-
ilar image color with the peripheral breast tissue (Fig. 5B),
“stiffer” when the lesion is more black (>50%) than the sur-
rounding breast tissue (Fig. 5C), and “cellular sample” when
the lesion shows an alternating black and white honeycomb-
like distribution (Fig. 5D, probably caused by separation of
tumor cells and multiple fibrous tissues).7
FIGURE 4. A, SR was calculated 1.97 and histopathology
diagnosis was fibroadenoma. B, SR was calculated 4.30 and
histopathology diagnosis was invasive ductal carcinoma
grade 3. Figure 4 can be viewed in color online at
www.ultrasound-quarterly.com.
Virtual Touch Tissue Quantification
The virtual touch tissue quantification (VTQ) values

(shear-wave speed, meter per second) of the lesion are ob-
tained by placing the fixed size ROI on the lesion. The shear
waves propagate faster in stiffer tissue. The VTQ model can
provide numerical measurements that give quantitative infor-
mation about tissue elasticity properties. With application of
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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a cut-off point of 3.065 m/s, a significant difference was found
between the shear-wave velocities of the benign (Fig. 6A) and
malignant masses (Fig. 6B) with 75.6% sensitivity and 95.1%
specificity, respectively.8

Although it is independent of the operator, it is still im-
portant to apply very light pressure to the probe, because high
pressure on a probe can affect the compression and elasticity
of breast tissues, and modify stiffness values.

Our Technique
Our equipment was an Acuson Siemens S-2000.

Strain Elastography
The patient is examined in the standard position with

the appropriate arm elevated. A 4-to 9-MHz linear transducer
is used. The probe is placed lightly on the patient's breast. No
external compression is applied because breathing is used as
the compression source. The elastogram is derived from data
of the change of radio frequency signals caused by breathing
(gray-scale SE). A quality control screen is available to deter-
mine whether the pressure on the probe is accurate (a value
between 0 and 100 is displayed and the value should be be-
tween 65 and 100 for good quality acquisition).2 A white
screen appears if the pressure is totally inadequate. The
elastogram is displayed in a split-screen mode with the conven-
tional B-mode image and the elastogram on the monitor. In prac-
tice, the elastogram with SE takes up to a few seconds to settle to
a reproducible image (Video, Supplemental Digital Content 1,
http://links.lww.com/RUQ/A97).

Then, SE system displays tissue stiffness in a contin-
uum of colors from green to red to blue (Fig. 7), designating
soft (high strain = green), intermediate (equal strain = red),
and hard (no strain = blue) tissue (color map SE) (Video, Sup-
plemental Digital Content 1, http://links.lww.com/RUQ/A97).

Subsequently, the ROI is placed in the focal lesion, and
the reference ROI is placed in the surrounding normal fat
www.ultrasound-quarterly.com 3
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FIGURE 5. The VTI image classification according to Shuang-Ming et al7: softer (A), equal stiffness (B), stiffer (C), and cellular
sample (D). Figure 5 can be viewed in color online at www.ultrasound-quarterly.com.
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tissue, preferably in the same depth as the lesion. The SR (fat/
lesion ratio) is automatically calculated by the elastography
software (Fig. 8).
Acoustic Radiation Force Impulse Elastography
Virtual Touch Tissue Imaging

The patient is examined in the standard position with
the appropriate arm elevated. A 4-to 9-MHz linear transducer
is used. The probe is applied to make complete contact with
the breast. A very light pressure is applied to the probe. The
patient is asked to hold her breath. The ROI encircles the le-
sion. A black-and-white VTI image is obtained and displayed
on a dual screen with the left side showing the B-mode image
and the right side showing the elastic image (Video, Supple-
mental Digital Content 2, http://links.lww.com/RUQ/A98).
The VTI-obtained image is classified according to Shuang-Ming
et al7 criteria, which are mentioned in the Basic Principles.

Then, the ROI encircles the lesion and the surrounding
tissue, and a color map VTI image is obtained to compare
the stiffness of the lesion with the surrounding tissue accord-
ing to the color map of the whole selected area. At this color
map, purple represents soft tissue, green represents intermedi-
ate stiff tissue, and red represents stiff tissue (Video, Supple-
mental Digital Content 3, http://links.lww.com/RUQ/A99).
FIGURE 6. A, Shear-wave velocity inside the lesion is equal to
2.07 m/s. Histopathology diagnosis was fibroadenoma. B,
Shear-wave velocity inside the lesion is equal to 7.04 m/s.
Histopathology diagnosis was ductal adenocarcinoma grade
3 (note that the lesion on the B-mode image is indicative of
a fibroadenoma). Figure 6 can be viewed in color online at
www.ultrasound-quarterly.com.
Virtual Touch Tissue Quantification
The patient is examined in the standard position with

the appropriate arm elevated. A 4-to 9-MHz linear transducer
is used. The probe is applied to make complete contact with
the breast. A very light pressure is applied to the probe. The
patient is instructed to hold her breath. The ROI is placed in-
side the lesion. The shear-wave velocity (recorded in meter
per second) inside the lesion is calculated automatically. Sub-
sequently, the ROI is placed in the surrounding fat tissue at
the same depth with the lesion, and the shear-wave velocity
4 www.ultrasound-quarterly.com
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is calculated automatically (Video, Supplemental Digital Con-
tent 4, http://links.lww.com/RUQ/A100).

PITFALLS
Knowledge of pitfalls that can be encountered when US

elastography is performed may help avoid erroneous images
interpretation.

1. Prestress with the probe should be avoided because this
increases the stiffness of all tissues. Strong initial com-
pression changes the Ueno score in case of stiff lesions
leading to false-negative results.9

2. When shear-wave velocity is recorded as X.XX m/s, it is
due to operator movements, patient respiration, errone-
ous ROI positioning (ie, necrotic or cystic portion of a
lesion), and tissue that is too hard and out of the range
of the machine (Fig. 9).

3. Placement and sizing of the elasticity box are important.
Elastography works best when the lesion is surrounded
by breast tissue. If it lies close to the skin or the rib cage,
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 7. Gray-scale and color map strain elastogram image. Figure 7 can be viewed in color online at www.ultrasound-quarterly.com.
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the results may be unreliable. Similarly, lesions larger
than the US field-of-view may give unreliable results,
and in this case, comparisons with the surrounding fat
are impossible. Briefly, lesions that are too large or too
deep may not allow good quality elastograms to be ob-
tained. A small ROI implies lower elasticity score in stiff
lesions (Fig. 10A). When the ROI is big, there is not
enough surrounding health tissue for correct comparison
and the elasticity score is underestimated (Fig. 10B).9

4. Angling the transducer between scan plane and skin sur-
face changes the pressure applied on the lesion.9

5. The pattern of cysts has been mentioned. This may be con-
sidered as useful artefact because they highlight the cystic
nature of the lesion.2

6. Not all cancers are stiff and not all stiff lesions are cancers,
so measurements of the stiffness of breast masses show
overlap, with a few fibroadenomas that are stiff (Fig. 11A)
and some cancers that are soft (Fig. 11B).9

CONCLUSIONS/DISCUSSION
Elastography is a useful, quick, noninvasive method in

the diagnosis of breast lesions. The main use of elastography
in the breast is as an adjunct to conventional US to improve
the differentiation between benign and malignant lesions,
and several studies attest to the value of SE in refining the
US breast imaging reporting data system score so unnecessary
biopsies could be avoided.10,11 The technique is easy to learn,
reproducibility is better than with B-mode US, and it fits
smoothly into the standard examination protocol. It is also
useful for confirming that a lesion is a cyst when the contents
are echogenic. We proposed a practical examination protocol
for strain and ARFI elastography to avoid dependence by the
sonographer, whereas we provided images, which are helpful
in the differentiating benign from malignant breast lesions.
FIGURE 8. Calculation of the SR. Strain ratio yields the fraction
of the average strain in the reference area (fat) divided by
the average strain in the lesion at the same depth. Figure 8 can
be viewed in color online at www.ultrasound-quarterly.com.
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Although our experience and examination protocol are
based on Acuson Siemens S-2000, some of the commercially
available softwares' specific features will be presented briefly.12

Elasticity softwares are very different according to the US com-
panies. The following 3 different modes are available in tissue
elastography: SE, ARFI technique, and shear-wave elastography.

Strain Elastography
Hitachi

Hitachi's Real-time Tissue Elastography module uses an
extended combined autocorrelation method to produce an
elasticity image in real time. It uses a freehand approach to
compress the tissues with the US transducer—a technique,
which is easily integrated into the routine US examination.
Relative tissue elasticity is calculated and displayed as a color
overlay of the conventional B-mode image. Stiffer tissue
structures are displayed in blue, whereas the more easily de-
formed tissues are in red. The Tsukuba score classification
is simple to use and suitable for routine clinical use. A score
from 1 to 5 is assigned on the basis of the color (balance of
green and blue) inside the tumor and the surrounding area,
with a higher score indicating a higher diagnostic confidence
of malignancy. Scores of 1 to 3 are classified as probably be-
nign. It is recommended that lesions with scores of 4 or 5 be
biopsied.3 The extended combined autocorrelation method
elastography algorithm performs a 2-dimension correlation in
both axial and lateral directions. The fat-to-lesion ratio (SR)
can provide greater objectivity in assessing the elastography
image. This diagnostic approach was advocated by Ueno et al13

as a semiquantitative method of evaluating stiffness. It is the ra-
tio of the strain in a mass to the strain in subcutaneous fat. The
tumor ROI should be placed entirely in the tumor in B-mode.
FIGURE 9. Shear-wave velocity inside the lesion could not
be calculated because of the presence of calcifications
(Vs = X.XX m/s). Figure 9 can be viewed in color online at
www.ultrasound-quarterly.com.
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FIGURE 10. A, The ROI is small and underestimated SR (1.85). Histopathology findings revealed a ductal carcinoma in situ. B,
The ROI is big and there is not enough surrounding health tissue for correct comparison. Figure 10 can be viewed in color online at
www.ultrasound-quarterly.com.
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The target ROI for subcutaneous fat should be limited to fat
that does not contain fibroglandular breast tissue at a similar
depth to the lesion.

Toshiba
Toshiba's comprehensive elastography solution pro-

vides a visual representation (color mapping) of the elasticity
of breast lesions after manual compressions. On Toshiba US
machines, the appearance of elasticity images is different.
Two ROIs are simultaneously set in the center of the lesion
and in the surrounding breast tissue. Elasticity values are shown
on compression-decompression time curves. The higher the ra-
tio between the 2 curves at time, the greater the stiffness and the
higher the risk of malignancy, especially for a lesion with little
elasticity. Conversely, a benign lesion shows similar elasticity
values on the time/intensity curves as the surrounding tissue.

Philips
Philips breast SE incorporates nanometer tissue strain

tracking technology. This is a highly sensitive method of
FIGURE 11. A, The lesion appears stiff but histopathology diagnosis
of this “false-positive” result). (B) The lesion appears “soft” but his
can be viewed in color online at www.ultrasound-quarterly.com.
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tracking tissue deformation requiring virtually no external
compression for reproducible strain imaging results. Inherent
patient physiologic movements provide the compression to
generate the elastography image. On Philips US machines,
elasticity is depicted on elastograms displayed in black and
white mode but also with a color map mode. A malignant le-
sion is usually very dark with irregular margins and the size is
larger than on US B-mode imaging. In color mode, malignant
lesions are depicted in blue whereas benign lesions appear in
red (soft). An SR can also be calculated when a ROI is set in
the lesion and another in the surrounding fibroglandular tissue.
Relative elasticity curves between both tissues can be obtained,
and it is easy to compare the mean elasticity values between dif-
ferent tissues.

Acoustic Radiation Force Impulse Technology
This mode has been developed on Siemens US machines

and both VTI and VTQ have been discussed in Basic Principles
and Our Technique.
was fibroadenoma (the presence of calcifications was the cause
topathology diagnosis was for medullary carcinoma. Figure 11
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Shear-Wave Elasticity: Supersonics Imaging. Some of the fea-
tures of this technique are similar to those of ARFI technology.
It has recently been developed by Supersonics Imaging. This
company developed a quantitative elastography technique using
supersonic shear imaging.14 The system itself induces mecha-
nical vibrations by using an acoustic radiation force created
by a focused US beam. A very fast (5000 frames/s) US acqui-
sition sequence is used to capture the propagation of shear
waves. This technology is available on a high-frequency probe.
The displacement induced in a breast lesion creates a shear
wave that provides information about the local viscoelastic prop-
erties of the tissue. It can also provide quantitative information.
Unlike the ARFI technique, stiffness information is given in kilo-
pascal. For a better evaluation, images are shown with a color
scale linked to the value in kilopascal, which ranges from 0 to
240 kPa. Pressure on the probe must be very light. The optimal
cut-off value to differentiate benign and malignant breast lesions
was 80.17 kPa, with 88.8% sensitivity and 84.9% specificity.15

Concerning to cystic lesions, some highlights will be pre-
sented according to different equipment. With Siemens equip-
ment cysts appear with a typical bull's-eye sign.16 With Hitachi
and Toshiba equipment, a trilaminar appearance of blue, green,
and red is identified in cysts (tricolor artifact). With Philips
equipment, cystic lesions have a typical 3-color mixed appear-
ance (red, green, blue), whereas with a specific software, a pure
cystic content appears in yellow and can be differentiated from
a dense cyst exhibiting a blue center. Cystic features are usually
specific on elasticity imaging no internal register (ARFI, shear-
wave elastography).

In conclusion, no matter what equipment is used, specific
training is necessary for performing breast US elastography as
well as acknowledging technical and pathological factors, which
may influence it.
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