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REVIEW
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ABSTRACT
Ultrasound elastography is a relatively new ultrasonography technique being used for
characterizing soft tissue lesions like breast, thyroid, prostate, lymph nodes and musculoskeletal.
The principle of ultrasound elastography is that compression of the examined tissue induces less
strain in hard tissues than in soft ones [1]. Evaluation of breast lesions is one of the first
applications of ultrasound elastography, providing information about the hardness of the lesion
and surrounding breast tissue [2]. The purpose of this pictorial essay is to present the aspects of a
variety of both benign and malignant breast lesions on ultrasound elastography.
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INTRODUCTION

Our

equipment was An Acuson Siemens

S2000.
Both free- hand (strain elastography)
and Acoustic Radiation Force Impulse
elastography (Virtual Touch Tissue Imaging
and Virtual Touch Tissue Quantification)
were performed in the examined breast
lesions.
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Free- hand (strain elastography)
measures axial displacement of tissue caused
by mechanical stress in real-time by
physiological shifts inside the patient (such as
breathing). A low pressure is exercised with
the transducer in the area of interest in order
to determine a proportional deformation
between pressure and deformation. The size
of the region of interest (ROI) is determined
by the examiner and must cover the lesion
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and part of the surrounding breast tissue. The
elasticity is represented qualitatively by gray
scale and color mapping. Each color pixel
from region of interest is assigned one of
specific colors depending on the amplitude of
deformation. Color scale ranges from red
(soft lesion with significant deformation) to
blue (hard lesion with low deformation).
Green indicates the average deformation of
ROI. The assessment of the stiffness color
map is based on the Itoh-Ueno criteria [3].
This five-point scale scores the lesion
according to the extent of elasticity inside the
lesion: Score 1 indicates deformability of the
entire lesion, Score 2 indicates deformability
of most of the lesion with some small stiff
areas, Score 3 indicates deformability of the
peripheral portion of the lesion with stiff
tissue in the center, Score 4 the entire lesion is
stiff, Score 5 the entire lesion and
surrounding tissue are stiff. If a lesion is
classified between 1 and 3 it is considered
benign whereas if classified 4 or 5 it is
considered to be malignant. An important
feature is that cancers appear larger on the
elasticity gray scale image than on B-mode
[4]. This may result from local invasion by the
cancer that is not always obvious on B-mode.
Another way of semi-quantifying the
stiffness of a tissue is to use Strain Ratio.
Strain ratio compares the strain in two
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. A
strain ratio (SR) cut-off value of 2.45 allows
significant differentiation of malignant and
benign lesions with 90% sensitivity and 89%
specificity [5].
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The probe is placed lightly over the
patient’s breast lesion with a large amount of
U/S gel placed to create a stand-off pad. No
external compression is applied because
breathing is used as the compression source.
A 4-9-MHz linear transducer is used. The
conventional B-mode ultrasound image is
displayed on the right side of the screen
while the gray scale and color coded
elastogram is depicted on the left side of the
screen. Compression must be minimal and
applied in the perpendicular direction.
Excessive pressure on the probe must also be
avoided.
Acoustic radiation force impulse
(ARFI) elastography involves the mechanical
excitation of tissue using acoustic pulses to
generate localized displacements resulting in
shear-wave propagation which is tracked
using
correlation-based
methods
and
recorded in m/s.
ARFI elastography is subdivided into
two types which are the Virtual Touch Tissue
Imaging (VTI) and the Virtual Touch Tissue
Quantification (VTQ).
Virtual Touch Tissue Imaging (VTI)
provides the relative stiffness in the selected
region of interest (ROI) on a gray scale image.
The technique lies in the selection of ROI
which must encircle the lesion and the
patients have to hold their breath. This is a
qualitative response. The VTI image is
classified as: “softer” when the lesion
appears whiter than the surrounding breast
tissue, “equal stiffness” when the lesion
appears with similar image color with the
peripheral breast tissue, “stiffer” when the
lesion is more black (>50%) than the
surrounding breast tissue and “cellular
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sample” when the lesion shows an
alternating black and white honeycomb-like
distribution (probably caused by separation
of tumor cells and multiple fibrous tissues)
[6].
The probe is applied with light
pressure to make complete contact with the
breast. The VTI button is pressed, and a
black-and-white VTI
image is obtained.
Virtual Touch tissue imaging is displayed on
a dual screen with the left side showing the
B-mode image and the right side showing the
elastic image.
Virtual Touch Tissue Quantification
(VTQ) expresses the shear wave speed
(m/sec) in solid materials as numeric values
and describes the hardness of tissue
quantitatively. Applying a cutoff point of 3.6
m/s, a significant difference was found
between the shearwave velocities (SWVs) of
the benign and malignant masses with 91%,
sensitivity and 80.6 % specificity, respectively
[7].
The ROI is placed inside the lesion, the
patient is instructed to hold her breath and
the shear wave velocity inside the lesion is
obtained. Then, measurement of the shear
wave velocity of the surrounding breast
tissue is performed with the ROI placed at
the same level as the lesion.

LIMITATIONS
1. Pre-stress with the probe should be
avoided as this increases the stiffness of all
tissues. Strong initial compression changes
the Ueno score in case of stiff lesions leading
to false negative results.
ΤΟΜΟΣ 21ος – ΤΕΥΧΟΣ 2 - 2016

2. When shear wave velocity is recorded as
X.XX m/sec it could be due to operator
movements, patient respiration, erroneous
ROI positioning (i.e., cysts, abscess, necrotic
or cystic portion of a lesion) and tissue that is
too hard and out of the range of the machine.
3. Placement and sizing of the elasticity box is
important. Elastography works best when the
lesion is surrounded by breast tissue. If it lies
close to the skin or the rib cage, the results
may be unreliable. Similarly, lesions larger
than the ultrasound 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 obtained. A small region of
interest (ROI) implies lower elasticity score in
stiff lesions. When the ROI is big there is not
enough surrounding health tissue for correct
comparison and the elasticity score is
underestimated.
4. Angling the transducer between scan plane
and skin surface changes the pressure
applied on the lesion.
5. The pattern of cysts may be considered as
useful artefact since they highlight the cystic
nature of the lesion.
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 and some
cancers that are soft (medullary, colloid
carcinoma).
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BENIGN ENTITIES
Simple Cysts
Simple Cysts in the breast are
extremely common. The essential pathophysiology of a cyst is duct obstruction and
localized fluid accumulation. The ultrasound
typical appearance of a simple cyst is an
anechoic, round or oval mass with a thin
echogenic capsule, well defined margins,
posterior enhancement, and thin edge
shadowing.
Concerning to cystic lesions some
highlights will be presented according to
different
equipment.
With
Siemens
equipment cysts appear with a typical bull's
eye appearance depicted with smaller size,
white center and black peripheral circle in the
gray scale elastogram (Fig.1a) and a greenyellow-red pattern in the color map
elastogram (Fig.1b) as a result in the fact that
liquid does not compress and gives little or
no reflection.

Figure 1. (a) Cyst with typical bull‘s eye
appearance, (b) green-yellow-red pattern in the
color map elastogram.

With Hitachi and Toshiba equipment a
tri-laminar appearance of blue, green, and
red (BGR) is identified in cysts (tri-color
artifact). With Philips equipment cystic
lesions have a typical three-color mixed
appearance (red, green, blue) whereas with a
ΤΟΜΟΣ 21ος – ΤΕΥΧΟΣ 2 - 2016

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
(Acoustic
Radiation
Force
Impulse,
Shearwave elastography).

Fibroadenoma
Fibroadenoma is one of the most
common benign breast lumps and results
from excess proliferation of connective tissue.
It characteristically contains glandular and
fibrous connective tissue. It usually appears
in women between 10 and 40 years old.
Incidence decreases after 40 years old. The
ultrasound typical appearance is a wellcircumscribed,
round
to
ovoid,
or
macrolobulated mass with generally uniform
hypoechogenicity.
Intralesional
sonographically detectable calcification may
be seen in approximately 10% of cases.
Sometimes a thin echogenic pseudocapsule
may be seen sonographically. Fibroadenomas
appear either softer than or have the same
elasticity as adjacent glandular tissue (Fig. 2af). The mean strain ratio for fibroadenomas is
1.69 ± 0.88 [10]. Fibro-adenomas with larger
fibrotic component and poor cellularity can
have a suspicious color map, but in all cases
the strain ratio is lower than malignant forms.
Hyalinized fibroadenomas appear stiff.

Intraductal Papilloma
The typical ultrasound appearance of
an intraductal papilloma is ductal ectasia
with a focal intraluminal soft tissue lesion.
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Figure 2. (a) hypoechoic, oval, well circumscribed
mass, (b) strain ratio was calculated 2, (c) VTI
gray scale classification: equal stiffness, (d) VTI
color map : soft mass (green), (e) Vs= 2.40 m/sec ,
(f) histopathologic diagnosis: fibroadenoma.
Dilated or compressed ducts surrounded by
hypocellular stroma.

Figure 3. (a) hypoechoic, oval, well circumscribed
mass (similar to fibroadenoma), (b) elasticity
score 2, (c) strain ratio was equal to 1.45, (d) VTI
color map image: green-purple (median softness),
(e)
histopathologic
diagnosis:
Intraductal
papilloma with well defined fibrovascular stalks
lined by myoepithelial and epithelial cells.

Sometimes, a well defined, round,
solid, slightly hyporeflective lesion is
depicted in close proximity to the nipple
areolar complex (fig.3 a-e).

adolescents. The incidence of phyllodes
tumors covers a wide range of age, but the
median age of presentation is 45 years [8].
Clinically, phyllodes tumours are smooth,
rounded, and usually painless multinodular
lesions
indistinguishable
from
fibroadenomas. The typical ultrasound
findings include an inhomogeneous, solidappearing mass containing single or multiple,
round
or
cleft
like
cystic
spaces,
demonstrating
posterior
acoustic
enhancement. Vascularity is usually present
in the solid components (Fig. 4a-e).

Phyllodes tumor
Phyllodes
tumor
is
a
rare
fibroepithelial tumour of the breast that
account for less than 1% of all breast tumors
[8]. It is typically a large, fast growing mass
that forms from the periductal stroma of the
breast. It is predominantly a tumour of adult
women, with very few examples reported in
ΤΟΜΟΣ 21ος – ΤΕΥΧΟΣ 2 - 2016
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Figure 4. (a) B-Mode: lobulated, hypoechoic, with
cystic spaces mass with increased internal
vascularity, (b) VTI classification: darker, (c)
Strain ratio was equal to 2.8, (d) Vs= 2.72 m/sec,
(e) histopathologic diagnosis: Benign phyllodes
tumor with prominent intracanalicular growth
pattern.

Figure 5. (a) B-Mode: hypoechoic mass, wider
than taller, (b) Strain Ratio = 1.96, (c) Elasticity
score: 3, (d) VTI color map image : soft with stiff
areas (green-yellow-red) , (e) Vs= 1.67 m/sec, (f)
histopathologic
diagnosis:
Myoepithelioma:
Hyaline stroma with prominent myoepithelial
cells.

Myoepithelioma/Adenomyoepithelioma

can be found centrally or near the areola.
Breast adenomyoepithilioma has been
described as round to lobulated, well
circumscribed or discrete, and firm.
Multinodular or papillary configurations and
focal cystic changes have also been described.
(Fig. 5a-e). A case report has been published
with elastography findings [10].

Myoepithelioma/Adenomyoepithelio
ma is considered as an uncommon tumor and
is characterized by dual differentiation into
luminal and myoepithelial cells. It was
initially described by Hamperl in 1970 [9].
Patient age ranges from 22 to 92 with a mean
age value of 59 years usually presenting with
a solitary, palpable nodule. The symptoms
duration (usually palpation of a painless
lump) varies from several weeks to several
months. The tumor is often located in a
peripheral portion of the breast, although it
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Tubular adenoma
Tubular adenoma is a rare benign
epithelial tumor of the breast accounting for
0.13 - 1.7% of benign breast lesions. Few cases
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have been reported in the literature especially
in young women of reproductive age [11].
The clinical and imaging features of tubular
breast adenomas are similar to those of
fibroadenomas
[12],
thus
making
preoperative diagnosis very difficult. In most
cases surgical excision is required to establish
a definitive diagnosis. (Fig. 6a-f).

Figure 6 (a) B-Mode: hypoechoic, oval mass,
similar to fibroadenoma, (b) Strain ratio= 1.46, (c)
Vs= 2.34 m/sec, (d) VTI gray scale classification:
equal stiffness, (e) VTI color map: soft (purplegreen), (f) histopathological diagnosis: Tubular
adenoma, a variant of fibroadenoma with florid
adenosis.

Abscess
Most breast abscesses develop as a
complication of lactational mastitis. The
incidence of breast abscess ranges from 0.4 to
11 % of all lactating mothers [13]. Breast
abscesses are more common in obese patients
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and smokers than in the general population
[14]. Sonographically, an abscess is a
reasonably well-circumscribed complex mass
with thick hyperaemic walls. Tissue
liquefaction causes a central fluid component
that exhibits increased posterior through
transmission. Sometimes abscesses become
encapsulated or may form a sinus tract to the
breast surface (Fig. 7a-f).

Fig. 7 (a) B-Mode: rounded, almost anechoic
lesion with posterior acoustic enhancement,
irregular walls, no internal septae are present.
Color Doppler images suggest some increase in
vascularity along the rim of the lesion, (b)
Elasticity score:4, (c) VTI gray scale image:
cellular sample, (d) VTI color map: yellow-red, (e)
Vs was not possible to be evaluated (X.XX
m/sec), (f) histopathologic diagnosis: Abscess:
Breast tissue is displaced by chronic active
inflammation with lymphocytes, plasma cells and
neutrophils.
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The surrounding tissue induration is
not easily identifiable on B-mode imaging,
but it is identifiable on elastography [15].

MALIGNANT ENTITIES
General elastographic features
Cancers are depicted with larger
dimensions on the gray scale strain elasticity
image than on B-mode. This may be caused
by from local invasion that is not always
depicted on B-mode imaging [16, 17]. The
cut-off point for strain ratio varied from 4.5 to
0.5 in different studies. A strain ratio (SR) cutoff value of 2.45 allows significant
differentiation of malignant and benign
lesions with 90% sensitivity and 89%
specificity
[5].
Quantitative
Acoustic
Radiation Force Impulse (VTQ) imaging can
be used for differentiation between benign
and malignant breast masses, using a shear
wave speed cut off of 3.6 m/s, with 91
%sensitivity and 80.6 % specificity [7].

Figure 8. (a) B-Mode: hypoechoic mass, with
indistinct margins and spiculations, (b) Strain
ratio= 7.33, (c) Elasticity score 4, (d) VTI gray
scale classification: cellular sample, (e) Vs=7.33
m/sec, (f) histopathologic diagnosis: Ductal
carcinoma: Tumor cells in cords, solid or
trabecular patterns.

Lobular in situ Ca
Ductal invasive Ca
Ultrasound demonstrates a solid lesion
with an irregular margin, posterior acoustic
shadowing phenomenon and occasional
internal
microcalcifications.
A
classic
speculated appearance is seen when there is
intraductal extension. The tumor often has a
hyperreflective rim variably attributed to
desmoplastic or lymphocytic reaction (Fig.
8a-f).
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It has no particular macroscopic,
clinical or imaging and is usually occult
clinically and on imaging features (Fig. 9 a-f).
A series of 30 patients with were studied

Basal or Medullary carcinoma
This is a rapidly growing highly
cellular ductal carcinoma that can occur at
any age but is often found in younger and
middle- aged women [20]. The typical
medullary carcinoma has a smooth welldefined, sometimes lobulated, but non-
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Figure 9 (a) hypoechoic mass with spiculation, (b)
Strain ratio=5.87, (c) Elasticity score 4, (d) VTI
gray scale classification: darker, (e) Vs=6.74
m/sec, (f) histopathologic diagnosis: lobular
carcinoma in situ, classic type, surrounded by
dyscohesive cells, medium size in a single-file
linear cords.

infiltrating border; large or rapidly growing
lesions may have a necrotic center if tumor
growth outstrips perfusion. Sonographically,
medullary carcinoma may look very similar
to fibroadenoma with increased posterior
through transmission and refractive acoustic
shadowing from the lesion edges. Careful
evaluation of the margins in multiple planes
may show small suspicious irregularities [19]
(Fig. 10 a-g).
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Figure 10. (a) B-Mode: hypoechoic, oval mass,
similar to fibroadenoma, Elasticity score 4, (b)
Strain ratio: 4.38, (c) VTI gray scale classification:
darker, (d) VTI color map: stiff (red), (e) Vs= 5.86
m/sec, (f) US guided 14 G biopsy, (g)
histopathologic diagnosis: Basal or medullary:
Invasive tumor cells with pushing border, high
nuclear
grade,
brisk
lympho-plasmacytic
infiltration
and
absence
of
glandular
differentiation.

Mucinous or Colloid Carcinoma
This is a rare slow growing tumor
often found in older women and usually has
good prognosis. Ultrasound depicts a
smooth,
well
defined,
occasionally
microlobulated lesion. Its fluid nature often
gives rise to increase through transmission of
sound (Fig. 11 a-f).
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CONCLUSION

Figure 11. (a) B-Mode: hypoechoic, well defined
lesion with internal calcifications, (b) Elasticity
score 4, (c) VTI gray scale classification little
darker, (d) VTI color map : soft and stiff areas
(green-yellowred), (e) Vs=3.01 m/sec, (f)
histathologic diagnosis: Mucinous carcinoma:
Presence of extra-cellular mucin with cellular
component in clusters, sheets or papillary
configurations.

Conventional ultrasound considerably
improves the visualization of tumors in dense
breasts. It improves the specificity of
mammography,
and
when
used
to
complement mammography, it adds more
value
to
the
diagnosis.
Ultrasound
elastography in the breast is an adjunct to
conventional ultrasound to improve the
differentiation
between
benign
and
malignant lesions and several studies attest to
the value of strain elastography in refining
the ultrasound breast imaging reporting data
system (US-BI-RADS) score so unnecessary
biopsies could be avoided. However, specific
training
is
necessary
as
well
as
acknowledging technical and pathological
factors which may influence it.
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Υπερηχογραφική
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ευρήματα: δοκίμιο
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ΠΕΡΙΛΗΨΗ
Η ελαστογραφία αποτελεί μια σχετικά νέα υπερηχογραφική μέθοδο, η οποία χρησιμοποιείται για
το χαρακτηρισμό αλλοιώσεων σε μαστό, θυρεοειδή αδένα, προστάτη αδένα, λεμφαδένες και
μυοσκελετικό σύστημα. Η βασική αρχή της ελαστογραφίας έγκειται στο γεγονός ότι η συμπίεση
του εξεταζόμενου ιστού επάγει μικρότερη παραμόρφωση σε σκληρούς ιστούς σε αντίθεση με
μαλακούς ιστούς. Η εκτίμηση των αλλοιώσεων του μαστού αποτελεί μια από τις πρώτες εφαρμογές
της ελαστογραφίας, παρέχοντας πληροφορίες σχετικά με την σκληρότητα της αλλοίωσης και του
περιβάλλοντος υγιούς παρεγχύματος. Σκοπός του δοκιμίου αυτού είναι να παρουσιάσει την
ελαστογραφική απεικόνιση καλοήθων και κακοήθων αλλοιώσεων του μαστού.

Λέξεις ευρετηρίου: Λέξεις-κλειδιά: Καλοήθεις παθήσεις μαστου, κακοήθεις παθήσεις
μαστού, ελαστογραφία, strain ελαστογραφία, Acoustic Radiation Force Impulse
ελαστογραφία, ιστολογικά ευρήματα
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