Luo et al. BMC Medical Imaging 2022,22(1):71
https://doi.org/10.1186/s12880-022-00797-3

BMC Medical Imaging

RESEARCH Open Access

: : : : ®
Stiffness in breast masses with posterior ol
acoustic shadowing: significance of ultrasound
real time shear wave elastography

Hui Luo', Jian Li', Yang Shi', Xiaojun Xiao', Yuanyang Wang? Zhanghong Wei' and Jinfeng Xu'

Abstract

Background: To assess the stiffness of benign breast masses in ultrasound images with posterior acoustic shadow-
ing (PAS) and malignant lesions, and explore the significance of differential diagnosis using ultrasound real time shear
wave elastography.

Material and methods: All 117 mammary masses (98 patients) with PAS were assessed by using routine ultra-
sound examination, and elastic modulus values were obtained with the real time shear wave elastography mode. All
breast lesions were confirmed by surgery or biopsy. The significance of differences in ultrasound elastography values
between breast benign and malignant masses with posterior acoustic shadowing was assessed, and the ROC curves
of elasticity modulus values were analyzed.

Results: Among the 117 masses, 72 were benign and 45 were malignant. The two types of breast masses showed
significant differences in size, margin, internal echo, calcification, and blood flow characteristics (P < 0.05), although
the difference in orientation was not significant (P> 0.05). Emean, Emax and Esd obtained with real time shear wave
elastography showed statistically significant differences between benign masses with posterior acoustic shadowing
and breast cancer (P <0.05), while Emin showed no significant difference between them (P=0.633). Ultrasound real
time shear wave elastography showed higher sensitivity and specificity than conventional ultrasound.

Conclusions: Benign and malignant breast masses with PAS show different ultrasound manifestations. Real time
shear wave elastography can facilitate the differential diagnosis and treatment planning for these breast masses.
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Introduction

In the dictionary of Breast Imaging Reporting and Data
System (BIRADS), posterior acoustic shadowing (PAS)
is a term used to describe an ultrasound characteristic
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that appears in many breast masses. Masses with acous-
tic shadowing are usually judged as category 4 lesions
in BIRADS by conventional ultrasound. However, many
masses with acoustic shadowing turn out to be benign
lesions in postoperative pathological assessments. The
posterior acoustic shadowing has been reported to be a
feature of both malignant and benign breast lesions [1, 2],
some researchers have observed that not only breast can-
cer but also breast fibrocystic lesions, fat necrosis, and
postoperative scars could be with acoustic shadowing.
How to distinguish between benign masses with PAS and
malignant masses? It is well known that benign masses
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are soft and malignant masses are hard. Can hardness
information be used to differentiate breast masses with
acoustic shadowing? E imaging can reveal the hardness
of masses. Real Time Shear Wave Elastography (RTSWE)
for short as "E imaging", it including Sound Touch Elas-
tography (STE) and strain elastography. This study aimed
to explore the different ultrasound characteristics of
benign and malignant breast masses with PAS, and use E
imaging to explore the differences between the elasticity
of benign masses with PAS and breast cancer. Our aim is
to use these hardness assessments to distinguish benign
masses with PAS and malignant lesions, thereby improve
the accuracy of ultrasound diagnosis[3, 4].

Materials and methods

Patient selection

A total of 117 breast masses (98 patients) with PAS were
selected from 635 patients who underwent ultrasound
examinations at our hospital between January 2018 and
October 2020. All patients were female. Ultrasound eval-
uated breast lesions using the BIRADS category. For all
findings assessed as category 3 at ultrasound, were rec-
ommend Short-interval (6-month) follow-up or con-
tinued surveillance. When the masses became large or
irregular during follow-up, a needle biopsy were recom-
mended. All breast masses were confirmed by surgery
or biopsy after E imaging examination, and obtained
pathological examination results. The patients were aged
25-68 years (mean age, 45111 years), and the nodule
size was 0.4—3.8 cm. Case inclusion criteria were as fol-
lows: (1) breast masses showing partial or complete PAS
in sonography; (2) nodule diameter <4.0 cm; (3) com-
pleted follow-up assessments of the masses. We excluded
cases that met the following criteria: (1) masses were
open breast lesions, such as skin rupture, pus, or infec-
tion; (2) no intervention or surgery was performed for
the masses before the ultrasound scans; and (3) the diam-
eter of the masses was greater than 4.0 cm. The study was
done after agreement from the local ethics committee
and with the patients’ informed consent.

Image acquisition and interpretation

All images were collected by physicians(YS, XX) with
over 15 years of ultrasound diagnosis and 3 years of
experience in E imaging at Shenzhen People’s Hospi-
tal, Guangdong, using a double-blind approach. Adopt
Mindray Resona 7s ultrasonic diagnostic equipment
equipped with the E imaging function and a 14-5 MHz
linear array probe was used at a frequency of 5~ 14 MHz.
The patients were examined in the supine position and
underwent routine assessments for recording the lesion
position, size, orientation, shape, boundary, internal
echo, presence or absence of calcification, posterior echo,
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blood flow characteristics of the masses, and BIRADS
category. The mass was entered completely into the
region of interest (ROI) box, and elastic images of the
mass was obtained and stored on the instrument. The
stored images were then post-processed on the instru-
ment to measure the maximum of the elastic modulus
(Emax), average of the elastic modulus (Emean), mini-
mum of the elastic modulus (Emin), and standard devia-
tion of the elastic modulus (Esd).

Statistical analysis

Statistical software SPSS22.0 was used for statistical
analysis. The gold standard of diagnosis was the result
obtained with pathological assessment after surgery or
hollow needle biopsy (14G). The two groups were com-
pared by using the t test for the mean of the two sam-
ples, and the counting data were assessed using the
chi-squared test to compare whether the differences
between ultrasonic characteristics and elastic imag-
ing modulus values of benign breast masses with PAS
and malignant lesions were statistically significant. The
receiver operating characteristic (ROC) curve was used
to analyze the elasticity modulus, and the optimal cut-
off elasticity modulus value for differential diagnosis of
benign breast masses with PAS and malignant lesions was
obtained. P<0.05 was considered statistically significant.

Results

Pathological outcome

A total of 117 breast masses were examined, includ-
ing 72 benign lesions and 45 malignant lesions. Most
benign lesions with PAS in the study were cases of fibro-
cystic mastopathy, which accounted for 67% (48/72) of
benign breast masses, and cysts with eggshell calcifica-
tions, accounting for 15% (11/72). In addition, the masses
included 6 cases of sclerotic adenopathy, 4 cases of radial
scars, and 3 cases of granulomatous inflammation. The
malignant lesions with PAS included 29 cases of inva-
sive ductal carcinoma, accounting for 64% (29/45) of the
breast malignant lesions, 10 cases of ductal carcinoma
in situ, 2 cases of malignant phyllodes tumor, 3 cases
of mucinous carcinomas, and 1 case of invasive lobular
carcinoma.

Ultrasound performance

During the follow-up observation, the posterior echo
of some fibrocystic mastopathy masses changed from a
weak acoustic shadowing to an obvious acoustic shad-
owing, and the shape gradually changed from a parallel
to non-parallel position, after which the posterior field
became unclear (Fig. 1). 59 cases were biopsied by hol-
low needle puncture, pathological displayed mammary
gland disease, focal cyst. Breast cancer with acoustic
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Fig. 1 a45-year-old female patient showing changes of posterior acoustic shadowing of a mammary nodu

time. In the first year, breast nodule image showing a weak posterior acoustic shadowing, oval shape, parallel position, and circumscribed margin
(a). Over time, the nodule showed a non-parallel position (taller than wide or vertical), and the posterior acoustic shadowing was obvious (b).
Subsequently, the posterior echo was significantly attenuated, and the posterior field was unclear (c). In E imaging of nodules, the elasticity of
nodules was similar to that of the surrounding tissues. The elastic modulus value of the nodule was measured by E imaging, and Emax was 36 kPa
(d). Powdery object was extractioned by hollow needle puncture (arrow) (e). The pathology results confirmed that the lesion indicated fibrocystic
mastopathy (HE, 40 x) (f)

attenuation has irregular morphology and rich blood
flow signals inside (Fig. 2). In this study, the benign and
malignant breast masses with PAS showed statistically
significant differences in size, margin, internal echo, cal-
cification, and blood flow characteristics (P <0.05). There
was no statistically significant difference in orienta-
tion (P>0.05) (Table 1). The average diameter of benign
masses was 0.4—1.5 (0.9+0.5) cm; the average diameter
of malignant masses was 0.7-3.8 (1.5+0.5) cm (Table 2).
The sensitivity of conventional ultrasound the diagnosis
breast masses with PAS was 65%, and specificity was 68%.

Comparison of ultrasound elastography of benign breast
masses with PAS and malignant breast masses

In this study, the elastic modulus values of benign
lesions were smaller than those of malignant lesions; all
72 benign lesions displayed colors similar to those of
surrounding tissues with either green or blue regions
(Fig. 1), while the 45 malignant masses displayed a red-
dish periphery (red rim) and a blue region in the mid-
dle (Fig. 2). Using the ¢ test for comparison of the mean
values of the two samples, the differences in the Emean,

Emax, Esd of benign breast masses with PAS and malig-
nant masses were statistically significant (P<0.05). There
were no significant differences in Emin between two
types of breast masses with PAS (P=0.633) (Table 2).
The AUC values of the ROC curve for the Emax, Emean,
and Esd for the diagnosis of benign breast lesions with
PAS and malignant lesions were 0.818, 0.701, and 0.762
(Fig. 3). The diagnostic efficiency of each elastic modulus
value is shown in Table 3. Emax showed the highest sen-
sitivity and specificity for the diagnosis of breast tumors
with acoustic shadowing (Fig. 4). The sensitivity and
specificity of Ultrasound E imaging diagnosis of breast
masses with PAS were 88% and 72% respectively.

Discussion

When a sound wave propagates in a medium, it loses its
energy due to reflection, refraction, scattering, and other
effects. This phenomenon of reduced sound energy dur-
ing propagation is called sound attenuation, and can
be used to visualize stones, calcification, and bones [5].
Ultrasound attenuation is closely related to tissue den-
sity and composition. In the literature, the posterior
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Fig. 2 A 55-year-old female patient with an invasive non-special type breast cancer. Two-dimensional grayscale image of breast cancer showing
posterior echo attenuation and rich blood flow signal inside the breast cancer (a). The probe was kept stable still before elastic imaging scanning,
when the ROl area was almost all green, the image stability was good, and the elastic modulus value of the mass was measured with STE (b). E
images showed that the mass was hard with a“stiff-rim”sign, the elastic modulus value of the nodule was measured by E imaging, and Emax was
133 kPa (c). The pathology results confirmed that the lesion was an invasive non-special type carcinoma (HE, 100 x) (d)
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Table 1 Comparison of ultrasound characteristics of 117 breast
masses with PAS (cases)

Benign  Malignant  x? P
N=72 N=45
Orientation 0.498 0480
Parallel 24 19
Non-parallel 48 26
Margin 29915 <0.001
Circumscribed 52 5
Not circumscribed 20 40
Echo 12.955 <0.001
Homogeneous 36 4
Heterogeneous 36 41
Calcification 8.353 0.004
Present 53 20
Absent 19 25
Vascularity 12.747 <0.001
Present 45 M
Absent 27 34

attenuation of malignant breast lesions is due to colla-
gen and collagen fibers within the tumor tissue, necrotic
bleeding, and calcification, resulting in ultrasound energy
attenuation. Of the 45 breast cancers with PAS in this
study, 25 showed calcifications. The higher the degree

of tissue degeneration and necrosis, the more obvious
the attenuation of the mass [6]. However, current ultra-
sound image segmentation classification technology can-
not solve the problems associated with PAS. Zhou et al.
observed that “the upper half of the tumor contour is less
affected by PAS” [1], who proposed that “half-contour
features were proposed to classify breast tumors with
PAS” Some image processing experts have made some
useful explorations in improving image quality. On the
other hand, sonographers can use elastography to over-
come the limitations of acoustic attenuation and more
accurately diagnose breast tumors with acoustic shadow-
ing [7, 8].

This study included 13 cysts with eggshell calcifica-
tions and obvious acoustic shadowings. Of the 48 cases
of fibrocystic mastopathy with PAS, 46 involved women
with a history of pregnancy and lactation. Sixteen of
these patients had 2 masses with PAS, one had three
masses with PAS, and 29 had concurrent multiple small
cysts. The common characteristics of most masses of
fibrocystic mastopathy were a smooth surface, circum-
scribed margin, round or oval shape, hypoechoic, homo-
geneous echo, no vascularity. During the course of the
three-year follow-up visit, the echo characteristics of 20
accompanying small cysts changed: the echo became
lower; the posterior acoustic shadowing changed from
weak to obvious; the orientation changed from parallel to
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Table 2 Comparison of size and Elastography values (x % s) of breast masses with PAS

Lesions Size (cm) Emax (kpa) Emean (kpa) Emin (kpa) Esd
Benign (72) 09405 68431 32412 12+6.5 13+£75
Malignant (45) 15405 125+£42* 44+ 7% 13+£7.5% 201+9.2§
t —5972 —4.574 —3.777 —0.482 —3374
P <0.001 <0.001 0.001 0.633 0.001

Compared with the benign group (t test).

* P>0.05, Emin was not significantly different. The other P values were less than 0.05. The average diameter, Emax, Emean, and Esd all showed significant differences

——mean
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Fig. 3 ROC curve analysis of elastic modulus value and size

Table 3 Diagnostic thresholds and diagnostic efficacy of
parenchyma elastic modulus values for benign and malignant
breast masses with PAS

Modulus of Cutoff (kPa) AUC  Sensitivity (%) Specificity (%)
elasticity

Emax 95 0.818 88 72

Emean 31 0.701 88 51

Esd 12 0.762 96 53

AUC = area under the receiver operating characteristic curve

non-parallel; and the margin of the back field was unclear.
The ultrasound appearance became similar to that of
the fibrocystic mastopathy masses. Some researchers
[2, 9, 10] have reported the appearance of PAS on ultra-
sound sonograms in cases of fibrocystic mastopathy,
diabetic breast disease, fat necrosis, postoperative scars,
focal fibrosis, sclerosing adenopathy, and other diseases,
which pathologically manifested as a mass of collagen
and spindle-like stromal cells and fibrous elastic tissue
hyperplasia. In comparison with reports in the literature,
benign cases in this study group only showed fibrocystic

mastopathy, cysts with eggshell calcifications, scleros-
ing adenopathy, scars, granulomatous inflammation with
acoustic shadowing.

This study also showed that the growth orientation of
both benign and malignant masses with PAS is mainly
non-parallel, with 48 of 72 benign masses (67%) and 26
of 45 malignant masses (58%) being non-parallel. The
proportion of non-parallel benign masses with PAS was
more than that of malignant masses, which is differ-
ent from the findings for benign masses without PAS.
Multiple reports in the literature have described the
orientation of breast masses as one of the indicators to
identify benign and malignant masses, benign masses
were mainly parallel and malignant masses were mainly
non-parallel. Kim et al. [11]. studied 34 breast fibroade-
nomas and found that 32 were parallel while 2 were non-
parallel; Choi et al. [12]. and other authors also pointed
out that non-parallel positioning was an independent fac-
tor for malignant tumors, and its sensitivity, specificity,
and AUC for breast cancer diagnosis were 84.2%, 83.9%,
and 0.90, respectively. Nouri-Neuville et al. [13]. reported
that the benign predictive value of parallel orientation for
masses was greater than 0.85. In this study, most benign
masses with PAS were non-parallel, which was different
from the findings for benign masses without PAS. This
discrepancy may be attributed to the fact that the benign
masses with PAS in this study mostly involved fibrocystic
mastopathy (67% of benign masses), and PAS formation
in fibrocystic mastopathy was attributable to thickening
of the cystic fluid, decreased water in the cyst, concen-
tration of cyst ingredients, and gradual desiccation and
hardening followed by solidification and contraction to
form a round shape. These circular nodules showed a
non-parallel position and small size on ultrasound. Most
benign masses with PAS in this study were less than 1 cm
in size, with an average diameter of 0.9+0.5 cm; the
malignant masses with PAS were unequal in size, with
an average diameter of 1.540.5 cm, and the sizes of the
benign and malignant masses were statistically different.

The fibrocystic mastopathy and cysts with eggshell
calcifications mainly contained secretions and exfoli-
ated cells, so the ultrasound images showed homoge-
neous echo, circumscribed margin, posterior acoustic
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Fig. 4 Boxplot of real time shear wave elastography of benign and malignant lesions. The 0.00 on the abscissa represented benign lesions and the
1.00 represented malignant masses. Emean, Emax and Esd of malignant masses were higher than those of benign lesions, and Emax was the most
significant. Emin of benign lesions was higher than that of malignant masses

shadowing, and a slightly soft texture. In contrast, inflam-
matory granulomas, sclerosing adenopathy, and radial
scars had a fibrous appearance with connective tissue
hyperplasia, which may be accompanied by liquefaction,
so their echo was heterogeneous and they showed not
circumscribed margin, irregular shape, posterior com-
bined pattern, and a slightly hard texture. Breast cancers
showed an irregular shape, heterogeneous echo, degen-
erative necrotic cells and cell debris, calcifications, and
posterior combined pattern. The tumor tissue stimulated
the surrounding fibrous connective tissue, which led to
collagenization of the hyperplastic fibrous tissue with a
rich interstitial composition, so the mass was hard and
showed large hardness values on elastography. The com-
mon point was that these masses contained collagen,

which was responsible for the posterior attenuation [14,
15]. The ultrasound images of the two groups were dif-
ferent: the benign masses with PAS were mostly uniform
in composition, with homogeneous echo, circumscribed
margin and posterior acoustic shadowing, and only 19 of
the 72 masses were calcified, of which 11 showed ring-
shaped or curved calcification, while color Doppler flow
imaging mostly showed no internal blood flow signal.
In contrast, 25 of 45 breast cancers showed calcification
embedded in masses with heterogeneous echo and pos-
terior combined pattern; 40 cancers were not circum-
scribed margin, while color Doppler blood flow imaging
showed a rich blood flow signal inside 34 masses. The
ultrasound characteristics of benign masses reported
in previous studies were consistent. For example, in 34
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breast fibroadenomas reported by Kim [11], included
22 masses (65%) with posterior enhancements, 1 with
PAS, 9 without posterior acoustic features; 32 with cir-
cumscribed margins, 2 with halos, 3 with calcifications,
and 31 without calcifications. The use of STE to visualize
the hardness of the mass helped differentiation between
benign masses and malignant lesions with PAS. The tis-
sue composition of granulomatous inflammation was
complex, with sclerosing adenopathy and radial scars,
and the elasticity values were between those of fibro-
cystic mastopathy and breast cancer.

Benign masses are soft, and malignant masses are hard
in texture. Benign masses are less stiff than malignant
masses. Ultrasound elastography can distinguish benign
and malignant masses by characterizing tissue hardness,
and is especially suitable for studies of superficial tissues
and organs [16, 17]. The basic principle of STE imag-
ing is that a small strain is applied to the biological tis-
sue through the mechanical action of external forces, and
then the deformation degree of the tissue is monitored by
ultrasound, so as to calculate the offset, strain or elastic
modulus of the tissue. Therefore, the STE imaging is also
called as “ultrasonic elastic imaging”. STE calculates the
elastic modulus of the tissue at the detected shear wave
propagation speed [18], in kPa, and color-codes the image
at the same time to obtain color shear-wave images. In
this study, benign masses with PAS mainly showed blue
color on elasticity imaging, which was consistent with the
color of surrounding tissues, and the Emean, Emax, and
Esd values were small. In contrast, elasticity imaging of
breast cancer with PAS usually showed a blue color and
a surrounding ring-shaped or semi-ring-shaped red rim,
and after the outline of the tumor was delineated on the
conventional two-dimensional grayscale image, the red
hard ring of the elastic image extended beyond the con-
tour, and the nodule showed large Emean, Emax, and
Esd values. The difference between the Emean, Emax,
and Esd values of benign masses with PAS and malignant
masses was statistically significant (P<0.05), indicating
that E imaging was an effective method for differential
diagnosis of breast masses with PAS [19-22]. The results
of this study were consistent with those reported by Zhou
et al. [23], who called the color distribution of the periph-
eral red and inner blue of breast cancer in shear-wave
elastic imaging as the “stiff-rim” sign and pointed out
that increased peripheral stiffness was a specific mani-
festation of breast cancer(red depicted as hard and blue
as soft). They proposed that the “stiff-rim” sign could be
used to diagnose breast cancer with an AUC of 0.918, and
that the formation of the “stiff-rim” sign may be related
to tumor invasion. Studies have shown that breast can-
cer is often accompanied by a large amount of fibrous tis-
sue hyperplasia and cross-linking, and a large number of
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expanded cancer cells form cancer nests, causing harden-
ing of the extracellular matrix and the formation of a ring
of hard fibrous tissue around the tumor. The presence of
thick collagen fibers in the tumor boundary was related
to the aggressiveness of breast cancer. With an increase
in collagen, the hardness increases, and the breast cancer
becomes more invasive [24, 25].

The study showed that PAS can appear in both benign
and malignant breast masses. The differential diagno-
sis of these masses could be preliminarily based on the
ultrasound findings for size, circumscribed margins,
internal echo, presence or absence of calcification, and
blood flow characteristics. The orientation did not influ-
ence the differential diagnosis of masses with PAS. Thus,
more frequent use of E imaging to measure the hardness
of masses could improve the accuracy of diagnosis and
ensure correct identification of benign and malignant
breast masses with PAS, which is of great significance in
improving the quality of life of patients.

The present study has some limitations. First, the sam-
ple size is small, especially the number of cases of scleros-
ing adenopathy, scar and granulomatous inflammation
with PAS is small; secondly, the elastic modulus values
measured by different instruments are different, and the
elastic values between different instruments are not com-
pared. To expand the sample size, we will carry out fur-
ther research.

In conclusion, benign breast masses with PAS dif-
fer in orientation from masses without PAS. E imaging
may reflect the hardness of breast lesions with PAS. It is
an effective differential examination method and can be
used for the diagnosis of breast masses.

Abbreviations

BIRADS: Breast Imaging Reporting and Data System; RTSWE (E imaging): Real
Time Shear Wave Elastography; ROI: Region of Interest; Emean: Average of the
elastic modulus; Esd: Standard deviation of the elastic modulus; PAS: Posterior
Acoustic Shadowing; STE: Sound Touch Elastography; Emax: Maximum of the
elastic modulus; Emin: Minimum of the elastic modulus; ROC: Receiver operat-
ing characteristic curve.

Acknowledgements
Not applicable.

Author contributions

All co-authors contributed significantly to this study: All images were col-
lected by YS, XX. Material preparation was performed by JL, YW, ZW. Data
analysis and the first draft of the manuscript were performed by HL. JX aided
in the interpretation of the results and provided critical revisions. All authors
read and approved the final manuscript.

Funding

This work was supported by National Natural Science Foundation of China
[Grant Number 81771841] (role in analysis of data); Sanming Cultivation
Project of Medicine in Shenzhen [Grant Number SYLY201903] (role in writing
the manuscript).



Luo et al. BMC Medical Imaging 2022,22(1):71

Availability of data and materials
The datasets during and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of Shenzhen People’s
Hospital (approval number: Medical Examination 2018-35), and with the

1964 Helsinki declaration and its later amendments or comparable ethical
standards. Written informed consent was obtained from all participants during
enrollment.

Consent for publication
Not applicable.

Competing interests

The corresponding author Jinfeng Xu has received a research grant from
National Natural Science Foundation of China. The first author Hui Luo has
received grant from Sanming Cultivation Project of Medicine in Shenzhen. All
the co-authors declare that they have no conflict of interest.

Author details

'Department of Ultrasound, Shenzhen Medical Ultrasond Engineering Center,
Shenzhen People’s Hospital, The Second Clinical Medical College of Jinan Uni-
versity, The First Affiliated Hospital of Southern University of Science and Tech-
nology, Shenzhen 518020, Guangdong, China. *Thyroid and Breast Surgical
Department of Shenzhen People’s Hospital, The Second Clinical Medical
College of Jinan University, The First Affiliated Hospital of Southern University
of Science and Technology, Shenzhen 518020, Guangdong, China.

Received: 29 October 2021 Accepted: 11 April 2022
Published: 17 April 2022

References

1. Zhou Z,Wu S, Chang KJ, et al. Classification of benign and malignant
breast tumors in ultrasound images with posterior acoustic shadowing
using half-contour features. J Med Biol Eng. 2015;35:178-87. https://doi.
0rg/10.1007/540846-015-0031-x.

2. Weinstein SP, Conant EF, Mies C, Acs G, Lee S, Sehgal C. Posterior acoustic
shadowing in benign breast lesions:sonographic-pathologic correlation.
J Ultrasound Med. 2004;23:73-83. https://doi.org/10.7863/jum.2004.23.1.
73.

3. LuoJ, CaoY, Nian WQ, et al. Benefit of shear-wave elastography in the
differential diagnosis of breast lesion: a diagnostic meta-analysis. Med
Ultrason. 2018;20:43-9. https://doi.org/10.11152/mu-1209.

4. Stoian D, Timar B, Craina M, Bernad E, Petre |, Craciunescu M. Qualitative
strain elastography—strain ratio evaluation—an important tool in breast
cancer diagnostic. Med Ultrason. 2016;18:195-200. https://doi.org/10.
11152/mu.2013.2066.182.bcd.

5. Kimme-Smith C, Rothschild PA, Bassett LW, Gold RH, Westbrook D. Ultra-
sound artifacts affecting the diagnosis of breast masses. Ultrasound Med
Biol. 1988;14:203-10. https://doi.org/10.1016/0301-5629(88)90062-2.

6. Madabhushi A, Yang P, Rosen M, Weinstein S. Distinguishing lesions from
posterior acoustic shadowing in breast ultrasound via non-linear dimen-
sionality reduction. Conf Proc IEEE Eng Med Biol Soc. 2006;1:3070-3.
https://doi.org/10.1109/IEMBS.2006.260189.

7. Ciurea A, Cdlin A, Ciortea C, Dudea SM. Ultrasound in the diagnosis of
papillary breast lesions. Med Ultrason. 2015;17:392-7. https://doi.org/10.
11152/mu.2013.2066.173.aci.

8. Ciurea Al, lacoban CG, Herta HA, Ciortea CA. Breast cystic lesions: not so
simple after all? An ultrasonographic tactical approach. Med Ultrason.
2018;20:95-9. https://doi.org/10.11152/mu-1163.

9. LiuW, LiW, Li ZY, ShiL, Zhao P, Guo ZH, Tian JW, Wang ZZ. Ultrasound
characteristics of sclerosing adenosis mimicking breast Carcinoma.
Breast Cancer Res Treat. 2020;181(1):127-34. https://doi.org/10.1007/
510549-020-05609-2.

Page 8 of 8

10. Jia M, Lin X, Zhou X, Yan H, Chen Y, Liu P, Bao L, Li A, Basu P, Qiao Y,
Sankaranarayanan R. Diagnostic performance of automated breast
ultrasound and handheld ultrasound in women with dense breasts.
Breast Cancer Res Treat. 2020;181(3):589-97. https://doi.org/10.1007/
$10549-020-05625-2.

11. Kim SJ, Park YM, Jung SJ, et al. Sonographic appearances of juvenile
fibroadenoma of the breast. J Ultrasound Med. 2014;33:1879-84. https://
doi.org/10.7863/ultra.33.11.1879.

12. Choi EJ, Choi H, Park EH, Song JS, Youk JH. Evaluation of an automated
breast volume scanner according to the fifth edition of BI-RADS for
breast ultrasound compared with hand-held ultrasound. Eur J Radiol.
2018;99:138-45. https://doi.org/10.1016/j.ejrad.2018.01.002.

13. Nouri-Neuville M, De-Rocquancourt A, Cohen-Zarade S, et al. Correlation
between MRI and biopsies under second look ultrasound. Diagn Interv
Imaging. 2014;95:197-211. https://doi.org/10.1016/j.diii.2014.01.005.

14. Rashmi S, Kamala S, Murthy SS, Kotha S, Rao YS, Chaudhary KV. Predicting
the molecular subtype of breast cancer based on mammography and
ultrasound findings. Indian J Radiol Imaging. 2018;28:354-61. https://doi.
0rg/10.4103/ijriJRI_78_18.

15. Au FW, Ghai S, Lu Fl, Moshonov H, Crystal P. Histological grade and immu-
nohistochemical biomarkers of breast cancer: correlation to ultrasound
features. J Ultrasound Med. 2017,36:1883-94. https://doi.org/10.1002/
jum.14247.

16. Kim Kl, Lee KH, Kim TR, et al. Changing patterns of microcalcification on
screening mammography for prediction of breast cancer. Breast Cancer.
2016;23:471-8. https://doi.org/10.1007/512282-015-0589-8.

17. Qiao-lu S, Yi-hong S, Hong-bo F, et al. The differential diagnosis of benign
and malignant in mass type breast diseases based on the real-time
monitoring of full-angle ultrasonic shear wave elastography. Chin J
Ultrasonogr. 2019;28:981-5. https://doi.org/10.3760/cma,j.issn.1004-4477.
2019.11.011.

18. Doria MT, Jales RM, Conz L, Derchain SFM, Sarian LOZ. Diagnostic accu-
racy of shear wave elastography—Virtual touch™ imaging quantification
in the evaluation of breast masses: Impact on ultrasonography’s specific-
ity and its ultimate clinical benefit. Eur J Radiol. 2019;113:74-80. https://
doi.org/10.1016/j.ejrad.2019.02.004.

19. AuFW, Ghai S, Lu FI, Lu H. Clinical value of shear wave elastography
added to targeted ultrasound (second-look ultrasound) in the evalua-
tion of breast lesions suspicious of malignancy detected on magnetic
resonance imaging. J Ultrasound Med. 2019;38:2395-406. https://doi.org/
10.1002/jum.14936.

20. LiTT, Kang CS, Li HZ, Xue JP, Yang QM, Lyu J. Value of shear wave elastrog-
raphy image classification in the diagnosis of breast masses. Zhonghua
Zhong Liu Za Zhi. 2019;41:540-5. https://doi.org/10.3760/cma,.issn.0253-
3766.2019.07.011.

21. Farooq F, Mubarak S, Shaukat S, et al. Value of elastography in differentiat-
ing benign from malignant breast lesions keeping histopathology as
gold standard. Cureus. 2019;11: e5861. https://doi.org/10.7759/cureus.
5861.

22. Jia-wei Z,Yi-mi H, Mei-lian Z, et al. Relation study study between the
features of conventional ultrasound & shear wave elasticity and axil-
lary lymph node involvement in breast cancer. Chin J Ultrasonogr.
2018;27:709-13. https://doi.org/10.3760/cma,j.issn.1004-4477.2018.08.
017.

23. Zhou J, Zhan W, Chang C, et al. Breast lesions: evaluation with shear wave
elastography, with special emphasis on the “stiff rim”sign. Radiology.
2014;272:63-72. https://doi.org/10.1148/radiol.14130818.

24. Barr RG. Future of breast elastography. Ultrasonography. 2019;38:93-105.
https://doi.org/10.14366/usg.18053.

25. Georgieva M, Prantl L, Utpatel K, et al. Diagnostic performance of ultra-
sound strain elastography for differentiation of malignant breast lesions.
Clin Hemorheol Microcirc. 2019;71:237-47. https://doi.org/10.3233/
CH-189415.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1007/s40846-015-0031-x
https://doi.org/10.1007/s40846-015-0031-x
https://doi.org/10.7863/jum.2004.23.1.73
https://doi.org/10.7863/jum.2004.23.1.73
https://doi.org/10.11152/mu-1209
https://doi.org/10.11152/mu.2013.2066.182.bcd
https://doi.org/10.11152/mu.2013.2066.182.bcd
https://doi.org/10.1016/0301-5629(88)90062-2
https://doi.org/10.1109/IEMBS.2006.260189
https://doi.org/10.11152/mu.2013.2066.173.aci
https://doi.org/10.11152/mu.2013.2066.173.aci
https://doi.org/10.11152/mu-1163
https://doi.org/10.1007/s10549-020-05609-2
https://doi.org/10.1007/s10549-020-05609-2
https://doi.org/10.1007/s10549-020-05625-2
https://doi.org/10.1007/s10549-020-05625-2
https://doi.org/10.7863/ultra.33.11.1879
https://doi.org/10.7863/ultra.33.11.1879
https://doi.org/10.1016/j.ejrad.2018.01.002
https://doi.org/10.1016/j.diii.2014.01.005
https://doi.org/10.4103/ijri.IJRI_78_18
https://doi.org/10.4103/ijri.IJRI_78_18
https://doi.org/10.1002/jum.14247
https://doi.org/10.1002/jum.14247
https://doi.org/10.1007/s12282-015-0589-8
https://doi.org/10.3760/cma.j.issn.1004-4477.2019.11.011
https://doi.org/10.3760/cma.j.issn.1004-4477.2019.11.011
https://doi.org/10.1016/j.ejrad.2019.02.004
https://doi.org/10.1016/j.ejrad.2019.02.004
https://doi.org/10.1002/jum.14936
https://doi.org/10.1002/jum.14936
https://doi.org/10.3760/cma.j.issn.0253-3766.2019.07.011
https://doi.org/10.3760/cma.j.issn.0253-3766.2019.07.011
https://doi.org/10.7759/cureus.5861
https://doi.org/10.7759/cureus.5861
https://doi.org/10.3760/cma.j.issn.1004-4477.2018.08.017
https://doi.org/10.3760/cma.j.issn.1004-4477.2018.08.017
https://doi.org/10.1148/radiol.14130818
https://doi.org/10.14366/usg.18053
https://doi.org/10.3233/CH-189415
https://doi.org/10.3233/CH-189415

	Stiffness in breast masses with posterior acoustic shadowing: significance of ultrasound real time shear wave elastography
	Abstract 
	Background: 
	Material and methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Patient selection
	Image acquisition and interpretation
	Statistical analysis

	Results
	Pathological outcome
	Ultrasound performance
	Comparison of ultrasound elastography of benign breast masses with PAS and malignant breast masses

	Discussion
	Acknowledgements
	References


