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Abstract
Purpose  To compare the addition of diagnostic strain elastography (SE) and shear wave elastography (SWE) values to the 
conventional B-mode ultrasonography in differentiating between benign and malignant breast masses by qualitative and 
quantitative assessments.
Materials and methods  B-mode ultrasound, SE, and SWE were simultaneously performed using one ultrasound system in 148 
breast masses; 88 of them were malignant. The breast imaging reporting and data system category in the B-mode, Tsukuba 
score (SETsu), Fat-Lesion-Ratio (SEFLR) in SE, and five-point color assessment (SWEcol) and elasticity values (SWEela) in 
SWE were assessed. The results were compared using the area under the receiver-operating characteristic curve (AUC).
Result  The AUC for B-mode and each elastography were similar (B-mode, 0.889; SETsu, 0.885; SEFLR, 0.875; SWEcol, 
0.881; SWEela, 0.885; P > 0.05). The combined sets between B-mode and either of the elastography technique showed good 
diagnostic performance (B-mode + SETsu, 0.903; B-mode + SEFLR, 0.909; B-mode + SWEcol, 0.919; B-mode + SWEela, 0.914). 
B-mode + SWEcol and B-mode + SWEela showed a higher AUC than B-mode alone (P = 0.026 and 0.029), and B-mode + SETsu 
and B-mode + SEFLR showed comparable AUC to B-mode alone (P = 0.196 and 0.085). There was no significant difference 
between qualitative and quantitative assessments for the combined sets of B-mode and elastography (P > 0.05).
Conclusion  The addition of both SE and SWE to B-mode ultrasound improved the diagnostic performance with increased 
AUC, and especially SWE was more useful than SE, and no significant difference was found between qualitative and quan-
titative assessments.
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Introduction

Breast cancer is the most common cancer and second lead-
ing cause of cancer-related deaths in women [1]. When an 
abnormality is found by the other imaging modalities or 
clinical examination, ultrasound is used to detect and char-
acterize the lesion [2]. The ultrasound guidance intervention 

procedure has recently increased, and ultrasound is the main 
biopsy guidance technology currently used in many breast 
imaging centers [3].

The breast imaging reporting and data system (BI-RADS) 
lexicon was developed by the American College of Radi-
ology [4], which is used to standardize the description of 
breast imaging terminology, predict malignancy of lesions, 
allow automated data collection, and promote communica-
tion with physicians and radiologists throughout facilities 
[5]. However, morphologic features overlap between benign 
and malignant lesions, and the radiologists subjectively 
decide the final BI-RADS assessment. Therefore, potential 
interobserver variability is unavoidable [6].

It is known that cancer tissue is hard, and the possibility 
of tumor malignancy can be estimated by evaluating tissue 
elasticity. Ultrasonic elastography is an imaging method 
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that measures tissue elasticity based on the “displacement 
inside the tissue by external force” or “velocity of elastic 
wave.” Strain elastography (SE) and shear wave elastogra-
phy (SWE) are the two main methods to measure mammary 
elasticity in the ultrasound [7]. Many reports have shown 
that combining one of these two with the conventional 
B-mode ultrasound improves the diagnostic performance of 
distinguishing between benign and malignant breast masses 
[8–19]. However, direct comparison between both types of 
elastography in the same population is rare [16–19]. Espe-
cially, studies that simultaneously performed both SE and 
SWE using one ultrasound system are rare [18]. In addition, 
although some qualitative and quantitative evaluation meth-
ods for ultrasonic elastography already existed, comparison 
between them has not been sufficiently done.

Therefore, this study aimed to simultaneously compare 
the diagnostic values of two types of breast ultrasound elas-
tography added to the conventional B-mode ultrasonogra-
phy in differentiating between benign and malignant breast 
masses by qualitative and quantitative assessments using one 
ultrasound system.

Materials and methods

Patients

This retrospective study was approved by the medical ethics 
committee of our institution, which waived the requirement 
for written informed consent.

The inclusion criteria of enrolling patients in this study 
were as follows: (a) those who had breast masses and under-
went each of the B-mode ultrasound, SE, and SWE at our 
Medical Hospital (Tokyo, Japan), from March 2016 to June 
2017; (b) those whose masses were diagnosed as benign or 
malignant by pathology or > 1-year follow-up. The follow-
ing patients were excluded: (a) those who were treated with 
hormonal therapy, chemotherapy, or radiation therapy and 
(b) those whose masses with > 50% necrosis or cystic com-
ponent for the reason these therapy and abundant necrosis 
or cystic components may affect the elasticity of the tumor. 
The percentage of necrosis or cystic component was visually 
measured. A medical student (A.K.) selected breast masses 
categorized as BI-RADS ≥ 3 for this study, after review-
ing the radiology report database and clinical records at 
our institute. In case of bilateral lesions, both sides were 
targeted, whereas, in multiple lesions, a maximum of two 
lesions with the highest BI-RADS category were evaluated.

Diagnosis

Lesions were cytologically or histologically diagnosed as 
malignant or benign through biopsy or surgical resection. 

However, the mass without interval changes for > 1-year 
observation was clinically diagnosed as benign.

Ultrasound examinations

Ultrasound examinations were performed by one of three 
radiologists with 5–20-year experiences in breast ultrasound 
using only one ultrasound system, the Aplio 500 scanner 
(Toshiba Medical Systems Corp, Tochigi, Japan) with an 
8.0-MHz linear probe (PLT-805AT). First, the radiologist 
performed a B-mode examination and then simultaneously 
performed SE and SWE examinations without changing the 
patient’s position.

B‑mode examination

The radiologists obtained transverse and longitudinal 
static images and measured the maximum diameter of the 
masses by B-mode. The investigator was aware of the clini-
cal and mammographic findings at the time of ultrasound 
examination.

SE examination

SE images were generated by the transducer under verti-
cal light manual compression of 1–2 cycle/s. A rectangular 
region of interest (ROI) was concentrated on the target and 
fixed to include the superficial portion of the pectoralis mus-
cle layer to the subcutaneous fat layer. After the pressure and 
speed coordination of the handheld compression to reveal 
the subcutaneous fat as a mixture of red and green area, a 
representative SE image was obtained. Two additional 2-mm 
circle ROIs were placed at the highest stiffness part of the 
target mass and subcutaneous fat. The ratio of strain in fat 
tissue and target lesion [Fat–Lesion Ratio (SEFLR)] within 
ROIs was automatically calculated. In this study, we applied 
SEFLR as a quantitative assessment.

SWE examination

SWE images were generated with minimal pressure from the 
transducer. After a few seconds of fixation to stabilize the 
SWE image, the image was frozen and stored. SWE images 
were displayed as a color map, ranging from dark blue to 
red (0–180 kPa). An additional 2-mm circle ROI was posi-
tioned at the visually stiffest part of the target mass. The 
mean elasticity value (SWEela) within the ROI was automati-
cally calculated.

Image analysis

Image findings of B-mode, SE and SWE examination were 
retrospectively evaluated through a consensus reading by a 
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medical student (A.K.) and a breast radiologist (T.F. with 
8 years of experience in breast imaging) without knowing 
the benign and malignant results. Sequential readings of 
the three procedures were performed using three data sets, 
i.e., B-mode, SE, and SWE. We left more than 2 weeks 
between reading sessions. For B-mode ultrasound images, 
the masses were classified as category 3, 4a, 4b, 4c, or 5 
based on BI-RADS 5th edition [4]. For SE, the mass was 
visually classified into score 1, 2, 3, 4, or 5 by Tsukuba 
Score (SETsu) [9]. The readers also selected SEFLR of the 
mass. For SWE images, the mass was evaluated by five-
point color assessment (SWEcol): dark blue as score 1, 
light blue as score 2, green as score 3, orange score 4, and 
red as score 5. The score was taken at the visually highest 
stiffness part of the mass. The readers also chose SWEela 
of the mass.

In this study, an evaluation method was devised, com-
bining the B-mode BI-RADS category with each elastog-
raphy image in Table 1. Using this method, if the mass was 
downgraded or upgraded, then the masses were reclassi-
fied into a new category.

Statistical analysis

Each analysis in this study was demonstrated using the EZR 
software package version 1.31 (Saitama Medical Center, 
Jichi Medical University, Saitama, Japan) [20] and the Visu-
alizing Categorical Data package version 1. 4-4 with graphi-
cal user interface for R software package (version 3.5.1; R 
Development Core Team, Vienna, Austria). For each evalu-
ation method, sensitivity, specificity, and accuracy of dif-
ferentiating benign masses from malignant masses were 
analyzed. Receiver-operating characteristic analyses were 
performed to calculate the area under the receiver-operat-
ing characteristic curve (AUC) for performance. Data are 
presented as mean ± standard deviation. Student’s t test was 
performed if characteristics were quantitative. Furthermore, 
we considered P < 0.05 as statistically significant.

Results

Clinicopathological characteristics of patients

A total of 153 consecutive masses in 148 patients were 
identified. Among them, five were excluded because of 
poor image quality. Thus, 148 masses (60 benign and 88 
malignant) were finally identified in 143 patients in this 
study. Malignant lesions comprised ductal carcinoma in situ 
(n = 9), invasive ductal carcinomas (n = 60), mucinous car-
cinoma (n = 5), invasive lobular carcinoma (n = 9), apocrine 
carcinoma (n = 3), and metaplastic carcinoma (n = 2). Benign 
lesions comprised fibroadenoma (n = 26), papilloma (n = 8), 
mastopathy (n = 7), abscess (n = 4), hamartoma (n = 2), 
adenoma (n = 2), fibrosis (n = 2), and pseudoangiomatous 
stromal hyperplasia (n = 1). Eight masses were clinically 
diagnosed as benign after > 1 year observation.

Table 2 shows patient’s age, mass size with ultrasound, 
and SEFLR and SWEela of the masses. SEFLR and SWEela of 
the masses are significantly larger than benign masses, and 
patients with malignant masses are significantly older than 
those with benign masses.

Table 1   Evaluation method combining B-mode BI-RADS category 
with elastography images

BI-RADS breast imaging reporting and data system, SETsu Tsukuba 
score, SEFLR fat–lesion ratio, SWEcol color assessment, SWEela elastic-
ity value

B-mode BI-RADS 
category

Elastography images Modified 
category

3 SETsu ≥ Score4 4a
3 SEFLR ≥ 3.0 4a
3 SWEcol ≥ Score 4 4a
3 SWEela ≥ 100 kPa 4a
4a SETsu ≤ Score 2 3
4a SEFLR ≤ 2.0 3
4a SWEcol ≤ Score 2 3
4a SWEela ≤ 50 kPa 3

Table 2   Patient’s age, size with 
ultrasound, Fat–Lesion Ratio, 
and elasticity value

SD standard deviation, SEFLR fat–lesion ratio, SWEela elasticity value

Malignant (n = 88) range
Mean ± SD

Benign (n = 60) range
Mean ± SD

Total (n = 148) range
Mean ± SD

P value

Age (years) 29–85
58.4 ± 12.7

25–74
47.5 ± 12.1

25–85
54.0 ± 13.6

< 0.001

Size with ultra-
sound (mm)

6–46
17.0 ± 8.2

5–56
16.4 ± 12.2

5–56
16.7 ± 10.0

0.732

SEFLR 0.51–81.29
8.8 ± 13.8

0.15–8.38
1.7 ± 1.5

0.15–81.29
5.9 ± 11.2

< 0.001

SWEela (kPa) 4.10–168.90
105.7 ± 39.3

5.20–170.00
41.7 ± 39.3

4.10–170.00
79.7 ± 50.3

< 0.001
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Diagnostic performance of B‑mode 
and elastography

Table 3 summarizes the BI-RADS categories, SETsu, and 
SWEcol of the masses. Table 4 shows the diagnostic perfor-
mance of B-mode and each elastographic image. Sensitivity, 
specificity, accuracy, and AUC were 97.7%, 35.0%, 72.3%, 
and 0.889 by B-mode (cut-off value, Category ≥ 4a); 96.6%, 
40.0%, 73.6%, and 0.885 by SETsu (cut-off value, Score ≥ 2); 
90.9%, 53.3%, 75.7%, and 0.875 by SEFLR (cut-off value, 
≥ 1.5), 94.3%, 55.0%, 78.4%, and 0.881 by SWEcol (cut-off 

value, Score ≥ 2); and 90.9%, 66.7%, 81.1%, and 0.885 by 
SWEela (cut-off value, ≥ 50 kPa), respectively. No signifi-
cant differences were observed between B-mode and each 
elastographic image.

Diagnostic performance of combined sets 
of B‑mode and elastography

Table 3 also summarizes the modified category combined 
sets of B-mode and elastography of the masses. Table 4 
also shows the diagnostic performance of combined sets 

Table 3   BI-RADS categories, Tsukuba score, and color assessment

BI-RADS breast imaging reporting and data system, SETsu Tsukuba score, SEFLR fat–lesion ratio, SWEcol color assessment, SWEela elasticity value

B-mode Elastography images

BI-RADS SETsu SWEcol

Category Malignant 
(n = 88)

Benign 
(n = 60)

Score Malignant 
(n= 88)

Benign (n = 60) Score Malignant 
(n = 88)

Benign 
(n = 60)

3 2 21 1 3 24 1 5 33
4a 13 30 2 14 29 2 3 12
4b 17 5 3 9 2 3 6 5
4c 33 4 4 44 5 4 10 4
5 23 0 5 18 0 5 64 6

Modified category combined B-mode and elastography

Modified 
category

B-mode + SETsu B-mode + SEFLR B-mode + SWEcol B-mode + SWEela

Malignant 
(n = 88)

Benign 
(n = 60)

Malignant 
(n = 88)

Benign 
(n = 60)

Malignant 
(n = 88)

Benign 
(n = 60)

Malignant 
(n = 88)

Benign 
(n = 60)

3 7 48 4 42 2 42 3 42
4a 8 3 11 9 13 9 12 9
4b 17 5 17 5 17 5 17 5
4c 33 4 33 4 33 4 33 4
5 23 0 23 0 23 0 23 0

Table 4   Diagnostic performance of B-mode, elastography, and combined sets

Statistically significant P values (P < 0.05) are in italics
AUC​ area under the receiver-operating characteristic curve, CI confidence interval, SETsu Tsukuba score, SEFLR fat–lesion ratio, SWEcol color 
assessment, SWEela elasticity value

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Cut-off value AUC [95% CI] P value vs 
B-mode

B-mode 97.7 35.0 72.3 ≧ Category 4a 0.889 [0.839–0.939]
SETsu 96.6 40.0 73.6 ≧ Score 2 0.885 [0.833–0.936] 0.874
SEFLR 90.9 53.3 75.7 ≧ 1.5 0.875 [0.817–0.932] 0.647
SWEcol 94.3 55.0 78.4 ≧ Score 2 0.881 [0.824–0.938] 0.813
SWEela 90.9 66.7 81.1 ≧ 50.0 kPa 0.885 [0.786–0.924] 0.353
B-mode + SETsu 92.0 80.0 87.2 ≧ Category 4a 0.903 [0.855–0.951] 0.196
B-mode + SEFLR 95.5 70.0 85.1 ≧ Category 4a 0.909 [0.862–0.956] 0.085
B-mode + SWEcol, 97.7 70.0 86.5 ≧ Category 4a 0.919 [0.874–0.963] 0.026
B-mode + SWEela 96.6 70.0 85.8 ≧ Category 4a 0.914 [0.868–0.959] 0.029
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of B-mode and elastography. Sensitivity, specificity, accu-
racy, and AUC were 92.0%, 80.0%, 87.2%, and 0.903 by 
B-mode + SETsu (cut-off value, Category ≥ 4a); 95.5%, 
70.0%, 85.1%, and 0.909 by B-mode + SEFLR (cut-off 
value, Category ≥ 4a); 97.7%, 70.0%, 86.5%, and 0.919 
by B-mode + SEWcol (cut-off value, Category ≥ 4a); and 
96.6%, 70.0%, 85.8%, and 0.914 by B-mode + SWEela (cut-
off value, Category ≥ 4a). Addition of either elastography 
to B-mode ultrasound tends to increase the specificity and 
AUC. B-mode + SWEcol and B-mode + SWEela showed a 
higher AUC than B-mode ultrasound alone (P = 0.026 and 
0.029), and B-mode + SETsu and B-mode + SEFLR showed 
comparable AUCs to B-mode ultrasound alone (P = 0.196 
and 0.085). There was no statistically significant difference 
between B-mode + SETsu and B-mode + SEFLR (P = 0.930), 
and between B-mode + SWEcol and B-mode + SWEela 
(P = 0.914).

The positive predictive value in category 4a increased 
from 32.5% for B-mode ultrasound alone to 72.7, 55.0, 59.1, 
and 57.1% for combined sets of SETsu, SEFLR, SWEcol, and 
SWEela, respectively. Figure 1 summarizes the representative 
case in this study.

Table 5 shows nine cases of false-negative malignancies 
in size, BI-RADS category in B-mode, modified category 
of B-mode combined with elastography, histological type, 
nuclear grade, estrogen receptor (ER), and human epidermal 
growth factor receptor 2 (HER2).

Discussion

Cancerous tissues become harder as the blood vessel and 
cell density increases, and stiffness is associated with 
tumor progression [21]. Elastography is a noninvasive 

Fig. 1   Images of fibroadenoma in a 35-year-old woman. a B-mode 
ultrasound showed a 22-mm oval lobulated hypo-echoic mass cat-
egorized as breast imaging and reporting data system (BI-RADS) 
category 4a. b Strain elastography (SE) showed the entire lesion cor-
responding to B-mode ultrasound as green, indicating a soft lesion 
with a Tsukuba score of 1 and a Fat–Lesion Ratio of 1.30. c Shear 

wave elastography (SWE) showed the mass and surrounding tissue 
as very homogeneous and dark blue, indicating a soft lesion with a 
color assessment score of 1 and a mean elasticity value of 28.2 kPa. 
With combined sets of B-mode and elastographic images, category 4a 
lesion was downgraded to category 3 by both SE and SWE and by 
qualitative and quantitative assessments

Table 5   False-negative cases of combined sets of B-mode and elastography

BI-RADS breast imaging reporting and data system, SETsu Tsukuba score, SEFLR fat–lesion ratio, SWEcol color assessment, SWEela elasticity 
value, MBC mucinous breast carcinoma, DCIS ductal carcinoma in situ, IDC invasive ductal carcinoma, NG nuclear grade, ER estrogen receptor, 
HER2 human epidermal growth factor receptor 2

No B-mode ultrasound Combined Sets of B-mode and elastography Pathology

Size (mm) BI-RADS 
Category

+ SETsu + SEFLR + SWEcol + SWEela Histological type NG ER HER2

1 23 4a 3 4a 4a 4a MBC 1 Positive Negative
2 14 4a 3 4a 4a 4a MBC 1 Positive Negative
3 20 4a 3 4a 4a 4a DCIS 1 Positive Negative
4 7 3 3 3 4a 3 IDC 1 Positive Negative
5 7 4a 4a 3 3 3 MBC 1 Positive Negative
6 16 4a 3 3 4a 4a IDC 1 Positive Negative
7 8 4a 3 3 4a 4a IDC 1 Positive Negative
8 15 3 3 4a 4a 4a IDC 1 Positive Negative
9 15 4a 4a 4a 3 3 DCIS 2 Positive Negative
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technique to measure tissue hardness and is used to distin-
guish between benign and malignant breast masses [8–19].

In this study, the added diagnostic values of two breast 
ultrasound elastography to the conventional B-mode 
ultrasound were simultaneously evaluated to differentiate 
between benign and malignant breast masses by qualitative 
and quantitative assessments using one ultrasound system. 
The addition of SE or SWE to the B-mode improved the 
diagnostic performance with increased specificity and 
AUC, and SWE was especially more useful than SE; how-
ever, no significant difference was found between qualita-
tive and quantitative assessments.

Several reports have shown that combining elastogra-
phy technique with the conventional B-mode ultrasound 
improves the diagnostic performance in distinguishing 
between benign and malignant breast masses. Studies 
that directly compare SE with SWE in the same patients 
were limited [16–19]. Chang et al. compared the elastic-
ity score on SE using EUB-8500 (Hitachi Aloka, Tokyo, 
Japan) and mean elasticity value (kPa) on SWE using Aix-
plorer (Supersonic Imagine, Aix en Provence, France), in 
150 breast lesions [16]. Youk et al. compared the elastic-
ity score and strain ratio on SE using HiVision Ascen-
dus (Hitachi Aloka, Tokyo, Japan) and visual color score, 
homogeneity of elasticity, maximum and mean elasticity 
values (kPa), and elasticity ratio on SWE using Aixplorer 
in 79 breast lesions [17]. Kim et al. compared the elastic-
ity score and strain ratio on SE using RS80A (Samsung 
Medison, Seoul, Korea) and visual color score, maximum 
elasticity values (kPa), and elasticity ratio on SWE using 
Aixplorer in 108 breast lesions [19]. These three studies 
use two ultrasound systems provided by different vendors. 
They demonstrated the addition of SE or SWE showed 
similar diagnostic performance in differentiating benign 
from malignant masses, but no significant difference was 
observed between qualitative and quantitative assessments.

In this study, only one ultrasound system Aplio 500 
was used to simultaneously obtain SE and SWE images. 
A study used the equipment similar to ours. Seo et al. 
compared the strain ratio on SE and mean elasticity value 
(kPa) and elasticity ratio on SWE by quantitative assess-
ment only on 108 breast lesions. They also reported that 
both elastography and B-mode US improved the diagnostic 
performance [18]. To the best of our knowledge, this is the 
first study to evaluate the comparison of SE and SWE to 
qualitatively and quantitatively assess breast masses using 
one ultrasound system. In this study, the addition of SE 
or SWE to B-mode ultrasound improved the diagnostic 
performance; however, SWE was more useful than SE. 
This may be because the proportion of malignant masses 
(88/148 = 59.5%) in our study is higher than that in the 
previous studies, and elastographic protocols are vendor 
specific for ultrasound systems. Further studies are needed 

to set a unified evaluation method and to achieve a stand-
ard cut-off value for elastography systems.

In this study, the positive predictive value of category 
4a increased from 32.5% for B-mode ultrasound alone to 
72.7, 55.0, 59.1, and 57.1% for combined sets of SETsu, 
SEFLR, SWEcol, and SWEela, respectively. This result sug-
gests that the combined use of elastography may help 
patients with BI-RADS category 4a mass to avoid unnec-
essary biopsies.

A total of nine cases had false-negative malignancies on 
combined sets of B-mode and elastography in this study, 
including two ductal carcinoma in situ (DCIS), four inva-
sive ductal carcinoma, and three mucinous breast carci-
noma (MBC). Regarding the nuclear grade, eight lesions 
were grade 1 and one was grade 2. Regarding the ER sta-
tus, all nine lesions were positive. Furthermore, regarding 
the HER2 status, all nine lesions were negative. Two of the 
four IDC cases were small lesions of 8 and 7 mm, respec-
tively. The histological type of DCIS, MBC, small size, 
and low histological grade and subtype of ER-positive 
have been reported to show low aggressive malignant can-
cer [22–24]. Malignancies in false-negative cases tended 
to have low aggressive features; thus, their elastographic 
images may show low stiffness, resulting in false-negative 
results. Some reports also demonstrated that tumor stiff-
ness values in ultrasound elastography correlated with 
aggressive prognostic breast cancer features [25–27]. 
Chang et al. reported that high stiffness values by SWE 
correlated with large tumor size, high histological grade, 
and tumor subtype (triple negative and HER2 positive) in 
breast cancer [22]. Their findings were consistent with the 
results in this study. Therefore, low aggressive tumors may 
be considered to have low stiffness values on ultrasound 
elastography even if the tumor is malignant.

This study has several limitations. First, this is a ret-
rospective study conducted at a single institution. There-
fore, further extensive, multicenter studies are warranted 
to validate its findings. Second, not all recurrent lesions 
were diagnosed using cytological or histological diag-
nosis. Third, SE and SWE were performed after the 
B-mode ultrasound examination, and the information 
on the B-mode ultrasound could affect the examiner’s 
performance.

In conclusion, the addition of both SE and SWE to 
B-mode ultrasound improved the diagnostic performance 
with increased specificity and AUC in distinguishing benign 
from malignant breast masses, and especially SWE was 
more useful than SE; however, no significant difference was 
observed between qualitative and quantitative assessments. 
This study suggests that the combined use of elastography 
may help patients with BI-RADS category 4a mass to avoid 
unnecessary biopsies.



798	 Breast Cancer (2019) 26:792–798

1 3

Compliance with ethical standards 

Conflict of interest  This manuscript has not been published and is not 
under consideration for publication elsewhere. All the authors have 
read the manuscript and have approved this submission. All the au-
thors and their institution have no conflicts of interest.

References

	 1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Can-
cer J Clin. 2018;68:7–30.

	 2.	 Kornecki A. Current status of breast ultrasound. Can Assoc Radiol 
J. 2011;62:31–40.

	 3.	 Hooley RJ, Scoutt LM, Philpotts LE. Breast ultrasonography: state 
of the art. Radiology. 2013;268:642–59.

	 4.	 D’Orsi CJ, Sickles EA, Mendelson EB, Morris EA. ACR BI-
RADS atlas, breast imaging reporting and data system. Reston, 
VA: American College of Radiology; 2013.

	 5.	 Rao AA, Feneis J, Lalonde C, Ojeda-Fournier H. A pictorial 
review of changes in the BI-RADS fifth edition. Radiographics. 
2016;36:623–39.

	 6.	 Choi EJ, Lee EH, Kim YM, Chang YW, Lee JH, Park YM, et al. 
Interobserver agreement in breast ultrasound categorization in 
the mammography and ultrasonography study for breast cancer 
screening effectiveness (MUST-BE) trial: results of a preliminary 
study. Ultrasonography. 2018;38:172–80.

	 7.	 Shiina T, Nightingale KR, Palmeri ML, Hall TJ, Bamber JC, Barr 
RG, et al. WFUMB guidelines and recommendations for clinical 
use of ultrasound elastography, part 1: basic principles and termi-
nology. Ultrasound Med Biol. 2015;41:1126–47.

	 8.	 Garra BS, Cespedes EI, Ophir J, Spratt SR, Zuurbier RA, Magnant 
CM, et al. Elastography of breast lesions: initial clinical results. 
Radiology. 1997;202:79–86.

	 9.	 Itoh A, Ueno E, Tohno E, Kamma H, Takahashi H, Shiina T, 
et al. Breast disease: clinical application of US elastography for 
diagnosis. Radiology. 2006;239:341–50.

	10.	 Sadigh G, Carlos RC, Neal CH. Dwamena BA. Ultrasonographic 
differentiation of malignant from benign breast lesions: a meta-
analytic comparison of elasticity and BIRADS scoring. Breast 
Cancer Res Treat. 2012;133:23–35.

	11.	 Athanasiou A, Tardivon A, Tanter M, Sigal-Zafrani B, Bercoff 
J, Deffieux T, et al. Breast lesions: quantitative elastography 
with supersonic shear imaging–preliminary results. Radiology. 
2010;256:297–303.

	12.	 Xu H, Rao M, Varghese T, Sommer A, Baker S, Hall TJ, et al. 
Axial-shear strain imaging for differentiating benign and malig-
nant breast masses. Ultrasound Med Biol. 2010;36:1813–24.

	13.	 Berg WA, Cosgrove DO, Doré CJ, Schäfer FK, Svensson WE, 
Hooley RJ, et al. Shear-wave elastography improves the specificity 
of breast US: the BE1 multinational study of 939 masses. Radiol-
ogy. 2012;262:435–49.

	14.	 Evans A, Whelehan P, Thomson K, Brauer K, Jordan L, Purdie C, 
et al. Differentiating benign from malignant solid breast masses: 
value of shear wave elastography according to lesion stiffness 
combined with greyscale ultrasound according to BI-RADS clas-
sification. Br J Cancer. 2012;107:224–9.

	15.	 Song EJ, Sohn YM, Seo M. Diagnostic performances of shear-
wave elastography and B-mode ultrasound to differentiate 
benign and malignant breast lesions: the emphasis on the cutoff 
value of qualitative and quantitative parameters. Clin Imaging. 
2018;50:302–7.

	16.	 Chang JM, Won JK, Lee KB, Park IA, Yi A, Moon WK. Com-
parison of shear-wave and strain ultrasound elastography in the 
differentiation of benign and malignant breast lesions. AJR Am J 
Roentgenol. 2013;201:347–56.

	17.	 Youk JH, Son EJ, Gweon HM, Kim H, Park YJ, Kim JA. Compari-
son of strain and shear wave elastography for the differentiation 
of benign from malignant breast lesions, combined with B-mode 
ultrasonography: qualitative and quantitative assessments. Ultra-
sound Med Biol. 2014;40:2336–44.

	18.	 Seo M, Ahn HS, Park SH, Lee JB, Choi BI, Sohn YM, et al. Com-
parison and combination of strain and shear wave elastography of 
breast masses for differentiation of benign and malignant lesions 
by quantitative assessment: preliminary study. J Ultrasound Med. 
2018;37:99–109.

	19.	 Kim HJ, Kim SM, Kim B, La Yun B, Jang M, Ko Y, et al. Com-
parison of strain and shear wave elastography for qualitative and 
quantitative assessment of breast masses in the same population. 
Sci Rep. 2018;8:6197.

	20.	 Kanda Y. Investigation of the freely available easy-to-use soft-
ware ‘EZR’ for medical statistics. Bone Marrow Transplant. 
2013;48:452–8.

	21.	 Levental KR, Yu H, Kass L, Lakins JN, Egeblad M, Erler JT, 
et al. Matrix crosslinking forces tumor progression by enhancing 
integrin signaling. Cell. 2009;25(139):891–906.

	22.	 Desmedt C, Haibe-Kains B, Wirapati P, Buyse M, Larsimont D, 
Bontempi G, et al. Biological processes associated with breast 
cancer clinical outcome depend on the molecular subtypes. Clin 
Cancer Res. 2008;14:5158–65.

	23.	 Fujioka T, Kubota K, Kikuchi Y, Tsuchiya J, Tateishi U, Kasa-
harak M, et al. The feasibility of using 18F-FDG-PET/CT in 
patients with mucinous breast carcinoma. Nucl Med Commun. 
2018;39:1033–8.

	24.	 Fujioka T, Kubota K, Toriihara A, Machida Y, Okazawa K, Naka-
gawa T, et al. Tumor characteristics of ductal carcinoma in situ of 
breast visualized on [F-18] fluorodeoxyglucose-positron emission 
tomography/computed tomography: results from a retrospective 
study. World J Radiol. 2016;28(8):743–9.

	25.	 Chang JM, Park IA, Lee SH, Kim WH, Bae MS, Koo HR, et al. 
Stiffness of tumours measured by shear-wave elastography corre-
lated with subtypes of breast cancer. Eur Radiol. 2013;23:2450–8.

	26.	 Youk JH, Gweon HM, Son EJ, Kim JA, Jeong J. Shear-wave elas-
tography of invasive breast cancer: correlation between quanti-
tative mean elasticity value and immunohistochemical profile. 
Breast Cancer Res Treat. 2013;138:119–26.

	27.	 Evans A, Whelehan P, Thomson K, McLean D, Brauer K, Purdie 
C, et al. Invasive breast cancer: relationship between shear-wave 
elastographic findings and histologic prognostic factors. Radiol-
ogy. 2012;263:673–7.

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


	Simultaneous comparison between strain and shear wave elastography of breast masses for the differentiation of benign and malignant lesions by qualitative and quantitative assessments
	Abstract
	Purpose 
	Materials and methods 
	Result 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Diagnosis
	Ultrasound examinations
	B-mode examination
	SE examination
	SWE examination
	Image analysis
	Statistical analysis

	Results
	Clinicopathological characteristics of patients
	Diagnostic performance of B-mode and elastography
	Diagnostic performance of combined sets of B-mode and elastography

	Discussion
	References




