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Abstract: Objective: The aim of this study was to compare grayscale ultrasound (US), shear wave elastography
(SWE), and combination of US and SWE for differentiating small (≤20 mm) breast masses, and to investigate factors
related to false-finding SWE result for small breast masses. Methods: The US and SWE images of 141 pathologically
proven breast lesions in 122 patients were assessed. Both Breast Imaging Reporting and Data System (BI-RADS)
final assessment, and qualitative and quantitative SWE measurements were assessed. US and SWE were combined
according to the cutoff value. The diagnostic performance of US, SWE, and the combination of two modalities were
compared using receiver-operating characteristic curve (ROC) analysis. Results: The false finding of the pattern
classification and Emax only showed significant differences in mass size. The area under the curve (AUC) of ROC
was 0.795 for US alone, 0.878 for US combined with pattern classification, 0.873 for US combined with Emax,
and 0.918 for US combined with both pattern classification and Emax. The specificities of US alone, US combined
with pattern classification, US combined with Emax, and US combined with both pattern classification and Emax
were 53.1%, 77.1%, 76.0%, and 89.6% respectively (p < 0.05); and the sensitivities were 95.6%, 93.3%, 93.3%
and 88.9% respectively (p>0.05). Conclusions: Mass size is the cause of false SWE in small breast masses. The
combination of US and SWE has a better diagnostic performance than US alone. US combined with both pattern
classification and Emax may have a higher specificity.
Keywords: Breast masses, breast imaging reporting and data system, shear wave elastography, ultrasonography,
diagnosis, receiver-operating characteristic curve

Introduction
Breast cancer is currently the most common
cancer in Chinese women. It is important to
diagnose and treat it early [1]. Early-stage
breast cancer is defined on the basis of clinical
mass size of 20 mm or less without lymph node
metastasis [2]. Patients with early-stage breast
cancer have excellent disease-specific survival
time [3, 4]. Grayscale ultrasound (US) is a useful tool in evaluating masses detected by mammography or clinical examination. A Breast
Imaging Reporting and Data System (BI-RADS)
lexicon for US is commonly used to describe
breast masses and to differentiate benign from
malignant masses, including descriptors of features such as mass shape, margin, orientation,
echogenicity, and posterior acoustic features

[5]. However, substantial overlap between the
sonographic features of benign and malignant
masses is observed, especially in small breast
masses [6, 7].
Shear wave elastography (SWE) shows an overlaying of a mass and its surrounding tissue
color map in real time and provides quantitative
elasticity expressed as the Young’s modulus
[8]. Some research has shown that both quantitative elasticity (KPa) and qualitative SWE pattern classification have a good diagnostic performance for differentiating benign from malignant breast masses [9-11]. Furthermore,
addition of SWE to BI-RADS classification improved the diagnostic performance compared
to using BI-RADS alone [8, 9, 12]. However, the
size of tumor, the specific histological type, and
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whether it was lymph node metastasis or not
could affect the stiffness value [13-15]. So
Jung Kim reported that when combining SWE
quantitative elasticity (KPa) with US, specificity
increased and sensitivity decreased (100% vs
77.3%) significantly in small (≤2 cm) breast cancer [16]. But the author evaluated only the
quantitative maximum elasticity (Emax) for
SWE, in a lack of qualitative SWE analysis, and
the author didn’t analyze possible clinical factors of the stiffness value. Lee reported that
the diagnostic performance combining the use
of US, strain elasticity score, and strain ratio
could increase specificity (46.4% vs 27.3%)
under relatively the same sensitivity (95.8% vs
93.8%) in small breast mass [17]. Actually, little
research deals with the combination of both
SWE quantitative value and qualitative pattern
classification to US at the same time.
Therefore, we analyzed related clinical characteristics of the false-negative and false-positive
masses diagnosed by SWE, and evaluated the
diagnostic performance of qualitative and
quantitative SWE for differentiation between
benign and malignant small (≤20 mm) breast
masses. We also compared the diagnostic performance of small breast masses in using US
alone, SWE alone, and the combination of the
two modalities.
Material and methods
Patients
This study was reviewed and approved by the
Sun Yat-sen Memorial Hospital Institutional
Review Board, Sun Yat-sen University (approval
number, SYSEC-KY-KS-032), and neither patient approval nor informed consent was
required for the review of medical records or US
images. Signed informed consent was obtained
from all patients prior to biopsy or surgical
procedures.
Between August 2014 and June 2015, a total
of 256 patients with 305 solid breast masses
underwent SWE examinations. Patients were
excluded as follows: mass size more than 20
mm, pregnancy, breast implants, any radiotherapy, chemotherapy or biopsy before ultrasound
examinations. Finally, 122 women (mean ± SD:
43.1±13.2 y, range 18-74 y) with 141 breast
masses constituted our study. The maximum
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diameter of masses ranged from 3.7 to 20.0
mm (12.4±4.3 mm).
Conventional US and SWE examinations and
analysis
US and SWE examinations were performed
using a 4-15 MHz linear transducer (SuperSonic
Imagine, Aix-en-Provence, France) by either one
of the two radiologists (O.B and W.J.Y) with 13
and 4 years of experience, especially in breast
elastography. At least two orthogonal grayscale images were obtained from each breast
mass. The radiologists who performed the
ultrasound examinations recorded conventional ultrasound features of the mass and made
the assessment according to the BI-RADS.
SWE imaging was then obtained by the same
radiologist. Three separate SWE acquisitions
were performed for each mass to provide
assessments of elastic values. The probe was
applied as lightly as possible so as not to place
pressure to the mass. The probe was kept still
for a few seconds until the images were stabilized, and meanwhile participants were asked
to hold their breath to prevent motion artifacts.
A square region-of-interest (ROI) box was set at
the SWE color image to sufficiently include the
breast mass and its surrounding breast parenchyma. After that, tissue elasticity of ROI was
obtained and saved as a color-coded map representing Young’s modulus in KPa at each pixel,
with a color ranging from dark blue (soft) to red
(hard; 0-180 KPa by default).
For SWE color pattern classification, two radiologists reviewed the images, on the basis of
the four-scale classification proposed by Tozaki
[18]. Disagreements on interpretation were
resolved by consensus. Images were classified
as: ‘pattern 1’ (if no color difference from the
color around the mass was seen at the margin
or in its interior, showing a homogeneously blue
pattern), ‘pattern 2’ (if a color differed from the
color around the mass and extended beyond it,
indicating continuous vertical stripes on the
cutaneous or thoracic wall side), ‘pattern 3’ (if a
localized colored area was present at the margin of the mass), and ‘pattern 4’ (if colored
areas were present in the interior of the mass
heterogeneously).
Quantitative SWE parameters were measured
in each picture by using two 2-mm round. One
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Table 1. Pathology diagnosis and SWE pattern classification and Emax in 141 breast masses according to BI-RADS category
BI-RADS3 (n = 53)

Pathology

BI-RADS 4a (n = 29)

Malignant
(= 2)

Benign (n = 51)

Malignant
(= 2)

IDC (n = 2)

Fibroadenoma (n = 42)
Fibrocystic change
(n = 7)

BI-RADS 4b (n = 22)

BI-RADS 4c (n = 27)

BI-RADS 5 (n = 10)

Benign (n = 27)

Malignant (= 5)

IDC (n = 1)

Fibroadenoma (n
= 21)

IDC (n = 4)

Fibroadenoma (n
= 12)

IDC (n = 23)

DCIS (n = 1)

Fibrocystic change
(n = 4)

Intraductal papillary
carcinoma (n = 1)

Fibrocystic
change (n = 5)

DCIS (n = 2)

Intraductal papillary
carcinoma (n = 1)

Intraductal papillary
carcinoma (n = 1)

ILC (n = 2)

Phyllodes tumor (n = 1)

Phyllodes tumor
(n = 1)

Intraductal papilloma
(n = 1)

Intraductal papilloma (n = 1)

Benign (n = 17) Malignant (= 26)

Benign (n
= 1)
Fibroadenoma
(n = 1)

Malignant (= 10)

Benign
(n = 0)

IDC (n = 7)

Pattern 1

1

41

2

19

1

11

1

0

0

0

Pattern 2

0

8

0

5

3

3

0

0

0

0

Pattern 3

1

1

0

3

1

3

17

1

3

0

Pattern 4

0

1

0

0

0

0

8

0

7

0

Emax < 42.5 KPa

1

49

2

25

2

14

3

0

0

0

Emax ≥ 42.5 KPa

1

2

0

2

3

3

23

1

10

0

Note: BI-RADS = breast imaging reporting and data system, IDC = invasive ductal carcinoma, DCIS = ductal carcinoma in suite, IDL = invasive lobular carcinoma, Emax = elastic modulus maximum.
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Table 2. Diagnostic performance of US, pattern classification, Emax value and combined US and pattern classification and Emax
Cut off

Sensitivity %

Specificity %

Accuracy %

Az (95% CI)

Youdent

4a

95.6 (43/45)

53.1 (51/96)

66.7 (94/141)

0.795 (0.719, 0.859)

0.487

48.8

96.2

42.5

82.2 (37/45)

91.7 (88/96)

88.7 (125/141)

0.930 (0.875, 0.966)

0.739

82.2

91.7

3

82.2 (37/45)

90.6 (87/96)

87.9 (1244/141)

0.891 (0.827, 0.937)

0.729

80.4

91.6

BE

93.3 (42/45)

76.0 (73/96)

81.6 (115/141)

0.873 (0.807, 0.923)

0.694

64.6

96.1

BP

93.3 (42/45)

77.1 (74/96)

82.3 (116/141)

0.878 (0.812, 0.927)

0.704

65.6

96.1

BPE

88.9 (40/45)

89.6 (86/96)

89.4 (126/141)

0.918 (0.840, 0.957)

0.785

80.0

94.5

US
Emax (KPa)
Pattern

PPV% NPV%

Note: Emax = elastic modulus maximum, BP = the combined use of US and pattern classification, BE = the combined use of US and Emax, BPE =
the combined use of US and both pattern classification and Emax, AZ = UC (Az) area under the ROC curve, 95% CI 95% confidence interval. PPV
= positive predictive value, NPV = negative predictive value.

was placed at the stiffest area of the mass
including the adjacent stiff tissue and the other
one at the normal fatty tissue within the ROI
box. The system automatically calculated and
visualized the mean elasticity (Emean), maximum elasticity (Emax), and elasticity ratio
(Eratio), which is the ratio of the Emean in the
stiffest portion of the mass to the Emean in a
similar region of interest in fat. A round ROI
adjusted to the mass contours to encompass
the maximum mass area was placed in the
mass on the US image, and elastic modulus
standard deviation (ESD) was automatically calculated by the system. The maximum of the
three-maximum elasticity (Emax) was chosen;
each median of the three Emean, Eratio and
ESD for analysis.
Of the BI-RADS categories discussed, category
3 was considered negative while categories 4a
and higher than 4a were considered positive.
As for the qualitative SWE pattern classifications, patterns 1 and 2 were considered negative, while patterns 3 and 4 were considered
positive according to Tozaki [18]. For quantitative SWE parameters, analysis of ROC curves
was applied, and the area under the ROC curve
(Az) employing the calculated optimal cut-off
value was obtained for each SWE parameter.
The best performing parameter that had the
highest Az value was chosen for inclusion in
this study.

the overall diagnostic performance of each
method, ROC curves were constructed and
compared. SPSS 16.0 software (SPSS, Chicago,
IL, USA) and Medcalc software version 9.6.4.0
(Medcalc Software, Mariakerke, Belgium) were
used for statistical analysis, in which p < 0.05
was considered statistically significant.
Results
Pathologic diagnosis and general features
In the case of 141 small breast masses, surgery was performed. Forty five of 141 (32.0%)
were malignant and 96 (68.0%) were benign
(Table 1). The average size was 13.7 mm (range
3.7-20.0 mm) for the malignant masses and
11.8 mm (range 4.4-20.0 mm) for benign masses. The mean age of patients with malignant
and benign masses was 52.0±10.8 years and
37.8±11.5 years, respectively, with a significant difference (p < 0.01).
Diagnostic performance of US characteristics
The optimal cutoff was between category 3 and
category 4a, which yielded an Az of 0.795 (95%
CI: 0.719-0.859). The B-mode US categories
are shown in Table 1. The false-negative rate of
B-mode US was 4.4% (2/45), and the false-positive rate was 46.9% (45/96).

Statistical analysis

Diagnostic performance of quantitative and
qualitative SWE characteristics

An independent two-sample t-test or non-parametric Mann-Whitney U test was used in a comparison of continuous variables of the true and
false groups. Pearson χ2 test or Fisher’s exact
test was performed to analyze group differences from dichotomous variables. To summarize

The Emax value with an optimal cut-off of 42.5
KPa had the highest Az value of all quantitative
SWE parameters (the Az value: Emax = 0.930,
ESD = 0.913, Emean = 0.913, Eratio = 0.865).
The 141 breast masses consisted of 76 cases
(53.9%) as pattern 1, of 19 cases (13.4%) as
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Table 3. Correlation of patient clinical factors of the masses with pattern classification findings
Pattern
Age (years)

Benign

Malignant

1/2 (n = 87)

3/4 (n = 9)

P value

1/2 (n = 8)

37.8±12.0

37.9±6.7

0.974

54.3±11.9

Palpable

3/4 (n = 37) P value
51.6±10.6

0.228

0.529
0.452

Yes

44

7

7

No

43

2

1

2

21.7±12.6

21.7.3±9.7

0.997

21.6±18.7

28.8±14.6

0.214

6.8±3.1

6.0±3.7

0.579

6.8±4.6

6.4±3.1

0.789

11.3±4.0

16.8±1.4

< 0.001

9.6±2.9

14.6±4.3

0.004

Distance to nipple (mm)
Distance between lesion’s surface and skin (mm)
Mass size (mm)

pattern 2, of 30 cases (21.3%) as pattern 3,
and of 16 cases (11.3%) as pattern 4. The
malignancy rate of each pattern was 6.8%
(5/76) for pattern 1, 15.8% (3/19) for pattern
2, 73.3% (22/30) for pattern 3, and 93.7%
(15/16) for pattern 4. The pattern classification
is summarized in Table 1 and the SWE qualitative optimal cut-off value is shown between pattern 2 and 3. The sensitivity, specificity, accuracy, Az, youdent index, PPV, and NPV of both
Emax and pattern classification are shown in
Table 2. Compared to performing US alone, the
specificity and the Az value of both Emax and
pattern classification were significantly higher
(p < 0.01), but the sensitivity decreased significantly (p < 0.01).
False-positive and false-negative lesions of
SWE
When applying Emax with a cut-off level of 42.5
KPa, the false positive rate of benign breast
masses was 8.3% (8/96), and the false negative rate of malignant masses was 17.8%
(8/45). With optimal cut-off value of pattern
classification between pattern 2 and 3, the
false-negative rate was 17.8% (8/45), and the
false-positive rate was 9.4% (9/96). The study
found that false-positive and false-negative
lesions of SWE only showed a significant difference in mass size: pattern classification
11.3±4.0 mm vs 16.8±1.4 mm, Emax 11.4±4.0
mm vs 16.5±1.8 mm (true-negative vs falsepositive); pattern classification 14.6±4.3 mm
vs 9.6±2.9 mm, Emax 14.4±4.2 mm vs 10.3±
4.4 mm (true-positive vs false-negative) (p <
0.01), regardless of patient’s age, palpability,
distance to nipple or distance between mass’s
surface and skin, because they were of no statistical significance (p>0.05, Tables 3, 4). Table
5 listed false-negative masses. Both methods
(the pattern classification and Emax.) failed to
diagnose those masses.
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Diagnostic performance of combined US characteristic and SWE characteristic
Treatment decision changes were made in
accordance with the combination of US and
SWE (Figure 1) where the two radiologists were
asked to upgrade the BI-RADS category when
the pattern was 3, 4 and/or Emax was ≥ 42.5
KPa. (i.e. to upgrade BI-RADS-US category 3 to
4a, 4a to 4b, 4b to 4c or 4c to 5). When the pattern was 1, 2 and/or Emax was < 42.5 KPa, the
two radiologists were asked to downgrade the
final BI-RADS assessment category (i.e. 5 to 4c,
4c to 4b, 4b to 4a, or 4a to 3). When a mass
was downgraded from BI-RADS 4 to 3 or a
mass was upgraded from BI-RADS 3 to 4, the
treatment decision (follow-up or biopsy)
changed accordingly. “BP combination” denoted the combined use of US and pattern classification. “BE combination” indicated the combined use of US and Emax, whereas “BPE
combination” represented the combined use of
US, pattern classification and Emax (Figures 2,
3).
The sensitivity, specificity, accuracy, Az,
Youdent index, PPV, and NPV for the BP, BE,
and BPE combination are shown in Table 2.
Compared to the results of using US alone, the
BP, BE, and BPE combination showed higher
specificity (76.0%-89.6% vs 53.1%) and higher
Az (0.873-0.918 vs 0.795) (p < 0.05) (Figure 4).
In addition, sensitivity (88.9%-93.3% vs 95.6%)
decreased without showing a statistically significant difference (p>0.05).
The specificity was 77.1%, 76.0%, and 89.6%
for BP, BE, and BPE combination. The specificity of BPE was significantly higher than BP and
BE (p < 0.01). The ROC curves (0.878, 0.873,
0.918) and sensitivity (93.3%, 93.3%, 88.9%)
of BP, BE, BPE were not significantly different
(p>0.05).
Int J Clin Exp Med 2018;11(12):13338-13346
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Table 4. Correlation of patient clinical factors of the masses with Emax findings
Benign
Emax (KPa)

< 42.5
(n = 88)

≥ 42.5
(n = 8)

Age (years)

37.9±11.9

37.4±7.6

Palpable

Malignant
P value

< 42.5
(n = 8)

≥ 42.5
(n = 37)

0.912

54.0±11.8

51.6±10.7

0.096

P value
0.610
0.452

Yes

44

7

7

No

44

1

1

2

21.6±12.8

22.5±10.0

0.815

21.3±14.3

28.5±15.1

0.323

6.7±3.1

6.1±4.0

0.596

7.8±4.8

6.2±3.0

0.225

11.4±4.0

16.5±1.8

0.010

10.3±4.4

14.4±4.2

0.017

Distance to nipple (mm)
Distance between lesion’s surface and skin (mm)
Mass size (mm)

35

Table 5. False negative cases of malignant masses both pattern classification and Emax
1
2
3
4
5
6

Age (y)
47
47
68
39
69
62

BI-RADS
4c
4b
4a
3
4a
4b

Size (mm)
8.7
11.8
8.9
5.9
6.4
8.9

Pattern
1
1
1
1
1
2

Emax (KPa)
26.9
35.6
24.2
29.0
29.7
28.4

Pathology
Invasive ductal carcinoma grade 1
Invasive ductal carcinoma grade 1
Invasive ductal carcinoma grade 3
Invasive ductal carcinoma grade 1
Ductal carcinoma in suite
Invasive ductal carcinoma grade 2

were found to be only significantly different for mass size:
11.3±4.0 mm vs 16.8±1.4
mm (true-negative vs falsepositive), 14.6±4.3 mm vs
9.6±2.9 mm (true-positive vs
false-negative) (p < 0.01),
with no significant difference
in patient’s age, palpability,
distance to nipple or distance
between mass’s surface and
Figure 1. Rules for combining US with SWE. BI-RADS category 3, n = 1; BIskin (p>0.05) (Table 3). This
RADS category 4a, n = 2; BI-RADS category 4b, n = 3, BI-RADS category 4c,
was concordant with findings
n = 4; BIRADS category 5, n = 5. For example, a mass was originally categorized as BI-RADS 3; when pattern = 3, it was categorized as BIRADS 4a by
in previous studies [19, 20],
the BP combination; when Emax < 42.5 KPa, it was categorized as BI-RADSsuggesting that SWE pattern
US 3 by the BPE combination.
findings could be influenced
by mass size. In the case of
Discussion
small malignant masses, necrosis did not
appear in the internal component, and the
In our study, when the pattern classification
hardness of the masses was relatively homogeoptimal cutoff was between patterns 2 and 3,
neous. Elseedawy found that larger fibroadenothe false-negative rate was 17.8% and the
mas might be stiffer than smaller ones due
false-positive rate was 9.4%. These results
to compression of adjacent normal tissue.
were somewhat different from many studies.
Furthermore, Evans showed that smaller massFor instance, Tozaki [18] et al. showed a falsees had higher rates of false negative Emax findnegative rate of 8.7%, a false-positive rate of
ings [21, 22]. The two studies above might sug19.4% and Jung Hyun Yoon et al. [19] showed a
gest that the bigger the benign nodule was, the
false-negative rate and a false-positive rate at
higher possibility of false-positive rate research10.2% and 35.6% respectively. Their different
ers would receive whereas the smaller the
size of masses enrolled in study may account
malignant nodule was, the higher possibility of
for the varied results. The false-finding masses
false-negative result we would find.
13343
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Figure 2. A hypoechoic breast mass categorized as BI-RADS 3. The mass was assigned to pattern 3. The Emax was
64.4 KPa. Therefore, the mass was categorized as BIRADS 4B combining US with pattern classification and Emax.
The pathology was IDC.

Figure 3. A hypoechoic breast mass categorized as BI-RADS 4B. The mass was assigned to pattern 1. The Emax was
14.1 KPa. Therefore, the mass was categorized as BIRADS 3 combining US with pattern classification and Emax.
The pathology was fibroadenoma.

(p>0.05). This result was concordant with findings in previous studies demonstrating the
combination of SWE and US led to a better
diagnostic performance [8, 12, 23], especially
in improving specificity of US. Our study shows
similar results, specificity of US was significantly improved from 53.1% to 76.0-77.1% (p <
0.01), with a slight trade-off in terms of a
decrease in sensitivity from 95.6% to 93.2%
(p>0.05). Our study also showed that SWE pattern classification had similar diagnostic performance to quantitative SWE value, similar to
previous reports [11, 24].
Figure 4. ROC for BI-RADS, BP, BE, BPE. The AUC was
0.795 for BI-RADS, 0.878 for BP, 0.873 for BE, and
0.918 for BPE.

After adding either SWE pattern classification
or Emax to US for changing BI-RADS categories.
The AUC for the combined sets (0.878 for BP
combination and 0.873 for BE combination)
was significantly higher than that for US alone
(0.795) (p < 0.05). There was no significant difference in the AUC between the BP and BD
13344

However, these results conflict with similar
studies showing that combining SWE Emax to
US, results in an Az value of combined data
that is significantly lower than that of conventional US alone (p = 0.02) [16]. Interestingly,
similar controversy has also been found in
strain elastography in small breast masses:
Xiao-yun Xiao showed that the diagnostic value
of BI-RADS-US combining SE did not statistically differ from BI-RADS-US in sub-centimeter
breast masses [25], Ji Hye Lee showed that a
combination of B-mode US and elasticity score
Int J Clin Exp Med 2018;11(12):13338-13346
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have a better diagnosis than US alone in subcentimeter breast masses [17]. Different
BI-RADS interpretation and pathological type
distribution may contribute to the divergent
results, which require further investigation in
the literature.
The SWE system could provide quantitative
elastography properties, such as Emax or ESD
elasticity and the qualitative SWE pattern classifications of the targeted breast mass for
researchers. To our knowledge, this study is the
first to try to combine US with both quantitative
and pattern classification in SWE at the same
time. The specificity of BPE (89.6%) was significantly higher than BP (77.1%) and BD (76.0%)
(p < 0.01). The application of BPE combination
could ensure category 3 masses, which both
pattern classification and Emax showed hardness, could change to biopsy; while category 4b
masses, which both pattern classification and
Emax showed softness, could change to followup. Despite the decreased sensitivity from
93.3% to 88.9%, the difference was not statistically significant (p>0.05). Six malignant masses were missed by both SWE pattern classification and Emax, including ductal carcinoma in
situ (DCIS) (n = 1), IDC (n = 5) shown in Table 5.
Among 5 IDCs, 4 were minimally invasive cancers. The average size of these masses was 8.4
mm. All but one was smaller than 1 cm. Early
stage of breast cancers and specific mass
types such as DCIS, were reported to be the
causes of false-negative elastography [14, 26].
Further studies with large population should be
performed to confirm BPE combination.
The limitations of our study are as follows. First,
its design is retrospective. The study is also
constrained by the small number of malignant
masses, and the inadequate false negative
SWE pattern or Emax value. Second, in our
study, two radiologists reached a consensus on
various imaging features of small breast masses. Thus, no inter- and intra-observer bias of
SWE pattern classification can be calculated.
Third, we did not assess breast thickness or
density, and failed to consider other factors of
affecting stiffness.

breast masses, combining US with both pattern
classification and Emax has a higher specificity
than US alone, BP, and BE.
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