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Abstract 

Background:  To explore the value of quantitative shear wave elastography (SWE) plus the Breast Imaging Reporting 
and Data System (BI-RADS) in the identification of solid breast masses.

Methods:  A total of 108 patients with 120 solid breast masses admitted to our hospital from January 2019 to January 
2020 were enrolled in this study. The pathological examination served as the gold standard for definitive diagnosis. 
Both SWE and BI-RADS grading were performed.

Results:  Out of the 120 solid breast masses in 108 patients, 75 benign and 45 malignant masses were pathologically 
confirmed. The size, shape, margin, internal echo, microcalcification, lateral acoustic shadow, and posterior acoustic 
enhancement of benign and malignant masses were significantly different (all P < 0.05). The E mean, E max, SD, and E 
ratio of benign and malignant masses were significantly different (all P < 0.05). The E min was similar between benign 
and malignant masses (P > 0.05). The percentage of Adler grade II-III of the benign masses was lower than that of 
the malignant masses (P < 0.05). BI-RADS plus SWE yielded higher diagnostic specificity and positive predictive value 
than either BI-RADS or SWE; BI-RADS plus SWE yielded the highest diagnostic accuracy among the three methods (all 
P < 0.05).

Conclusion:  SWE plus routine ultrasonography BI-RADS has a higher value in differentiating benign from malignant 
breast masses than color doppler or SWE alone, which should be further promoted in clinical practice.
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Background
Mammography is the most widespread criterion for 
breast malignancy, while ultrasonography has a high 
value in screening high-density glandular tissue [1–3]. 
As the most potent method, B-mode ultrasound can 
show the morphological changes clearly with relatively 
ideal sensitivity, while it still has limitations due to a 
certain influence of subjective and objective factors. 
Color Doppler Flow Imaging (CDFI) can precisely show 

the condition of the blood vessels. The Breast Imaging 
Reporting and Data System (BI-RADS) based on CDFI 
has emerged as a powerful tool in the hemodynamic 
examination, thus playing a pivotal role in the diagno-
sis of solid breast masses [4, 5]. Shear wave elastography 
(SWE) is a new ultrasonic diagnostic technique, of which 
color-coded elastic hardness graph aids in the determi-
nation of tissue hardness, with high diagnostic value in 
differentiating benign and malignant prostate and thyroid 
[6, 7]. Based on this, we enrolled 108 patients with 120 
solid breast masses admitted to our hospital from Janu-
ary 2019 to January 2020 to explore the diagnostic value 
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of BI-RADS and SWE in solid breast masses, specifically 
as follows.

Materials and methods
General data
A total of 108 patients with 120 solid breast masses 
admitted to our hospital from January 2019 to January 
2020 were enrolled in this study. The Ethics Committee 
of our hospital had approved the study protocol. The gen-
eral data of the patients are shown in Table 1.

Inclusion criteria
(1) Patients and their family members were fully 
informed of the study procedure and signed the Informed 
Consent Form; (2) Solid breast masses were confirmed by 
surgery or biopsy.

Exclusion criteria
(1) Patients with mental problems or communication 
barriers; (2) Patients comorbid with other severe organic 
diseases.

Ultrasonic examination
BI-RADS (Voluson P6, GE, American) was adopted, and 
the probe frequency was set to 12 MHz. The patient was 
places in supine position with the nipple as the center 
to perform radial examination. The detection depth 
was adjusted according to the lesions, and the position, 
size, shape, margin, internal echo, and other conditions 
of the solid breast masses were observed and recorded. 
Then the axillary lymph nodes were scanned. All patients 
underwent shear wave elastography (SWE) after locating 
the breast lesions. The lesions and surrounding normal 
glands and adipose tissue were included as possible in 
the elastic sampling frame, but skin and chest wall were 
excluded. Translucent dark blue represented the mini-
mum hardness, red represented the maximum hardness; 
light blue, green, orange, and red increased with increas-
ing hardness according to the approach of Versaci et al. 
[8]. The maximum and minimum values of elasticity were 
measured, and their mean values and ratios were calcu-
lated. All these indicators were measured 3 times and 
represented as E max, E min, E mean, and E ratio, respec-
tively. The hemodynamics was detected by CDFI to 

comprehend the blood flow distribution inside the mass, 
and the Adler grading was adopted to record the degree 
of blood flow signals in tumors.

Outcome measures
(1) Pathological results. Solid breast masses were 
defined as benign or malignant by pathological results. 
The benign masses included breast fibroadenoma, 
lobular adenomatous hyperplasia, papilloma, lipoma, 
and inflammatory masses, while the malignant masses 
included invasive ductal carcinoma invasive lobular car-
cinoma, and other masses. (2) Two-dimensional gray-
scale sonographic appearance. The size, shape, margin, 
and internal echo of the benign and malignant masses 
were compared, and the number of microcalcification, 
lateral acoustic shadow, and posterior acoustic enhance-
ment were collected. (3) BI-RADS grading. The masses 
were divided to six levels by BI-RADS. Level 0: Incom-
plete, which needs to be evaluated in conjunction with 
other methods; Level 1: Negative; Level 2: Benign; Level 
3: Probably benign, which requires follow-ups; Level 4: 
Suspicious abnormality; Level 5: Highly suspicious of 
malignancy, which needs to be confirmed by puncture; 
Level 6: Known biopsy provrn malignancy. (4) Ultra-
sonic elastography. The diagnosis of a breast mass was 
determined by ultrasonic elastography based on the 
image properties of the area examined. Locally green 
stained areas around the lesion and uneven color inside 
the lesion (green and/or orange and red) were considered 
positive. (5) Adler grading of blood flow. Adler  grad-
ing  was used to classify blood flow detected into four 
grades: Grade 0: no blood flow; Grade I: a small amount 
of dot-like blood flow; Grade II: one longer blood flow 
through the mass, or 3 dot-like blood blood flow signals; 
Grade III: more than 4 dot-like blood blood flow signals 
[9–12].

Statistics process
The enumeration data and measurement data were 
expressed as (Mean ± SD) and [n, (%)] and compared 
by t-test and chi-square test, respectively. SPSS20.0 was 
employed as the data processing software, and GraphPad 
Prism 7 was employed as the image rendering software. 
The difference was deemed statistically significant when 
P < 0.05.

Results
Pathological analysis of the masses
Among the 120 solid breast masses, 75 benign and 45 
malignant masses were pathologically confirmed. Among 
the benign masses, there were 40 cases of breast fibroad-
enoma, 15 cases lobular adenomatoid hyperplasia, 5 
cases of papilloma, 4 cases of lipoma, and 11 cases of 

Table 1  General data of patients

Cases Age
(Mean ± SD, 
years)

Types

Unilateral, 
Single

Bilateral, 
multiple

Unilateral, 
multiple

Female 104 52.56 ± 6.32 86 14 15

Male 4 53.21 ± 6.21 4 0 1
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inflammatory mass. Among the malignant masses, there 
were 25 cases of invasive ductal carcinoma, 7 cases of 
invasive lobular carcinoma, and 13 cases of other masses 
(Fig. 1).

Two‑dimensional gray‑scale sonographic appearance 
of benign and malignant breast masses
The size, shape, margin, internal echo, microcalcification, 
lateral acoustic shadow and posterior acoustic enhance-
ment of benign and malignant masses were significantly 
different (all P < 0.05; Fig. 2 and Table 2–3).

Comparison of BI‑RADS and pathological results
BI-RADS confirmed 63 benign and 57 malignant masses 
in patients, with a diagnostic sensitivity of 93.33%, a diag-
nostic specificity of 80.00%, a positive predictive value of 
73.68%, a negative predictive value of 95.23%, and a diag-
nostic accuracy of 85.00% (Table 4 and Table 8).

Comparison of ultrasonic elastography parameters 
of benign and malignant breast masses
The E mean, E max, SD, and E ratio of benign and malig-
nant masses were significantly different (all P < 0.05). 
The E min was similar in benign and malignant masses 
(Table 5).

Comparison of SWE and pathological results
SWE confirmed 73 benign and 47 malignant masses, with 
a diagnostic sensitivity of 88.89%, a diagnostic specificity 
of 90.67%, a positive predictive value of 85.11%, a nega-
tive predictive value of 93.15%, and a diagnostic accuracy 
of 98.63% (Tables 6 and 8).

Comparison of BI‑RADS plus SWE and pathological results
BI-RADS confirmed 73 benign and 47 malignant masses, 
with a diagnostic sensitivity of 97.78%, a diagnostic speci-
ficity of 96.00%, a positive predictive value of 93.62%, a 
negative predictive value of 98.63%, and a diagnostic 
accuracy of 96.67% (Tables 7 and 8).

Comparison of diagnostic value of BI‑RADS, SWE, and their 
combination
The diagnostic sensitivity, diagnostic specificity, positive 
predictive value, negative predictive value, and diagnostic 
accuracy of BI-RADS, SWE and BI-RADS plus SWE were 
shown in Table  8. BI-RADS plus SWE yielded higher 
diagnostic specificity and positive predictive value than 
BI-RADS and SWE alone; BI-RADS plus SWE yielded 

Total =120

Breast fibroadenoma
Lobular adenomatous hyperplasia of breast
Papilloma
Lipoma
Inflammatory mass
Invasive ductal carcinoma
Invasive lobular carcinoma
Other masses

Fig. 1  Pathological analysis of the masses. Benign masses: breast 
fibroadenoma (40 cases) in black, lobular adenomatoid hyperplasia 
(15 cases) in dark gray, papilloma (5 cases) in light gray, lipoma 
(4 cases) in yellow, and inflammatory mass (11 cases) in green. 
Malignant masses: invasive ductal carcinoma (25 cases) in brown, 
invasive lobular carcinoma (7 cases) in blue, and other masses (13 
cases) in pink
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Fig. 2  Comparison of the size of benign and malignant masses. The 
horizontal axis shows benign tumors and malignant tumors from left 
to right, and the vertical axis represents masses size (cm). The size of 
the benign masses was (2.90 ± 0.87) cm, and that of the malignant 
masses was (2.31 ± 0.75) cm

Table 2  Two-dimensional gray scale sonographic appearance of benign and malignant breast masses

*  Means P < 0.05 for comparison between groups

Numbers Shape Margin Internal Echo

Regular Irregular Sharp Unsharp Uniform Nonuniform

Benign 75 50 25 54 21 58 17

Malignant 45 0* 45 2* 43 15* 30
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the highest diagnostic accuracy among the three meth-
ods (all P < 0.05).

Comparison of Adler grading of benign masses in CDFI 
examination
The percentage of Adler grade II-III of the benign masses 
(53.33%, 40/75) was lower than that of the malignant 
masses (86.67%, 39/45; P < 0.001; Figs. 3–4).

Discussion
Mammography is the gold standard for breast cancer 
detection; whereas, some studies have shown that breast 
ultrasonography is increasingly important in the quali-
tative diagnosis of solid masses with a higher diagnostic 
value, in which two-dimensional ultrasonography plays a 
crucial role in the clinical diagnosis of malignant masses, 
which can clearly show the morphological characteris-
tics [13–16]. In this study, the ultrasonogram of benign 
and malignant masses was significantly different regard-
ing size, shape, margin, internal echo, microcalcification, 
lateral acoustic shadow and posterior acoustic enhance-
ment. In addition, malignant masses are characterized 
by irregular mass shape and no enhancement of pos-
terior echo, which is significantly different from benign 
masses with clear margins and uniform echo. Among the 
120 solid breast masses detected in this study, 75 benign 
and 45 malignant masses were confirmed by pathological 
examination, while 69 benign and 51 malignant masses 
were confirmed by ultrasonography. It suggests that all 
malignant masses present more than one characteristic 
of malignant masses; moreover, some benign masses also 
show malignant signs such as microcalcification, which 
may be caused by secondary calcification in inflamma-
tory lesions, so careful screening should be conducted.

Although two-dimensional ultrasonography has many 
advantages, it needs to be supplemented by other meth-
ods to confirm the nature of masses due to the fact that 
the malignant masses have unclear morphological char-
acteristics in the early-stage [17–20]. The advancing of 
ultrasound technology allows for a wide application of 
Color Doppler in numerous diseases; this approach has 
a high sensitivity to blood flow and can reflect the the 
hemodynamics of the lesions, with a promising clinical 
application prospect. It is generally believed in the aca-
demic circles that there are differences in vascular mor-
phology among masses of different natures: malignant 
masses are usually rich in blood vessels, but most of them 
are neovascularized and immature, while benign masses 
have mature and complete blood vessels, laying the foun-
dation to distinguish benign and malignant masses with a 
good clinical application prospect [21–25]. In this study, 
the percentage of Adler grade II-III of the benign masses 
was lower than that of the malignant masses (53.33% vs. 

Table 3  Microcalcification, lateral acoustics and posterior 
acoustic enhancement of benign and malignant breast masses

*  Means P < 0.05 for comparison between groups

Numbers Microcalcification Lateral 
acoustics

Posterior 
acoustic 
enhancement

Benign 75 18 48 50

Malignant 45 39* 5* 5*

Table 4  Comparison of ultrasound and pathological results

Pathological

Benign Malignant Total

BI-RADS Benign 60 3 63

Malignant 15 42 57

Total 75 45 120

Table 5  Comparison of ultrasonic elastography parameters of 
benign and malignant breast masses

Benign (n = 75) Malignant (n = 45) P t

E min 13.28 ± 5.58 14.05 ± 6.34 0.695 0.488

E mean 25.67 ± 8.23 62.25 ± 17.24 15.67  < 0.001

E max 48.68 ± 14.01 124.73 ± 30.79 18.47  < 0.001

SD 10.58 ± 3.28 30.25 ± 10.57 14.99  < 0.001

E ratio 2.36 ± 0.57 4.85 ± 2.05 9.923  < 0.001

Table 6  Comparison of ultrasound and pathological results

Pathological

Benign Malignant Total

SWE Benign 68 5 73

Malignant 7 40 47

Total 75 45 120

Table 7  Comparison of ultrasound and pathological results

Pathological

Benign Malignant Total

BI-RADS plus 
SWE

Benign 72 1 73

Malignant 3 44 47

Total 75 45 120



Page 5 of 6Zheng et al. BMC Medical Imaging          (2021) 21:183 	

86.67%), indicating that CDFI can be a scientific basis to 
determine the nature of the masses. Noteworthily, some 
benign masses present identically rich blood flow signals, 
which probably lies in the hyperplasia stage of them, so 
the combination of two-dimensional images is necessary 
for judgment.

As a new ultrasonic diagnostic technology, SWE 
employs the slow-moving shear wave generated by the 
fast acoustic radiation force at various points in the 
tissue to measure the small changes in the shear wave 
propagation of different tissue hardness through the 
real-time ultra-high speed imaging technology, which 

makes up for the deficiency of conventional ultrasonog-
raphy in differentiating benign and malignant breast 
masses. In this study, the E max, E mean, and E ratio 
of malignant masses were significantly greater than 
those of benign masses, while no significant difference 
was found in E min. It indicates that the malignant 
masses have a hard elastic hardness, while the benign 
lesions have a soft elastic hardness, and that the differ-
ence between SWE plus BI-RADS and BI-RADS alone 
in differentiating benign and malignant breast masses 
is statistically significant. Malignant masses contain 
more collagen fibers with uneven distribution, show-
ing green or disorderly colored images; benign messes, 
on the contrary, have less collagen fibers with uniform 
distribution [26]. Malignant masses are associated with 
collagen cross-link, which increases the stiffness of the 
extracellular matrix and the adhesion of the masses. 
SWE can quickly and intuitively show the hardness of 
the tissue, thus increasing the diagnostic specificity, 
positive predictive value and diagnostic accuracy when 
combined with BI-RADS.

Conclusion
Collectively, Color Doppler is effective in differentiating 
benign from malignant breast masses. Whereas, SWE 
plus routine ultrasonography BI-RADS has a higher 
value in determining the nature of breast masses, which 
is worth of clinical promotion.
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System; CDFI: Color Doppler Flow Imaging; SWE: Shear wave elastography.
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Table 8  Comparison of sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy

Sensitivity (%) Specificity (%) Positive predictive 
value (%)

Negative predictive 
value (%)

Diagnostic 
accuracy 
(%)

SWE 88.89 90.67 85.11 93.15 98.63

BI-RADS 93.33 80.00 73.68 95.23 85.00

BI-RADS plus SWE 97.78 96.00 93.62 98.63 96.67

Benign mass Total =75

Grade 0
Grade I
Grade II

Fig. 3  Comparison of Adler grading of benign masses in CDFI 
examination. Black area represents grade 0 (5), dark grey area 
represents grade I (30) and yellow area grade II (40). There were no 
grade III patients

Malignant mass Total =45

Grade I
Grade II
Grade III

Fig. 4  Comparison of Adler grading of malignant masses in CDFI 
examination. Dark grey area represents grade I (6), yellow area 
represents grade II (32), and light gray area represents grade III (7). 
There were no grade 0 patients
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