
Introduction

Breast cancer is the most common cancer among women

worldwide [1]. It is essential to evaluate the nature of breast

masses accurately at an early stage. B-mode ultrasonogra-

phy (BUS) has been proven to be useful in differentiating

benign from malignant breast masses [2, 3], although this

modality is limited by its low specificity [4, 5]. Elasticity is

an important reference value for disease diagnosis, which is

closely related to biological characteristics. Ultrasound elas-

tography has attracted the attention of clinicians for ex-

tending the connotation of ultrasonic diagnosis theory and

the scope of ultrasonic diagnosis. Studies have shown that

real-time tissue elasticity imaging (RTE), strain rate ratio

elasticity imaging (SR), and acoustic radiation force impulse

(ARFI) elastography have the potential to differentiate be-

nign from malignant breast masses [6-10]. Currently, many

ultrasonic diagnostic instruments are equipped with elastic

imaging software, making elasticity imaging more and more

popular [11-13]. To find the best method of ultrasonic elas-

ticity for diagnosing breast mass properties, the authors ex-

amined the application value in the differential diagnosis

using real-time tissue elasticity imaging (RTE), strain rate

ratio elasticity imaging (SR), and acoustic radiation force

elastic imaging (ARFI) methods by comparing ultrasound

images with postoperative pathologic results of 97 breast

masses.

Materials and Methods

This prospective study was approved by the First Affiliated

Hospital of the Medical College of Shihezi University Ethical Re-

view Committee and all patients signed informed consent.

In total, 97 masses in 97 patients who were ready to undergo

mastectomy at the First Affiliated Hospital of Shihezi University

Medical College were enrolled in this study from February 2014

to April 2015, undergoing US, RTE, SR, and ARFI checks in turn.

The sizes of the masses were 0.7×0.5×0.7 cm to 0.7×1.7×3.8 cm.

The ages ranged from 21-78 years, and the average age was 46.69

± 12.84 years. The diagnostic golden standard of all masses were

based on pathologic diagnoses. The patients had never been

treated with radiotherapy, chemotherapy, or endocrine therapy

pre-operatively.

RTE and SR were performed using 9L4, a real-time linear array

high-frequency probe. A real-time tissue elastography unit was

used for SR measurement. ARFI was performed using a color

Doppler ultrasonic diagnosis apparatus. A 9L4 probe with a fre-

quency of 5.0~14.0 MHz was applied to perform ARFI technol-

ogy.

At first, the authors set the instruments on breast check condi-

tions. Patients were instructed to assume a supine position, to fully
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Summary

Background: To evaluate the application of three elastography methods including real-time tissue elasticity imaging (RTE), strain rate

ratio elasticity imaging (SR), and acoustic radiation force elastic imaging (ARFI) in two ultrasound instruments for the diagnosis of be-

nign and malignant breast lesions. Materials and Methods: The authors examined 97 breast nodules of 97 patients who were ready to

undergo adenomammectomy. For each patient, RTE was applied to determin nodule properties by level 5 score method, SR was applied

to measure the strain rate ratio of targeted nodules, and the surrounding mammary glands at the same level, ARFI was applied to meas-

ure internal and marginal shear wave velocity (SWV) values of targeted nodules. Results: The sensitivity and specificity of RTE, SR,

the internal SWV values, and marginal SWV values were more than 80% in diagnosing breast nodules. Area under the curve of RTE,

SR, the internal SWV values, and the marginal SWV values in diagnosis of benign and malignant breast nodules were 0.923, 0.934, 0.934

and 0.916, respectively. No significant differences were found among the four values for the diagnosis efficiency. Conclusions: RTE,

SR, and ARFI are all highly valuable in diagnosing benign and malignant breast nodules.

Key words: Ultrasonic elastography; Breast masses; Real-time tissue elasticity imaging; Strain rate ratio elasticity imaging; Acoustic

radiation force elastic imaging; Differential diagnosis.
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expose the breasts, and to raise both hands over heads. The gen-

eral characteristics of mammary gland masses were examined by

routine ultrasound for size, shape, location, boundary, aspect ratio,

echo, and whether or not there was attenuation and calcifications.

RTE-graded elastic images were judged according to the Tsukuba

Elasticity Score, [14] as follows: 1 point, the entire mases was

green, 2 points, the masses were a mosaic of green and blue, 3

points, the peripheral areas of the masses were green and the cen-

ter was blue, 4 points, the entire mass was blue, and 5 points, both

the mass and the surrounding tissue were blue. The elasticity im-

ages were diagnosed as benign with a score of 1-3 points and ma-

lignant with a score of 4-5 points. The authors activated the

elasticity imaging function, setting the upper bound as breast hy-

podermic adipose tissue and the lower bound as chest muscle tis-

sue, with both sides including at least 5 mm of surrounding

tissues. The authors set the hand-held probe slightly vibrated in

masses areas, which was appropriate when the QF value of the

instrument display screen was between 45 and 60. For ARFI tech-

nology, the authors gently controlled the probe without pressure

on the targeted masses. Then, elastic sampling frames were set

vertically to the scanning parts of the region of interest (ROI) to

record the shear wave velocity (SWV). Caution was exercised to

avoid the calcification and liquefied necrotic areas. As the meas-

urable SWV range was 0~9 m/s, it could be taken as 9 m/s if the

value was beyond the measurable scope of the instrument when

appearing as “x.xx m/s”.

SPSS13.0 software was used for data processing. Measurement

data are presented as ±s. A t-test was used for comparisons among

groups. A χ

2

test was used for count data. Drawing the RTE, SR,

and SWV ROC curve, Delong’s test was utilized for the differ-

ences in the area under the curve (AUC). The tangency point of

the highest point of the Youden index was considered the best cut-

off value. The pathologic diagnosis was designated as the gold

standard. The sensitivity, specificity, and accuracy of RTE, SR,

and SWV in diagnosing benign and malignant breast masses were

calculated. A p < 0.05 for the difference was considered statisti-

cally significant.

Results

Among the 97 masses, 36 were malignant and 61 were

benign. The age range was 21-81 years, and the average

age was 46.69 ± 12.84 years. The average age of patients

with malignant masses was 54.94 ± 11.72 years, and the

average age of patients with benign masses was 52.82 ±

10.89 years; no statistically significant difference existed

between patients with benign and malignant masses.

Thirty-six malignant masses (33 infiltrating ductal carci-

nomas, one invasive lobular carcinoma, one ductal carci-

noma in situ, and one acidophil breast carcinoma), and 61

benign masses (22 fibromas, 21 adenomas, seven adenosis

with adenomas, three adenosis with intraductal papillomas,

two fat necrosis, two adenosis with fibromas, one lipoma,

one plasmocytic mammitis, one mammary duct expansion,

and one papilloma) were reported. The specific distribution

of variety pathologic results are shown in Table 1.

The sensitivity of RTE in diagnosing benign and malig-

nant masses was 80.3% (49/61), the specificity was 100%

(36/36), the accuracy rate was 87.65% (85/97), the Youden

index was 0.803 (0.803+1-1), the positive predictive value

was 100% (49/49), and the negative predictive value was

75% (36/48). The specific results are shown in Table 2 (Fig-

ures 1A and 1D).

The range of 61 benign breast masses SR values was

from 1.06-6.41, and the average value was 2.39, while the

range of SR value of 36 malignant mammary gland masses

was from 2.16-16.33, and the average value was 5.66. The

SR values of malignant mammary gland masses were

higher than the benign breast masses, without a statistically

significant difference (t = -8.387, p = 0.000; Figures 1A and

Figure 1D). Using 2.89 m/s as the best cut-off value, the

authors achieved the greatest Youden index for diagnosing

benign and malignant breast masses. The sensitivity was

83.6% (51/61), the specificity was 97.2% (35/36), the ac-

curacy rate was 88.7% (86/97), the Youden index was 0.808

(0.836 + 0.972-1), the positive predictive value was 98.1%

(51/52), and the negative predictive value was 97.2%

(35/45). The specific results are shown in Table 3.

The internal SWV results of the masses were as follows:

the SWV values of 61 breast benign masses were from

1.33-9.00 m/s, the average was 3.19 m/s, SWV values of 36

malignant breast masses were from 1.74-9.00, and the av-

erage was 8.46 m/s. The SWV values of malignant masses

were higher than benign breast masses with a significant

statistically difference (t = -13.311, p < 0.001; Figures 1B

and 1E). Using 8.85 m/s as the best cut-off value, the value

of the ARFI method for diagnosing benign and malignant

breast masses were as follows: the sensitivity was 93.4%

(57/61), the specificity was 91.7% (33/36), the accuracy

rate was 92.8 (90/97), the Youden index was 0.851 (0.934

+0.917-1), the positive predictive value was 95.0% (57/60),

and the negative predictive value was 89.2% (33/37). The

Table 1. — Pathologic results of the examined malignant
and benign breast masses.
Pathologic diagnosis No. of masses (%) 

Malignant (n=36) 

Invasive ductal carcinoma 33 (91.6)  

Invasive lobular carcinoma 1 (2.8)  

Ductal carcinoma in situ 1 (2.8)  

Oncocytic carcinoma of breast 1 (2.8)  

Benign (n=61) 

Fibrocystic change 22 (36.1)  

Fibroadenoma 21 (34.4)  

Papilloma 1 (1.6)  

Adiponecrosis 2 (3.3)  

Lipoma 1 (1.6)  

Other 14 (23.0)  

Table 2. — RTE values to identify benign and malignant
breast masses.
RTE Pathologic diagnosis Total 

Benign Malignant 

Benign (score ≤ 3) 49 0 49  

Malignant (score ≥ 4) 12 36 48  

Total 61 36 97  
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specific results are shown in Table 4. 

The marginal SWV values of 61 benign breast masses

were from 1.17-9.00 m/s, and the average value was 2.70

m/s. The marginal SWV values of 36 malignant breast

masses were from 2.08-9.00 m/s, and the average value was

8.27 m/s. The marginal SWV values of malignant breast

masses were higher than benign breast masses; the differ-

ence was statistically significant (t = 16.048, p < 0.001; Fig-

ures 1C and 1F). Using 8.74 m/s as the best cut-off value,

the values of the ARFI method for diagnosing the benign

and malignant breast masses were as follows: the sensitiv-

ity, specificity, and accuracy rate were 98.4% (60/61),

88.9% (32/36), and 94.8% (92/97), respectively. The

Youden index was 0.873 (0.984 + 0.889-1), the positive

predictive value was 93.8% (60/64), and the negative pre-

dictive value was 97.0% (32/33). The specific results are

shown in Table 5. 

ROC curves of SR values, the internal SWV values, and

the marginal SWV values were used to diagnose benign

and malignant masses (Figure 2). The diagnostic efficien-

cies of RTE, SR, the internal SWV values, and the marginal

SWV values were compared. No significant difference oc-

curred in the diagnostic efficiency between any two meth-

ods (p > 0.05). The specific results are shown in Table 6. 

Figure 1. — Two hypoechoic masses on ultrasonography, which are benign (A, B, and C) and invasive ductal carcinoma (E, F, and G)

by postoperative pathologic results, respectively. (A) RTE elasticity score is 3 and SR is 1.20. (B) The internal SWV value is 2.85 m/s.

(C) The marginal SWV value is 2.37 m/s. (E) RTE elasticity score is 4 and the SR is 5.06. (F) The internal SWV value is X.XX m/s.

(G) The marginal SWV value is X.XX m/s.

Figure 2. — ROC curves of RTE, SR, the internal SWV value,

and the marginal SWV value.
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Discussion

Currently, tissue elastic information is an important ref-

erence value for disease diagnosis; however, traditional

medical imaging methods, such as ultrasound, MRI, and

CT, do not directly provide tissue elasticity information.

With the development of physics and ultrasound technol-

ogy, elastic imaging has had a significant impact in re-

flecting tissue hardness. Based on the difference in elastic

coefficient between breast tumor and normal tissue, the au-

thors determined whether or not the breast masses were be-

nign or malignant. [15] Currently, RTE, SR, and ARFI have

become new methods for evaluating breast masses; how-

ever, few related reports have discussed whether or not

there is any difference among the three methods for the

identification of benign and malignant breast masses. The

present study compared the nature of breast masses through

three kinds of elastography.

In this study, the diagnostic performance of RTE in di-

agnosing benign and malignant breast masses were as fol-

lows: the sensitivity was 80.3%, the specificity was 100%,

the accuracy rate was 87.65%, the Youden index was 0.803,

the positive predictive value was 100%, the negative pre-

dictive value was 75%, and the area under the ROC curve

was 0.923. This study confirmed that RTE had high diag-

nostic value in the diagnosis of benign and malignant breast

masses, especially when the specificity reached 100%. This

is inconsistent with other published papers. Thomas et al.
[16] reported that the sensitivity and specificity was 79.6%

and 91.5% when evaluating 108 breast masses with RTE

technology, respectively. Itoh et al. [17] also reported high

sensitivity of 89.3% and specificity of 93.1% in the first

and second stages for evaluating 111 masses. The reasons

why the specificity reached 100% in this study were as fol-

lows: experience and skills; strictly complying with the

elastic process, and strictly chosen cases [18-20]. The rea-

sons why 12 cases were diagnosed incorrectly by RTE in

this study were as follows. First, the fibrosis and calcifica-

tions in benign masses made the RTE score higher, while

liquefaction and bleeding in malignant masses lowered the

RTE score. Second, there was poor cooperation of patient

breathlessness in the process of the actual data collection.

Finally, the depth of the measurement and some unknown

factors, such as the size of the mass. 

SR evaluated the elasticity of suspected masses by cal-

culating the average strain rate of suspected masses with

that of adjacent gland or adipose tissues to obtain objective

assessment values [21]. In this study, the SR values of 61

benign breast masses ranged from 1.06-6.41, and the aver-

age value was 2.392. The SR values of 36 malignant breast

masses were from 2.16-16.33, and the average value was

5.665. The average SR value of the malignant masses was

higher than the benign masses (t = -8.387, p < 0.001). The

best cut-off value (2.89 m/s) for diagnosing benign and ma-

lignant breast masses had the largest Youden index. The

sensitivity was 83.6%, the specificity was 97.2%, the ac-

curacy rate was 88.7%, the Youden index was 0.808, the

positive predictive value was 98.1%, the negative predic-

tive value was 97.2%, and the best cut-off point was 2.89.

The results in this study were lower than the results re-

ported by Parajuly et al. [22] who designated 3.54 as the

best cut-off value with a sensitivity of 94.6% and a speci-

ficity of 94.3%. The reasons may be related to race and

cases.

ARFI is generated by applying acoustic radiation force to

form taps force towards targeted tissues [23-25]. The tis-

sues driven by radiation forces may result in lengthwise and

horizontal shifting. The propagation velocity (m/s) of the

shear wave was tested by transverse displacement per unit

time of tissue, which reflects the flexibility of the tissues.

The faster the shear wave velocity propagation velocity, the

harder the mass. This study measured the SWV values of

the center and border masses to explore the best SRFI for

diagnosing benign and malignant breast masses. The results

Table 6. — Pairwise comparison of ROC curves.
Methods Difference Z statistic Significance 

between level

areas

RTE vs. SR 0.018 0.657 0.511  

RTE vs. internal SWV value 0.023 0.526 0.599  

RTE vs. marginal SWV value 0.002 0.042 0.967  

SR vs. internal SWV value 0.005 0.117 0.907  

SR vs. marginal SWV value 0.017 0.401 0.689  

Internal SWV value vs.  0.022 1.172 0.241 

marginal SWV value

Table 3. — SR to identify benign and malignant breast
masses.
SR Pathologic diagnosis Total 

Benign Malignant 

Benign (< 2.89) 51 1 52  

Malignant (≥ 2.89) 10 35 45  

Total 61 36 97  

Table 4. — The internal SWV values of masses to identify
benign and malignant breast masses.
The internal SWV value Pathologic diagnosis Total 

Benign Malignant 

Benign (< 8.85) 57 3 60  

Malignant (≥ 8.85) 4 33 37  

Total 61 36 97  

Table 5. — The marginal SWV values to identify benign
and malignant breast masses.
Border of masses Pathologic diagnosis Total 

Benign Malignant 

Benign (< 8.74) 60 4 64  

Malignant (≥ 8.74) 1 32 33  

Total 61 36 97 
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of center masses were as follows: the SWV values of 61

benign breast masses ranged from 1.33-9.00 m/s, the aver-

age value was 3.19 m/s, 36 SWV values of malignant breast

masses ranged from 1.74-9.00 m/s, and the average was

8.46 m/s. The SWV values of malignant breast masses were

higher than the benign masses, and the difference was sta-

tistically significant (t = -13.311, p < 0.001). Using 8.85

m/s as the best cut-off value, the sensitivity, specificity, and

accuracy rate for diagnosing benign and malignant breast

masses with the ARFI method were 98.4%, 88.9%, and

94.8%, respectively. The Youden index was 0.873, the pos-

itive predictive value was 93.8%, and the negative predic-

tive value was 97.0%. The two kinds of ARFI methods in

this study had high diagnostic efficiency, which was simi-

lar to previous reports [26-28]. The misdiagnosis was

caused by fibroadenomas, which were related to the hy-

perplasia of mesenchymal and glandular epithelial cells.

The texture was usually soft when it was rich in mu-

copolysaccharides. The thick calcification foci, collagen,

and hyaline degeneration internally would make the tissues

hard, which could increase the RTE score and the Vm of

SWV to cause false-positive results. If the IDC volume was

relatively large and the disease course was relatively long,

hemorrhage and necrosis would result to smaller RTE

scores and the Vm of SWV, which would lead to misdiag-

nosis. The diagnostic accuracy would be affected by the

low quality of elastography if the masses were too large,

the locations were too shallow or too deep, lacking the con-

trol of surrounding normal gland tissue. 

Some limitations existed in this study. First, the authors

did not evaluate the inter- and intra-observer variability in

data interpretation. Second, the number of cases is rela-

tively small, especially for the breast cancer with special

pathology. Large sample multicenter studies should be car-

ried out in order to get better cut-off values and better di-

agnostic instruments.

Conclusions

To sum up, RTE, SR, the internal SWV values, and the

marginal SWV values all have higher diagnostic values in

diagnosing benign or malignant breast masses. The area

under the ROC curve was > 0.9. No significant difference

occurred between any two models of the three elastic tech-

nologies in diagnostic efficiency.
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