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PURPOSE  
We aimed to determine the correlations between the elas-
ticity values of solid breast masses and histopathological 
findings to define cutoff elasticity values differentiating ma-
lignant from benign lesions.

MATERIALS and METHODS
A total of 115 solid breast lesions of 109 consecutive patients 
were evaluated prospectively using shear wave elastography 
(SWE). Two orthogonal elastographic images of each lesion 
were obtained. Minimum, mean, and maximum elasticity 
values were calculated in regions of interest placed over the 
stiffest areas on the two images; we also calculated mass/fat 
elasticity ratios. Correlation of elastographic measurements 
with histopathological results were studied.

RESULTS
Eighty-three benign and thirty-two malignant lesions were 
histopathologically diagnosed. The minimum, mean, and 
maximum elasticity values, and the mass/fat elasticity ratios 
of malignant lesions, were significantly higher than those of 
benign lesions. The cutoff value was 45.7 kPa for mean elas-
ticity (sensitivity, 96%; specificity, 95%), 54.3 kPa for maxi-
mum elasticity (sensitivity, 95%; specificity, 94%), 37.1 kPa 
for minimum elasticity (sensitivity, 96%; specificity, 95%), 
and 4.6 for the mass/fat elasticity ratio (sensitivity, 97%; 
specificity, 95%).

CONCLUSION
SWE yields additional valuable quantitative data to ultra-
sonographic examination on solid breast lesions. SWE may 
serve as a complementary tool for diagnosis of breast lesions.  
Long-term clinical studies are required to accurately select 
lesions requiring biopsy.

B reast cancer is associated with high morbidity; ~1.38 million new 
cases and 458 000 deaths occur annually worldwide (1). Breast 
cancer is by far the most common cancer in females of both de-

veloped and developing countries, and remains a major public health 
problem. 

Annual mammographic screening is valuable for early detection of 
breast cancer, reducing mortality and morbidity, particularly of patients 
with tumors in fatty breast tissue (2). Increase in breast tissue density 
over time is a serious problem; this reduces the diagnostic accuracy of 
breast cancer, especially in younger females (3). Thus, as the proportion 
of glandular breast tissue rises, other imaging methods are required (4).

Gray-scale ultrasonography is a valuable adjunct to mammography 
and other breast imaging methods, affording highly sensitive assess-
ment of breast masses and differentiating benign solid breast lesions 
from those that are malignant (5–7). However, ultrasonography is 
strongly subjective and poorly specific (8–10).

Breast biopsy remains the gold standard for definitive diagnosis of sus-
picious breast lesions. Although the total number of females referred for 
interventional diagnostic procedures represents a small percentage of 
any screened population, the healthcare resources consumed by such 
females are disproportionately high (11). Further, the pathological re-
sult is benign in up to 75% of all cases (11–13). Therefore, a reliable, 
noninvasive, costeffective method helping to differentiate benign from 
malignant breast lesions, thus reducing the number of unnecessary in-
terventional diagnostic procedures, would be valuable.

Sonoelastography uses ultrasound to assess tissue stiffness (elastici-
ty), which can be described using Young’s modulus: E=σ/ε, where σ is 
the applied stress and ε the resultant tissue deformation. Two principal 
sonoelastographic approaches are available; these are static (strain) and 
transient (vibration; shear wave) elastography. In static elastography, 
a transducer is used to compress tissue and the resulting strain is pre-
sented as a color map of tissue elasticity superimposed on the real-time 
gray-scale sonogram.

Static elastography is associated with significant interobserver variabil-
ity, and uses elastographic scoring (ES) or strain ratio (SR) measurement 
as a diagnostic parameter. Both ES and SR are subjective semi-quantita-
tive measures (14, 15). Shear wave elastography (SWE) is a novel tech-
nique applicable to soft tissue. In SWE, transverse shear waves spreading 
laterally from the tissue are tracked, and the speed of propagation calcu-
lated. SWE yields real-time quantitative data and is highly reproducible 
compared to static elastography (16, 17). Reproducibility of the latter 
technique is considered to be a major problem and may compromise 
patient outcomes. Thus, further work on the utility of SWE is needed. 
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In the present study we sought to 
correlate the SWE values of a series of 
solid breast masses with histopatholog-
ical findings, and to determine cutoff 
elasticity values allowing benign and 
malignant tumors to be distinguished. 

Materials and methods
Patient selection

This prospective study was performed 
between January 2012 and December 
2012 on 115 lesions of 109 patients 
(107 females, two males). All patients 
gave written informed consent to biop-
sy and use of images. Of all patients, 103 
had a single lesion whereas six had two 
lesions. The age range was 17–87 years 
and the mean age 51 years. Patients 
with ultrasonographically identifiable 
Breast Imaging-Reporting and Data Sys-
tem (BI-RADS) category III, IV, and V 
solid breast lesions who were referred 
to our breast radiology department for 
ultrasonography-guided biopsy were 
included in the present study. Patients 
who had undergone any interventional 
procedure (biopsy, surgery, etc.) to treat 
a solid breast lesion in the three months 
prior to biopsy were excluded.

Imaging
Prior to performance of ultrasono-

graphically guided percutaneous biopsy, 
all patients first underwent gray-scale 
ultrasound examination and then elas-
tography. Both ultrasonography and 
sonoelastography were performed by an 
experienced radiologist (D.Ç.O., eight 
years of experience). All ultrasound and 
SWE examinations were performed us-
ing a 4-15 MHz linear transducer (Super-
Sonic Imagine, Aix en Provence, France). 
During gray-scale ultrasonographic ex-
amination, lesion size (length, width, 
and depth) were measured, and elas-
tography followed. The display presents 
elastograms overlaid on gray-scale imag-
es, assisting in anatomical localization 
of any mass. SWE was conducted with 
the aid of a movable intelligent unit dis-
playing tissue stiffness on a color scale; 
progression from blue to red indicates 
increasing shear modulus (stiffness). Tis-
sue data were also displayed in kilopas-
cals (kPa), guiding delineation of regions 
of interest (ROIs). The upper scale limit 
may be manually adjusted, but a change 
in limits does not affect measured shear 
modulus values. We used a lower limit 
of 10 kPa so that all tissues (including 
both fatty tissue and a mass) within 
the rectangular display were red. This 

was to blind the radiologist (D.Ç.O.) to 
differences in tissue stiffness while con-
ducting examinations. Two orthogonal 
elastographic cineloops at least 10 s in 
duration were obtained. During acquisi-
tion, patients were told to breathe slight-
ly and to not move otherwise. 

Image analysis
As explained above, D.Ç.O. acquired 

elastographic data but elastographic 
measurements were performed by an-
other experienced radiologist (H.Y., 10 
years of experience). Both radiologists 
were blinded to mammographic and 
clinical findings, and H.Y. was also 
blinded to ultrasonographic data. H.Y. 
adjusted the lower limit of the chromat-
ic scale to 180 kPa, to render differenc-
es in tissue stiffness evident. Optimum 
images were chosen from cineloops; 
these images clearly showed the lesions 
surrounded by homogenous, poorly 
elastic, normal, or fatty breast tissue dif-
fering in color from that of the lesion. 
Inbuilt SWE software allowed the oper-

ator to delineate circular ROIs of vari-
ous diameters within the elastographic 
window, and automatically displayed 
shear modulus data (in kPa) for each 
ROI; these included maximum, mini-
mum, and mean values with standard 
deviations. As each ROI was moved 
around the image with a cursor, the 
elastographic values were immediately 
displayed in a data box, allowing the 
ROI to be placed in the area of greatest 
stiffness. We used ROIs 2 mm in diam-
eter. Minimum, mean, and maximum 
elasticity values were calculated in ROIs 
placed over the stiffest areas on the col-
or maps, and mass/fat ratios were also 
determined (Fig. 1). We used breast fat 
tissue as a comparator because this var-
ies minimally by geographic location, 
age, hormonal condition, or pathology. 
The ROI of breast fatty tissue was of the 
same dimensions as the corresponding 
breast lesion. The maximum areas of 
stiffness in malignant lesions were al-
most always in the peritumoral stroma 
rather than the lesional centers, and we 

Figure 1. Shear wave elastographic evaluation of a BI-RADS III biopsy-proven fibroadenoma. 
The B-mode image is shown below the color-coded elasticity map. ROIs were delineated 
around the stiffest areas on the color maps. All lesions were coded blue during shear wave 
elastographic ultrasound examination. The ROI of breast fat tissue was of the same size and 
depth as that of the corresponding lesion. Mean lesion elasticity, 14.6 kPa; mean fat tissue 
elasticity, 7.2 kPa; mass/fat ratio, 2.04; ROI diameter, 2 mm.
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were careful to adequately image these 
regions (Fig. 2).

Statistical analysis
Statistical analyses were conduct-

ed using of the Statistical Package for 
the Social Sciences (SPSS) (version 
19.0 for Windows, SPSS Inc., Chicago, 
Illinois, USA). Normal data distribu-
tion was confirmed using the Kolm-
ogorov-Smirnov method, which also 
assisted in selection of parametric or 
nonparametric testing. Differences in 
lesion size and depth; mean, maxi-
mum, and minimum elasticity values; 
and mass/fat elasticity ratios, among 
patients with benign and malignant 
histology, were evaluated using the 
Mann-Whitney U test. Differences in 
elastographic data on benign lesions 
with and without sclerosing compo-
nents were also evaluated using the 
Mann-Whitney U test. Elastographic 
data on malignant lesions were ana-
lyzed in an effort to detect differences 
when the invasive carcinomas varied 
in terms of histopathological grade. 

Receiver operator characteristic (ROC) 
curves were constructed for the mean, 
maximum, and minimum elasticity val-
ues; and the mass/fat elasticity ratios. 
The values of these parameters maximiz-
ing diagnostic accuracy were obtained, 
and we calculated sensitivity and spec-
ificity values, and negative (NPV) and 
positive predictive values (PPV).

Results
Totals of 15 (13%) BI-RADS III, 84 

(73%) BI-RADS IV, and 16 (14%) BI-
RADS V lesions were histopathologi-
cally evaluated. Of all lesions, 83 (72%) 
were benign and 32 (28%) malignant. 
The most common benign lesion was 
fibroadenoma (n=48), whereas invasive 
ductal carcinoma (n=23) was the most 
common malignant lesion (Table 1). 

The mean age of patients with be-
nign histopathological findings was 
47.8±12.0 years, and the mean age 
of those with malignant lesions was 
56±12.5 years (P = 0.003). Both the 
length and width of malignant lesions, 
were significantly greater than those 
of benign lesions (longitudinal×trans-
verse: benign, 15×9 mm; malignant, 
20×14 mm; both P values < 0.002). 
Mean lesion depth did not differ sig-
nificantly (benign, 7.4 mm; malignant, 
7.1 mm; P > 0.05).

The minimum, mean, and maxi-
mum elasticity values, and the mass/

fat ratio of benign histopathologic le-
sions were 19.59 kPa, 25.25 kPa, 31.26 
kPa, and 2.43, respectively. All elasto-
graphic measures of malignant lesions 
were significantly higher than those of 
benign lesions (Table 2).

The areas under the ROC curves were 
0.973 for mean elasticity, 0.969 for 
minimum elasticity, 0.972 for maxi-
mum elasticity, and 0.987 for mass/fat 

elasticity ratio (Fig. 3). The cutoff val-
ues affording the maximal predictive 
accuracy were 37.05 kPa, 45.70 kPa, 
54.25 kPa, and 4.70, respectively, for 
the minimum, mean, and maximum 
elasticity values, and the mass/fat ratio. 
The sensitivities, specificities, NPVs, 
and PPVs derived using these values 
are summarized in Table 3. The elas-
tographic mass/fat ratio was the most 

Table 1. Final histopathologic diagnosis in 115 solid breast lesions

Histopathology	 Number of lesions

Malignant histopathology	 32

	 Invasive ductal carcinoma	 25

	 Invasive lobular carcinoma	 3

	 In situ ductal carcinoma	 1

	 Invasive micropapillary carcinoma	 1

	 Mucinous (colloidal) carcinoma	 1

	 Mixed type invasive carcinoma	 1

Benign histopathology	 83

	 Neoplastic	 55

	    Fibroadenoma	 48

	    Intraductal papilloma	 5

	    Benign philloides tumor	 2

	 Non-neoplastic	 28

	    Fibrocystic changes	 18

	    Active chronic mastitis	 4

	    Intramammarian lymph node	 3

	    Fat necrosis	 3

Figure 2. a, b. Gray-scale and color Doppler ultrasonographic evaluation of a BI-RADS V lesion 
that proved to be a grade II invasive ductal carcinoma (a). Peripheral vascularization was 
evident on color Doppler imaging. Evaluation via shear wave elastography (b) showed that the 
maximum areas of stiffness were almost always located in the peritumoral stromal regions, and 
we thus placed the ROIs in these regions. Stiff areas were found only at lesion peripheries, and 
were coded red-yellow. Lesion centers were almost pure blue in color. The ROI of the breast fat 
tissue was of the same dimensions as the corresponding lesion. Mean lesional elasticity, 177.2 
kPa; mean elasticity of fat tissue, 11.4 kPa; mass/fat ratio, 15.58; ROI diameter, 2 mm.

a b
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useful parameter, with a sensitivity of 
97%, a specificity of 95%, a PPV of 88%, 
and an NPV of 99%. When the cutoff 
values for mean elasticity and mass/
fat elasticity ratio were combined, the 
sensitivity became 96%, the specificity 
91%, the PPV 91%, and the NPV 99%. 

Sclerosing adenosis is difficult to de-
fine pathologically. The mean elastic-
ity and mass/fat elasticity ratio were 
significantly higher for benign lesions 

with than without sclerosing com-
ponents (P < 0.03) (Fig. 4, Table 4). 
Lesions with sclerosing components 
were sclerosing intraductal papilloma, 
sclerosing adenosis, and fibroadenoma 
with sclerosing adenosis.

We observed that the elasticity values 
of malignant lesions varied by lesion-
al grade (P < 0.02). Low-grade lesions 
(ductal carcinoma in situ and grade 1 
lesions) had lower minimum, mean, 

and maximum elasticity values than 
did high-grade lesions (Fig. 5, Table 4). 

Discussion
We have shown that several shear 

wave elastographic parameters, includ-
ing the minimum, mean, and maxi-
mum elasticity values, and the mass/
fat ratio, can be used to differentiate 
benign from malignant solid breast le-
sions. SWE differs from conventional 
elastography in that the former tech-
nique yields quantitative data and 
appears to be more reproducible and 
objective (16). In the present work, 
the most useful and reproducible mea-
sure was the mass/fat elasticity ratio, 
unlike what was found by Wang et al. 
(P < 0.01 vs. P = 0.088) (18). Breast fat 
tissue shows minimal elastographic 
variability, and the elasticity values are 
very low, supporting the use of fat tis-
sue stiffness as a comparator (16, 19). 
Probe compression raises elastograph-
ic values, increasing the likelihood of 
overdiagnosis. The mass/fat elasticity 
ratio is not influenced by compression 
because breast fat tissue and the lesion 
are subjected to the same pressure.  

Lesion heterogenity which was evi-
dent upon gray-scale ultrasonography 
has been used to differentiate benign 
from malignant breast masses. Evans 
et al. (16) suggested that elastographic 
standard deviation was a useful mea-
sure of heterogeneity, differentiating 
benign from malignant lesions, because 
the value was significantly higher in 
patients with malignant histopatholo-
gy. The maximum elasticity values of 
malignant lesions were almost always 
associated with the peritumoral stroma 
rather than the centers of the lesions, 
and may reflect a combination of un-
resolved spiculation and a surrounding 
desmoplastic reaction (20, 21). Also, 
the centers of some lesions did not 
yield measures of shear elastic modu-
lus. Thus, it is sometimes impossible to 
obtain data from an entire lesion. We 
suggest that standard deviations do not 
reflect the heterogeneity of the entire 
lesion because, in shear wave elastog-
raphy, the values are obtained from a 
fixed ROI, generally the stiffest peritu-
moral area. If it were important to ex-
plore lesion heterogeneity, freehand 
ROI drawing techniques would be re-
quired, but are not yet available.

The mean elasticity cutoff value yield-
ing the maximum sum of specificity and 
sensitivity was 45.70 kPa, whereas Evans 

Table 2. Average gray-scale ultrasonographic and elastographic measurements of benign 
and malignant lesions

		  Benign lesions	 Malignant lesions	 P

Patient age (years)	 47.76	 56.37	 < 0.05

Minimum elasticity value (kPa)	 19.59 	 112.40 	 < 0.01

Mean elasticity value (kPa)	 25.25 	 156.66 	 < 0.01

Maximum elasticity value (kPa)	 31.26 	 184.54 	 < 0.01

Mass/fat elasticity ratio	 2.43	 11.4	 < 0.01

Lesion depth (mm)	 7.4	 7.09 	 > 0.05

Lesion size (mm)	 15×9 	 20×14	 < 0.05

kPa, kilopascal.

Table 3. Sensitivity, specificity, negative and positive predictive values according to shear 
wave elastography cutoff values of minimum elasticity 37.05 kPa, mean elasticity 45.70 kPa, 
maximum elasticity 54.25 kPa, and mass/at ratio 4.70

		  Minimum 	 Mean	 Maximum	 Mass/fat
		  elasticity value	 elasticity value	 elasticity value	 elasticity ratio

Sensitivity	 96.5%	 96.5%	 96.4%	 96.7%

Specificity	 95.3%	 95.3%	 94.3%	 96.5%

Negative predictive value 	 98.8%	 98.8%	 98.8%	 98.8%

Positive predictive value 	 87.5%	 87.5%	 84.4%	 90.6%

Table 4. Factors affecting shear wave elastography measurements for benign and malig-
nant lesions

			   Minimum 	 Mean	 Maximum	 Mass/fat
			   elasticity value	 elasticity value	 elasticity value	 elasticity ratio

Benign lesions				  

Sclerosing component				  

	 Present (n=5)		  36.46 kPa	 46.24 kPa	 53.34 kPa	 3.57

	 Absent (n=78)		  18.51 kPa	 23.90 kPa	 29.84 kPa	 2.35

		  P	 0.082	 0.042	 0.087	 0.034

Malignant lesions				  

Histological grade of the lesion				  

	 Grade 1 (n=3)		  50.40 kPa	 64.30 kPa	 74.1 kPa	 5.62

	 Grade 2–3 (n=28)		  116.80 kPa	 162.5 kPa	 191.1 kPa	 11.68

		  P	 0.026	 0.013	 0.010	 0.061
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et al. (16) and Chang et al. (22) calcu-
lated mean elasticity cutoff values of 50 
kPa and 80.17 kPa, respectively. In our 
present study, the  mean elasticity cutoff 
value was associated with a sensitivity, a 
specificity, an NPV, and a PPV of 97%, 
95%, 99%, and 88%, respectively. We 
found that elasticity measures differen-
tiated benign from malignant lesions 
more effectively than noted by Evans 
et al. (16) (sensitivity, 97%; specificity, 
83%; NPV, 95%; and PPV, 88%) and 
Chang et al. (22) (sensitivity, 89%; spec-
ificity, 85%; NPV, 89%; and PPV, 85%). 
The publication of more data in the in-
tervals since the cited reports appeared, 
and use of a standardized examination 
protocol, may explain our better results.

Interestingly, the histopathological 
grades of invasive cancers (and of scle-
rosing components of breast lesions) 
were significantly associated with 
shear wave elastographic measures. 
This finding is in line with those of 
recent studies showing relationships 
between shear wave elastographic 
findings and histological prognostic 
factors (23, 24). A higher histological 
grade was associated with a higher 
mean stiffness in both cited studies. In 
the present study, we also found that 
higher-grade lesions had higher mini-
mum and maximum elasticity values. 
High-grade breast lesions tend to exert 
stronger desmoplastic effects on peri-
tumoral tissues. The numbers of mito-
ses increased, reflecting enhanced cel-
lularity and an excessive desmoplastic 
reaction, explaining why a high-grade 
cancer may exhibit high stiffness val-
ues (25). Further, low-grade malig-
nant lesions and benign lesions with 
sclerosing components tend to yield 
to false-negative and false-positive 
results, respectively. This shows that 
malignant and benign breast lesions 
exhibit overlapping features, as report-
ed in previous studies (16, 18, 22, 26).

Our study had some limitations. 
First, our patient series was relatively 
small, but we suggest that the experi-
ences of other centers will confirm our 
findings. Second, not all histological 
types of malignant and benign lesions 
were represented. Multicenter prospec-
tive studies are needed to overcome 
this limitation. Third, we did not as-
sess interobserver variability but the 
method has been shown previously to 
be highly reproducible (16, 17). 

In conclusion, although biopsy re-
mains the gold standard for diagnosis 

Figure 3. Receiver operating characteristic (ROC) curve of the mass/fat elasticity ratio. AUC, 
area under curve.

Figure 4. Shear wave elastographic evaluation of a BI-RADS IV biopsy-proven sclerosing 
intraductal papilloma. The peripheral regions of the lesion (yellow) had a mean elasticity 
of 112 kPa. Maximum elasticity value of the lesion, 125 kPa; minimum elasticity value of 
the lesion, 81.5 kPa; mean elasticity value of fatty tissue, 5.1 kPa; mass/fat ratio, 21.03; ROI 
diameter, 2 mm. Areas coded red reflect probe compression of the skin. 
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of suspicious breast lesions, a large pro-
portion of biopsy specimens is benign. 
Therefore, a noninvasive and reliable 
method identifying low-risk lesions, and 
reducing unnecessary interventional di-
agnostic procedures, would be valuable. 
SWE provides quantitative elasticity in-
formation that can facilitate character-
ization of breast lesions. Further large-
scale studies and future advances in shear 
wave imaging will allow SWE to contrib-
ute to accurate selection of lesions requir-
ing biopsy and may potentially be used 
for real-time guidance when biopsies of 
suspicious foci are underway.   

Conflict of interest disclosure
The authors declared no conflicts of interest. 

References

1.	 Ferlay J, Shin HR, Bray F, Forman D, 
Mathers CD, Parkin D. Estimates of 
worldwide burden of cancer in 2008: 
GLOBOCAN 2008. Int J Cancer 2010; 
127:2893–2917. [CrossRef]

2.	 Tabár L, Vitak B, Chen TH, et al. Swed-
ish two-county trial: impact of mam-
mographic screening on breast cancer 
mortality during 3 decades. Radiology 
2011; 260:658–663. [CrossRef]

3.	 Checka CM, Chun JE, Schnabel FR, Lee J, 
Toth H. The relationship of mammograph-
ic density and age: implications for breast 
cancer screening. AJR Am J Roentgenol 
2012; 198:W292–295. [CrossRef]

4.	 Kaplan SS. Clinical utility of bilateral 
whole-breast US in the evaluation of 
women with dense breast tissue. Radiol-
ogy 2001; 221:641–649. [CrossRef]

5.	 Zonderland HM, Coerkamp EG, Hermans 
J, van de Vijver MJ, van Voorthuisen AE. 
Diagnosis of breast cancer: contribution 
of US as an adjunct to mammography. 
Radiology 1999; 213:413–422. [CrossRef]

6.	 Lister D, Evans AJ, Burrell HC, et al. The 
accuracy of breast ultrasound in the eval-
uation of clinically benign discrete, symp-
tomatic breast lumps. Clin Radiol 1998; 
53:490–492. [CrossRef]

7.	 Stavros AT, Thickman D, Rapp CL, Den-
nis MA, Parker SH, Sisney GA. Solid breast 
nodules: use of sonography to distinguish 
between benign and malignant lesions. 
Radiology 1995; 196:123–134.

8.	 Berg WA. Supplemental screening sonog-
raphy in dense breasts. Radiol Clin North 
Am 2004; 42:845–851. [CrossRef]

9.	 Corsetti V, Ferrari A, Ghirardi M, et al. 
Role of ultrasonography in detecting 
mammographically occult breast carcino-
ma in women with dense breasts. Radiol 
Med 2006; 111:440–448. [CrossRef]

10.	 Houssami N, Irwig L, Simpson JM, McK-
essar M, Blome S, Noakes J. Sydney Breast 
Imaging Accuracy Study: comparative 
sensitivity and specificity of mammog-
raphy and sonography in young women 
with symptoms. AJR Am J Roentgenol 
2003; 180:935–940. [CrossRef]

11.	 Poplack SP, Carney PA, Weiss JE, Ti-
tus-Ernstoff L, Goodrich ME, Tosteson 
AN. Screening mammography: costs and 
use of screening-related services. Radiolo-
gy 2005; 234:79–85. [CrossRef]

12.	 Thitaikumar A, Mobbs LM, Kraemer-Chant 
CM, Garra BS, Ophir J. Breast tumor classi-
fication using axial shear strain elastogra-
phy: a feasibility study. Phys Med Biol 2008; 
53:4809–4823. [CrossRef]

13.	 Kumm TR, Szabunio MM. Elastography 
for the characterization of breast lesions: 
initial clinical experience. Cancer Control 
2010; 51:9–14

14.	 Burnside ES, Hall TJ, Sommer AM, et al. Dif-
ferentiating benign from malignant solid 
breast masses with US strain imaging. Ra-
diology 2007; 245:401–410. [CrossRef]

15.	 Regner DM, Hesley GK, Hangiandreou 
NJ, et al. Breast lesions: evaluation with 
US strain imaging-clinical experience 
of multiple observers. Radiology 2006; 
238:425–437. [CrossRef]

16.	 Evans A, Whelehan P, Thomson K, et 
al. Quantitative shear wave ultrasound 
elastography: initial experience in solid 
breast masses. Breast Cancer Res 2010; 
12:R104.

17.	 Cosgrove DO, Berg WA, Doré CJ, et al. 
Shear wave elastography for breast masses 
is highly reproducible. Eur Radiol 2011; 
22:1023–1032. [CrossRef]

18.	 Wang ZL, Li JL, Li M, Huang Y, Wan WB, 
Tang J. Study of quantitative elastography    
with supersonic shear imaging in the di-
agnosis of breast tumours. Radiol Med 
2013; 118:583–590. [CrossRef]

19.	 Lee SH, Chang JM, Kim WH, et al. Differ-
entiation of benign from malignant solid 
breast masses: comparison of two-dimen-
sional and three-dimensional shear-wave 
elastography. Eur Radiol 2013; 23:1015–
1026. [CrossRef]

20.	 Garra BS, Cespedes EI, Ophir J, et al. Elas-
tography of breast lesions: initial clinical 
results. Radiology 1997; 202:79–86. 

21.	 Berg WA, Cosgrove DO, Doré CJ, et al. 
Shear-wave elastography improves the 
specificity of breast US: the BE1 multi-
national study of 939 masses. Radiology 
2012; 262:435–449. [CrossRef]

22.	 Chang JM, Moon WK, Cho N, et al. Clini-
cal application of shearwave elastography 
(SWE) in the diagnosis of benign and ma-
lignant breast diseases. Breast Cancer Res 
Treat 2011; 129:89–97. [CrossRef]

23.	 Evans A, Whelehan P, Thomson K, et al. 
Invasive breast cancer: relationship be-
tween shear-wave elastographic findings 
and histologic prognostic factors. Radiol-
ogy 2012; 263:673–677. [CrossRef]

24.	 Youk JH, Gweon HM, Son EJ, Kim JA, Jeong 
J. Shear-wave elastography of invasive 
breast cancer: correlation between quanti-
tative mean elasticity value and immuno-
histochemical profile. Breast Cancer Res 
Treat 2013; 138:119–126. [CrossRef]

25.	 Martincich L, Deantoni V, Bertotto I, et al. 
Correlations between diffusion-weighted 
imaging and breast cancer biomarkers. Eur 
Radiol 2012; 22:1519–1528. [CrossRef]

26.	 Athanasiou A, Tardivon A, Tanter M, et 
al. Breast lesions: quantitative elastogra-
phy with supersonic imaging-preliminary 
results. Radiology 2010; 256:297–303. 
[CrossRef]

Figure 5. a, b. Shear wave elastographic examination of two BI-RADS IV lesions that proved to be 
grade 1 invasive ductal carcinoma. Upon shear wave elastographic ultrasound examination, both 
lesions were blue (a). Mean elasticity value of the lesion, 18 kPa; maximum elasticity value of the 
lesion, 22.4 kPa; minimum elasticity value of the lesion, 11.5 kPa; mean elasticity value of fatty 
tissue, 5.5 kPa; mass/fat ratio, 3.27; ROI diameter, 2 mm. This was the only false-negative case 
encountered. Stiff areas were found only in the periphery of the lesion and are coded green (b). 
Mean elasticity value of the lesion, 64.1 kPa; maximum elasticity value of the lesion, 75.2 kPa; 
minimum elasticity value of the lesion, 54.2 kPa; mean elasticity value of fatty tissue, 12.6 kPa; 
mass/fat ratio, 5.07; ROI diameter, 2 mm.
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