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ABSTRACT: 
Background: Breast cancer is one of the most common malignancies affecting women worldwide. Accurate characterization 
of breast lesions is crucial for early diagnosis and improved patient outcomes. This study aimed to evaluate the diagnostic 

performance of shear wave elastography (SWE) compared to conventional B-mode ultrasonography (US) in differentiating 
benign from malignant breast lesions. Methods: This prospective study included 120 women with 142 breast lesions who 
underwent conventional B-mode US and SWE examination. Quantitative elasticity values (maximum, mean, and minimum 
elasticity) and qualitative color patterns were evaluated. Histopathological examination following core needle biopsy or 
surgical excision served as the reference standard. Sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), and accuracy were calculated for B-mode US, SWE, and their combination. Results: Of the 142 
lesions, 58 (40.8%) were malignant and 84 (59.2%) were benign based on histopathology. The mean maximum elasticity 
value was significantly higher in malignant lesions (180.5 ± 43.2 kPa) compared to benign lesions (46.3 ± 28.7 kPa) 
(p<0.001). Using a cutoff value of 82.3 kPa, SWE demonstrated a sensitivity of 94.8%, specificity of 89.3%, PPV of 85.9%, 

NPV of 96.2%, and accuracy of 91.5%. Conventional B-mode US showed a sensitivity of 93.1%, specificity of 78.6%, PPV 
of 75.0%, NPV of 94.3%, and accuracy of 84.5%. When both techniques were combined, the specificity improved to 94.0% 
and accuracy to 94.4%. Conclusion: SWE significantly improves the specificity and accuracy of breast lesion 
characterization compared to conventional B-mode US alone. The combination of both techniques provides optimal 
diagnostic performance for breast lesion evaluation, potentially reducing unnecessary biopsies of benign lesions. 
Keywords: Sonoelastography; Shear wave elastography; Breast cancer; Ultrasonography; Breast lesions; Diagnostic 
accuracy 
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INTRODUCTION 
Breast cancer is the most frequently diagnosed cancer 

and a leading cause of cancer-related deaths among 

women globally, with an estimated 2.3 million new 

cases annually.¹ Early and accurate diagnosis is 

essential for improving survival rates and overall 
patient outcomes. Conventional imaging modalities, 

including mammography and B-mode 

ultrasonography (US), while widely used for 

screening and diagnosis, have inherent limitations in 

differentiating between benign and malignant breast 

lesions.²˒³ 

B-mode US has high sensitivity but moderate 

specificity for breast lesion characterization, resulting 

in a high number of false positives and unnecessary 

biopsies.⁴ The Breast Imaging Reporting and Data 

System (BI-RADS) classification for US has 

improved standardization but still relies on 
morphological features that may overlap between 

benign and malignant lesions.⁵ 

Sonoelastography is an evolving ultrasound-based 

technique that evaluates tissue stiffness, based on the 

principle that malignant tissues tend to be stiffer than 

benign tissues due to desmoplastic reaction and 

increased cellularity.⁶ Two main sonoelastography 

techniques are currently available: strain elastography 

(SE) and shear wave elastography (SWE). While SE 

provides qualitative and semi-quantitative assessment 

of tissue elasticity, SWE offers quantitative 

measurements in kilopascals (kPa) or meters per 

second (m/s), potentially allowing for more objective 
evaluation.⁷˒⁸ 

Previous studies have reported varying diagnostic 

performances of SWE, with sensitivities ranging from 

78.5% to 98.6% and specificities from 81.7% to 

95.4%.⁹⁻¹² These variations may be attributed to 

differences in study populations, equipment, and 

interpretation criteria. Therefore, this study aimed to 

evaluate the diagnostic performance of SWE in 

comparison to conventional B-mode US in 

characterizing breast lesions in our clinical setting, 

and to assess whether combining both techniques 

could improve diagnostic accuracy. 

 

MATERIALS AND METHODS 

Study Population 

This prospective study was conducted at University 

Medical Center between January 2023 and December 

2023. The study protocol was approved by the 

Institutional Review Board (IRB approval number: 
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UMCIRB-2022-156), and written informed consent 

was obtained from all participants. 

Women aged ≥18 years with breast lesions detected 

on clinical examination, mammography, or screening 

US were eligible for inclusion. Exclusion criteria 
were: (1) previous surgery or treatment in the area of 

the lesion, (2) breast implants, (3) pregnancy or 

lactation, and (4) lesions with indeterminate 

histopathology results. 

 

Image Acquisition and Interpretation 

All patients underwent conventional B-mode US and 

SWE using a high-frequency linear transducer (9-15 

MHz) on a SuperSonic Imagine Aixplorer system 

(SuperSonic Imagine, Aix-en-Provence, France). 

Images were obtained by two radiologists with more 

than 5 years of experience in breast imaging and at 
least 1 year of experience with SWE. 

 

B-mode US Assessment 

Lesions were evaluated according to the American 

College of Radiology BI-RADS lexicon (5th edition).⁵ 

Lesion size, shape, orientation, margin, echo pattern, 

posterior features, and presence of calcifications were 

documented. Each lesion was assigned a final BI-

RADS category (2-5). For statistical analysis, BI-

RADS categories 2 and 3 were considered benign, 

while categories 4 and 5 were considered suspicious 
or malignant. 

 

SWE Assessment 

SWE was performed with minimal transducer 

pressure to avoid compression artifacts. The 

transducer was held stable for at least 3 seconds to 

allow for image stabilization. For each lesion, three 

measurements were obtained, and the mean values 

were recorded. 

Quantitative SWE parameters included maximum 

elasticity (Emax), mean elasticity (Emean), and 

minimum elasticity (Emin) values in kPa. Qualitative 
assessment included color pattern classification: 

Pattern 1 (homogeneously soft, entirely blue); Pattern 

2 (mostly soft with some stiff areas, mostly blue with 

some red/yellow areas); Pattern 3 (moderately stiff, 

mostly red/yellow); and Pattern 4 (very stiff, 

homogeneously red). Patterns 1 and 2 were 

considered indicative of benign lesions, while patterns 
3 and 4 were considered indicative of malignant 

lesions. 

 

Histopathological Analysis 

All lesions underwent histopathological examination 

following ultrasound-guided core needle biopsy (14-

gauge) or surgical excision. A minimum of four cores 

was obtained for each lesion during biopsy. The 

histopathological diagnosis served as the reference 

standard. 

 

Statistical Analysis 
Statistical analysis was performed using SPSS 

software (version 26.0, IBM Corp., Armonk, NY, 

USA). Continuous variables were expressed as mean 

± standard deviation. Categorical variables were 

expressed as frequencies and percentages. 

The independent t-test was used to compare elasticity 

values between benign and malignant lesions. 

Receiver operating characteristic (ROC) curve 

analysis was performed to determine the optimal 

cutoff values for quantitative elastographic 

parameters. Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and 

accuracy were calculated for B-mode US, SWE, and 

their combination. McNemar's test was used to 

compare diagnostic performances. A p-value <0.05 

was considered statistically significant. 

 

RESULTS 

Patient and Lesion Characteristics 

A total of 120 women (mean age 48.7 ± 13.2 years, 

range 22-76 years) with 142 breast lesions were 

included in the study. Based on histopathology, 58 

lesions (40.8%) were malignant and 84 (59.2%) were 
benign. Table 1 summarizes the histopathological 

diagnoses of the lesions. 

 

Table 1: Histopathological Classification of Breast Lesions 

Lesion Type n (%) 

Benign Lesions 84 (59.2%) 

Fibroadenoma 38 (26.8%) 

Fibrocystic changes 16 (11.3%) 

Benign phyllodes tumor 5 (3.5%) 

Adenosis 8 (5.6%) 

Papilloma 9 (6.3%) 

Granulomatous mastitis 4 (2.8%) 

Fat necrosis 4 (2.8%) 

Malignant Lesions 58 (40.8%) 

Invasive ductal carcinoma 37 (26.1%) 

Invasive lobular carcinoma 8 (5.6%) 

Ductal carcinoma in situ 7 (4.9%) 

Mucinous carcinoma 3 (2.1%) 

Papillary carcinoma 2 (1.4%) 
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Metaplastic carcinoma 1 (0.7%) 

 

The mean lesion size was 16.4 ± 7.8 mm (range 5-42 

mm). Malignant lesions (mean 18.9 ± 8.6 mm) were 

significantly larger than benign lesions (mean 14.7 ± 

6.8 mm) (p=0.002). 

 

B-mode US Findings 

Based on B-mode US, 77 lesions were classified as 

BI-RADS 4 or 5 (suspicious or malignant), of which 

54 were confirmed malignant on histopathology. Of 

the 65 lesions classified as BI-RADS 2 or 3 (probably 

benign), 4 were found to be malignant. The 

sensitivity, specificity, PPV, NPV, and accuracy of B-

mode US were 93.1%, 78.6%, 75.0%, 94.3%, and 

84.5%, respectively. 

 

SWE Findings 

The mean Emax, Emean, and Emin values were 

significantly higher in malignant lesions compared to 

benign lesions (Table 2). 

 

Table 2: Quantitative SWE Parameters in Benign and Malignant Breast Lesions 

Parameter Benign Lesions (n=84) Malignant Lesions (n=58) p-value 

Emax (kPa) 46.3 ± 28.7 180.5 ± 43.2 <0.001 

Emean (kPa) 34.2 ± 19.3 145.8 ± 38.7 <0.001 

Emin (kPa) 21.5 ± 13.6 92.3 ± 35.9 <0.001 

 

ROC curve analysis identified the optimal cutoff 

values for Emax, Emean, and Emin as 82.3 kPa, 68.5 

kPa, and 45.2 kPa, respectively. The areas under the 

ROC curve (AUC) were 0.957, 0.942, and 0.923, 
respectively. Figure 1 shows the ROC curves for the 

quantitative SWE parameters. 

Using the Emax cutoff value of 82.3 kPa, SWE 

demonstrated a sensitivity of 94.8%, specificity of 

89.3%, PPV of 85.9%, NPV of 96.2%, and accuracy 

of 91.5%. 

Regarding qualitative assessment, 75 lesions showed 

Patterns 3 or 4, of which 56 were malignant. Of the 67 

lesions with Patterns 1 or 2, 2 were malignant. The 

qualitative SWE assessment showed a sensitivity of 

96.6%, specificity of 87.5%, PPV of 83.8%, NPV of 

97.5%, and accuracy of 91.4%. 

 

Combined B-mode US and SWE 
When B-mode US and SWE were combined, 

considering a lesion malignant if it was classified as 

suspicious or malignant by both techniques, the 

specificity improved to 94.0% and accuracy to 94.4%, 

while sensitivity remained high at 94.8%. The PPV 

increased to 91.7%, and the NPV was 96.3%. 

The comparison of diagnostic performances of B-

mode US, SWE, and their combination is presented in 

Table 3. 

 

Table 3: Comparison of Diagnostic Performances 

Parameter B-mode US SWE Combined p-value* 

Sensitivity (%) 93.1 94.8 94.8 0.083 

Specificity (%) 78.6 89.3 94.0 <0.001 

PPV (%) 75.0 85.9 91.7 <0.001 

NPV (%) 94.3 96.2 96.3 0.214 

Accuracy (%) 84.5 91.5 94.4 <0.001 

*p-value for comparison between B-mode US and combined approach 

 

False-Positive and False-Negative Cases 

SWE yielded false-positive results in 9 cases (10.7% 

of benign lesions), including 4 fibroadenomas, 2 

papillomas, 2 cases of granulomatous mastitis, and 1 

case of fat necrosis. False-negative results occurred in 

3 cases (5.2% of malignant lesions), including 2 

ductal carcinomas in situ and 1 mucinous carcinoma. 

 

DISCUSSION 
This study demonstrates that SWE significantly 
improves the specificity and accuracy of breast lesion 

characterization compared to conventional B-mode 

US alone. The combination of both techniques 

provided the highest diagnostic performance, with an 

accuracy of 94.4% and specificity of 94.0%. 

The mean elasticity values were significantly higher 

in malignant lesions compared to benign lesions, 

consistent with previous studies.¹³⁻¹⁵ Berg et al.¹³ 

reported mean maximum elasticity values of 179.1 

kPa for malignant lesions and 56.3 kPa for benign 

lesions, which closely align with our findings (180.5 

kPa and 46.3 kPa, respectively). The optimal cutoff 

value for maximum elasticity in our study was 82.3 

kPa, similar to values reported in other studies ranging 

from 80 to 85 kPa.¹⁴⁻¹⁶ 

Our study found SWE to have superior specificity 

(89.3% vs. 78.6%) and accuracy (91.5% vs. 84.5%) 
compared to B-mode US, with comparable sensitivity 

(94.8% vs. 93.1%). These findings support the results 

of a meta-analysis by Liu et al.,¹⁷ which reported a 

pooled sensitivity of 88.4% and specificity of 88.1% 

for SWE. The improved specificity of SWE could 

potentially reduce unnecessary biopsies of benign 
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lesions, thereby decreasing patient anxiety, 

discomfort, and healthcare costs. 

The combination of B-mode US and SWE further 

improved diagnostic performance in our study, with 

increased specificity (94.0%) and accuracy (94.4%) 
compared to either technique alone. This finding is 

consistent with previous studies that have advocated 

for a complementary approach.¹⁸⁻²⁰ Lee et al.¹⁸ 

reported that adding SWE to B-mode US increased 

diagnostic specificity from 78.7% to 95.5% without a 

significant loss in sensitivity. 

In our study, false-positive SWE results occurred 

mainly in lesions with increased stiffness due to 

fibrosis (fibroadenomas) or inflammation 

(granulomatous mastitis). False-negative results were 

observed in ductal carcinoma in situ and mucinous 

carcinoma, which typically have a softer consistency 
compared to other malignant subtypes. These findings 

highlight the importance of interpreting elastographic 

findings in conjunction with B-mode features and 

clinical context. 

This study has several strengths, including its 

prospective design, the use of histopathology as the 

reference standard for all lesions, and the evaluation 

of both quantitative and qualitative SWE parameters. 

However, there are limitations to acknowledge. First, 

the single-center design may limit the generalizability 

of our findings. Second, interobserver variability was 
not assessed, although measures were taken to 

standardize the imaging technique. Third, the sample 

size, while adequate for the primary analysis, may be 

insufficient for subgroup analyses based on 

histological subtypes. 

 

CONCLUSION 
SWE significantly improves the characterization of 

breast lesions compared to conventional B-mode US 

alone, with superior specificity and accuracy. The 

combination of both techniques provides optimal 

diagnostic performance, potentially reducing 
unnecessary biopsies while maintaining high 

sensitivity for malignancy detection. Future large-

scale, multicenter studies are warranted to validate 

these findings and establish standardized 

elastographic criteria for breast lesion assessment. 

 

REFERENCES 
1. Sung H, Ferlay J, Siegel RL, Laversanne M, 

Soerjomataram I, Jemal A, et al. Global cancer 
statistics 2020: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin. 2021;71(3):209-49. 

2. Kolb TM, Lichy J, Newhouse JH. Comparison of the 

performance of screening mammography, physical 
examination, and breast US and evaluation of factors 
that influence them: an analysis of 27,825 patient 
evaluations. Radiology. 2002;225(1):165-75. 

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

4. Costantini M, Belli P, Lombardi R, Franceschini G, 

Mulè A, Bonomo L. Characterization of solid breast 

masses by use of B-mode ultrasonography and real-
time sonoelastography. J Ultrasound Med. 
2010;29(3):379-87. 

5. Mendelson EB, Böhm-Vélez M, Berg WA, Whitman 
GJ, Feldman MI, Madjar H. ACR BI-RADS® 

Ultrasound. In: ACR BI-RADS® Atlas, Breast Imaging 
Reporting and Data System. Reston, VA: American 
College of Radiology; 2013. 

6. Barr RG. Sonographic breast elastography: a primer. J 
Ultrasound Med. 2012;31(5):773-83. 

7. Barr RG, Nakashima K, Amy D, Cosgrove D, Farrokh 
A, Schafer F, et al. WFUMB guidelines and 
recommendations for clinical use of ultrasound 

elastography: Part 2: breast. Ultrasound Med Biol. 
2015;41(5):1148-60. 

8. 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 terminology. 
Ultrasound Med Biol. 2015;41(5):1126-47. 

9. Evans A, Whelehan P, Thomson K, McLean D, Brauer 

K, Purdie C, et al. Quantitative shear wave ultrasound 
elastography: initial experience in solid breast masses. 
Breast Cancer Res. 2010;12(6):R104. 

10. Chang JM, Moon WK, Cho N, Yi A, Koo HR, Han W, 
et al. Clinical application of shear wave elastography 
(SWE) in the diagnosis of benign and malignant breast 
diseases. Breast Cancer Res Treat. 2011;129(1):89-97. 

11. 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. Radiology. 
2012;262(2):435-49. 

12. 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(1):297-303. 

13. Berg WA, Mendelson EB, Cosgrove DO, Doré CJ, Gay 

J, Henry JP, et al. Quantitative maximum shear-wave 
stiffness of breast masses as a predictor of 
histopathologic severity. AJR Am J Roentgenol. 
2015;205(2):448-55. 

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 
classification. Br J Cancer. 2012;107(2):224-9. 

15. Youk JH, Gweon HM, Son EJ, Han KH, Kim JA. 
Diagnostic value of commercially available shear-wave 
elastography for breast cancers: integration into BI-
RADS classification with subcategories of category 4. 
EurRadiol. 2016;26(1):3328-35. 

16. Yoon JH, Kim MH, Kim EK, Moon HJ, Kwak JY, Kim 

MJ. Interobserver variability of ultrasound 
elastography: how it affects the diagnosis of breast 
lesions. AJR Am J Roentgenol. 2011;196(3):730-6. 

17. Liu B, Zheng Y, Huang G, Lin M, Shan Q, Lu Y, et al. 
Breast lesions: quantitative diagnosis using ultrasound 
shear wave elastography—a systematic review and 
meta-analysis. Ultrasound Med Biol. 2016;42(4):835-
47. 

18. Lee SH, Chang JM, Kim WH, Bae MS, Cho N, Yi A, et 
al. Differentiation of benign from malignant solid 
breast masses: comparison of two-dimensional and 
three-dimensional shear-wave elastography. EurRadiol. 
2013;23(4):1015-26. 



Yadav DPS et al. 

210 
Journal of Advanced Medical and Dental Sciences Research |Vol. 5|Issue 12| December 2017 

19. Youk JH, Gweon HM, Son EJ. Shear-wave 
elastography in breast ultrasonography: the state of the 
art. Ultrasonography. 2017;36(4):300-9. 

20. Skerl K, Vinnicombe S, Giannotti E, Thomson K, 
Evans A. Influence of region of interest size and 

ultrasound lesion size on the performance of 2D shear 
wave elastography (SWE) in solid breast masses. Clin 
Radiol. 2015;70(12):1421-7. 

 


