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Abstract 

Background: Differentiating benign from malignant breast lesions remains a diagnostic 

challenge, particularly for BI-RADS III and IV categories. Strain wave elastography (SE), which 

evaluates tissue stiffness, offers a valuable adjunct to conventional ultrasound. 

Objective: This prospective study aimed to assess the diagnostic performance of strain 

elastography in characterizing breast lesions and to correlate elastographic findings with clinical 

and histopathological results. 

Methods: Ninety patients aged 18–60 years with palpable breast masses were evaluated using 

conventional ultrasonography and SE at a tertiary care hospital. Lesions were classified using BI- 

RADS and the Tsukuba Elasticity Score. SE ratios were calculated by comparing strain in the 

lesion versus surrounding tissue. Histopathological analysis served as the reference standard. 

Diagnostic accuracy was assessed via sensitivity, specificity, and ROC analysis. 

Results: The mean SE ratio was significantly higher in malignant lesions (8.41 ± 0.63) than 

benign lesions (1.71 ± 0.68; p < 0.001). SE showed a sensitivity of 93.33%, specificity of 100%, 

and accuracy of 95.56% in distinguishing malignant from benign lesions. ROC analysis 

demonstrated an AUC of 0.99 with a cut-off SE ratio of ≥3.67. High Tsukuba scores and non- 
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circumscribed, hypoechoic lesions were strongly predictive of malignancy. 

Conclusion: Strain elastography significantly improves the characterization of breast lesions and, 

when combined with B-mode ultrasound, may reduce unnecessary biopsies, especially in BI- 

RADS III and IV cases. Further multicentric studies are needed to confirm these findings and 

establish standardized diagnostic thresholds. 

Keywords: Strain elastography, breast lesions, ultrasound, BI-RADS, Tsukuba elasticity score. 

 

INTRODUCTION 

The majority of women get noncancerous breast lesions at some point in their life as per the report 

of American Cancer Society Trusted Source. About 20% of women are thought to be at risk of 

developing breast lesions. Although the majority of these lesions do not pose a threat to life, some 

have been connected to an increased risk of breast cancer.[1] Breast lesions may be discovered 

during an imaging test, such as a routine mammogram, or an ultrasound or through a physical 

examination. A monthly breast self-examination may reveal breast lesions in certain situations. 

These abnormal regions of breast tissue might feel hard or rubbery, depending on the kind of 

lesion. A breast lesion can occasionally produce pain, skin abnormalities, and drainage from the 

nipples.[2] 

The majority of breast lesions, particularly in females under 35, are benign (noncancerous). 

Sometimes noncancerous breast lesions may cause pain, changes in tissues, and nipple discharge. 

Also, while these benign lesions are unlikely to be life threatening. Sclerosing adenosis increases 

the risk of future cancer by up to two times, even though the majority of benign breast lesions do 

not progress to cancer.[3] Irregular form or margins, which are usually emphasized on imaging 

tests, might be indicators of cancer. Although breast cancer can occur in various circumstances, 

perimenopausal and postmenopausal women are more likely to have cancerous breast lesions.[4] 

Breast masses are classified using BI-RADS, which standardizes descriptions and management. 

BI-RADS III lesions are typically solitary, well-defined, and have <2% malignancy risk, 

warranting follow-up. BI-RADS IV lesions are suspicious and harder to diagnose, though 

ultrasound offers a >98% negative predictive value. Reclassifying certain lesions may help avoid 

delayed cancer detection.[5] The malignancy rate in BI-RADS IV ranges from 2% to 94%. The 

BI-RADS 5th edition subdivides this category into IVa (low suspicion, <10% risk), IVb 

(intermediate), and IVc (moderate suspicion). Better characterization of IVa lesions may allow 
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some benign cases to be downgraded to BI-RADS III and managed with follow-up instead of 

biopsy.[5, 6] 

MRI provides near-perfect sensitivity for invasive breast cancer but has limited specificity (37– 

70%). Dynamic contrast-enhanced MRI improves assessment of localized masses, with curve 

analysis aiding BI-RADS IV lesion differentiation. Magnetic resonance elastography adds value 

by quantifying tissue deformation and stimulus propagation. However, MRI's high cost, 

longer.  

scan time, and limited availability make it less suitable for routine use than ultrasound.[7] Strain 

wave elastography (SE) was one of the first techniques clinically used to assess malignancies. It 

indirectly measures tissue stiffness by evaluating local strain, with stiffness and strain being 

inversely related. Tissue stiffness is displayed using either a grayscale or a color scale ranging 

from red (soft) to blue (hard).[8] 

Since it is a qualitative approach, a number of semi-quantification techniques have been put forth 

to lessen the reliance on observers. Calculating the strain ratio is one way to semi-quantifying 

strain elastograms. By putting a ROI in the lesions and another in the nearby healthy tissue, strain 

ratios may be computed. The strain in the surrounding tissue is then divided by the strain in the 

lesions to determine the strain ratio. When the strain ratio is greater than 1, it indicates that the 

lesions is harder than the surrounding tissue.[8] Therefore, the purpose of our study is to evaluate 

the SE quantitative parameter of focal breast lesions, and its correlation with clinical and 

histopathological findings in the patients. 

METHODOLOGY 

Study design: The study was carried out free of cost in the Department of Radio-diagnosis at 

General Hospital, Sector 6, Panchkula, with support from the Departments of Pathology and 

Surgery. It included patients presenting with palpable breast masses referred by surgeons for 

ultrasound evaluation. This was a cross-sectional analytical study conducted over a period of one 

and a half years. The sample size was calculated based on an estimated disease prevalence of 25%, 

a 95% confidence level, and a 10% error margin. Using the formula N = Z²P(1–P)/E² (Z=1.96, 

P=0.25, E=0.05), a sample size of 90 was determined, including a 10% allowance for dropout. 

Inclusion and exclusion criteria: Patients aged 18 to 60 years with diagnosed breast lesions 

referred for ultrasound were included in the study. In cases with multiple lesions, only the 
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suspicious one was evaluated; for multiple benign lesions, the largest was selected. Lesions had 

to be larger than 5 mm, and all participants provided written informed consent. Patients were 

excluded if they had cystic lesions, a history of surgery or chemoradiation, breast abscesses, 

implants, post-traumatic or inflammatory swellings, were pregnant, or declined to give consent. 

Conventional Ultrasound and Elastography: All palpable breast masses were first clinically 

examined by an experienced surgeon. Conventional ultrasound followed by elastography was 

performed using a linear 5–13 MHz probe on the ESAOTE MyLab Eight eXP machine. Initial B- 

mode imaging was assessed using BI-RADS criteria. Elastography was then conducted with the 

patient in a supine position, the probe placed vertically over the lesion. The target lesion was 

centered within the elasticity region of interest, and tissue stiffness was evaluated using a color 

scale ranging from red (soft) to blue (hard). Elastographic images were classified according to the 

Tsukuba Elasticity Score (1 to 5). All scans were performed by the same radiologist, with each 

session lasting approximately 5–10 minutes. 

Tsukuba Elasticity Score: Elastographic findings were interpreted using the Tsukuba Elasticity 

Score, which classifies tissue stiffness on a scale from 1 to 5. A Score of 1 indicates the entire 

lesion is green, suggesting softness. Score 2 shows a mosaic pattern of green, red, and blue, 

indicating mixed elasticity. Score 3 represents a stiff blue center with a softer green periphery. 

Score 4 denotes the entire lesion as uniformly blue, reflecting rigidity. Score 5 shows both the 

lesion and surrounding tissue as blue, indicating high stiffness suggestive of malignancy. 

BI-RADS Categories: BI-RADS categories were used for final assessment. Category III 

indicates a probably benign lesion with ≤2% risk, warranting short-interval follow-up. Category 

IV is subdivided into IVa (low suspicion, 2–10%), IVb (moderate suspicion, 10–50%), and IVc 

(high suspicion, 50–95%). Category V represents lesions highly suggestive of malignancy, with 

≥95% likelihood, for which biopsy is mandatory. 

Histopathology: Biopsies were performed (excisional or core needle, 14G), and elastography 

findings were correlated with histological results. 

Statistical Analysis: Quantitative data were expressed as mean ± standard deviation, while 

qualitative data were presented as percentages. The diagnostic performance of ultrasound 

elastography was evaluated in terms of sensitivity, specificity, positive predictive value (PPV), 

and negative predictive value (NPV). Receiver Operating Characteristic (ROC) curves were 
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plotted to assess diagnostic accuracy. The association between elastographic and 

histopathological findings was analyzed using the Chi-square test. Data analysis was performed 

using SPSS software, with a p-value <0.05 considered statistically significant. 

 

RESULTS 

In the present study, the mean age of patients with benign lesions was 40.03 ± 7.92 years, while 

that of malignant cases was 38.20 ± 7.73 years (p = 0.300), indicating no significant age 

difference. The distribution across age groups also showed no significant association with lesion 

type (p = 0.542). Most lesions in both groups were solitary, with no significant difference in lesion 

count (p = 0.301). The mean lesion length and width in benign cases were 4.06 ± 1.29 cm and 

4.41 ± 0.94 cm, respectively, compared to 3.94 ± 1.16 cm and 4.75 ± 0.98 cm in malignant lesions, 

which were not statistically significant (p = 0.674 and p = 0.121) (Table 1). 

 

Table 1: Distribution of age, number, size, shape, margins, and echogenicity of breast 

lesions. 

 

Variable Domain 
Benign Malignant P 

Value Number Percent Number Percent 

 

 

 

Age group 

Mean age 
40.03 ± 

7.923 years 

 38.20 ± 

7.734 years 

 
0.300 

21-30 years 9 15 6 20 
 

0.542 31-40 years 22 36.67 14 46.67 

41-50 years 23 38.33 7 23.33 

51-60 years 6 10 3 10 

No. of 

lesions 

1 27 45 16 53.33 
0.301 

>1 33 55 14 46.67 

Size of 

lesions 

Length 4.06 ± 1.29  3.94 ± 1.16  0.674 

Width 4.41 ± 0.94  4.75 ± 0.98  0.121 

Shape of 

lesions 

Irregular 12 20 25 83.33 
0.001* 

Oval/Round 48 80 5 16.67 

Margins of 
circumscribed 56 93.33 0 0 
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lesions Non- 

circumscribed 
4 6.67 30 100 

0.001* 

ECHO 

pattern 

Hyperechoic 56 93.33 0 0 
 

0.000* Hypoechoic 4 6.67 25 83.33 

Heterogeneous 0 0 5 16.67 

 

Lesion shape showed a significant association with malignancy (p = 0.001), with 83.33% of 

malignant lesions being irregular, while 80% of benign lesions were oval or round. Margins also 

differed significantly (p = 0.001), with all malignant lesions showing non-circumscribed margins, 

whereas 93.33% of benign lesions had circumscribed margins. Echogenicity pattern showed a 

strong association (p = 0.000); 93.33% of benign lesions were hyperechoic, while 83.33% of 

malignant lesions were hypoechoic, and 16.67% showed heterogeneous echotexture. These 

findings highlight the significant role of sonographic features in differentiating benign from 

malignant breast lesions (Table 1). 

Ultrasound BI-RADS classification showed a statistically significant association with the nature 

of breast lesions (p = 0.001). Among benign lesions, the majority (75%) were categorized as BI- 

RADS II, followed by 18.33% as BI-RADS III and 6.67% as BI-RADS IV. In contrast, malignant 

lesions were predominantly classified as BI-RADS V (66.67%) and BI-RADS IV (33.33%), with 

none falling under BI-RADS II or III. This indicates that higher BI-RADS categories are strongly 

associated with malignancy (Table 2). 

Table 2: Association between ultrasound BI-RADS categories and histopathological 

diagnosis. 

 

USG BI-RADS 
Benign Malignant 

P Value 
Number Percent Number Percent 

II 45 75 0 0  

 

0.001* 
III 11 18.33 0 0 

IV 4 6.67 10 33.33 

V 0 0 20 66.67 

Total 60 100 30 100  
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Tsukuba elasticity scores showed a highly significant correlation with lesion type (p = 0.001). The 

majority of benign lesions (75%) had a Score II, followed by 15% with Score III, 5% each with 

Scores I and IV, and none with Score V. In contrast, malignant lesions were most commonly 

associated with Score V (60%) and Score IV (40%), with no cases in Scores I, II, or III. These 

results suggest that higher Tsukuba scores are strongly predictive of malignancy (Table 3). 

 

Table 3: Association between Tsukuba elasticity score and histopathological diagnosis. 

TSUKUBA 

elasticity score 

Benign Malignant 
P Value 

Number Percent Number Percent 

I 3 5 0 0 
0.001* 

II 45 75 0 0 

III 9 15 0 0  

IV 3 5 12 40 

V 0 0 18 60 

Total 60 100 30 100  

 

The mean strain elastography (SE) ratio was significantly higher in malignant lesions (8.41 ± 0.63) 

compared to benign lesions (1.71 ± 0.68), with a p-value of 0.001. This indicates a strong 

association between elevated SE ratios and malignancy, highlighting the usefulness of quantitative 

elastography in differentiating breast lesions (Table 4). 

 

Table 4: Comparison of mean SE ratio between benign and malignant lesions. 

 

 

SE ratio 
Benign Malignant  

P Value 
Mean SD Mean SD 

Mean ratio 1.71 0.68 8.41 0.63 0.001* 

 

Strain elastography demonstrated high diagnostic performance in characterizing breast lesions 

when compared with histopathology. The sensitivity was 93.33%, specificity 100%, positive 

predictive value (PPV) 100%, negative predictive value (NPV) 88.24%, and overall accuracy 

95.56%. These findings indicate that strain elastography is a highly reliable tool for distinguishing 
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malignant from benign breast lesions. Receiver Operating Characteristic (ROC) analysis revealed 

an area under the curve (AUC) of 0.99 (p = 0.000), indicating excellent diagnostic accuracy of the 

SE ratio in distinguishing malignant from benign breast lesions. A cut-off value of ≥3.67 yielded 

a sensitivity of 96% and a specificity of 33%, suggesting high true positive detection but lower 

discrimination in ruling out benign cases at this threshold. (Table 5). 

Table 5: Diagnostic performance of strain elastography in characterization of breast lesions. 

 
Accuracy 95.56% 

 

 

 

ROC analysis 

AUC 0.99 

P Value 0.000* 

SE ratio Cut-off value >=3.67 

Sensitivity 96% 

Specificity 33% 

 

DISCUSSION 

Biopsy remains the gold standard for diagnosing breast lesions but is invasive and costly. Due to 

the limited specificity of conventional breast ultrasonography, elastography has emerged as a 

valuable adjunct, improving lesion characterization.[9] Introduced in 2005, ultrasound 

elastography has become clinically relevant, especially with the adoption of the five-point 

elasticity score proposed by Itoh et al.[10] However, subjective interpretation limits 

reproducibility, particularly between scores 2 and 3, highlighting the need for more objective 

methods.[11] 

Strain ratio is a semi-quantitative parameter that compares lesion stiffness to surrounding tissue, 

offering greater objectivity and diagnostic consistency.[12] However, studies differ on whether 

fat or glandular tissue should be used as a reference.[13] Strain ratio has demonstrated a 

sensitivity of 87.1–95% and specificity of 74–94.3%, particularly improving diagnosis in BI- 

SE in characterization of breast lesions with respect to histopathology Value 

 

 

Chi-Square 

Sensitivity 93.33% 

Specificity 100.00% 

Positive Predictive Value 100.00% 

Negative Predictive Value 88.24% 
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RADS III lesions.[14] Thomas et al. reported that strain ratio increased specificity to 89% (vs. 

56% for B-mode and 89% for subjective elastography), while maintaining high sensitivity (90%) 

and PPV (89%), outperforming the five-point scoring system.[14] These findings support the 

utility of strain elastography in improving diagnostic accuracy by reducing unnecessary biopsies. 

In our study, the mean age for benign and malignant lesions was 40.03 ± 7.92 and 38.20 ± 7.73 

years, respectively, with no significant difference—consistent with previous studies.[7,15-17] 

Lesion size also showed no significant difference, aligning with the findings of Ahmed et al. and 

Cruz-Ramos et al.[7,15] Irregular shape and non-circumscribed margins were significantly 

associated with malignancy (83.33% and 100%, respectively), while benign lesions were mostly 

oval or round (80%) and circumscribed (93.33%). These results are in agreement with Shehata et 

al. Hyperechoic patterns predominated in benign lesions (93.33%), while malignant lesions were 

mostly hypoechoic (83.33%), as seen in previous studies.[18]  

BI-RADS categories also correlated with histopathology. Most benign lesions were classified as 

BI-RADS II or III, while malignant ones fell under BI-RADS IV or V, supporting prior findings 

by Sinha et al. and Kanagaraju et al.[17,19] Satake et al. observed that elasticity scores help 

differentiate BI-RADS IV lesions but are less useful in BI-RADS V (20). Our study showed 

significantly higher mean strain ratios in malignant lesions (8.41 ± 0.63) than benign (1.71 ± 0.68), 

consistent with Sinha et al., Ahmed et al., and Gheonea et al.[7, 17, 21] ROC analysis revealed an 

AUC of 0.99 with a cut-off of ≥3.67, providing 96% sensitivity and 33% specificity. Similar 

cut-off values and diagnostic performance were reported by Sinha et al. and Khamis et al.[17, 22] 

We observed a diagnostic sensitivity of 93.33%, specificity of 100%, PPV of 100%, NPV of 

88.24%, and accuracy of 95.56% for strain elastography compared to histopathology. These 

values are higher than those reported by Kamal et al. but align well with Sinha and Ahmed 

studies.[7,16,17] Multiple studies support varying strain ratio cut-offs, ranging from 2.45 to 4.2, 

depending on lesion type and tissue reference used. Zhi et al. and Mu et al. demonstrated cut-off 

values around 3.01–3.05 with sensitivities and specificities over 90%[23, 24] Gheonea et al. and 

Mutala et al. reported similar findings, reinforcing the robustness of strain ratio as a diagnostic 

tool.[21, 25] 

Zhi et al. also noted that strain ratio outperformed the five-point scale in larger lesions, possibly 

due to degenerative changes affecting stiffness. They emphasized the importance of consistent 

depth reference to improve diagnostic consistency.[23] The primary limitation of elastography 
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lies in operator-dependent factors like compression and variability in interpretation. While intra- 

observer variability may be minimized through training, inter-observer consistency needs further 

investigation. Future multicentric studies with larger sample sizes are warranted to validate these 

findings and optimize cut-off values for broader clinical application. 

CONCLUSION 

This prospective study highlights the significant diagnostic value of strain elastography in 

differentiating benign from malignant breast lesions. The strain elastography ratio was markedly 

higher in malignant lesions, demonstrating high sensitivity (93.33%) and perfect specificity 

(100%) when compared with histopathology. ROC analysis further supported its accuracy, with 

an AUC of 0.99. The integration of strain elastography with conventional ultrasonography 

improves lesion characterization, especially in BI-RADS III and IV categories, potentially 

reducing unnecessary biopsies and enabling more confident clinical decisions. Elastography also 

holds promise for detecting early malignancies that might be missed by conventional ultrasound. 

However, further large-scale, multicenter studies are recommended to validate these findings and 

establish standardized cut-off values for clinical use. 
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