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Abstract 

Objectives: The purpose of this study was to evaluate diagnostic performance of grayscale ultrasonography 

and strain elastography in distinguishing between benign and malignant solid breast masses, with 

cytological and histopathological results as reference standard.  

Materials and Methods: Total 100 solid palpable breast masses in 100 women with mean age 38.95 years 

were studied using BI-RADS (Breast Imaging Recording and Data System) lexicon and strain ratio (SR) in 

the same settings and categorized into benign and malignant groups. Comparative analysis of sonographic 

parameters and strain ratio was done with cytological and histopathological diagnosis. Statistical analysis 

included sensitivity, specificity, and positive and negative predictive values for both gray scale 

ultrasonography and strain ratio.  

Results: Cytological and histopathological diagnosis revealed 62 benign and 38 malignant lesions.  Gray 

scale ultrasonography had sensitivity of 92.11%, specificity of 83.87%, positive predictive value of 77.78 % 

and negative predictive value of 94.55 %.  For strain ratio, the mean ± standard deviation was6.16±2.92 for 

malignant lesions and 2.41±1.65 for benign lesions (p <0.001).  By using best cut-off of 3 between benign 

and malignant, sensitivity of 89.47%, specificity of 85.48%, positive predictive value of 79.07%, and 

negative predictive value of 92.98% obtained for strain ratio.  

Conclusion: By combining gray scale ultrasonography and strain elastography the number of false results 

can be reduced with increase in overall yield of examination and subsequent reduction of unnecessary 

biopsies.  
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Introduction 

Breast cancer is the most frequent cancer in 

women globally and represents the second leading 

cause of cancer death among women
 (1)

. Increased 

breast tissue density in younger population 

decreases diagnostic accuracy of mammographic 

screening hence other modalities needs to be 

considered. The inability of ultrasonography to 

pick up micro calcification has led to its main 

limitation as a screening procedure. But it plays 

important role in evaluation of palpable breast 

masses. In recent years, a variety of manufacturers 

have begun to incorporate elastography, a real-

time tissue stiffness measuring technique in 

ultrasound equipment. In the breast, cancers tend 

to be stiffer than benign lesions, and elastography 

has also been reported to improve the specificity 

for the diagnosis of solid breast masses
(2-4).

 

Several prior clinical studies used various 

diagnostic criteria’s of elastography for better 

discrimination of breast masses such as 

discrepancy of size of lesions, 5-point scoring 

system based on visual assessment of the degree 

and distribution of strain in the hypo echoic mass 

and surrounding tissue. However, inter observer 

variability in data acquisition and interpretation 

has been shown as a limitation of the use of 

ultrasound elastography. Hence more quantitative 

criteria of strain ratio were introduced. At our 

institute we compared the diagnostic performance 

of strain elastography (SE) with gray scale 

ultrasonography (USG) in differentiating solid 

breast masses into benign and malignant ones. 

 

     Material and Methods  

The present prospective study was carried out at 

our institute between January 2014 and December 

2016 which was approved by institutional review 

board. Written, informed consent was obtained 

from all enrolled patients. All women presenting 

with palpable solid breast masses were included in 

the study. Patients with breast implants, patients 

undergoing chemotherapy or radiotherapy and 

those having large fungating breast masses were 

excluded from study. Breast examination of 

selected patients was carried out on Aloka Pro 

Sound Alpha 7 ultrasound machine (Hitachi 

Medical, Tokyo, Japan) with linear array 

transducer of 7-12MHz frequency. Total 100 solid 

breast masses studied in 100 patients, which were 

referred from surgery department for sonographic 

evaluation.   

         Examination Technique  

The detected breast lesions were localized by the 

clock face method and described according the 

sonographic BI-RADS lexicon
(5)

 using 

sonographic descriptors for shape, orientation, 

margins, echo pattern, posterior acoustic features, 

and calcification. On the basis of these 

descriptors, each lesion was assigned a final 

category. Strain ratio was calculated by changing 

setting to strain elastography.  

Technique of elastography  

After stabilizing the transducer perpendicular to 

the lesion dual elastographic program was 

initiated. A slight rhythmic compression 

decompression movement was applied. The scale 

for degree of compression was kept between level 

3 and 4. The strain ratio (fat to lesion) was 

calculated by dividing the strain value of normal 

breast parenchymal fat by that of the breast lesion. 

Strain ratio of 3.0 was used as cut-off for 

differentiating between benign and malignant 

neoplastic lesions. Strain ratio and BI-RADS 

categories were correlated with cytologic and 

histopathological diagnosis obtained from fine-

needle aspiration biopsy, core needle biopsy, or 

surgical biopsy, respectively. 

Statistical analysis 

A result was categorized as false positive when 

diagnostic method classified histologically 

confirmed benign lesion as malignant. A result 

was categorized as false negative when diagnostic 

method classified histologically confirmed 

malignant lesions as benign. When diagnostic 

method classified lesions in concordance with 

histopathology results, they were labelled as true 

positive and true negative. The diagnostic 

performance of strain elastography and gray scale 

ultrasonography assessed by calculating 
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sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV). P value < 

0.05 was considered as statistically significant.  

Results of this study were analysed and compared 

with other available studies in literature 

 

Results  

The mean age of patients with benign neoplastic 

breast lesions was 31.92 ±11.4 and with malignant 

neoplastic lesion was 50.42±12.62. There was 

statistically significant difference between mean 

age of the patients with benign and malignant 

neoplastic breast lesions (P value < 0.001).  

Cytohistological diagnosis  

Cytohistological diagnosis revealed 62 benign and 

38 malignant lesions. Among the total 38 

malignant neoplastic lesions, the most common 

was infiltrative ductal carcinoma (66%).  Among 

the benign masses fibro adenoma (77%) was 

commonest cytohistological diagnosis.  

Percentage distribution of benign and malignant 

neoplastic masses is shown in Table 1.  

Gray scale ultrasonography  

Ultrasonographic features with their PPV of 

benignity and malignancy are shown in Table 2. 

Gray scale ultrasonography revealed 35 true 

positives (TP), 52 true negatives (TN), 10 false 

positives (FP) and 3 false negatives (FN). Gray 

scale USG had sensitivity of 92.11%, specificity 

of 83.87%, positive predictive value (PPV) of 

77.78 % and negative predictive value (NPV) of 

94.55 %.  

Strain Elastography  

The mean strain ratio in benign neoplastic lesions 

was 2.41±1.65 (range 0.6 to 8) and in malignant 

lesions 6.16±2.92 (ranges 2.1 to 15).  By using 

cut-off of 3 strain elastography showed 34 true 

positives (TP), 53 true negatives (TN), 9 false 

positives (FP) and 4 false negatives (FN). 

Sensitivity of 89.47%, specificity of 85.48%, 

positive predictive value of 79.07% and negative 

predictive value of 92.98% was obtained for strain 

elastography using strain ratio 

 

Table 1. Percentage Distribution of Benign and 

Malignant Neoplastic Masses 

Benign Lesions  N (%) Malignant 

Lesions 

N (%) 

Fibro adenoma 48 (77) Infiltrative ductal 

carcinoma 

25 (66) 

Fibro adenoma 

with atypia 

1 (2) Ductal carcinoma 

in situ 

5 (13) 

Benign neoplastic 

lesion  

7 (11) Invasive lobular 

carcinoma 

2 (5) 

Benign neoplastic 

lesion 

3 (5) Medullary 

carcinoma 

2 (5) 

Lipoma  2 (3) Mucinous 

carcinoma 

3 (8) 

Intraductal 

Papilloma  

1 (2) Scirrhous 

carcinoma 

1 (3) 

Total  62 (100) Total 38 (100) 

(N-number, %-percentage) 

 

Table 2. Gray Scale USG Features with PPV for 

Malignancy and Benignity 

Gray scale sono-

graphic features 

with high PPV for 

malignancy 

PPV 

(%) 
Gray scale 

sonographic 

features with high 

PPV for benignity 

PPV 

(%) 

Spiculated margin 100 Well circumscribed 

margin 

95.55 

Micro calcification 100 Oval shape 85.36 

Micro lobulations 75.00 Macro lobulations 69.23 

Irregular shape 78.37 Parallel orientation 85.10 

 

Discussion  

Over the last decade, there has been increasing 

interest in imaging the elasticity of biological 

tissues to complement information from standard 

anatomical imaging. Elastography can 

differentiate between benign and malignant 

lesions on the basis of their firmness. The strain 

ratio represents the relative compliance and 

stiffness of lesions compared with surrounding 

tissues. Malignant lesions, which are very stiff, 

deform less whereas benign lesions deform much 

more easily. 

Total malignant neoplastic lesions in present study 

were 38 (38.00%) and benign neoplastic were 62 

(62.00%). Different previous studies noted 

significant higher proportion of benign lesions
(6,7)

. 

The commonest benign lesion was fibro adenoma 

(77%) while infiltrative ductal carcinoma (66%) 

was commonest malignant lesion. Mean age of the 

patients in present study with malignant neoplastic 
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lesions (50.42±12.62) was significantly higher 

than benign neoplastic lesions (31.92±11.4, P 

value < 0.001) which were consistent with 

previous literature
 (8, 9)

. When we analysed gray 

scale USG findings, most common characteristic 

features of malignancy were: spiculated margins, 

micro calcification, irregular shape, micro 

lobulations and non-parallel orientation. PPV of 

various benign and malignant features obtained in 

present study are compared with previous studies 

in Table 3 and 4.   

PPV of spiculated margins for malignancy in 

present study is 100% which is higher than 

previously reported
 (10-12)

. All lesions with 

spiculated margins turned out as malignant. PPV 

of irregular shape, non-parallel orientation for 

malignancy is comparable to that of Hong AS
 (11)

. 

PPV of irregular shape, anti-parallel orientation 

and decreased sound transmission (shadowing) for 

malignancy in the study conducted by Melania 

Costantini
(12)

 are comparable with our study. Soo 

MS et al
(13)

 observed suspicious micro 

calcification on sonography in only 23% cases 

but, when detected are malignant and represent 

invasive cancer. Similarly, we noted eleven cases 

with micro calcification which were proved to be 

malignant. 

 

Table 3.Comparison of PPV of Benign Features 

with Previous Studies 

 

       

       Study  

Gray scale 

feature 

Positive Predictive Value (PPV) for 

Benignity 

Stavros 

AT 
(10)

 

Hong 

AS
(11)

 

Melania 

C
(12)

 

Present 

Study 

 

Oval Shape 

 

91.1% 

 

84% 

 

79.7% 

 

85.3% 

Well 

Circumscrib

ed Margin 

 

- 

 

90% 

 

87.8% 

 

95.5% 

Parallel 

Orientation 

 

- 

 

78% 

 

- 

 

85.1% 

 

 

 

 

 

Table 4. Comparison of PPV of Malignant 

Feature with Previous Studies 

 

 

Study  

Gray scale 

 feature 

Positive Predictive Value (PPV) for 

Malignancy 

Stavros 

AT 
(10)

 

Hong 

AS 
(11)

 

Melania 

C 
(12)

 

Present 

Study 

Spiculated Margin 91.8% 86% 87.5% 100% 

Anti-parallel 

Orientation 

 

81.2% 

 

69% 

 

71.3% 

 

71.8% 

Irregular Shape - 62% 62% 78.37% 

Posterior Acoustic 

Shadowing 

 

65% 

 

- 

 

78.9% 

 

67.5% 

Microlobulation - - 100% 75% 

 

Features with high PPV of benignity were well 

circumscribed margins, oval shape, macro 

lobulations and parallel orientation. These 

observations are in accordance with previous 

studies
(10,11)

. Sensitivity, specificity, PPV and 

NPV of gray scale USG in present study is 

comparable to that reported by others
 (10, 12, and 14)

. 

 A mean strain ratio of benign lesions is 

significantly lower than malignant lesions 

(2.41±1.65 Vs 6.16±2.92: p < 0.001). Figure 1 and 

2 are representative cases of benign and malignant 

lesions respectively in which gray scale USG  

diagnosis and strain elastography diagnosis is 

consistent with histopathology result. Those low 

strain ratios for benign masses correspond with 

values reported in the literature
 (15-17)

. We noted 

high strain ratio (11.33) in scirrhous carcinoma 

which could be attributed to its high fibrous 

content.  There is overlap of the elasticity between 

benign and malignant lesions in the breast
(18)

. 

Two cases of fibro adenomas with internal 

calcification and one with atypia showed high 

strain ratio on elastography and were 

misdiagnosed as malignant. Figure 3 is example 

of one of the fibro adenoma with internal 

calcification. But on gray scale ultrasonography 

they were correctly categorized as benign. In 

remaining six false positive cases, we could not 

find any specific histological features to explain 

high strain ratio. This may be due to technical 

error as this technique is operator dependent. 
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A.                                         B.                                  C.  

Figure 1. 45-year-old woman with palpable lump in left breast A. Gray scale ultrasound shows a well 

circumscribed 17x10mm sized hypo echoic oval lesion which was categorized as -BI-RADS - 2. B. Strain 

elastography image reveals homogeneous green soft lesion with strain ratio 0.76 calculated as fat strain (B-

0.39%) divided by lesion strain (A-0.51%).C. Histopathological result -Fibroadenoma 

 
  A.                                                        B.                                                    C. 

Figure 2. 65 year female presented with painless hard lump in left breast A. Gray scale image shows an 

irregular 23x21mm sized an irregular spiculated hypo echoic lesion with posterior shadowing -BI-RADS -5. 

B. Strain elastography image reveals blue hard lesion with strain ratio 7.67 calculated as fat strain (B-0.56%) 

divided by lesion strain (A-0.07%).C. Histopathological result - Infiltrative ductalcarcinoma 

  

  
A.                                                     B.                                                       C. 

Figure 3. 50-year-old woman with palpable lump in right breast A. Gray scale ultrasound shows a well 

circumscribed 17x18 mm sized hypo echoic rounded lesion with internal macro calcification and posterior 

shadowing was categorized as -BI-RADS -3. B. Strain elastography image reveals blue hard lesion with 

strain ratio 6.67 calculated as fat strain (B-0.49%) divided by lesion strain (A-0.07%).C .Histopathological 

result showed -Fibroadenoma  
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A.                                                       B.                                                     C. 

Figure 4. 39 year female palpable lump in right breast A. Gray scale image shows an a well circumscribed 

hypo echoic rounded lesion of size 16x13 mm-BI-RADS-2. B. Strain elastography image showed strain ratio 

3.33 calculated as fat strain (B-0.24%) divided by lesion strain (A-0.07%).C .Histopathological result – 

Medullary carcinoma  

 

In two cases of medullary carcinoma gray scale 

findings were suggestive of benign features of the 

lesions however strain elastography revealed high 

strain ratio suggesting malignant aetiology.  

Figure 4 shows example of a medullary carcinoma 

misdiagnosed as benign lesion on gray scale 

sonography which was correctly diagnosed as 

malignant lesion by strain elastography.  Lower 

strain ratios were observed in four malignant 

lesions: each of two infiltrative ductal carcinoma 

and mucinous carcinoma. Soft nature of mucinous 

carcinoma may be responsible for lower strain 

ratio but false negative strain ratio in infiltrative 

ductal carcinoma could be due early stage of 

malignancy. Hui Zhi et al 
(19)

 also found false 

negative finding on elastography in early stages of 

invasive ductal carcinoma. When using strain 

elastography, one should pay attention to all the 

factors that would affect the stiffness of the 

lesions and causing misleading results because, 

not all hard lesions are malignant and vice-versa.  

With strain ratio cut-off limit of 3 we obtained 

sensitivity of 89.47%, specificity of 85.48%, PPV 

of 79.07% and NPV of 92.98 % similar to the 

reports published previously
(16,17,18)

. It is 

important to note that the strain ratio is dependent 

on the manufacturer of the elastography machine. 

According to Redling K
 (20)

 combination of BI-

RADS, Tsukuba elasticity score and strain ratio 

gives sensitivity of 95% and a specificity of 85%. 

In the present study combined use of gray scale 

ultrasonography and strain elastography using 

strain ratio sensitivity of 97.37% specificity of 

96.77%, PPV of 94.87% and NPV 98.36% was 

achieved. Our result showed higher specificity 

than Redling K
 (20)

 the reason could be higher cut-

off limit of strain ratio that is 3 instead of 2.5. 

Subjective bias resulting from use of visual 

elastography score in the assessment of 

elastography images was avoided.  

There are few limitations to the present study. 

Firstly, elastographic image is always 

superimposed on the gray scale image; 

consequently, a bias is introduced. Secondly, 

Acquisition and analysis of elastographic images 

is operator dependent. Inter and intra-observer 

variability is another factor which needs to be 

considered hence studies with larger numbers of 

lesions and multiple observers are needed to solve 

the problem. 

 

Conclusion                                                    

In conclusion, strain elastography using strain 

ratio is less sensitive but more specific as 

compared to gray scale ultrasonography and when 

these two modalities used in combination the 

number of false results can be reduced which will 

increase the overall yield of the examination with 

subsequent reduction in unnecessary biopsies. 

Combination of two or more imaging methods 

increases the diagnostic confidence which can 

always help to develop cost-effective strategies for 

practices around the world 

Source(s) of support: Nil  

Conflicting Interest: Nil 
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