
 

Usha Kumari K et al JMSCR Volume 05 Issue 05 May 2017  Page 21313 
 

JMSCR Vol||05||Issue||05||Page 21313-21319||May 2017 

Differentiation of Benign and Malignant Breast Lesions Based on Ultrasound 

Criteria 
 

Authors 

Usha Kumari K
1
,
 
Sophy Susan Manuel

2
 

1
Department of Radiodiagnosis, Government Medical College, Trivandum, Kerala, India 

2
Present address: Division of Imaging, Metro Scans and Laboratary, Kollam, Kerala India 

Former resident, Department of Radiodiagnosis, Government Medical College, Trivandum, Kerala, India 

Email: ushakunjuramandr@gmail.com 

Abstract 

Aim: To evaluate the usefulness and accuracy of ultrasound imaging for distinguishing between benign and 

malignant breast masses, with FNAC or biopsy results as reference standard in a study population based in 

South India. 

Materials and Methods: The records of breast ultrasound examination findings of 50 patients with solid breast 

masses were retrospectively reviewed. Criteria such as  size, shape of the lesion, circumscribed or irregularity 

of margins such as indistinct, angular, microlobulate or spiculated, posterior enhancement or shadowing, 

calcifications, echo pattern, associated features mainly duct changes and W/AP ratio were evaluated and a 

diagnosis reached based on ultrasound criteria. Gold standard was kept as FNAC or biopsy. 

Results: The sensitivity of breast US for malignancy was 96%, specificity 85%, positive predictive value 94%, 

negative predictive value 92% and accuracy 93%, Among the benign criteria marked hyperechogenicity and 

ellipsoid shape had 100% negative predictive value. Negative predictive value of 3 or fewer gentle lobulations 

and thin echogenic capsule was 87.5% each. 75% of fibroadenomas showed W/AP ratio >1.4 and 93% of 

malignant lesions showed W/AP ratio <1.4 (p value <.001 statistically significant). 

Conclusion: The data confirm that using strict sonographic criteria it is possible differentiate benign from 

malignant lesions with confidence. Furthermore, applying these criteria can obviate need for biopsy in a group 

of benign solid breast lesions. 

Keywords: Breast carcinoma, breast neoplasms, sonography, positive predictive value, negative predictive 

value. 

 

Introduction 

Breast Carcinoma is the leading cause for cancer 

deaths in women both in the developed and less 

developed world. Worldwide over 522 000 women 

died in 2012 due to breast cancer according to 

Globacon 2012. In India alone 145000 incident 

cases and 70000 deaths are estimated to have 

occurred during that year. It is critical to obtain a 

definitive diagnosis as early as possible.  

Ultrasound being non invasive is extensively used 

in breast imaging. Advantages of the hand-held 

real-time technique include supine patient 

positioning, flexible probe orientations, improved 

resolution of higher frequency transducers and 

compression techniques to assess tissue 

compliance and fixation. 
[1]

 

Starvos et al 
[2]

 in 1995 demonstrated that solid 

breast lesions could be confidently characterized as 
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benign or malignant with high-resolution 

grays-scale US imaging.  

Later investigators
[3],[4]

 also supported these 

findings and these features formed an vital 

component of the Breast Imaging and Reporting 

Data System 
[5]

.  

Currently ultrasound is indicated for evaluating 

palpable abnormalities and characterizing masses 

detected at mammography and magnetic resonance 

imaging. Ultrasound may also be used as an 

adjunct for breast cancer screening modality in 

women with dense breast tissue and a negative 

mammogram. Moreover Ultrasound is the primary 

imaging modality in females under 30 years old 

with a palpable lump or focal mastalgia with a 

sensitivity and negative predictive value of nearly 

100%. 
[6]

 

In this retrospective study an attempt was made to 

evaluate the usefulness and accuracy of ultrasound 

imaging for distinguishing between benign and 

malignant solid breast masses, with FNAC or 

biopsy results as reference standard. 

 

Materials and Methods 

The records of breast ultrasound examinations of 

50 women with solid breast masses between 

August 1998 and December 2000 to the 

radiodiagnosis department of government medical 

college trivandrum. were retrospectively reviewed. 

Majority of the patients were referred from the 

surgery department, government medical college, 

Trivandrum and the remaining from Regional 

Cancer Centre, Trivandrum 

After taking relevant clinical history and 

conducting physical examinations, the ultrasound 

evaluation was performed with ALOKA SSD 2000 

unit with 7.5 MHZ linear array probe and 5 MHZ 

convex array probe. All scans were performed by 

the same radiologist and the findings recorded.  

Each breast was examined by a quadrant wise 

approach covering all four quadrants and the 

axillary extension of the breast. Patients were 

scanned supine with the position adjusted to flatten 

out the breast. The ipsilateral arm was extended 

behind the head so as to assess the inner quadrants. 

Similarly to evaluate the upper outer quadrant, the 

patients were turned to the opposite side in a slight 

oblique position. The survey-search technique 
[1]

 of 

examining each quadrant separately in a vertical or 

transverse sweep was utilized.  

Varying compression was applied, in the 

evaluation of solid masses according to their 

location and size for optimal imaging. Images were 

obtained in radial fashion with the nipple as the 

center of the radius to examine ductal anatomy. 

The nipple and areola complex was imaged by 

keeping the transducer adjacent to the nipple and 

beam angled to the retroareolar area. 

Only the data of patients without a prior history of 

biopsy were included in the study. Patients with 

advanced carcinoma of the breast (stage II B and 

above) were excluded from the study. Gold 

standard was kept as FNAC or biopsy reports. 

Review of the findings of real time sonography 

such as size of the lesion, shape, echogenicity, 

margins, spiculation, calcification, shadowing, 

duct extension, micro lobulations, width to antero 

posterior ratio (W/AP ratio) etc was done and 

predictability calculated. The accuracy of 

ultrasound in characterizing breast lumps and to 

correlate the ultrasound findings with the 

pathology results was also evaluated. 

The W/AP ratio denotes width to anteroposterior 

ratio, where W is the longest diameter parallel to 

the skin and AP is the anteroposterior diameter, 

which is the growth perpendicular to the skin. 

W/AP quantifies the degree of elongation of the 

tumour 

 

Results  

The youngest patient in this study was 20yrs and 

the oldest one was 71yrs old. Majority (40%) of 

patients were in the 40-49yr age group followed by 

18% in 50-59yr range, 16% in 30-39yr range and 

less than 10% in remaining age groups. 

Of the benign lesions highest percentage (43.8%) 

was in 40-49yr age group, 31% in 30-39yr range 

and 25% in 20-29yr range. None of the patients 

above 50 included in the study had benign lumps.  
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Figure 1 

 
Ultrasound image of malignant mass showing 

spiculatons, angular margins, distal shadowing, 

duct extension- 

Figure 2 

 
Ultrasound image of malignant mass demonstrates 

microlobulations, hypoechogenicity, angular 

margins 

 

In the case of malignant lesions to the highest 

percentage was in 40~49yr age group (38.2%) 

followed by 26.5% in 50-59yr range, 11.8%  were 

in 60-69yr age group and less than 10% in rest of 

the age groups. All patients above 50 yrs. Who 

underwent the study had malignant lumps. The 

lowest percentage of malignancy was in 20-29yr 

age group (5.9%). The youngest one with 

malignancy was a 28yrs old patient. 

54% of the breast lumps were located in the upper 

outer quadrant. 20% in upper inner quadrant, 8% 

each in either lower quadrants, 2% in subareolar 

region and 4% in upper outer and inner quadrants. 

In remaining 4%, there was bilateral involvement. 

According to clinical diagnosis 26% of the lesions 

were benign, 58 % were malignant, and 16% were 

of doubtful malignancy. 

Among the criteria for benignity (markedly 

hyperechoic, ellipsoid shape, 3 or fewer gentle 

lobulations, thin echogenic capsule, absence of 

malignant findings) 87.5% of the lesions showed 

ellipsoid shape and absence of malignant findings. 

62.5% showed thin echogenic capsule, 25% of the 

lesions were markedly hyperechoic 12.5% showed 

3 or fewer gentle lobulations. 

Figure 3. 

 
Ultrasound image of malignant mass  depicting 

AP diameter more than transverse diameter 

indicating non parallel orientation to the skin. 

 

Among the 9 criteria denoting malignancy, 62% of 

the lesions showed marked hypoechogenicity. 

More than half of the lesion had spiculated edges 

and angular margins (52% and 54% respectively). 

Half of the lesions were taller than wide and 

exhibited posterior acoustic shadowing. 

Calcification could be detected only in 9 lesions 

(18%). 28% of the lesions showed microlobulation. 

2 lesions showed duct extension and branch 

pattern. 

Good ultrasound pathological correlation was 

obtained in benign lumps. 12 breast lumps were 

diagnosed as benign (8 fibroadenomas and 4 

benign breast change). One lump which was 

diagnosed as benign, based on 3 or fewer gentle 

lobulations, thin echogenic capsule and absence of 

malignant findings turned out to be malignant. 

Of the 33 cases considered malignant based on 

ultrasound features 2 lumps turned out to be 

benign. One showed calcifications and 

microlobulation and other one was markedly 

hypoechoic with posterior acoustic shadowing and 

microlobulations. 

Of the 8 cases of fibroadenoma, 6 showed W/AP 

ratio >1.4. 31 of 33 malignant lumps showed a 



 

Usha Kumari K et al JMSCR Volume 05 Issue 05 May 2017  Page 21316 
 

JMSCR Vol||05||Issue||05||Page 21313-21319||May 2017 

W/AP ratio <1.4.All 4 cases diagnosed as benign 

breast change was confirmed on HPR. 5 cases were 

unequivocal simple cysts and follow up was 

advised. 

The opposite breast was normal in all cases except 

in one benign breast change were there was 

bilateral involvement. 

In three cases axilla showed lymph nodes. 

Clinically it was palpable in only one case. 

Ultrasound showed them to be rounded in shape 

and echogenic hilum could not be identified. 

Diagnosis offered in all these cases were 

malignancy. One of this turned out to be benign, 

with reactive change in axillary lymphnode. 

Distribution According to age 

Bar diagram 

 
 

Table I Distribution according to clinical diagnosis 

Clinical Diagnosis Number Percentage 

Benign 13 26% 

Malignant 29 58% 

? Malignant 8 16% 

 

Table II Age wise distribution of ultrasound 

diagnosis 

Age  
USG Total 

Benign Malignant  

20-29 
Count 4 2 6 

% with USG 23.53% 6.06% 12% 

30-39 
count 5 3 8 

% with USG 29.41% 9.09% 16% 

40-49 
count 8 13 21 

% with USG 47.06% 39.4% 42% 

50-59 
count 0 9 9 

% with USG  27.27% 18% 

60-69 
count 0 4 4 

% with USG  12.12% 8% 

70-79 
count 0 2 2 

% with USG  6.06% 4% 

 Total 17 33 50 

  100% 100% 100% 

Discussion 

The nodules evaluated in this study were typical of 

those seen in every day practice. This study does 

not contain a disproportionate percentage of 

advanced lesions. In this study breast lumps 

whether they are benign or malignant were found 

mainly in the 40-49 yr age group.  

Among the five simple cysts 4 were in the 40-49yr   

and 1 was in 30-39yr range. According to literature 

cysts are very common finding in women during 

the involution phase (35-50 years). Simple cysts 

are characterized with 100% accuracy 
[7],[8]

 as long 

as they are not too small (<  5  mm  in  size)  or 

not too deep. 

Fibroadenomas are more common before 25 to 30 

years of age and it is the most common benign 

tumor of female breast. In this study most of them 

were in patients below 40 years. In this study 

benign breast change was also found more 

commonly in 40-49yr age group as in the literature. 

Carcinoma is the main breast disease encountered 

in our study. The youngest one with malignancy 

was a 28yrs old patient and the lowest percentage 

of malignancy was in 20-29yr age group. Like 

other benign breast lumps malignant lumps were 

also more common in 40-49yr age group.60% of 

breast carcinomas were located in the upper outer 

quadrant. It is a well accepted fact that more than 

50% of carcinomas are located in the upper outer 

quadrant probably due to the larger concentration 

of terminal duct lobular units. Size of the lesions 

varied greatly among cases included in this study, 

and size was not a significant factor in deciding the 

nature of the lesion. Another parameter that was 

correlated to size and also to shape was width to 

anteroposterior ratio or the W/AP ratio were W is 

the longest diameter parallel to the skin and AP is 

the anteroposterior diameter, which is the growth 

perpendicular to the skin. W/AP quantifies the 

degree of elongation of the tumour. In this study 

75% of fibroadenomas showed W/AP ratio >1.4 

and 93% of malignant lesions showed W/AP ratio 

<1.4 (p value <.001 statistically significant). Data 

reported in literature are controversial. In one of the 

series using the threshold of 1.4, 86% of 
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fibroadenomas had W/AP ratio >1.4 when 100% of 

carcinomas had a ratio <1.4. However, in a study 

by Rahbar et al where One hundred sixty-two 

consecutive solid masses with a tissue diagnosis 

were reviewed, when width-to–anteroposterior 

(AP) dimension ratio was greater than 1.4, 82 of 92 

(89%) were benign whereas when width-to–AP 

dimension ratio of 1.4 or less 28 of 70 (40%) were 

malignant. 
[9]

 

 

Table V Distribution of individual benign criteria 

and negative predictive value of each characteristic 

 Number Percentage 

Negative 

predictive 

value 

Markedly 

hyperechoic 
2 25% 100 

Ellipsoid shape 7 87.5% 100 

3/fewer gentle 

tabulations 
1 12.5 92.3 

Thin echogenic 

capsule 
5 62.5 92.3 

Absence of malignant 

findings 
7 87.5 92.3 

 

Table VI Distribution of individual malignant 

criteria and positive predictive value of each 

characteristic 

SLNo. Criteria Number Percentage 

Positive 

Predictive 

value 

1 Spiculation 26 52% 100 

2 
Taller than 

wide 
25 50 100 

3 
Angular 

margins 
27 54 100 

4 Shadowing 25 50 96.5 

5 Calcification 9 18 90 

6 Duct extension 2 4 100 

7 Branch pattern 2 4 100 

8 
Micro 

tabulations 
14 28 87 

9 
Markedly 

hypoechoic 
31 62 96 

 

Table VII Distribution according to USG 

diagnosis 

Ultrasound 

diagnosis 
Number Percentage 

Benign 17 34% 

Malignant 33 66% 

Total 50 100% 

 

Table VIII Distribution according to HPR 

HPR Number Percentage 

Benign 13 28.88% 

Malignant 32 71.12% 

Total 45 100% 

 

Table IX Sensitivity, specificity, positive 

predictive value and negative predictive value of 

ultrasound of breast for malignancy 

USG 

classification 
Histopathological findings Total 

Malignant 31 2 33 

Benign 1 11 12 

Total 32 13 45 

Sensitivity-96%, Specificity - 85%, PPV - 94%, NPV - 92%, 

Accuracy - 93% 

 

In one of the patients who had markedly 

hypoechoic lump with posterior acoustic 

shadowing and microlobulations, the ultrasound 

diagnosis suggested was malignant breast lump 

with axillary lymph node involvement. Axillary 

lymph node was rounded and echogenic hilum was 

not identifiable. However, the biopsy report was 

fibroadenoma with reactive change in axillary 

lymph node. 

Among the benign criteria marked 

hyperechogenicity and ellipsoid shape had 100% 

negative predictive value. Negative predictive 

value of 3/fewer gentle lobulations and thin 

echogenic capsule was 87.5% each. First 2 findings 

closely corresponds to those reported in literature. 
[2]

 The NPV for hyperechogenicity and ellipsoid 

shape was 100 and 99.1% whereas 3/Fewer gentle 

lobulations and thin echogenic capsule had 99.2 % 

and 98.8 % in study conducted by Stavros et al. 

Lesions with these Sonographic features of 

benign-appearing solid masses are commonly 

fibroadenomas or other benign masses and can 

often be safely followed. 
[10], [11]

 

Among malignant criteria; spiculation, taller than 

wide, angular margin, duct extension and branch 

pattern had a positive predictive value of 100%. 

Positive predictive value of marked 

hypoechogenicity and shadowing was 96% and 

96.5% respectively. Calcification had 90% positive 

predictive value and microlobulation had 87%. All 

these figures were high when compared with 
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various published data and this may be due to the 

small sample volume.  

The positive predictive values for malignancy 

according to Stavros et al
[2]

 is91.8% for 

spiculation, followed by 81.28% for taller than 

wide and 67.5% for angular margins. Posterior 

shadowing and branch pattern had similar PPV of  

64.9 and 64 % respectively. Hypoechogenicity 

(60.1 % )calcification(59.6%)ductal extension 

(50.8) and microlobulations (48.2 %) had lesser 

positive predictive value. 

In a study of Sonographic BI-RADS descriptors 
[10]

 

by observers using static images, features highly 

predictive of benign lesions include circumscribed 

margin (90%,), parallel orientation (78%,), and 

oval shape (84%,). Sonographic BI-RADS 

descriptors in the study showing high predictive 

value for malignancy included spiculated margin 

(86%,), irregular shape (62%,), and nonparallel 

orientation (69%, 
[12]

 which are comparatively low. 

A major role of targeted sonography is to improve 

the specificity of clinical and mammographic 

findings in carefully selected patients. That goal 

was met in a large percentage of cases in this study. 

The sensitivity of breast US for malignancy was 

96%, specificity 85%, positive predictive value- 

94%, negative predictive value-92% and accuracy 

93%, compared to 98.4% sensitivity, 67.8% 

specificity, 99.5% negative predictive value, 40% 

positive predictive value and 72.9% accuracy of 

published data by Stavros et al. The high values are 

due to the small sample volume. 

Limitations of this study include the small sample 

size. This study did not employ the BIRADS 

lexicon for characterization. However BIRADS US 

lexicon in 2003 
[13]

 was found to have low to 

moderate inter observer agreement in description. 

This was especially for small masses  and  for  

malignant  masses 
[14]

 

Although irregularity of margins of lesions and 

shadowing were found to be indicative of 

malignancy, non malignant pathology such as 

benign focal fibrous breast tissue or postoperative 

scars can also show these features. Similarly 

hyperechoic masses are frequently benign, yet 

malignant neoplasms like invasive ductal and 

invasive lobular carcinoma, lymphoma, and 

sarcoma can be hyperechoic. 
[15],[16],[17]

.  

 

Conclusion 

The data confirm that using strict sonographic 

criteria it is possible differentiate benign from 

malignant lesions with confidence. Furthermore, 

applying these criteria can obviate need for biopsy 

in a population of benign solid breast lesions. 

However due to overlap in ultrasound features 

between benign and malignant masses, careful 

scanning techniques as well as correlation with 

clinical and mammography findings are essential 

to improve the accuracy. 
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