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ABSTRACT Aims and Objectives:

•	 To	 compare	 mammography,	 ultrasound	 and	 strain	 elastography	 in	 differentiating	 	 solid	 breast	 lesions	 into	 be-
nign	and	malignant	lesions.	

•	 To	 assess	 the	 sensitivity,	 specificity,	 Positive	 predicative	 value(PPV),	 Negative	 predictive	 value(NPV)	 and	 Accu-
racy	of	ultrasound	and	combined	ultrasound	and	strain	elastography	in	BIRADS	category	III	and	IV	lesions.	

Study	design:	Mammography,	ultrasound	and	strain	elastography	were	done	in	69	lesions(66	patients).

Results:

The	mean	strain	 index	value	on	elastography	was	2.49	±	1.49	 for	benign	and	6.45	±	2.68	 for	malignant	 lesions	with	a	
sensitivity	and	specificity	of	89.8%	and	75%	respectively.	

The	sensitivity,	specificity,	accuracy,	PPV	and	NPV	for	ultrasound	were	94%,	73.68%,	88.4%,	90.38%,	82.35%	which	 im-
proved	on	adding	strain	elastography	to	96%,	84.21%,92.75%,94.11%,	88.88	%	respectively.

Sensitivity,	 Specificity,	Accuracy,	 PPV	 and	NPV	were	 80%,85.71%,80%,85.71%	and	83.33	 respectively	 for	 combined	ul-
trasound	and	elastography	in	category	III	and	IV	lesions.

Conclusion:

•	 Strain	 index	 cut	 off	 value	 of	 3.37	 enabled	 the	 best	 distinction	 between	 benign	 and	 malignant	 lesions	 on	 elas-
tography.

•	 Adding	 strain	 elastography	 to	 ultrasound	 improved	 sensitivity,	 specificity,	 PPV,	 NPV	 and	 Accuracy	 when	 com-
pared	to	ultrasound	or	Mammography	used	alone.

Introduction 
Breast cancer is the most common malignancy in women 
all over the world (1). The single most important factor in 
reducing mortality from breast cancer is early detection 
through screening (2).The incidence of breast cancer is ris-
ing in India and its effective management is heavily de-
pendent on early detection.

Mammography is used as a screening modality in older 
age group whereas in younger women with dense breasts, 
it often yield false-negative results. In younger women ul-
trasound is done (3,4) and though its sensitivity is higher in 
detection of lesions, its specificity is poor in characterizing 
them into benign or malignant. Since breast cancer in In-
dian population is seen in a younger population as com-
pared to the west, hence there is a need for additional 
reliable methods to establish a diagnosis and avoid un-
necessary biopsies.

Elastography is an emerging modality which is non-invasive 
and depicts relative tissue stiffness in response to an ex-

ternal force. The principle used in Elastography is : Stiff 
tissues deform less and exhibit less strain as compared 
to  compliant tissues in response to an applied external 
force(5,6). The two most frequently used elastography tech-
niques are compressive/strain elastography and shear wave 
elastography.

Strain elastography: Stress is applied by repeated manual 
compression of the transducer, and the amount of lesion 
deformation relative to the surrounding normal tissue is 
measured and displayed. 

Shear wave elastography: Uses an acoustic radiation force 
impulse created by a focused ultrasound beam, which al-
lows measurement of the propagation speed of shear 
waves with in the tissue to locally quantify its stiffness in 
kilopascals/meters per sec.

AIMS AND OBJECTIVES:
To compare mammography, ultrasound and strain elastog-
raphy in differentiating  solid breast lesions into benign 
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and malignant lesions. 

To assess the sensitivity, specificity, Positive predicative 
value(PPV), Negative predictive value(NPV) and Accuracy of 
ultrasound and combined ultrasound and strain elastogra-
phy in BIRADS category III and IV lesions. 

MATERIALS AND METHODS: 
A prospective study done in Department of Radiodiagnosis 
in a tertiary health care hospital, from September 2014 to 
august 2015. 

A total of 69 solid breast lesions were studied in 66 pa-
tients after obtaining Institutional ethical committee (IEC) 
clearance and informed consent from patient. 

The lesions were evaluated by mammography, ultrasound 
and strain elastography .Final diagnosis was confirmed by 
Histopathology / Imaging follow up at one year. 

Statistical analysis was done using SPSS statistical software 
version 16. 

INCLUSION CRITERIA: 
Patients with solid breast lesions > 1cm and < 5 cm on ul-
trasound who also underwent mammography and elastog-
raphy. 

Patients with histo-pathological diagnosis/imaging follow 
up at one year. 

EXCLUSION CRITERIA: 
 
Cystic breast lesions. 
Patient who were not evaluated by all the three imaging 
modalities (mammography, ultrasound and strain elastogra-
phy).

Patients without histo-pathological diagnosis and or imag-
ing follow up. 

IMAGING: 
Standard medio-lateral oblique (MLO) and cranio-caudal 
(CC) views were done on WIPRO GE – DMR PLUS mam-
mography unit.  Additional views (coned-down compres-
sion and magnification views) were done when required.

Ultrasound and Strain Elastography were done on Aplio 
XG (Toshiba medical systems corp., JAPAN) 

Ultrasound technique :  Ultrasound of breast was done in 
radial/anti radial planes using 8-13 MHz linear transducer 
with patient in supine position .

Elastography technique- Semi quantitative strain elasto-
graphic image box was fitted to cover the lesion and a 
compressive and decompressive force was applied vertical-
ly, keeping the lesion in the field of view. Care was taken 
to stabilize the lesion to avoid lateral movement.

The compression and relaxation waveforms were seen as 
sinusoidal waveforms and Strain index (SI) values were ob-
tained from an appropriate relaxation wave. Strain index 
was measured by selecting  ROI (region of interest) in le-
sion and a corresponding ROI in adjacent normal paren-
chyma. Using the Breast Elastography software, SI values 
were displayed on a static image as the ratio of tumor-ad-
justed ROI and the ROI placed in adjacent tissue. Multiple 
values with in the lesion were recorded and the average of 

two highest values was taken as strain index (SI).

RESULTS:
A total of 69 lesions ( 66 patients) were included in the 
study and all patients underwent  mammography, ultra-
sound and strain elastography. 

The age of the patients ranged from 26 to 83 years, with 
majority of patients between 41-50 years ; mean age of 
the sample being 54.3 years.

Mammograms were assessed for shape, margin, and den-
sity of masses, calcifications, architectural distortion, asym-
metric densities and axillary lymphnodes.

Ultrasound features assessed were antero- posterior width 
ratio, shape, margin, internal echogenicity, internal echo-
texture, and posterior acoustic phenomena. The benign le-
sions  were between 10- 20 mm in size with a mean size of 
14 mm and malignant lesions were between 21-30 mm in 
size with a mean size of 33 mm.

Strain index values of all 69 lesions were compared with 
histopathological findings and using ROC curves, the diag-
nostic performance of strain index method was evaluated( 
Figure 1).

Figure 1: ROC curve and coordinate table for strain in-
dex values. 

On applying independent T test, 2 tailed p value was 
0.001( statistically significant). The mean strain index values 
± SD on elastography were 2.49 ± 1.49 for benign lesions 
and 6.45 ± 2.68 for malignant lesions. Sensitivity and spec-
ificity for malignant lesions were 89.8% and 75% when a 
cutoff point of 3.37 was used. 

Figure 2: Scatter plot of strain indices(distribution of 
strain indices left side – benign and right side – malig-
nant):
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Strain index values of most of malignant lesions were clus-
tered between 4 to 12, whereas for benign lesions it was 
between 1 to 4( Figure 2). Highest strain index value in 
malignant lesions was 15.23, lowest value was 0.54, where-
as highest strain index value in benign lesions was 8.9, and 
lowest value was 0.38.                                                                    

Figure 3 : Histopathology/Follow up of benign and ma-
lignant lesions  
 
The final histopathology/ Follow up diagnosis was as 
shown above (Figure 3).Comparison of mammography, Ul-
trasound and Strain elastography findings was done with 
histopathology. 

A result was classified as false-negative when a diagnos-
tic method classified histopathologically confirmed cancer 
as benign and as false-positive when a diagnostic method 
classified a histologically confirmed benign lesion as can-
cer. 

Imaging 
modality

Sensitiv-
ity%

Specific-
ity%

Accu-
racy% PPV% NPV%

Mammogra-
phy 94 57.89 84.05 94 78.57

Ultrasound 94 73.68 88.4 90.38 82.35

US+ELASTO 96 84.21 92.75 94.11 88.88

Figure 4: Comparison of Mammography, Ultrasound, 
and Strain Elastography in differentiation of breast le-
sions.
 
Combined ultrasound and elastography showed improve-
ment in all statistical parameters( sensitivity, specificity, ac-
curacy, PPV and NPV) as compared to mammography or 
ultrasound used alone(Figure 4).

Imaging 
modality

Sensitiv-
ity%

Specific-
ity% Accuracy PPV% NPV%

Ultrasound 80 85.71 83.33 80 85.71

US+ELASTO
90

92.85 91.66 90 92.85

Figure 5: Comparison of Ultrasound and Combined Ul-
trasound plus Elastography in BIRADS category III and 
IV lesions.

There is often a diagnostic dilemma in categorizing BI-
RADS III and IV lesions. Addition of strain elastography to 
ultrasound improved all statistical parameters( sensitivity, 
specificity, accuracy, PPV and NPV) and may help in reduc-
ing the number of lesions which need to be biopsied. (Fig-
ure 5).

DISCUSSION:
Solid breast lesions in present study were evaluated by 
mammography, ultrasound and strain elastography to dif-
ferentiate benign from malignant lesions.

Mammography showed a high positive predictive value 
(94%) as compared to ultrasound ( 90%) as the number of 
malignant lesions in present study ( Figure 4) were more. 
The specificity of mammogram ( 57.89%) was significantly 
less than ultrasound(73.68 %) as five lesions could not be 
seen on mammogram due to high breast density and were 
assigned  BIRADS category 0.  The accuracy of mammog-
raphy was 84.05% and ultrasound was 88.4%.

Imag-
ing 
Mo-
dality

Sensitiv-
ity % Specificity % Accuracy  PPV % NPV % 

pre-
sent 
study)

72.4/94 87.1/57.89 82.7/84.05 70.0/94 88.3/78.57

pre-
sent 
study)

71.2/94 73.2/73.68 72.6/88.4 52.5/90.38 86.0/82.35

 
Figure 6: Comparison of mammography and ultrasound 
in the diagnosis of solid breast lesions”. Hui et al(7). vs 
present study.
 
As compared to study done by Hui et al, Sensitivity and 
positive predictive values of both mammography and ul-
trasound were higher in present study, while the specificity 
and negative predictive values were lower(Figure 6). This 
can be attributed to inclusion of more number of malig-
nant lesions (50/69) in the present study.

present 
study

Ioana Andreea 
et al.

Nariya cho 
et al.

SI Cut off 3.37 3.67 2.24

Mean SI 
benign 2.49 ± 1.49 2.08 2.63 ± 4.57

Mean SI 
malignant 6.45 ± 1.49 6.28 6.57 ± 6.62

Sensitivity 89.8 93.3 95

Specificity 73.68 92.9 75
 
Figure 7: Differentiation of benign and malignant lesion 
using strain elastography –  Study done by Ioana An-
dreea et al.(8)  and Nariya cho et al(9).vs present study.
 
Mean strain indices for benign and malignant lesions and 
sensitivity(at cut off of 3.37) of  present study were in 
agreement with the values obtained in the study done by 
Ioana Andreea et al. and slightly high as compared to Nar-
iya cho et al(Figure 7).  

At a cut off of 3.3.7 we found a specificity of 73.68 % 
whereas Ioana Andreea et al found a specificity of 92.9% 
at a cut off of 3.67 and Nariya cho et al found a specificity 
of 75 % at a cut off of 2.24. This may be attributed to a 
relatively smaller number of benign cases.

On strain elastography, five histopathologically diagnosed 
benign lesions showed high strain index values( > 3.37) – 
out of which  three lesions were fibroadenomas, one lesion 
was intraductal papilloma and another one lesion was in-
flammatory process with giant cell reaction. The three fi-
broadenomas had calcifications that increased the stiffness 
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of the lesion, which in turn affected the assessment on 
elastography and showed high strain index values . Since 
inflammatory process with giant cell reaction  is a chronic 
inflammatory condition it may have increased the stiffness 
of lesion. 

Out of  five histopathologically diagnosed malignant le-
sions showing low strain index values( < 3.3.7) -  two  le-
sions were mucinous carcinomas, two were infiltrating 
ductal carcinomas and one lesion was invasive lobular 
carcinoma. Mucinous carcinomas and early stages of infil-
trating ductal carcinoma are known to be relatively soft (10)  
and hence can give low strain index values. The necrotic 
component in invasive ductal carcinoma can account for 
low strain index values( < 3.37).

The results are in agreement with study done by Krouskop 
et al (10). in 1998,  which showed that various breast tissues 
had differing elastic stiffness, invasive carcinoma having 
the lowest elasticity, followed by noninvasive carcinoma, fi-
brous tissue in the breast, normal glandular breast tissue, 
and breast fat tissue in that order.

Combined ultrasound and elastography allows evaluation 
of two important features of a lesion, morphology and 
stiffness.

Morphological characteristics  includes shape, margin, in-
ternal echogenicity, echotexture, and posterior acoustic 
shadowing which are important in differentiating benign 
and malignant breast lesions according to Stavros et al(11). 
According to stiffness criteria(10), malignant tissue is usually 
harder than normal breast tissue (10)  and gives high strain 
index values. Hence, combining ultrasound with elastogra-
phy assesses  both morphology and stiffness at the same 
time thereby improving the specificity and negative predic-
tive value.

 
Figure 8: A 63 year old woman with palpable lump in 
right breast A) MLO view on mammography, B) B-mode 
ultrasound, C) strain elastography image showed high SI 
value (6.14) and was categorized as BIRADS V. Histopa-
thology was suggestive of infiltrating ductal carcinoma

Figure 9: A 46 year old woman with palpable lump in 
left breast. A) MLO view on mammography, B) B-mode 
ultrasound and C) strain elastography image showed 
low SI value (2.47) and was categorized as BIRADS III – 
histopathology suggestive of fibroadenoma

 
Figure 10: A 48 year old woman with palpable lump in 
left breast. A) CC view on mammography, B) B-mode ul-
trasound and C) strain elastography image showed low 
SI value (1.48) and was categorized as BIRADS IVA – 
Histopathology was suggestive of mucinous carcinoma
LIMITATIONS:
•	 Small sample size 
•	 Less number of benign lesions.
•	 Subjective variability of compression during elastogra-

phy.
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CONCLUSION:
•	 There is a significant difference in the mean strain 

index values on strain elastography for benign and 
malignant lesions (2.49 ± 1.49 for benign lesions and 
6.45 ± 2.68 for malignant lesions).

•	 Strain index cut off value of 3.37 enabled the best 
distinction between benign and malignant breast le-
sions by using ROC curve.

•	 Combined  ultrasound and elastography improved all 
statistical parameters [sensitivity, specificity, PPV, NPV 
and Accuracy] which were significantly higher when 
compared to mammography or ultrasound performed 
individually.
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