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Abstract
Purpose To assess the diagnostic value of strain ratio elastography (SRE), a semiquantitative elastosonographic method based 
on the displacement of the tissue from an external source (manual compression with the transducer), as compared and in 
combination with conventional ultrasound for the differentiation of breast lesions.
Methods One hundred and eighty-two patients with breast lesions consecutively underwent B-mode, color Doppler US, and 
strain US-elastography. Each lesion was classified according to the BI-RADS lexicon by evaluating the size, the B-mode, and 
color Doppler features and then evaluated by SRE. Histology proven by biopsy was used as the gold standard and the patients 
with malignant lesions subsequently underwent operations. The diagnostic performance of each method was assessed with 
2 × 2 contingency tables and ROC curve analysis. To maximize the SRE sensitivity and specificity, the SRE cut-off value 
was calculated using the Youden test.
Results Histological examination revealed 66 benign and 116 malignant breast lesions. The conventional ultrasound showed 
sensitivity and specificity for the differentiation of benign and malignant lesions of 86.2% and 75.8%, respectively. Similar 
results were found for strain US-elastography with a cut-off of 2.49, with sensitivity and specificity of 89.7% and 72.7%, 
respectively. The association of conventional ultrasound with the SRE value increased the sensitivity (98.3%) but decreased 
the specificity compared with conventional US alone (63.6%).
Conclusion Strain US-elastography can be associated with BI-RADS US examination. According to our preliminary results, 
it helped increase the sensitivity although it decreased the specificity. However, further multicenter studies on a larger popu-
lation are warranted.
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Introduction

Ultrasound (US) plays a crucial role as a first-line imaging 
diagnostic tool, as a complementary method to mammography 
in women aged > 40 years, for breast lesion characterization, 
although it suffers from operator experience dependence [1]. 
Furthermore, US proved to be effective not only for diagnostic 
purposes but also for guidance during invasive procedures [2].

With the introduction of the Breast Imaging Reporting and 
Data System (BI-RADS) for US [3], the terminology and crite-
ria for describing and classifying breast lesions were standard-
ized with good diagnostic performance.

However, despite the extensive application of this lexicon, 
controversies regarding some topics remain, especially the 
question of how to apply the subcategorization of the sug-
gested BI-RADS. Other US techniques, such as US-elastogra-
phy, were developed to improve US performance. Indeed, the 
European Federation of Societies for Ultrasound in Medicine 
and Biology (EFSUMB) and the World Federation for Ultra-
sound in Medicine and Biology (WFUMB) dealt with US-
elastography, publishing their guidelines about physical prin-
ciples, clinical indications and limitations of elastography in 
several fields, including breast [4–6].

US-elastography is a noninvasive ultrasonographic imag-
ing technique that provides information on tissue elasticity 
and stiffness [7].

Strain US-elastography (SRE) is a semiquantitative elas-
tosonographic method based on the displacement of the tis-
sue from an external (manual compression with the trans-
ducer) or patient source (physiologic movements of heart 
and respiration, with the transducer maintained motionless 
with slight skin contact) and has been used for the evalua-
tion of superficial tissues, such as the breast, prostate, tes-
tis, neck, and thyroid; however, variable results have been 
reported [8, 9]. Elasticity imaging by strain US-elastography 
provides complementary information to conventional US by 
adding stiffness as another measurable parameter [10].

The aim of the present study was to assess the diagnostic 
performance of strain US-elastography (SRE) in the differ-
entiation of breast lesions as an adjunct tool to the BI-RADS 
2013 lexicon.

Methods

A population of 182 patients with breast lesions, aged 
29–85 years (median = 54.3 years), assessed with conven-
tional US and strain US-elastography (SRE) at the Sapienza 
University of Rome was studied.

The study protocol was approved by the hospital’s Ethi-
cal Review Board and was conducted in accordance with 
the principles of the Declaration of Helsinki and its amend-
ments. Patients were fully informed of the characteristics of 
the study before providing consent, and written informed 
consents were obtained from all subjects.

The inclusion criteria were women with one or more 
breast nodules at voluntary periodic screening and/or who 
present a palpable breast mass.

The exclusion criteria were as follows: pregnancy, lacta-
tion, neoadjuvant chemotherapy in progress or having been 
completed less than 2 months previously, radiotherapy in 
progress or having been completed less than 3 months previ-
ously, and insufficient documentation.

US evaluation of each breast lesion included conventional 
US and strain US-elastography (SRE), all performed using 
Toshiba Aplio i800 (Canon Medical System Europe BV), 
equipped with a multifrequency linear probe (5–10 MHz). 
Ultrasonographic features were evaluated according to a 
predefined protocol: for each lesion B-mode maximum size 
(in mm), the B-mode and color Doppler features, and SRE 
parameter (strain ratio). All lesions were assigned a BI-
RADS category according to BI-RADS lexicon 2013 clas-
sification [11, 12].

Nodules ranged in size from 6 to 27 mm, with a mean 
size of 14.1 mm.

For each lesion, we considered the following criteria: 
echogenicity, margins, vascularization, posterior features, 
orientation, and compressibility.

For strain US-elastography with strain ratio (SRE) evalu-
ation, the operator exercised manual compression on the tis-
sue with the ultrasound transducer [13].

The repeated manual compression of a tissue using 
a hand-held US transducer, paying attention to not apply 
precompression [14], produces a strain (displacement) 
within the same tissue, providing a color-coded strain dis-
tribution map (elastogram). The probe was held perpendicu-
larly to the skin surface, using the real-time quality indicator 
for optimal compression-release control. The examination 
was considered optimal when the screen quality indicator 
(multiple boxes that change color from white to red, yellow, 
or green) on the upper right turned green. On the elastogram 
(placed on the left side of the screen, side by side with the 
B-mode image), the breast lesion was color coded depend-
ing on its stiffness with a colorimetric scale on the screen 
indicating the corresponding hard and soft areas. The exami-
nation was performed on the axial and longitudinal diam-
eter with manual placement of a ROI (region of interest) on 
the lesion, giving a qualitative information of its stiffness. 
The largest diameter of the suspicious lesion was included 
in the image. Subsequently, semiquantitative information 
such as the strain ratio, an index of the relative elasticity 
between a chosen ROI located in the lesion and another of 
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approximately the same size, localized on the sonographi-
cally normal adipose tissue, adjacent to the lesion at the 
same depth, was assessed. There was no case excluded due 
to the absence of surrounding fat.

The ultrasound equipment software then calculated the 
strain ratio value of the tissue with the semiquantitative 
information.

Nodules categorized as BI-RADS 2 were monitored in 
a 24-month follow-up, while lesions categorized as BI-
RADS 3, 4, and 5 underwent ultrasound-guided core needle 
biopsy using a freehand technique. Each biopsy sample was 
analyzed by one pathologist specialized in breast cancer 
diagnosis. The pathologist was blinded to the results of the 
US information. Subsequently, the patients with malignant 
lesions were operated on.

Statistical analysis

The data were analyzed using the IBM SPSS Statistics pack-
age, version 23.0 (IBM Corp., Armonk, New York, United 
States). We used 2 × 2 contingency tables and calculated the 
area under the ROC curve (AUC) to determine the diagnos-
tic accuracy of conventional US and strain US-elastography. 
Positive predictive values (PPV) and negative predictive val-
ues (NPV) were calculated as well. AUROC was computed 
and compared using the easyROC package [15]. Cut-off val-
ues were calculated using receiver operation characteristic 
(ROC) and the Youden test to get the optimal value.

SE sensitivity and specificity and its result were used as 
the basis for data dichotomization. The Bonferroni test was 
carried out to compare the AUC of the different diagnostic 
tests and their combination. For all the statistical tests, a 
value of p that was less than 0.05 was considered significant.

Results

182 patients satisfied the inclusion criteria. Histology results 
showed 66 patients with benign (Fig. 1a, b) and 116 patients 
with malignant nodules (Fig. 2a, b).

Seventy lesions were BI-RADS 5, of which 35 were 
invasive ductal carcinomas, 22 were invasive ductal carci-
nomas with ductal carcinomas foci in situ, 7 were ductal 
carcinoma in situ, 3 were invasive lobular carcinomas, and 
3 were fibroadenoma.

46 lesions were BI-RADS category 4, of which 33 were 
invasive ductal carcinomas, 9 were lobular carcinomas, and 
4 were fibroadenoma.

38 lesions were BI-RADS category 3, of which 14 were 
found to be invasive ductal carcinoma histologically proven, 
which also had associated ductal carcinomas in situ foci, 
while the other 24 nodules were fibroadenomas.

28 nodules were classified as BI-RADS category 2, of 
which 2 were found to be invasive ductal carcinoma with 
foci of ductal carcinomas in situ at biopsy, performed for 
their notable growth.

The comparison between US BI-RADS and histology are 
reported in Tables 1 and 2.

US showed sensitivity and specificity for the differentia-
tion of benign and malignant lesions of 86.2% and 75.8%, 
respectively.

Using the Youden test, the optimal SRE cut-off turned 
out to be 2.49 (Fig. 3a, b) and the strain US-elastography 
accuracy achieved similar results as the US evaluation (sen-
sitivity and specificity of 89.7% and 72.7%).

Table 3 shows the diagnostic performance of conventional 
US, SRE and their combination (conventional US + SRE).

Table 4 shows the comparison of performances among 
modalities.

The comparison between the AUCs of the two methods 
did not show statistically significant differences (p > 0.05) 
(Fig. 4). The association of the conventional evaluation 
with the SRE value increased the sensitivity (98.3%) but 

Fig. 1  a Conventional US: oval, hypoechoic lesion with lobulated 
margins, classified as BI-RADS 3. Fibroadenoma was found on his-
tological examination. b Semiquantitative US-elastography showed a 
strain ratio value of 1.02, suggestive of benign lesion. Fibroadenoma 
was found on histological examination
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decreased the specificity compared with conventional US 
alone (63.6%). Benign masses showed a median strain ratio 
(SRE) of 2.16 (range 1.23–4.43), whereas the malignant 
masses had a median SRE of 3.51 (range 2–7.58). The ROC 
analysis demonstrated that a strain ratio value of 2.49 was 
the ideal cut-off point for the diagnosis of malignancies.

Discussion

The development and publication of BI-RADS began after 
the recognition of the need for a globally shared lexicon that 
would allow the sharing and clear expression of morphol-
ogy, the operator’s judgment, and the strategy considered to 
be the best advice in the assessment of breast lesions [11].

A recent computer-guided decision-making software 
assisting in US morphologic analysis, S-Detect, was also 
introduced to improve inter-reader agreement in the assess-
ment of breast lesions according to the BI-RADS US lexicon 
[16].

According to Xiao et al. [17], the use of the 2013 criteria 
resulted in 100% sensitivity, 17.4% specificity, 46.8% PPV, 
100% NPV, and 0.867 ROC.

However, the differentiation of breast lesions is still 
considered challenging. Therefore, the technical develop-
ments of US-elastography opened new further prospects for 
the characterization of breast lesions, as already shown for 
characterization of lesions of the head and neck region [18, 
19] with promising results, particularly for thyroid lesions 
despite diagnostic technological developments such as US-
elastography [20–22].

Indeed, some studies suggested that strain US-elastog-
raphy (SRE) can be added to the BI-RADS classification, 
improving the diagnostic performance of the ultrasound in 
the assessment of focal breast lesions [23–25].

Another study suggested that US-elastography can also 
be used in prognostic and treatment efficacy evaluation [26].

All these studies used the traditional form of elastogra-
phy, the freehand compression SRE, which is an operator-
dependent technique, with the drawback that the amount 
of the applied external pressure affects the tissue elasticity 
detected. The strain ratio, the semiquantitative approach 
described by Ueno et al. in 2007 [27], represents a further 
diagnostic aid for the evaluation of breast focal lesions. It is 
based on the positioning of 2 ROIs—one ROI in the lesion 
and a same-size reference ROI in the adjacent breast adi-
pose tissue at the same depth as the lesion. Other studies 
evaluated the high sensitivity and specificity of shear wave 
elastography (SWE), a further elastosonographic method, 
in the differentiation of benign and malignant breast lesions 
[28]. According to EFSUMB [5] and WFUMB guidelines 
[6], US-elastography can be used to increase the suspi-
cion category of lesions with no suggestive morphological 

Fig. 2  a Conventional US: markedly hypoechoic lesion with posterior 
attenuation and irregular margins, classified as BI-RADS 5. Invasive 
ductal carcinoma was found on histological examination. b Semi-
quantitative US-elastography showed a strain ratio value of 3.26, sug-
gestive of malignant lesion. Invasive ductal carcinoma was found on 
histological examination

Table 1  Comparison between US-BI-RADS and histology

BENIGN MALIGNANT

BI-RADS 2 26/28 (93%) 2/28 (7%)
BI-RADS 3 24/38 (63%) 14/38 (37%)
BI-RADS 4 13/46 (28%) 33/46 (72%)
BI-RADS 5 3/70 (4%) 67/70 (96%)

Table 2  Comparison between 
BI-RADS and histology

FN false negative, FP false pos-
itive, TN true negative, TP true 
positive

TP FP TN FN

US 100 16 50 16
SRE 104 18 48 12
US + SRE 114 24 42 2
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features (i.e., a change from BI-RADS 3 to BI-RADS 4) 
and to distinguish solid lesions from cysts, whereas its use 
is not advised in the reduction of the category from 4 to 

3. Previous efforts have described elastography’s role in 
improving sensitivity.

In a meta-analysis of 2,087 lesions, Sadigh et al. [29] 
reported for strain ratio a total sensitivity of 88% and a speci-
ficity of 83%.

Farrokh et al. [30] reported an SR sensitivity equal to 
94.4% and a specificity of 87.3% with a benign/malignant 
cut-off of 2.9.

Alhabshi et al. [31] reported that the strain ratio was the 
most useful method for the characterization of malignant 
lesions with a cut-off value of 5.6.

In our study, conventional ultrasound showed sensitivity 
and specificity for the differentiation of benign and malig-
nant lesions of 86.2% and 75.8%, respectively.

Fig. 3  a ROC curve for differ-
ent SRE values. b SRE cut-off 
using Youden test

Table 3  Accuracy of the methods and their combinations

Se sensitivity, Sp specificity, AUC  area under curve, PPV positive pre-
dictive value, NPV negative predictive value, SRE strain US-Elastog-
raphy

Parameter Se Sp AUC PPV NPV

Conventional US 86.2% 75.8% 0.810 86.2% 75.8%
SRE 89.7% 72.7% 0.812 85.2% 80%
Conventional US + SRE 98.3% 63.6% 0.810 82.6% 95.5%

Table 4  Comparison of 
performances among modalities

US ultrasound, SRE strain ratio elastography, US + SRE ultrasound + strain ratio elastography
* p value refers to the Bonferroni test for comparison of AUCs (AUC  area under curve)

Variable 1 Variable 2 ROC AUC (1) (SE) ROC AUC (2) (SE) Ʌ(ROC AUC) (SE) p value*

US SRE 0.810 (0.044) 0.812 (0.044) 0.002 (0.063) 0.973
US US + SRE 0.810 (0.044) 0.810 (0.043) 0.000 (0.062) 0.997
SRE US + SRE 0.812 (0.044) 0.810 (0.043) 0.002 (0.062) 0.970
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Strain US-elastography with a 2.49 cut-off showed simi-
lar results to the US evaluation with sensitivity and speci-
ficity of 89.7% and 72.7%, respectively. The comparison 
between the AUCs of the two methods did not show statis-
tically significant differences (p > 0.05). The association of 
conventional evaluation with the SRE value increased the 
sensitivity (98.3%) but decreased the specificity compared 
with the standard US alone (63.6%).

In conclusion,  the US-elastography with strain ratio 
showed a high sensitivity and specificity in the differ-
entiation of benign and malignant lesions of the breast; 
however, it has some limitations related to operator expe-
rience and the depth of the lesions, in addition to their 
size. The main limitation of our study is that our institu-
tion represents a referral center with a high prevalence 
of cancer in our cohort. This study confirms the results 
of the current literature about the use of semiquantitative 
elastosonography in the breast pathology. Strain US-elas-
tography reduced false negatives in cases of malignan-
cies showing no suspicious features in conventional US, 
increasing the diagnostic accuracy of ultrasound. It also 
allowed, with a cut-off value of 2.49, to focus on those 
lesions that, even if not suspected after ultrasound, present 
a value greater than the cut-off and should undergo biopsy.
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