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Abbreviations: SWE, shear-wave elastography; FOV, field of 
view; ARFI, acoustic radiation force imaging impulse; SD, standard 
deviation

Introduction
Gradually, ultrasound equipment have suffered a major 

technological development, starting with the Doppler log or the 
introduction of harmonics, until the recent use of intravenous contrast 
and of course elastography. The first team was launched in 2003, later 
emerging numerous similar systems have been launched different 
commercial houses, which have been incorporated to ultrasound 
equipment progressively.2 The results have been demonstrating that 
this technique is able to differentiate benign lesions from those with 
malignant behavior.3‒5 The technique of palpation in which stiffness 
of tissues is evaluated by squeezing is well known. In many ways, 
elastography is an advanced version of palpation, providing images 
and measurements related to stiffness. A variety of elastography 
techniques have been developed in research laboratories over that last 
25years.6,7

Pathologic conditions such as inflammation and tumors can 
change tissue elasticity. Therefore, in vivo elasticity measurements 
of various tissues can be valuable noninvasive test for the diagnosis 
and management of various pathologic conditions. However, only 
a limited number of studies have been conducted to evaluate the 
elasticity of various tissues.8,9

Technique
Elastography provides different morphological information that is 

obtained in B-mode. This technique quantifies the elasticity (stiffness) 
of in vivo and in real time, from the relative displacement of the 
tissue when subjected to an external compression tissues. Elasticity 
decreases in those stiffer lesions and this feature can be used as an 
auxiliary tool in the diagnosis of breast cancer, since as we know 
that malignant lesions have less elasticity and greater resistance to 
displacement, relative to benign lesions.1,10‒12 Garra et al.10 were the 
first to study about elastography,10 in which they demonstrated that 
this is a good tool to differentiate solid lesions nature.

Physical bases
To understand elastography, it is essential to know how the 

elasticity of an element is measured, in this case breast tissue. The 
result of the ratio of the compression performed to a tissue and 
deformation obtained therefore is what is called elasticity or Young’s 
modulus (Figure 1). This behavior was studied by Thomas Young in 
the nineteenth century, however the concept was developed in 1727 
by Leonard Euler. 

Figure 1 Young´s model. It is a strain when apply a stress.

We can distinguish two types of elastography

Compression elastography and “shear-wave” elastography (SWE).

Compression elastography (strain) produces an image based on 
the displacement of the tissue from an external or patient source, 
and the movement of the tissue shows the direction of US beam 
propagation. This technique allows a qualitative assessment of the 
lesion. With real-time ultrasound elastography, the physical properties 
of soft tissue are revealed through characterization of the differences 
in stiffness between the region of interest and the surrounding tissue 
based on mechanically induced deformation (strain) of structures 
during B-mode scanning.8
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Abstract

Objective: Make a literature review of breast elastography, an imaging technique not 
so new today, for many still unknown in diagnostic ultrasound, which emerges in 
order to characterize complementarily tissues of the breast, contributing to differential 
diagnosis between benign and malignant lesions.

Review: Today breast cancer is by far the most common cancer in women. 
Mammography and ultrasound has become an indispensable diagnostic tandem within 
the breast image, increasing the sensitivity of ultrasound mammography by 15% and 
both techniques are able to characterize most breast lesions. Using these techniques 
together we achieve a sensitivity of 85-100% and a specificity of 76-80%, specially in 
dense breasts where mammography is significantly limited.1

Keywords: breast elastography, imaging, ultrasound mammography, diagnostic, 
pathologic
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Data acquisition and interpretation of elasticity images are largely 
dependent on the examiner´s experience, and significant interobserver 
variability has been found.3,4,13,14 The real-time elastogram is displayed 
with a scale based on the relative strain of the tissues. The technique 
to obtain the optimal images varies with the algorithm used by the 
manufacturer of the ultrasound system. Monitoring of the B-mode 
image to confirm the lesion is only displaced in depth during scanning 
and otherwise moving in the field of view (FOV) will allow optimal 
images. With the displacement technique, one cannot be surveying the 
breast; scanning must be done in one stationary position.

Modern US devices allow combined elasticity and 2D real time 
assessment of tissues or lesions, using the same probe as conventional 
ultrasound imaging.15 Sonoelastography demonstrates the elasticity of 
a lesion related to the elasticity of the surrounding tissue,13 so the final 
result is based on the comparison between pre and postcompression 
data,10,15,16 however it´s difficult with this technique to amount of the 
stress during the compression process.

In contrast to strain elastography, SWE uses an acoustic radiation 
force impulse created by a focused ultrasound beam, which allows 
measurement of the propagation speed of shear waves within the 
tissue to locally quantify its stiffness in kilopascals or m/s. Because 
the speed of sound through tissues is dependent on the “stiffness” of 
these tissues, a quantitative value of the stiffness can be obtained, 
shear wave velocity is proportional to stiffness. This technique has 
been reported to be highly reproducible for assessing elastographic 
features of breast lesions within and across observers, in contrast to 
strain elastography.3,5,17

SWE can be performed in real time; however, to obtain optimal 
images, remaining in the same plane for several seconds will improve 
image quality. SW propagation is depth limited, if a lesion is deeper 
than 3-4cm or is very superficial, one may not obtain a reliable result. 
Repositioning the patient to make the lesion more accesible can help 
in some cases.17 Also very fibrous breasts with absence of adipose 
tissue arround can complicate the results. However, sometimes the 
compression applied can be excessive and we can see an artificial or 
artefactual stiffness is seen codified into yellow or red color, generally 
radiating from the skin surface.18

For the accomplishment of this article I have reviewed several 
studies that I believe have been determinant for the validation of 
this ultrasound technique. With SWE, a quantitative measure of the 
lesion stiffness is obtained either in an FOV or pixel by pixel using 
a color map. According to a recent study, a value of 50kPa or greater 
is indicative of a malignant lesion, whereas a value less of 50kPa is 
indicative of a benign lesion (Figure 2).5,14,19‒21

Figure 2 Typical values of tissue elasticity in the breast. Tissues with relatively 
low elasticity (fat and glandular) are coded in blue using SWE.21

The different commercial houses have different trade 
names in this physical basis

Acoustic Radiation Force Imaging Impulse (ARFI), Shear Wave 
Point Quantification, quantitative elastography ShearWaveTM, etc. 
Several clinical studies showed that different conditions, such as 
ageing, inflammation or presence of malignancy22,23 are generally 
well-correlated with differences in stiffness between surrounding 
normal and pathological tissues.24,25

Interpretation
First af all, I have to remark that elastography is a technique which 

characterize a lesion previously detected in B mode-ultrasound, so it´s 
not a diagnostic method. According to the equipment type, various 
colors (256hues) or gray shades are superimposed on 2D images. It is 
useful to evaluate both images, B-mode and elastogram at once on the 
monitor (B and elastography mode) to keep the anatomical precision 
reference whose injury decreases in elastosonographic images and to 
assess real-time changes in elasticity.

I want to highligt that the two main factors in elastographic 
evaluation are size and stiffness. In strain elastography we can use 
a grayscale, where the adipose tissue (more elastic than glandular) 
appears clear while the glandular tissue is darker. In function of 
hardness tissues will appear darker. In this same grayscale, also harder 
injuries often show an increase in size compared to images in B mode 
which responds to a desmoplastic reaction present in a lot of breast 
tumors. For less severe injuries, the lesional size of the image does 
not change or decreased significantly compared to the B mode. The 
cysts have a characteristic pattern which remember a coffee bean 
with a component bright white and one dark with white center. With 
respect to the chromatic scale, the colors vary according to the degree 
of tension or elasticity of the components of the lesion. The colors 
assigned to the different degrees of elasticity vary depending on the 
different equipments,12 most equipments display tissue stiffness in 
a red to green to blue scale, designating hard, intermediate and soft 
tissue, respectively.

The different elasticity patterns in strain elastography were 
classified with a five-point scoring system in Ueno classification, 
(Tsukuba University, Japan)4 (Figure 3) in one of the first clinical 
trials for the assessment of breast elastography. A large number of 
authors26‒28 in their studies establish an equivalence between BIRADS 
classification and the UENO´s scale. 

Figure 3 Scores in ueno´s scale.1

https://doi.org/10.15406/ijrrt.2017.04.00098


Breast elastography: present and future 381
Copyright:

©2017 Fernadez

Citation: Fernadez E. Breast elastography: present and future. Int J Radiol Radiat Ther. 2017;4(3):379‒384. DOI: 10.15406/ijrrt.2017.04.00098

In UENO´s scale there are 5 scores (several examples 
are shown below obtained with a equipment Applio 
500 Platinum, Toshiba Medycal Systems, Japan)

Score 1 (E1): corresponds with a homogeneous strain or elasticity 
throughout the lesion, which is homogeneously shows green. A va-
riant of this type (1*) is the imaging of cysts: the image in three layers 
produced by reverberation artifacts (Figure 4). They are classified as 
benign.

Figure 4 Score 1. Ultrasound B-mode (left) and elastography in grey scale 
(right) showing typical image with three layers of a benign cyst.

Score 2 (E2): Indicates an essentially elastic lesion with areas of 
lack of elasticity (mosaic pattern in green and blue).They correspond 
with benign lesions (usually fibroadenomas) or proliferative lesions 
without atypia.

Score 3 (E3): Is about elasticity in the periphery of the lesion and 
absence in the center (center periphery green and blue) (Figure 5) (Fi-
gure 6). The most are also benign (fibroadenomas, papillomas, proli-
ferative lesions mainly).

Figure 5 Score 3. Elastography (left) and ultrasound B-mode (right) images of 
a soft (green) benign breast fibroadenoma.

Figure 6 Score 3. Elastography (left) and ultrasound B-mode (right) images of 
a soft (green) benign fibrocystic changes.

Score 4 (E4): Indicates no elasticity throughout the lesion (the 
entire lesion is blue).

Score 5 (E5): Corresponds with no elasticity throughout the lesion 
and the surrounding area (blue area is larger than the lesion itself) 
(Figure 7). It corresponds to the increase in size described in grayscale 
model.

Figure 7 Score 5. Elastography (left) and ultrasound B-mode (right) images 
of a hard (red predominantly and green) malignant invasive ductal carcinoma.

Injuries that do not vary significantly in size in grayscale, often 
also correspond benign lesions. However, should correlate findings 
with B-mode images and if discordance, biopsy the lesions. The Score 
4 or 5 are primarily lesions malignant circumscribed, homogeneous, 
such as carcinoma mucinous tubular (score 4) or malignant lesions that 
are infiltrating the tissue adjacent or showing component extensive 
intraductal (score 5). The recommendation in all cases is the biopsy.12

Equivalence with the BI-RADS classification is made considering 
that the BI-RADS 2 lesions correspond to the scores of elastography 
1 and 2 and the rest of the lesions are univocally with scores of 
elastography.1 The sonographic features for BIRADS 3 lesions 
having a malignancy rate less than 2% and BIRADS 4 lesions having 
a malignancy rate between 2% to 95% have been shown to have 
substantial overlap with each other.29‒31

Therefore biopsy is presently used to define the suspicious lesions, 
but the rates of cancer detection in biopsies are only 10-30%.32,33 
Sonoelastography arises as a non invasive method of imaging to 
evaluate tissue stiffness, it has been used to improve diagnostic 
confidence and increased specificity of conventional sonography. 
Therefore unnecessary short term follow up or biopsies were able to 
be reduced.34‒36

On the other hand, SWE measured tissue stiffness by Young´s 
modulus (as we defined before) which is expressed in pressure 
units, usually in kilopascals (kPa). In SWE, shear waves created 
by ultrasound system propagate in tissue at speeds of 1-10mm/sec, 
equivalent to a 1-300kPa. Young´s modulus or elasticity (E) and shear 
wave propagation speed (c) are directly linked in the next formula: 
E=3pc2 , in which p is density of tissues in kg/m3. We know the density 
of tissues (1,000kg/m3), elasticity of tissue can be studied when shear 
wave propagation velocity c is measured. In fact, SWE can provide us 
quantitative information in kPa and also in m/sec.37

Benign tumors tend to be on SWE homogeneusly soft (usually 
code in blue) and malignant lesions are more heterogeneus (usually 
code in red). When lesions are harder like cancers, the stiffness area 
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which sorrounds the mass on SWE corresponds in most cases to the 
echogenic halo identified on B-mode.18,37,38 When it is too hard to 
propagate the shear wave the central area of the lesion and appears 
without a color code.17,37

With this technique the normal breast tissue elasticity varies from 
1 to 70kPa whereas the elasticity of carcinoma covers a much wider 
range, from 15 to more tan 500kPa. Breast lesions having a elasticity 
above 100 or 120kPa are commonly considered to be hard. We have 
to consider that benign lesions are harder tan normal breast tissue 
but softer than cancer lesions, however there are exceptions like 
hyalinized fibroadenomas and fat necrosis also, which can be false 
positives at US elastography.

SWE mode is able to image fine elastic contrast as well as large 
elasticity differences. The quantitative estimation of this parameter 
offer previously unavailable information that could be incorporated 
into the diagnostic decision making process.21 3 mapping types are 
available: speed (m/s), elasticity (kPa) and waves propagation (Figure 
8). The system calculate mean elasticity measured inside ROI (Ave) 
and also standard deviation (SD) of these measurements. SD value 
is an indication of homogeneity of values inside ROI and can be 
correlate to its reliability. Some examples are shown below Figure 
9 & 10.

Figure 8 Mapping types in shearwave elastography (toshyba medical systems 
cortesy).

In a multicenter study of 874 breast lesions (614 benign and 260 
malignant) Rizzatto et al.,39 found a high specificity in bening lesions 
with a negative predictive value of 98% related to the entire group 
of lesions and 100% in lesions ≤5mm.39,40 Tozaki et al.,38 in a recent 
paper the cut-off set to discriminate bening from malignant breast 
lesions is 3,59m/s and mean velocity in 76,5% of malignant lesions 
is higher tan in benign (4,49m/s vs 2,68m/s).38 Berg et al.,19 showed 
that in SWE the greatest specificity for benign lesions, not influencing 
sensitivity, is associated with Young modulus value Emax ≤80 Kpa 
represented with homogeneusly blue color map.19

Benign lesions such as complicated cysts, many fibroadenomas 
and also fat necrosis and radial scars can often show elastographic 
multilayered color maps because they are not homogeneous lesions 
associating in some cases a fibrous reaction simulating malignant 
lesions. On the other hand malignant lesions are deformed with 
difficulty and show complex elastic modulus. Sometimes discordant 
malignant cases show liquefaction necrosis, blood or sarcomatous 
components can give larger size nodules or on the contrary, in very 
small size and these factors can affect elasticity.41

Gisuppetti et al.42 show that the histological type is a factor that 
plays an important role in elastography evaluation. For example, 
ductal lesions have different patterns of elasticity due to fibrohialine 
components, while in lobular neoplasms the minimal fibrosis, poor 
cellular cohesion and moderate desmoplastic reaction also can modify 
the patterns.42

We can found some limitations in the elastographic study, because 
of the tissue breast structure and properties of the nodules mainly, and 
also due to the US technique itself. And adequated and standarized 
compression is very important which can influence elasticity score.43 
An important recommendation is that the US transducer should be 
in very light contact with skin at the beginning of the exam because 
pressure and strain are not longer proportional beyond a certain 
degree of compression.44 Also lesions in a very superficial or a deeper 
location are more difficult to study, including lesions very close to the 
nipple.45,46

Figure 9 B-mode and shear-wave elastography (SWE) images in a 25year old woman with a fibroadenoma in right breast. 

A) B-mode image shows a 18mm, homogeneus hipoechoic mass, B) SWE image shows a soft nodule with a predominant blue pattern. In C) the mean elastic 
value of that lesion is 9.8kPa. The mean, median and standard desviation of elasticity values in C) were measured in kPa and m/s by placing the region of interest 
(ROI) over the stiffnest part of the lesion.
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Figure 10 B-mode and shear-wave elastography (SWE) images in a 43year old woman with a invasive ductal carcinoma in right breast. A) B-mode image shows 
a 14mm, heterogeneus mass with microcalcifications inside, B) SWE image shows a heterogeneus and hard lesion with a red pattern. In C) the mean elastic value 
of that lesion is 101.2kPa. The mean, median and standard desviation of elasticity values in C) were measured in kPa and m/s by placing the region of interest 
(ROI) over the stiffnest part of the lesion.

Conclusion
Shear wave elastography emerges as a promising technique, 

providing us an important quantitative and reproducible information 
about breast lesions with diagnostic accuracy at least as good as 
greyscale ultrasound with BI-RADS classification. I think that the real 
goal of this technique is to improve classification in the categories 
BI-RADS 3 and BI-RADS 4, providing valuable structural propierties 
to better target patients towards clinical follow-up or biopsy, which 
means a reduction of innecesary biopsies, contributing in a better 
women breast management.

Acknowledgements
None.

Conflict of interest
Author declares that there is no conflicto of interest.

References
1. Camps J, Sentís M. Breast elastosonography. Rev Chil Radiol. 

2008;14:122‒127.

2. Lee SH, Chang JM, Cho N, et al. Practice guideline for the performance 
of breast ultrasound elastography. Ultrasonography. 2014;33(1):3‒10.

3. Chang JM, Won JK, Kyong-Bun L, et al. Comparison of Shear-Wave and 
ultrasound elastography in the differentiation of benign and malignant 
breast lesions. AJR Am J Roentgenol. 2013;201(2):347‒356.

4. Itoh A, Ueno E, Tohno E, et al. Breast desease: clinical application of US 
elastography for diagnosis. Radiology. 2006;239(2):341‒350.

5. Cosgrove DO, Berg WA, Doré CJ, et al. Hear wave elastography for 
breast masses is highly reproducible. Eur Radiol. 2012;22(5):1023‒1032.

6. Hoskins P and Svensson W. Current state of ultrasound elastography. Ul-
trasound. 2012;20:3‒4.

7. Parker KJ, Doyley MM, Rubens DJ. Imaging the elastic properties of 
tissue: the 20year perspective. Phys Med Biol. 2010;56(1):1‒29.

8. Arda K, Ciledag N, Aktas E, et al. Quantitative assesment of normal sof-
t-tissue elasticity using shear-wave ultrasound elastography. AJR Am J 
Roentgenol. 2011;197(3):532‒536.

9. Levinson SF, Shinagawa M, Sato T. Sonoelastic determination of human 
skeletal muscle elasticity. J Biomech. 1995;28(10):1145‒1154.

10. Garra BS, Cespedes El, Ophir J, et al. Elastography of breast lesions: 
initial clinic results. Radiology. 1997;202(1):79‒86.

11. Mendoza H, Rodriguez J, Lazcano A, et al. Breast ultrasonography utility 
in lesions BIRADS-3. An Rad Mex. 2011;3:134‒139.

12. Ganau S, Camps J, Sentís M. Elastography US: a new tool in study of 
breast lesions. Rev Senologia Patol Mama. 2009;22:144‒151.

13. Burnside E, Hall T, Sommer A, et al. Differentiating benign from 
malignant solid breast masses with US strain imaging. Radiology. 
2007;245(2):401‒410.

14. Chang JM, Moon WK, Cho N, et al. Breast mass evaluation: factors in-
fluecing the quality of US elastography. Radiology. 2011;259(1):59‒64.

15. Tardivon A, El Khoury C, Thibault F, et al. Elastography of the breast: a 
prospective study of 122 lesions. J Radiol. 2007;88(5):657‒662. 

16. Regner D, Hesley G, Hangiandreou N, et al. Breast leisons: evaluation 
with US strain imaging-clinical experience of multiple observers. Radio-
logy. 2006;238(2):425‒437.

17. Barr RG. Sonographic breast elastography: a primer. J Ultrasound Med. 
2012;31(5):773‒783.

18. Ypuk JH, Gweon HM, Son EJ. Shear-wave elastography in breast ultra-
sonography: the state of the art. Ultrasonography. 2017;36(4):300‒309.

19. Berg WA, Cosgrove D, Doré C, et al. Shear-wave elastography improves 
the specificity of breast US: the BE1 multinational study of 939 masses. 
Radiology. 2012;262(2):435‒449.

20. Athanasiou A, Tardivon A, Tanter M, et al. Breast lesions:quantitative 
elastography with supersonic shear imaging-preliminary results. Radio-
logy. 2010;256(1):297‒303.

21. Bercoff J. Shear wave elastography. White paper, Supersonic image, 
France; 2008:1‒12.

22. Thomas A, Kümmel S, Fritzsche F, et al. Real-time sonoelastography per-
formed in addition to B-mode ultrasound and mammography: improved 
differentiation of breast lesions? Acad Radiol. 2006;13(12):1496‒1504.

23. Krouskop TA, Wheeler TM, Kallel F, et al. Elastic moduli of 
breast and prostate tissues under compression. Ultrason Imaging. 
1998;20(4):260‒274.

https://doi.org/10.15406/ijrrt.2017.04.00098
https://www.ncbi.nlm.nih.gov/pubmed/24936489/
https://www.ncbi.nlm.nih.gov/pubmed/24936489/
https://www.ncbi.nlm.nih.gov/pubmed/23883252
https://www.ncbi.nlm.nih.gov/pubmed/23883252
https://www.ncbi.nlm.nih.gov/pubmed/23883252
https://www.ncbi.nlm.nih.gov/pubmed/16484352
https://www.ncbi.nlm.nih.gov/pubmed/16484352
https://www.ncbi.nlm.nih.gov/pubmed/22210408
https://www.ncbi.nlm.nih.gov/pubmed/22210408
http://journals.sagepub.com/doi/abs/10.1258/ult.2012.012e02
http://journals.sagepub.com/doi/abs/10.1258/ult.2012.012e02
https://www.ncbi.nlm.nih.gov/pubmed/21119234
https://www.ncbi.nlm.nih.gov/pubmed/21119234
https://www.ncbi.nlm.nih.gov/pubmed/21862792
https://www.ncbi.nlm.nih.gov/pubmed/21862792
https://www.ncbi.nlm.nih.gov/pubmed/21862792
https://www.ncbi.nlm.nih.gov/pubmed/8550633
https://www.ncbi.nlm.nih.gov/pubmed/8550633
https://www.ncbi.nlm.nih.gov/pubmed/8988195
https://www.ncbi.nlm.nih.gov/pubmed/8988195
https://www.ncbi.nlm.nih.gov/pubmed/17940302
https://www.ncbi.nlm.nih.gov/pubmed/17940302
https://www.ncbi.nlm.nih.gov/pubmed/17940302
https://www.ncbi.nlm.nih.gov/pubmed/21330569
https://www.ncbi.nlm.nih.gov/pubmed/21330569
https://www.ncbi.nlm.nih.gov/pubmed/17541358
https://www.ncbi.nlm.nih.gov/pubmed/17541358
https://www.ncbi.nlm.nih.gov/pubmed/16436810/
https://www.ncbi.nlm.nih.gov/pubmed/16436810/
https://www.ncbi.nlm.nih.gov/pubmed/16436810/
https://www.ncbi.nlm.nih.gov/pubmed/22535725
https://www.ncbi.nlm.nih.gov/pubmed/22535725
https://www.ncbi.nlm.nih.gov/pubmed/28513127
https://www.ncbi.nlm.nih.gov/pubmed/28513127
https://www.ncbi.nlm.nih.gov/pubmed/22282182
https://www.ncbi.nlm.nih.gov/pubmed/22282182
https://www.ncbi.nlm.nih.gov/pubmed/22282182
http://pubs.rsna.org/doi/full/10.1148/radiol.10090385
http://pubs.rsna.org/doi/full/10.1148/radiol.10090385
http://pubs.rsna.org/doi/full/10.1148/radiol.10090385
http://www.azarmed.com/files/1.elasto.introductionWhite_paper_ShareWave_Elastography_UK.pdf
http://www.azarmed.com/files/1.elasto.introductionWhite_paper_ShareWave_Elastography_UK.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17138118
https://www.ncbi.nlm.nih.gov/pubmed/17138118
https://www.ncbi.nlm.nih.gov/pubmed/17138118
https://www.ncbi.nlm.nih.gov/pubmed/10197347
https://www.ncbi.nlm.nih.gov/pubmed/10197347
https://www.ncbi.nlm.nih.gov/pubmed/10197347


Breast elastography: present and future 384
Copyright:

©2017 Fernadez

Citation: Fernadez E. Breast elastography: present and future. Int J Radiol Radiat Ther. 2017;4(3):379‒384. DOI: 10.15406/ijrrt.2017.04.00098

24. Varghese T. Quasi-static ultrasound elastography. Ultrasound Clin. 
2009;4(3):323‒338.

25. Maggini E, Mancuso E, Medvedyeva O, et al. Quantitative elastosono-
graphy in the diagnosis of breast nodules: assesment of a multiparametric 
analysis. ECR. 2014.

26. Choi J, Cho N, Moon W. Ultrasound elastography of breast lesions asso-
ciated with mammographically detected suspicious microcalcifications. 
European S Congress of Radiology. 2008.

27. Tan SM, Teh HS, Mancer JF, et al. Improving B mode ultrasound evalu-
ation of breast lesions with real-time ultrasound elastography-A clinical 
approach. The Breast. 2008;17(3):252‒257. 

28. Zhi H, Ou B, Luo B. Comparison of US elastography, mammography and 
sonography in the diagnosis of solid breast lesions. J Ultrasound Med. 
2007;26(6):807‒815.

29. Rahbar G, Sie AC, Hansen GC, et al. Bening versus malignant solid 
breast masses: US differentiation. Radiology. 1999;213(3):889‒894.

30. Stavros AT, Thickman D, Rapp CL, et al. Solid breast nodules: use of 
sonography to distinguish between benign and malignant lesions. Radio-
logy. 1995;196(1):123‒134.

31. Elizabeth Lazarus, Martha B Mainiero, Barbara Schepps, et al. BIRADS 
lexicon for US and mammography: interobserver variability and positive 
predictive value. Radiology. 2006;239(2):385‒391.

32. Duncan JL, Cederbom GJ, Champaign JL, et al. Benign diagnosis by 
image-guided core-needle breast biopsy. Am Surg. 2000;66(1):5‒9.

33. Chiou SY, Chou YH, Chiou HJ, et al. Sonographic features of non pal-
pable breast cancer: a study based on ultrasound-guided wiwre-localized 
surgical biopsies. Ultrasound Med Biol. 2006;32(9):1299‒1306.

34. Yi A, Cho N, Chang JM, et al. Sonoelastography for 1786 nonpalpable 
breast masses: diagnostic value in the decisión to biopsy. Eur Radiol. 
2012;22(5):1033‒1040.

35. Wojcinski S, Farrokh A, Weber S, et al. Multicenter study of ultrasou-
nd realtime tissue elastography in 779 cases for the assesment of breast 
lesions: improved diagnostic performance by combining the BIRAD-
S-US classification system with sonoelastography. Ultraschall Med. 
2010;31(5):484‒491.

36. Haberal KM, Arslan S, Altunoglu A, et al. Is there any contribution of 
sonoelastography based strain ratio values to simplify BREAST Iamging 
Report and Data System (BIRADS)? ECR. 2015.

37. Youk JH, Son EJ, Park AY, et al. Shear-wave elasrtography for breast 
masses: local shear wave speed (m/sec) versus Young modulus (kPa). 
Ultrasonography. 2014;33(1):34‒39.

38. Tozaki M, Fukuma E. Pattern classification of ShearWave Elastography 
images for differential diagnosis between benign and malignant solid 
breast masses. Acta Radiol. 2011;52(10):1069‒1075.

39. Rizzato G, Aiani L, Baldasarre S, et al. Characterization of breast lesions 
with real-time sonoelastography: results from the Italian multicenter clin-
cial trial. RSNA. 2006.

40. Goddi A, Bonardi M, Alessi S. Breast elastography: a literature review. J 
Ultrasound. 2012;15(3):192‒198.

41. Ricci P, Maggini E, Mancuso E, et al. Clinical application of breast elas-
tography: State of the art. Eur J Radoil. 2013;83(3):429‒437.

42. Giuseppetti G, Martegani A, Di Cioccio B, et al. Elastosonography in the 
diagnosis of the nodular breast lesions: preliminary report. Radiol Med. 
2005;110(1‒2):69‒76.

43. Zhao QL, Ruan LT, Zhang H, et al. Diagnosis of solid breast lesions 
by elastography 5-point score and strain ratio method. Eur J Radiol. 
2012;81(11):3245‒3249.

44. Varghese T, Konofagou EE, Ophir J, et al. Direct starin estimation in 
elastography using spectral cross-correlation. Ultraosund in medicine 
and biology. 2000;26(9):1525‒1537.

45. Matsumura T, Tamano S, Shinomura R, et al. Diagnostic results for breast 
desease by real-time elasticity imaging system. Ultrasonics Symposium 
IEEE. 2004;2:1484‒1487.

46. Enans A, Whelehan P, Thomson K, et al. Quantitative shear wave ul-
trasound elastography: initial experience in solid breast masses. Breast 
Cancer Res. 2010;12(6):R104.

https://doi.org/10.15406/ijrrt.2017.04.00098
https://www.ncbi.nlm.nih.gov/pubmed/20798841/
https://www.ncbi.nlm.nih.gov/pubmed/20798841/
http://posterng.netkey.at/esr/viewing/index.php?module=viewing_poster&task=&pi=120611
http://posterng.netkey.at/esr/viewing/index.php?module=viewing_poster&task=&pi=120611
http://posterng.netkey.at/esr/viewing/index.php?module=viewing_poster&task=&pi=120611
https://www.ncbi.nlm.nih.gov/pubmed/18054231
https://www.ncbi.nlm.nih.gov/pubmed/18054231
https://www.ncbi.nlm.nih.gov/pubmed/18054231
https://www.ncbi.nlm.nih.gov/pubmed/17526612
https://www.ncbi.nlm.nih.gov/pubmed/17526612
https://www.ncbi.nlm.nih.gov/pubmed/17526612
https://www.ncbi.nlm.nih.gov/pubmed/10580971
https://www.ncbi.nlm.nih.gov/pubmed/10580971
https://www.ncbi.nlm.nih.gov/pubmed/7784555
https://www.ncbi.nlm.nih.gov/pubmed/7784555
https://www.ncbi.nlm.nih.gov/pubmed/7784555
http://pubs.rsna.org/doi/abs/10.1148/radiol.2392042127
http://pubs.rsna.org/doi/abs/10.1148/radiol.2392042127
http://pubs.rsna.org/doi/abs/10.1148/radiol.2392042127
https://www.ncbi.nlm.nih.gov/pubmed/10651339
https://www.ncbi.nlm.nih.gov/pubmed/10651339
https://www.ncbi.nlm.nih.gov/pubmed/16965969
https://www.ncbi.nlm.nih.gov/pubmed/16965969
https://www.ncbi.nlm.nih.gov/pubmed/16965969
https://www.ncbi.nlm.nih.gov/pubmed/22116557
https://www.ncbi.nlm.nih.gov/pubmed/22116557
https://www.ncbi.nlm.nih.gov/pubmed/22116557
https://www.ncbi.nlm.nih.gov/pubmed/20408116
https://www.ncbi.nlm.nih.gov/pubmed/20408116
https://www.ncbi.nlm.nih.gov/pubmed/20408116
https://www.ncbi.nlm.nih.gov/pubmed/20408116
https://www.ncbi.nlm.nih.gov/pubmed/20408116
https://www.ncbi.nlm.nih.gov/pubmed/24936493/
https://www.ncbi.nlm.nih.gov/pubmed/24936493/
https://www.ncbi.nlm.nih.gov/pubmed/24936493/
https://www.ncbi.nlm.nih.gov/pubmed/22013011
https://www.ncbi.nlm.nih.gov/pubmed/22013011
https://www.ncbi.nlm.nih.gov/pubmed/22013011
http://archive.rsna.org/2006/4430351.html
http://archive.rsna.org/2006/4430351.html
http://archive.rsna.org/2006/4430351.html
https://www.ncbi.nlm.nih.gov/pubmed/23449849/
https://www.ncbi.nlm.nih.gov/pubmed/23449849/
https://www.ncbi.nlm.nih.gov/pubmed/23787274
https://www.ncbi.nlm.nih.gov/pubmed/23787274
https://www.ncbi.nlm.nih.gov/pubmed/16163141
https://www.ncbi.nlm.nih.gov/pubmed/16163141
https://www.ncbi.nlm.nih.gov/pubmed/16163141
https://www.ncbi.nlm.nih.gov/pubmed/22749109
https://www.ncbi.nlm.nih.gov/pubmed/22749109
https://www.ncbi.nlm.nih.gov/pubmed/22749109
http://www.umbjournal.org/article/S0301-5629(00)00316-1/abstract
http://www.umbjournal.org/article/S0301-5629(00)00316-1/abstract
http://www.umbjournal.org/article/S0301-5629(00)00316-1/abstract
http://ieeexplore.ieee.org/document/1418083/
http://ieeexplore.ieee.org/document/1418083/
http://ieeexplore.ieee.org/document/1418083/
https://www.ncbi.nlm.nih.gov/pubmed/21122101
https://www.ncbi.nlm.nih.gov/pubmed/21122101
https://www.ncbi.nlm.nih.gov/pubmed/21122101

	Title
	Abstract
	Objective
	Review

	Keywords
	Abbreviations
	Introduction
	Technique
	Physical bases 
	We can distinguish two types of elastography 
	The different commercial houses have different trade names in this physical basis 

	Interpretation
	In UENO´s scale there are 5 scores (several examples are shown below obtained with a equipment Appli

	Conclusion
	Acknowledgements
	Conflict of interest 
	References
	Figure 1 
	Figure 2
	Figure 3
	Figure 4
	Figure 5 
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10

