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1 It is important to note that the study of elastography was started almost two decades ago, but from the beginning of 21st century, it has 
been emerged significantly with several published articles in peer reviewed journals. Hence, we have considered the articles published 
since the year 2000. 
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Abstract 

Elastography is a promising way to assess tissue differences in terms of stiffness or elasticity what was historically assessed manually by 
palpation. Combining with the conventional imaging modality (e.g. ultrasonography), elastography can potentially evaluate the stiffness of 
a breast lesion and consequently helps to detect the malignant breast tumours from the benign ones. Recent studies show that ultrasound 
elastography (USE) provides higher image quality compared with the conventional B-mode ultrasonography or mammography during 
breast cancer diagnosis; which eventually helps to reduce the false positive results (i.e. increased specificity) and therefore is useful in 
avoiding the breast biopsy. This paper reviews the basics of elastography technique, classifications, diagnosis results obtained from clinical 
studies to date for differentiating malignant breast tumours from benign lesions and its future possibilities. In addition, this article 
generalizes different elastography methods, modes and associated imaging modalities in a simpler way, attempts to identify misconceptions 
and confusions related to existing elastography techniques. It also makes effort to find out the gaps of information needed to be filled so 
that interested researchers can get an overall idea of elastography based methods in a convenient way to carry out their research on breast 
elastography for prospective future applications: e.g. breast cancer diagnosis or even in intraoperative breast tumour localization. 
 
Keywords: Elastography; Breast Cancer Diagnosis; Sono-Elastography/Ultrasound Elastography; Breast Cancer Surgery; Shear Wave; Strain Imaging; 
 

INTRODUCTION  

Breast cancer is one of the most common malignancies in women and second primary reason of cancer-related death 
[98]. The matter of hope is that if diagnosed in very early stage, breast cancer can be cured completely. Due to the absence of 
a known preventable reason of breast cancer, the only most essential factor to lessen the mortality rate and the extent of 
treatment required is detection at early stage through screening [98]. Due to the advanced screening facilities, thousands of 
women are diagnosed with breast cancer in the early stage every year even before they start to feel any lump (i.e. 
impalpable). However, the scenario is relatively different in the developing and third-world countries. Due to high cost of the 
screening tests, many women cannot afford regular screening, which lead them to die hopelessly since the time the tumour is 
detected/diagnosed or even the surgery is done, root of the cancer has spread much deeper. Apart from cost effectiveness, 
there are some other drawbacks of existing screening tools. Due to the sophisticated operation and the need of highly skilled 
technicians to operate, not every country can afford such systems as they are lack of technically skilled manpower. In 
addition, the conflict of sensitivity and specificity is also something that matters. Most of the current methods are highly 
sensitive yet lack in specificity resulting an alarming number of false positive cases. Consequently, the increased false 
positive results also increase the rate of unnecessary biopsies. Some methods even fail to diagnose mm size or cellular level 
cancers. As a result, despite having regular screening tests, breast cancers can be failed to be diagnosed in early curable stage. 
Surprisingly these are scenarios from developed countries, not to mention about developing ones. Eventually, in any of the 
cases, it is troublesome for the patients.  
 

Therefore, the urge for development of a single suitable screening test for breast cancer, is inevitable; which will be 
highly sensitive as well as specific, easily operable, cost effective, needs no special hardware set up so that the entire world 
can take the benefits from it regardless of races, continents, economical, developmental, educational solvency. After 
analyzing above mentioned criteria, elastography seems one of the promising candidates in this regard. Due to the attractive 
features of elastography as a potential breast cancer diagnostic tool, the research works on elastography for breast cancer 
diagnosis applications follow an increasing exponential trend since the year 20001 till now as shown in Figure 1.  

 
The standard diagnosis process for breast cancer is often termed as triple assessment which has three stages: clinical 

examination, imaging and needle biopsy. The 1st stage involves taking of medical history and clinical examination; followed 
by imaging of the breast either by ultrasonography or mammography in the 2nd stage and finally laboratory testing of the 
sample breast tissue obtained using needle biopsy in the last stage. Although mammography and ultrasonography are the two 
most popular imaging methods in the 2nd stage of the diagnosis process, but both methods suffer from some limitations [30]. 
As reported in [86], mammography applied in dense breast may sometimes result in false-negatives whereas US has poor 

https://www.researchgate.net/publication/235756675_Breast_Elastography_A_literature_review?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/259515333_Value_of_mammography_and_combined_grey_scale_ultrasound_and_ultrasound_elastography_in_the_differentiation_of_solid_breast_lesions?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/259515333_Value_of_mammography_and_combined_grey_scale_ultrasound_and_ultrasound_elastography_in_the_differentiation_of_solid_breast_lesions?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
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2 If F is the amount of force exerted on an object of length Lo through cross-sectional area Ao and the resultant change in length is ∆L then the measurement of 
elasticity in terms of Young’s modulus, E is calculated as follows: 
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Figure 1.  Trend of Elastography research works published in the major journals indexed by PubMed since the year of 2000 till date. 

 
specificity as most stiff lesions turn out to be benign. Therefore, breast elastography has been introduced to overcome these 
limitations and to provide a better breast image for lesion characterization. Besides, breast elastography can act to bridge 
 

Regardless of the fact that the study of elastography is being done for over two decades, most of which were performed 
almost behind a closed door. So, after two decades of elastography research worldwide, there is a thin connection between 
the research groups. For example, the current elastography techniques developed in research labs that have already started 
appearing in the market, it is most likely that most of them are not quantitative or operator independent. In other words, there 
are no universal standard for scoring and terminologies. Therefore, the term elastography can hide very different physical 
phenomena. Though there are few elastography machines available in the market by different manufacturers, there are still 
significant amount of confusion, misconception and lack of clarity around the concept of elastography, its implementation 
and its interpretation for breast tumour assessment. 

 
The purpose of this article is to point-out the commonly encountered confusions, misconception, correlate all the existing 

methods, classification techniques to provide a better, broader, clearer view to the interested researchers and of course to 
widely open the window of elastography towards research community. It is high time to understand the underlying 
mechanisms of different elastography techniques properly in order to make the best use of it in the wide clinical practice.  

 
 

ELASTOGRAPHY  

i) Basic Principle 
The concept of elastography was first introduced after 1990 [95] and started to be used in the clinical setting in 1997 

[96]. Elastography is a non-invasive imaging technique where the local tissue strains are measured directly (e.g. strain 
ratio/Young Modulus) or indirectly (e.g. shear wave velocity) after the external stress (static or dynamic) is applied to 
perturb/compress the tissue. The tissue stiffness can be measured with elastography using a 3-step process [28]: 

• Apply a small stress to the tissue. 
• Measure the tissue displacement. 
• Calculate stiffness based on the tissue displacement. 

 
The basic principle of elastography process is shown in Figure 3. From a physics point of view, elastography aims to 

quantitatively image the Young’s modulus2, i.e. the physical parameter corresponding to the stiffness. This has two important 
advantages [29]: 

 

• The Young’s modulus, denoted by E, reveals key variations between different biological tissues; which makes 
it ideal for the characterization of different tissues with an excellent contrast. 

• This modulus E characterizes the stiffness of a tissue, which is nothing but the quantitative representation of a 
clinician’s palpation and thus has relevant diagnostic value. 

https://www.researchgate.net/publication/236338427_Ultrasound_elastography_Principles_and_techniques?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/21660851_Sonoelasticity_of_organs_Shear_waves_ring_a_bell?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/14220332_Elastography_of_breast_lesions_Initial_clinical_results?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
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Figure 2.  Different methods for strain imaging used in elastogrpahy as described in [27] 

     

Figure 3.  The basic principle of elastography relies on the stiffness of the tissue. The figure illustrates the effect of compression for three types of tissue 
before (left) and after (right) a same force is applied on them. 

 
Different methods of overall elastography process starting from tissue compression to imaging are shown in Figure 2. 

as reported in [27].  
 
ii)  Compression Methods 

The first step of any elastography process is to apply external stress to compress/perturb tissue based on which there 
are different methods available. The different ways of applying mechanical stimuli for tissue compression are discussed 
below:   

� Quasi-static Method 
The Young’s modulus is given via the Hooke’s law, which links stress and strain in a purely elastic medium. However, 

due to the unavailability of quantitative value of applied stress, only the relative strain is shown in the form of a map that is 
sometimes called elastogram. This method is easy to implement but cannot give a quantitative value for the Young’s 
modulus since only the strain can be estimated, and the applied stress is not known. It is, therefore, impossible to recover the 
Young’s modulus using Hooke’s law [29]. An example of static elastography based compression process is shown in Figure 
4.  

The algorithms used for Quasi-static method are:  
a. Cross-Correlation [67] 
b. Phase shift correlation [69] 
c. Phase-root seeking [70] 
d. Block-matching methods [71, 72]  
e. De-correlation methods [68, 73] 
f. Envelope processing [74] 
g. Envelope + RF [75] 

https://www.researchgate.net/publication/21298201_Elastography_A_Quantitative_Method_for_Imaging_the_Elasticity_of_Biological_Tissues?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/236338427_Ultrasound_elastography_Principles_and_techniques?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/13219066_Ultrasonic_and_elasticity_imaging_to_model_disease-induced_changes_in_soft-tissue_structure?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/14204880_Noise_reduction_in_elastograms_using_temporal_stretching_with_multicompression_averaging?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/12447555_New_real-time_strain_imaging_concepts_using_diagnostic_ultrasound?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/13546247_An_analysis_of_elastographic_contrast-to-noise_ratio?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/255599004_Imaging_Elastographic_Properties_of_Soft_Tissues_Using_Ultrasound?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/255599004_Imaging_Elastographic_Properties_of_Soft_Tissues_Using_Ultrasound?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
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Figure 4.  Strain/static elastography measures tissue displacement as a consequence of an applied initial compression. Tissue displacement is larger in 

soft tissue than hard tissue. This figure is adopted from [28]. 
 

� Dynamic Method 
In biological tissues, which are almost incompressible, the Young’s modulus can be approximated as three times the 

shear modulus. Dynamic elastography techniques, which rely on shear wave propagation, can produce quantitative and 
higher resolution Young’s modulus map compared to quasi-static methods. However, it requires a more complex system to 
be able to generate the shear wave (mechanical vibrator or ultrasound radiation pressure) and to image the small 
displacements induced by the shear wave (ultrafast or stroboscopic ultrasound) [29]. The illustration of compression process 
used in shear-wave elastography is shown in Figure 5.   

Shear wave elastography (SWE) is applicable to soft tissue [55], and it provides highly reproducible results compared to 
static (strain) elastography [56, 57]. This reproducibility is considered as a main problem and can compromise the patient 
outcomes. Therefore, it is required to have more research in the future to study the utility of SWE [55]. 
 

� Radiation Force Based Technique 
ARFI: In acoustic radiation force impulse (ARFI) imaging, an initial ultrasonic pulse is transmitted at diagnostic intensity 

level to acquire a baseline signal for comparison afterwards. A short duration (~ 0.3 sec), high-intensity acoustic ‘pushing 
pulse’ is subsequently transmitted followed by a series of diagnostic intensity pulses, that are used to track the tissue  
displacement due to the pushing pulse [52-54]. The tissue response due to the radiation force is seen using conventional B-
mode imaging pulses and the shear-wave velocity (Vs; m/s) for ARFI displacement is possible to display quantitatively. This 
is because the velocity of shear-wave is proportional to the square root of stiffness/elasticity of the tissue. Therefore, it is 
feasible to apply ARFI technology to elastography. However, so far according to the studies found in the literature, this 
particular method has been only applied for liver fibrosis applications, not on breast cancer applications. 

 
Figure 5.  Dynamic or Shear-wave elastography assess the speed of the transverse oriented shear-waves which travel faster through hard tissue than soft 

tissue. This figure is adopted from [28]. 

iii)  Imaging Modality 
Elastography itself is insufficient and can’t be directly applied for imaging breast tissue. It requires an imaging 

modality as a complementary tool to make the whole process complete and fully functional. However, the choice of imaging 
modality plays a vital role in elastography techniques since both resolution and penetration depth depends on it. For example, 
the typical resolution of ultrasound elastography (USE) is 125-200 µm, while resolution in MRI elastography is usually of 
mm scale [58]. An illustration of different imaging modalities comparing their resolution and penetration depth is shown in 
Figure 6. while the comparison between their contrast mechanisms is shown in Figure 7.     

� Ultrasound 
Ultrasonography is a widely used imaging technique which has been in the clinical practice for almost 50 years. The 

advantages of using ultrasound are ease of use, real-time capability, portability and low-cost. This method allows the 

https://www.researchgate.net/publication/260130443_Use_of_shear_wave_elastography_to_differentiate_benign_and_malignant_breast_lesions?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/260130443_Use_of_shear_wave_elastography_to_differentiate_benign_and_malignant_breast_lesions?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/236338427_Ultrasound_elastography_Principles_and_techniques?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/224612887_Acoustic_Radiation_Force_Impulse_ARFI_imaging_of_the_gastrointestinal_tract?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
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construction of morphological images of organs/tissue based on the propagation of mechanical waves and more particularly 
on high-frequency compression waves (also known as ultrasound). 
 

 

Figure 6.  Comparison between different imaging modalities in terms of their resolution vs. penetration depth. 
 

 However, it lacks fundamental and quantitative information on tissue elastic properties since the propagation of 
ultrasound is almost homogeneous in the different biological tissues and does not depend on tissue elasticity [29, 60].  

� MRI 
MRI-based elastography acquires information about tissue stiffness by measuring the propagation of mechanical waves 

through the tissue with a special MRI technique which involves three steps as follows [61]:  

(1) Generating shear waves in the tissue,  
(2) Obtaining MR images that represent the propagation of induced shear waves, and  
(3) Processing shear wave images to generate quantitative maps of tissue stiffness, which is called elastograms.  
 
� OCT 
Optical coherence tomography (OCT)–based elastography, which is expressed as optical coherence elastography (OCE) 

[63], shows great potential for micron and submicron imaging applications because it benefits from the high resolution of 
OCT [64] while additionally providing the elastic properties of the sample [62]. This advantageous high-resolution, non-
invasive imaging modality allows OCE to evaluate the mechanics of intact tissue on a scale that cannot be offered by 
elastography produced by the competing imaging modalities of ultrasound or MRI (magnetic resonance imaging) [62]. 
 
iv) Image Processing 

In order to display breast images, image processing is performed during the final stage in either time domain or 
frequency domain. FFT-based techniques (i.e. frequency domain) provide better accuracy than time domain based 
processing, but it has higher computational time compared to its counterpart.  

 

Figure 7.  Illustration of different imaging modalities and the spectrum of their contrast mechanisms. The shear modulus is found to have the biggest 
variation among various physiological states of normal and pathologic tissues. The figure is adopted from [61] with little modification. 

https://www.researchgate.net/publication/8362186_Micromachined_array_tip_for_multifocus_fiber-based_optical_coherence_tomography?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
https://www.researchgate.net/publication/51085565_Optical_coherence_elastography_Current_status_and_future_applications?el=1_x_8&enrichId=rgreq-f84d06a20df9cc72a44eac887d233075-XXX&enrichSource=Y292ZXJQYWdlOzI3MDg4MDg0NjtBUzoxOTM0MjcyNjc0MjgzNTNAMTQyMzEyODA2MjY3OA==
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          BREAST ELASTOGRAPHY  

Breast ultrasonography (US) has been acknowledged as a valuable diagnostic tool for both palpable and non-palpable 
breast masses. However, [78] reports that sonologists often find it a bit challenging to precisely distinguish isoechoic lesions 
from surrounding fat with conventional US. Therefore, it may result in false-negative interpretations and eventually causing a 
delayed diagnosis of the cancer. Other limitations of US include: failure to detect cellular level carcinomas, unable to image 
areas deep inside the breast, failure to show micro-calcifications, sometimes may have trouble to distinguish cancer from 
other pathologies, etc. In order to identify isoechoic lesions surrounded with fat by using breast US, it requires careful 
evaluation with B-mode US in correlation with mammography. However, it is essential to consider the location of lesion, 
surrounding tissue, and lesion characteristics (including size, shape, and internal contents), for measuring correlation between 
mammography and US. For evaluating the isoechoic breast lesions, the complementary tools to B-mode US comprise: spatial 
compound imaging, tissue harmonic imaging, US elastography, Contrast agent enhancement, color or power Doppler 
imaging, and power Doppler vocal fremitus imaging [79].  

Breast biopsy followed by specimen radiography can be useful in evaluating the competence of tissue sampling. 
Moreover, such specimen radiography can help in assessing the correctness for targeting and localizing lesion, also in 
evaluations that increase confidence in the detections from tissue acquisition [79]. 

Table 1.  Classification and comparison of different elastography techniques followed by available manufacturers [78] 

 
 

i) Evaluation criteria 
Two most important characteristics of breast nodules are considered for US elastography based evaluation of breast 

lesions: size and stiffness [30, 77]. For example, stiff lumps will appear bigger in elastogram in US that result in the 
difference in dimension and this difference is expressed as a size ratio after comparing with conventional B-mode imaging. 
Sometimes, numerical values of tissue stiffness or elasticity are available (e.g. in shear wave elastography) as criteria for 
breast evaluation. Regarding the stiffness criteria, different scoring systems are proposed in the literature which evaluates the 
presence, distribution and surrounding areas of abnormal stiffness of tissue obtained from colour elastogram. An example of 
such scoring system proposed by [1] is shown in Table 1. Here, benign lesions are characterized as lesions with a low score 
(i.e. score 1–2) in the colour map and the most critical point for differentiating benign from malignant masses lies at the 
boundary of score 3-4. Because of low compressibility, often being hard and low deformable lesions, cysts are commonly 
represented as blue pattern in colour map with high strain ratio [59] as shown in Table 2.  

Classification by Technical 
Method 

Classification by Interpretation 

Method 
Manufacturer  

Company 
Method Comparison Diagnosis Diagnostic Approach Manufacturer  Company 

Strain 
Elastography 

Hitachi Aloka, 
GE Healthcare, 

Philips 
Healthcare, 
Siemens, 
Toshiba 

1(Scoring)/ 
Color Pattern 

Diagnosis 

Color Images From 
Elastography 

Based on 
Assessed Score 

Elasticity Score Hitachi Aloka Medical, 
GE Healthcare, Philips 
Healthcare, Siemens, 

Toshiba Medical 

Tsukuba score 

Strain pattern 

Tozaki’s score N/A 

ARFI 
Imaging 

Siemens 2 (Ratio) 

grayscale images 
from elastography 
are compared with 

B-mode images 

size ratio of the 
target lesion: 

E/B Ratio 

Philips Healthcare, 
Siemens, GE Healthcare 

Width Ratio 

Length Ratio 

Shear wave 
Elastography 

SuperSonic 
Imagine, 
Siemens 

3 (Tissue 
Elasticity) 

numerical value to 
the stiffness 

tissue elasticity 

Strain ratio Hitachi Aloka Medical, 
GE Healthcare, Philips 

Healthcare, Toshiba 
Medical, Siemens 

fat–lesion ratio (FLR) 

kPa (unit of 
stiffness), SuperSonic Imagine, 

Siemens m/s (unit of sound 
velocity 
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There are several artifacts present in both form of elastography: strain and shear-wave elasticity imaging. Those 
artifacts need to be understood and corrected in order to interpret the real diagnostic information. An effort is made by [39] to 
describe typically encountered artifacts found in US elastography that is summarized in Table 3.        

ii)  B-mode US vs. US Elastography 
A comparison of salient features between conventional B-mode US and US elastography images that are usually 

found for different types of breast lesions is shown in Table 4.   
 
iii)  Mammography vs. Elastography 

A comparison of scoring system for evaluation of breast lesion characterization between conventional 
mammography and elastography is shown in Table 5.  

Table 2.  Elastography Score for Breast Cancer Classification [1] 

Score Image Color Description Class 

1 

 

 

Entire area is evenly shaded green, as is surrounding tissue 
 

Benign 
 

2 

 

 

Lesion area shows a mosaic pattern of green and blue. 

3 

 

 
Central part of the area is blue (stiff), and peripheral part is 

green (soft). 

Intermediate 
(Probably 
Benign) 

4 

 

 

Entire area is blue (stiff). 

Malignant 
 

5 

 

  
Entire area and its surrounding area are blue (stiff). 

 
Table 3.  Comparative analysis of artifacts present in the sonographic breast elastography images for both strain-based and shear-wave based elasticity 

imaging [39]

Strain Elasticity Imaging Shear Wave Elasticity Imaging 

Artifact Description Indication Correction Clinical 
Information 

Artifact Description Indication Correction clinical 
information 

sliding 
artifact 

White ring/ 
waves around 

lesion 

Tumour 
moving in 

and out 
of imaging 

plane 

i)  Using less 
compression 
ii) Reposition  
iii) Holding 
breath 

lesion is 
freely 

moveable 
(most likely 

benign) 

Areas 
are not 
color 
coded 

i) defined 
desmoplasti
c reaction 
ii) No red  
halo 
surrounding 
the lesion 

 

shear wave 
cannot 

propagate  

Using minimal 
precompression 

very hard 
lesions 

(invasive 
cancers) 

noise 

pattern of 
large moving 
areas (worm 

pattern) 

substantial 
precompressi

on 

using minimal 
precompressi

on 

no clinical 
information Not mentioned 

Benign lesion, 
Simple Cyst 

bull’s 
eye 

artifact 

i) decorrelation 
 between images 
ii) solid 
component in 
cyst will appear 
solid lesion 
within pattern 

fluid inside the 
tumour is 
moving, 

Not mentioned 

cystic lesions, 
(benign simple / 

complicated 
cyst) 

  not seen in 
mucinous or 

colloid cancers 

areas in B-
mode image 

show 
extremely 
low signal 

echo signal is 
too 

low for 
successful 
detection 

Not mentioned 

i) areas with 
marked 

shadowing (ribs, 
calcification) 

 ii) tumors with 
substantial 
shadowing 
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Table 4.  Difference in Imaging Features between B-mode US and US Elastography [77] 

 

Type of Lesion 
Imaging Modality 

Conventional B-mode US US Elastography 
Invasive Ductal 

Carcinoma 
Hypoechoic speculated/ 

microtubular branching mass 
Increased stiffness, larger 

lesion than B-mode 

Fibroadenoma 
Oval well defined, 

homogenous hypoechoic area 

Area of greater stiffness 
smaller than lesion 

boundaries 

Cyst 
Round/ oval anechoic lesion 

with clear transmission 
Bull’s-eye appearance with 

brighter posterior wall 

Malignant Lymph Node 
Rounded, enlarged lesion, loss 

of fatty hilum 
Low strain, larger than B-

mode image 

Hematoma 
Appearance varies from 

anechoic to separate cystic 

Similar to cysts. May be 
stiff, measure less than on 

B-mode 
 
 
 

Table 5.  Comparative Study of Existing Scoring System of Mammography Vs Elastography [99, 100] 
 

 
 

 
 
 

DIAGNOSIS RESULTS AND COMPARATIVE  STUDY  

After going through several articles [1-25, 97, 98], it is obvious that the ultrasound elastography can provide additional 
diagnostic information for characterizing breast lesions and has high potential to improve the specificity. The features of 
elastography including shape, size ratios, homogeneity and their quantitative analysis might be complimentary to 
conventional ultrasound for the complete analysis of breast lesions [28]. A summarized diagnostic outcome from US 
elastography compared with normal B-mode Sonography and mammography is provided in Table 6.  

We have also accumulated the breast lesion classification results in terms of mean sensitivity vs. mean specificity from 
all of 27 articles [1-25, 97, 98] and compared with two techniques: Digital Infrared Thermal Imaging (DITI) and Electrical 
Impedance Scanning (EIS) for average ROC curve as shown in Figure 8.  [26]. It is obvious that US elastography 

Mammography  Elastography 
 Category 0 Incomplete 

Assessment 
 

  
Category 1 

 
Negative for 
Malignancy 

 
 

Score 1 

 

  
Category 2 

 
Benign Findings 

 
Score 2 

 

  
Category 3 

 
Probably Benign 

Findings 

 
Score 3 

 

  
Category 4 

 
Suspicious for 
Malignancy 

 
Score 4 

 

  
Category 5 

 
Highly Suspicious 

for Malignancy 

 
Score 5 

 

 Category 6 Known Biopsy 
Proven Malignancy 
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outperforms the other techniques by well margin with an average sensitivity of almost 87% and an average specificity of 
80%.  

Some recent studies in the year 2014 [55, 88-94] show that shear-wave elastography (SWE) has excellent diagnostic 
performance in terms of both increased sensitivity and specificity in differentiating malignant breast masses from benign 
ones.  

 

Figure 8.  Comparative ROC curves of Ultra-Sound Elastography (USE), Digital Infrared Thermal Imaging (DITI) and Electrical Impedance Scanning 
(EIS) are plotted in blue, red and black dash-lines respectively with their average values are marked by triangle. Each point in the plot 

represents a published article as cited in [26]. The dash ROC curves are estimated from the dots using curve-fitting technique. It is obvious 
from the ROC curves that USE outperforms the other two in diagnosing of breast cancer. Please note that most of the USE performance 

points (as circled by black dash line) situate near the top left corner of ROC plot that supports its efficacy compared with other techniques. 

DISCUSSION 

i) The Mist of Confusion: Obstacles to Understand Elastography Better 
Though it is the third decade the world has been familiar with the term elastography, the language of elastography is 

yet to be properly understood by the researchers worldwide! There are so much confusion regarding the terminologies used 
by individual research teams and manufacturers that sometimes they sound similar yet express different meaning, sometimes 
vice versa. E.g. the term strain imaging has been referred to all types of elastography techniques as described in [27] and 
according to which Figure 2. is plotted. However, in some other places, strain imaging is referred as one of the two types of 
elastography techniques for estimation of tissue stiffness where the second type is referred as shear-wave imaging [66]. 
Another example is that the term USE refers ultrasound elastography; however, it may also sometimes refer to ultrasound 
strain elastography which is a specific type of elastography that makes use of strain ratio for scoring. The term transient 
elastography denotes as one of the radiation force based dynamic techniques (as shown in Figure 2. ) in some places, but it is 
also denoted as one of the shear-wave based methods in another place. In fact, the word ‘transient’ refer to the applied force 
to be transient in nature, so it can either belong to mechanical vibration or belong to radiation force based perturbation 
methods.  

Also, there is some confusion in the scoring method for classification between benign and malignant tissues since 
different manufacturers define it in different ways. Strain and shear-wave elastography are two different techniques and 
imaging features that differ across different manufacturers. Some manufacturers provide a black-and-white elastogram, others 
provide a colour elastogram. The colour coding may be adjusted according to the individual operator’s preference. Currently 
as there is no benchmark in the colour elastogram assignment, stiff lesions might be seen as red while soft lesions as blue or 
vice versa [28].    
 

ii)  Current Status 
Currently, there are several US machines that can provide breast elastography with reasonable image quality [80]. 

However, use of elastogram can be a bit more challenging for some sonologists as they have reported to find it less useful 
than conventional B-mode US. The problem in interpreting images might be because of not using the highest quality 
elastograms that are available [80]. It is important to mention that the target of breast elastography not only is to diagnose 
cancers but also to classify the doubtful lesions on the ultra-sonogram confidently as benign. This will eventually reduce the 
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3The shaded rows of the table represent the articles that have provided mammography’s diagnostic performance along with B-mode US and 
USE. The rest of the articles provided diagnostic results of only B-mode US and USE, not mammography.   
 

Table 6.   Breast cancer diagnostic results of US Elastography claimed in different published works [1-25, 97, 98] compared to conventional B-mode 
Sonography and Mammography3.  

 

Article/Year # Benign/ malignant  
Size 

Technique Used Sensitivity 
TPR (%) 

Specificity 
TNR (%) 

Accuracy 
(%) 

PPV / NPV 
(%) 

[1] Itoh et al./2006 59/52 
<30 mm 

Free Hand US 
Elastography 

 
86.5 

 
89.8 

 
88.3 

 
- 

[2] Gong et al./2011 30/198 
- 

Free Hand US 
Elastography 

 
95 

 
93.3 

 
94.7 

76.5 / 73.7 

[3] Raza et al. /2010 127/61 
<26 mm 

Free Hand US 
Elastography 

 
92.7 

 
85.8 

 
88.3 

76 / 96 

B-mode Sonography 98.4 66.9 --  58.8 / 98.8 

 
[5] Fischer et al./2011 

 
85/116 

- 

Free Hand USE (SR) 95 74 86 83 / 91.3 
B-mode Sonography 85 60 -  

Mammography 78 62 -  
 
[6] Wojcinski et al./ 2010 

 
419/360 
< 30 mm 

Sonoelastography 81.2 89.5 - 86.8 / 84.8 

B-mode ultrasound 95 76.1 - 77.2 / 94.7 
Mammography 87.2 82.9   

 
[7] Hatzung et al./ 2010 

 
66/31 

- 

Sonoelastography 71 48 - 39 / 78 
Mammography 84 89 - 79 / 92 

B-mode US 97 82 - 71 / 98 
[8] Yerli et al./ 2011 62/16 US Elastography (SR) 75 94 89.7 75 / 93.5 

[9] Lee et al./ 2011 267/48 US Elastography (SR) 68.75 64.8 65.4 26 / 92 

[10] Kumm et al./ 2010 223/87 US Elastography (SR) 79 76 77 56.5 / 90.4 

[28] Zhi et al./ 2010 415/144 US Elastography (SR) 92 91 91.4 78.2 / 97.2 

[29] Cho et al./ 2010 79/20 US Elastography (SR) 95 75 78.8 48.7 / 98.3 

[13] Farrokh et al./2010 63/54 US Elastography (SR) 94 87 90.6 86.4 /94.8 

[14] Thomas et al. / 2010 113/114 US Elastography (SR) 90 88 89.4 88.8 / 90 

[15] Moon et al. / 2009 113/68 US Elastography (SR) 84 88 86.2 80.3 / 90 

[16] Barr et al. / 2010 197/54 US Elastography (LR) 100 95 96 84.4 / 100 

[17] Leong et al. / 2010 84/26 US Elastography (LR) 92 69 74.5 48 / 96.7 

[18] Regner et al. / 2006 38/51 US Elastography (LR) 96 21 64 62 / 80 

[19] Parajuly et al./ 2010 - USE Elasticity Score 94 95 - - 

[20] Zhu et al. / 2008 - USE Elasticity Score 86 89 - - 

[21] Regini et al./ 2010 - USE Elasticity Score 89 93 - - 
[22] Navarro et al./2011 - USE Elasticity Score 69 83 - - 

[23] Guiseppetti et 
al./2005 

- USE Elasticity Score 80 89 - - 

[24] Chang et al./2011 - USE Elasticity Score 87 85 - - 

[25] Schaefer et al./2009 - USE Elasticity Score 97 76 - - 

 
[98] Nesreen et al./2014 

 
81/33 

< 90 mm 

Mammography 72.7 86.4 82.5 - 
US 69.7 72.8 71.9 - 

USE 69.7 95.1 81.7 - 
Combined US + UE 90.9 95.1 93.8 - 

 
[97] Zhi et al./2007 

 
209/87 

< 100.6 mm 

Mammography 72.4 87.1 82.7 70.0 /88.3 
US (B-mode) 71.2 73.2 72.6 52.5 / 86.0 

USE 70.1 95.7 88.2 87.1 / 88.5 
US + USE 89.7 95.7 93.9 89.7 / 95.7 
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no. of biopsies of benign lesions [80]. In this regard, as reported by articles [25, 84-86], breast elastography has shown 
excellent area under the ROC curve having values of around 88% to 95% for classification between benign and malignant 
breast masses [80]. 
 

Recently, apart from the enhancement of elastography by quantification of stiffness either by strain-ratio 
measurement [81] or by ARFI imaging and shear-wave velocity estimation [82], a new technique is reported by [83] named 
axial shear strain elastography (ASSE). This technique is expected to be helpful to improve the capability of elastography in 
separating benign from malignant masses. Since ASSE can show how strongly any lesion is attached with its surrounding 
tissues, therefore the images can be easy to interpret compared with normal elastograms and consequently can be useful in 
deciding on equivocal cases [80]. 

 
According to the current medical policy, Oct 2014, stated by Health Net, Inc. [87], breast elastography performed 

either by US or MRI is considered to be investigational. Even though several studies and clinical trials are going on, there is 
not adequate proof in the peer-reviewed medical literature to support the effectiveness of breast elastography. Therefore, 
extensive clinical trials of this technology are required by addressing proper patient selection and diagnostic parameters in 
order to get approval for widespread clinical use.   

iii)  Limitations of Breast Elastography 
While breast elastography is a promising technique in lesion detection, it also has  several limitations, largely due to 

the structural characteristics of the breast itself and its nodule. There are also some issues related to elastographic technique 
and due to its vague knowledge as mentioned in the first part of this section. The other limitations are listed below [28, 59]: 

 
• Different expression of gland components found within the population studied 
• Absence of the capsule that could allow to contain the compressing tissues 
• It is hard to distinguish lesions with high variability and with features of benignity or malignancy that may not match 

to their elasticity (e.g. cysts, necrosis, etc.). 
• The ambiguity on reference parameters, especially the requirement of sufficiently surrounded share of healthy 

parenchyma that must be localized at equal depth of lesions for getting a right contrast. 
• The variability of transducer pressure can affect the quality of elastograms and hence sometimes the stiffness of 

benign and malignant tissues may overlap. E.g. some cancers lack a considerable desmoplastic reaction and may be 
soft, thus results in false negative elastograms. 

• Some benign lesions might be seen as stiff including hyalinized fibroadenomas, fat necrosis and fibrosis. 
• Posterior breast masses can be also tricky to assess with elastography as the compression force is unable to displace 

deep tissue less than superficial tissue.  

• It is difficult to image extremely large tumor (>3 cm) as all tissues in the range of vision are stiff and normal tissue 
may not be incorporated for examination. 

• Absence of standard color-coding or scoring.  
 
 

FUTURE POSSIBILITIES  

As mentioned earlier that US elastography has already been proven to have enormous potential to improve both 
specificity and sensitivity significantly in separating between benign and malignant breast lesions. The future possibilities of 
elastography combined with other techniques can be really exciting of which some examples are given in this section.     

i) Detection and Diagnosis 
The features of elastography including size ratios, homogeneity, and lesion stiffness may be useful to characterize 

masses that appear on conventional breast ultrasound. Careful correlation of B-mode ultrasound, mammography and 
elastography is essential as not every cancer appears stiff on elastography. If all elastography features are found to be benign, 
it is probably wise to downgrade from BI-RADS 4A to BI-RADS 3 or from BI-RADS 3 to BI-RADS 2, although large 
prospective clinical studies are required for validation [28]. Some possible future uses of elastography as mentioned in [28] 
are as follows: 
 

• Characterization of small incidental masses as observed during screening breast US 
• Detection of malignant auxiliary lymph nodes 
• Detection of subtle masses during targeted US after MRI 
• Recognition of more suspicious part of the lesion to facilitate guiding during US biopsy 
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Shear wave based techniques have been demonstrated to have significant advantages over quasi-static techniques: they 
are better in reproducibility, quantitative, depend on automated shear wave generation and provide good contrast in elasticity. 
These benefits will potentially allow SWE imaging for new applications in the future not only for diagnosis but also for 
follow-up. In addition, the real-time imaging ability of some of SWE techniques also permits the development of 3D 
elastography imaging which may facilitate some of the routine clinical practices of detection, therapy planning and 
monitoring for breast cancer [29]. 

 
ii)  Intraoperative Tumor Detection 

While the primary focus of this article is breast cancer diagnosis, and so far the research or use of elastography-
based techniques limited to diagnosis purpose, we believe that it can also be a potential tool for surgical guidance in future. In 
the case of the impalpable breast tumor, the treatment of choice is surgery. In the past, only surgical option was mastectomy, 
but nowadays, with the availability of advanced surgical procedure, lumpectomy or breast conserving surgery (BCS), is the 
first preference from patient’s point of view. However, it is quite troublesome from the surgeon’s perspective to accurately 
locate the tumor during surgery when it is impalpable. The existing tools for intraoperative localization of breast tumors have 
respective drawbacks. Especially, in case of detecting mm size tumors or cellular seedling of cancers, all of the tools fail 
invariably. Without any doubt, if a survey from breast surgeons could have been performed, BCS would rank the most 
technically challenging due to the shortcomings of the existing solutions. Some limitations of available intraoperative breast 
cancer detection tools are given in Table 7.  

Table 7.  Limitations of the current intraoperative detection tools 

Current Intraoperative Detection Tools Limitations 

Wire Guided Localization (WGL)  

Scheduling problem 
Dislocation, burning, breakage of wire 

Hard to locate when tumour is far away for skin 
Difficult to identify tumour margin  

Radio Guided Occult Lesion Localization 
(ROLL)  

 
Radioactive hazards to both surgeon & patient 

Scheduling problem 
Start/stop disadvantage due to gamma probe Radioactive Seed Localization (RSL) 

 
Intraoperative ultrasound (IOUS) 

 
Failure to detect isoechoic, small sized lesions 

Start/stop disadvantage 

 
In pursue of finding a solution to the above mentioned limitations, elastography can be a better alternative to all 

these methods to aid intraoperative detection of impalpable mm size, cellular seedlings of breast tumors. With an appropriate 
tissue compression technique and a high quality imaging modality suitable for real-time imaging, elastography is expected to 
be useful in intraoperative applications. In order to achieve such, state-of-the-art image processing will also play an important 
role. Further research in this regard can open a gateway to make elastography device portable, wireless, easy to handle, and 
mostly to aid real-time imaging to continue breast-conserving surgery with maximum possible perfection. 

CONCLUSION 
 

Elastography is an emerging research field with lots of possibilities. It provides a unique way to assess tissue stiffness 
and finds out that tissue elasticity is of great significance for diagnosis. Ultrasound elastography is proved to be effective for 
breast lesion characterization and is an easier, cheaper method. It is also more specific than mammography or US alone. 
However, it is operator dependent. It is suggested that the radiologists should be more careful in identifying the difference 
between different types of USE since they differ from one manufacturer to another; especially there is lack of universal 
colour-coding standard. Hence, stiff lesions may appear red, while soft lesions may appear blue, or vice versa depending on 
the manufacturer. It is essential to study the underlying physics of each elastography method to find out their pros and cons 
for use in clinical practice. In addition, in order to understand different elastography techniques and their imaging modalities, 
standard terminologies are indeed required. The research teams should co-operate to validate the prospects of elastography 
and then the manufacturers would be able to bring the elastography technology in market with standard display and universal 
classification scores for early and better diagnosis of breast cancer along with other cancers as well  (e.g. liver, prostrate, 
etc.), even for application as surgical guidance in the future.     
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Abbreviation 
 
US 

Definition 
 
Ultrasonography / Sonography  

USE Ultrasound Elastography / Sono-Elastography; Ultrasound Strain Elastography  
USB B-mode Ultrasound  
SWE Shear-wave Elastography  
ROC Receiver Operating Characteristic  
RTE Real-time Elastography  
ARFI Acoustic Radiation Force Impulse (imaging) 
ASSE Axial Shear Strain Elastography 
MRE Magnetic Resonance Elastography 
SSI Supersonic Shear Imaging 
VCTETM Vibration-Controlled Transient Elastography 
TPR / FPR True Positive Rate / False Positive Rate 
PPV / NPV Positive Prediction Value /  Negative Prediction Value 
BI-RADS Breast Imaging-Reporting and Data System 
OCT /  OCE Optical Coherence Tomography /  Optical Coherence Elastography 
BCS Breast Conserving Surgery 
SR Strain Ratio 
LR Likelihood Ratio 
DITI Digital Infrared Thermal Imaging 
EIS Electrical Impedance Scanning 
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