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I n t ro d u c t i o n

Q u oted ra tes of benign:malignant ra t i o

for fine needle aspiration biopsy, core

biopsy and excisional biopsy of bre a st 

abnormalities ra n ge from under 4:1 fo r

m a m m o graphic screening abnormalities

[1]  to over 7:1 for symptomatic bre a st

p roblems[2]. These biopsy ra tes re f l e c t

the use of ultrasound for abnormal 

clinical findings and as an adjunct to

m a m m o gra p hy for abnormal mammo-

grams. When ultrasound is used to scre e n

the clinically and mammogra p h i c a l ly 

dense but normal bre a st the benign:

malignant ratio is almost 10:1 [3]. It ri s e s

still further to almost 20:1 if comp l ex

c ysts which need aspirating and fo l l ow up

of presumed benign lesions (instead of

biopsy) are included [4]. In the USA more

than two billion dollars per annum is

spent on biopsies and fo l l ow up 

u l t rasound with the maj o rity being spent

on benign lesions [5]. 

Recent publications re p o rt re o p e ra t i o n

ra tes of 15% to 50% fo l l owing bre a st 

c o n s e rving local excision [6,7,8] at an 

additional cost of approx i m a te ly

£25,000,000 per annum in the UK 

[9, 10]. MR has been recommended as

the imaging method of choice to ass e ss

ex tent of tumour within the bre a st [11]

but its gre a ter cost than ultrasound 

means that development of more 

a c c u ra te methods of ultrasound measure-

ment of tumour ex tent could also prov i d e

s i g n i ficant cost savings by reducing 

re o p e ration ra tes. Ultrasound has an 

additional adva n ta ge comp a red with MR

because it can be done in the same 

position as that used for surge ry.
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• the facto rs which affect uniformity or non-unifo r m i t y

of the st re ss and shear fo rces within the tissues when

th ey are defo r m e d ;

• the re l a t i ve diffe rences in coefficients of elasticity of

the tissues within the image and in the tissues adja-

cent to the plane of the image. 

When tumours grow in or infi l t ra te th rough tiss u e s ,

th ey ch a n ge the st i ff n e ss or hard n e ss ch a ra c te ri stics of

those tissues. Where th e re is re l a t i ve homogeneity of

t i ssues, this ch a n ge is well demonst ra ted on elast i c i t y

imaging.  It becomes more comp l ex where th e re is 

i n h o m o geneity of the tissues with diffe rent inhere n t

st i ff n e ss or elast i c i t y, such as the diffe rence of st i ff n e ss

b et ween fat and bre a st glandular tissue.  Provided 

u n i form fo rce fields (st re ss) are applied th rough a 

region of bre a st being imaged, good comp a ra t i ve 

d i sto rtion (st rain) data can be obtained giving good

c o mp a ra t i ve st rain or elasticity images.  

D e s p i te the comp l exity of elasticity physics in soft 

t i ssues, excellent results have been obtained with re a l

time free hand elasticity imaging in the bre a st.  Early

results using real time elasticity imaging have been 

re m a rka b ly good at distinguishing benign from 

malignant tissue based on the higher coefficients of

e l a sticity of malignant tumours comp a red with benign

p a thology and normal tissues. Though th e re is ove rl a p

of the coefficients of elasticity a significant number of

benign lesions never re a ch the ra n ge of coefficients of

e l a sticity of malignant tumours.  Elasticity imaging has

the potential to focus biopsies for more consistent 

diagnosis of cancer, determine tumour ex tent and 

m e a s u re response to non surgical th e ra py as well as to

exclude malignancy with a possible safe reduction of

benign biopsy ra tes. Elasticity imaging, when used as

an adjunct to conventional B-mode and colour Doppler

imaging, should imp rove diagnostic accura c y.

The ve ry high sensitivity to ch a n ges in st i ff n e ss allows

e l a sticity imaging to show ch a n ges on bre a st 

u l t rasound which are not visible on the conventional 

u l t rasound imaging. Pa thology which has the same

e cho pattern as the tissues that surround it can be 

i d e n t i fied because it is ve ry slightly st i ffer even th o u g h

it still cannot be felt with the examining hand. The

p h a n tom, (fi g u re 1) with a st i ff inclusion body, is 

i s o e choic on conventional B-mode but is ve ry obv i o u s

on st rain imaging. The diffe rence is ve ry dramatic with

a homogeneous gel containing a st i ffer homoge n e o u s

inclusion. Wi th the gre a ter inhomogeneity of bre a st 

t i ssues similar anatomical appearances on conve n t i o n a l

B-mode ultrasound can have ve ry diffe rent st rain 

imaging appearances. 

The Basics

Malignant tumours feel harder than benign ones and

this physical pro p e rty re l a tes to their coefficient of 

e l a st i c i t y. Hippocra tes described the hard n e ss of bre a st

c a n c e rs almost two and a half millennia ago and 

palpation was the only diagnostic method available fo r

the detection of bre a st tumours befo re the advent of 

d i a g n o stic imaging. 

D e fo r m a b i l i t y, which is also re l a ted to the elastic 

p ro p e rties of tissues, is part of the algori thm to 

d etermine the likelihood of malignancy in ro u t i n e

b re a st ultrasound but it has only modera te sensitivity in

m a ny lesions, exc e pt for semi normal conditions such

as gynaecomastia (benign lesions are more easily 

d e formed than malignant lesions).

D i rect comp a rison of tissue images befo re and after 

application of a fo rce is too crude a measure of 

e l a sticity exc e pt at ex t remes of diffe rences in elast i c i t y.

A n a lysis of the raw ultrasound image data, which 

c o n tains ve ry much more information than can be 

d i s p l ayed for visual perc e ption, can detect ve ry much

smaller diffe rences in elast i c i t y. Measurement of tiss u e

d e formation (st rain), with applied fo rce (st re ss), by

a n a lysis of the returning ultrasound echoes, was 

d e s c ribed over 20 ye a rs ago [12, 13]. Ultrasound tiss u e

e l a sticity has been an area of increasing re s e a rch fo r

the last two decades [14, 15, 16] and has been applied

to many diffe rent clinical situations including bre a st ,

p ro sta te, skin [17], intra - o p e ra t i ve brain imaging [18],

c a rdiac [19, 20]  and vascular imaging [21, 22, 23]. 

The physics of elast i c i t y, described by Hooke’s law, 

Yo u n g ’s modulus and Po i ss o n’s ratio, is based in 

m e chanics and re l a tes to the disto rtions which occur

when matter is subjected to an ex ternal fo rce or st re ss .

Un d e rstanding these principles forms the basis of tiss u e

e l a sticity imaging but the ch a n ges which occur when

s o ft tissues are deformed are of much gre a ter 

c o mp l exity than occurs in a simple isot ropic body such

as a piece of steel. Soft tissues are a solid matrix with

over 70% fluid content resulting in many other facto rs

w h i ch affect the co-efficient of elasticity within the 

t i ssues including boundary effects, poro e l a sticity and

v i s c o e l a st i c i t y. 

I n te r p retation of elasticity imaging re qu i res a good 

u n d e rstanding of:

• the histology and path o p hysiology of the tiss u e s

being image d ;

• the basis of elasticity physics in an inhomogeneous 

m a t ri x ;

E l a sticity Imaging.
Fi g u re 1



little pre ss u re may result in a "poor” B-mode image due

to increased inte rface shadowing and a need for higher

gain levels than that used with normal firm pre ss u re 

B-mode imaging. This re s u l tant "apparent low 

e ch o genicity” does not result in any loss of elast i c i t y

imaging because it still contains echo information used

by the elasticity soft wa re algori thms. The info r m a t i o n

becomes visible if gain or TGC are increased, but 

because st rain imaging uses the pre - a mp l i fied data it is

n ot critical for it to be visible on B-mode to get a good

st rain image .

Re s u l t s

Recent wo rk has confirmed that cancers tend to appear

l a rger in a st rain (elasticity) image than in the typical

u l t rasound greyscale image (fi g u re 4) whilst benign 

lesions tend to appear smaller in the st rain image th a n

in the greyscale image (fi g u re 5) [26, 27]. The ex tent of

the st rain image of cancers may be more accura te in

d e m o n st rating tumour size than the greyscale image

[28]. Even ductal carcinoma in situ and mucinous 

c a n c e rs cause increased st i ff n e ss comp a red with th e

s u rrounding normal tissues. Mucinous cancers and 

c a n c e rs with internal tumour necrosis may exhibit a

m o re hete ro geneous st rain pattern than more solid 

t u m o u rs .

E l a sticity imaging adds useful diagnostic info r m a t i o n

w h i ch can help clinical management. Pa rticular are a s

w h e re it is showing promise are in the accura te, 

u n e qu i vocal identification of lesions such as fat islands

w h i ch can be a source of confusion, part i c u l a rly for the less 

ex p e rienced bre a st sonogra p h e r.  The absence of any st i ff n e ss

c o n firms the benign nature of the ultrasound abnormality.  

I mpalpable masses like fi b roadenomas picked up on scre e n i n g

m a m m o grams are another area in which St rain imaging can

help with patient management. They are often ve ry visible on

m a m m o gram because th ey are surrounded by fat (fi g u re 6).

The patient shown in fi g u re 6 did not have any palpable mass in

the right bre a st. Ultrasound of the infe rior part of the bre a st 

revealed an area, isoechoic with fat, which was the right size to

be the lesion and in the right position at the edge of the bre a st

disk (Fi g u re 7). Elasticity imaging (fi g u re 8) shows that this fat

l o b u l e - l i ke lesion is st i ffer (darker) than the surrounding fat. 

U l t rasound guided 14G needle core biopsy confirmed that th i s

was a fi b ro a d e n o m a .

C o n c l u s i o n

E l a sticity or St rain imaging is a ve ry diffe rent method, 

te ch n i que and image to learn, but increasing skill in 

i n te r p retation appears to be providing gre a ter accuracy in 

diagnosis.  Like colour Doppler, used as a stand alone method of

d i ffe rentiating benign from malignant, it is re a s o n a b ly sensitive

and specific, but ta ken with other observations within bre a st 

u l t rasound imaging, it can help to imp rove diagnostic accura c y.

Initial wo rk sugge sts that elasticity imaging may add to the 

a c c u racy of ultrasound determined tumour ex tent as it can 

d e m o n st ra te areas of tumour re l a ted st i ff n e ss in adjacent tiss u e

to the grey scale abnormality. A number of recent studies 

s u g ge st that it may have the potential to safe ly reduce biopsy

ra tes of benign lesions.

The Meth o d

A wide va ri ety of appro a ches can be used to dete r m i n e

the elasticity of diffe rent tissues based on comp a ri n g

whole frame raw ultrasound data (RF data) while 

changing the ex ternal fo rce applied to tissues. Change s

in this RF data can be recognized if th e re are disto rt i o n s

in some areas but not in oth e rs.  St i ff tissues disto rt less

than soft tissues, for a given fo rce, and the va riation in

the amounts of disto rtion can be dete c ted in the RF

d a ta ch a n ges providing information on the elastic 

p ro p e rties of the tissues under the inve st i ga t i o n .

Free hand or comp re ssion elasto gra p hy is used in eSie

To u ch™ Elasticity Imaging Te chnology on the Siemens

ACUSON Anta res™ ultrasound system, premium 

edition. The tissue under inve st i gation is comp re ss e d

w i th the transducer while the scan line RF data is 

a n a lysed and comp a red with previous image fra m e s .

The same region of inte re st is ke pt within the fra m e

f rom image to image, whilst slowly deforming the 

t i ssues with the probe.  Small amounts of displacement

of bet ween 0.5 and 1% are necess a ry bet ween fra m e s

to allow estimation of st i ff n e ss [24, 25]. 

D u ring ve ry small amounts of movement to disto rt th e

t i ssue, comp a ra t i ve sampling of all the RF data lines in

one image with those in the next image builds up a

map of movement from frame to frame (fi g u re 2). The

amount of movement is re l a ted to the st i ff n e ss of th e

t i ssues. Where th e re are diffe rences in st i ff n e ss th e

amount of movement va ries. These minute diffe re n c e s

in movement enable a st rain map of comp a ra t i ve 

e l a sticity to be const r u c ted so that the diffe rence in

st i ff n e ss bet ween fat, Cooper’s ligaments and normal 

p a re n chyma can be appre c i a ted (fi g u re 3). 

The St rain imaging data is acqu i red in real time with a fra m e

ra te of 20 frames per second. Because th e re are nearly always

some small ch a n ges in the tissues present from frame to fra m e

th e re are some ch a n ges in st rain pattern from frame to fra m e .

When th e re is good uniform disto rtion with no significant 

m ovement away from the section of tissue being deformed 

these ch a n ges can be qu i te small, but bre a thing move m e n t s

and cardiac pulsation usually result in less than continuous 

u n i formity of st rain maps from frame to frame. The real time

n a t u re of the acquisition means that when the image is fro z e n

the ret ro s p e c t i ve cine loop facility allows careful inspection of

individual frames to ensure accura te data and good images are

o b tained for re c o rding and measuring areas of abnormal 

st i ff n e ss .

Because the st i ff n e ss (coefficient of elasticity) of tissues can

va ry with diffe rent amounts of pre ss u re, st rain images should

be obtained with minimal pre ss u re (pre - c o mp re ssion imaging)

so that comp a ra t i ve elasticity imaging can provide consiste n t

results from case to case. 

E n s u ring lightness of to u ch can be difficult on occasions and

one possible method of ensuring minimal pre ss u re is to ensure

th e re is a visible layer of gel bet ween probe surface and skin.

The pre ss u re should be small enough so that the gel is not 

displaced. Pre- comp re ssion is the equ i valent of the point at

w h i ch the probe just begins to make contact with the skin 

s u rface to allow imaging befo re the skin surface is depre ss e d

b e l ow the level of the adjacent skin. B-mode imaging with th i s

E l a sticity Imaging. 
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Fi g u re 1

The inclusion body is isoechoic with the adjacent gel within in an ultra s o u n d

te st tool when seen on B-mode. On the elasticity image (EI) the diffe rence in

e l a sticity coefficient is displayed as darker for increased st i ff n e ss and lighte r

for decreased st i ff n e ss (coefficient of elasticity). The va riations in the re m a i n-

der of the image reflect the ch a n ges in st rain which occur with a unifo r m

st re ss applied acro ss a body which is not homogenous. The presence of an 

inclusion of diffe rent st i ff n e ss introduces inhomogeneity in the st rain fi e l d .

Fi g u re 2

D i a gram of RF data ch a n ges from frame to frame with a minimal increase in

p re ss u re bet ween fra m e s .

Fi g u re 3

B-mode (left) and st rain (right) images ta ken from a case of gynaecomast i a .

Ti ssues are labelled f = fat, p = pare n chyma, m = pecto ral muscle on the ch e st

wall. Arrows show the position of Cooper’s ligaments and the lines of incre a-

sed st i ff n e ss caused by them in the st rain image. Areas of gre a ter st i ff n e ss are

d a rker whilst lesser st i ff n e ss is lighte r. One possible explanation for the dark

a rea on the st rain image labelled "a” is an artefact caused by a lack of unifo r-

mity of st re ss by the probe surface acro ss the whole image. The fat in th i s

a rea is not being deformed as much as the tissue in the re st of the region. A

small tri a n gle of gel on the skin surface labelled "g” shows that th e re is less

p re ss u re at this point because it is not being comp re ssed as much as the 

remainder of the skin surface. Another explanation is the inhomogeneity of

the tissues resulting in va riation of the st re ss field which in turn causes 

d i ffe rences in the degrees of st rain.  

Fi g u re 4

G rade II inva s i ve ductal carcinoma (small arrows) which measured about 1.5

cm on gre a te st diameter on B-mode. The pathology specimen had a 

maximum diameter of 1.5cm plus a further 0.9 cm of ductal carcinoma in situ

giving a total tumour diameter of 2.4cm. The st rain image shows a larger are a

of increased st i ff n e ss (large arrows) than the B-Mode image. The incre a s e d

st i ff n e ss is caused by a combination of sclerotic reaction around the tumour

and also by the DCIS.

Legends. 

Fi g u re 5

Fi b roadenoma (small arrows) which has a much larger B-mode size

than the corresponding elasto gram area of increased st i ff n e ss 

( l a rge arrows). Note how the inhomogeneity of tissue elast i c i t y

and boundary effects give lower st rain values in the tissue, on th e

muscle surface, dire c t ly deep to the area of increased st rain with i n

the fi b roadenoma with increased st rain in the tissue to each side

of it.

Fi g u re 6

M a m m o gram. The medio-late ral oblique view shows a lesion in

the infe rior part of the right bre a st. A rounded density (arrowed) is

s u rrounded by fat but the lack of a sharply defined margin means

that biopsy is indicate d .

Fi g u re 7

On the corresponding B-Mode ultrasound, the lesion has not been

m a rked to "prove” its similarity to the surrounding fat.

Fi g u re 8

C o rresponding St rain image of the lesion showing the biopsy-

p roven fi b roadenoma isoechoic with surrounding fat.  Arrows 

outline the B-mode lesion and the area of increased st i ff n e ss 

a ss o c i a ted with it. Fi b roadenomas, especially when surrounded by

fat, may have a st rain fo ot p rint which is as large as the B-mode ab-

n o r m a l i t y.


