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 Purpose: To determine the appearance of breast lesions at quanti-
tative ultrasonographic (US) elastography by using super-
sonic shear imaging (SSI) and to assess the correlation be-
tween quantitative values of lesion stiffness and pathologic 
results, which were used as the reference standard.

 Materials and 
Methods: 

This study was approved by the French National Com-
mittee for the Protection of Patients Participating in Bio-
medical Research Programs. All patients provided written 
informed consent. Conventional US and SSI quantitative 
elastography were performed in 46 women (mean age, 
57.6 years; age range, 38–71 years) with 48 breast lesions 
(28 benign, 20 malignant; mean size, 14.7 mm); patho-
logic results were available in all cases. Quantitative lesion 
elasticity was measured in terms of the Young modulus 
(in kilopascals). Sensitivity, specifi city, and area under the 
curve were obtained by using a receiver operating charac-
teristic curve analysis to assess diagnostic performance.

 Results: All breast lesions were detected at SSI. Malignant lesions 
exhibited a mean elasticity value of 146.6 kPa  6  40.05 
(standard deviation), whereas benign ones had an elastic-
ity value of 45.3 kPa  6  41.1 ( P   ,  .001). Complicated cysts 
were differentiated from solid lesions because they had 
elasticity values of 0 kPa (no signal was retrieved from 
liquid areas).

 Conclusion: SSI provides quantitative elasticity measurements, thus 
adding complementary information that potentially could 
help in breast lesion characterization with B-mode US.
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speed and, consequently, the mapping of 
local tissue stiffness. Our purpose was to 
determine the appearance of breast le-
sions at quantitative US elastography by 
using SSI and to assess the correlation 
between quantitative values of lesion stiff-
ness and pathologic results, which were 
used as the reference standard. 

 Materials and Methods 

 The patent holder for this technique is 
Laboratoire Ondes et Acoustique, Ecole 
Supérieure de Physique et Chimie In-
dustrielle (Paris, France), where M.T., 
T.D., J.L.G., and M.F. are employees. 
M.T. is a cofounder of and shareholder 
in, J.B. is a founder of, and M.F. is a 
shareholder in and scientifi c adviser to 
SuperSonic Imagine (Aix-en-Provence, 
France), which provided the equipment 
and the technical support for the study 
(programming of US sequences and 
data postprocessing). Data were con-
trolled by authors (A.A. and A.T.) who 
do not have any fi nancial interest. 

 Patients 
 This study was approved by the French 
National Committee for the Protection 
of Patients Participating in Biomedi-
cal Research Programs. All patients 
provided written informed consent. 
We performed SSI in 62 consecutive 
women with mammographically oc-
cult lesions seen only at US who were 
referred to the Curie Institute (Paris, 

movement has certain disadvantages: 
the elasticity map obtained is highly de-
pendent on the organ’s compressibility 
limits under stress and on the extent 
of tissue compression applied. The dis-
played information is about local strain 
estimated at a given location in tissues, 
but it depends on surrounding mechani-
cal properties and it is not quantitative  .    
 Despite these caveats, the value of this 
technique in the evaluation of breast le-
sions already has been reported ( 4–8 ). 

 To overcome this problem, we devel-
oped a quantitative elastography tech-
nique, supersonic shear imaging (SSI), 
that combines two concepts. Instead 
of using mechanical external compres-
sion, the system itself remotely induces 
mechanical vibration by using acoustic 
radiation force created by a focused ul-
trasound beam. A very fast (5000 frames 
per second) US acquisition sequence is 
used to capture the propagation of shear 
waves. Both steps are performed by using 
the same conventional US probe ( 9–12 ). 
The displacement induced at the focus 
(for example, a breast lesion) generates 
a shear wave that conveys information 
linked to the local viscoelastic properties 
of the tissue, thus enabling a quantitative 
approach to elasticity values. The shear 
wave speed  v  is linked with shear modulus 
  m   by the equation   m   =   r  v   2 , where   r   is the 
local density (constant and equal to 1000 
kg · m  2 3  in soft tissues). In soft tissues, 
local stiffness is described by the Young 
modulus  E  and can be approximated by 
 E   '  3  m   ( 13 ). With imaging in real time, 
the propagation of the shear wave en-
ables the recovery of local shear wave 

             Palpation is a standard medical 
practice relying on qualitative es-
timation of tissue Young modulus 

 E  =   s  /  ́   , where   s   is the external compres-
sion (stress) and   ́    is the deformation of 
the tissue because of this compression 
(strain). Generally, benign lesions tend 
to be harder than normal breast tissue 
but softer than cancers ( 1 ). Exceptions 
can occur, but soft malignant lesions, in-
cluding medullary, mucinous, papillary, 
and some necrotic infi ltrating ductal 
carcinomas, are uncommon ( 2 ). On the 
other hand, some benign lesions, such as 
hyalinized fi broadenomas and fat necro-
sis, can be hard at palpation. At B-mode 
ultrasonography (US), there is no corre-
lation between the lesion’s echo pattern 
and the Young modulus; hard and soft 
lesions may exhibit similar echogenicity. 
Elastography has emerged as a prom-
ising technique for improving lesion 
differentiation. It can be used to esti-
mate breast tissue elasticity by measur-
ing tissue strain or tissue displacement 
during sonologist-induced mechanical 
excitation ( 3 ). The principle applied is 
that strain will be less in harder tissue. 
Some currently available US systems 
include a strain imaging software pack-
age: strain images, usually color coded, 
are displayed in real time as the user 
applies light compression on breast tis-
sue with the transducer. With freehand 
compression, the infl uence of probe 

 Implications for Patient Care 

 The addition of the elasticity  n

parameter in the overall Breast 
Imaging Reporting and Data 
System classifi cation potentially 
could improve the specifi city of 
breast US. 

 The detection of cystic lesions  n

potentially could reduce the 
number of fi ne-needle aspiration 
biopsies performed for proteina-
ceous or hemorrhagic cysts that 
have an atypical B-mode 
appearance. 

 Advances in Knowledge 

 Supersonic shear imaging (SSI)  n

elastography can improve differ-
entiation of solid from atypical 
B-mode cystic breast lesions 
(manifesting as hypoechoic 
lesions) because no signal is 
retrieved from liquid areas (atyp-
ical cyst elasticity value, 0 kPa). 

 No external mechanical compres- n

sion is needed with SSI elastog-
raphy, which is based on the 
mechanical excitation that inter-
rogates breast tissue mechanical 
properties by means of remote 
palpation induced by the radia-
tion force of ultrasound beams 
transmitted by a conventional 
US probe. 
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of a 150-µsec burst at 5 MHz. Succes-
sive focusing depths were separated by 
5 mm, making the pushing line 30 mm 
long. This supersonic source generated 
plane shear waves that propagated 
transversally in tissue in a few tens of 
milliseconds. These shear waves were 
imaged by means of a very fast imaging 
sequence; 60 fl at insonications (5-MHz 
burst of 1  m sec) were performed at a 
4000-Hz pulse repetition frequency. 
Raw radiofrequency data correspond-
ing to back-scattered echoes were 
recorded and stored. The imaging 
sequence provided a US video of the 
tissue during shear wave propagation. 
On the basis of this video, displace-
ments induced by the shear wave in 
tissues were calculated by comparing 
US frames by using classic speckle-
tracking algorithms. Shear wave prop-
agation speed then was deduced lo-
cally by using a one-dimensional cross-
correlation algorithm to estimate the 
time shift between the two tempo-
ral displacement signals separated by 
1 mm. Finally, the local Young modulus 
 E  was deduced. 

 Elasticity maps deduced from each 
of three acquisitions, corresponding to 
three different pushing lines, were then 
merged to compute the fi nal elasticity 
map that covered the entire width of the 
US image. The result was displayed on 
a color scale ranging from 0 to 240 kPa; 
the corresponding shear wave speed 
thus roughly ranged from 0 to 8 m/sec  . 
Spatial resolution was 1 mm 2 . 

 Data Analysis 
 Lesion dimensions were measured by 
using calipers on recorded B-mode US 
images obtained with the hospital sys-
tem and SSI postacquisition images. 
Two quantitative elasticity values were 
extracted, the fi rst corresponding to 
the elasticity value of the lesion and the 
second to the elasticity value of normal 
tissue. Two 3  3  3-mm boxes were po-
sitioned, one box in the lesion area at 
the location of maximum stiffness and 
one in normal-appearing tissue (glandu-
lar and fatty tissue, which was distin-
guished by its lobular form, compress-
ibility, and low echogenicity), by A.A. 
and A.T. together. Cystic lesions were 

( , 1.9); spatial-peak temporal-average 
intensity, 603 mW/cm 2  ( , 720 mW/
cm 2 ); and thermal index, 0.48 ( , 6). 
Spatial-peak temporal-average intensity 
and thermal index were calculated by 
assuming a 1-Hz SSI frame rate, which 
was much lower in practice because two 
successive acquisitions were launched 
with a pause of 5 to 10 seconds. 

 The radiologist (A.A., A.T.) per-
forming the SSI fi rst obtained B-mode 
images that were saved on the sys-
tem hard drive (36  3  44-mm rectan-
gular window). For each lesion, two 
SSI sequences were performed; each 
sequence comprised three successive 
pushing beams. During the fi rst se-
quence, the radiologist located the le-
sion in the center of the screen. The 
fi rst pushing beam was centered along 
the central axis of the lesion; the sec-
ond, on the right side of the lesion; and 
the third, on the left side of the lesion. 
Each pushing beam lasted about 3 sec-
onds, and three pushing beams were 
necessary to produce a full elastogra-
phy image ( 12 ). During the second SSI 
sequence, the radiologist located the 
lesion on the left or the right side of 
the screen to have both the lesion and 
surrounding parenchyma on the screen; 
the three pushing beams were used to 
obtain a full elastography image of both 
the lesion and the parenchyma. 

 The total time of the SSI examina-
tion was less than 5 minutes. Examina-
tion results were transferred to an of-
fl ine computer by using an Ethernet 
cable limited to a 1 Mb/sec transfer rate 
and were processed with dedicated elas-
tography software. Postprocessing time 
was 5 seconds for each quantitative elas-
ticity image. The accuracy of SSI values 
was compared previously with calibrated 
phantoms in other studies ( 6 8% error 
margin) ( 16 ). US-guided procedures 
were then performed during the same 
session by using the hospital US system. 

 Elastography Sequence and Data 
Processing 
 Each SSI sequence corresponded to 
the generation of a vibration force by 
means of successively focusing ultra-
sound beams at fi ve different depths. 
Each pushing focused beam consisted 

France) between September 2006 and 
March 2007 for evaluation and percuta-
neous procedures. Twelve patients were 
excluded because of technical hardware 
problems during SSI acquisition; the 
prototype power supply encountered a 
stability problem, and no raw US data 
were acquired for these patients. Four 
patients refused to undergo a percu-
taneous interventional procedure and 
were excluded because of lack of patho-
logic result. Final analysis was based 
on data in 46 patients (mean age, 57.6 
years; age range, 38–71 years) who had 
48 nonpalpable breast lesions (7–16 
mm; mean size, 14.7 mm  6  1.3 [stan-
dard deviation]) detected at US. Six le-
sions were classifi ed as Breast Imaging 
Reporting and Data System (BI-RADS) 
3; 28 lesions, as BI-RADS 4; and 14 
lesions, as BI-RADS 5. Percutaneous 
procedures for BI-RADS 3 lesions were 
performed in patients at high risk. 

 Imaging Workfl ow 
 Lesions were depicted at B-mode US 
by using the hospital US system (Aplio 
XG, model SSA-790 A; Toshiba Medi-
cal Systems Europe, Zoetermeer, the 
Netherlands) equipped with a 12-MHz 
probe. Patients originally underwent 
scanning performed together by A.A. and 
A.T. (radiologists specialized in breast 
imaging, with 8 and 15 years of experi-
ence, respectively) for clinical indications. 
Mammograms were available in all cases, 
but lesions were mammographically 
occult because of either small size or 
dense breast parenchyma. Lesion loca-
tion, size, echo pattern, and BI-RADS clas-
sifi cation ( 14 ) were noted. The BI-RADS 
score was recorded by means of con-
sensus by A.A. and A.T. 

 SSI sequences were performed by 
using a modifi ed system (ATL HDI 1000; 
Philips Medical Systems, Best, the Neth-
erlands) with a linear array (L7-4; Philips 
Medical Systems). The system was re-
programmed to provide, in addition to 
its standard capabilities, a special SSI 
acquisition mode by means of button ac-
tivation. All safety considerations were 
satisfi ed according to the U.S. Food and 
Drug Administration ( 15 ). The high-
est values recorded for our prototype 
were as follows: mechanical index, 1.4 
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malignant lesions demonstrated mean 
values of 146.6 kPa  6  40.05 ( P   ,  .001) 
( Figs 3, 4  ). 

 Mean values of the new variable 
 b  were then compared by using the 
Mann-Whitney test, and they were also 
different ( P   ,  .001). The discriminating 
power for detection of malignancy of 
the variable  b  was signifi cantly higher 
than that of the BI-RADS score alone, 
with an area under the receiver operat-
ing characteristic curve of 0.985  6  0.01 
(95% confi dence interval: 0.884, 0.995) 
compared with the BI-RADS score area 
under the receiver operating character-
istic curve of 0.917  6  0.046 (95% con-
fi dence interval: 0.764, 0.968;  P   ,  .05) 
( Fig 5 ). 

 Comparison between receiver oper-
ating characteristic curves with a Han-
ley and McNeil test for BI-RADS and 
 b  gave a difference of 0.068  6  0.033 
( P  = .039). The most important effect 
of the new variable  b  was for BI-RADS 
4 lesions ( n  = 28). Adding the elastic-
ity score modifi ed the BI-RADS 4 score 
to BI-RADS 3 for 13 lesions, meaning 
that we could have avoided perform-
ing biopsy in 46% of cases and had a 
short 6-month follow-up instead. Nine 
of 28 BI-RADS 4 cases remained at the 
same score after the elasticity value 
was added, and six cases were recat-
egorized as BI-RADS 5. No cancers 
were missed during this modifi cation 
of BI-RADS score. The specifi city of  b  

Then,  2 1 was added to the normalized 
score (2 E / E  max   2  1). Any value lower than 
 E  max /2 would be given a score of  2 1, and 
any value higher than the mean would be 
given a score of +1. Only values exactly 
equal to  E  max /2 would be given a score 
of 0. The value calculated was added to 
the BI-RADS score, thus modifying the 
BI-RADS score by 0,  2 1, or +1. 

 Areas under the curve were com-
pared by using a Hanley and McNeil 
test ( 17 ). Sensitivity and specifi city 
values and their respective 95% confi -
dence intervals were estimated.  P   ,  .05 
was considered to indicate a statistically 
signifi cant difference. All data were 
analyzed by using software (MedCalc 
version 9.4.2.0; MedCalc Software, 
Mariakerke, Belgium). 

 Results 

 Normal Breast Tissue and Breast Cysts 
 Quantitative elasticity values in normal 
breast tissue clearly delineated the dif-
ferent structures. Fatty tissues displayed 
low values of elasticity ( E , approximately 
7 kPa), whereas breast parenchyma val-
ues ranged from 30 to 50 kPa ( Fig 1  ). 
All breast cysts had elastography values 
of 0 ( Fig 2 ). 

 Solid Lesions 
 Benign lesions had a mean elastic-
ity value of 45.3 kPa  6  41.1, whereas 

not used for the estimation of average 
values because cysts do not have a stiff-
ness value ( E  = 0 kPa) .  The whole pro-
cedure lasted about 5 minutes. 

 Pathologic Examination 
 Twenty-eight lesions were benign at per-
cutaneous US-guided biopsy ( n  = 16) or 
fi ne-needle aspiration ( n  = 12) ( Table  ); 
no further surgery was performed ex-
cept in one lesion that corresponded 
to a grade I phyllodes tumor. Seven le-
sions corresponded to cysts (four had 
a proteinaceous or hemorrhagic com-
ponent). Twenty lesions were malignant 
at biopsy, and further surgical excision 
was performed. Final histologic diagno-
sis and tumor grade were defi ned by us-
ing the surgical specimen. All diagnoses 
were made by a pathologist (B.S., with 
18 years of experience in breast patho-
logic examination). 

 Statistical Analysis 
 The role of elasticity values in discrimi-
nating malignant from benign lesions 
was studied by using a nonparametric 
Mann-Whitney test. Receiver operating 
characteristic curves were used to com-
pare the performance of estimators cor-
responding to the established BI-RADS 
variable and to a modifi ed BI-RADS 
variable taking into account the lesion’s 
mean Young modulus  E,  named  b . Be-
cause the elasticity parameter is not en-
visioned as a stand-alone parameter but 
rather as an added value to US exami-
nation, the combination of the BI-RADS 
score with the Young modulus variable 
 E  was estimated. The distribution of  E  
was rescaled, shifted to the interval ( 2 1, 
+1), and added linearly to the BI-RADS 
score. The rescaling process was based 
on the following equation:   b   = BI-RADS 
+ 2 E / E  max   2  1, where  b  stands for the 
combined parameter BI-RADS + elastic-
ity, which allows the SSI elasticity value 
to change the BI-RADS score by at most 
 6 1 unit. To shift elasticity to the inter-
val [ 2 1, +1], we normalized each lesion 
elasticity value by comparing it to the 
maximum elasticity found during SSI im-
aging in the entire study population, de-
fi ned as  E  max . The elasticity value  (E)  was 
measured for each lesion and was then 
normalized by a factor of 2 (2 E / E  max ). 

  

 Final Pathologic Diagnosis in 48 Breast Lesions 

Pathologic Diagnosis No. of Lesions 

Malignant lesions ( n  = 20)
 Infi ltrating ductal carcinoma grade I 3
 Infi ltrating ductal carcinoma grade II 9 * 
 Infi ltrating ductal carcinoma grade III 5
 Infi ltrating lobular carcinoma grade III 2
 Infi ltrating mixed ductal and lobular carcinoma 1
Benign lesions ( n  = 28)
 Fibroadenoma 8
 Aberrations of normal development and involution 9
 Cyst 7
 Benign grade I phyllodes tumor 1
 Fat necrosis 2
 Intramammary lymph node 1

* Includes one lesion with extensive intraductal component.
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for lesion margin and posterior acoustic 
features, the agreement is moderate ( k  = 
0.40 for both), and for lesion echo pat-
tern, the agreement is poor ( k  = 0.29). 
These description criteria often lead to 
false-positive fi ndings and a number of 
unnecessary biopsies. 

 We have evaluated a quantitative 
elastography technique (ie, SSI) that 
could complement US examination in 
an effi cient and easy-to-use way. The 
results of our preliminary work indicate 
that SSI was useful in demonstrating 
breast masses and characterizing cys-
tic ones. This potential interesting ap-
plication of SSI elastography relies on 
its capacity to reject cystic lesions, re-
gardless of their typical or complicated 
B-mode US appearance, because of the 

biopsy is also recommended for BI-RADS 
4 lesions. 

 Discussion 

 Breast lesion detection and character-
ization at B-mode US is based mainly on 
specifi c description criteria defi ned by 
the American College of Radiology in the 
BI-RADS lexicon. For US descriptors, 
results of a prior study ( 18 ) showed that 
there is substantial agreement for lesion 
orientation, shape, and boundary ( k  = 
0.61, 0.66, and 0.69, respectively), but 

was 0.96, and the sensitivity was 0.95, 
whereas the specifi city and sensitivity 
of the BI-RADS score were 0.63 and 
0.96, respectively. No modifi cation was 
noted in the BI-RADS 3 category. Only 
one BI-RADS 5 lesion was reduced to 
BI-RADS 4 according to the variable 
 b , but, in practice, the therapeutic 
decision remained unchanged because 

 Figure 1 

  
  Figure 1:  Normal breast tissue in 52-year-old 
woman.  (a)  B-mode US does not depict any par-
ticular lesion.  (b)  Elasticity map obtained by using 
SSI. The shear wave speed is coded on a color 
scale ranging from 0 to 8 m/sec, corresponding 
to a Young modulus ranging between 0 and 192 
kPa. The elasticity map exhibits the delineation 
between soft fatty tissues ( E , approximately 7 kPa) 
and breast parenchyma ( E , approximately 
30–50 kPa).   

 Figure 2 

  
  Figure 2:  Images in 48-year-old woman with 
complex cystic lesion of left breast.  (a)  B-mode US 
depicts a hypoechoic mass lesion with lobulated 
margins and slight posterior enhancement, classi-
fi ed as BI-RADS 4.  (b)  SSI shows no elasticity value 
for this lesion. Fine-needle aspiration was performed 
with US guidance, and a yellow liquid was evacu-
ated. Final diagnosis was a cyst containing infl am-
matory cells and debris.   

 Figure 3 

  
  Figure 3:  Images in 45-year-old woman with 
fi broadenoma.  (a)  B-mode US depicts a hypoechoic, 
homogeneous, lobular mass lesion classifi ed as 
BI-RADS 3.  (b)  SSI shows a low elasticity score 
( , 50 kPa).   
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 The SSI approach also overcomes 
the intrinsic limitation of conventional 
elastography, which provides only quali-
tative and relative elasticity measure-
ments. By providing local measurements 
of the true Young modulus of tissues 
across a wide stiffness range (from 1 to 
240 kPa), SSI could be considered as a 
quantifi cation tool for breast cancer di-
agnosis. Our results demonstrate that 
quantitative elasticity has clinical per-
tinence. The  b  variable, taking into ac-
count both the BI-RADS categorization 
and the Young modulus  E , can ame-
liorate the overall diagnostic specifi c-
ity (0.96 vs 0.63 for BI-RADS alone), 
whereas sensitivity remains high (0.95 
vs 0.96 for BI-RADS alone). Larger 
clinical trials are necessary to validate 
these preliminary results. 

 Quantitative elasticity maps at SSI 
seem to allow fi ner assessment of tis-
sue mechanical properties than does 
qualitative elastography by using ex-
ternal compression. At conventional 
elastography, the measured strain at 
one location depends on the surround-
ing tissues’ mechanical properties. For 
example, a lesion having a softer cen-
ter surrounded by a hard periphery 
would be impossible to detect because 
the whole lesion would move in a block 
under external stress. The local infor-
mation provided by the SSI technique 
could lead to a much fi ner analysis of 
the spatial distribution and extension of 
tissue stiffness. 

 Our preliminary study had some 
limitations. All malignant lesions in-
cluded in the study corresponded to 
infi ltrating carcinomas, so we did not 
evaluate elasticity mapping in cases of 
ductal carcinoma in situ. Another limi-
tation concerned the research platform 
used for SSI; our modifi ed system was 
limited in terms of acquisition time, 
and B-mode images were substandard 
because of the 7.4-MHz array. This 
system was not capable of performing 
real-time SSI. Availability of real-time 
SSI quantitative elastography would be 
of great interest for evaluating mode ro-
bustness, reproducibility, and operator 
independence. 

 A major factor that remains to 
be understood is the effect of static 

perform a percutaneous procedure such 
as biopsy or fi ne-needle aspiration. 

 From the user’s perspective, one of 
the major differences of SSI compared 
with conventional elastography is that 
the mechanical vibration is induced au-
tomatically by the system by using the 
radiation force of ultrasound beams. 
The reliability of the imaging tech-
nique does not depend on the skills of 
the sonologist in correctly vibrating or 
stressing the tissue. The elasticity infor-
mation is provided by using the same 
workfl ow and scanning conditions used 
for conventional B-mode US. 

 An interesting consequence is that 
the user does not need, as in conven-
tional elastography, to subjectively or 
arbitrarily select one image in a com-
plete image cine loop ( 7 ). With the SSI 
approach, a single set of successive US 
sequences provides a relevant elasticity 
image. Acquisition and postprocessing 
in our preliminary study on a dedicated 
research platform were limited by the 
slow transfer rate from electronics to 
personal computer boards and thus 
did not permit real-time elastography. 
However, no technologic issue prevents 
the SSI mode from providing elasticity 
images several times per second in the 
near future. In addition to conventional 
B-mode imaging, elasticity frame rates 
of three to four images per second are 
technologically feasible today. 

absence of any shear wave propagation 
in liquid areas. During our preliminary 
study, no solid lesions presented a simi-
lar phenomenon of absence of shear 
wave propagation. 

 In solid, nonpalpable masses, quanti-
tative elasticity may add potentially valu-
able information that could help radiolo-
gists better differentiate breast lesions. 
As already shown in the literature ( 8 ), 
less experienced radiologists, in particu-
lar, could be helped in their assessment 
by elasticity imaging. We believe that the 
SSI technique may have the potential to 
improve the decision about whether to 

 Figure 5 

  
  Figure 5:  Box-and-whisker plot of Young modulus 
 E  estimated by using the SSI modality with respect 
to malignancy. According to the Mann-Whitney 
test,  E  values were signifi cantly different between 
malignant and benign lesions ( P   ,  .001). Boxes = 
values from lower to upper quartiles, central lines = 
medians; whiskers extend from minimal to maximal 
values. Dots = outliers.   

 Figure 4 

  
  Figure 4:  Images in 61-year-old woman already 
treated for breast cancer and referred because of 
suspicion of recurrence.  (a)  B-mode US depicts a 
15-mm hypoechoic mass lesion  (L)  with irregular 
margins adjacent to the previous lumpectomy scar 
 (S) . This suspicious lesion was classifi ed as BI-RADS 
4.  (b)  SSI depicts a hard lesion ( E   .  200 kPa) 
highly suggestive of recurrence. The 90-kPa region 
on the left of this very stiff lesion corresponds to the 
scar. SSI depicted the two distinct neighboring zones 
of different elasticity (very stiff malignant lesion 
and moderately stiff scar). Biopsy results confi rmed 
infi ltrating ductal carcinoma.   
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compression on the method. Human 
tissues have hardening properties; that 
is, their elasticity increases if static 
compression is applied. A study should 
be performed to quantify the infl uence 
of typical static compressions on the di-
agnostic value of the mode. 

 Our clinical investigation in 48 le-
sions showed that quantitative elasticity 
mapping of breast tissue is feasible in 
vivo by using the SSI method. Malignant 
lesions were signifi cantly different from 
benign solid ones with regard to lesion 
elasticity quantitative value; because no 
shear wave propagation occurs in liquid 
areas, cystic lesions were diagnosed, 
regardless of their B-mode appearance. 
SSI could be a valuable complementary 
method for characterizing indetermi-
nate breast lesions, thus obviating un-
necessary biopsies. Large prospective 
trials are necessary to determine the 
role of SSI in a clinical setting. 
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