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iR 1r N $Re K isi S US patent no. 6,277,074 which
descri bes a device in which the displacenent of the
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US patent no. 5,882,302 is known in the prior art. It describes a transducer
attached to a motor. The motor enables displacement of the transducer in a
manner so as to obtain images of the different zones of the medium. The motor
is thus used to modify the imaged zone and absolutely not for generating a low-
frequency impulse. Moreover, the displacement in this context is absolutely not
parallel to the axis of the ultrasonic beam.

Also known is US patent no. 6,277,074 which describes a device in which the
displacement of the motor is also parallel to the ultrasonic axis. Furthermore,
this document does not disclose an acquisition of the signals during the
compression. In fact, as in the case of US patent no. 5,882,302, the motor is used

to displace the transducer and not for generating a low-frequency impulse.
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In the presently available devices, when the ultrasonic transducer is used to
generate a low frequency impulse by vibrating mechanically, the transducer is
mobile and the reference frame is not fixed. One uses a technique that is well
known by the expert in the field in order to compensate for this displacement.
This solution has multiple drawbacks:

* it requires the presence of an ultrasonic echo originating from a deep and
immobile zone of the medium,

¢ it has low precision because the medium is not perfectly immobile, the form

of the low-frequency impulse is poorly determined,

¢ it represents a supplementary algorithm that increases the calculation time,
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particularly the goal of resolving the drawbacks
algorithm used to measure the displacements is thus the same irrespective of the
depth. In contrast to elastography, the amplitude of the displacements depends
on the distance which was given to the low-frequency vibration. When the
vibration was given from the surface, the amplitude of the displacements
generated by the low frequency impulse decreases as the wave penetrates deeply
into the tissues. The use of a classic algorithm is not favorable for the
measurements of the displacements over the entire range of depths.

The invention thus has more particularly the goal of resolving the drawbacks
of the systems of the prior art. The invention proposes for this purpose a device
for measuring the elasticity of a human or animal organ, especially a liver, or
more generally all viscoelastic media presenting an ultrasonic signal after

ultrasonic illumination, comprising at least one sensor comprising an ultrasonic

transducer, at least one position sensor, an actuator for triggering said device,
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reproducibility of the system. By means of the use of the controlled
electromagnetic actuator, also referred to as controlled vibrator, the device
according to the invention presents a reduced volume and weight. Lastly, the
presence of a control loop provides better knowledge of the pressure applied by
the operator.

According to one possibility offered by the invention, this device comprises a
protective device intended to protect said ultrasonic transducer.

The device according to the invention is advantageously controlled by at least
one control means, e.g., a computer, a microcomputer or a central processing

unit.
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vibrator system.

The device for the measurement of the elasticity of a human or animal organ
can comprise an elastic intermediary medium transparent to ultrasounds and for
the low-frequency wave such as, e.g., a synthetic polymer of the polyacrylamide
type.

At least the end of the ultrasonic transducer advantageously presents an
elongated shape, e.g., an oblong, rectangular or ellipsoid shape with a length
comprised between 2 and 20 millimeters, preferably circa 11 millimeters, and a
width comprised between 1 and 10 millimeters, preferably circa 5 millimeters.

The ultrasonic transducer can advantageously present a conical or tapered

shape presenting an angle comprised between 10 and 80 degrees.
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— calculation of the elasticity.

The method advantageously comprises a prior step of localization by image
mode of the desired zone, the acquisition of the ultrasonic signals, i.e., for the
echo lines, taking place, e.g., at a cadence of circa 50 lines per second. The result
obtained by the step of calculation of the elasticity is superposed on the echo
lines, e.g., in the form of a level of different color.

The method advantageously comprises a step of automatic recognition of the
organ examined/studied by the calculation of tissue parameters such as, e.g., the
coefficient of ultrasonic retrodiffusion. The automatic recognition is based on the
calculation of tissue parameters of the organ under study and on the comparison
of these parameters with the values presented in the literature. As an example,
the tissue parameter can be the coefficient of ultrasonic retrodiffusion measured

in real time from the echo lines.
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the liver and thereby |ocalized the anal yzed zones; L
echographic image in the case in which the device accofding to the invention is
associated with an echograph, the echographic sensor being superposed on the
echographic image;

— figure 6 illustrates a device according to the invention with an elastic
intermediary medium transparent to ultrasounds;

— figures 7a and 7b illustrate respectively the shape of a low-frequency
impulse of peak-to-peak amplitude of 2 millimeters and the frequency spectrum
of the low-frequency impulse the central frequency of which is 50 Hz and the
bandwidth of which at half height extends from 18 Hz to 100 Hz, the pass band
reaching 82 Hz at -6 dB (decibels).

According to an example selected to illustrate the invention and illustrated in

figure 1, the device according to the invention comprises a sensor 1 comprising at

least one ultrasonic transducer 2, an electrodynamic actuator 3, a position sensor
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system A control ul e and an ultrasound acqui sition
can telcommenichied tofa gdmhpendasionstiguithim The centragiredessing unit
figures, are both connected to the sensor 1. The two
communicates with the ultrasound acquisition module and the control module.
The user interface is constituted by a screen that is optionally a touch screen, a
keyboard and optionally cursors.

The image of the medium to be measured can be displayed on the screen so
as to assist the user in localizing the zone in which he wants to perform the
elasticity measurement. The sensor 4 is then used in standard echographic mode
in a manner so as to acquire typically 50 ultrasonic lines per second of the
medium. The envelope of these ultrasonic lines is displayed on the screen. The
lines are coded in gray level and in logarithmic scale and placed side by side so
as to constitute an image. The sensor 1 can be equipped with a positioning

system in order to know the positions at which the lines are acquired and

thereby reconstitute the image of the medium to be measured when the user,
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the order below 1) possibl'e | ocalization by inmge

nodjecalfultbtion desihieetlssieneelotities,akepitlsd idigla@imerithdetween the
ultrasound signals, i.e., for the echo I'ines, can take
aplaisitions im theamtedizen,of circa 50 |ines per second:

5) calculation of the velocities of the tissue deformation;

6) calculation of the velocity of the elastic wave;

7) calculation of the elasticity.

In the framework of the generation of the low-frequency impulse and the
ultrasound acquisition, N ultrasound acquisitions are implemented at a cadence
1/T typically comprised between 100 Hz and 10,000 Hz. Essentially at the same
instant, a low-frequency signal is transmitted to the vibrator system, preferably
just after the beginning of the ultrasound acquisitions. This signal has a
frequency f comprised between 5 Hz and 1000 Hz and a duration ranging from
1/2f to 20/f. The low-frequency vibration leads to the propagation in the tissues
of an elastic wave the velocity of which depends on the elasticity of the medium.

The acquisition of the ultrasound data is performed by emitting with the

ultrasonic transducer 2 an ultrasonic impulse which is reflected by the particles



2) generation of a |lowfrequency inpul se and
acquisition of the ultrasonic signals; the

acqui sition for the neasurenent of the elasticity
being performed at a high cadence between 100 Hz and

w’&ibo%%ﬁ'é 3) conpensation of the relative PCTIFR2003/002243
di spl acenent of the vibratorjg 4) cal cul ation of

ti ssue velocities, i.e., the displacenents between the
acquisitions in the medi um 5) cal cul ation of the

comiairgd: inetheonediven t iTheud tedondraigneh callegl) spegklevisaererded by
of the velocity of the elastic wave; 7) calcul ation _of
theganae a&qsenwmq&"ﬁut:ﬂe? eyarfetisiakopthatirangangs hetwsgn deus and
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system preferably just after the béginning of the

ttankdas@und acqui sitions. This signal has a frequency

f conprised between 5 Hz and 1000 Hz and a duration

r dngfhrgstép ofrcompéidation Gfothke. relBitive| displacermprenfythe vibrator, the
vi bration [ eads to the propagation in the tissues of
digplaqement of s /eectipas Q%F%ﬁﬁetl%ﬂ%‘dﬂe%ﬁi\’@ ltgessainiacquisitiers, d(zt),

: S(?ﬁlnt%?‘%érght ﬁifl(talqe r%g?éjﬁ%ﬂ%g u' > t | orw%;aﬁtt{lﬁ transducer is

e AR et o Ao s
dRPIAdR03/ %Q%%ﬁ?rastl%]:?&m:l?é B%ﬂsdﬁhei‘ he ug&fij'tbl en-erfh@e éhe low-

uItrasound signal call'ed speckle is recorded th

end} WP & heRBSEICIRN takeOMES a@ccﬁﬂﬁ&hbocﬂﬁsph@éméﬂtn of the
range between 1 ps and” 10 ns. This operation is

tragpdatardaansaiter diNpbicetriemts natastiled eqieimtentillyi.aré mo longer
all of the nodes of execution of the invention, the
egrakiodhe absdlutefdigplacementtie Theiesacidinplagermend of g VIbratetimust
act%ator o . t%_the cont rar t he actuat or i)flx
tracted from the measured displacements in order to obtain the a solute
displacements. The displacements measured relative to the transducer are
expressed by:
d(z,t) = 6(z,t) - D(t)
in which z is the depth, D(t) is the absolute displacement of the vibrator and
8(z,t) is the absolute displacement of the section of the medium located at the
depth z. The vibrator is placed at the depth z=0.
Moreover, since the displacements are derived in relation to the depth so as
to obtain the deformations, the noise can become considerable. And, in fact, the
derivation is very sensitive to noise. It thus appears important to compensate

under good conditions the displacement of the vibrator. The presence of a

position sensor 4 enables reliable direct measurement of D(t). The compensation



transducer. In the step of conpensation of the
relative di splacenent of the vibrator, the
di spl acenment of the sections of tissue between two

ultrasoni c acquisitions, d(z,t), 1is neasured in
v{c%nfbt Jo95 Eo the position of the transducer. P@'ﬁ'ﬁzﬁé}%ozua
T ANSQUCer i mobi | e, thepdi spl acenents measur

experi ment aI I y are equal to the absolute

di spl acenents. In contrast, when the transducer is

(os eerdjostgendr af ehe hdtrhsanic flireguens Yfonaxempilé, bs performed in
necessary to take into account the displacement of the
Fopggesdeseitbecause the di spl acements nmeasur ed

rimentally are no | onge qual to . the absol ute
diyﬁm Q@é%%%kgun%@a@%f%ﬂ o ti}sluj arrsmnd bne pHEber B gegired at
tgug et .lgubtract ed fromthe neasured displacenents in
T dBI° T8 0Bt ai n the absol ute di spl acenents. The
di spl acemants nmeasured rel ative to the transducer are
expressed by: d(z,t) F=5(z Pt in which z is
the depth, D(t) is thjé’é‘d'r)ﬁ’ﬁé(‘d hcement of the
vibrator and S(z,t) ‘S the absol Ute di spl acement of
the section of the nediumlocated at the depth z. The
viiorehach i(snp) scée stmpled signl hINzis=the. nuvhbeosesampleacdf the
t he displacenents are derived in relation to the depth
wigagpand; Bne st maﬁ atqqelraéf r the: timest-raRehapitbe compensated line
3 Me Cconsi Ie mfaE the derivation is
B/ 18 EXRiePT tt ﬁ%PE%"alFantaﬁ% Yappears i mportant to
conpensate under good conditions the di spl acenent of
the vibrator. The presengg of a sor 4
G225

enabl es reliable d;(nm)t-%ﬁ&uﬂ@afmy
conpensati on WO 2004/ 016#¥6 PCT/ FR2@03106§243 11 (or

readj ustnment) of the ultrasonic |lines can, for

exanpl e, be perfornmed in Fourier's domai n. The

di Betled etdpowf | @tculathors fobr theotisduee velbtitias othed didplscements are
nunber m acquired at

measured either by intercorrelation, by Doppler or by autocorrelation and more

generally by any other displacement measurement technique. As an example, it

is possible to use the autocorrelation algorithm described by Kasai:

n=p+in
zt=mT)= -—-v:'—arg( ZF:("‘: n)F % (n+1,n))
479‘;: Hmp=m

in which r, is the Hilbert transform of r,r. is the conjugate of r.. With this
algorithm, it is possible to measure the displacement 8(z,t) of the section of tissue
located between the depths (p-m)A2 and (p+m)A2 between the times mT and
(m+1)T in which T is the period between two successive ultrasonic blasts and Az

the pace of spatial sampling in depth. The tissue velocity v(z,t) is expressed by



the time t=nl is N.|I 2nvk Ir(mn)eXP(- j ) "noo N
in which r(mn) is the sanpled signal, Nis the
nunber of sanples. If the wultrasound |line a was
acquired at the tine t=nT then the conpensated |ine

expressed in the tenporal domain

Wié%}amfﬁt r3(mn) =~ Ry(mKk)exP(J . F@f{fuf%os 93243

"T In the step of calculation of the ti ssue
velocities, the displacenents are neasured either by
intercorrelation, by Doppler or by autocorrelation and
nore generally by any — @ enent neasur enent
techni que. As an exanplgtpsr 522%225|ble to use the
aut ocorrel ation al gorithmdescribed by Kasai; ~r-p

S(Ifl the st:eprqﬁ-p?lcu{;mogﬁﬁ t](le f.rﬂqicg}e); of tisspe *efgrﬁqatprh j&l}e Veloaty of
Is th l|b rt trapsf.or

i adlpeation i shetigad Bysriving i) thidation GaRE ERRIF: 1

is possible to nmeasure the displacenent S(z,t) of the

section of tissue |ocated between the depths (p-m A2

and (p+m) A2 between the tinesgugrand (m-1)T in which

Tis the period bet ween&t4B =sTacessi ve ul trasonic

bl asts and Az the pace of spatial sanpling in depth.

The tissue velocity v(z,t) is expressed by WO

2(1@4&16 Bepref cak@iatireoDBR0020ly ofithe elastic wave;, theSnegsurement
"I TIn the step of calculation of the velocities

Oéfchq Vglgeléy abths elastiowave i aganowamplefobtained by calculating the

phase ¢(z) of the shear wave at the central frequency fo of the elastic wave at

each depth in the medium:

£, )= FT(e(,0))
p()=arge’z. 1, )

_ 2% ,d0(z),
V(@)= 7 =z

In the step of calculation of the elasticity, in soft media such as biological
tissues and more generally solid media principally constituted by water in liquid

form, the elasticity (Young's module) is expressed as a function of the shear

velocity which we will indicate as V, and the density p.

E=3pV;

E(o)= 39[-;: (d(;iz))-I]



tissue deformation is obtained by deriving v(z,t) in
relation to the depth: av(x,t) az In the step of

cal culation of the velocity of the elastic wave, the
nmeasurenent of the velocity of the elastic wave is,

W%@?‘,ﬁgﬁ?gpl e, obtained by cal culating the Pei?ﬁ"ﬁ?m)fzmozﬂs
cp(z 0 V O

t he shear wave at {4he central frequenc
of the elastic wave at each depth in the nedi um
(z,1)="(E(z,t)) q,(z)=arg(('(z, f0)) d p(z) -r
2 Thys, the zleyice fbp nhenstihiegsthepeladticityl afud dtunoan of anfreal organ
elasticity, in soft nmedia such as biological tissues

yiehds pither gyewan aklue efothiectlantigity bekwersi pae Hypdhwsrindicatpdday the
ug%agfger Ln_liﬁgjg {onml the el asti it% (Young' s
thy vagationy fdhe glagticity aymincsion st thhdRtRear
vel oci t. ich we wil.l. indica as VS and. the, densit
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PRE T A B AR Wiy e B BEGRed 8 offREpitdy nanne
et hREar®) MERN aabdidgPipHiRGod) aft irC ht NoSWR®NphMEn. In this
epths i'ndi cated by the wuser or the variations of the
nedrat) thiet fasaiity danred reaswledtinediffepint.zoAe< of theghedbum to be
one possibility offered by the invention, the sensor 1
apalyzedonprise nmultiple transducers which can be

positioned jn an arbitrary manner, . ] ) )
Outside of the acquisition periods, the device according to the invention

acquires ulfrasound lines at a typical cadence of 50 lines per second. These lines
are processed like a standard echograph in a manner so as to only conserve the
envelope of the signal. The lines are then displayed on the screen of the device in
gray level and in logarithmic scale each following the others and each next to the
others so as to form an image.

The image can be obtained by displaying at roughly constant velocity the
sensor 1 at the surface of the liver, the user then having available a deformed
image of the zone that he observes. The image is deformed because it is not
possible for the user to displace the sensor 1 at constant velocity. This image
allows the user to determine the zone in which the measurement is performed.
The deformation of the image is markedly reduced by measuring the position of
the sensor 1 at the surface of the medium. The lines are displayed on the screen
as a function of the abscissa of the sensor on the medium.

As illustrated in figure 2, the position of the sensor 1 on the surface of the
medium can be obtained with the aid of a measurement system that can be of

different types:



e.g., linearly (like an echographic rod) or in a
honeyconb pattern. In this manner, the elasticity can
be nmeasured in different zones of the mediumto be
anal yzed. Qutside of the acquisition periods, the

ev] ording to the invention acquires
“{jq %dggﬁgfﬁg typi cal cadence of, 50 |ines per ggzh%hg&o%}bﬂgus
These lines are processed Iike a standard echograph
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determ ne the zone In I ch the measurenment 1s

opelihad cﬁangﬂmakﬁgfornation of the image is markedly
reduced by neasuring the position of the sensor 1 at

t heosany atber sfstédncforrtht mnensullemeint nedisplagemiest it sybtem being
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trasoni c positioning system 12 (typically 100 kHz)

1. The echograph can then present in addition to the standard echographic
sensors 16, a sensor of the tracer type 17 as illustrated in figure 5a. The sensor 17
can be fitted around an echographic bar, not shown in the figures, in the manner
of certain guiding systems for biopsies or old continuous Doppler systems as
illustrated in figure 4.

2. It can also be envisioned that the ultrasonic bar itself performs the
acquisition of the ultrasonic signals used for the elastography algorithm.

The device according to the invention can advantageously be portable
whether it be plugged in to the power grid or powered by batteries. A scanning
for the measurement of the elasticity can be performed manually so as to obtain
an image of the elasticity. In the same manner, the scanning can be performed by
means of a step motor or any other type of controlled electromagnetic actuators.

The system can optionally share the electronic modules of the echograph 15

because the standard echographs 15 are a priori equipped with signal processing



constituted by at least three ultrasonic receivers 13
arranged on the body of the patient and at |east one
transmtter 14 placed on the sensor (the position is
obtai ned by triangulation); - or any other systemfor

ement of displacenent; the systembei
v@;ﬁ%g@?%ggto the central progessing unit. Tﬁ%q‘tf&%?%’é““””
for the neasurenent of the elasticity of a human or
ani mal organ according to the invention can be
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aRGTHFR2AQILAGAED 3t theSatd timecapabl e of running or
calculating the algorithnms required for neasuring the

* a technique of formation of ultrarapid paths using a summation-retard
algorithm like the one described in French patent application no. 9903157, of
other types of beam forming like, e.g., the technique of spatial frequencies in
space.

It is obvious that this device can be used conjointly with the ultrarapid
imaging techniques described in the previously cited documents in a manner so
as to obtain an image of the elasticity.

According to one possibility offered by the invention, the device according to
the invention uses an elastic intermediary medium 18 transparent to ultrasound.
This medium 18 can be, e.g., a synthetic polymer of the polyacrylamide type. An
adhesive material or a glue can be placed between the intermediary medium 18

and the medium under study in a manner so as to obtain either a sliding

interface or a linked interface. We should note that the intermediary medium 18



elasticity. The bar itself can then optionally
generate the | owfrequency inpulse by a vibration
novenent which can be perpendicular to the surface of
the nedium The acquisition can be perforned on the

r ne of the echographic imge as il
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18 ) .
other. In contrast, at deep depths, when the amplitude of the displacements
between successive lines is small, the correlation is effected between the line m
and the line m+A with A > 1. By jumping multiple lines in this manner, the

amplitude of the displacement to be measured increases and the signal to noise

ratio is augmented. Adaptation of Kasai’s algorithin yields

n=pim_ —
5(z,t=mT) = --V=—arg( 3 r(m,n)7, * (e A(Z), 1))
479:; Nn=p-mn

in which A(z) is a whole number such that A(z)d which increases with U(z,t)
= depth.
Knowledge of the effects of diffraction associated with the vibrator used in an

isotropic or anisotropic medium makes it possible to compensate perfectly the
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because it is not only transparent for ultrasound but

also for the |owfrequency wave. The internediary

medium 18 is selected in a manner so as to present an
t ) Cl close to that of the nmedi um under [

“gé ?r@ﬁ}rqgérﬁéo as to adjust thg inpedance and Ptcﬁ-}eﬁﬁg%%?ldazma
enabl e a maxi mum of energy to be transmtted to the
medi um under study. The internedi ary nedium 18 can
effeas ofbdiffrantores sk dissaisd pdsaiblé tts evtichdte thé ateashtiontin the
whi ch varies in a nonlinear manner becones close to
mesiumof [t fee geangi ofn wadege oft loay-frefhencyl pressyredpodiskiform, the
s reover an original technique for neasuring the
ippylseiresranse ot diEraghon omthe s lloaysdhe folfowng; syppRgn:
the elasticity of the internediary nedium 18 until a
maxi mum of energy is transmtted. The elasticity
attainedsis then close to that of the nedium The
devi ce and nmethod of the invention noreover have
avai l ablje an algorithmor nmeans for cal cul ati on of

the di spf acenents which isg%giz sted as a f ngtg2on of
the depth in the nediunLﬁAﬁLa_ghaLl@mrdepLﬁﬁiﬁégxe t he

anplitude of the displgdﬂﬁﬂnﬁ%)?%’large, t h¥,

al gorit conpares the successive Ii;;zgggﬂgi each
other. Ih contrast, at deep depthsp, s=npl i tude
of the dj splacenents between successive¥lines is
small, the correlation is effected between the line m
and the \ine mtAwith A> 1. By junping nultiple |ines

in this manner, the anplitude of the displacenent to
be neasured increases and the signal to noise ratio
Is augnented. Adaptation of Kasai's algorithmyields
n=p+m 8(z,t - mlr ) =% arg(rr(~n,n} rs' ~
(nx+d(z),n}) 4c ,I= in which A(z) is a whole
nunber such that whi ch i ncreases \Lﬂth Uiz, t)

. —— — & —— —— b i &

in which z is the depth on the axis of the disk, p is the density of the medium,
u is the displacement along the axis of symmetry Oz associated with a stress a
applied along Oz, t = the time, R is the radius of the disk and V, is the shear
velocity. It is possible to introduce the attenuation o into this equation. This
equation contains both the effects of diffraction and of coupling. An estimation
of V, or of o can be obtained by calculation. As an example, it is possible to use
an iterative calculation of optimization which cbnsists of minimizing the cost
function which is the module of the difference between the deformations
measured experimentally and those obtained with the theoretical model.

The invention was described above as an example. It is understood that the

expert in the field could implement different variants of the device and the



= depth. Know edge of the effects of diffraction
associated with the vibrator used in an isotropic or
ani sotropi ¢ medi um nakes it possible to conpensate
perfectly the WD 2004/ 016176 PCT/ FR2003/ 002243 17
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is possible to introduce the attenuation a into
thls equation. This equation contains both the
effects of diffraction and of coupling. An estimation
of V, or of a can be obtained by cal culation. As an
exanple, it is possible to use an iterative
cal cul ation of optim zation which consists of
mnimzing the cost function which is the nodul e of
the di fference between the deformations neasured
experinmental ly and those obtained with the theoretica
nodel . The invention was descri bed above as an
exanple. It is understood that the



expert in the field could inplenment different variants
of the device and the WD 2004/ 016176 PCT/ FR2003/ 002243
18 nethod for neasuring the elasticity of a human or
animal organ, in particular wth regard to the

mﬂ:ffo%%féﬁ‘@t or fittings of the different el cf,FgFmaagootsﬁgzzﬂ

constituting said device orgthe order as we

i nportance of the steps of said nmethod without

t her eby goi ng beyond the scope of the patent. WD
2004/ 016176 PCT/ FR 200310@324ms 19 CLAIMS 1. Device
for nmeasuring the elasticity of a human or ani nal
organ, especially a liver, or nore generally all

Vi s (hsti@sfok @nea@ﬁﬂh? tRé eReALINEE ARukldnl GSAGl Sigialespecially
after ultrasonic il'lum nation, conprising at | east one
adérespor fribre genpuallyi aligvianoeladtior medial presersivgam edirdnic signal
at | east one position sensor (4), an actuator for
after ydfeasonis Blinsindtionceomprpingcatelgagiyons senspr (i enpgising an
ugtléect[i C pover s%rce, characterized in tz{;st It ¢
REoINIG deangduest; (491 138 gleaste 0P oRSHHAR SeRsqry ftorary gftuator for
attached to.,the ult rasgr(q g) trans%%etr g%) cqjgaabl e o; source
EIesEFS PR SV P ST OW: Wi TNy AT rptirES Powe ,
. At regqu s e :
RESRREGH] L g RLEIREIET S BRI SRR dfuator ()
afh @ RLtPHe2 @8 akdhit RtinsBlic&T QP Lasedle 8f pbik@atingAGransitory low-
control neans, e.g., a conputer, a m Croconputer or a

freqnbnat ippake gabsegtingi 4 frequehigy rargeavngsriiedgbdtoreehd Kz and
1, characterized in that the sensor (1) conprises a
PP@Kizbl e, watertight menmbrane (5) 4. Device according

to claim1, characterized in that the sensor (1)

co i ses a rotective device (6), .intended to, protect
s%%lﬁ% aa°§8ffﬁf}gtt?§ Iaubec?la(az-)t'%rg@d ‘Beti?%’é QEGVFET Ah ?etaéf one

cgj!'n%bfnm%ans(,: te]%r.,aaccto%r\f)&t%g aI IQlictngotmItJQteer %)1(:e Q chrrltr:gl]';}rolcéssing unit.

3. Device according to claim 1, characterized in that the sensor (1) comprises a

flexible, watertight membrane (5)

4. Device according to claim 1, characterized in that the sensor (1) comprises a

protective device (6) intended to protect said ultrasonic transducer (2).

5. Device according to claim 1, characterized in that the sensor (1) is
associated with a control module and an ultrasound acquisition module capable

of communicating with each other.

6. Device according to claims 2 and 5, characterized in that the control means
is capable of communicating with the control module and the ultrasound

acquisition module.



associated with a control nodule and an ultrasound
acqui sition nodul e capable of comunicating with each
other. 6. Device according to clains 2 and 5,
characterized in that the control neans is capable of

] ing with the control nodule and t
“lfﬁj ra@%@% acqui si tion nodule. WO 2004/ 016?% /FR2003/002243
PCT1FR200310 02243 20 7. Device according to clains 1
and 2, characterized in that it conprises a user
i M. &evieaccarding taacldinspl and 2¢clesactedpathimcthetlit icomtphimses a user
~control means. 8. Device according to claiml1,
intrefper: e @ iazdigplay seean, eonaestieddothg ntrad meggsoci at ed
with at | east one echograph (15); the inages obtained

bej di spl i deal | h f .
o5 ek EPLatefs b SRSt SR, M IRl 0 5
R e L L

ofifa &F@n‘}i&e@ﬂf e res SNBLES ecli't%ria%[tﬁgliS e according to

claim1l, chatracterized in that ohpri ses a system

of ultrasonic positioning (12) constituted by at

| endDettiby accordingi declairars, ahgeataizetnia thaody @hoghsphic bar is
patient (arranged on said organ) and at |east one
atlapiedrtotsaid devigy andlthekit iorplementsghe @cqyisition]af thealtresound
according to claiml, characterized in that it

S ises an elastic internediary medi um (18)

transparent to ultrasound and for the | ow frequency

h . . heti.c . f the.
P YR iy e RGHHE L H By Wi e o
PRS00 Bk 284 LI BTED Ko LR on

bEEGH dFBhdNsiTens (ad¥ngdd Bn.said BEgAH)HMA QF leAtH 6B tRNGRter (14)
to be studied, e.g.; by conpressing this internediary

pleddwm the8¢ndon (B. manner so as to vary its nodul e of
elasticity.
11. Device according to claim 1, characterized in that it comprises an elastic

intermediary medium (18) transparent to ultrasound and for the low-frequency

wave such as, e.g., a synthetic polymer of the polyacrylamide type.

12, Device according to claim 11, characterized in that said intermediary
medium (18) presents an elasticity close to that of the medium under study, i.e,
the human or animal organ to be studied, e.g., by compressing this intermediary

medium (18) in a manner so as to vary its module of elasticity.

13. Device according to claims 2 and 7, characterized in that the control means

and the user interface are electrically powered by means of at least one battery.



13. Device according to clains 2 and 7, characterized
in that the control neans and the user interface are
el ectrically powered by nmeans of at |east one battery.
WD 20041016176 PCT/ FR2003 1002243 21 14. Device

rdi to claim1, characterized in that j
“g(g%@#liaige]'gﬁa means for cal cuyjation of the PCTIFR20031002243
di spl acenments which is adapted as a function of the
depth of the human or animal organ. 15. Device
ackloDevivg aceordireg @f clhihe 1 prleesdeigedinathatit comprises a means for
characterized in that at |east the end of ultrasonic
calcalasign odrthe déspdatesnents avlinyas edapthdpe a fungtion mf the depth of
obl ong, rectangular or ellipsoidal shape, with a
thehyman o5 gphpalespet ween 2 and 20 nillineters,
preferably circa 11 mllineters, and a wdth conprised

b . d,. RN f bl ' . .
m 1 T ActORing g ome 38 arene s Sefie brdddised in that a
144sF ciﬁg'e@lgl Sf %ﬂﬁsaﬁg@ 3 AEHEEZ ?ijesbﬂtst gl‘?‘tﬁl&%ated sha}gséf e.g., an

ultrasoni c trans er present a coni ca t aper

obnE, péceﬁ%?ﬂém éfpasaheshapeWithSERnba! ¥iRPriddd Bathedf 2 and

degrees . Method for the cal culatron of” an

28 Inaidlimetety pbsferabdysired 1 hndHimeters, andprwisith gomiprised detween 1
one ultrasonic transducer (2), at |east one position
andrfanillimnpters, preferably cireal5 anidemetstd/ nani ¢ act uat or (3),
connected by wire link to an electric power source,

AT AN AN R R IR —
B Ry R LCRBR P A i ARG, LR

Ceﬁ'lg@féle&'bieﬂﬂeéﬁc]bdeﬁﬁjgd gsueevel ocities, i.e., the
di sp

[ acenents between t'he acquisitions, in the
medi um - calculation of the velocities of the tissue
defar Neth@hsor thecadleulagibhobf ain telitivey Oby t yheths tdfea device

el astic wave,

comprising at least one ultrasonic transducer (2), at least one position sensor (4),
a controlled electrodynamic actuator (3), connected by wire link to an electric
power source, characterized in that it comprises the following steps:

— generation of the low-frequency impulse and acquisition of the ultrasonic
signals,

— compensation of the relative displacement of the vibrator,

- calculation of the tissue velocities, i.e., the displacerments between the
acquisitions, in the medium,

— calculation of the velocities of the tissue deformations,

— calculation of the velocity of the elastic wave,

— calculation of the elasticity.

18. Method for the calculation of an elasticity according to claim 17,

characterized in that it comprises a prior step of localization by image mode of



- calculation of the elasticity. 18. Mthod for the
calculation of an elasticity according to claim 17,
characterized in that it conprises a prior step of

| ocal i zati on by i mage node of WD 20041016176

F /002243 22 the desired zone, the
% }é‘)ﬁ) 9§ , PCT&Rz?oﬁ.éoozua

n of the ultrasound signals, i.e
echo lines, taking place, e.g., at a cadence of circa
50 lines per second. 19. Method for the cal cul ati on of
tlend edimslt obief theagqaisitidigof thealltasoukil sighaigriactfer tiweethiorlines,
that the result obtained fromthe step of cal culation
tafing place ot st a¢adenics obciperjidsed pen sedvadecho | i nes,
e.g., inthe formof a level of different color. 20.

S R R B e
hiipieree SBethabdhe reru® oo TR ke ot SEFORIOK of the
efa@ﬁ&bF 5 It{éﬁ%(ﬂseazorf Heledhd, I{I{ES é é . rl%/‘ﬁ[@ﬂﬂ'rr{ 8 atlmi_?f different

an e asticity Ing to c
c6laracterized in that the step of cal cul ation of the
tissue velocity is inplenmented by intercorrelation
by Doppl er, by autocorrelation or any other technique
f 0. Miethed fenthmt cabfulaliicp lofier ratastisity 22coriirtgh@dclaions 1hiend 18,
cal cul ation of an elasticity according to clains 17
characterized dn ghalcther loretregnendyaimpiee on IStgmabprwntﬁ a frpguency

F e e PR S BT 2y R g

for the cal cul ation of an elast|C|ty according to

cl A Mybhod %B?rt%%tg ﬁ‘éﬁgp *L‘}\ eﬁﬁﬁcf{!}zq&'. 8%&55%”6 Yaim 17,

t hé "measurenent y 1s

cﬁlu%%@&ﬁ@d cfﬁ‘@l%ﬂctﬁe Q;&EJV%&@&&? ofitd H20e VORI is | Flemented

Met hod for the calcualation of an elasticity atcord
blyOinédradielbion, B ADESilef, itaedutdtotrBRitioht orC &P btlsd Steahnique for

prior step of scanning the human or ani nal
measurement of displacements.
22. Method for the calculation of an elasticity according to claims 17 and 21,

characterized in that the calculation of the velocity of tissue deformation is

performed by deriving the tissue velocity by the depth.

23. Method for the calculation of an elasticity according to claim 17,
characterized in that the acquisition for the measurement of the elasticity is

performed at an elevated cadence between 100 Hz and 100,000 Hz.

24. Method for the calculation of an elasticity according to claim 17,
characterized in that it comprises a prior step of scanning the human or animal
organ; this scanning step can be implemented manually or using a step motor or

any other controlled electromagnetic actuators.



organ; this scanning step can be inplenented manual |y
or using a step notor or any other controlled
el ectromagneti c actuators. WO 20041016176
PCT/ FR20031002243 23 25. Method for the cal cul ati on
an elasticity according to any one of clains to
%Zooé’ﬂéﬁ dBterized in that it,conprises a st @;5;1'51"2003’002243

automati c recognition of theé® medi um under st udy by

the calcul ation of tissue paraneters such as, e.g.,
t s, MARbA if6) @18t caldulatidl 865 8R lelastibity Q@Hofrcﬁih‘@ t8'ny one of claims

17 to 23, characterized in that it comprises a step of automatic recognition of the
medium under study by the calculation of tissue parameters such as, e.g., the

coefficient of ultrasonic retrodiffusion.



