1 DEVICE AND METHOD FOR MEASURI NG THE ELASTICITY OF A
HUMAN OR ANI MAL ORGAN The present invention pertains to a
devi ce and a nethod for rreas ring the elasticity of a
human or ani mal organ, or e generally all viscoelastic
media presenting an ult rasonl c signal after ultrasonic
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the ultrasonic beam Al so known is US patent no.

tifhe 24 tred¥ thaéedtitdescri bes a device in which the

di spl acenent of the notor is also parallel to the
ulThess alo eoaxdxdst &nrtheentmrket at tpreserdodeviead fdoaneasiring the
di scl ose an acquisition of the signals during the
elasticity that can be performed in a noninvasive manner, i.e., for example
without collecting a portion of the organ or medium.

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.



conpression. In fact, as in the case of US patent no.
5,882,302, the notor is used to displace the transducer
and not for generating a | owfrequency inpulse. 2 US
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measured because it does not provide images.

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,



i mmobil e zone of the nmedium it has | ow precision
because the nediumis not perfectly immobile, the form
of the | owfrequency inpulse_ is poorly determned, it
represents a suppl ementary arggorithmthat i ncreases the
calculation time, 3 the surface of the nedium
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theyplerator, the peessurcoereitad lpatheepetiatdris @l parpeeiersibat isenot taken
_focal zone of certain transducers does not enable
infR pereent ¥rhegrit dityehsthg magasepeinenkofglasticlly. a short

e SV e T
o T P SR FETEP R e
OGRSRINEEp o, O FRIGESPEASSp R, I g

theitfgsdudtie al gorithmused to neasure the displacenments
I's thus the sane irrespective of the depth. In contrast

t on ehashegd@sient tdrecaiRinitonde déplhfen&his PndsRARM&d, e.g., by

depends on the distance which was given to the

blbouHfoves uke ayh plithdatof oite didpesehtarts i dstainian wethegiepah in the
fromthe surface, the anplitude of the displacenents

mgeéinen diwtdobthet pleedcomeria ehsmwey, egputhsalidplacemsets hskédéo the
wave penetrates deeply

flow of blood are greater in the center of the artery than at its sides. The
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,



into the tissues. The use of a classic algorithmis not
favorable for the neasurenents of the displacenents over
the entire range of depths. The invention thus has nore
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a frequeamyerngd chynprised betwken ¢ Hmnaerd 6600 He. power sour ce,
characterized in that it conprises a controlled
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conpensation under the best conditions and the relative
ergibdgs| cosepensation undes the besttconditions anchtheuralative displacement of
formof the inmpulse is better controlled _
the vibrator in a minimum of time. The form of the impulse is better controlled
which enables more reliable measurements and thus an increase in the
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.



whi ch enabl es nore reliable neasurenents and thus an
increase in the reproducibility of the system By neans
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echographic bar. In the same manner, the echographic bar can itself implement
the measurement of elasticity provided that it is equipped with a controlled
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.



ideally the screen of the echograph. The device can be
fitted around an echographic bar. In the sane manner,

t he echographi c bar can itsel6f i npl enment  t he neasur enent
of elasticity provided that i't is equipped with a

controlled vibrator system The device for the
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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.



- calculation of the tissue velocities, i.e., the

di spl acenents between the acquisitions, in the nedium -
cal cul ation of the velociti es of the tissue deformations,
- calculation of the velocity of the elastic wave, -
calcul ation of the elasticity. The nmet hod advant ageously
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- figures 5a to 5d illustrate the measurements of elasticity superposed on the
echographic image in the case in which the device according 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



- figure 2 illustrates said device equipped with a wheel
and a neans of | ow frequency ultrasonic positioning
constituted by at least three ultrasonic receivers; -
figure 3 illustrates a devicé according to the invention
associated wwth an echograph; - figure 4 illustrates the
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Illustrate ure 1, the device according to
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protective cap 6, a push-button for triggering the
triggeodd. ofihe gonfeslsmdingqmsctmn shihealrectrdedi io & guanmee sticl tlodft it
catnhl?e communicated to a compensation algorithm. The central processing unit
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,



posi tion sensor 4, a cable 9 and an al phanuneric displ ay
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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
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C8T-tions in the nedium 5) calculation of the
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typically conprise ween
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is transmtted to the vibrator system ‘preferat J ust
digplaeémeh®. bagicBAtrag, Avhdihehd!tHandaaestdisagsd & beRdiate The Sow-

signal has a frequency f conprised between 5 Hz and 1000
frétpuaangt waddr &t isoflededstgiyn® tdl@minto account the displacement of the
transducer because the displacements measured experimentally are no longer
equal to the absolute displacements. The exact displacement of the vibrator must
be subtracted from the measured displacements in order to obtain the absolute
displacements. The displacements measured relative to the transducer are
expressed by:

d(z,t) = 8(z,t) - D(t)

in which z is the depth, D(t) is the absolute displacement of the vibrator and
d(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



1/2f to 20/f. The |lowfrequency vibration |eads to the

propagation in the tissues of an elastic wave the

vel ocity of which depends on ,the elasticity of the

medi um The acqui sition of tHe ultrasound data is

performed by emtting wth the wultrasonic transducer 2
(o@nreldh}ds%_@ﬁt)cof_ TR @ra¥bihie NiAS €&h, Bt @Qarﬁ)blé,hl@e Fifé'i‘fdrﬁ{e@ls in

10 contained in the medium The ultrasound signal called
F&peakd ®omair ecorded by the sane ultrasonic transducer 2

over a duration that can range between 1 is and 10 nms.

Thihe dipaeett Fouriéstraagfeamect thenultiasouid dinet numdbenim abguired at

cadence 1/T. In all of the nbpdes of execution of the
therineetFoil,ist he transducer is fixed on the vibrator or

the controlled actuator or, to the contrary, the actuator

is fixed on the transgd,ucer. In the step of conpensation

of the relative displ ag?m’ R _t,l‘flﬁq'?ﬂﬁi brator, the

di spl acenent of the se ions) 0 (tisﬁug bet ween two

ultrasoni c acquisitions, d(z,t), 1is nmeasured in relation

to the position of the transducer. en the transducer .
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rs@@égfsaéc%ﬁg%teagp qtﬁﬁgéﬂ{ﬁ%%?%@éiﬁ ecause the di splacenents

nmeasured experinmentally are no | onger equal to the

absol ute di spl acenents. ge exact disgpl acgﬁw of the

vi brator nust berdubera B&nfk)elw(tiﬁgl-ﬁfea )

di spl acements in order t®obtain the“absol fte

di spl acenents. The di spl acenents neasured relative to the

transducer are expressed by: d(z,t) = 6(z,t) - D(t) in

whi cthezstep ohealighition Dft thei Sissuee vabwitiast e¢hdi displcements are

of the vibrator and

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:

b
Szt=mT)= Ve arg( Zx;(m,u)r_; *(n+1,n)
479‘; N®p =

in which 7, is the Hilbert transform of rs1s" 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



S(z,t) is the absolute displacenment of the section of the
medi um | ocated at the depth z. The vibrator is placed at
the depth z = 0. Mreover, sjnce the displacenents are
derived in relation to the dé€pth so as to obtain the
def ormati ons, the noi se can becone consi derable. And, in
fact, the derivation is very sensitive to noise. It thus
appears inportant to conpen ét:ﬁz w_ er good conditions
the displ acenent of the %8t at A The presence of a
position sensor 4 enables reliable direct neasurenent of
Dl the sthp of oaleahin afrthe iveldcitiesr efetifisus detnijativin, thevelocity of
ultrasonic lines can, for exanple, be perforned in
tigsoadetornsattionii abtaified byi dohdang ko tiringelatioartsftbe ahepth:t he
ultrasound |ine nunber macquired at the tinme t=nT is
y-r 27ark ~r(mn}exp(-j N "=o in which r(mn) is the
sanpl ed signal, Nis the nunber of sanples. If the
ultrasound |ine a was aggupy-e8” Pthe time t=nT then the
conpensated line rs(mn) i's exgressed in the tenporal
domain by r,(mn) R(mk)exP(! 2;a (n+ 2D(t))) =0 N c7'
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hm descri bed by Kasal:
each depth in the medium:

', )= FT(e(z,1)
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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 Vs and the density p.

E=3pV;

Z
E(z)= 3p[2f—ﬂ(——di§))_l]



Vrt-p-Firj S(z,t = Ml = Farg( 4 'rg(rn,re) s':u
(rrn+l,n)) nfr nP-min which r, is the Hilbert
transformof r, r,* is the C{)nj ugate of rr.. Wth this
algorithm it is possible to heasure the di spl acenent
b(z,t) of the section of tissue |ocated between the

dgpuES tHPdBY e BRné&REMNA2IREEMBRAL RE 4 hiBsarbr 3M¥mal organ
(mtl) T in wh

ich T is the period between two successive

yiblldsr e iaCmhAStasudbflthZel aéthetyPbaoveeh tsratbpihsSadtatdibby the
depth. The tissue velocity v(z,t) is expressed by 12

usef or the varididirs, ¢f)the elaskinity lae aftaption of tecddpsthi on of t he
velocities of tissue deformation, the velocity of tissue
défcoortingoto iomeoposilnibity mffatedi by rhevitwenjionn thelsehsan 1t can
the depth: E(z,r)r 3v<z,t7 az In the step of calculation

coptpiseemudtipls frgngstucere wWaligh rar bearasitionnsl Heas @ity manner,
the velocity of the elastic wave s, as an exanple, )

e.gptldedsly tike anceqhographicniod)ppade phoreyermphpaligi@s, In this
wave the central, frequency. fq . of the elastic wave at
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an%‘rl%zl (z,fo)) v(z)=x(d ))-, In the step of calculation

elasticity, in soft nedia such as biol ogical

f:g)ﬁgcgilﬁt%u?f; gh%‘y%rcﬁgggcﬂﬁl{ e}:i?égg,%ﬁéj R0k AfHgPR the invention
acquires ultrasound 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:



form the elasticity (Young's nodule) is expressed as a

function of the shear velocity which we will indicate as
V, and the density p. E=3pT82 1 f~(dr )) +z E(z)=3P 13
Thus, the device for neasuri the elasticity of a human

or animal organ yields either a nean value of the

eLasdsitedrd YerRk WEGRe tyoe HSRT 118 nlifc6 Rt it d 8t is?ﬁlt%fﬁeﬁﬁ'ssible

the variations of the elasticity as a function o
totepich a ACR disiigy 4 viaRe 1D0SS bptitdltyysinh eikedhbye tibi®l for optical
i nvention, the sensor 1 can conprise nultiple
mideansducers whi ch can be positioned in an arbitrary
manner, e.g., linearly (like an echographic rod) or in a
henégwemd yeancy e ultragamic hpssitiomimgersysteme €2 adypeatly deh kHZz)
nmeasured in different zones of the nediumto be
coaptituted dy Tulesstddired ultrasoaiqracsivero3 paranged, on Hee bedy o the
according to the invention _acquires ultrasound |ines at
patienf Andyjat degpd Rue Grnsmifter, dd rgléﬁe%é&bmﬁ semxde(the Ragition is
rocessed. | i ke a standard echograph in a manner so as

re
ol{%mg IRy WEne&aPDhe envel ope of the signal. The Iines

h i.spl h f- 1.he devi ' .
oo e B of ot BafiERual i EIHES hetiBteine
cind £aah tﬂgéém%iﬂ allgllr;]gge Sﬁ‘fﬁﬁﬁ- so as to forman inmge. The

I mage can 0 I spl ayi ng at roughly constant

VehaGidvcd 2% the %@ﬁr%ﬁﬁteéfgﬁgﬂisftﬁﬂg &ta hitfahl #eninfdl®rgan

user then having avail: ~deforme i mge of the zone
acEBﬁiinthoCthé §hv&stion B&n IbBBESodigtedehAhE dtdRGad 2R hbgraph TR In

possi bl e for the user to displace the sensor 1 at
thomeihast theebd®gryph ot nilyrpgevides morphological information on the
organs but also a quantitative elasticity parameter.

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



allows the user to determne the zone in which the
nmeasurenent is perforned. The deformation of the inage
is markedly reduced by neasuring the position of the
sensor 1 at the surface of the nmedium The lines are

di spl ayed on the screen as a function of the abscissa of
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position of the sensor 1 on the surface of the nedium
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can of different types: 14 - position sensor t he
byt ypeihratidni moremeat onpichecarmbeepetpendsculine o pthesdurfaret of the
sel ect a systemusing a wheel 11, an optical systemlike
medpee. thedicqoisitixpt ¢agabe paifoamed ondhe ceriyakiiny otithereabogiaphic
positioning system 12 (typically 100 kHz) constituted by
imgge) asaidlustratedeinyfigwrgsni % iy E@%ﬁlglértg change ﬂa:ng@nn@monﬂme and
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a quantitative elast|C|ty ranet er.

7RENMrRPI8Xa984)hen present in addition to the st andard
ecﬁographlc sensors 16, a sensor of the tracer type 17

a9 a kbmst typleedchmiqhic gigrepbesentdteirs ipaess 51 to 6annb@hidht 2,.edor

around an echographic bar, not shown in the figures, in
evened mema@re acquired 51multaneously In the example of figure 5d, the lines i
and i + 64 are obtained at the same time.

* 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



of certain guiding systens for biopsies or old continuous
Doppl er systens as illustrated in figure 4. 2. It can

al so be envisioned that the ﬂ{trasonic bar itself
perfornms the acquisition of the ultrasonic signals used
for the el astography algorithm The device according to
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In a manner S0 as to scan the enti surtace

them&Euas 1l lustrated in figures 5b to 5d. It is possible
to create nultiple lines at the sane tinme using evol ved
ulTheagewice hndusietigod esthnhgueseatioh atsreotvdie haethadailable an

descri bed by Shattuck (cf. "A parallel processing
algeﬁﬂnhcpremieans fdni giicslptied afl lheaﬁqmladerhentgi whichi ishadjustedras a

phased arrays", J. Acoust. Soc. Am 75(4), 1273-1282,
fungan of the denth ity e m@dhmnq udt ashaBpwedepthew hene thlegalmeaéltude

5b to 5d in which 2, 4 or
of the displacements is large, the algorithm compares the successive lines with
each 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 algorithm yields

a=p+m

ozt =mT) = --—arg( Zr (m,n)r *(m+ A(z),m))
4. wipem
in which A(z) is a whole number such that A(z)=1 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



even 8 lines are acquired sinmultaneously. In the exanple

of figure 5d, the lines i and i + 64 are obtained at the

same time. a technique of formation of ultrarapid paths

using a summation-retard aldgorithmlike the one

described in French patent application no. 9903157, of
efRicReof L¥iPRRtRIn. DERMST PIH Peksibikeo Bstimatd ie ttfhitlafiBR & the

spatial frequencies in space. It is obvious that this
mé@uiie Bathédeadesea 6o0r@ of lowidduenbg pretdiaeani disk form, the

I magi ng techni ques described in the previously cited
ingodseressipspnsd ofid iffractiet oadhe asistfollowt ahefdlvwimggeguatiohhe

el asticity. According to one possibility offered by the

i nvention, the device according to the invention uses an

el astic jAternedi ary nedium 18 transparent to ul trasound.

This nedium 18 can be, e.g., a synthetic polyner of the

pol yacryl ami de type. An adhesive material or a glue can

be pl ac

d between the internediary nediun11§?—an%-the
medi um ynder study in a ma2wR’fso as ._go ? an-&ther a
sliding/ interface or aﬂ%_mﬁerﬁ &e! ourd note
that t i nternedi ary iunt )16 i s innovat4 ve because
it is ndt only transparent for ultrasoypt+brt al so for
the |oyfrequency wave. The interﬁ%d?ﬁTﬁ;ﬁEﬁF%h118 S

selected in a manner so as to present an*®elasticity
close tq that of the nediumunder study in a nanner so as
to adj ust_the i npedance and thereby enable a maxi nmum of
energy to be transmtted to the nmedi um under study. The
internmedi ary nedium 18 can al so be conpressed such that
its nodule of elasticity which varies in a nonlinear
manner becones cl osestg that of the medi um under study.
This | ast propositipn S noreover an original technique
for neasuring the €l astilcity of the nedi%f1 it
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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 Vs 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 Vs or of o can be obtained by calculation. As an example, it is possible to use
an iterative calculation of optimization which consists 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



consi sts of nodifying the elasticity of the internmediary
medi um 18 until a maxi num of energy is transmtted. The
elasticity attained is then fﬁj ose to that of the nedium
The device and nethod of the™invention noreover have
avai |l abl e an algorithmor neans for cal culation of the
meth ﬁﬁeﬁ%ﬁﬁﬁiﬂ‘é‘ itk ela%ﬁ@ﬁy Wit Hupmrtor hHNRAI QFga%f ih qﬁrﬁcular
depth in the nmedium At a shallow depth, wheré the
withilebhtileo tIef afrifgéthspt o€ BbiMdsSof thel @ifdeentt dlem@hgocdriskifiting
conpares the successive lines with each other. In
satdrievaet or te oebp depelisas thieam pdréararpifi thedsteipd of heid method
di spl acenments between successive lines is snmall, the
witbputtherelpngoimgdidyentidtie sevpeenthelpmténitne m and the |ine
mA with A > 1. By junping nultiple lines in this manner,
the anplitude of the displacenent to be neasured
i ncreases and the signal to noise ratio is augnented.
Adapt ation of Kasai's algorithmyields V Rep+tn S(z,t =
nr) = =4; arg{ ,(mn)rs * (na F A(z), n)) in which A(z)
is a whole nunber such that A(z)>_1 which increases with
Uz,t) = depth. Know edge of the effects of diffraction
associated with the vibrator used in an isotropic or
ani sotropi c nedium makes it possible to conpensate
perfectly the 17 effects of diffraction. It is also
possible to estimate the attenuation in the nmedium In
the case of a source of |owfrequency pressure in disk
form the inpulse response of diffraction on the axis
follows the follow ng equation: 2aR2 2" - R z z 3iz, S2)
< t(--



p(z -+ RR) 17 0,s z2 + RV, Oz Rinwich z is the
depth on the axis of the disk, p is the density of the
medium u is the displ acerre&t al ong the axis of symetry
Oz associated with a stress applied along Oz, t = the
time, Ris the radius of the disk and V, is the shear
velocity. It is possible t @{' oduce the attenuation a
into this equation. This (gleJa ron contains both the
effects of diffraction and of coupling. An estimation of

V{l Brev Ice fgr Fremgbthg ieﬁ%%c{% of %l l%lyﬂlg}llo? mft?i%l 89%%% %npéc?ally

I'S possi rative calcu
a?ﬁ%%ﬁfé%%ﬁ%cﬁ@a?@ AECBR 6L P Bl M Sheoni signa
afté}eul%fssﬁﬁflhﬁ%auﬁﬁa%&h?%sﬁigo &t 'lé’ei%f‘ bak!sengid (fHhene evasmg an

obtained with the theoretical® nodel The i nventi on

uldesehicbadnadene €9, alt REIPIne. bhulosl YOI S {40 tnt Ratuattére for

expert in the field could inpl emant different variants of
trigeridgvsaid dadiceheodifectetbtiyodvit@rlinfeas uan refedtiie power source,
elasticity of a human or aninmal organ, in particul ar
charadierieghrid tlntt e campaisge nee tondiolledlt eleagedghamie actuator (3)
different elenments constituting said device or the order
attashgd|tp the ultrasamp dranadoeerof2) Khea@ﬁéﬁgwrmwammry low-
W t hout t hereby going beyond the scope of the patent.
fregugnes impHsg PEeSeNENgn ALGUEREY FHRSR Fadprisee besivegn riluhlanand
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2. Device according to claim 1, characterized in that it comprises at least one

control means, e.g., a computer, a microcomputer or a central processing 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.



a liver, or nore generally all viscoelastic nedia
presenting an ultrasonic signal after ultrasonic
illumnation, conprising at ]| east one sensor (1)
conprising an ultrasonic t r#hsducer (2), at |east one
position sensor (4), an actuator for triggering said
devVDeeice %@Eﬂ}ﬁﬁfﬁ) O4is 1 @nldl DiehhraciRFiZRUSRIthhEit @Qﬂﬁfrlses a user
source, characterized in that it conprises a controlled
inedréfel @8y RaltsSlagtredhofor(ne tedafol the ke Atrbdnidag@s.ul t rasoni c
transducer (2) capable of generating a transitory | ow
frequency i npul se presenting a frequency range conpri sed
b8t Videricd adzoatidg &0Q@Mihe .1, 2chdbesterieedicicortbaingh¢ cenbai (i) is
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asgorinted| witharideasg oge eChogl@m(tlé)' thelimagesoeltamedebeiog dasplayed
central processing unit. Devi ce accor ding to claim1,
oIy i s¢reencidiegldy theysarpen of %ds?éh@gﬁapbﬂ conpri ses a
flexible, watertight msnbrane (5) 4. Device accordi ng to
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bl e of communicating with each other. 6. Device
according to clainms 2 and 5, characterized in that the
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control nodule and the ufltrasound acquisitio g
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that it conprises a user interface, e.g., a display

babyr eéithe patinat (@datiged ba dadhtorghn)meahsat 18astRmea trensmitter (14)
according to claim1, characterized in that the sensor
pladgd ps the sensor (1).
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.



associated with at |east one echograph (15); the inmages
obt ai ned being displayed on a screen, ideally the screen
of said echograph (15). 9. vi ce according to claim8,
characterized in that an echographic bar is adapted to
said device and that it inplenents the acquisition of the
uh i r pePBd oAt Selai 1, BemabRri26d ¢h thidt E@m?kﬁéﬁh haeans for
characterized in that it conprises a systemo
cald i1 4269 Bif Ghd AI54 12 @hYets (WRLh GO faﬂh?féd &¢lafinatioh @ 3he depee of
receivers arranged on the body of the patient (arranged
thethwsmadooagiamdl aaganat | east one transmtter (14) placed
on the sensor (1). 11. Device according to claiml,
characterized in that it conprises an elastic
i hbePreide axcgondeng dmones)f thegrrepediagtclaimsuicharstarimgdaimgthat at
for the | ow frequency wave such as, e.g., a synthetic
leps| theeendf ot miirgonye dransdiicere prossats ap. cloagatast shepr de-Bg an
to claim1l, characterized in that said internediary
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characterized in that the control nmeans and the user
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one battery. 21 Devi ce” acco ng to clarm1,

uléRgsrict @andR el prebdits ia c6RITRI bf a8p&redBRIIM gp%senting an angle
cal cul ation of the displacenents ich is adapted as a

conpgsdcbbetdfecl® drp8hdegreet.he human or ani mal organ. 15.
Devi ce according to one of the preceding clains,
characterized in that at |east the end of ultrasonic
t Aansletivet fqrths eatcsilativrebbmy atasticish dpeneansgof, a davice according

to any one of the preceding Claim 1 to 16, 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 displacements 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



obl ong, rectangular or ellipsoidal shape, with a | ength
conprised between 2 and 20 mllinmeters, preferably circa
11 millimeters, and a width gzorrprised between 1 and 10
mllimeters, preferably circad 5 mllineters. 16. Device
according to one of the preceding clains, characterized

theRiesiial ZoRe, thel efcﬁﬁi%@ﬁé& of HRNSAFE8INA ISR S .02 6P MeahoMines,
tapered form presenting an angle conprised between 10

taRiith BRcd Y. c5a cakdencdBF bioch S@lintdpercslcenliat i on of an
el asticity by means of a device according to any one of

the preceding Claiml to 16, characterized in that it
cotipNisthodt her thel tawilagiost epsan -elgeivetyataiccordahg t toe claim 18,
| ow-frequency inmpul se and acquisition of the ultrasonic
chairgetized -incﬂna'pgﬁs aebeh offtairted froinatthe estelp sofl edewlationopf the
the vibrator, - calculation of the tissue velocities,
elpsticity issapariRgsed cantin echoekingse g & hid thedgmsef a kavel of different
medium - calculation of the velocities of the tissue
¢ ormations, - calculation of the velocity of the
el astic wave, - calculation of the elasticity. 18. Method
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S per second. Met hod for the ca tion of an
el asticity according to claim 18, characterized in that

t he, n@sthlodl @6t ahaecalttldfohhef siepeldtics! autading & ddm 17,
characterized in that the step of calculation of the tissue velocity is implemented
by intercorrelation, by Doppler, by autocorrelation or any other technique for

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.



el asticity is superposed on the echo lines, e.g., in the
formof a level of different color. 20. Method for the
cal culation of an elasticity_according to clains 17 and
18, characterized in that tfe | owfrequency i nmpul se or
signal presents a frequency conprised between 1 Hz and

568 Onideh & forathidWaddu1 ok 3P dh adtic®in akléfdihg t8 Wnly- ordlof claims

Met hod for the calculation of an elasticity according to

1702 3INchd ractariaidaigt @lat 2@ Priddiat stepefstrpmatic Gatsitdifdbh of the
of the tissue velocity is 1nplemented by

medien aatder| stiderby blye Bolpplation ofy tissitecoparanedtatsi suchoas,any., the
ot her technique for neasurenent of displacenments. 22.

copHfihient dfarltibenic abiraddfusoon.of an el asticity according to
clainms 17 and 21, characterized in that the cal cul ation
of the velocity of tissue deformation is perforned by
deriving the tissue velocity by the depth. 23. Mthod for
the calculation of an elasticity according to claim17,
characterized in that the acquisition for the measurenent
of the elasticity is perforned at an el evated cadence
bet ween 100 Hz and 100,000 Hz. 24. Method for the
calculation of an elasticity according to claim17,
characterized in that it conprises a prior step of
scanni ng the human or aninmal organ; this scanning step
can be inplenented manually or using a step notor or any
ot her controlled el ectromagnetic actuators. 23 25.
Met hod for the calculation of an elasticity according to
any one of clains 17 to 23, characterized in that it
conprises a step of automatic recognition of the nmedium
under study by the calculation of tissue paranmeters such
as, e.g., the coefficient of ultrasonic retrodiffusion.



