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Device for non-invasive ultrascund treatment of disc

digense.

The present invention relates to a device for non-
-invasive ultrasound treatment of disc disease, wherein
at least one therapeuiic ultrasound transducer is provi-
ded for treatment of the disc, preferably nucleus pulpo-
sus, of a patient by generating by means cof saild thera-
peutic ultrasound transduger an ultrasonic fie:d, tne
terperature focus of which is located in the disc, pre-
feraply nucleus pulposus, for heating therecf, and where-
in the therapeutic ultrasound transducer is of a “phased-
—arrayv -type for being able to vary “he distance between
the transmitter slenent of the therapeutic ultrascund
trangducer and the temperature focus of its ultrasonie
fisld.

The iatervertebral dise consists of an outer fibrous
tisgue ring, anulus fibrosus, and an inner, more viscous
pars, nucleus pulposus. The disc functions as & shack ab-
asorber and if anvelus fibrosus breaks, e.g. a small Fissu-
ring, disc matter may Find its way out and cause a comp-
ression of nerve roots and induce an inflammatory reac-—
tion.

Prolapsed lntervertebral dlscs have peen treated sur-
gically since the thirties by removel of the dizplsced
disc matter and/or a part of the bulging dilsc. Later. the
surgical treatrent has developed towazdsg lesg invasive
operations and now, microscopes and percutanecus bechni-
ques are uced for renoving disc matter. An alternative
method for surgical treatment is chemonucleclys, where
the enzyme chymopapain is injected inkto nucleus pulposus,
the central part of the disc. The enzyme polymerizes the
long protecglycan chaine in nucleus pulposus with subse-
quent loss of the hygroscopicity. This reduces the volums
ard pressure in rucleus pulposus and the bulging pert of
the disc, which explains the pain relief patlents with

sciaticea experience after chemomucleclys. The method has

JP 2004-503344 A 2004.2.5
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proven to give pain reiief in 75 per ceat of the cases

and hos & well documented cosg: efficiency. Unfeortunately,
the method has caused serious allergic reactions in about

1l per cent of the cases. Hex: step in the development could
be a non-invasive treatment or therapy of prolapsed inter-
vertebral discs, which preferably should be painless,

avoid the rigk for infections and carried through ambu-
latory.

A method for thermotherapy and coagulation of Lissue
invelves use of focused ultrasound with bhigh intensity.
The ultrascund pDaes well through seoft ticsue and can be
focused on remote spots within a surface of a few milli-
meters. The energy absorption in the tlssue increases the
temperature with a sharp temperature gredient such that
the bouvndaries of the treated volunme are clearly limited
without causing any damages on the surrounding tissue
{8 5 291 830, US 5 5301 655}, Ultrasound treatment or
therapy of prolapsed intervertebral discs is previously
knowr. (IP 0 B72 2B6Z2).

Heat treatment or thermotherapy of disce has proven
successiul in & method called IDET (US & 073 051, Us
& 007 570, US & 980 504}, The method has as its alm to
insert a catheter inte the dise by aeans of a canmils,
Farthest cut on the cetheter there i1s a spocl which 1s
heated by applying 2 radio freguency veltage thereom
(U8 5 785 705). The heat is increased to about 902C in
nucleus pulposus whers the heating element of the cathe-
taer hag been located and treatment or therapy is carried
through for abou:l 15 miomtes.

Surgery with focused ultrascund has several advan-
tages compared with other thermal techniques. In the
firat place, it ilg nen-inwvasive, aecondly, focus can be
mede movable and thirdly, the energy cen ba supplied
in a few seconds. The limitation of ultrasound is its
abgorption in bone and its poor penetration through gas-
-filled passages. Clinical applications of ultrasound
surgery are todey mestly used in cphtalmie gurgery, uro-
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logy and oncology. The effect of ulirasound can be divi-
ded intce thexmal and non-thermal effects,

The themal effects of ultrasound are caused by ab-
sorption of ultrasound in the tissue. This leads to a
tempera-ure increase which i dependent on the parameters
of the ultrascund (frequency and intensity} and the acous-
tic propercies of the tissue. The absorpbion of ultrasound
in musculosgkzeletal tilgsues ircreages with the apatite and
protein content, which mesns high absorption in bone, cax-
tilage, tendons end ligaments, Waker nowever, has a low
ultrasound abeorption capacity snd can Zor this reason be
used as an acoustic medium between the ultrasound trans-
ducer and the tissue. Higher sbsorption can be expected
in anulus fikrosus thigh cellagen copfent) than in nu-
clens pulposus (high water content). This will lead to
higher temperatures in the outex part of the interverte-~
bral disc than in the central part. In order to avoid
that the temperature in amalus fibrosus exceeds a detri-
mental level at the same time as the tempersture in nu-
cleus pulposus reaches a sufficient level, the ultra-
sound can be transmitbed from several ultrasound scurces,
In this mammer, tihe fields will overlap each other and
increase the eifect in rucleus pulpesus at the same time
zs the Intensity in the surrounding tizsue including amu-
lus fibrosus can be kept low,

The object of the present inventicon has been to faci-
litate, at the abovementioned devices, location of the
temperature focues of the ultrasonic f£ield of the ultra-
sound transducer on a desired polrt in the disc, prefer-
ably in nueleus pulposus. This is arrived at according to
the invention by means of a device having the characteri-
zing features of sussecquent claim 1.

By means of the device defined in the claims, it is
achieved that the temperature focus of the ultrasonic
field of the “herapeuntic ultrasound Transducer can be lo-
cated and maintained on the desired peint in the disc,

preferably in nueleus pulposus.

JP 2004-503344 A 2004.2.5
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The inventicn will be further described below with
reference to the accompanying drawings, in which

fig. 1 schematically illustrates a structursl embodli-
ment of the device according te the invention; and

fig. 2 schematiéally illustrates & calibrating device
which may form part of a device according to fig. 1.

The treatment device 1 schematically illustrated in
fig. 1 is adapted to generate, by means of one or more
therapeutic ultrasound transducers 2 (so called therapeu-
tic transducers), one ov more ultrasonic fields 3, the
remperature focus ¥ of which iz intended to be located
in the inkervertebral disc 3, nreferebly in nocleus pul-
posus 6, of the matient 4 for treatment thereof. In fig.
1, only one therapeutic ultrasound transducer Z is illu-
strated, but there may be several transducers s in e.g.
EP O 872 262.

Me therapeutic ultrasound transducer 2 cormprises
a plurality of, preferably three or more positlon trens-

mitters 7 for detbemmining ite pos on.

In more detail, the therapeutic ultrasound transdu-
cer 2 is adapted to cause a local temperature increase in
nucleus pulposus & so that enzymes such as collagenzase
present in the disc 5, are activabed and cause decomposi-
tion of collagen and proteoglycanes, which results in
shrirking of mucleus pulposus 6 primarily because of less
aygroscopicity. The therapeutic ultrasound transducer 2
can byansmit its wlbrasonic field 3 dersclaterslily from
several different ports sirultaneously. For heing abhle
to vary the focal distance of the therapeutic ultrasocund
trangduesr 2, 4.8, the distance hetween its transmitter
element G and vhe tamperature focus I, =ald therapeutic
ultrasound transducer 2 must be of the "phased array”’-
-type, including several small piezcelectric elements.
By excitation of these elements with differemt time
delays, a forused ultrasonic field 3 is generated.

The treatment device 1 further comprises a diagnes-

tic ultrasound transducer 8. This iz adspted to generate

JP 2004-503344 A 2004.2.5
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an ultrasorie field 9 for determining the accustic pro-
perties of cthe patient’s tissue 10 between the arsa 11 on
the patient for location of the therapeutic ultrasound
transducer 2 during freatment and the disc 5, preferably
nacleus palposus 6, to pe treated, This “time of flight®-
-meaguremanrt with the diagnostic ultrasound transducer §
iz carried through for determinirg the distance between
zald area 11 and nucleus pulposus & as well as the thick-
ness of the tissue and of the different tissue layers.

The Lissue 10 paszed consists in 2818 order of skin,
fat, muscles and enulus fibrogus, This information isg
needed ta correct differences in =ize and tissue configu-
ration of variocus patients, since the attenuation of the
ultrasovnd ig different ir different types of tissue.

The diagnostic ultrascund transducer 8 comprises a
plurality of, preferably three or more position transmit-
ters 12 for determining its positlion amd it 13 provided
Lo generate an image of sald tissue 10 in & menitor 13,

The treatment device 1 also comprises an optical
navigating device 14 to navigate the therapsutic ultra-
gourd transducer 2 {US 3 772 594). This optical naviga-
ting device 14 comprimes &t least one diagnostic camera 15
which is adapted to produce at lsast one picture or image
of the snatomic structure 17 of the treatment area 1§ in
the monitor 13. The diagnostic camera may be ai X-ray
camera 18 taking two pictures of the anatomic struckure
17 of the treatment area 16 from different directions
with preferably a 20° intermediate angle and showing
these in the monitor 13. At the optical navigating device
34, the X-ray camera 18 is used together with an optical
znalogue-digital-converter for obtaining a real time image
or picturs in the monitor 13 of the pesition and direction
of the therapeutic ulirasound transducer 2 (US & 021 343,
US 5 B34 759, US 5 383 454).

The %i-ray camera 18 comprises a calibrating device
19 - e.g. a calibrating hood — which i1z located in front
of the objective of the X-ray camera 18 and having mar-

JP 2004-503344 A 2004.2.5
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kers 20 the murtusl distance of which is xnewn. The mar-—
kers 20 may be round and consist e.g. of tentalum.

The optical navigeiing device 14 further comprises
a reference device 2.1 which is provided to be attached to
the spinons process 23 of a vertebra 22 or in a correspon-
ding position such that it gets a determined or fixed po-
gition relative to the treatment area 16. The reference
device 21 has several position transmitters 24, namely
preferably at least three, and these may consist of tan-
calum.

Furthernore, the optical navigating device 14 comp-
rises a signal receiving and/sfor signal sending umit 25,
Thig includes & suitable number of signal receivers 26,

27 for receiving reflected or other signals from the posi-
tion transmitters 7, 12 and 24 of the therapeutic ultra-
souna tracsducer 2, the dizgnostlic uvlirzsound trainsducer 8
and the reference device 21 respectively. The signal re-
ceiving and/or signal sending unit 25 wmay eventually conp-
rise one or more sigmal transmitters 28 for sending or
trangmitiing signals to sald position transmitters 7, 12
and 24, which are provided to receive these signals.

The signals transmitted by the position transmitters
7, 12 and 24 may e.g. be in the form of infrared light
acd the signal receivers 26, 27 may in such case be re-

5. .ceivers of infrared light.

The treating device 1 further comprises = computer 29
with at least ore compuier program or software which is
designec to calculate a suitable getting of the transmit-
ter element G of the therapsutic ultrasound transducer 2,
ed by the diag-
nostic ultrasound transducer 8, such that the temperature

baged on the acoustic properties determi:

focus F of the ultrascnic field 3 of the therapevultic ultra-
sound transducer 2 can be brought bto appear in the dige 5,
preferably in nucleus pulposus &, Lo bhe treated,

faid program or scftware may alternatively, or in
combination with said setting of the therapeutic vltra-
sound transducer 2, bhe provided to calcoulate the position

JP 2004-503344 A 2004.2.5
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7.

of the temperature focus F of the ultrasonic field 3 of
the therapeutic ultrasound transducer 2 relative to said
therapeutic ultrasound transducer 2, based on sald acous-
Tic properties and the setting of the therapeutic ultra-
sound transducer 2 in view of its focusing properties,

s0 that the therapeutic ultracound transducer 2 Dy neans
of said optical navigating device 14 can be positioned
such that said temperature focus F appears in the disc 5,
preferably nucleus palposus 6, to he treated.

‘e computer 29 may obe provided with 2 program (sofi-
wars) which is designed to calculate the effect of the
ultrasonic field 3 of the therspeutic ultrasound transduo-
cer 2 in itz temperature focus F hased on the acoustic
properties determined by the diagrostic ultrascund trans-
ducer 8, zuch that the temperature increase in nucleus
pulposus 6 caused by the therepeutic ultrascund transdu-
car 2, can be determined.

Ir. the treatmert device 1 there may aliso be included
a calibrating umit 30 for calibrating {a) the pocilion
of the temperature focus F of the therapentic wltrasound
transducer 2 relative to its treansaitter element G, and
{b) the heating effect in said temperature focus F gene-
rated by sald therapsutic ultrasound transducer 2. The
calibrating unit 30 has similar acoustic properties as
human tissue and conkbains a plurality of thermoelements
31 wy wears of which the position and effect on sald tem-
parature fogus F can be measured for calibration. The
thermoelements 31 are commected to a schematically illu-
strated measure insktrument 32,

Prior to treatment of the disc 5, preferably nucleus
pulposus 6, the reference device 21 is located on the
patient’s 4 vertebra 22 &nd the therapeubic ultrascund
tranaducer 2 as wall as the dlagnostic ultrasound trans-—
ducer 8 are calibrated in the calibrating wnibt 30, Then,
a tissue analysis is wmade Dy means of the diagnostic
ultrascund traneducer &, which preferably is navigated

by means of the optical navigating device 14 while its

JP 2004-503344 A 2004.2.5
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position transmitter 12 cooperate through signals with
the signal receivers 28, 27. A tissue image generated by
the diagnostic ultrasound transducer B can be produced
on the moniteor 13, and the values of the tissuwe measured
with szid diagnostic ultrasound transducer 8 are usged
far setting the focal distance and effect of the thera-
peutic ultrasound transducer 2.

Two X-ray pictures are taken of the patient’s 4 ana-
tomic structure 17 at the disc 3 and these X-ray picturaes
are shown on the monitor 13. On these X-ray pictures, the
position of the position tramsmitters 24 of the refarence
device 21 relative to the dise 5 may then be determined
by mesns of the merkers 2C of the calibrating device 189.

During treatment of the disc 5, preferably nucleus
pulposug &, the therapeutic ultrasound transducer 2 is
navigated by means of the signal receiving or signal sen-
ding unit 25, whereby the navigation iz pregented in the
A-ray pictures or images on the menitor 13, This is ac-
complished while the poziticn trensmitters 7 of the thera-
peutic ultrasound transducer 2 cocperzte through signals
with the signal transmitters 26 of the signal receiving
or sigral sending unit 253, By means of said navigation,
the therapeutic ultrascund transducer 2 can be positioned
such that the Semperature focus ¥ of its ultrasonic field
3 will lie in the disc 5, preferably nucleus pulposus 6.
T'he temperature in the temperature focus F preferably ex-
ceeds 45°C.

The treatiment camn e automatically interrupted if
the patient 4 moves to an incorrect position relative to
the therapeutic ultrasound transducer 2 or vice versa.

The inverntion is not limited to the embediment de-
scribed above, Lut may vary within the scope of the fol-
lowing claims. Thus, the treated disc 5 may e.g. be any
disc in the body.

The diagnostic camera 15 may be a computerized tomo-
graphy (CT) scanner which iz provided to preoduce images

of said anatomic structure 17 and these images can he

JP 2004-503344 A 2004.2.5
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processed in a compuier progrow or goftware for obtaining
a 3D-image in the menitor 3.

The therspeucic ultrasogad btransducer 2 may be provi-
ded to be positioned manually or be located on a pesitio-
ning device 33 for positioning therecf relatiwve to the
disc 5 to be treated.

It should also be mentiopned that the signal recei-
ving or Signal sending unit 25 of the optical naovigating
device 14 may be an E-ray device,

JP 2004-503344 A 2004.2.5
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Cladms:

1. Device for non-invasive ultrasound treatment of
dige digease,

wherein ab least one therapeutic ultrasound transdu-
car (27 1s provided for treatment of the disc (3), prefer-
ably rucleus pulposus (6), of a patient {4) hy generating
Ly means of said therapeutic ultrasound rranzdocer (2} an
nltrasonic field {3), the temperature focas (F} of which
is located in the disc (5), prefershly micleus pulposus
(&), for hestirg therecf. and

wherein the therapeutic ulfrasound transducer (2} is
of a “phased array”-type for being able to vary the dis-
tarce between the transmitter element (G) of the thera-
peutic ultrascund transducer (Z) end the temperature focus
{F) of its ultrasonic field (3},

characterlized in

that a diagnostic wltrasound transducer (8) is provi-
ded to determine the acouftic properties of the patient’s
{4} tissue (10) between the area for logation of the thera-
peutic ultrasound transducer (2) for the treatment and the
disc {5}, preferably nucleus pulposus (6), te bhe treated,

that an optical navigeting device (14) comprises at
least one diagnostic ceamera (15) which is adapted to pro-
duce at least one pictuze or image of the anatomic struc-
ture {17) of the treatment area (15} within which the disc
{3), preferably rnucleus pulposus, ta be treated, is loca-
tad,

that: tha optical navigating deviece (1¢) further com-
priges at Least ore signal vecelving and/or signal sending
unit (25] which is adapted to send or transmit signals to
and/or receive reflected or other signals from position
trensmitters (24, 7} on

a) & reference device (21} which has a set positicn
relative fo the disc {5), preferably mucleus pulposus {(6),

and

JP 2004-503344 A 2004.2.5
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1.

D) the therapeatic ultrascund trensducer {(2) such
that the pezsition thereof relative to sald treatment area
[(18) can be determined, and

thalk & computer {29} is provided with at least one
program (scfiware} which is designed to caiculate a suii-—
able sekbing of the transmitter element () of the therza-
peutic ultrasound transducer (2}, bhased on the acoustic
properties determined by the diagrostic ultrasound trins-
ducer (8), such that the temperature focus (F) of the ultra-
sonic field (3) of the therapeutic vpltrasound trensducexr
({2) can be brought teo appear in the disc (5), preferably
in nucleus pulposus (6), to be trezted, wheredy said pro-
gram (softwars) alternatively, or in combination with
said setting of the therapeutic ultrasound transducer (2},
can be provided to calculate the position of the tempera-
ture focus (F) of the ultrasonlic field (3) of the thera-
peutic ultrasound bransducer (Z) relative to sald thera-
peutic ultrasound transducer (2), based on said acousbic
properiies and the setting of the therapeutlc ultrascund
transducer (2} in view of its focusing properties, so
that the therapeutic uvltrasound tranaducer {2) by means
of said optical navigating device (14) can be pesitioned
such that said temperature focus (F) appears in the disc
{9). preferakly rucleus pulposus (6), to be treated.

2, Device according to claim 1, characte-
rized I r that the computer (2%) ig provided with
at least cne computer program (software) which iz desig-
ned to caloulate the setting of the therapeutic ultrasound
transducer (2) in view of its focusing properties, based
on the accustic properties determined by the diagnostic
ultrascund transducer {8) and the positlon of the thera-
peutic ultrasound transducer (2) relative to the disc {3},
preferably mucleus pulposus (5}, to be treated, such that
the btemperature focus (F) of the ultrascnic field (3]
of the therspeutic ultrasound transducer (2} appears in

the rucleus pulposus [6) to be treated.
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3. Device according to claim 1 or 2, eharacdc-
terized i n that the computer (2%8) 13 provided
with at ledast one computer program (software} which is de-
signed to calculate the heating effect of the ultrasonic
Field (3) of the therapeutic ullrasound transducer (2)
in its temperature foous (F) based on the acoustic pro-
verties determined by the diagnostic witrasound trans-
Aucer (8).

4. Device according to any preceding claim, < h & -
ractericzed i n that the diagnostic ultrasound
transducer (8} iz provided to determine tbe thickness of
Sifferent layers of said tissue (10} for determining the
acousti¢ properiies therecf.

5, Davice according to any preceding claim, c h a'A
racterized i n that the diagnostic ultrasoumd
transducer {(8) is provided to produce a plcture or image
of gaid tisgue (10},

6. Device accerdirng to any preceding ¢laim, c h a -
racterlzed i n that the diagnostic ultrascund
transducer (8] comprises positlion transmitters (12) waich
cooperate with the signal receiving and signal sending
unit (25},

7. Device according to any preceding claim, o< h & -
rTacterized i n that the diagnostic ultrasound
transducer (8) and the therspeutic ultrasound transdacer
(2} are the same unit.

3. Device according Lo any preceding claim, ¢ ha -
racterized in that the dlagrnostic camera
{15) Is an X-ray camera {18].

S. Device accordirg to claim 8, characteri-
zed 1in that the X-ray camera (18) corprises a cali-
brating device (19) with markers (20) which are adapted
to determine the position of the anatomic stiructure (17)
of the treatment area (16} displayed in & menitor {13),

10, Device according to ¢laim 8, charact e
rized in that the menitar (13) is provided to dis-
play two X-ray photographs of said anatomic structure (17)
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taken with the X-ray camera (18] from two different loca-
tions.

11. Device according to any of clzaims 1-7, c ha -
racterized 1 n that the diagnosiic camera (13)
iz a computerized tomography {CT} scanuer which is provi-
ded to produce images of the anatomic structure (17} at
the patient’s (4} disc [5), said irages being processed
in & computer progrom [software) for obtaining a 35—image
in a moniter {13}.

12. Device according to any preceding claim, < h a -
racterized i n that the therapeutic ultra-
gound transducer (2} is provided to he positioned manu-
2lly be means of calculated determination of the tempera-
ture foouz {F) of the ultrssonic fisld (3) of said thera-
peutic ultrascound transducer (2) relative to the trans-
mitter = ement {G) of the therapeutic ultrasound trans-
duecer (2).

13. Device according to eny of claims 1-11, < h a -
racterdized i . that ike therapeutic vltrasound
transducer (2) is provided on a positicning device {33)
for positioning thereof relative to the disc (5), pre-
ferably nuclevs pulposus (6], to be treated.

14, Device according Lo any pregeding claim, o h za -
racterized i n that the signal receiving or
sigmal sending unit {25) is provided to receive or send
sigrals in the form of infrared light and that said posi-
tion transmitters {7, 12, 24) are provided to send or
receive signals in the form of Infrared light.

15. Device according to any preceding claim, < nh a -
racterized i n that the temperature in the
temperature focus (F) of the therapeutic ultrasound trans-
ducer (2) exceeds 485°(C.

16, Device according to any preceding claim, c h a -
racterilzed i n that a calibrating device
(121 is provided for calibrating the effect emitted by
the therapevkic ultragound trarsducer {2} in the tem-

perature focus (7} of said therapsutic ultrascund trans-
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ducer (2) eand/cr the positicn of sald temperature focus
(P} relative to the transmitter element () of the thera-
peutic ultrescund transducer [2).

17 . Device according to any preceding <laim, ¢ h a -
racterized i nr that the reference device (21)
is attached to a vertebra (22] in the patient’s verte-
bral column, preferably to the spincus process (23) of
said vertebra {22).

18, Device according to any preceding claim, < b a -
racterized in that the reference device (21)
comprises positicn trancmitters {24) congisting of metal-
lic balls, preferably tantalum balls,

19, De
rized i n that the sigmal recelving or signal sen-—

e according to claim 18, characte-

ding unit (25) of the optical navigating device {14} con-

siste of at least one X-ray device.
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