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METHOD AND APPARATUS FOR TREATMENT OF ADI PCSE Tl SSUE
FI ELD OF THE | NVENTI ON The i nvention relates to

wortdtedand appar atuses for the reduction of adrpo®e7/000211

(fat) tissue. LIST OF REFERENCES The fol | ow ng

references are brought to facilitate description of

t he background of the present -ijnvention, and should

not be construed as |limting the scope or

patentability of the invention: US Patent 5, 143,063 US
Patent 5,158,070 US Patent Applications Nos.

200VIBTHHAB IANNDA PRPARANITS 8OR WREHT RIRNB (0 AAP® JISTISSUE
Patent 6, 113,558 US Patent No. 6,889,090 US Patent No.
5,871,524 US Patent No. 6,662,054 S. Gabriel, RW

Lau, and C. Gabriel, Phys. Med. Biol. 4 1 (1996), pp

2251- 2269 Luc Fournier and Be'la Joo's, Physical

review 67, 051908 (2003) Alster T. S. and Tanzi, E.
LFIETDheOP qhaNvefiNTa@Net i ¢ and Laser Therapy. 2005;

7: 81-85 "Physical properties of tissue", by Francis _
A. Duckhe KpggEes eclppe s methpds apd ggparptusgglorthe yeduetipn of adipose
p{@@éﬁg%{egs of tissue", by Francis A. Duck, Academc

Press Ltd., 1990, p.85 Herve Isanbert, Phys. Rev.

Lett. 80, p3404 (1998) K Y. Saleh and N. B. Smith,

I J. therma Vol. 20, NO 1 (February 2004),
pﬂisﬁﬂﬁﬁ%@@lﬁﬁ OF THE | NVENTI ON Reduction of
subcut Re QYR Wil rdfA%BES ard Broﬁlg{l‘iﬁtgsf@cih{a%ec‘ H@scrib\?%rggf the background

aesthetic treatnent for whic ere s agro
defmdlmed preSaet metehtol, hidobodtli oot, be scoastrerdy amdinesgi te scope or

i nvasi.ve treatnent .requiring |ocal or general
aﬂ%@%ﬁ@@%f’{sg’ﬁdmﬁ’? %8ybsequent heal i ng process is very
| gRPaendspaslobyl . Methods for non-invasive |ocal
reduction of fat are based on the delivery of
eVedtawiradadoi’e or sound energy through the skin into

t Bg Patent Applications Nos. 2005/0154431 and 2004/0106867
US Patent 6,607,498
US Patent 6,113,558
US Patent No. 6,889,090
US Patent No. 5,871,524
US Patent No. 6,662,054
S. Gabriel, R.W. Lau, and C. Gabriel, Phys. Med. Biol. 41 (1996),pp 2251-2269
Luc Fournier and Be’la Joo's, Physical review.67, 051908 (2003)
Alster T. S. and Tanzi, E. L., The Journal of Cosmetic and Laser Therapy. 2005; 7:
81-85
“Physical properties of tissue”, by Francis A. Duck, Academic Press Ltd., 1990, p.138.
“Physical properties of tissue”, by Francis A. Duck, Academic Press Ltd., 1990, p.85
Herve Isambert, Phys. Rev. Lett. 80, p3404 (1998)
K. Y. Saleh and N. B. Smith, Int. J. Hyperthermia Vol. 20, NO. 1 (February 2004), pp.
7-31.
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subcut aneous adi pose tissue. The main challenge with
non-i nvasive treatnent of fat tissue is to transfer

woOheo7@ag9gy t hrough the outer |ayers of the skPar/1ead7/000211

concentrating it to the required level in the fat
tissue with mninmal collateral damage to the skin

| ayers and deeper body tissueski- US Patent 5, 143,063
descri bes a nmethod for destruction of fat cells

@A%RWGWDUF@HW@ENWQW pose tissue, in which

radiant energy is focused into these cells. The
r adi afRedectemgyf swhgutheoss &4 {aysragh @dxp@sq HSSEhAs f aesHligly dreatment

%&2}"’&?& SHL’J?' {s;aagﬁqug% g;frmaté%%&i mn?l ég[}cggﬁ & A Ivexy aggressive
%‘\%@Q& trédh¥ntdleqhit@ef 1068l orvednerm dn%sthébﬁa endr gy ﬂ@m{mém healing
hi gh enough for “cel destruction, while outside the

froox&ks wo‘ifqyyréongqencbp@n@g: dséfﬁbq)cbyfoi aopgnasivergeal ﬁ(éuctlon of fat are
?pgget gg%itgeoﬁslgx%g é)tf -I;:@eecl%%magngc? y81p EGId &%e‘?f?}L ﬁﬁ[}ﬁéﬂ b3 S8R into the

a geone
s6b&sidewlt Mdpoeatieshe DT ht eaih ahalidnpg. witls deatievdsive treatment of fat
5,158,070 discl oses use of ultrasound p

| s
LI N IR C TS FA A
Lgl trl\}ll_gfc’ %ﬁggd Pel%ll ﬁlsthF %lt' tgkﬁu@}wgtﬁﬂﬂﬁﬁﬁycohg{e\“ﬁ Ql@m%%@%o HR skin layers

one nsec to one nsB are

fdﬁ@ldi‘é@&rfbﬁdyh&usgft tissue to effect tearing and
destruction. Due to the gpp icatio

pul sesyS Reterhnil 62003 dereriRet 2 1K Pfgéﬁgggééoggécaﬁ(ﬁ¢P0%¢ﬂ0
fﬁ%ﬁ&[ﬁ@ ebfls Qcﬁ St 1S i hhidiofadiaiCerldrSp Hefoti@el Abte[th&¥8 cells. The

OMAng cu ation provides an estimate for the
pedlknpeessy rlﬂa}Obe teﬂm@tmhtaga@m;umdﬂwame:w‘@qm rangef or uttrisgund. The

\c,:ﬁilfljlgﬁtn}%g]éellrgn%p ﬁ@ric;ei]ggiqgg ?Hi’pélrfs El?]eaﬁqai :g%?q%gt%g bw%\lle rado ant energy. Only
\(?\fgfé £ thiuhPés 1he %ﬁém?'d%ﬂsll@'QE%?Bﬁodéﬁ)ﬂ)r bl @stt@ditlcbly while outside

Umax Sln w - wher e max | S he maxi num
dthe fbeat emvbibe ghevqn:rg»y dq‘nsmy n&iom@rxth@n {heastamage; fgeshold. There is no

&ﬁp){é%; ?ﬁ%g 1V1§h§3¥' |£le§ Elﬁg 0\{5&\1} ecev ! nfcljsg S%E&%g%mgllf se‘i&ﬁvﬂy created by

m@%%bmﬁﬁkc where c is the sound velocity at the

tissue. akln% the derivative of Uwth respeg% X,.
the. st USieenoBrIaR a8 disvlnsesiseional rasphng RUlpe Osaqy: duration that are

TS5BISIELD: O, e S8k SO RIS M By
”Wf@fzat%el GMHEI%G 4 péke Rﬂfigma(bﬁ@ﬁa usec to one msec are focused in the soft
tissue to effect tearing and destruction. Due to the application of short intense pulses,
mechanical, and not thermal, effects are presumed to be responsible for the tissue
destruction.
The following calculation provides an estimate for the peak pressure of the
ultrasound wave required for this cell tearing. Assuming a plane ultrasound wave for

which the cell size is much smaller then the wavelength, the local displacement U(x) is

given by:

Ux)=U_, sin(wt —kx)

where Upyax is the maximum displacement given by:
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it to tear, leading to cell necrosis, (Luc Founder and
Be 'la Joo's, Physical review 67, 051908 (2003)). This

woan7@eposds to a strain of 0.02. Since the sorQWIL2007/000211

velocity in a typical soft tissue is about 1500 nisec,

for rupturing a cell nmenbrane, Vmax has to be over

30m sec. For a plane wave, VHPAKZ, where P is the

pressure and Z is the acoustic inpedance of the

tissue, a typical value for Zis 1.5 MRayl eigh, so

that P hdgﬁgp be greater than 45MPa. Thi s nunber

c &g@ﬁén&s—ro a very intense ultrasound, which can be
achieved wixh a very high degree of focusing, and

whi ch i s obtainable at frequencies in the range of a

f B NE-HE TFBHBRBHPPELY, @§2pgtfémthepfi§@qqe@@t phthe Ndfrasound, and k is the
2005/ 0154431, discl oses adi pose tissue destruction )
QURET RCEY- Ty aRlpns VR G I9TkA WhR £ys thesaudvelpeiivaa dhmdssue. Taking

[ = f
e e bR TR e kT BRBRE, P of 4

Mpa obt ai ned above. This nethod of cell rupturing is
al so not selective for adi pose tissue cells

(gl pocyt es) because the adi pocy§€ menbrane is not
weaker=t-hAn—Aatcos(@rheroepH s—AFSocoRéashapkx ind
siglg of the gell did not enter incthe above
considerations. In this respect, cell destruction by
rupturing the cell nmenbrane is simlar to cel

Noi ¢ her N BB PERbT doel el or Toaalyacy DL atinggrane has been
ity .. ) )
SHLEELANAL I £ 0oTH BN 0 O GRATBLI v S5 cves
tit 3o e, Eading od kelmtbtrods, (laciqgimidegicBedh Jooe BBl review 67,

yi el ery._.small focal vol une re cell L
ki &?P%w-oﬁea EoTeRO b1 41500KT L0 Ge FBSalhe 0t YPigoity n 2
aryhRWTLd e HERESE SboktNS08 A&, fEDRLAGR! a YAl %{ggx}d}a& K0 has to be

S
bé noved over the treated area. US Patent I cati dfis

Nogr 328{&t OlorSat fBihe anie 20SR/) LARES P idiischesmrs ez ds the acoustic
system Anot her physical effect of focused ultrasound
tredangs dabisdised: |2 ppipek valpe femgiisdey dAkaylaghi sathiabhshas to be
. | N . .
CHEUSERLL BB S8 AU LA LOMLS) L ARL R, wiich can
negadhioved prithss verg hidiadegraf ofttheusing, mad odich saberinableeat frequencies

rate of generati n rowmh o vitations.is an__ _ . _
e dehiob btY | W Zof oF Rl V'S (e RIS oA A0S/ 0154431,
t fs164eRr LSk H%ugaéé%cﬁéﬁ‘ GEhoeaf bf hﬁmtht{mgg UREknsity Focused

power density. Under certain critical conditions, the
blstasewndg,olvitlap$epivil dregmenoy, of JeAlithe dndg pressubeof about 30MPa, close

vi ¢l nj,ty shqck.wave fl.uid jets that can destroy
C@ﬁ$%9w¥ﬁaﬁﬁﬁﬁW3m§ ﬁsgﬂﬁﬁﬂ#?Pcié‘Q@ra||y in aqueous

sol utipms.méthed ef slevienceid Aab £ {dRs®e Xbr adipose tissue cells
cavitations causes cell necrosis and apoptosis.

patieatytes) B raugsiheiadilossiesmerpbiase ig) nat teakwuthan élrpérogyother cells.
0 ' e tiss ca cavi.tations,and |ysis.of . .

azgllsggdslg 1&|1psesahn§ éjl%s'ég g eene,?le%\fa%dff,lggmsﬂle agovél gondidtations. In this
respect, cell destruction by rupturing the cell membrane is similar to cell destruction by
heating the cells (hyperthermia). Neither method is selective for adipocytes, and any
selectivity in the method relies on geometry i.e. very strong focusing of the radiation in

the adipose tissue. For both methods, a high degree of focusing yields a very small focal

volume where cell destruction occurs. A typical effective focal width is a few
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di scl oses the application of focused pul sed
ul trasound, which causes cavitations, for non-invasive

wonreetooe9s of tissues. This |ast patent contai RETALI0DF000211

of possi bl e applications, which include the induction

of apoptosis and necrosis, clot lysis, and cancer

treatnment. This patent includeg-a study on the

generation of cavitations and on the optim zation of

P15 B Gt TR e Ul EFob AP $bliufrieO Ly TR

the cavitations.  The gaV|taf|gnH?%?%§ﬁo?1V%?Kﬂgl%heqmﬂmd area.

noh Paisgtidsplicabiahs Bios. 2605101 o 3d reakd RI004/0 1 @68 7idscldye such a system.

range 00- 1500W ile fo degassed fluids the

t hr esh 189‘1?f spélé“F%‘ %@%Wfﬂfﬂf“@ﬁhé UEFRYYs Bigh ar raygsrefel lysis, is

|d-’c‘lVIt£tﬁ)?ﬂ@ @éﬁ@a&io‘ﬁ@ rHl@ SH@H glﬁ%lé&Hét'a(} f Bl?lt Il%ld&l@llggag EUCIGELUOH

not cell selective, and can be in uféé on man

ﬂVp@@:Vﬁhél@avhﬁ@nﬂ@QGRMWé@hmgdnwsxqmumqﬂhm@bfﬂmnﬂu&ﬁnndwmve
ected t0..be i nsi.de adi pase ti ssue,

gﬁ 1nce rdt SBFTPRE 44 sslt?g"tgocf%r FRYIALORSHfS ¢ 01}3?18351“0 furiction of the

VRGNS bE (HS piséilie t ihefeiBie 4 BREIERL ﬁﬂ&dﬁez«}{“a{y fhsound power

rupturing of cells by ultrasound, afso wt
epsitvatigler certain Gﬁt1§@@0éélt@ﬁsaf@@ lbgbbigs ccsllarpeaquloﬂemﬂlyt generating in

C, Sue
T T AR T
tespediatiyointagness ablutions) shdarg id evidendk tak tOhpké 8RLARALons causes cell

Cavitations absorb ultrasound very strongly.
ﬂ‘?@‘ioéllsc?ﬁléi aHOPtOéla?v iHSapateniso.ap 6424 éﬁ@b&e%ﬁosgseng alttaseund energy on

%@%EQ[ I(faVil?EﬁfO\P@ggldtl §is (ogca%mose r‘rﬁf%e %,?Edtpﬁ%nt 6,113,558

ul trasoun atlng tran exa

shsctses tltfemppimamombf tfhased tpuBsd witthsen@!, gyhivh Ichudee cavitations, for
di ssi pated there and will nqt, reach t he target tissue
P RESHGC Jicakmsitn®t  BFsUSsr el lagthipatept gipninersurar iligh, of possible

Eﬁhéaﬁ%iﬁ' \R}chH‘{ﬁEIugg ’[ﬁé’lfllfldlfétl&rl]toft X ?ﬁgﬂr%daﬁedr?%%a t Ysis, and

ove the m ni mum value for cavit
vanegmiceainmdnt.el ik gafent ewhldEy aatudyt drethetdensnadsn bEteEMions and on
ransduce must be.  bel ow t he

h d
ttlﬁee%p %ﬁzatlcflb(?f p&xi%fi ‘f”é@’r ?ﬁfi I%géﬁ TFRsttAn atedior, FXHpiging the cavitations.

Mihe raweatRonl tAebisiid1d 0y a aBRldegaé P Bui?ér sBﬁtl(oB%HOoéood are in the range
Freguenc energy can affect both the skin an

StBEYR-an Wécm%y@vlg fousegaase@nﬂmmtheeth&s@qld%esj its EOWEmZ The

SR 0P R ) Pl TRl o

eclectiy, At @mdie 1hbﬁceﬂlﬁnﬂn§r£y @Illl l’slﬁ&e Thy tiGtaSHR GHEMIROMSuite high,
| ayer 8r deeper soft tjssue |ayers. The nai n energy

aBurEe ?§X]P@§tedA¥0b]Pe porhhigher isple @amqseﬁlsswemcasnost of the tissue
JeReld RG5% ({1%1&%(? @ie@?tAé\%ﬂlG{h %} Qr%gt r Ienﬁtcée{rﬁgaéwptunng of

over unip r since 1 n uni
tﬁi&hyglhitmsmmdi aled Wit cahizativel 8 hllgh ddgﬁaebﬂdycusﬁ@dis H@ired to ensure

t lied to th
Bl ehP b ool N G prige S ebier B TSPt /b apier reason
&dfl e BRbYRARWH Shudfy &l tc&xﬁ%% h MRl 288 vitSiofll LY&M ultrasound

The RF current flows accord
very strongly. Therefore, if cav1tat10ns are created close to the applicator, that is

between the focal region and the ultrasound radiating transducer (for example at the
skin), then most of the ultrasound energy will be dissipated there and will not reach the
target tissue in the focal volume. To prevent this from occurring, the focusing must be
sufficient to assure an intensity above the minimum value for cavitation at the focal
volume, while the intensity at other tissues between the transducer and focal volume

must be below the threshold for cavitation.
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to Ghm s |aw through the conducting tissues,
generating heat, which can affect the tissue. The

woanmdwesdsi ty of the skin layers is an order oPCT/1L2007/000211

magni tude | arger than that of fat tissue. Typical skin
conductivity is about 0.4S/m and that of adi pose
tissue is about 0.04S/ m at RP-frequenci es between

| OOkHz and 10MHz (S. Gabriel, R'W Lau, and C

Gabri efeq; Fly §1itr%[§91%ch Bc{n(a 1111%1 olvx afg %9 ?a%%th gu%pﬁ) lFthéOl % %f RF (Radio

Ther ef ore nost rrent
Iﬁyepm&,cy)/\kenalgyl Saug(aﬁﬁctf bl’)ths Kien skibeatdme0b&uarfedlis layers. US Patent

J; ﬁ)a renmoval and skin rejuvenati on. However,
eg E §REY drsrlosssethe amphicaticaapfriBht cwsrex Her @leeﬁaatment US Patent
adb, Q??ﬂ S8 BESribSn a@ﬁvﬁ‘iﬁn mﬂdﬁn@e?l% a%Stf'urﬁqlbf ghe S ﬁnééﬁ %lhundexlymn

appl 'cation of neg e pressure
oa‘ubtlhtene;)m nayes @r tdlaemertshftsusseeg layorspMbE mkde enedly Blirdehie RF. A bi-

ki l.yi.ng RF_ener
SRR K o oA Aot ARSI Raat %e61§8%§§@n@,prefen~ed over

tgpRat RF bﬁh&?ﬁf‘uﬁ ?81&8'1_2139&%%1&50%18@ tihgo)} §H %@#ﬁ?{llf&?gchtapu?els in the

ski n than th rough the subcut aneous
nmde, mdlemecfgl}e usweghd denegk. i nt o subcut aneous | ayers

th t h th t b d usS
pat entb o888y G APt 6 BOTEREwehi® Feutaas gmdepppplied to
cld Eldhlb%%eﬁu’l% an alf¥esnbiER \f%ltg%_éhé'%@ﬁgﬁl the @%‘rent-ﬁ%@vs according

Journal of Cosnmetic and Laser erapy. 200
ge-Qan’s g Fhlplllghethesc@lduﬂml@tlliweﬂagﬁﬂﬁsﬁhgdleb’g( which can affect the

o BB o Rl B B Yy e e it et T of f

ftisbﬂiwuﬁ’pmtsﬁ@ cobld@ctskiynisi 45086 0l4&7ht ahdl ﬁlaPBPESEEeJBéeOBS"’SIue is about
to t he subcut aneous fat pr ob)lﬂgt ed into

dk04w/. at s fregieneige beiiegind 09iHz And 40y Se Glabrldc RuWL Belu, and C.

copufl g, NP 0 41 08, B3, Z2toPi B Fhioiefe it e coment

]fﬁﬁvsnﬂmmughaﬂiem ldsiesss wehiol i0 @s&e fpesigh arcaBeéME efdr teR8mple, hair
Ie and cell nenbrane, is cytoplasm

I pid va
Q‘S‘P}S%llapé Hereiparatioss Homeves, fios|less i @elﬁrfpytraa‘ffr@w of the deeper
oL ELs and it is notuniformaround the |ipid
vacuol e’ It can be in the range frombelow 1 nmin one
r egi olJSPatehidNedl,662:00d Qscﬁomthempphbaifonrcﬁglbga’tﬁfe pt&gure (vacuum)

:{gcrggcoplfc g K.Sl Ca!ﬁlilfg pertl es Qtf E ti ssue,
SHORSTY® SKE §9 "6 PR ProtEY Sd’b‘ﬁio theenurpyingding skin, and
I'Sﬁ bI§TgaRF @herghQo |th@b1@tr\ﬁ§6ﬁ%e?ele¥%&é'§ @ Vﬁ H‘{ﬁ:@%t}@fﬁses%{e, the path

e tissue volunme in mature fat cel
detvesnt e JRF telastipded isnlangduetong rthofsktrh dlaﬁlaﬂlrm@jnethﬁ sibeutaneous

pert| of t id,vacuole fluid

PRE GRersBiel Bl REPerdy B850 PRSP uenS 4™ than hrough
dlensiiifh. YA @bnagirpiab systdns bR di ch BRQ4kent @@@thats hedw i@ ticient for
of other body tissues, According to "Physical

peapent peeelbilites Gldiér S. By SEERNE BLIXABWIER, L. AcAl i The Journal of
Cosmetic and Laser Therapy. 2005; 7: 81-85). Cellulite is clinically manifested by

irregular skin contours or dimpling of the skin. It is caused by excess adipose tissue
retention within fibrous septae. The skin irregularity is proportional to the subcutaneous
fat projected into the upper dermis.

Most of the volume of an adipocyte is occupied by a fat fluid drop, known as a
lipid vacuole. The typical diameter of the cell is 50-100 pm. It tends to 100 pm in
adipose tissue of obese people. Between the lipid vacuole and cell membrane, is

cytoplasm. Typically the width of the cytoplasm is only a few micrometers and it is not
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Press Ltd., 1990, p.13 8, the density of adi pose
tissue is 916Kg/ nB, while that of body fluids and soft

woizewwe3ms e above 1000Kg/ nB (i.e. above the dererTmy2007/000211

water). The derm s density is about | | OOKg/ nB while
that of nuscles is 1040Kg/ nB. The cytopl asm and
intercellular fluid are aqueoug-sol utions so that
their density is expected to be simlar to that of

oS0 o PRERIRE" iRy Tt it g w45 gL TR 9 one region
Lﬁ%ﬁ@ééﬁ&uﬁﬁo@@ﬁHP&ﬁeﬂk3§H§ conpared to 1530 nisec
for skin, at normal body tenperature. Moreover, on

page SBllmmatﬂweCODmﬂ:kllysetfaé perpedies tofiedglospesak, thass $agind and sound

vel.o er at ur. for f [

O, bRt BRANS ot b Foigiset S otyich ogsupies most of the

Fegsué ablum@aH RehtvR | fACdY Wia! ﬁ@stl%scé’l\!sttb b'e rﬂfeﬁl%@ v\}n rﬂ%iuctlon of the fat

tenperature, dropping to 1400 nfsec at

tlazer. e peyserel puogersien @f thgdigyd Ydcuplddluid mh\m almost identical to those
at ur ut 520 .m 400C for wat

TPRTEhE, Tre PRt ihe R PR e fRer bt hhher boay

ftadsuesA Rasdréingnd e‘iPh?ilczllllﬁ“ol%rﬁé‘d 6l € BIBPELEBSA Obuck, Academic

cells_ at the n1croscop|c | evel can be found in Herve

| Rrasolidt,, 1 98AyR 13 Rethe deatity, ofgplipgsg 4igane( 1§9§5§<g/1ﬂiheNfubl that of body
R, 08P LSOOk SN O 0 10 e i

afypkitye &t atamt of O(H‘f]o/ﬁﬁsi‘cvﬂﬁlb ¢hat ioglnthisalek AS 3 OM’I@ /ﬁﬁ' The E¥@plasm and
chargln? f.the cell nepbrane under_ the app %lcatlon 0
ar

eRteEriyler duit e iaguequsisalieneiatiasthgirsiepgssis grpediedsie be similar to
%&PB%‘@& b¥d e;ﬁhﬂ R%p ?t do Pssﬂ]@i GR HeRpNds.02rhs,- 1040 K g/m3. The

el astic properties o e ce and ‘whi cA~ at incr

i vef ety dfysomadl 1s apowir 194310[‘15§seceh| ad[mm%) tane, cam}ph&ﬁdﬁﬂriao m/sec for

k own as ﬁﬁb' oration SUMVARY OF TH% | NVENTI ON
TH™ f GOEREL PoRveRETTSHE bﬁeow%ﬁ%"eﬁe‘?lh Bas° SnPTdppdrusk stgence, the

fWpet dtend sRAl %H)‘bﬂ?fveﬁqé féﬁ&)%re{tlﬁr@tcﬁrxle' BP B is C%?mﬂét%g/ different from

herein, the term reat nent of adi pose tissu
i thell afchdzer dodi flyrdse Boufag soursd f’GiDCIUe@Crfwsts with 1mmreh$mgn‘gmpel ature,

updfe 16 °|E%¢%ﬂ4/s’%§“?é@gﬁ DR R e b sty Bpids rises with
.atglgg%tglul(r)ﬁ a;nﬁ gs‘i 5%)2@&5@(?‘&#8-@ eat%p@r@r U$s a@ﬁ h'iJh%r r body fluids and

i nv east one ultrasound trans
cofiftisgues ethdr thanefaiappl i ed to a skin surface and to

radiat uItra ound energy through the skin into the
subc ut hasig modgh ofdhecler ’§Etlep1 qu{gquftqﬁ:ga at ihe miggoscopic level can be

Imwﬂﬂ DBrJeNGhHBS T BHRCRENY. @HighOS 844 g@@? tfHeO&@&é&%mne is a

skin layer into the subcutaneous’ gdlpo ssue
awbodicatent]l whdudier dnivibatefon bﬁ@Vbasssdnmqibmsaa loex¥ capacitor upon the

finding t r r adj, ent | tr.aso

agioaddn of 3n BRER 18 LRBNRERT. Dhe et el adrane under
G h}ﬁ)h(}ﬂéﬁ"@ﬂé}(t%&l@l@&ﬂ& Gie %é?x@fﬁb@ Ddtrdds BAHESCHERbranes, yielding
t heory, Is believed that the treatnment or

strain Wthh depends on the elastic properties of the cell, and which at increased

intensity can rupture the cell membrane, a phenomena known as “electroporation”.

SUMMARY OF THE INVENTION

The present invention provides methods and apparatuses for the treatment of
adipose (fat) tissue. As used herein, the term "treatment of adipose tissue" includes such
procedures as fat destruction, inducing fat necrosis, inducing fat apoptosis, fat

redistribution, adipocyte (fat cell) size reduction, and cellulite treatment.



15

20

25

destruction of adi pose tissue cells by pressure
gradi ents generated by ultrasound energy is due to

wdi2bd7@vseses bet ween the nass density of the | poraLBANT000211

that of the other constituents of the adi pocytes. As
expl ai ned bel ow, a pressure gradient in adipose tissue
capabl e of treating or destroyVng the adi pose tissue
cells may be generated using a noderately focused

ul t r astiengparangeduserhe IRe@NHt ?ﬁquo%ngoggsqe&ge gftlgta&g}gls fransducer

invgntion, skin and a region of the underlyin

teukgEea fe bpaarliadotopr giin gudacsiendfto onditt el saso U BEHr&@ through the
D S e O e B T ibpdt i horinmyion include
S;ﬁzg?g‘fﬂlzcifi gﬁﬁﬁ;@{ﬁg@tﬁ ﬁlile@ikli(l?%@%ﬂe’ig?gtrl]l@ Sé‘&%%&lhégﬁqaadmo 5 fissue.

mani pdt4t FBROGMenh el dha mvertitrors. barhé vappar adwiSinding thas pressure
PR A SV R

SVithaurvdsligg skba boegl bya padicane toryTaf & Béllig{/&ﬁﬁ?{]ﬁile treatment or
tdr gnsducers which radiate ultr asoun_d energy prefer abl y
destricfign of) adippsstisshe colls I%Yé?re%ﬁtq gredicaisigonkraedtbyofliradoand energy

iueatth Aliffetthds2B0URE, 8RS adéglsﬁ%:.ﬁi qg%gé}cg{agg thet of the other

directed into the adipose tissue. .
eonstituespsedtthofdipbeytésn herkplaimet belowd @%r@@m%lfg%di&ﬁthlq 'édig ose tissue
ea

havi ng | east aone pair of RF el ectrodes and at
5 eaIbEGI 9‘?%&%%0& 38%5“3&&’&11.6 AfiRoss tessen celln vt beogenerated using a

Plodviagies fovRLA0dEa #dd dRRGRALUs for treatment of
adi pocytes. One aspect of the invention is based upon

a newld ramhqlarg elgbg?iin}gn’ia ek :;heeingflaﬂjnte @ki‘islt zm‘df & ltréh dio® g;’ﬁ MR underlying
Y, ea 0 selectlVv reatnent o € adl pose
fg(lﬂgé % et1s§12{' pIg th O AP UGGt %ﬁ)n% thesauegndiae singgurface. Ultrasound

peergy dutieh dikRedyto bdipbse BELEENS e ctive
reat nent of adipose??issue pelIge%gﬁgpggguﬁgg%”Oﬁu$on1nay1”
RAlRt exageniertat arplBipe ainegatbeumesseravgyuing tolte dkon region or by

' . en.the ss densi of :the |ipid an
S e AL A PO RS0r Sol 5 PR S f e
ovemrtasoncldd ey Pplicsothdapeddedr Eﬁsﬁhﬂg&ﬁki&@gjion tfoﬁié(r)]téltl e above the

fregﬁﬁnci s of | ess than about 1 t he “wave
GFOHATNG| PR STEEIN \BY e0lSs oibmgte lBasonpd rtrslsdicarsgerhich radiate

tihadduhe eﬁ&g%, ?ﬁéféragqug{rgstjlggl%{mminch are 50-100nm For a

pl ane acoustic wave propagating through the tissue

Inaxst rapophee ssuhodimens! oft theeinPertion, ailvedsbadd Eﬁ@r?&' GRAYRW energy are
ﬁ%gte ve . ec&or k-.ZS%/ I, ,where | is the wavel'ength, the

BIeEE it éf R 1tp)33q 5 By( ;I hf:)apgqrﬁglﬁ of mlwspeckgﬁ theipvention includes
aNegiRichtoN haVing CASIehN  ork NGaiMBY KRB K08 G20 be
oLl oor Aaying @ Tendt o sqgaquati S eoffback and% KA} oMe wltrasound
transducer.

The present invention provides methods and apparatus for treatment of
adipocytes. One aspect of the invention is based upon a new finding that pressure
gradients of ultrasound energy can lead to selective treatment of the adipose tissue cells.
Without wishing to be bound by a particular theory, it is believed that the selective
treatment of adipose tissue cells by pressure gradients generated by ultrasound energy is
due to differences between the mass density of the lipid and that of the other
constituents of the adipocytes.

When ultrasound energy is directed to a fat cell, for frequencies of less than

about 1 MHz, the wavelength of the ultrasound wave is about 1.5 mm, much larger than
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dv + (v . V)v = - Vp] dt P (2) Wiere v is the velocity
vector, and p is the mass density of the fluid. For

wenmi7ioossmB oci ti es (conmpared to the sound vel ocPCY/IL)007/000211

the term (vV)v can be neglected and the velocity is
proportional to the pressure gradient. For the plane

wave of equation 1, since the-®®tion is only in the
x-direction: dv 1 dp Pmaxk - = -f- =- - cos(wm-kx) (3)

dite fatcbellplifResived, GBIl ateS30- t¥oa Sidhe o8 PW And. :
the I ocal displacement e Kéeoi%nll'u?%r ???E[B‘?hﬁcgu%lﬁ Y# propagating
flgongh theftissuahplianerestoumtplimie ARV eangand fik§iersY N wave vector
ggﬁ__ge vv:g%@d ﬁPmac is the pressure gradient. Let P1,
e -fHe % tfhgvayelength.jhepisssuraip(4,) pi:d vacuol e and
pC the density of the cytoplasmfluid in an adi pocyte.
The respective anplitudes of the displacenents can be

cal cul at ed usi ng Lo (5): substituting the
cor respondi ng deﬁg?(#?is_ ?)Awd%{lﬁ@}(é[ f)ve movenent of (1)

t fluids is given by: Nunerical exanple : Taking
?‘%%}68 %a%)g VP 4‘118 ﬂgcf%gleﬁb‘?/fﬁa&&t 3 bepzajlcuk@f;gkgmrﬁlee,r’s equation:
pcy=1020Kg/ m 3, and taking Pmax 4MPa, w=2pf, f=250kHz,
and ¢=1400m sec, k=w/c=l 122nr', the result is DU=0.2
nm The physi caDweanj-ng_i s—t hat tlhe cytopl asm fl ui d,
which is a"m nwhr&"(ﬁiybivin +he—adipose ti ssue,
osci | | ates undeO#t hese conditionsonith respect to the (2)
"majority" fluid, the lipid vacuole, with an anplitude
of 0.2 mm The pressure of Pmax- 4MPa corresponds to
{Wﬁ@r%\mie VElowitrwerson gndop ispe fﬁﬁESP %@Wﬁ)ﬁg}&&ﬂ?ﬂyﬁiﬁgnﬁnd

.pe ressure gradi ent, o max =4. a/ m
1B B R PR Ui CSTotio e Srai i)Y raschetaslctddound the
®s1adig 9fpreRl [ [-OBS, ;. l-he asmc layer in_ |
t he gypl i S ocyt é%ﬂaﬁg)sﬂ{g gfér%ﬁgg o lzasd ée];g'f Fg%t\ﬁ/lv8 ﬁ]lagﬁ SYEP gfgc’luagpn 1, since
ihe meotioags only inthe hdireslon: even bel ow 1 nm More
specifically, there are regions of the cell where over
a length of 5-30 nmlt@ﬁ wiplt hy of the cytoplasm changes

= _za = —“,"%cos(a)t ~ kx)y ®)

The velocity is:

Pk .
v(x,t) = 22" gin(wt — fx) )
Yool
And the local displacement of the fluid is:
)

kP
U(x,t) = -—"%cos( wt — kx)
P -

This is the formula for a plane acoustical wave, and for such a wave a=ke and kP_ s
max

the pressure gradient.
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from bel ow one mcroneter to few mcroneters. At the

narrower regions, the fluid novenent of the cytoplasm
woodaepesl by viscosity, while at the w der regComs200Ti@0211

cytoplasmis freer to nove. Under the conditions of

this exanple, there is a difference of displacenent of

about 0.2 mmover a length of -8-10 mm which nmeans a

strain of 0.04-0.02. Since the cell nenbrane borders

t he cytap, asnhe dbasigelflthaaafr \igigal uhjected to .

t hat strg?n, mhicht?s abovgmfﬁgﬁiH?ggﬁ%ﬁ%§fg#ﬁéﬁﬁE?%ﬁ§“5Ofﬂw

rQfeRiase An'xdf(ihem g foegte. ThatespeytiveanpsisRict aF g c’ﬁ@ﬁl!&:e‘hﬁ%ts can be
pocyte fluids is

acb vgtrcsl ative rmvg};gent of adi )

SE FATY B UHEBHGN 6Y) A subsiitgpizdbsormspondisg dsisttieswi | |
cause sone of the kinetic energy to be converted into
heat. Since the cytoplasmis a mnority fluid in the

fat tissue and since the lipid vacuole fluid has poor
heat conductance, the generated heat will selectively
rai se th%gienperature of th ytopl asm and of the cel
meppr ane bDaraderi ng ityrand mMaymdead to cell necrosis

or “abhoptgsi s,2 directlyYcpy the Tocal tenperature rise

at the #¥ane, or by |oweHp@ its strength at the

F non- pl , kP [
ST B RGN P e B ReBhre goneral

pressure gradient, VP, in accordance with Euler's
equation. It is known to use focusing of the
Alemras nd energy KB gefierhte very |high power
stties T 9yf——eca1——2v1jlunce.~—+t——hel ps in tw ways:

first, it facilitat@®@s p o@.)ctigp of| hi gh po

densities by an ul trasound ‘t ransduéer, and, second, it
generates geonetrical selectivity for the desired

effect at the focal volunme. However it should be noted
Nudlerib@cahB®: especially strong focusing, enhances

the peak pressure substantially nore than the pressure

tgr adi @aking Agpiaall Validsi g texadTpb&riesd p? poeskeals o =1020K g/m3, and

ransducer will generate at 1ts center a very Rig

[eite Dr.es4MPe, benz r250hiRs sttt &=19I088 R0} k=@/c=1122m"!, the result is
mani festation of the fact that at the center the fluid
PSRt Lo Fhn@hysies hemnig isgthatathe gtopsar fbidd which is a “minority”

e - f pl . Th
ARCLERY XaBPrd (B8 PBlelasthde: Rt bomoedh raspcct to e
1hgeas " Aluid, RBe BbRNGMRYERitARE b PFiRide 03 h{){ﬁ ;[?11:8 I?pg(gsg{h‘rgg)f Pro=

pressure at. the focus 1s a scalar sum®©

“vipk comespendsHowby eswert By BERES O 201720k .?MW/n?l@g 5‘&/?01112 and to a
di %I acenment._which is proportional to that gradien
Qaﬁg ESSPEE seadiggiaf KBy, —at@Pa/ect ors, therefore their

vectof sumred. anplitude is always smaller than the sum
of t W&&HH%@@?C‘W@%Q@MW dal yignifitort &t thengeale of cellular

' L ng. i ation. ' t th
S e S

mietunstery, dthiemeaegions stitieaklltchen BEIBSSULE,. URLisE @ef'l?r
of. the fluid displacenment. Therefore, ﬁaccor disﬁg ftiol htehere e

IPHORNeS BA coll pvhete prasradengtl of 6-10 mintthe nddthatusé B@oplasm changes

from below one micr i " . .
micrometer to few micrometers. At the narrower regions, the fluid

movement of the cytoplasm is damped by viscosity, while at the wider regions the
cytoplasm is freer to move. Under the conditions of this example, there is a difference
of displacement of about 0.2 um over a length of 5-10 pm, which means a strain of
0.04-0.02. Since the cell membrane borders the cytoplasm, the cell membrane is also

subjected to that strain, which is above the threshold for membrane rupture.
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in order to enhance the pressure gradient at the
expense of the pressure anplitude at the focus, so

wohat7/00kw8 sel ecti ve effects on the fat cell w PCTEE2007/000211

obt ai ned wi thout the undesired effects associated wth

hi gh pressure, such as cavitations. Thus, in its first
aspect, the present invention drovi des a method for

treatment of adi pose tissue in a region of _

subcut anenes cfett PASE ndaly S5 8ss6SARAT SR IhAih &% tdive movement of
appl ying at |east one source of ultrasound energy to a
siippegter fede it slagine heatimgaofphesgoplesyr ki eistositp willeause some of

20 ke BB R S el ARG, e <hilplong s o inority fuid in

dihé fartizsie ARiNGhdd @8 liptdeactiBleahiiy BadBYR TR cdfﬁ@ﬁ%tg&fe, the generated
sufficient intens.it%l to cause a treatnment of the fat

ciept will pelegtivelys gin eégrpé@rﬁur@ hé th:emzsémlgmm apd of illeselAmembrane
REAQH o iPhnk Bﬁgtlgfd% &l n%grlgglg %ﬁﬁé(}pﬁﬁ%ﬁusg :dirggt%ﬁc %?ﬁﬁle Ecgcag{emperature

subcut anéous adi pose tIssu | ! _
prisptat thel rogmbrins kor by dowleriiioiey 4tih B R HLISRd ©SWEratyre.
containing the region; _and b. radiating ultrasoun
ener g)}‘n qr ﬁtné’ntﬂi@ler‘é@‘fe@ KP i Al FEuationi7rriusi Sp aenlacedivy the more general
i nvention_proyjdes a thod for treatnent of fat '
tHTSEHE grﬁdlgn r &gp HhaC&Pgdrgaﬁﬁ: vithrfedus eappesdt isikgwwe to use focusing

Wy Tak adi.at I nd_enerqy..i nt.o the
TR\ inend: 80 RN SOt B volume, T
thebpsr aygiten. whys: aiivst, hier facilitditéss pasIpELdS oft lieh i g4t d@Rities by an
provi des  an gara us for .treatnment of adi pose tissue

rghsddp

RN RY s BBGLIPEPED IS e TS e omeirient selsppritysionghe desired
afffebeashe 81 SOMARE HBlvevdd i{g@ﬁ&ﬂ'ﬂ ‘Bg %g%dQXat%gaéi%u reggecga?ly strong

di rect ultrasound energy throug n-surrace’t
desisingt entanpesabs peak pressdiesvbstantidllyenoeghanthe gadsture gradient. As a

i ' | at i ement bet ween
ARk (R BRRe e Phefd Tl e o Repeinie B rilituc WPphhich peak

pudshine ibadierb PERRGE loyadicht CAMARILSFERM T8 Me ALt thiSt it center the fluid
cells. In another of its aspect, the inventlon

p¥ BY we¥ingnThe fequaingsmay be tdescathed mhysitaladapasepdrpssitien of plane

' ' f neous_adi pose, t.i ssue conpri Si ng:
g{bvgs.g@g:: g essg%en %ﬁgﬁ?&e&a & ]S%”t?% gncg p‘b%h.reugch% tIEﬁnB]éz},gp% o? the plane
andedimdeitdbpica thetfoas thet hresue: SONE FAIsNY atlLEaF 8Gh YPiihe pressure

and b. at |east one ultrasound energy source o _
EBRIUGES- P W oF. 4B BicEswit eradicatsad dhredigylapament héch is proportional

kS qhA ggrahi@ms g‘%}l g 209t B aﬁ%gl?)i gr? %%Fo%g,t tsh’eretf&% ‘éhgi\f e@etcltoornsummed
provi des an paratus tTor eat nen
amplitude is always smaller than the sum of the magnitudes. More specifically, for
strong focusing, the ultrasound radiation arrives at the focus from directions with large
angular deviations, reducing the vector sum of the pressure gradient and of the fluid
displacement. Therefore, according to the invention, it is preferred to limit the focusing
in order to enhance the pressure gradient at the expense of the pressure amplitude at the
focus, so that the selective effects on the fat cell will be obtained without the undesired
effects associated with high pressure, such as cavitations.

Thus, in its first aspect, the present invention provides a method for treatment of
adipose tissue in a region of subcutaneous adipose tissue comprising directing applying

at least one source of ultrasound energy to a skin surface to generate a pressure gradient

in the region, said pressure gradient generating relative movement between fat cells
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of fat tissue in a region of subcutaneous adi pose
tissue conprising: a. An ultrasound energy source

woani7iogsaed to direct ultrasound energy througRC®IEHDTI000211

surface into a region of subcutaneous adi pose tissue;
and b. At least two el ectrodes driven by an RF power
source configures to generate RF field inside said

regi on of adi pose tissue. In another of its aspects,

tdoastitnerenthaang pifferérd elendtiggetieqd afios nIoKf@lﬁ&mﬂtfin%fsufﬁcient intensity
adi pose tissue in a region of subcutaneous adi pose ’
ttP§g‘ﬁ?§ adERpRe oA gresfat ?f‘g]ﬁm' ng a protrusion of skin and

under lyyi; ' [ ) tai ni t he, reqi on; b. )
rad: attna PR Ay RN BoMoRR ot foroipgiont of adipose
geser iata mgioant Rebcetaebus aiifdsekissueRehPeisibe adi pose

tissue. In s%i || another of its aspects, the invention

provi des®an QppHigat BEUugontof shinmdt unsierl vtk pdipest tissmecontaining
in a region @f rggqg&%gneous adi pose tissue conpri sing:

a. a device configured to forma protrusion of skin

and undeb. yimdiatidg pssotridssierydenttakt Righth. t he regi on;

b. at Ie[aﬁt. ne #Itlrasound energy source configured to

radi a2 P]fcg BEid e RYGOR RiYideh e mebedfer tigaltnast ofifat tissue in a

lreash of Whchtan &8 alilRdesssand & driver configured to
produce an RF el ectpr%i c ?Si el %ﬁplﬁgg‘ﬂe t he protrusion.

BRI EF DESCRrHENDRFOTHE e DRAVNGEd regdhdaid t 0

understand the inventio nd.to.se ow it may be

carri eda%ut"e?er’wrat&ca%l} M? é’?ecﬁicefﬁf‘ég P e_é?rfb%icﬁ’e nts will

now bén dﬁﬁtﬁéﬂ @EHS a@éc’ﬂ@ﬂle‘)fnv@&[bnl bﬂ@vfd'e? ,gll %@%ﬁ%sﬁg?g%gunent of

with reference to the acconpanying draw n
p;h@pselt@%%a fqgeon §ff pARCEAggoas 'adipbseatissud tomapasingl at least one source

‘ r r mpat i, on of essure gradients;
b SRRSHER, cRAY, SE S RO Mioel] 36 Tubtgogerin durface to
perssate d preauroaRiaR i thé rednen, eRP AidIBnt g%ditt:d?ﬁ%engrnating relative

inventioH; Fig. 3 shows an aépliqa or, inclu
DoV PRERy R WerA s sl consiiugss having eligrente teusitidsi guithl sufficient

intensity to cause treatment of the fat cells.
In another of its aspect, the invention provides an apparatus for treatment of
adipose tissue in a region of subcutaneous adipose tissue comprising:
a. a device configured to form a protrusion of skin and
underlying adipose tissue containing the region; and
b. at least one ultrasound energy source configured to radiate
ultrasound energy into the region.
In still another of its aspects, the invention provides an apparatus for treatment
of fat tissue in a region of subcutaneous adipose tissue comprising:
a. An ultrasound energy source configured to direct
ultrasound energy through a skin surface into a region of
subcutaneous adipose tissue; and
b. At least two electrodes driven by an RF power source
configures to generate RF field inside said region of
adipose tissue.
In another of its aspects, the invention provides a method for treatment of

adipose tissue in a region of subcutaneous adipose tissue comprising:
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Fi gs. 4a and 4b show pressure distribution contours
generated by a flat, uniform phase ultrasound

wonrenTadsoer ; Fig. 5 shows an applicator confi geCcearL1007/000211

radi ate ul trasound energy into a body protrusion
created by negative pressure; Fig. 6 shows the
applicator of Fig. 5 provided Mith a degree of freedom
for the ultrasound transducer to rotate and adapt to
the prot pusfooningfi greirudlen afiskid bnd bawrigheaRRdse &5QE
configured to, radiate ultrasound energy into a body
prot r usi on CPELBY 15 C&98hani cal mani pul ati on of the
skin; Fig. 8dishes AL thd RSt 4ding at | east
one ul trasound tr alr@g?}ggfgngﬁ 12{0 tiléegég‘iolﬁaalg(gi r of RF

el ect r odés;FEngrating shBhiz:lenriafpldiinddothe iafpbusiifge at

| east 18%811“'1}{1‘350?‘}‘1 trapsguc.er and at |east a pair of
RF el ectrode€ ' CoRt {yarREGS 5'°pPURAUGE npvidefdatpeneadieufid treatment
efedigysd fdsQe 04 ROFE dfisBBAL HUSIORGLRaLed by
rrech%ni cal mani pul ati on o?altﬁh)g@%ﬁ)%fe tlté%e.&%%gfﬁo\/\s an
appl i cat &r 3 Aevicrliongligured dasformne mbtrudeowlckin and

transducer I t . pair aof. RF el ectrodes,

confi gur ed L@ggplﬁ I&%Fglggﬁﬁlsgﬁ%c‘?ﬂt??%cﬁ%@g@ﬁér gy into
the adi ppset tehstsue Arasdufd ek sssiRNcLISRL tive
pressure (v?cuurr)' and Fig. 1%Sshovvs Oscﬁ%%%??éﬁ%% an

al ternati véltéeiSP‘é}?Fb%‘??é%M ingf the egipwran®F el ect r odes with

respect. to r r.ansdu ... DETALLED

Dot Pt ot R o8 Aok 308 SR Sty e hatiprotion o
Accor di ng tpooduny emRiFarectiageld igidd e pahasen.

consi derations, an apparatus for selective destruction

of fat cells will include an ultrasound transducer,

BRIEF DESCRIPTION Mg‘;ﬂgi%%ﬁgéy@égfi ng to Fig.l, an

ul trasound transduc ocal point 22. The
vi ew &ngtdsr do ofdedsand ribe sdeaton ead)es séd e tib ﬁlafyolfeal:ellrried out in

[ correl ates, w.th the.focusing in a very génera
&1%&&&11.%6%5%68 e?lnla(\g\cﬁ;llﬁagnisayvélérnqvh ef gésd:glibp@_ byheay of non-limiting
ettmmi] RthaBMrde (PR Al kiRl ih R fpcus

B | CARIIR R thaBfdr _ sd%wng%?l:y é,cgg\érm%g, 1%1»\%1%11.

generated by waves comng fr €s0
t r ansHigeel shavs tthe \dew orngein of auecitmsodda tansiect 8l vector

%@P%%&{ngpﬁﬁsﬁ%grgéie%& The nagni tude of the vector 25

e vector 24a nulti plied by

2c0s (Big2} shasSaTpguRdaror Se®@HE of K1i2dR ks O A5 .
is.factor is 1, conpared to a ?actlééggo%‘ss Zqulg?c%]ré%ce with one

t :
<e dé’@ne’%%%inéiﬁﬁéﬁmt he pressure at the same point.
That %g 3%{’:“& %?%P?ﬁ&&e, tiﬁ&ﬁaﬁg;ailu{;@ragé@ intg?ﬁgdggér tfcl;]reuse in the

f ocusi en e pr ;
system of Fig. 1;

Figs. 4a and 4b show pressure distribution contours generated by a flat, uniform
phase ultrasound transducer;

Fig. 5 shows an applicator configured to radiate ultrasound energy into a body
protrusion created by negative pressure;

Fig. 6 shows the applicator of Fig. 5 provided with a degree of freedom for the
ultrasound transducer to rotate and adapt to the protrusion;

Figs. 7a and 7b show an applicator configured to radiate ultrasound energy into
a body protrusion created by mechanical manipulation of the skin;

Fig. 8 shows an applicator, including at least one ultrasound transducer and at

least a pair of RF electrodes;
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Therefore, to obtain the selective fat reduction
according to the invention, the angle a is |imted.

wonef@osms val ues are a<120 , nore preferred ar@D/IL2007/000211

According to the invention, based on equation 7, for
sel ective destruction of fat cells it is preferred to
radi ate the ultrasound at | owlBrequencies, preferably
| oner than | MHz, nore preferred bel ow 30CkHz. The

nuner ikigl 9 exanphe apghiower denbustd at Rkt thatu@sodrPEBsducer and at
geak pr essg{gF gradient of 4.5GPa/mis expected to
Ha

Bk &t e FEGEOfast condigued opravistte REt @ oltasiung energy into

talRs€ . ensity of abput .

T e e a Bl SRRy L B R R Rliof g1 st

cavi t dfig.ot) shatiscin dppliprtef endidivg av Rasgathcateodhd dalQucer and at

the, i nventfit@n. Pulqs(%g operation I s anot her way

Y ARSI Elemedesetifighreddp reptidn &fnegnd herasmind shings into the

affB6d Bssb af Perobiti I, ragtion. . Short

pulpges Sv?n t ﬁ h?‘é’ h Iilﬁggﬁgﬁg ygyggﬁgt?‘aétperg%%%&éﬁué@nm% t he

cel : ﬁbghl‘tillaﬁh@ws dd@maﬁicﬁllbealhrlmmﬂimﬂr‘] nge@ERABIeR for RF electrodes
e t erage wer s | ow enough to prevent

%%h-lgsé?eégﬁo%%u@%ﬁ%‘g t’(ﬁ‘?‘s‘iﬁ?@@ssi ve heating of tissues.

Al so, for selectively heating of cytoplasm and cell

menbr anes by viscosity it is preferred to apply short

iy : ' ' | | Log ect is
DA eSO SRR LSO AT,
bet ween nsec and 10 nsec, nore preferred between

100 ngec gnd 1 nsec, The pul se repetition rate is

pr ef ef*§BNatoc VAR thReed, an dbe |2bayt Konsddageimesate apparatus for
BN Fve A8 YruBf onl Yrt The a wer i.s Co
prefg?abljucg%trolﬁéﬁggg‘%ggﬁﬁ%%%kggdﬁ R rsdyregeihich s
modensiely dbcushe. Reftriing tof FigllssatesiltrMbih® thh€RBSI2d has a focal
effgﬁé,qs non thermal, some increase in tenperature

Ry &SI Gnele ioh O ther ransgiiree sdgasdran tenfigesl mofnticoerelates with
I -Bref e ' at-l ng _above nornmal bod .
Rl R Ry bRl Sl b a R St Hrer WRosficusine. The

tinplapmhent tahd e ptedsur€Qridielt la€ thel F62848eERLH DY wave coming from
ccording to the invention can be obtai ned fromtﬁe

159880 Bh theethasgyeernsrthe peepr publ of, veriprddaragyl vestor 24b yielding
aRpdrixgd : - det ai | ed -bel ow e -
pul se V\Aﬂ&?ﬁ gﬁléﬁ(%u sgéj‘r/éggéeltalgﬁis 21}?16 rrngt’%%udgroé tﬁbﬁ'\éefcgﬂ_r}gflﬁnmul’hed
Selas(ed) (osureing24h & el ROBD)F& d+100P HHOBRIRRE | 'Bmpared to 2
{or C]{:lél tations at the treated tissues. As disclosed
Afops! ppieihe sigar wmmatipngxghe pressuse jat thersamptpoire Thailis dor large

/ L.tien f.requency for, generating .
4 20l RUBELRNG! R0, LLEEROK Lo SSealog. e
Tiptréfor], tcohbintth©Bdediivt fRa¥IEbh QBSARY td ﬂféeiﬂgerﬁ{&l the angle o is
tissue type and its conditions (such &s tenperatute).
limidede Penferrechenlagsene i<e201i, mora prefavéd @t9®ns condi tions

may requir.e sopge .mat chi t :
Y TELSE ing tothe 1nven%on,n§ase<? on equation 7, for selective destruction of fat

cells it is preferred to radiate the ultrasound at low frequencies, preferably lower than
IMHz, more preferred below 300kHz. The numerical example above demonstrated that
at 250kHz peak pressure gradient of 4.5GPa/m is expected to selectively damage fat'
cells. For moderate focusing this corresponds to a power flow density of about
700W/cm?, which is lower than the threshold for cavitation, which is preferably avoided

according to the invention.
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the treated site. A cavitations sensor may be included
in the systemto assist finding the m ni num

woauvi7oats9ens conditi ons. Detecti on of cavitati 8as/1can7/000211

be based on the detection of enhanced reflections at

the transmtted ul trasound freﬂuency or by the

detection of ultrasound radiatli*fon at hal f the

transmtted frequency, which is a known indication of

cavi t dﬁliﬁ)dsopeﬂa’m@ndsfaﬁleﬂenc«e]s denoginenth wel i@eédtiodstor enhanclncr the

|d vacuol ther fluids in the
CPRE e oob P G REY Gced deitCainpr Sber bl yitbinen imensit
eleavateadol emmghatid @1l hbabdhéd &80 (%ﬁe F__% ?95%&% (’IH}%H‘}S while the

(" PhyS|caI properties of tissue”
Mg@gﬁ-ﬁp@wm 1§slngetn@u0h 1(99@:\/61{5 188; se}élcgve darhige bPExcessive heating of

t city at 40 C for fat and ot her
%ﬁ@f {?’Pﬁg’? gt &hﬁ%a(%l&nd% FEOBIFY, andgsl apemiranss. byrwscosity it is

rp@afpeed tov bl@hﬁlﬂt&lS@%%E%%c@lth ¥ L
b-5. 6xl q@]%yjand b=a. 251 10 | 1svsc\5§‘ilr§?“ﬁ§1tﬁ %ffect is non-linear.

dowiat pa: ﬁ@eterfemﬁhbe i Isuh?mheeg’tb(hw‘pmessllOb;hsfec tah&no @1&5’&@ Ymore preferred
% b 30% However, high pressures are
Sg%FPéQ H5°% %ﬁhbﬁ?e%hls For exanple, a pressure of
t han e
v Ver e By PR 1 ReTs bRBHY St BB L BEE Fnginto generate a
;mwer: iy mfa]é’/fntw é 8¢ dihie\eebmpage 'ﬁb'@/eldisf ﬁllefeﬁtlgﬁ chat: d’iﬁl@ Myt power
[ i.s 1.4x over scal e_of typical ce
3%@ ed%fys gt 1‘68‘3% F%’Hﬁc\lﬁht:hﬁ) egfipg o éﬁﬁ%‘t@sa Wlélea%/ heyleasic effect is non-
nyeaE Rbmefin@baytin Qerﬁrf)éefgﬂurct é; 1?%1?/ g)g ?391%&5 QUhce tlpfed[[gesésc 1e strength of

denS|ty di ff erence ef novénent o

dheiits i referatdyveissugrhesting ebayk nehRal. bddy tamperadae ¢ekapi bhlow 44°C,
he 4 nventj o t one ultrasound

FnEn B3R KBl BE AR Lol B U 850 o e

nmén‘adlesélrubé bbafeddranahgitdbddhd fie Rl hilfRlf] r‘r@t heér energy is

métaneous fat layers to effect relative ‘nove
én thedteated) volwppat deteitadibelamd to cause fat cel

nec r o‘f"hec‘ﬁxﬂge IRARLQS 'pﬁlse’%gﬁe%rng estp%rgtspge%l nyent gcted to'be as far as

flat tra ucer haV| a ‘uni
Bessithe roirs these dptimel ﬁormadﬂditﬂin@by theoadmed hkErESAY Ql%rclosed in US

th fi f or a phased transducer array,
%tﬁ W%&ﬁg‘e’; ﬁ%n@&g’r 58 OI%BE{%PQFRJI lepgith 45d palsecepatitipn éﬂenyency for
s&RAMRY chﬁ%&l‘cf&ﬁs L8l ale i%?ﬂ) {o e aQ/\[)?c[ed eaS{re e{l}na]pgqugfﬁons for

treat nent vol ume. As e al n ove,
eavitativngh rrmv\éfrpeudt mraécssml tEEp land: dts @Bﬁdltiéﬁs FsUBT ¥ Rdrfberature).

foc S|n to enhance the ratio between the
f'ﬁeq%ﬁae g’SrﬁRﬁ%‘ ‘gi{’éu‘{ﬂa‘iaéjlé%ﬁqnﬁ SOUE gAY MaH A ETseRTagéshing to
tat tiched eild.r AReatlidH e EshsbDEhBE ﬁlcwd%asiﬁi esrarsl%ﬂ'fjto assist finding the

target). However, since according t
N RHT @ﬁlt@tmsmndlﬁgns SDﬁQﬂl(Bledf@at/ntaltB)nd aamyebisedloatthe detection

c?feér{hﬁmc H[}gﬁgcq o‘ﬁs a9 ga%sgrerﬂr%mléeéj gl%ﬁasouMadfe gq%tegc; 819 g? It}[]e detection of

uce unwa
ultrasound radiation at half the transmitted frequency, which is a known indication of

cavitations.

The differences in sound velocities between the lipid vacuole and other fluids in
the fat tissue are due to differences in compressibility. At elevated temperature, the
difference increases. (“Physical properties of tissue”, by Francis A. Duck, Academic
Press Ltd., 1990, p.85, Fig. 4.1). For example, the sound velocity at 40° C for fat and
other body fluids is 1400m/s and 1520m/s, respectively. The respective adiabatic

compressibility values are p=5.6x10-1% and B=4.2x10-10, Thus, under these conditions,
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cavitations effects while not reducing cell rupturing.
This is attributed to the fact that cavitations depend

wonod7ive3ges essur e magni t ude of the ultrasound wag®I(2woT/@0211

specifically, on the negative pressure magnitude) and

not on the pressure gradient. In another of its :

aspects, the invention providel$-a nmethod and appar at us

for delivering ultrasound energy to subcutaneous

dté puse nmars sumpreAsidr tiangtited bobiy SuaBBCS0%! HblRver, high pressures

i nvention, skin ?nd a region of the undergﬁ%ng adi pose

t%bﬁ%“%& b et 1. 5P eyade qlitresskesraltivd 03 Rerwilingtinmgte a relative
[ u G asoungd ener, [ hen directed t ..

Zloélll%héi eaia?ggsu eyWrY the pr c}f@ r uélg%né%‘/ri'éﬁ%"g%@sf i %ﬂr n‘§9 lipid  and

logtdptasme dispéaivebx il diffesncappiwdendhd ME@ALS V.8x103, which over a

pressure.(yacyum to the skin region or by mechanica

ﬁﬁfﬁF ﬁg FB&%I‘F% ﬁe@ﬁIZF keD-dRY migregictns) Tilecanpparaative mbvdneérs of about

t g Of RN ' ncludes an appl | cat or, adapt ed

oS oo L%, WORLY SR B SR B anov ement of abou

o ung(oR@r prdsfure 8gURPand one or nore ul trasound
transducers which radi ates ul trasound energy

pr ef edAbiggordanes swild queotsnesi off. Geealvemipna Ar RhstuGhA ultrasound
r.eqi ' nd under/).yi ng. adi pose t.i ssue and

R0 PEL N be dBRRH o AR PR andibeS i aratidemersy through
theosién tisoptae dlib@lkareoud he |RRNs B OEY FE1RGvSKl elﬁ%tf%gf?ey fat cell

has the advantage that the radiation is preferenti
PRt andtie cete frlaelliogwais dr apdmtesis. Hecprding toshemvention, a flat

' . ; ner is.directed into
LS PSSR BRI 0L S T e
tranwigeert witldfeed foody, or aghued twh@ReMERl WS HRAG By h € a moderate

?ensitive go g%praso nd energy, such as |ungs, "an
Yt eRd cpmie FLCHORFR bhsGaanedhigdide e fab tisfub de tevkrahlarger treatment

bbhe Ntensity ul trasound radi ati on heats the bones. A
preferred apparatus according to the invention my

| ncl ude eaplainedsbovaselmibst nbhpaonatt highsoe 8RS sMddhpplications use a
gyerLﬁgaing ir%adiated focal volunmes inside the

LV JBeL dpgise of focHiwer i sahapee Hieaglig bebweendhe manteddlamage at the
tageht alssd ahdl Qfveated & d S Led. for

rzrlg%it m zing the pr essuéflgi%r gﬁigfgnét}rgﬁétc é)g%}{égggg%g‘tveen transducer and
fapredk ilovecviensiiars adserding &t 8w priessienventioanisd Aenn®fs idk Selective

St present .i nvention . provjdes_a net hod and
L (R D T -
EveratimishetbcGOWhilé 965 radiubias deNGuptlin@SAUH e ERRNAYY f’bpﬁme fact that

I's

RF. energy to the adi pose tissue. The apparatus o
Gy pakensglepenkon g Prssens mazsitudes! tha ubippbimdayore (navre Bgecifically,

: I . el ectrodes and at | gast one
Ot 2B P By B B8 RS i sendigius
Pat enitn #pyhdrcaft itoaspktfs] 8% ERBnihS ptAERS 4 ARthod and a paratus for
mbi.natj on of hi gh frequency ul trasound energy anJ)RF
EHPIRE Plas el bnabPUANdUs adiners HssuThatecording fo this aspect

i i i . ' . th of high F
GRS I hdi@N sﬁ%}%ﬁ% A%Egiof %??feg}er{dglg}/lg% Qi?ﬁpggegtéssk}%gﬁeﬁéa%;o protrude

conductivify by heaffng o .
ofup dipse theustirreaimding dskira mat foapp | Witagbund energy is then directed to adipose

tissue in the protrusion. The protrusion may be formed, for example, by applying a
negative pressure (vacuum) to the skin region or by mechanical manipulation of the skin
region. The apparatus of this aspect of the invention includes an applicator adapted for
causing a skin region to protrude above the surrounding skin region and one or more

ultrasound transducers which radiates ultrasound energy preferably into said protrusion.
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RF to the body which will preferentially flow through
t he high conductivity path. However the situation with

wadbEoesIsi ssue i s nuch nore conpl ex, due to tReTHEYE000211

differences in the mechanical, electrical and therma
properties of the majority lipid vacuole fluid and the
mnority cytoplasm and interoeMﬂuIar.fIU|d§. The total
el ectrical conductivity inside the téssye i's corpﬁsed
f FuelieoRa et dr\i nYar@f ENa) MY adia
oy Uitttk bRy 085 W B i
t*he Liesped scest piséorolly patallel crapas bancaledto theeosgirbtruding skin
' ' . . Sipce.in mature _
PR, LS BPOR R S s el Pt e
tihgdpdor byotesioduehild grichUiest @fratdigidl én@kgﬂ/ }’saﬁﬁ‘&ﬁnﬂi?so‘mer body
of the current flows in the narrow channels of e .
HPEYS1 Haisrehiges 1he riskt ef ewyantdadaniagaitel dedphhrsly t&bﬁd@@tgghu might be
- " nd ener are known to be . o
e oy e Nl AR ARAT, TR el bt Brscpain which i
dmewgytogbe sffeaed tveheveligh tiliieAsityaMRFS00i f-e!dEHtil%fﬁ 1%%‘“@?%0%& A

i pi | es, .which occu a very snma rac
E)ngfﬂh!%cp;ag?a\é?tlﬁgoﬁﬁggr\%ﬁJ%.theVWIVPQ%%/%hn@Vel{lalgl@ ah least two ultrasound

el Wi : s_absorbed in. the

e Y e R B ol Fe P B Fa. e adipget e, The

selalive piadsasres tlof emytteiptadiminvarfeimntsaidc@hisduddrs fhddi 6o BBMrolled for
e high The fact that the cell nmenbrane borders these

P’P%PB%“}?&Q%BYGF%G SHEIYS atidlesediarations inpide thefiteaatedgissue.

very &i hesthért itsqspg&ﬁttﬁéjﬁltegaﬂ i¥fentibg gPoQJéAﬁsrgeI{{%ﬁ}gg Ghd apparatus

foll owed by cell necrosis or apoptosis. Selec e

kealtsalge libetiarous |adimdse diasueb@hachéthye doRpriessPdigdctin® Giltrasound

[ in t || fluid erties, as

el e UGRE N6 D% i phe, 576G TDhaPOVBRESOUMNS aspect of the

arvenigyn iLoRided e dgpliches BaiResi 1Edse ofid géiﬂgf ¥r tena%%réc?ets and at least

tissye, so the desired effects are enhanced wthout

Pifc P&é%‘?‘ﬁﬁl s duemigéprbtantnco-aredial WaPaget Wiptibatinght/189,129

i [ especially at the skin )
PR kBRSSP RSP et B o
sfuanaiongtreattngpss. | Thhnsstiasesh H@cmbésagalehhﬁlgsgﬁgth#f higher RF

ffect. The conbinatjon _of ultrasound energy | '
g%élﬁgtilvqysb%‘?a@ngfqr}é&eﬁ?é tsppeselamnalbyviagesed Tﬂlfﬁashmlai, !a:’lg applying
[ r T SUMalc he RF.co ductivity.,
S5 1P L e 0P LGP G pE R iy
However Hbatsitngiane duthemlipdse teld isShieh Uhére ddmet PAREto the large
ls. . these effects are concentrated mainly in the -
c?lﬁJFrr?“?eﬁylélr @‘e dregiBical, ¢ tf&élﬂ]an‘é dhgrmaj propsrécsedtt betmajerity lipid
. i t . L et i Vi S .
eteleain 6 otttk L ARG Lt s
WnfvdygyniasidadhRrisene igpompswedi fromedisas, Uh&aistdogd%t:i@ﬁy of the
. L . singe both ultrasound an ‘ _
i R R R N
i i hé call nfchrdat i . Since i .
E?S‘Sﬁ??%ﬁ“‘%%%@%@ Tre Claar PR S TRPE R, singe in mature

&5 srlls. sroshphibgurslitwlenaigfiegl vithtthe poeiyp rankstifs deid of the

lfp‘ﬁf vacuole, most of the current flows in the narrow channels of the cytoplasm and the
intercellular fluid. Thus, although both RF energy and ultrasound energy are known to
be poorly absorbed in fat tissue, most of the absorbed energy goes to the very thin layers
of fluids between the lipid vacuoles, which occupy a very small fraction of the fat tissue
volume. While on average, a relatively small amount of energy is absorbed in the

adipose tissue, the specific energy transferred to the small volumes of cytoplasm and
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exanpl e, Herve |sanbert, Supra). Sinultaneous
application of RF and ultrasound on the sane tissue

woabarrme3gs el ds a conbi ned strain. In the adi poReTIL®ST@0211

both effects concentrate at the thin cytoplasm and the
adj acent nmenbrane of the adi pocytes. That conbi nation
may reduce the intensity requili/ed from each energy
source, so that the risk of collateral damage may be

rigtretdlar Iffuida npiyeeehinad Teeadi iRt e @k ltlﬂélﬁbl%.ﬁ@%gfdepg glese fluids
théﬁ i nvention, at |east one ultrasound transducer

Fralics 48¢ cperay fvesinesat iip dkese eﬂ“édsa}’m’b’leéﬁctlm fchfeiestluctlon of the cell
; ; adi pose
ﬁg&%@ﬁf gﬁ &’\edf%}at&g dl | é&asaé Iﬁlpf)gl%sliso'g] 1V§tl]8%]él ghese fluids can

sgrachignell byg exbiting ulief dickerentben e @NENGY f?ltfé@ %Qﬂéc'ugééd above.
[ ng. formation of the proF erance

[ o%%t oord @1
S[f,hg &rengy eang; g liraspppd R@réﬁé@@@lqﬁayl Iﬁilesi'aﬁl;@lclﬁazdﬂulc:ls of the fat
RISk BQh@Hé’s/ﬁéH fe Ll tan o
the Ultrasound eegerC gs)%q §%\Hﬂ %’(?1% h%m‘s ﬁ%ar“&ﬁetf SdaX o' toltateral
clemagewhidhheight e @chdue@cslnmtheldﬁslsu@ﬁ ei@cfaﬁ? la@ilf® skin through which
trasound ner y to the protruding tissues. RF
enee?neng el ‘%B’Iefegl tg ©{REFSY | Yt gingledyphies Heraasegsto ohwain the same
effeat THQ@&nbﬂ@ﬂ Shofal1 s%'uh@ Sherd
i nj ection of current o the esrR Rﬁ:ey}gsg&q “é’%?ﬁ%?“ve in several
VY By Tlgy]gqaﬂgg off iisgiedesi n]gasmtndrlnaﬂeaiee ltheCRlFaIblnﬂudtB/nE SO that more

f
L O R P e hd g B RS o hooe sicppeth. In adipose
atllsptisest Kaﬁ‘éétﬂ@ﬂat cdifcelﬁkt@édifrﬁﬁﬁ? %s ﬂﬁdﬂl&oﬁl??xrs T I F)@Qﬁlasm so it is

celluljtes. g shows an apparatus 4°for app
s £5GeHE lﬁéf efagtiem e Ut ad @G@é thie seletivity is enhanced by the

BGEPIERGE %hg' c%Fnb?Ex%og %P %ﬂl agglgltdl f?p d%]? g 1€|frg1\gg st8 :A;?cr}easésn the strain on

app I cat or escri

tenhiadelismanbrae, simedott tlasauddnt FENSHHELSSh stThf on fat cells. The
aﬁl&HC tor is ada ted to be a%lled to the skin fnan
FHEPRH u\g@V%gqlﬁraéesr%ém@ﬁ apfthes Trﬁ?e]éﬂﬂ@blmdmsl api (hgcussed above. The

ademe$RIds FIHERFAIRE, Eunl ft%in SR l;éélﬁgtgg{}? mqiﬂléranes (see, for

connected to a contro via a

@mpl@ﬂ—l&lm IsathbemcSupde)s Sanyl civesussppliesioB-of m‘?arﬁm’lﬁésound on the
e 8 is connected to . an ultrasound driver 6. The

Saérhet ?léfueu KPRDE Ki5isap neomabiped, shiaie ingthe opdinessi tiswue ngoth effects
Sdeind hOlHel tﬁih YAbhIaYR shHNAL 'agﬁgencffménqﬁraﬁé( 3k am vﬁg@cy’ces That

control unit hds "an i nput , Such as a
Wbmaﬁonanawwgluaenthg pefratiyrrequirddnfporh each el PERLES SO the risk

&%oﬁg&%ﬁé%a%eﬁ%}%%%%@g ters of the treatnent, such

uration and intensity of the

ul t r ascLRefceRe eibollidndde oﬂth‘i@é‘sﬁn@& Jfend lﬁgeﬁg)'npgﬁgast one ulrasound
t| Siuqs*a The applicator 3 may optional cont a

AR ablpaqigptwm@t@lp@’c@j@gsmm aptdietlito mhet orotuberance. A region of

i SRR RBEE oo Pac P e s el © aerinicet dhpve the

Mohﬁtﬁn@ﬁilﬁlsmﬁdeo@”ﬁé RFn:nEﬂ‘g@f BRPbé SHIRA pioY f@oﬂ’ﬂtﬁﬁ% fhfation of
the protuberance to pre-heat the tissue. The RF energy may be applied prior to and/or at
least partially simultaneously with the ultrasound energy. When this protrusion is
created, the transducers are driven to radiate ultrasound energy into the protruding
tissues. RF energy is applied to the tissue via the at least two electrodes, which are
either conductive for direct injection of current to the skin, or insulted by a thin layer of

insulating material for capacitive coupling of energy to the tissue.
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the cable 2. Wen RF el ectrodes are included in the
applicator 3, the processor 9 may nonitor the

wehetwsoal | npedance between el ectrodes and deCemmionseho211

the tenmperature distribution in the vicinity of the

target fromthe i npedance neasurenents. The system 1

may optionally includes cooli-i§-means for cooling the

skin surface during treatnent. For exanple, the

cont r AhpplightioMBYRE @AY &l thhsdudEdlek t - ,
cool s ap}:‘hl uid such as et hanol 1%3'}@%\?)& 8%81#{8%%5%%21 8%%? %kem allows
dpimenh pbyubgutampeus eginosetissuaaad f¢lbibigest r om t he

refrigegafi uni t 1o the applicator via a first )
t ube TREChe AT %ESE%%‘FES%F%‘!%&@Y_”F% 8 f’tsﬂ%“dgbbwhsataa@m@ adipose
biasde inoadchedianed Migeoad ie@Moditidnt \Wf 3hd i&%ﬂﬂgc{&‘gg@pg&tor 3, to be

the harness 2. The control unit may also in
PE6E0RT! Bl ARt defosy. contétsaaniersy merei Hiravouod tehaibers. The applicator
: 4] NG [ ayse .a region qof the )
SRR S uBicA ol REARE ) G PHES SR st iaced undertying
Thgogu tiput &oile wenek CTligdagplicalr i3nfsesdmabcied ametor®bl LA 1 via &
g l i 02t 3{ 3 g%/&ofa vacuum hose in the cable 2, as

E%F%ﬁ ed "BetodHo! URtat dBtlHdssce RUVh Ohecca8pEbe pofvet ource 8 is
ORI 0R, ' I ¢ 3 qured to .deliver ,
ul t (as.ounda&eﬁg?g@mtdoggbge%i yﬁég Stg(glb%bli n%odﬁ%m di ppgssssor 9 for
tonitgeng had cewrabng vageneiuattivom (irBs systemITRE Mol ivdit 1 has an
the re%i on_that ru tu(gzﬁﬁsel ctively fat cells in the
P AE Feg_su%h 8h B Briiabeits amaORsratphio mppt focteqmocessor 9
Selectdd ealadanfiparnRiterd B kG L trasouynd .
tr acnsducer 3'?.6 The tr ansdtééglr@é}t’?ug%%%g}cet[g%%? ‘#%8@%"' gmatlon and
gagnsty opthefudirasiyd enargraki tad dicateideo ithe ddigosbaisniess 2 to
the u n iver in the control unit 1. |In use,
t he uirbé %é@ ﬂcﬁg)r t AfS &Qgg?él%yscoﬂaﬂ%é’%@r fRPrE Rairg Rf RE electrodes in
additibraeethe Gltrbefeirafidice R thistdaas Qh@goxgﬁj su?%lgoé R&onnected to
ultrasound transmtting material, and genera a

1 RE |20 RioRdS B3t isqomnasipdyiodhe Rifceléctimdes mohe bp@R atonSiviewires in
' t.l ssue, 35, Accor di 0 one
B AR B0 e YR 0 SRR 00 Mt 9 ey

pnitérethe tedeamiosl iinpeddride bedided Déctkies ahd Ac@FAMlgMhe t@uperature
ure .at _the focal volune. Preferred val ues are :

ress
g‘?:{‘%’ﬁ?o%P ether BEwHY el dkeotareqth&orombe dmpedante Imesimeesnts. The
R t e i ntensit ich. ) .
i ara e Lo e T T T —
eabapet/ Fort oxab@GERdtagoniol enipnefyeioneth besiweent Ghast 1 kit cools a

#{?ga/ m Qﬁe{ﬁzr ably, the &{I trasound radiation is at a
i (iﬂ%h%&e ek pr wia f?W, 111&6196651115)[11@#@; ﬁeghebgq»qiwl fluid flows from
tBOKcHEerafitt 8861 PRENAEHAR R VidE ﬁ&% ﬁg%ﬁﬁ gl‘f‘e[)healfl\?\eé% 2, ang flows from

referred, preferred pulse |engt
the appligagr 3 dapls tcthe mfrigerptied eunit el shetuwbnbd B0hebes e
1 ns T ul.se repetition rate is preferably o
mat chas %Ogl?rf)ﬁ%mémag SO St PHte 18 I9bAetoudingyan interior
chhmbéb inothd Qplickie 34ihrRAG&RUH @aﬁsreaen%é’fi’&?f)f 8k kBfsurface to protrude

mbodi ments 3a may be flat with uniform
above the surround surface. The pump 18 is connected to an interior chamber of the

applicator 3 by a vacuum hose in the cable 2, as explained below.

In accordance with one aspect of the invention, the applicator 3 is configured to
deliver ultrasound energy to a region of subcutaneous adipose tissue that so as to
generate a pressure gradient in the region that ruptures selectively fat cells in the in the

region.



10

15

20

" Human skin is typically 1.5-2.5 mmthick.

phase over its radiating surface. This enbodi nent has
t he advantage of sinplicity both of the transducer and

woOheo7tw3998 ng el ectronics. A flat, uniform phaseCcT/1L2007/000211

transducer generates a pressure distribution, which
has a maxi num at a focal region, where the pressure
can reach nore than 1.5 tinmes that on the transducer
surface. Fig. 4 shows a specific exanple for a flat

transdygeg levx sthnaengl%%gelmqrﬁ%ea@pqgat rf all"hel ag)p{' Eeﬁor 3a includes at

diagrans of Fig. 4, the x-axis | ara
tlezsh sthgc ehrasmmfdatlenmhcctleﬂ h@h(i-tams&mb]s iN@bARdctddo thrbesh a cable,

tra cer surfa F |n i S he center of the
t}}ls Eag)ﬂ}é coaijai.n_gr @Fd the 1@11 tgfz giltrageand dgver 6 in the control
caliculatad ﬂ(h@rulﬂi‘ilsto'h% %HQlufc&eﬂ%ﬁﬁeﬂedotfo I‘il@%khl%ﬂfa%g%7 preferably

4(b) for 250 . The contour nbers are pressure
rivitrailtirasednd ge]aou eitter pligasound tnansmin‘rmg natsicard cenezates a focal

SHALEERs SlPe S TR P 1Rl %'?l'c%fa?é%%ﬁc&gf@swe 35
V@éc)zh Gh@&Foresh&rf ob Eh%%ﬁ%1ﬁoﬁ ont Qférstanﬂ-l@& 28 q? luﬁﬁe{? Et]o [0€imize the

ul t rasound frequency control’s the distanc rom

tragmsfipressuré goelidnd td heessmaxatmhe fackd vohingd) Pidfeged values are 0<120°,
determ nes the depth of treatnent. In Fig. 4(a), the

regfe dieToged eroPrask g‘ﬁﬁ?ﬁtﬁﬁ &gl dr@ﬂ@aﬂleaﬁtrmpnql trampducdr at an intensity

3088 2 BERI G0 BORYOA G PTIAR BT B01a 2 st

maoce mrafepedbaveen REPI/n6H BBPaBVRS d4blA tﬁ@ﬂlu%b&l%t%adlatlon isata
et ween ﬁ)16nn1and z=32mm further fromthe transducer

fiErqEencyslogice ipan MHZg mQ;(: mrefem:d ibglozy nglgizefP@ﬂseédoHemtmn of the
bet
S5 gl EgILGAEREe Rl LU AUEE BSYBRD L0 i g0 s

inSordtpréfefredibefveeh IU0NILI¥Y rﬁln@fl hRed. aFHeoﬁhléBnF ggﬁﬂé&rdr/ Irart]e is preferably

appirhedite e pylsedength te senesaie 8 potveniluiy nfikdqipddsur e are

at a t fro he ra n

sur f a?éé ggsg’é‘g{lltﬁfgls{“hcer ?U[h% gﬁj?nfhn?eé‘ e thi B ge Iafgky ith uniform

@fnasmiiver it radiatign@iriic O UBHié 6@bodifRatRRGRe %H@a?ﬁag‘ecbftslﬁﬁf)hclty both
uman ti ssues and _having a thickness of about

é’f Ffé?t tranisdpcer ppd therdrydngeleqianicst Aatlataiifomm Iﬁlﬁés@@méuwn generates
tar}ﬁe% (EEtﬁBﬁt%hs VAHBLPORS: HhSSie, g{]? fo%f(l I glgl(sf/stglF pressure can

in s ébtaine curve ransdgcer
treaghsdocethani 1.5 tanbethﬂt\ldmj e parsduee sushEOmEer 4f ined a specific

focu n be accqording to the invention.

ARG Sgg%ﬁ%tr%éa? ‘i(iél PO 7B Ted gingiee in 37 Gipgramg e Fig, 4
P Rased 1@?5@”61 W tehe Qra‘ﬁ%ﬁdcé %m%%elwhﬁgatﬁgdz 9}55 grndrﬁllal to the
the control unit 1. An exanple o ased ar

manﬁdasmmfasw §lfh@rnngm tshat ahedextnger |od dhajtmduml ]Dmnem‘smlns gh: in mm.

a c nol o wn iin the ai

it SeRBERA R bl B 0o B 0 g D) e 250 iz, The

S@ﬁtblﬁt nurfibers dre- prEdsRR%E! MQFIAi8edVR! 2 UI%QPICBQTS %&Fe&%ﬂéaﬁé& surface.
2004), 7-3 1. An apparatus based on a phased arra

S@Cﬁélﬁeeg@@ﬁpg icerrEdmialt poriters & prassurs duademts at the focal region (not
shown) are very close to the pressure contours. The choice of the ultrasound frequency
controls the distance from the transducer face to the maxima, and which thus determines
the depth of treatment. In Fig. 4(a), the region 29a of maximum pressure has an
amplitude of 1.68, and is located between z=10mm to z=20mm. For a frequency of
250kHz with the same radiating area, the maximum pressure is 1.66 and moves to a
region 29b between z=16mm and z=32mm, further from the transducer face, as shown

in Fig. 4(b). It is also preferred to select the thickness of the layer between the radiating
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and in the driving electronics. However it has the
foll ow ng advantages: a. Control of degree of

woaowrawsnys b. Control of depth and position of PEDEEL007/000211

vol une. c. Possible scanning of focal volune inside a

sel ected volune of tissue. At |east one elenent of the

array, or any additional smal420+ansducer in the

nonarray enbodi ments, may be a sensor conprising a

recty end tiabkihSot thaethet kid dhiffackne at @RSt &ff Bhimum of radiation
frequency to detect generation of cavitations I n the

DS sEWaan shby év hniesdla t-6-2h elfnnr dmirﬁmﬁetfgidiggrae;mﬁm)ﬁg, 4(a),
t . C ctivi ram har ody tssue o
oo e RS EE) ittt oF e toctpiie, B Fringe radising
senior., By heatentlhiotrabsiukerl facarwiels & NSef a8 A% havine acoustical
ul trasound properties (pulse length, ‘repetition rate
JAWC4ICE F4958 Y9 thab ofhimaR Sasuenand haringatteidkefss ef bisaut Amm, a ratio
RiTased: 4k ' - al so _enabl es positioning the .

focal vol Eatrr%tvgg\ggsﬁil fIa ?%%nlﬂ @él ard s ﬁﬁesugﬂg%?‘)% g@‘&?@?%ﬂswe and
ttheximoougessgre a thesdds & asaihdédat i ons. The enbodi ment 3a '
of the, applicator has the advantage of sinplicity,

howev ér SULEeR Eéﬂ%db‘eﬁrs%nﬁéﬂ itgngquept ‘égl} atensreipls prodngesistronger fixed
tfhat 'r{gee%ln' el nubd HagREnd I i 1| .enter deeper |nt
thesbody and “hi t gensitF&iﬂgﬁgiﬁﬁk%Uéﬁogngﬁﬁﬁ H?H%WHPMﬂ@the
drapedicedivantieds dpiasgd arrdy.seith fmiltichai@s bBakaH driver in the control
Ytr@sgund. energy were to hup bones, it mght cause

AL 40 SFulRES tah&é‘éeq Fregysuiirpsound shdemnaih e dtniled despription of
Megh Beenbise fhasdd 8e 8y RERAAL B IS oS RL I Ly hi.
erxibiI?fglof fa?%tissuégpandObagggh%%&gg%g§£%$gﬁgghepmxmby
Br-of -ridstorndolt Bomithelnbdd¥lysenticamén Sl 281 Nax hi (Fgbabry 2004), pp.
least trasaouynd tr.ansducer. to that protrusion.

TrE AL AeibL PRRY Ol RESRERES i riprs oo atebbotbyn the ranscucer
pad &l theldriv gt trontbs SOk ORE itk!ﬁgﬂq_esﬂéﬂf)@ﬁ%iadQE 1Bles! €ast
as cl ose_as possible to that optinmal angle. Vi

t hese 2c ondfittql ohdegrenal Reigege ti ssue inside the
protrysi ' .erent i gl | whil e nuch | ess
radia?ié%ﬁgﬁﬁfségaggg%gé%%?l:%%?ﬁﬁ?ﬁyﬁé. These
enbodimefussibranaien as &dalorliree haiieGadlTRai il HONS e,

and/ or, on application of negative pressure (vacuum as
det ai %2636%&%/\?16@@&_ ofghe; padg of [y éﬁ@i@dﬂ&i@mﬂgﬁtﬁn@iucehm the non-

. i 2b. Al .
app) eRBb&medts, Tllih%/ BPR éeﬁ%ggolmn%sﬁ gl}gggﬂ\gz}r P%% i o%ed4f? half the

cross-section'in"Fig. 5 an udes a

wansnngingnfrequteacy 00 deteatrbererdtion éf chveRsbnoONE Wy béBE AL, and/or
transducers, such as

ransdycer 42 ossi bly nor
RO REE Font Al TRRRS i mienrrasBpoio Srme badowdy issue
80frbim APRAtiond. Atdrmg sk i 16l vari
ge;eratedtin t he fntgr#g%(gﬁgﬁgg?%g%&%§gﬁﬁ%g§%§ﬂ?ﬁga‘mneSﬂm
wiatesueliresmsd ghopties @nlsoylengil, repetitiom ﬁmlcﬂ.ﬁltémﬁﬂ ®&0minimize
bt trel.unit, 1 that is,connected to the ..
0y 05 FRILTAL el ek N SRITEELES LD o e
lemt awhih ﬁoi’rﬁ@@ﬂﬁhﬁﬁti@ﬁ@&rﬁiﬁéﬁ‘edm the focusing to reduce cavitations.

The embodiment 3a of the applicator has the advantage of simplicity, however,

since focusing is limited, there is a risk that residual ultrasound energy will enter deeper
into the body and hit sensitive tissue such as lungs and effect unwanted damage. Also, if
this residual ultrasound energy were to hit bones, it might cause pain. To reduce these
risks, the embodiments 3b to 3g may be used. These embodiments exploit the very high
flexibility of fat tissue, and based on generating a protrusion out of the body surface and

attaching at least one ultrasound transducer to that protrusion. This transducer radiates
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ti ssue 45 including skin and subcut aneous tissue 35,
is sucked into volune 41, thus protrudi ng above the

weoeunrmaseds ng skin surface. This suction appli eBCThE2007/000211

skin surface onto the ultrasound transducers 42a and
42b. The transducers are connected through cabl es 48a
and 48b in the harness 2 to t-Hd -ultrasound driver 6 in
the control unit 1. The cables may include coaxi al

qatfeeblf ora dirtstiongathRl td ARSGUERNLS
sendj ng outgut S|g%als fTom sensor $ P&%§¥%%£Qq£f%léé%aSCkBeaS

d’ﬁﬁ?li‘ﬂ@aﬁooﬁh BPU@@IICW%}(% Yedrpeheteucomdgamsotte alipose tissue inside the
LHI ét'i@s? Jf" r L eé refer &%bahy’t Wg{lg ﬁlgts Bgé%s? 1a|§1nat1£pg 2111?\96? art %leepel body

sing

uismasﬁwsd etmlard&dmer@n%@ basel 42bmBavgiPcal 1%1951:&‘&% and/or on
.and 47b located preferably in the protrudi

ﬁBP i¢35qn 6f NegEive ATesEEe (Yacywne as defadteddslowhe ul t rasound
1 ansdces g Al ARG RS SESEIbSD 0gve TR L

enbodi neént” 3a. A uni
mavnongs«tohen imBigatiand ipaides ramoalswdﬁm@é 4EHaifs Elll taelﬁm chfmber 41,

d wi.th el ection of dinmensions an
?&E g?ﬂ?:e;ﬁﬂfrésog‘ﬁg aﬂs‘ﬁﬁ% ﬁﬁrﬁl%drﬁoéﬁhlmryonerﬁ@mel@cbtsesuch as 42b, are
asbaRAsE thé %ﬁé&@oﬁhaﬁ%@r Hi. oﬁf Had dlﬁ@ 49%%3%15@?&59 atFle \?E]Inlﬂ'?g a negative

transducer can al so be app
presswe abganentied imahe iegia@rhahbend tibyn gumpmar thE gﬁ Q{ulf 8fough port 44
thedéransd cer, 42a (and also 4

%mug%%u11W?Wlp lgcsH,ﬁ é‘bl&l?eaffqnéfy H8it delhat 185@@n¢@¢d to the interior
alpphbegadyos vasuund MBsPRESE Qhéihﬁﬁ‘béssv‘%l bH§|t6 rﬂﬁ{ néca‘%%ﬁ ptl%Sisme body

radi ation at the optimal region o e pro
HESHA 4%@Ch@ﬂftﬁ3§1@ntaﬂlésﬂlﬂé0utw0de tishe P§,0k rsuskedninto volume 41, thus

h arra i.cated, it has the
Q\l Elgl g%bg)ggﬁﬁ% 6%1“ dll&’e Flfl{} WB%H% ISWIan@Rj)I{Cﬁ ghe skin surface
aulb pihs erltkdssente trasdubés PRt S42H) TWet tpmfgalwe@%rer (%?%gclf&i through
n rd¥ going to other tissues.- 1 -
g@#ﬁe& in |theslagnesig Tprﬂamglﬂm@mi dBar 6412 Id1eacrcelt1‘olse1(iit 1. The

i,nt en Si-ty and 47b
SOILNly HERKE VELHTER TRV L RSB TR 800 410
@lﬁmengﬂaMfrorarsdnm kleedd imntha aplicdtbiatb, rexh M e}eﬂﬁe Sensors or
trasqund intensity in the overlapping vol umes or to
R eseP?fES’pToe%uP’@Cﬁﬁs%?em dhet pentteol e 1t foanmderssing by the
Hieesk@dd the transducer 42b and as well as any ot her
transducers when present) is preferably oriented in

t he i hhepitmsowivarbeyduddrs sé2at had 4obehglier fchl 9BluRfes 47a and 47b
mthe transducer is close to

adl i on
B PRI E s e el Ruripacel Bin figesa Fesue laver 35. The
Lnrray‘om&rt@ﬁ dub kb Se AfiagPt &
ultr asoundS élner gayt 8 [ r?t gr}ﬁié &)t F%sue@oggg&g?mgns}m% %vA flat,
Ynfer thess HW@@U@M@WI}%&CI ragiation $aﬂt@dw@eﬁta@1€d in Fig. 4, is applied

Vgilrtﬂeﬁfol?) Q%:t@gcglag{nlelgsf@n% %&Hg?t%q&yﬁ\gol‘%,tocorb?ﬁrtl ?natxtlrlnflm intensity inside
the adipose tissue at the protrusion. Any fixed focus transducer can also be applied with
the focal volume preferably at that region. According to a preferred embodiment, the
transducer 42a (and also 42b if included) will be a phased array as described for
applicator 3a. The phased array will either focus the radiation at the optimal region of
the protrusion, or scan the adipose tissue inside the protrusion. Although phased array is
more complicated, it has the advantages of optimal delivery of energy into the adipose

tissue at the protrusion with minimal residual energy going to other tissues.
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buil ding a transducer which radiates at an angle to
its surface. That angle can be fixed and produced by

wonewErwsaey a material with appropriate sound veCoaL1097/000211

in front of the transducer, or by a variable radiation
angl e froma phased array, controlled by unit 1. A
pressure sensor may be included- nside the interior
chanber 41. In this case, the control unit 1 may be
conf i duregr efa:nanﬂremleodlﬂmelw lat [e@&omrbdtxélfs%ﬂééw@r% SiAP&ANd 5o that
ﬁ El?thg measured pressure is wthi
BHEPEHT Qe PYRYS. lmFﬁ@t)bfzf’p%(g’a“ﬂtoﬁvﬁﬁapuljltelfasldy nigk phases of the
r@gllls N, far t Qs to the tlssue can
noni ?%ng algye%gdgﬁgl ng@t ﬂ%ﬁ b Gt Q&Y Wﬁéﬂ%{ﬂﬁ’ézeéft% higltrasound
tlﬁfanst}umeuh;‘ otvhddppilrsg Vdii}dmﬂ‘EaSltb’ hﬁ&mﬁ@@ t%pl‘é@é&@%{%d?é}?s there. The

Gyr (g g? the, transducer. Variations in power
PR 42 420G iR PR durg b aed aareelhanichestlest tansducers when

EH3EG Sis | u |
?'rﬂ angtgugep?eﬂé'%ﬁjé}y?)yeﬁgtg | i(rfllgﬂar@gm% C%ml(w% th?? that the direction of

twtsasq ek @qdythafrqm dthd Zlansdayerbis, cldser toetand b&al DElLWEE rékm surface
y between 10x20nmm t

f bl
;é%%] {h% égﬁla gﬂle ﬂl?st ﬁégygquﬁhéae@ptrqti% gk they u}j@sound energy to

tintembedi d%bg & 0BRRMSHAHWETHRO
appl.i cator 3 1n which tﬁ‘g Eﬂréa% u%&?@%g&p é%d loysp i, educed or
P a/\y@g@re@nlmmmp@tewdincmtd thag ptdfeyred aﬁeﬁi—‘dilubif €adiation by
orns to the.skin surface in
Ell&iﬁ% %[Hr-agédlhgcﬁl (V?m?cht rﬁglageﬁt% AR PR tpdts Fqubfaceg That angdeygan be fixed
amda ptddub@ds byridseitiens duaefial Wih b obMQteu%?{lﬁc?%gf&gg% in, front of the

tra sducers 42a.and 42b are nmounted on hinges

%%rp%rcl{y a,gqugpbleaqqélaapg phgle éont oplkasdd atrine comdlesd HS'yumt 1.
respegt r¥%u gaérng&? i %B"i‘ﬂ]c(iiudsezg 1{1%1&? ﬁieﬁlgl%{:rlfog:q %Eeg?gl iq?gns case,

48a an
theewntrol umt dtreapbeoubtnfifeehingese Beaiansh ad Qran!;\ﬁ@@x%'m and 42b
g’i? 3 re is created inside the interior chamb

h EFATHES PGS Fsef"‘@ihéh@eplteéetﬁil@ne@ raggs. tThE propagation of

mltlgmw Sd [ Q. charrb r 41,
&gshes trhé%gggrgu@é??ﬁ 4 géljz}% Jllg fisfigay IPH%”‘FB@ By measuring

edgsitticag smBsdanem o f b fratddusers g1as i) QJYt ﬁh@é@uhﬁo Re B vORage and
@Epnp R grgs 52a. and €2ba ainst the force of the spri ngs
05 R4 BB dransgiicer; Y &itiops b powsk insmEsenstors dhe transducer are
madifatdddy hheaynig 'tHeexRﬂﬂagél}m‘Pént Eél&n&{ (ﬂpﬁgtﬁ%ggdudé%a s

indicated in Fig. 6 by 8, creating an
Wi th ?h?eraﬁ@ﬂﬁﬁlaregpfteéch hﬁthnamnﬁﬂlmblrsum:lr@dmleanWBé doLexample,

pl with refer , the angle
}%%fwgeﬁprs g er ab 55% \é(go ClosEOHs P g ﬁl@fl Eett"%?e@om(fﬁzo@m tihe20x40mm,
depdiditg omtHes, obhs 6f tiud e Eégtré%i@édal lel to the

non- g:r éudl ng Skl n surface). In enbodi ment 3c, the
angl €% Qe qdht@ergp@@rthq grpliofitot Ben tilsciuts trahsducers 42a

hhepyr gat, i 1.8.an the S roIIabIe arameters,
aS} uch a%@t n%é‘a elo\r/e% %r@ges QSO ﬁ]&% I{eé/dcean cgldire an orientation that
Capfﬁ)llmeat the rskhl suefaan th the @r&alsiond It R ShaHdsm aft o?tF?v 6, at least one

u?t?aso Igds tr 6511158 ucaer}doé3 t 12: tw-ghueltrgslo?lgg rtrat o y

nsducers 42a and 42b are mounted on
hinges 52a and 52b respectively, and displaced towards the center by respective
springs 55a and 55b. The electrical cables 48a and, 48b are flexible, so that the
transducers are free to rotate about the hinges 52a and 52b. Negative pressure is created
inside the interior chamber 41 as explained above with reference to Fig. 5. As the tissue
is sucked into the interior chamber 41, it pushes the transducers 42a and 42b against the

force of springs 55a and 55b, thus causing them to rotate on the hinges 52a and 52b
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angle b is to 90, the | ower the amount of energy that

traverses the adi pose tissue 35 and enters ot her
woi2ewwesvIsleeper i nside the body. The ul t r asoun#8CT/1L.2007/000211

transducer (s) of enbodi ment 3c can be any of those

appl i cable to enbodi nrent 3a and 3b. \Wen a phased

array is used, the phase of eadh elenent is controlled

by an electronic driving circuit in the control unit

'v,caﬁﬁt tieafortd ef fiecahrinee! 353efass e
ct.ronic controlgof t he a#ra at a esf@gth%MA%%mlacmmncm

Asiten fhsematirsben thlﬂS%U@ﬂSdWﬁe H28 mmmmacﬂmmr 3 lﬁ%@y 58, creating
aaﬁldaﬁ%b v@tht Hw errboﬁ ﬁ g 3c of thcﬁ Ilcator 3 are

ase rrays "APENY] & EffcBdarotaH S @s@@@?%tz‘bﬁemlalmd above

G/a@lh r&rehbe thim €S Peay, g%dg gp%ﬁ a); %r ne EEPE]%OSSIble to 90° (ie.

orientation of The tran$
d@%radtftﬂmﬁomlclq@el fit bteary tpasilebao d&keﬁ16h-@>€&1@9gorsq1[mgulface) In

to tgelr nt at.i % and the control unit 1 W
TREYE ﬁ’r 591816 Ujrqpﬁ@dst Hethe d?b}i’lertiﬁ@ lodi thes ‘Clssuetsl’EElﬁhe treatment site

@ﬁ§| 54 QRe | ddat AR gzaﬁzﬁﬁe’[&ﬂs %Hﬁl tﬁﬁgﬁ%ﬁgié aplr%ﬁg]f@h apglitude, its

vacuum punpi ng I s
apgl@cattlhe ttmerend dw sprivfg coakiaalsi d‘ﬂ“th@fspltlﬁk% ?5%95&15 355 TR closer the

sﬂuceré mg e the focal point can be shif
\ﬂlg 18 ¢ {71t éo"ifﬁr th amesricrrasraychthieadess ltl@fd adlpose tissue 35
Leg @ﬁﬂe&rbthﬁgﬁg grde ﬂgp gsga%%e %&/ant age of a phased

array 1st Scan a - sel ected vol une within

t he adibp oﬂ;tmsbmsﬂnmsdmer@b etémbiligahd 3¢ GRMBERAY b E}Ebsé g;%hcame to
ggl%gg ent; y el ements. The el ectronic Scann

C s g Ph%ﬁeé riags| o msedai thériphasehed each element is
tyRt SRl Wlé@r&ﬁd‘@HVlﬁégﬂCm{ hend g(%_;tr g ﬁlg{thl]; gg ic’alt IR %8l volume

be controlled by the el&ctronics.
earhbel ammqit gasinéy g]ameleatomm caftrol D€ thy AtdyUstia0fesREd $d6idh inside the

d un? \{) ?l}f,p? i ssue is done by mechanica
Hton %‘fn BRI r $28c and HRbs ire o ¢imipediment 3¢ of the
@jﬂicdﬁ)r tﬁ@renﬁﬁged erél}%ClaHrﬁn%Yes&ﬁ%ésce{nsbé ggs%malee Wil £ egch of the

t he protrusmn is formed by negaiive pressu
biRgers %fhar&éﬁlplt@ determimeghd odemetidn aﬂtmftretﬂg&u@m)hm ahdPU2b. The

ani.ca ul ation of a skin
d up‘fag g(g:a? 1n¥ g nsth rbgeé%g?lgpeéci %CCBF{‘B&?‘ 1@&{1@,1@ ofigiyrigen, ghd the control
it I wikidl @Sa& taﬂ drramﬂﬁ:frh%* tR8 fadi P&ﬁﬁe% ﬁﬁ&‘ Eos 8€inside the fat tissue.
@@gllcator 3d i ncludes a_ base el ement m% chia %

THEE SeRle PbvasuHBIIIE (s stbesrsm ). ms{accamd ésse&@ithlahlﬂ; B&@2the time
Kbk & \%stag&g of B Ql?%etsrbq" ha %1?1n§1|u§%§,2t ’i?o 81341%9 I;q%lg;cpgqg "be shifted

303 and respectively,
BBinar few3B6s aff lﬁlcmdbste&ﬁ’[tﬁdo e dRBedBIcEHRD I Rk 30X ort t advantage

r e veI ates 307 and 308 are connected
f%‘l\gl? SEC:H AITBY 1% ﬁ@ aﬁ)g]&% @aengg gelatsl volumperitliiv dhey adlp'dme tissue, by
JBtRnica Y fB6RoBhe (e Eﬁas}%l oy ﬁ? a!msé P&t el ab]h%/ arlg utg@n? gcanning is

covered with a stita r|C|on
faytdend can combramleeze vdlonhe cmthamﬂhe rt@sled uslpifPREe. AV, tHertFegree of

fgé(dsmo can be controlled by the electronics.

In another embodiment, the generation of the protrusion of skin and underlying
adipose tissue is done by mechanical manipulation of the skin surface. This embodiment
avoids the need to vacuum system as is required when the protrusion is formed by
negative pressure.

Fig. 7 shows an example of an embodiment 3d of the applicator 3 which delivers
- a mechanical manipulation of a skin surface in order to generate a protruding region of

skin tissue and underlying adipose tissue. The applicator 3d includes a base element
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U trasound transducers 311 and 312 are attached to
pl ates 307 and 308 respectively through hinges 313 and

wQ@2do7roezgeecti vely so as to be free to rotate abouaL1ohB000211

hi nges. The springs 315 and 316 di spl ace the
transducers, 311 and 312, respectively towards the
skin surface 27. At the upper-Xdnd of the rods 305 and
306, rods 317 and 318, respectively, are connect ed.

309, vitiish 3daf Badoddddial & drianeR Bt 3NoRE 7
The egom ment 3d has two ult ras%nd ?\r a}ns Sggess%gl and 302 are

HPYA Hlsgi)t; Argbase @@gnpa)nt 36hinswhigh byLS\&Qy aofl »Q;Igaameenmj Jean move
AR Ay AW EYIOR L s g%CQ[%lC#]e lt? n@ % gﬂ ' ﬁ%tﬁé?%smctmely

one transducer or nore than

Wetds 347 aetR0 &d comeaty! o o6t &of thE SoRMHIRALLBHY, ?é]i;)ectlvely
the applicator 3 is used to create a protrusion’ 0

Oﬁ?klPWe’é face Ot 48esediltenss. Prefreably acugh @0 vared it aamtable high-
FRBAidL Fha@Hap SbBQnSdfﬂaFléu&ﬂ]ggcee f%.htl%tg Cal%SZL{e Yceggg)pagﬁ pger the skin.

treated, as shown I n
ttrasoude 1805dwed 306 anclh\BaI dse bogekhes thE:h 30"” %n@lﬁgei%spectlvely

7 308 e transducers 311 and
i ﬁr Eglbﬂngss 312{]@14 g“[ GEPIHYHY 608 19 bs Ene tQ)IfOtEfR labcuut(blnﬁ hinges. The
Q@ilﬁ\@eﬂﬂ h&l Bay %ﬁsp%g tﬁ@‘#rafagﬁcég' glf %cﬁ %ﬁ?n spectwgly towards the

ti ssue 320 i s pushed upwards so as
ﬁk@t purficon2 B34t tTheser emb o33 radsl BE4aat 806S$6ANST and 318,

A0t I R A i s
r ot at @hahewodifentddaes r3d Jnendui 4ran§d%§8§caxlr§/1 %{ styﬁlénetncally

as.to allow formation of the protrusion,
dRieistyreay eh S¥anplg gdpdnd @umnrsiygqmétncdltma&@mﬁdl e8gipdbator with

ducers 31 3 to the skin surface
%@8’%6{1%? h ggrpérslo }Oﬂes?% tr%éhlc‘?ré rrﬁ%%et%@ as required in any
ap@ivadarcer s 311 and 312 radlate ul trasound energy into

t he b?gy tissue, to effect reduction of the fat in
f ocal Lpermbediners 3dmf thy Bpplivatond isubbeditanesiss: potmaiss of a skin

ty,ansduc be. cont ai ned
s oo Y S R R PR S e B ot a s
@ebﬂ rebd e ab shmm ovFig. dedrteecafatdr3a9dRn: e /FaY 80% Qltld 866 inwards
%s S@to allow themto conformto th
S@F’Ugﬁlfgnt Spl?t?s f 324 388 tamd rthe itr@@q;(%ucm@ r315yarfdo$1‘2 n‘@ shown in
FRem,tud & #leenhmte tﬂ%l@xg %ﬂoglc%éhbett&} Xgrdag 2od the skin

noti on. The plates 307 an / or
srfaceritie 3pdy rtasyudo 82@ iy yesheil nupaaydsdes hs &d f&ﬁﬁ@ ®rttusion 330. The
h

S 218 oBTaEh EreHeBHi S U3 gr o utboriseien B spducers 311
abﬁl 3)is 16& eh&@giﬁtomw ﬁ@@ﬂaﬁscfu@érs &5 ‘?ot?{e g fﬁg %gno%? 343 'and 314,

3a-3c¢, that is, planar transducer
PR E PRIE-eI0SS 69 a@‘h‘&é@@ﬁ@@n ay therp&mmme rhilelaf the S@hﬁ&ﬁﬂe ensuring

%{ daé/oubﬁnclfI %dultra&)und Selnrg}cyaﬁo%a Mlet tcl)’ar?s coe% rZﬁ?tan?c’lcf’a1(2Fltc9 the skin
surface 27. After the protrusion has been formed, the transducers 311 and 312 radiate
ultrasound energy into the body tissue, to effect reduction of the fat in focal
volumes 47a and 47b in the subcutaneous adipose tissue 35. The ultrasound transducers
may be contained inside the plates 307 and 308. In this case, it is desirable to allow a
degree of freedom of movement to these plates, so as to allow them to conform to the
protrusion as it forms, either freely, or by forcing them to rotate simultaneously with the

lateral motion.



a position encoder is preferably added to hinges 313
and 314, and the focal position electronically matched

woOaod7he3wsi ent ati on of the transducers. The apparar087/000211

4, with the applicator 3b or 3c or 3d, may be
configured to deliver ultrasound energy to a region of
subcut aneous adi pose tissue sodas to generate a
pressure gradient in the region that ruptures cells in

t he i nThehplates F0Grnd BOtCandidri e efah&hicedsS3 QBRI ?ﬁdmlzf)s 0% urved in
no@erate focusing of the ultrasound radiation in
VBPUAESISE SiAe uarEststioagPigs @ pqo§$1g1@11t badeg ta elam&d shape. The

WheRdERRs PMesldys Yo Sik rén?o?ﬁﬁfn‘?e%? 345 né?y ee qlﬁ}sgag{h%fségppgléable for the

above the surrounding surface

aqﬂaﬁu cggbodirhénts, Baede, thss ks, plankhng: @’fsﬂ@dm@ FBRA S0 G; ansducers or phased
nergy may be delivered to

t U t
SL§§ F@@@Fﬁ?ﬁ %H5%£mEﬁng?e a%aéX@ﬂ%Hﬂ%UwaEMMeunﬁn@c(Fw~6)
& BEONGH &@d@@&ak' &@fel%l?ﬁdﬁgoﬁdhﬂg& 3{‘? g%ia&g cFnd-the ifacal position

applicator 3 in which rasound
eg@&pé@ab}é matelad torbe REertatat obitle srafdiuand, 73. The

transdycer an es, are supported by an

i nsul g]ti‘u n&p%‘ﬁl‘éi n&“hﬂgﬁe wﬂw@a@b 8h3&r %éllfé/ptpﬂ ¢opdigored to deliver

Idtrdsouhd @nsish NtoSsHEes &7 ltras

transduce?l'g §nd’i%% RF gﬁ%@t?gﬁgsggé ggyg %omiﬁég@**wﬁ a

PRGSHUS Prgcierd 1p the regiop hadirvptgres deltsoiuphé mgthefeoﬁdsm SRiceamd effect is
0 o the skin surface,

gk%@%%l?gﬁﬁyﬂhg%@UCtpgguﬁﬁf&agﬁuﬁﬁm§6wahdﬁ¢%%mgen Aayolume of

sebapplebedadipodehisssk t b bie@Ed L Whdh@ietdvRALH
uItr sggnd transducer is drlvenlfhrgug Q&H5inﬁmelsHMdeto

ek ths supRpnding awifass, 7 Bragrdorer smqyp&eyagmed RFth lower risk

%phﬁggﬁ(& rodes fromthe RF generator 15 in
t he contrﬁlkﬁﬁ tgﬁgg . 9 shows an enbodi nent 3f of

t he afﬁﬁirasmahd) fen&-giy rma\zh Ib6 hieRerell Q@tﬂi@gﬁﬁ ‘B@é’tﬁe @/ﬁﬂ RF energy; as
]§ E@ ted_jnto the enbodi nent 3d of Fig. ’
abpye- Eigy 8 govschpaticedyas %Elmdamdnt%%b&le applicator 3 in

Rﬁitﬁl%lﬁfgdoﬁﬁg%n b rsrlﬁdlgegq%%e n% @gdlgg%'ozdf:éyg and 73. The

RF el ectrodes are grlven t
{psehcerraadiRit tladedles arenamppesal le i QIsuIﬁhﬁMbumf@W Iafpphca’uon of

ect es.can_.be i'ncorporated into the plates 307
@‘8@1’8!& Elds ?’Fa?ﬁ%ﬂ&@%ﬂ% 231 4Pnkisa bgtiothe irasnund atueaducer 71 and

eelrod erenbdesar2t HdmF 1d ﬂl’ib%f(lneéu%[:é' h% atlgl %teﬁg Q,ggg cg%gﬁno of the RF

mat eri al having negligible ultrasoun erua
HidetBraapund appicedot theedkdh surfaces dic effedtaedyt &ﬁféihd:tﬁ& ultrasound

7 d co nec the. RF pomer supply
iR o e, SEARCIeD g, ik it ioibeo e Re gyt rasound
todnstiiner apcmve@am@uoﬁ%cam WMo irCihe RaRRbd 2 Qxl}mB a@l' g% 8@‘?@ supply the

@ﬂ Ed 82 has been added to the enbddi nent
veteeere g degtiadaeiomnthe RE Baeratos 15 o dteadnad] driel .

si despigf o WGy A B A uin28: $AEn Sbpicator 3% Vshlch RF electrodes have

been incorporated into the embodiment 3d of Fig. 7. For example, in Fig. 9, RF
electrodes 341 and 342 are located adjacent to the transducers 311 and 312. The RF
electrodes are driven through cables 75 and 76, which are included in harness 2 (not
shown). The RF electrodes can be incorporated into the plates 307 and 308 or on the
transducers 311 and 312. In the later embodiment, a thin film of electrically conducting
material having negligible ultrasound attenuation is preferably applied to each
transducer face touching the skin 27, and connected to the RF power supply 15 in

control unit 1.
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skin. The RF el ectrodes 81 and 82 are driven by the RF
driver 15 in the control unit 1 by cables 83 and 84 in

wohav7hvasaess 2. The el ectrodes 81 and 82 and t ReTaedhhBa0211

83 and 84 are electrically insulated fromthe housing
and fromthe ultrasound transducers. The housing 40 is
preferably made of insulating2feterial. The high
conductivity contour through the skin layer 85 is

I ongerFlgnt{) sladkoessarlogises eﬁi’b@d@lyent Ban ik 4MERLABH which a pair of RF

é‘gb et 3e, shown Fig so & highar electri et B
ConoUEs dd¢ an B0 mﬁebg@egdéggr. podles tehbodiemenTtdh ef efitr 5C The RF

fdlé’éu‘éd&eﬁ fnd BE oM !ik%’reﬁyatt fthd!ly ges 8@ glehﬁ?cgadl o i ey Sah ontact the

and gener ates straln on he™ a
reésirbr HimeRBF e@tleﬁ@j &l ﬁllﬁﬂSBbll@VCﬁweﬁ’ efies Rlpl d{klxxep €5 in the, contxol unit 1

p d 3g are designed to nake the reqi
Y %hf??ﬁgmlé édle Hecharlilf‘éﬁ &- Brelpeixades f1 and BAsmﬂJtid: cables 83 and 84
o RIhAAIG! ids8RR RART IRl ll%uﬁ}ﬂgrlnﬁig ﬁﬁ) e qhe fLélEirsboqu transducers.

adi pose t1Ssue, to naximze t e“co
{Ifhe hRsiagd0 iherefiralipsodadt anelghe mateNaPaihe Hdh %ﬁducuwty contour

?%%ué d?es caW_S|n1IarI be added to appllcdfor
bpf't citdr a5y s SREPnere Ao pkss plaﬁ*SalenenDyt dlanhm the planar

¢hiboaisitide ERANS HUC 8! & a hiahbsS el@d&,ﬁ_@ ﬁP &geg?e 6€%g%p adipose

to the invention to locat& th
st iLba eleciuid ldphaats the manhB'aﬁtudBarﬁ ttlhe’nlhd@d&r liddfe @hd generates

Id and t | d rad
AT Sl A A L
appitda&irs ppssd b er@aé%rgart@nﬁal@fthé R&idG cﬁ*rﬁ%ﬁﬁ% a)eam field and

t he, uItrasound tran ers in side View
BRef iy Baﬂﬂuéd\l lpipllgty Bl Iehst Rorallyi oyriapi WIj(hlnFﬂhg adibbse tissue, to

F. el 91 an and a
A0 o OB (e (e BTSSR nmarisishod e of RF
plactaiet emssmﬁmryaieladﬂétetoe@pn@utm s, are: RF frequency

betmEEE kFE and 50 nor e preferred bet ween
500k Hz "G ABP Ab}ﬁlﬁ%elemrodﬁélprawéle}stoaﬂne ubtedsnedh trmrk\ducers It is

Hea o§s%13%9&¥d{ﬂ@35 théTva@ntg &) etg éﬁ@\ggﬁ ol trg)g{:e gtd er pos1t1ons

300 for a~di stance
rghu:hhprg’heie stolensigpartier ogdfr@t ef tled &t ERARIcSHAE A tﬁré" Qltrasound

| ectr spa na betmeen 5mmto 50nm and
%‘%Pnl Vgﬁé}rlhﬂrrge&se%ber e lgsn%ﬂ tsB0w rhghermptechlly adsloyher possible
dlﬁ@lgblhtaﬁﬂﬁ‘@h@@te[@%gé%@ tﬁ@M 2 or{mst}aa&iucter ¥ abdg 1%)(/1710 11a),

bet ween the el ectrodes. The ultrasoun
¥d 1 dep wieh (Gig.f bibh Poasemplietye Hipe 1tegholvsObnly one pair of RF
d

ontrolle t he fre uenc or a fixe
EERUETOL al ot B ot el st i R gl ¢t he
capaliireferied HF peaniidig Hbh ﬁllftﬁ@@nb‘d@llrr% afl? anfrequency between

iments 3a-3d. Preferably, the RF enhergy
zeand; 1) MWiizs more prpfiiried IbetpdsetSROkHA OndrSRES &@pH&BRF voltages

ﬂ%’g&\ﬁgéggg{/ 91} goggWBg' gsggo(r:%b%f%rggir%lt ! e\; ggﬁcbtloygoov peak
fpartdisthhog. of 10mm between electrodes, and higher voltage for greater electrode
spacing. The RF electrode spacing may be between Smm to 50mm and their length may
be between 5Smm to 50mm. Preferably, the ultrasound transducer covers most of the
area between the electrodes. The ultrasound transducer may be flat with uniform phase
where the depth of treatment is controlled by the frequency, or a fixed focus transducer

or a phased array transducer with the capability of scanning the focal volume, as in

embodiments 3a-3d. Preferably, the RF energy is applied in pulses, typically between
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Monitoring the contact between the RF el ectrodes and
the body may be done by neasuring the voltage across

woheo7@ososr odes and the current, and cal cul ati RGTALNT/000211

that the inpedance between the el ectrodes. Based on
experience with a certain electrode structure, a range

of inpedances can be defined t¥at are sufficient for

the application of the RF power. As in the previous
elfbpstcriditiasecc ouopd bregeredd bdiRedd | HLASOUNHGAEE O ok

b d% can be nonitored by neasuring the transdu%%?aﬁp%heRFand
ﬂﬂﬁ PHRE Bulsshvealgp it eastpartaliiodi nent s 3b-3g are

i ndepegd : cific physical del for the

dost r g ity P R ABRRA B BENE ST S bR s e done by
imealiting teodilngatas:oso tapgkatrddBe akd tHeas MR HAS g:¥112{ﬁ%(,aﬂ.onl that
ﬁﬁ¥.tha maxi m zes the sel ective destruction of at =

|11§1.Pe cg\lggtv%ﬂ dhqiiclastredsso Bapashon 3aperivane Ivjith B @ertain electrode
SRRk, atrQﬁgeLHP iﬁ#@%&}céy ginulgﬁ?%qulg:él g%ig g\reelcslélﬁ 1§ignteffo£ tefl%tapplication of

relative novene et ween
¢lomBFipowentss inlteapiengut em$bdiﬁieﬁts,aéﬁlgﬁﬁlg BEHMBARARd Fl?sroy to the
amage to the ce ©

t the cell goungar , following by d

?ﬁ&ﬁ% F4h RS RRrered Ry seaswing the eppsiugergmp tosis. Any

of TheasRY j i d for del.i.wverin
infra-r%% (?ﬁ?ﬁgﬁg¥g§ﬂ%gb?Eéugﬁ¥§8%ﬁéﬁé%%¥wfﬁF?§ﬁ@LﬁﬂgﬂWﬂOdﬂ
dor thrdestrugtivmaf faonello Hvevekinis etnangesud MQIASSBIBHES to apply
eI SO t hat fatt celluljtes and skin can be

tr e@t &SP I HB SuetY, tharmaximizey the weleali Yoodestaetioneof fat cells, as

appldoad with skbsdinRAl 94 SndaRlly GBVY ul trasou
transducer or the RF eIéctr%géésgﬁﬁﬁﬁéﬁh%ﬁﬁﬁhﬁ§€W%8P%“CGHSK’
F%CECT{;IZ@&VWVES}’CHE@HN?Q@ the sdipesd @El]accﬂﬁgh@ﬂts,to_feading to strain and
i,.SSu onprjsing directin
SR T A PAD SR Fuloyeig by paideasife tomeslbembrane which
skisa cellint@ods broa@paRisat e a pressure gradient in the
region, said pressure gradient generating relative
nove chaebAve gmbedinents maxgthiet afpted foavdetigering infra-red (IR)

' f | tEes, | r.el at.i;ye..povenent  havi ng
ST T SBRNES, DR H IR of Tendh sphances the
wsilictic t2atmkne soehdrdat, adnoiei g ski Gh3eBehicd MR RAHRL. The R
rFss%re(%hﬁglen. p the fat tissue is fromO0.5 a
it%(}j TEHAHEBAFh e &PP R ERBLANS A6t @pvrged by Hleailtra@unitenstucer or
thBRPEIeGRIEs gradient in the fat tissue is from 2GPa/ m
to 15GPa/m 4. The nethod according to Claim1 wherein
the ultrasound frequency is less than IMHz. 5. The
nmet hod according to Caim4, wherein the ultrasound
frequency is
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| ess than 300 kHz. 6. The nethod according to Claim1l
wherein the ultrasound is pulsed. 7. The nethod

waceewrdsaey to Claim6 wherein pulse length i s POTAE®07/000211

to 10 nmsec. 8. The nethod according to Claim7 wherein
the pulse length is from 100 nsec to 1 nsec. 9. The
met hod according to Claim1 w&=ein the ultrasound
energy is delivered by an ultrasound source having
vikeniMisgl e fromthe focal point of less than 120. 10.
The nethod according to Claim9 wherein the ultrasound

ener gyl.i s delhy@bedoDyedimel! bf agPHRdSQUNEE, Ravin
view angle fromthe focal point gf I égsgytlﬁganng - %?lecutaneous

BIPosREFDE CQW@E@TGF@QI@'IYWE ateesteont seunsk bf aseysehd energy to
i-atl se lenath and pul se repetition rate
AR LB DR RnBoS DR e BRI 16 [bbrisiaprepstee gradicnt

r
selected fo mMTimzZe

teodigrating sl@sie hdvenldie baBidradaRedRr Ghigulfs gfxfﬂlmd ferent densities
erein a body tissue tenperature is controlled to ’

(S atye NQVsHset vinesHHeimtIntenstyio doysean pomeentdifte ff cells,

the ul trasound energy source.13. The nmethod according

to O & m 1,Theheetbpd actveding tio akound veete the ﬁr@ssﬂregglr@dient in the fat
T cer ' a iformradiating phase, and the

gléﬁgﬁgo?%%gﬁ%agﬁé%sggﬁﬁ@i mum pressure gradient is

contr 6l ed Ty hétBod bidorSAY RS claf B AUGAEY: 1 . .had
according to Olaim 1 whersin the Gl ré’sé%ﬁ’ée%‘rﬁlg%?&l?@ in the fat

JeREniem IPHMIRASERaARr ay ul trasound transducer. 15.

The mgt hod ] .« ai m.1. fyrther, conpri sing )
f or m'”ﬁg a E?l g%ﬁ %@%’%%C%O? Chs9 ﬁi‘e}ﬂ raéﬁl(ﬁn Hn‘éfg‘?r?’f}li § UAigaspBag frequency is
{dssthae 1ddidz.ai ni ng the region and directing the

uItragound ner%?/ into the region. 16. The nethod

accor di ng t8°Enaed aerofag éo flaimed pbereinsihonilirasofund fequency is
R¥s RRKYH RE2 negative pressure to a region of the

skin surface. 17. The method according to Caim 15

wher ebn t héhpnotliadsicoording tb @laed] bheRRPIN I sound is pulsed.
nmechapi cal TE{or ces to a region of the skin surface. "18.
The nét hod 8¢ Citrndrpcoring i Glais 6yivbereint mdseolengtbrie 10 psec to 10
#kéd asound

8. The method according to Claim 7 wherein the pulse length is from 100

psec to 1 msec.

9. The method according to Claim 1 wherein the ultrasound energy is
delivered by an ultrasound source having view angle from the focal point of less than
120°.

10.  The method according to Claim 9 wherein the ultrasound energy is
delivered by an ultrasound source having view angle from the focal point of less than
90°.

11.  The method according to Claim 6 where the ultrasound radiation has a
pulse length and pulse repetition rate selected to minimize generation of cavitations at
the body tissues.

12. The method according to Claim 1 wherein a body tissue temperature is
controlled to rise to a temperature from 37° to 44° by a power duty of the ultrasound

energy source.
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sources are applied, the ultrasound sources having
over | appi ng regi ons of maxi mumultrasound intensity

wonsizeswke protrudi ng adi pose tissue. 19. ThePaemhmd7/000211

according to Claim18, wherein the relative phase of

the ultrasound sources is controlled. 20. The nethod
according to Caim 15, wherei+2%he ultrasound energy

is applied by a flat transducer having a uniform

radi atiang phl@e%ﬁeth@ﬂ@céd?&n@%@@mﬁ’lf1 tvh 151391% ﬁhr%ou d source is a flat
maxi numintensity is control | by t ul't

firangdiease pavipg a lﬂh@Imeflﬂﬁ@tin;‘a@bmedambﬂteale@th’id)fmﬂ:5 egion of maximum

Whesfidudenl LoaRgunds. ARLLed By g phased. s

Wher eint. t heThy hfeﬂﬁﬂuﬂ&oﬁ‘dlﬁé ay Cﬁnﬁpplddfegm?yth@ ﬁlﬁgoﬁﬁd energy is
havi ng at |east one nechani cal degree of ree

HIBPE &Ytarﬁlaé‘?doftffﬁu’slil@hsmlz@tlamﬁelcmt hod accor d| ng tod
h
vy 15y N Fidhod e BN GO o Gt ComBARE orming o

ot cm"nslqnosmd ln@imlyﬂfg adlf®e MBERQGDAEEA5 WG foR agdgiu@:tma the
1 furt h(fr conp ing .generating an RF el éctric

| $35¢80 ﬂl?l%ﬁbﬁl% 06 '£§188ue. 25. The mat hod accord| ng to
d 4 wWhgy, i RE ene
at | endi padietbipbd SodBE 18 1A, M Rt st kdipe b formed by
abplyfreg ahdgatisopmessuener gyegiodtof tﬁm#;rg?lg@ﬁ acco][dl ng to
4 t RF electric fie as a frequency
Se? i/vg1 1\8%?{?33&% g‘i@(ﬁdlﬂygﬁo Staimrhy “ﬁ*ét%ﬂleamewfgomgs formed by

EFpl 17 1%@1@@6@1%%65 t¢ Dt é]‘ﬁﬁg S&R gﬁfrfé bet ween 500

The nmethod according to Caim24
wher e|1|8 t hdhrRFmetlotlageoiding eb welaim 105/ vieek tandod ORQY ultrasound

Bty 8T BB TSAY Sl IRe S Som ot o

niktROch BieEakEH Mgide Qheqn%trﬁ&%ﬂf aﬁ%gé"t?é'sug onpri si ng
moni toring an RF inpedance on the RF el ectrodes. 31.

The mdPhod Té‘éd@‘fth@q}l@mmid@gatpn@mﬁnﬂl& tWiereic ahprélsfivegphase of the
ﬁ%@{d‘h%gw%gls% aﬁoﬁeci ric field inside the regl on. 32.

according’to aim1l1 further conprising
msasum)ng dhe method according to Claim 15, wherein the ultrasound energy is

applied by a flat transducer having a uniform radiating phase, and the depth of the
region of maximum intensity is controlled by the ultrasound frequency.

21.  The method according to Claim 15 wherein the ultrasound is applied by a
phased transducer array.

22.  The method according to Claim 15 wherein the ultrasound energy is
applied by a source having at least one mechanical degree of freedom to adapt to the
protrusion.

23.  The method according to Claim 21 wherein the radiation pattern of the
phased array is dynamically matched to a source and protrusion position.

24.  The method according to Claim 1 further comprising generating an RF
electric field inside the adipose tissue.

25.  The method according to Claim 24 wherein the application of the RF
energy is at least partially simultaneous with the application of the ultrasound energy.

26.  The method according to Claim 24 wherein the RF electric field has a

frequency between 100 KHz and 100 MHz.
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el ectrical inpedance of an ultrasound transducer to
nmoni tor coupling of the ultrasound energy to the body.

wG@2007Mas9set hod according to Claim1 further ceapaL®dTIgNo211

illumnating at |east a portion of the body surface
with infrared light. 34. A nethod for treatnent of

adi pose tissue in a region of- ¥ubcut aneous adi pose

ti ssue conprising: a. formng a protrusion of skin and

under | 4i.ng Hit mothed hcastieg ¢o W& O@héRe: he RFOReq @AY is between
b, r@gi at%nmltrasound energy into the region. q35.

THE et ARl 24dr ding to O ai m 34 wherein the

protrugy, on 1% fRHYE . yi a negativ essure . ,
to the skin surf ace%cg%@ﬁ%ﬁég %gﬁﬁg ) g%slpd‘i%ﬁgi]fbo@gﬁilﬁwbetween
39 Nprakeind 106@V pedt.r usi on is formed by applying

mechanj.cal ,Q%rce@ﬁoho a region of the skin surface. 37.
The hod atcOfiPAGeeydeRdr frisun wlevkirpintthe RF voltage is between

lﬂotvrlmglaﬁgig,g@erpgyk'i s directed at an angle to the
normal to the non-protrudi ng skin surface. 38. The

met hodVac c orii meghod agioading 8y Clatharsii farthbeccanglsend Bonitoring an RF
g\ﬁg@&a%e%)q n 30 39.dThe nmet hod according to Claim 38
Fein the &S eat er than 45. 40. The met hods
accor ¢ilng tTheGhathta adomMi8s & EMRmOfs . sound ..
g&ur ces are apgl ied, the ultr asrgundﬁé%lglr géené}gr AN pgierating an RF
&

V}ca%qiﬁ@ideet ¢ 18 ef maxi mum ul trasound intensity
i nsi dast he qpr.ot ruding adi. pose t.issue.. 41. The net hod )
accor |2'ng t@edhgéﬁ%%%(:\?\ﬁfé&e%? H@a’rné Iu]atf‘i”\Trléﬁr pIPAYEIsgIE fpasuring an

eletrmabimsbdsmier efes &as@Rl tahbeReAR mOhfo® he ultr
according tgo Claim34 wherein the ultr as%ungi‘pfggrf%(r)fggleiusmasound

5’&?5{53/3&11?11’8 a flat transducer having a uniform
radi aggng méi%thcﬂ%c&taﬁ}%dtgl 1221&9 L};&%}% %Eﬁ%&)ggggg}ﬁaninaﬁng at least

maxi mum intensity is con
f pedivardyhe URly sitfecawithadraerpgdi ng to O ai m 34

vvhere'é‘rp th uItras{_ound energy Is 5 applied froma
phase ‘arrg‘yme d PR drearemb @ adingselitisgpet o Ciregion 34 subcutaneous

Mp&@itgsﬁ%n%risq@s_ound energy is applied froma source
havi ng at | east one nechani cal degree of freedomto

adaptat o t fempee pustigion dbskifhad Metib0@n g GERosE AskukO containine
G aim43 \Aﬁ%rr%ign;talgg phased array has a ”

b. radiating ultrasound energy into the region.

35.  The method according to Claim 34 wherein the protrusion is formed by
applying a negative pressure to the skin surface.

36.  The method according to Claim 34 wherein the protrusion is formed by
applying mechanical forces to a region of the skin surface.

37.  The method according to Claim 34 wherein the ultrasound energy is

directed at an angle to the normal to the non-protruding skin surface.

38.  The method according to Claim 37 wherein the angle is greater than 30°.
39.  The method according to Claim 38 wherein the angle is greater than 45°.
40. The methods according to Claim 34 where two or more ultrasound

sources are applied, the ultrasound sources having overlapping regions of maximum
ultrasound intensity inside the protruding adipose tissue.
41.  The method according to Claim 40 where the relative phase of the

ultrasound sources is controlled.
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]0 radiation pattern that is dynamcally matched to
the array and protrusion position. 46. The net hod

waceewrdsaey to Claim 34 wherein the ultrasound PCeEMUB®NTY00211

is less than | MHz. 47. The nmethod according to C aim
46 wherein the ultrasound frequency is |less than
30CkHz 15 48. The nethod according to O ai m 34 wherein
the ultrasound is pulsed. 49. The nmethod according to

G ai m 48 whEhenretpd secokdingtth Alginh RaMvASemBae Rl energy is
the %

rrseﬁ.d§o. Tﬁf met h(ng agco,r ding to Caim49 wherein
ptPYET MORY £ 3 IS 68V iRg diore dietng Oh&t, adthéhe depth of the
netiedracs i . ifh_negative pressure

ki _ ?aﬁ‘(ﬁﬁlg{hriﬂtehé?tﬁ %‘E@\%\gﬂq@%{“@ asocu%g aeqixe@:é

is applied for duration ec c. 52.
The nethod Hocorethadgatoordih@itinBdim WhekBéBint he NeIhunY Snerey is
ec =

e is.applied for a duration between 100 ns
garﬁgﬁ%g OWBae%h.as%g?n%e nmet hod according to C aim 35
wher eiqy, t heTHY teBRRAUAG F RN 3) | 33t and s When o
predet er mi ned negat i veopr e"sgjrcg&llé Jgp\pﬁléﬁmﬁﬁ Ylﬁésoéw (FRergy 1s
SipHetBomsusouTereharingaidleast ooe dicnprtienl Gk gicsoB4rebdtivh RERdapt to the

Ej?gémsllgﬁ ng neasuring an el ectrical inpedance of an
rasound transducer to nonitor coupling of the

ul t r assund EBRErEIhod0adBRIROY -C138 45h
%%ﬁo[di ng to O aim34 further corrpr4i-§si€\/rl1lgl%§gﬁe“r§%r gP?Sr?S Uppy has a

By Fi at s dygamnisell matched adibpesey hid ptogusid podifien.

met hodycacc [ al.m 55 erein_the application )
of t hngF gﬁ%rfg_{g}h?@ aa(forihggg? C\S%F‘t 7 %I"‘fhﬁreé‘il a‘nﬂ Wasyug frequency is
st bhamhivHppl i cati on of the ultrasound energy. W2 - 32
- 57 he EltphOd according to Claimb55 wherein the RF

el ect e fildpdngihed acqor &g ém EYai petGedareli0 thektirasumdd TRQuency is

M3z 112280013 et hod according to Caim57 wherein the
RF frequency is between 500 KHz and 5 MHz. 59. The

met hod8ac ¢ dhdinmeghddoacchaling HE1uhe s £ivhclcnehBRIYAbLATE fufied.

bet we 1 eak and 1000V peak.
9. O%hg method according to Claim 48 wherein pulse length is from 10 psec

i

to 10 msec.

50.  The method according to Claim 49 wherein the pulse length is from 100
psec to 1 msec.

51.  The method according to Claim 35 wherein negative pressure is applied
for duration between 50 msec and 1 sec.

52.  The method according to Claim 51, wherein the negative pressure is
applied for a duration between 100 msec and 500 msec.

53.  The method according to Claim 35 wherein the ultrasound radiation
starts when a predetermined negative pressure is applied to the skin surface.

54.  The method according to Claim 34 further comprising measuring an
electrical impedance of an ultrasound transducer to monitor coupling of the ultrasound
energy to the body.

55.  The method according to Claim 34 further comprising generating an RF
electric field inside the adipose tissue.

56.  The method according to Claim 55 wherein the application of the RF

energy is at least partially simultaneous with the application of the ultrasound energy.
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60. The nethod according to Claim59 wherein the RF

vol tage is between 30V peak and 300V peak. 61. The
worbtdtod3@mscording to G aim55 further conprisi RGT/IL2007/000211

noni toring an RF i npedance on the RF el ectrodes. 62.

The nmet hod according to d ai m_34 further conprising

illumnating at |east part of *He treated body surface

with infrared light. 63. A nmethod for treatnment of fat

tissue’n aTlree@ﬁegwdwaC@Idb@moa@bhu§5a\dh@eﬁlethtgi RIS Rctric field has a

i Sing: . a. i-at i asound energy into the
(r:%éﬁ%ﬂrl]c?géyﬁ\ae% 1%@%‘?3@%@%@ electric field inside
the r el on. THeAme(hbe ab@idias tRCCHHH NILL L GHA RN f?«%élg}gciy is between

rein the application of the RF energy 1s at
%ﬁt@?@ﬂ 3MHE-t aneous with the application of the

ul tras@und e _hecms hod .according to Caim
63 V\,he%r@éi n Tﬁﬁeﬁlgﬁo g glg%odﬁIﬁlbftPe' Bhe ‘Vl%erFlélstge tdarolfageids between
60V peak and i GGV peskor ding to C ai m 65 wherein the

uItrasgund requ?ncy is |ess than 300kHz. 67. The
met ho&lacc |'h&iIF}§t 106 aegoafling e Glpiar 6P nwidnein uhe RS Galtige iiS between

Buivﬁfeqk 88300 thod according to Claim67 wherein
pul se Iglngf%-ﬁhgegl% nmsec to 10 nsec. 69. The nethod

accor @ilng flbe Ghathod &R ovdieg & Olah e sSPUHES dogRihd i

100?Aﬁsec Lo I]ﬁeﬁn'aec._ 70. The net hod accor él)i{r% ?16 n&)%lfo‘?mmganRF
6 3PSHEBr P hing Ectidsttric field has a frequency

bet wegn, 100LKHZBH8 | . He-.net hod accordjng.

to Caim 79 wherein afg%gd%g'zt? r%%ﬂlén%yﬁlll 1% &P BENS Apuninating at
ket rarcTshaviepated7body Thefanetvith dn feredligitng to C ai m 63,

wherepp th RFthvglft \ge i s between 10V peak and 1000V
35 methog torireatinentf fabiissee &1 macgien o subautaeous adipose

peak.
vikvae ebmpiikiggRF vol tage is between 30V peak and 300V
peak. .

a. radiating ultrasound energy into the region; and

b. generating an RF electric field inside the region.

64.  The method according to Claim 63 wherein the application of the RF
energy is at least partially simultaneous with the application of the ultrasound energy.

65.  The method according to Claim 63 wherein the ultrasound frequency is
less than 1MHz.

66.  The method according to Claim 65 wherein the ultrasound frequency is
less than 300kHz.

67.  The method according to Claim 63 wherein the ultrasound is pulsed.

68.  The method according to Claim 67 wherein pulse length is 10 psec to 10
msec.

69.  The method according to Claim 68 wherein the pulse length is from 100
psec to 1 msec.

70. The method according to Claim 63 wherein the RF electric field has a
frequency between 100 KHz and 100 MHz.

71.  The method according to Claim 79 wherein the RF frequency is between
500 KHz and 5 MHz.

72. JThe method according to Claim 63, wherein the RF voltage is between
10V peak and 1000V peak.
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74. The nethod according to C aim 63 wherein an RF
i npedance on the RF electrodes is nonitored. 75. The

wortdtod3®mscording to Caim63 further conprisi RGT/IL2007/000211

measuri ng an el ectrical inpedance of an ultrasound
transducer to nonitor coupling of the ultrasound

energy to the body. 76. The net-hod according to Caim

63 further conprising illumnating at |east part of

the tré&ht edTboaithodrdcaouling tchClaifur 2 edleleirgtHe. RF ZoltAR is between

a f reat ment of adi pose tissue in a region
LA

neou i pose tissue conprising at | east one

sour ce7hf ulhe asodnGeenNtmato Cahi gyred. & REEG!
ul.trasound ener g%/ t hr oughgaoski n sur\gjglceép?lg%elﬁ}é’reg?l’(geém the RF

pﬁl%cé@ﬁ?%lsg?%mi in the region, said pressure
gr adi g [ relat.iyv vement between fat cell
const ie{%entegﬁ%g{/e?}%g %ﬁcfof(%?%ﬁ? r@é%ié;i Buthgy cpmprising measuring an

sidduiicl énpedantens i ylttQoGRUEMHAGAL N BYp; b 3 the ultr
cells. 78. The apparatus accor dilng to dltgllf ?élggmﬁ%téruée ultrasound

tRE'SY g huygr adi ent at the fat tissue is from

0. 5GPafgn t o ar s according to .
d ai ma/%n mk?lgr%eq% eEpparCéé)lé]1 lﬂn-r‘lég?og ?‘gegﬁneﬁit lﬁél“tfhell HEOMPANE] dlgpenating at
ilepst potoRiGPakatet bodib GR&ceWiBlinfrdke I@APAr at us accor di ng

to d 31 m 77, wherein the ultrasound energy has a

frequ Iqt:y 1L 8PRAFRYS faugeatngent of Aéipagspidasae irsa aggiar of Adpcutaneous

taBipekatisius QoMb eL Bl t u ner has a '
frlggﬁer%cy I gié}@ tlﬁlg%t %%8&(%6 %%?C%T#gulg%sﬁgﬁé%@g&&@&ﬁ%‘}r% to direct
traspuncerTenHEoughn thie sutfheaOgin@rN e HREsie RiSRAn the region,
?é’t)id ;‘[%(Seua%yi%#.at us accor d:[fg]g{ to Claim82 wherein pul se

ength- 'S ST A SENT 3 aSctive maygmentfetwpgpaiabealkconstituents having
diftoedidegsiti€s WRkESRnvARI 6 engthcis from
100 nsec Stlc; 1 rrvsec.1 8%. 1Tﬁgftgh&p%ﬁg%)ﬁéﬁ%g}go&gﬁg%gat F?}IS'
d ai m’87 whée eppareive agtardmgoundaimo v ecehehathe ryésﬁ]w gradient at the

%gilsguefﬁ%&g?g?/cﬁggotwa%}il ess than 120. 86. The

appar atus acc m 85 wherein the view angl e

of tha9.ul t Tasappetaia®UtRdit e PR Wredsre! £5
%@Iﬁhan 90. ?7- Thgpug%par atus lgccorgiﬁ}lggjt‘%@eﬁgﬁe%&%ﬁre gidient at the
BFgieds fa frkemde dAEiPraali at i on

80.  The apparatus according to Claim 77 wherein the ultrasound energy has a

frequency less than 1MHz.

81.  The apparatus according to Claim 80 wherein the ultrasound energy has
a frequency less than 300kHz
82.  The apparatus according to Claim 77 wherein the ultrasound energy is

pulsed.

83.  The apparatus according to Claim 82 wherein pulse length is 10 psec to

10 msec.

84.  The apparatus according to Claim 83 wherein the pulse length is from
100 psec to 1 msec.

85.  The apparatus according to Claim 77 wherein the ultrasound source has a
view angle from the focal point less than 120°.

86.  The apparatus according to Claim 85 wherein the view. angle of the

ultrasound source from the focal point is less than 90°,
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has a pul se I ength and pul se repetition rate sel ected
to mnimze generation of cavitations at the body

wOi2861003998 88. The appar atus accordi ng to C ai nP8T/1L2007/000211

further conprising a cavitations sensor and a contro
unit, the control unit changing the pulse | ength and
repetition rate of the ultrasednd source to mninize
the out put of the cavitations sensor. 89. The

appar dus albeongiangus acddbdihgntd Tlhidt TheIheSQARhE SR 0fnd radiation
9ntro| unituﬁonflgured to control the pulse.lengtﬁ or
ol s BSet el A aPUSE deRsiipByiaia: Spleeigdt fer miinimdize generation of

tdaSBARNE ANBEHBLHIiSue90. The apparatus according to
Claim89 wherein the predetermi ned tissue tenperature

i's frdi® 37 Thy dppardis afioedingparibius SACRAREH BnbSid 3 Mitations
%Zns\e@g{l iLn t{;elr ul.{’r sound source is a flat transducer

having a tURTE ST Hh 40 Setd uph shanging thedapsenlengthtangd repetition rate
o€ gieQltr@ouA@ ¥ b PN S S eI ag 1 Ag:sQnLrol I ed

by the ultrasound frequeﬁg&. ' }@#%%Q%ng?%Fﬁﬁn“”'

accor 8ng tldecparmirracshising v Chimul? AgseHBEMPANHES dhirol unit

ﬁ)@@ﬁ ransducer.. 93. The apparatus according

t%g a[&irjﬁ[o%lhﬁélr ﬁhﬁ &l ru?sg g?ﬂgﬁ} g Wﬁsed.eaw}%’era@dﬁ frkjayed predetermined
tissumtanperaturd)si on of skin and underlyi ng adi pose

ti ssug containing the re%i_ on and ultrasound energy is
direct®d idts apREats giceerdingdto Glaen H9pahatinsthaqeedeiritned tissue

Wnﬁﬁhf@i?ﬁo%?ﬁ%%‘he device is configured to forma
protrusion by applying a negative pressure to the

ski n. 99_5. The appepana ucor&iag o didieh 7?%@&%1%%1@@3%8& ource is a
ghe devi ce i s, confl_%ured to forma protrusion by

Btp’ﬁr%}}s @ce]r[é]@ﬁlglgiacgql F8} dinting phasee dicodentl of e sdgion of maximum
mn e e or di to Caim93
PSSR TSR BB

ul t r a%bundThoepmestuhaverdugtd ERPINTLY /86N S Ot ABRHIY rce isa
AL soellmql [ gt ensity inside the protrudi ng adi pose
1SS UB TN NSHUET a ppar at us according to clai m 96

wher e93) t hehd elpghiae RGNS 1ot PEiY! Hhagound sour ces :
is control | ed. pg& The appa atf)ug&é@cg?dlﬁlﬁtgle{ §OBIPLSAgog device
YnEieuicd toHerm|a pretgiod aforlrirc ench andatyit®asdibo¥8ssue containing the

SRR e A AECEPS AR 1, o 0
wher &0 t HEhddppaas@URdoRIMY 131 93 wherein the device 1s configured to
form a protrusion by applying a negative pressure to the skin.

95.  The apparatus according to Claim 93 wherein the device is configured to
form a protrusion by applying mechanical forces to a region of the skin surface.

96.  The apparatus according to Claim 93 comprising two or more ultrasound
sources, the ultrasound sources have overlapping regions of maximum ultrasound
intensity inside the protruding adipose tissue.

97.  The apparatus according to claim 96 wherein the relative phase of the
ultrasound sources is controlled.

98.  The apparatus according to Claim 93 wherein the ultrasound source has
at least one mechanical degree of freedom to adapt to the protrusion.

99.  The apparatus according to Claim 98 wherein the ultrasound source is a
phased array having a radiation pattern that is dynamically matched to the source and

protrusion position.
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phased array having a radiation pattern that is
dynam cally matched to the source and protrusion

weoasi7toosnes 100. The apparat us accordi ng to C ai RCT/IL2007/000211

further conprising at |east two el ectrodes and an RF
power source driving these el ectrodes to generate an
RP electric field inside the adipose tissue. 101. The
apparatus according to Caim 100 further conprising a

Cont r ol(]Oer Tlonbpguites ateorapgl i Chan RF ﬁﬂﬁfeg%oﬁ{pnsﬁ@%t least two
rtlg i mul t aneous with the application of
ah S ggeweargp e ki vigihesa elsctamied tali gmg:unte an RF electric

Gead Msd0; .N: RF electric field has a
frequéncy%&ﬁ @gerhs% 0 KHz and 100 MHz. 103. The

appar atlls dtieoagtiargud acdalﬁhgnt&@aMQO@'1ﬂltlﬁé'iecd%'fpnslno a controller

freﬂuen |s bt n 500 KHz and 5 MHz. 104
apParEt vﬁg eREF Sk |eAst 1a0 Al sienltane ies ‘RFFh the application of

vcpé{ﬁggmhﬁeggltg\yeen 10V peak and 1000V peak. 105. The
apparatus according to Caim 104 wherein the RF

vol t agi@Zl s ’HEtawth&(}i‘dcqndailg ta%egﬁ?[m) ﬁﬁ@km thORF el&tric field has a
ppar at ys r urther conprising a

310 HEE (‘?FW Ogo[ﬁ'g‘ﬁ %%@Mﬂ%edance on the RF

el ect ripdes. TI}EOpraHiﬁs ABRAUARLUS eLEar i Q/h%l%ugtﬁ‘é R/ grequency is

further conprising neasuring an el ectrica
rtvegen 0P e MEnsducer to nonitor coupling of t he

ultra nd -en Q the . bo 108. T e apparatus

accor glmrilg tlgle gglﬁ#uﬁc?%ii?lﬁjg Clampt90s1igei thoRF valtege is between
iloVrmaednd 1000V p&tk.i | | um nating at |east part of the

treated boqléesurface with infrared light. 109. An

appar dfds floe appaatwreAtording dd Chimel O wisuenithe BF veljigens between
Qg%@n@@a? cAdi pose tissue conprising: a. a device

con I gur ed orma protrusion of skin and underlying

adi pod66: | Sheeppantai aﬂ:lcﬁlghﬂghﬁ) CeGihoro Ritep coxﬁf)rléﬁ@%t device for
one. ul.t ras%énd energy source configured to radi ate”

FPHeERe AY ﬁ%ﬁ’ﬁ?faﬂcﬁtoé thRF elegitpdes. 110. The appar at us
sccer 10, HAABINECHS 22158 Eanigyepgpains o
pieesisal enpedatdeefsioi udtm&mﬂhdctﬁmsducer to monitor coupling of the ultrasound
energy to the body.
108. The apparatus according to Claim 77 further comprising a source of
infrared light for illuminating at least part of the treated body surface with infrared light.
109.  An apparatus for treatment of adipose tissue in a region of subcutaneous
adipose tissue comprising:
a. a device configured to form a protrusion of skin and underlying adipose
tissue containing the region; and ’
b. at least one ultrasound energy source configured to radiate ultrasound
energy into the region.
110.  The apparatus according to Claim 109 wherein the device is configured
to form a protrusion by applying a negative pressure to the skin surface.
111.  The apparatus according to Claim 109 wherein the device is corfigured
to form the protrusion by applying a mechanical forces on the skin surface.
112.  The apparatus according to Claim 109 wherein the ultrasound energy is

directed at an angle to the normal to the non-protruding skin surface.
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111. The apparatus according to Cl aim 109 wherein the
device is configured to formthe protrusion by

wappi7yosys a nechani cal forces on the skin surfaceILdazo00211

The apparatus according to Caim109 wherein the
ultrasound energy is directed at an angle to the
normal to the non-protrudi ng skjn surface. 113. The
apparatus according to Caim 112 wherein the angle to

the normel Tk QRAKES adhRf 30 Cﬂlﬂlﬁ'llﬂ- hef .”E%?%’%feetfﬁ the normal is

P
according to Claim 113 erein the angle
tdreateuiban 3%, The apparatus according to C aim 109

i ncl udj'o@g t or more ult .asouE .sources, the _

ul t rasouhd ﬁ@%?@é‘éﬂtﬂ%é‘?cﬁﬁfl%ﬁ i g wegpiarise eigle is greater than
Rl mum ul trasound intensity inside the protruding

adi pose tissue. 116. The apparatus according to Caim

115 whEbei nlhenappersites docerdpipmeClaim tibe indlidias oo @r more ultrasound
g to

rces,is.controlled. 117. The apparatus accordin
P I06 ERRY Pttt Bestira Bo0 detiva’ &t mhatmum wiresound
tinensiduasite tavibudind i adsadi at i ng phase, and the
depth of the region of maxinumintensity is controlled

by t hellf t resoinparatseapseniéng tol CBIMTHE elppeinaheiselative phase of the
W&Bg{x@%lﬁ'@es% %ﬂﬂoﬁ%g wherein the ultrasound source
3 :

is a phased arra ransducer. 119. The appar at us

accor dilfig tTheGpphmtukQRcordhier 8 a0 hERFOMB S IB R  ource is 4
s at | east one nechani cal degree of freedomto adlap%

t ttF?éls‘fi}PCSf geingna uplprmTindiatingaphkaseas aat dor diepth b the region of
i . i trasound source is a
e
dynanilddl | yheamppiratdecs@ting@o @ghndI B HSe RNhE QBttdsh A source is a

1%1. The ?rgpgiat us according to Caim 109 configured

£ asggﬁg% 1Y asound energy having a frequency |ess

than Iz, 22, J96saPRAGAL  COf 3 to a'm12§}1 .
confi gured to_glé%ergt e&;ﬁ}?lt(?1 ngﬁlgﬂhdaé\’/%gegl g?élaﬁﬁéﬂ‘él source has
pelsastiona meghdniteiize gt 81 fidtrbnappaligt wShasedtiong t o

daim109 nfiqured to apply pul sed ultrasound
ener g)}.}&lz Rt a‘ﬁgﬁa?‘é’?’&g’?&é‘&dﬂ%dl? oWkgrginnwherg the ultrasound

squrEd G ishst® aapPhivinklaSelcibld 280k |
pul se | eﬁgtsh fr gjfanll‘é)l BeC 0 101%%@3?& pRAGH Y d)AARR match the
source and protrusion position.

121.  The apparatus according to Claim 109 configured to generate ultrasound
energy having a frequency less than 1MHz.

122.  The apparatus according to Claim 121 configured to generate ultrasound
having a frequency less than 300 kHz.

123.  The apparatus according to Claim 109 configured to apply pulsed

ultrasound energy.

124.  The apparatus according to Claim 123 configured to apply pulsed
ultrasound energy having a pulse length from 10 psec to 10 msec.

125.  The apparatus according to Claim 124 configured to apply pulsed
ultrasound energy having a pulse length from from 100 psec to 1 msec.

126.  The apparatus according to Claim 123 configured to apply ultrasound
radiation having a pulse length and pulse repetition rate selected to minimize generation

of cavitations in the body tissues.
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125. The apparatus according to Cl aim 124 configured
to apply pul sed ultrasound energy having a pul se

woOenmgtoa3dsom from 100 nsec to 1 nsec. 126. ThePCT/IL2007/000211

apparatus according to Claim2123 configured to apply
ul trasound radi ati on having a pul se |l ength and pul se
repetition rate selected to miYi4n ze generati on of
cavitations in the body tissues.127. The apparat us

accor diz7g tPheChpbarardO8cdobtlihN @S CTRRPIOS EheR comprising a cavitations
cavitations sensor and a control unit, the con oI1

BRRYOr ;3B A goétmifqngfuﬂ]édonboldetlfelvemmg@mﬁgm qaLtb sleteirengttlfne pulse length
t ul trasound sou
0 £SO LR, LB E L IRARNSUBE e cavimions

Beesoappar at us according to Caim 110 configured to
apply negatlve pressure to a skin surface for a
dur at i188- bel! Weé??a%u%@é%oléwg P &éagm 199 comigurapparatplis negative

gﬁgsgﬁl‘é'tgglgkﬁ’l sgrfgur ag%%u? firdKr & Eééq a°§@11§A&ggat ive

ressure tor a |on meen 00 msec.

130. TR8. apfimr a;tpmmtm:@emdmg fooC@Eiai Mg kOngontd QHr%Iy negative
t he ul téasound radi ati on when a pr edet er m ned

ri’éf:fé{l) e\}%r pwadon betivgeny $90 mseens Wreseski n sur f ace.
131. THhe, appg aﬁé%ﬁ@%ﬁ@&q 9o ((Qaifd d]ao:l’l?%ureﬁrtg gPpléﬁhe ultrasound

configured to asure an ectrl cal 1 npeda
whdiatagoeingh 4 padstduciard avgyive prasane (0ichAE@bh A Bin fleice.

ultra nd ner to the skin. 132. The apparatus
accor Ay (WP APRFUESPREHE; CIashpPP ik sonfigast ta wsasure an

B atcaptﬂh &% ang an uRk ’ d o

an CRF elegt ric field i nasslg%%d/? ﬁlé&g@%]t glllljlsye i ! IRTQE& %@hn of the
appapardeneasciorthk signt o O ai m 132 furt her conprising a

contr aonf i ured to.a t.he ergy at .l east

parti gle#y sﬁ‘ﬁﬁ? ﬁtélgﬁgcwlpgg?ﬁ %‘Qg?rcﬁﬁmﬁ%‘”st%@t least two RF

dlectradauadl en R \rivéB4onifBedR é& [To Qp%p’ di
Oaim 132 wherein the RE @l ect I‘I%g field has e@& Held inside the

PFIGEEAcY bet ween 100 KHz and 100 MHz. 135. The

appar S j t aiml [ ! t he

fr equgtﬁ%y T@g %{gg %gﬁ %ﬁg‘l%nlo ﬁﬁa g fﬁ-‘/g furheg. COWélsmg a controller
appiaguatdio @@t}Oﬁhé IRFgertedgChideat d3ZiaMeheilAndd8 ViR the apphcatlon of
voI t a%[o bet ween 10V peak and 1000V peak. 137. The

§e€8Y¥-ding to Caim 136 wherein the RF
V0| t2g84.1 S TRELYRRLus according to Claim 132 wherein the RE electric field has a

frequency between 100 KHz and 100 MHz.

135. The apparatus according to Claim 134 wherein the RF frequency is
between 500 KHz and 5 MHz.

136.  The apparatus according to Claim 132 wherein the RF voltage is between
10V peak and 1000V peak.

137.  The apparatus according to Claim 136 wherein the RF voltage is between
30V peak and 300V peak.

138.  The apparatus according to Claim 132 further comprising a device for
monitoring an RF impedance on the RF electrodes.

139.  The apparatus according to Claim 110 further comprising:

a. a dome shaped applicator having an interior volume containing the one

or more ultrasound transducers; and
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30V peak and 300V peak. 138. The apparatus according
to Caim 132 further conprising a device for

woumi7toosd9sg an RF i npedance on the RF el ectrodesT/1m®97/000211

The apparatus according to Caim 110 further
conprising: a. a dome shaped applicator having an
interior volune containing thefne or nore ultrasound
transducers; andb. a vacuum punp for generating a

negatibe presguin@ni pubhpefor Ng&ketfihe Chaet ment.he; interior
done is applied to a skin surface. 140. 'I}hég%apsér a%nuéhe nterior

accordi ng tJabar when thecdsmisr is sppitpdao detincerfaoe.

nmechanj gal | ' ti . Kin, .th evice. . .
conpr msﬁg, ylét gg@kﬁt \ﬁg&)ﬁ{@gez‘) a@%ﬁ 1e31$o?°11§%r%ﬁ1%§:t5} rigvice for
amsianicslly hanguldthg the akiestheedeteBvakisRiel kO thib }gﬁtes adapted
gtonflg%ratlon in which the plates are spaced apart “by

OF iCPURCifiss f skteSWitcathscplaiss beimar mguatde fom ianfisshcakfiguration in

td t r.t - econd distance, the . ,
BicR b c}?ittegél% gﬁg%?ﬁﬂgaﬁg)gsa tiuﬁ’%/‘ c%l?ttaﬁce %nla raSS(eC(a'?(ﬁ?Qé gration in which

second e Tl

tthe pptestareispased brhby hoeced didi@ive] fhe sBEoat @BstAK®@ being less than the
afgxglc%lietd 10,8 sk%n surface and noved fromthe first
CORT YRS FEPPEULRR being Janechhemyhe axtatesare pppliedriven skin surface

appakAled Frod® ARIMELNDntuGtigh D &é?egoﬂﬁtcﬁgﬁ FOHRL 1 sing an
actuator for noving the plates fromthe FrFses
conf i dddat i B appatahes aseoding todiifing I4@firter cdfgrisidf8n actuator for

us;accer di to Caim140 further conprising
%Réé;‘ﬁ{slﬁhg rplagf)spﬁgf‘?l 359 ﬁf?g C?Hf?%@?ﬁﬁﬂ the S&ﬁ@tﬁtﬁ_f@&&w@% to
t he priapr usitenapphfadus E%rdﬁlﬁg%a@}éﬁgaﬁwm g & gsgé%wans for

140 wherein at | east one ul frasound transducer arr
i28P v the slraseundrisansfuceh errpisab des proéidsiolhe appar at us

accor di t ' 40 wher ein -t he trasound
trans dggr lﬂlaeg P glfi llylt%sa% Co%dﬁ%g toegﬁaé’@ ngO PREsHL AL fegstrazgeultrasound
wiahiducespegtis ehaiddn phabPse pkél. The apparat us

accorgi ng (t;,g)gd aim 140 further conprising at |east two
RF el édtr odes 2aprralis argording e Claiont 4 (gwherdin the pitodows! transducer

AR ' ' LOS| rotrusi.on, 146. The

api)é;%ﬁ %at%t gﬁéa(?:écgg?eg(?%&td lc))ﬁll gli?or\ﬁte rlax?fgplfeﬁ?‘?cﬁ %’rsa %Wﬁ??'si ng a

cont r d#f.er Thonppagatusdctondiappd Cldihel ﬁ%ﬁﬁ@r@mﬁgirﬂﬁe&@%ﬁ two RF
e

riiall [ eous with the application of t
g@??%%&u%@s %ng{%&?lviﬂ?f)ﬁweéaﬁ%ﬂ uss anc Bt dlepigict Beld inside the

Ahiod09 further conprising a source of infrared
ight for illumnating at |east part of the treated
body $#6.f adbe wippdratusfaceomihg togBiaim 145 further comprising a controller

configured to apply the RF energy at least partially simultaneous with the application of
the ultrasound energy.

147.  The apparatus according to Claim 109 further comprising a source of -
infrared light for illuminating at least part of the treated body surface with infrared light.

148. An apparatus for treatment of fat tissue in a region of subcutaneous
adipose tissue comprising:

a.  Anultrasound energy source configured to direct ultrasound energy through

a skin surface into a region of subcutaneous adipose tissue; and
b. At least two electrodes driven by an RF power source configures to

generate RF field inside said region of adipose tissue.
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148. An apparatus for treatnent of fat tissue in a
regi on of subcut aneous adi pose tissue conprising: a .

waénowriows@sound ener gy source configured to direct/1L2007/000211

ul trasound energy through a skin surface into a region

of subcutaneous adi pose tissue; and b. At least two

el ectrodes driven by an RF power source configures to
generate RF field inside said region of adipose

ti ssuel4949. Tikheprapgias atassdiag aorClaing 14 i@l’tﬂéln&omﬁ‘ising a controller
fur%her Eo rising.a controller configured to arply

thatiggEed %Q@R}Y&P S8FreH & epst naytiadlyraiinyansous with tlre appdication of
ap@{ljtﬁg&{ngrén@lfgyt he ul trasound energy. 150. The

apparatus according to Caim 148 wherein the RF

el ect ri50. f i Bilechppasitiss decedingnoyClhbiet WMewhd0m KERFRNEHE08eld has a
'ﬁ;%u 15]b.r The at u&\@g ding to Caim 150 wherein
CHSURES et 2| 0 KHz and 5 Mz, 152.

The appar atus éﬁﬁfﬁ%‘fﬁ@) la.ng:I' @il’lg @ 8la 8%%2%{8?11&%@ @j;grequency is

vol tage i s between 10V peak and 1
ppageatd08 Kddzanddt Mfz.o O ai m 152 wherein the RF

vol t age,i s ket ween 30V peak and .300V peak. 154. The

appar g & é[?l %Oalp H?rﬁbustaSC‘gﬁ%i‘gﬁP ﬂ%mf ]u%t ‘ﬁléqfeléé%Rf FoHegeals between
deVimeak hed 1080W pedd. ng an RF i npedance on the RF

el ectrodes. 155. The apparatus according to C aim 148

f ur t hdP3conpeiappargtusaasidingdo Stpiel 2t whereih thavREdahae: is between

Y SR ransducer to nonitor coupling of the
ultﬁjaégghlﬁl% ene?%aylg'to the body. 156. The appar atus

accor dbhg fiheGlppimankidco@infd @HCREMt D1gdRkine Eolﬂghﬁﬁg a device for
ul trasound_energy. 157. The apgar atus according to

EOAHHE B (i  FWEFRIGE P AR ¢ lastipdss. | ength is 10 nsec
to 10188ecTpl %?Pargﬂlg nagpcgrg{h tﬂdf%l%%? ?]Elg gqu?l}e% oﬁo%@gllsﬁg é)ge?asuring an

wherein the ul asou e

tlectticasismedaike. of Eveulappandtts@eeoiodingitdreothBhdb AR ultrasound
V\hee[re%n ttge ul trasound energy has a frequency |ess
PIARY FMBE P99%0.  The apparatus according to d ai m 159

wher ei56.t hehl dhaeaunde®REAGY0 Claim 148 configured to deliver pulsed
ultrasound energy.

157.  The apparatus according to Claim 156 wherein ultrasound pulse length is
10 psec to 10 msec.

158. The apparatus according to Claim 157 wherein the ultrasound pulse
length is from 100 psec to 1 msec.

159.  The apparatus according to Claim 148 wherein the ultrasound energy has
a frequency less than 1MHz.

160. The apparatus according to Claim 159 wherein the ultrasound energy
has a frequency less than 300kHz

161. The apparatus according to Claim 148 further comprising a source of
infra-red light configured to illuminate at least part of the treated body surface.

162. A method for treatment of adipose tissue in a region of subcutaneous
adipose tissue comprising:

a. forming a protrusion of skin and underlying adipose tissue containing

the region;

b. radiating ultrasound energy into the region; and



has a frequency | ess than 300kHz 161. The apparatus

according to Claim 148 further conprising a source of
wonbe7a9smsl | i ght configured to illum nate at | easaLyar/000211

of the treated body surface. 162. A nethod for

treatment of adipose tissue in a region of

subcut aneous adi pose tissue coifprising: a . formng a

protrusion of skin and underlying adi pose tissue

cont aidli ng deheraki@g @R NectfidBERtihNbe M tardga%gé"ﬁ%u@ner gy

into the region; andc. generating an l'ectric field

| nsi del&3he /é]@nappﬂs@tus ferstoeima DL adipoap isnating régon of subcutaneous

@@Sng Stu of adipose tissue in a region of
t ARe60e R h8se tissue conprising: a. a device

conf i gur ed 4 @eigtordigRfedlt toUsHenR 15?1)‘[1%(5190?51&'11 ﬁﬂ&i%mé{hﬂ% adipose
adi pose tissue contajning the region; b. | east =

ul t rasound tESﬁ’é?@(ylt@@l@gd}@ﬁ Egiving gur ed to radl at e
| eas

ul traspund Lhey t wo
RF el Z‘%t ro gg g%s%me “@e?—soalﬂ %{UX oSr?fl{Lﬁ u‘foélg‘g’t%dﬁfb or&él@? ultrasound
an RF el ectenhefpyfin®ltie ldgﬁcblﬂﬁnﬁ he protrusion.

c. at least two RF electrodes and an RF driver configured to produce an RF

electric field inside the protrusion.



