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treatnment and to devices and nethodol ogi es finding application therein.
BACKGROUND OF THE | NVENTI ON 15 The foll owi ng Patents and published patent
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with a pre?erred enbodi nent” of the present invention a nmethod for |ysing

cel | ul i t e diseblsunti 0§ Whivd ast kgrsbyincomirased bnigffressed ul trasoni c energy at a
target volunme in a region of a body containing cellulite ; and nodul ati ng

the fogused ultrasonic energy ﬁ?{“%#q}ﬁ?iWE@rﬁbN lyse the 30 cellulite
y

in the target volune and generally not se non-cellulite tissue in the
target vol une. AddiThHeoprasdny inventioe oeld@nde baily mesthetiast ganewdly eansoddForént  of

the present invention, there is provided a. od for lysi ellulite
i ncl udi ng SERE1E TERENHE Angs %‘?)’O‘ZFFGB@W%@Pﬂfﬁ@g%&iﬁ%ng@%gﬁati ng, at a
source outside a body, ultrasonic energy which selectively generally |lyres

cellulite and generally does not |Iyse non-cellulite tissue; and directing
the ultrasonic energy, fr@ACKEREMUINDODHITS IMEVENEIMNdy, at a target

vol une of a body containing.cellulite, . 5. Further |n;: I a
prefer’Ped enbodi ment kl‘j’ftoklﬂg’“}‘?re%ag%rm ang Rk}@ﬁsgfa‘oﬁatgﬁteér@h?%%glrs gag?gg%wga?r%t hod
for lysi ngeﬁ%gén@Itﬂet&mieﬂpgt&giopgletah@ steps of. defining a region in a body at
| east partially by detecting spatial indications an t

he boﬂ%; d_.
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SUMMARY OF THE INVENTION
The present invention seeks to provide improved apparatus and
methodology for ultrasonic cellulite treatment.
25 There is thus provided in accordance with a preferred embodiment of the
present invention a method for lysing cellulite including the steps of:
directing focused ultrasonic energy at a target volume in a region of a
body containing cellulite ; and
modulating the focused ultrasonic energy so as to selectively lyse the
30 cellulite in the target volume and generally not lyse non-cellulite tissue in the target
volume.
Additionally in accordance with a preferred embodiment of the present

invention, there is provided a method for lysing cellulite including the steps of:



in the target volunes and generally not |yse non-cellulite tissue in the
target volunes. Further in accordance with a preferred enbodi nent of the
present Wwowventioorieét here i s provided a nethod for |ysingCeaLtoot/niosio
including the steps of. sending a | ow power ultrasonic signal to the body,
receiving the echo 15 signal and analyzing it to identify the derms,
cellulite and fasehaatmgd =oapiiasg outside oviadyapHiEEonh e g8tihol une and
cellulite area. Additional |y i ' of eggenbodi mnent of
the pr e§§ﬁ°t“ve?’ﬁ?;’8rr? ¥ B c%#g%én?g@%?@%ﬁ%%ﬁﬁ%%ﬁ&? ﬂgam?lgertgfdeée?ﬁg cellulite

i ncl udi ng the st efisctol: theliuitesdrin gneangyt, fiasotiesoaree rayiFidgt the dadi, @ 8l i ci ty of
target volumes w E)hi the . .20 region. which target volunmes contain

cel [ul i t&8e! VPIHEF %/b({aéﬂcg‘ﬁ?“@g%f@ V' lyse the cellulite in the target

vol unes and genergidnyr BOtacddydBenovithc el prafeirt® ehibegieni of tthe preseget vol unes;
and conputerized tracking of e multiplicity. of target volunes

not wi t hSFEREANARE S PEOMERE gfﬂethf’is}g“ WB%PEI%E B‘liglgiﬂ%e Sge&g:gf'i onal |y provided in
accordance with ajdpriafes edon eabodicarnit Bhstt fetigily esentetebtingespation  appar at us
for lysing cellulite including: a focused ultrasonic energy director,

di rect i nefigagesvadieoty. 48bnic energy at a target volune in a region of a

body containi ng cgltgl fifasonidRlerdy APEuhaiplitity So@RPer adlinnes witlih thehe ener gy
director to produce a focused ,0 ultrasonic energy so-a tg‘@?el ectively

| yselot heeged. [whitht tergenvaliaest eongén cafiglitaneheshy §esqErEbyYifoPe 1©

non-cel l.ul,it i i L4 khem8hd @robtifolddgs. provided in
accordar%‘lélghe\t}\%%ﬁﬁl@ﬁ‘g?se#‘g?%Aé]’?{mg%[gﬁ%ﬁgﬂtk e B 0601 16

PCT/ | L2002/ 000510Furthee iprassafnce nividnti piefeais aamagunangof) Y8 MEelel | ulite

i ncl udi ng: source Quf si ~ atl nohAbl g4 REC energy; an

ul traso \ce”??{letgegrfllsd’fc?vg??Sg%th&ﬁ?%ﬁysg%g%%% dtldrl}gmb% tr%?cg)ni c energy to

sel ectivel y gener sntliyig laylser petdr ufliraseniangngeéndhabbdy, Aereivingside g cel ulite

tissue in a target .5 Vol 0. a y 1R DG Lold Wb Bne HhRere is

addi £ orme o} R R t°%R‘g‘tegdr“gff§%r‘ag§A Combing T e P he
present gwaMgdfitenaggpaliakusd édinlittysang cellulite including the steps or: a
region definer. defining a regigon in.a_b t gl deyenpy detecting
10 spatial indi ca?ldglﬁ%na B Pi%cgf)(%rcllcf; Wil pggééﬁre?de%ljp%fd?{]%}?r ect #15 Ul trasoni ¢
ener gy ahventibilkdetent provitiad ofethad Petysiuptaliois inchwilingihe steheoft egi on, which tar get
volumes contain cellulite thereby to selectiyv seldulite in the
target vol umes an Ire&@%f‘%ﬂﬁ?wn@t&y@’fgé‘ rﬂ%lﬁgchgle ?tﬁ%%%ﬁufggﬁgnﬁln tjt he target

vol uBes. relion TREEE r@t Sbiuks torrdifeelluiiteovinetell ionseiect oyl arse thewdeliditas preferred
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and
computerized tracking of the multiplicity of target volumes

notwithstanding movement of the body.

There is additionally provided in accordance with a preferred

)
w

embodiment of the present invention apparatus for lysing cellulite including:
a Focused ultrasonic energy director, directing focused ultrasonic energy
at a target volume in a region of a body containing cellulite ; and
a modulator, cooperating with the energy director to produce a focused
30 ultrasonic energy so as to selectively lyse the cellulite inthe target volume and
generally not lyse non-cellulite tissue in the target volume.

There is further provided in accordance with a preferred embodiment of
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a director, directing ultrasonic energy at a nultiplicity of target vol unes
within the region, which target volunes contain cellulite , thereby to

sel ecti veWwg 2ogmotiie cellulite in the target vol unes amdTgerez/edos not

| yse non-cellulite tissue in the target 20 volunes; and conputerized
tracking functionality providing conputerized tracking of the nultiplicity
of tar gethe yRkdhiRSerlioh stk 3ndysie APVREBOLIQS: the body. Preferably,
directing focused ultrasonic energy generally prevents lysis of tissue
outsi de of the taPgetc/diiuiee bosy spieraipg vitaspRicansiBth a preferred embodi nent
of the present i nugnikRhic Lhkey MO AiGOAGIUHE SutlbESARES «f TROI NG of
the region at |east partially concurrently ¥h directing the focused

ul t r asonieeciebr gppematly typrecallilitg e endy gangrely e lnfearoatseulitediissesc ini mtgrdehcl udes

posi t3 onjdign@br 4 RS Lor®indlehiliisoni ¢ transducer relative to the body in
order to direct the focused ultrasonic energy at the 30 target volune. The
directing may al sdhpmcliudasldiignatly ngrovidedf oe usccofdamte |vetista opreferred t r asoni ¢

t ransducghydalin @l derind I : g al| ' ar,_the target

3 O 20047 BO0LTS “p ?‘E’%Bog‘f %TS%E%BE&\%TS 3%%“{’%?63%5q?ﬁ?deaﬁ&o%ﬁékﬁgay change
the vol uske of the target volunme, and/or the distance of the target volune
fromthe at |least ope ultrasonic transducer..The directi . al so include
positioning at | eds S%nnJéetﬁﬂfrt A5 O %reg]topé%%éﬂ%’eag?eﬂglpgﬁia&'egfgg%ﬁ@ body in

or deto t ospdiiat exdicatidne ofi he bs®cland t r asoni ¢ energy at the 5 target volune. The
met hod preferably al.so includes sensing ultrasonic. energy coupling to an

rg
external surface GfYEHR: QBWH%&}“&&%% ey HREPHFEY Gﬁﬁ?ge’f'ﬁ@uﬁ*éft hod
pref er ablvyniaddi regionaltich iarve! whaSesS@NBINEIAe CAYLEAL @RcBLLING thd ar get
volunme. Preferably, directing takes place froman ultrasonic transducer
| ocat ed s BehpiargHieolgdy 2nd gengEdly meahee nar-eelubie jserdn feaitee¥hodi nent  of
t he pres@gmimdsnvention, the wultrasonic energy target volune is distal to
the derm s and proximal to the fascia In accordance with a preferred
enbodfi ment - of t he Thpradetitl firfhee provisiad it gseordae wiith e psdered erhodiperhas a

fr equencyr hdhrésehiad@Ri Rlappladii For tysit@ OuftEnciiEe Preferably in a range of
100 KHz - 500 KHz, and nost preferably in a range of 150 KHz - 300 KHz.
Preferably, the mBdifleges dgeqing witiaanicenttayyat @ymileplisay we tanget volumesd 1: 50,

nore prefgs \ WBEH tdioer RMEheL: t r 1:10 and
1:20. | ﬁ\fvggxgglredrgéﬁg% W t ht&rgépr (Iaf e%rcggtag lcl)lg?i’etrtll?rr © fE)t %%Lﬁéregrgggr%ﬁﬁ?nvent ion,
the 20 it abi thy thes vickiess lsed erenalp rehdysd 000 cdlljadistueah toyybiees at an

anpl if udgahave a cavitation threshold, nore preferably between 25 and 500
sequential cycles at an anplitude above a cavitation threshold and nost
preferably betweenomp@eraead t860Gng functionality providing computerized tracking of

the multiplicity of target volumes notwithstanding movement of the body.
Preferably, directing focused ultrasonic energy generally prevents lysis
of tissue outside of the target volume.

25 In accordance with a preferred embodiment of the present invention, the
method also includes ultrasonic imaging of the region at least partially concurrently
with directing the focused ultrasonic energy at the target volume.

Preferably, directing includes positioning at least one ultrasonic
ransducer relative to the body in order to direct the focused ultrasonic energy at the

30 target volume,

The directing may also include varying the focus of at least one

ultrasonic transducer in order to direct the focused ultrasonic energy at the target
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sequential cycles at an anplitude above a cavitation threshold. Preferably,
t he nodul ati ng includes nodul ating the anplitude of the 25 ultrasonic

ener gy owap 2004m@011Pr ef er abl y, directing includes direct iPag/If.mos@d10
ultrasonic energy at a multiplicity of target volunes in a tine sequence.
In accordance with a preferred enbodi nent of the present invention,
directi n%lhnﬂ&'%ﬁﬁ%‘ﬂierﬁ%é By fcﬁé}fgléeﬁe u&m&&t%wectaﬁg\%ﬁ&&ﬁme} d@d ones of

the multiplicit 0 of target volunes at tines, ich at least partially

over | ap. dippepef pfyget miupefisn terieasone Weasauib trpilicsi.t y of target vol unes’ at
least partially ayerkaRild :sHage, iR 5959}]%91%%1% Clhd Lgd0gf 000510 In
accordance with a preferred enbodi nent of the present Invention, the nethod
i ncl udestraédycai retptivhido thediodn ibprdentk dingpt dte foeamsd umeonguerfesgyentofie t he body.
The et hod, yRy,2l so i nclude defining the region by selecting at |east one
depth in the bodﬁ;1 and/ or by detecting cellulite in the body and/or by

det ecti ng non- | ysdtie aeltHod| jirtferably dRoehendeblsynsingi ulteasbiin gnays couptied udes

defi ni ng the.; . _ S,: unj volumes of non-lysed cellulite within
t he regi%)n. Tt%ll%glggrg?%glrﬁ{g]g%é\?ﬁ"aggﬂﬁﬁheefwer ertégﬁEulgFrbodi ment of the present .

i nvention, nodul dhe¢ mgpthodeprefietablg siditionaiin échiyess eensisg bd caahatitvied y | yse the
cel luli tl%rui nd he multiplicity of target volunes proceeds sequentially in

time wherein selective lysis of cellulite in 10 each target vol une takes

pl ace only fol | owiPregeraley, editectiy fkesnplice §5i@ thnC@lrhsohit titintdweselottedr ef er abl y,
t he nmet hoq %’L@ﬂﬁl na)lr udes conputerized tracking of the nultiplicity of
target vy Rt hst andi ng novenent of the body. Preferably, the

conput eri zed tracki A@oidasdeUdi@sa SRAFIASHIARGESrIMR HrB®nt RPSkbA o of mar ki ngs
on the baody and enpl oyi ngm}s?ensed changes for tracking the 15 positions of

the tar g‘é’trXS\S’B‘Fﬁ?Fé@’ {rgetRRSGYstalte Be dprany 4 prowemakiibe Bsvion provi des
decreasi ng anpl it ydg.coMahicet \iiffEa pre‘ﬂ‘ﬂfaﬁQnﬁ?&iﬁ%ﬂ%f%ecﬁgée}l%{/éﬁﬂor{, hgeshol d. 1n
accordance with a preferred enbodi ment of the present 1nvention, the

dest Huct HBHOBE ehdigy lees|al feequensy ea sose of IhKHe adO@r KHy, rére getferhlsing of t he
cell's mephrang ob¥p,2904 Clil L OS] f e ul trasonic
energy from a sourcé out si E&Fﬁgéﬁ%ﬁg@#ﬁ%ﬁ%@fg@ﬁﬁf 5??%@% provided in
accor dance with aPpfet@y, ke modiaitigneotidesaf dutheyghr bstwedn I:hvahiiSOn appar at us
for ultrasani e o%[i j oni.c n dj.rector assenbly
conpri silng E%Trh%ah&%englf &#?g%%%{l}ﬁﬁ‘%férgﬁ get}vﬁea{lns‘ u%xérlgo' coupl ed toget her
to provi de focuseth ycordageniith &pefagned embaditant g ttheviokseneinve@borPrtlef er abl y, t he
Langeyi n asqQni Co t.r ce h Ii Ses air of i ezoel ectric

el erre)nt sngfﬁe%%n?%l& EAJ?‘E%, bgg\%g}sﬂi“t %’r\gde?@@n egg nl%llcé’%sr %tdgrf arélﬁfém%eegba "Fve cont act

el ect r odesitdtioe ghreshobin rhat hprefedbly bétwedne2paind B0 piqeadel extesiat &l ement s and

held ti %‘idl%dea}g)%i/éq%t cz{[vnﬁiogatihf:eslggld Fyn& Zn%aslt %?e ériztﬁy eole %Q tl%)Ob%dai%(%Ol t and nut.

sequential cycles at an amplitude above a cavitation threshold.

Preferably, the modulating includes modulating the amplitude of the

ulirasonic energy over time.

I
[}

Preferably, directing includes directing focused ultrasonic energy at a
multiplicity of target volumes in a time sequence.
In accordance with a preferred embodiment of the present invention,
directing includes directing focused ultrasonic energy at plural ones of the multiplicity
30 oftarget volumes at times, which at least partially overlap.
Preferably, at least some of the multii)licity of target volumes at least

partially overlap in space.



Preferably, the plurality of Langevin ultrasonic transducers are 30
enbedded in a vibration danping material to avoid nechanical cross talk

t her ebet viwereoo4/@oaber abl y, the apparatus for ultrasoni c PChgLzooy0008tl udes a
cooling system 5 WD 2004/000116 PCT/1L2002/ 000510 BRI EF DESCRI PTI ON OF
THE DRAW NGS AND APPENDI X The present invention will be understood and

appreci ated nore tmtdcwrdattdethtétgrefe@:leti M BEm BT i thes eéé%%%r%ﬁ% taken in
conjunction with the drawi ngs and 5 appendix in ich: Fig. Is a

sinplifi ‘@F}p‘?ﬁ pelyfgsadelinmg dhe vegiop by roarking et @éﬁ&ﬂalsuﬁtxtﬁftmﬁ bodanlihe oper ati on
of ultrageRdCmeLhbd!inche HESMBOT ative in
accordance V\Altnﬁ)‘la prg e?red e%o elg{r%r’g%? %Hﬁlﬁg?%?}étsoggtdg%\?g%ﬁ 0 Fig. 21is
a sinpl |W/é>ab5bqi%®knmeaglrtamttxq bOldsﬂm%@rlbmde@ﬁnanm-bﬁ@rqe&dn@omer 10 source and
nmodul at or  show ngp n [ i ssure over tine
in accordance w t%&g%] ll](Faé(r:r n%l%%‘h& det%mgt%l qgrg%}egoé gsl %ven ion; Figs.
3A and 3\@1@@@OémqtﬂritlieﬂiceldlllplmthmrthadegmI ustrations of the appear ance of an

oper at or |nterfac [ pormal opera an operation
respectivel y; ﬁ‘ gééf%Pds?g%é VSVIHE ?53 L5 5rER Wé&fé}fﬁ Pref tlrtvﬁ%/ti %n of an
ul tr asorm@dtdﬂehg LHentllmsdxﬁc eneegt svemt tosylsttﬂaty cmastter ¢utitilrel xratmd mpeliaky ve in

accor dange referred embodi nent t he pr.es |nv t|0n Fi gs. 5A
5B and 58 léltpréﬁeel O(%uné ShPCsdy %*?t%‘f‘ﬁye& ?t“%\t)@ﬁ%tﬂ sgl Clh&%f 513N Bebg’r ator steps
in carr yaantgta(gattvohmtel toitels lpkacet srafoli®nibg ddlecaeCeimdanged willite ﬁieﬁﬁrﬁf erred

enbodi nent of the |nvet on, 20 Fig. 6 is a sinplified pictorial
illustration of tﬁprQ% er@? E‘? twemawaes SPRPURTZSH E%tﬂgt Phdni ¢

apopt osimuliigidiscifitopetappakatdivitsenshs hel@eknbfdhopkat i ve in accordance with

a preferred errbodtrrrfnt of the present invention; Fig. 7 is a sinplified
bl ock diagramill B dfe GPmenipied dierlaee Bsiudes sesiie changed indetul at or

show ng wsiR@t berarRhgy 3h iR it8Ay Cﬁfld %f gmeﬁseer&%ﬁéég CroP kb 'ﬁ?e in 25
accordance with a preferred enbodi nent the preséent I nvent Figs. 8A
and 8B drogligisepite taresd velleesp hglbofly.| ustrations of the appear ance of an
operator interfacgeelsR ay peration
respectively; Fi g.e 9 :RJS e?ﬁ%}lﬁg{‘%ﬁ 0(%9,% gg(r)grrrrl?ﬂﬁflélj;%t‘”?a fngn of

ul t rasoﬂVEC%@?@ﬂmW@l‘m@dd@tsh@ld appar at us construct ed and operative in
accordance with aI 0 nvention; and
Figs. 10A, 10B an g%ﬁ{g{cg%tg%e " ergérg?Jhﬁ g‘f rese Etn!norl Fhust rating
oper at ordestt\@m"\ olrtheeglls gambe dmte agapttafyysitmﬁdu@tofd}ne taileaterré:mnelhy accor dance
wth,a 6 P Q preferr de di ment of the
o eodmt T A e B S e o Pt BB O ot 11 o
flowchart illust r'&tqreng still further provided in accordance with a preferred embodiment

of the preseni invention apparatus for ultrasonic therapy comprising an ultrasonic
energy director assembly comprising a plurality of Langevin ultrasonic transducers

coupled together to provide focused ultrasonic energy on a target volume.

2
w

Preferably, the Langevin ultrasonic transducers each comprises a pair of
piezoelectric elements separated by a positive contact electrode, and negative contact
elecirodes located on both sides of the pair of piezoelectric elements and held tightly
against the pair of piezoelectric elements by a bolt and nut.

Preferably, the plurality of Langevin ulirasonic transducers  are
30 embedded in a vibration damping material to avoid mechanical cross talk therebetween.

Preferably, the apparatus for ultrasonic therapy includes a cooling system .



steps in carrying out unit by unit tracking wwthin a time variable three
di mensional outline in accordance with a preferred enbodi nent of the
present iwoentd/nii65 BRI EF DESCRI PTI ON OF THE APPENDI X Phe/TBmo2nws 0

i ncl udes conputer listings which, taken together, forma conputational
tracking functionality in accordance with a preferred software enbodi nment
of the present invention. 10 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS

Cellulite is th ynattractive dinpled skin or "dinpled
fat" on the out WEE&%@RT@%@&%P&WS BY. redd*where | arge areas
of fat are found TH gkse mE@Kh Will yoel Sndeh®odKind- appfedlated! hi@ fuilg not a
medi cal term but comonly refers to 15 a "di sease” that affects only wonen.

Most womBAMolRerioldyang detaigd decrpion Bkreindegivaetionoyit ghe dapings amhe gender
speci i chf¥ndiSiAmigxpression of the difference in the inner structural
connection between the skin and subcutaneous tissues. Vertical fibrous

ti ssue strands cdhgiekts #kengifieh pictoridedlparation € e sayel srahde endat e

separ at e ,6oMRar LirentSoddatiu o I f S i.ncrease in
si ze, thggeg corrpartrra?s%r%s tﬁ%ﬂhgeg%ré%g‘@%r gﬁcP&gagdSZ?&nsﬁw%ahf T‘aﬁéedp%g%gveear“gnce of the
ski n si neeordaeceveihta pelrredoymiedinieneof deprasestieentival asti ¢ conpared to the fat
tissue. The fat in:the.celluli 1S .the samp |ike the fat tissue

el sewhere. A perS(r)l:rlf" oéssgﬁgwlﬁggglof%% dbagra&/gﬁl%%uﬁﬂtdtaop{fgvgpdjﬁwte%i s di npl ed
ski n 1eal bewce ane|rhaduidie . shGehg alpateen b&vaniationadfinaysorie gressee Bier e ght | oss.
appear anteor s U Ba PHei PO R AR e SR S rHT25 accor dance w th the
present invention Hs. bAeakBBgreenbliffee pivianeslustaiosat tidwpeappt beat i on of
cavitational nec agi cgl focrices on the cells nmbranes or by induction of
apopt osi &' ORETAPT IFILICE Qispiagdyring pormalensratipp and fanly OPPEtRIRFREIEYt 0 Fig. 1,

which is a sinplifrigd piacsi@pisrb bldck ldugtabPliu@Rief of AE uBERRIAlIgkd uct ure and
operation of ultrasonic cellulite treatment 30 apparatus constructed and

oper at i vEe3IREA SV SPRSBUGHEY #dersiaiYecih reeprdaned Witk relemed: gebogimesont
i nvent i 0Bt thésree@BAvdnfloi 9. 1, an ultrasonic energy generator and director,
such as an ultrasonic transducer subsystem 10, disposed outside a body,

generates ul trasori¥ A W8 20b4Comoltestpec st Govseg ilesiating, whi ch, by
sui tabl eqplagesRp 9fcalifs tHANSAREL ke -Qrﬁygxt Botdntehdhl ¥ Sulrd1e body. is
directed to a target volune 12 inside the body and i1s operative to

sel ecti v@PkﬁdWQ‘éﬁé&éﬁ pigsenyigeengent;| ul i te and generally not |lyse non-cellulite
tissug in the targel o/Ql MinoliflebElRAl AckaHR00H TRMNenOhl UhEASAN C_ener gy
generator and director 5 u§3e ul "1 n the present 1 nvention conprises an

ul t r asonpireratiner dpeliesanict praptdig cieduciers eptriratus Lonsimabdidind goparativer wed phased
array 14 , i.cal [,ni.ng. a portion of a sphere or of
a cyli ndEéctra&d%cgr\\tﬁggﬁjggg%%dfeglb%ﬂﬁg%f% pgeggﬂérrﬂl{ye%ﬁjﬁt abl e configuration, shape
and di stribution. H¥ ef er ablmyylifitd alosld dmeraml Blustsatipn ef er pdefeyred ppivezoel ectri c

transducgl, e and modulator showing a pattern of variation of ulirasonic pressure over time in

25 accordance with a preferred embodiment of the present invention;
Figs. 8A and 8B are simplified pictorial illustrations of the appearance of
an operator interface display during normal operation and faulty operation respectively;
Fig. 9 is a simplified block diagram illustration of ultrasonic apoptosis
induction apparatus constructed and operative in accordance with a preferred
30 embodiment of the present invention; and
Figs. 10A, 10B and 10C are together -a simplified flowchart illustrating

operator steps in carrying out apoptosis induction treatment in accordance with a

6



or a Langevin type transducer. A preferred Langevin type transducer is
shown and 10 includes a pair of piezoelectric elenments 17 separated by
positive worbaawonakectrode 18. A netal bolt 19 cooper afes/mmoupo@smet a
disk 20 and a nut 21. Negative contact electrodes 23 are |ocated on both
sides of the pair of piezoelectric elenments 17 and held together tightly
agai nst tjrefeped smifdiniine 2kt pederd ibvesfient s 17 and the di sk 20 by the bolt
19 and the nut 21. Pair of piezoelectric elenments 17 can be nultiplied to
any even 15 nunbef'%8f!lé: dAthtE whish grestogehsy a sipplified flosickart Busatings mbedded i n
a Vi br at i edps dareaiits Rt kit dy uddrdcRingointh TBGRANLEAle BEQSFindRlidhaPet Ween
transducers 15. An 1nner coollng ;és,en125 may be associated wth the

t r ansduc étding 5 acperdanee stithe grefaried embediment 26 thepraserd thverftiop, material such as
pol yur£t hane, whi ch has acoustic inpedance simlar to that of soft 20
mammal i an tissue, generally fills the curvature defined by phased array 14
and defines a contact BRIFF REECRIPTIQN CFngdgaRBENDEKt h t he body, typically
via a suitable coupl . : C rface 27.may be pl anar,
but need not be. Sﬂb%E%Fgﬁ%bﬂgpg%é§9§%@%P§§g$%%ﬁﬁ’%@ﬁb@gﬁgﬂsﬁﬁﬁf?ed by
conduct oresmpgtatignal negpding v durctmikiipt irel @comdaeces vAB to mafesed t fuftwtareansducer s

15to prQ%#ggm% gﬁﬂgggge&g\%g%g 25 acoustic energy output. In accordance
with a pre erred enbodient 0t he present invention, a cellulite imaging

ul trasgoni c transducer subassenbly 29 is incorporated within transducer
assenbly 13 and [ ' ' ectric transducer 30 having
conducti ve surf%%géﬁg#iéggggﬁékﬁg6@??%%§§§§bﬂ%@BQEF¥%%@§ thereof. Suitably
nodul at ed AC el ectrd gal. 30, power is supplied ondyctors .32 to, conductive
surfaces 31 in or dedreﬁ‘t%ge (I:Sattﬁlggpp[eﬁrémcep? e%o aﬁ@f&%cﬁwgﬁsg Br ﬁ’f§"(‘5’tlffdo provi de
an acoustfh€ oertergyer chigippbuttotlandd cther odd 2reas ¢hepllLge irfascfidustfomel surfaces

31, also.provide an i i ng oqutput fromi i WD 2004/ 000116

PCT/ | L20d’§f @f)%%rfblmnuvltmssg‘ﬁ‘i ceflﬁ’gﬁsbsu@éﬁ M@%@P@CWO% s Wopr eci at ed
t hat hi ghe fdisegpa’e that/afGoRToRIy OV d@hdny Mavtaldnadal &ethht b3S 6N Chavk k@RS dske&y s My be
enpl oyed torlinagLﬂg or alterpatively high fr uen%¥ A-mpde transducers
may be usedl8Petmi'E SUAHPECIAY i F, PRETion | of dhe siffepence du(they el | magi ng
5 ul tr asatrh@ural edhaelice betsebass SRR ladd 28ciBNedRe ighbdTvealcgi0abrbds tissud ur t her
appreciatedcéhat variokgiﬁgges of ultrasonic transducer assenblies 13 may

be enpl oy B EGPnesY MRS, to LaensT fissum Lyere epd gEealerisparats cRppariAELMal nul tipl e

pi ezoel ecbiithiéi Mol RN Wisen Bl mérBase e dzd ROl Hhlehts HuBEIBRAI Srodlich
plezoelectrlél el enents of various shapes and sizes arranged in a phase

array?® mi tepled Paryere noft {igeskino siasee then veticaln fopectivsy 6¢néad afeainglastion t ype

el ement s BRdalb@NgaMs Marl 4Bk, SIHEMENLS 1R\ cHidfid W She SHAPGRe 3 17! ER ar ranged
in a phase array. In a preferred enbodi nent of the present i1 nvention shown

in Fig. Flsevhge Apereséns aodies gydogeneyaghoio davdlopitriedimpledsskia celbashi ned in
t ransducegags eahlive d 3ot arbblebnatd %ﬁégérﬁigr}tggs% HURGEAANT o raOGRAREALE N

ultrasonic ener%¥ and focusing suc

cellulite 1s known to improve the skin appearance. The destruction can be achieved in

25 accordance with the present invention by breaking cell membranes through the
application of cavitational mechanical forces on the cells membranes or by induction of

apoptosis, e.g. programmed cell death.

Reference is now made to Fig 1, which is a simplified pictorial

illustration of the general structure and operation of ultrasonic cellulite treatment

30 apparatus constructed and operative in accordance with a preferred embodiment of the
present mvention. As seen in Fig. 1, an ultrasonic energy generator and director, such as

an ultrasonic transducer subsystem 10, disposed outside a body, generates ultrasonic

7



15 may be provided by distinct devices. In accordance with a preferred
enbodi nent of the present invention, a skin tenperature sensor 34, such as
an i nfrarwo 2eem®oris may be nounted in proximty to thePconLzo/o®@are ace
27as shown in Fig. 1 Further in accordance with a preferred enbodinent of
the present invention a transducer tenperature sensor 36, such as a 20

t her noc oaple. wifely tal aitatide phemdne bf aho ngsiddesr i swhgystag 1 teaisord dha r ansducer

subassenpbly 29. U frasonic transducer suhbsystem.10 pr.eferabl cei ves
sui t abl yooukol Firattet et &S i"8‘§¥“ep‘§w8?ld? ?fﬁﬁ?oﬁy GB%eY Opﬁga&r"% X ?f% tyd dul at or
assenbl yoedQallyf 15 NGt Hadkineeily otCRBhEOLISID %NSt BitheddrgeiGohine0l subsyst em 42

also typically includes a cellulite 25 treatnent control ggﬁ}pt{ter 44,
havi ng associ at ed At RE@Ht FRpdrase ol WEasoRi e Snrge s irePa, and a

di splay @8l A RE Ejfre%ér[‘ce‘nﬁiveﬁtm%h‘gﬁ%s Af IPRVEE 18PMPetR DaAstugBditheaitty  assenbly
40 is illustrate and descri bed herei nbel ow.. Utrasonjc

Fig. 2
t r ansduc by iInclygipg 9§Itl’g/ﬁ€1 I]?gﬂSF% ek plHmNydysersi 1o WreH SGturst PEEPT §* or

seni - aut ORBLLLE LY 2831y e XranYdBeBOS! bPHeNT A9 SeMHley chgurdiidner nati vel y,
ul trasoni ¢ transducer subsystem 10 ma ositioned at desired

be 30 . )
poSi ti onﬁlabg/ﬂm'rﬂi@@‘éﬁiatl-d?f?fellahIYafé%@‘ﬁllfahi% ismr?ﬁqfﬂhgpﬂrléﬂéﬁlﬁﬁﬂc ERSOHEhent of the

present | 1P, 6l SreRP8Y Al V& id I BRH.AG i@ RGNt ke of the
body on Sint ciea pf AR R0 A BreRRSl Akl 41000116 PCT/ | L2002/ 000510
t o beo peinflodeyedpaioppietosleariotlembws posenaviedoby posdiveapitedstelechuigyldvi ewed by

the canera is ferably di spl ay in.real ti l - + An_oper at or
may desi 8n53{ﬂéﬂ Pﬁéqgu?qopeﬁ teSofwng Erlenge?%n&%kog aﬁnﬁi%gugg}'%?&#?#ﬁm accordance
Wi t h oneclesodeli 18emt lwhtet be bpheglendf thaypentf piezockbesic glementon7 ofid kéld s region is

5 effected ap operator marki.n e skin of a tient, W outline 50,
whi ch oufoﬁ?tﬁ% qggﬂyl %’ﬁ@gtdtgﬁﬁmﬁ8@?%e%gnﬁﬁ§m§fﬂ§6I7aa{/1g eoaﬁSkdle\é%ﬁI; tgfl%@é and is
al so emphoyed thynitha . qalrl ol jidzecledtfie @l 1T0tHNr 6d mobipiidt ©r angdeveor

controlling the application of ultrasonic energy to |ocations within.the
regi 6h. AUBRSHBLIYRCEA) cul at ed representation of the outline may also be

di spl ayed on di spl pxfefily, Rns@l@sisIrad e embatdded et eibagondumetey miieial
Al ternativel 10 the operator may nake a vi rté%' mar Ki ng_son tgﬁpski n, such
[

Y, . :
as by usPhép avoid weehanissl qrorstalk Berafem ranifHoer Rt &8 R CRYT iSHEL dhput er
cal cul at gy adtdsictRrcl GPIeHE Maidu@is 22 AR inteHnfepiaRYeldifont L6, Raded bDB to the
outline representation 52, the functionality 8f t he . s¥st em &I’? igéhe pr esent
i nvent i ofa§Fiak BichFF yPORMESSRepVESS has proystel MRpdBee fEplee S el ohsPh 15 are

typi 6al | YnahReaheeksQULSieaaly e he RaMaRrL@fhal B MthsePdrtai|litagd défiies amy be
| ocated i nside the region designated by outl]ine 50. l\%r kers. .54 Eglre visually
sensi bl e corack ayréice Afli feh engagement il e aeden YBiFalyatia RSWiRle EABIRE & by canera

46 and_diispligues OadlisSplan 4y bBRET Sy ndd gRye be natural anat omi ¢
S

mar kers, "such as distinct portions of the body or alternatively artificial
markers such as cohoriy modilaRéAS elguidesh porerkia Fepiipd b PETIEFIABIAP 120 enpl oyed

to assi S%eéa@?e SYSLEM dRadeR! b N th i IRFQERRLS BprHidd 2 8esir8@tRMseBON nal Iy

25 acoustic energy output.

In accordance with a preferred embodiment of the present invention, a

cellulite imaging ultrasonic transducer subassembly 29 is incorporated within transducer

assembly 13 and typically comprises a piezoelectric transducer 30 having conductive

surfaces 31 associated with opposite surfaces thereof. Suitably modulated AC electrical

30 power is supplied by conductors 32 to conductive surfaces 31 in order to cause the

piezoelectric transducer 30 to provide an acoustic energy oufput. Conductors 32,

coupled to conductive surfaces 31, also provide an imaging output from imaging
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defined by outline 50 due to novenent and reorientation of the body.
Preferably, the transducer subsystem 10 al so bears a visible marker 56

whi ch i s wb=0o4mptiar ed by canmera 46 and di spl ayed on dipspliaiooz8eoshar ker s
54 and 56 are typically processed by conputer 44 and may be 25 displayed
on display 48 as respective conputed nmarker representations 58 and 60 on

di spl ay d8asohicgranstutdr kutnisembee9t he transducer subsystem 10 bei ng positioned

on the body over a.locatio 'X\‘A thin the region containing cellulite. Bl ocks
desi gnated by reflefefRPEC afy gl Sregurgess Zowpmgrrially 3y EiahIe gfashs of a

regi on ceifsaidaisnghaf el shpléd RP MeSRE G | ey Re e RRtknef emoge! lulite
treatnent in accordance with a preferred enbodi nent of the invention. It
is seen ?Wﬁﬁ“ﬁ“p@ﬁb&?ﬂ§%hﬂ%fm%ﬂﬁﬁk§&6@5&H@ﬁ@ﬂEﬁﬁaﬂﬁﬁ pellubie dopgizce with a
prefesr e@tr@éﬁ?ﬁ@ﬂaﬂﬁﬂ&er%bak@ﬁbl@@@%‘?%e LINBRAEI ON, Wi thin the region 10 WO
2004/ 000116 PCT/1L2002/000510 containing cellulite, the cellulite,

desi gnat ed by ref df éndethaurfprariaed, thits varpge dypenhif] elirasois- galsfuski t e ti ssue,
such as gQORaRt Y&l SSUe: i Qg&gg r C derms
desi gned bX re%ereﬁ'e 63&‘?%???2' e .gEéﬁg§E§§E§g§§$§ﬁ§£%%b3§H%3deep f at
desi gnat editible piefoeledric ele6Eniar mulidtyeredspidzoeRetfie reteneets i and noexoflearic 2, which is
a sinplifi ock: di 'I& ' f a preferr ower. source and
odul at of " ekenp s oG AR A LEBLLER o Bos B Eb PRI i o1

ul t r & ontlempne ssulir-ayogve Latgene type dancantsdad denydvinhiyge gemémy oedirieadodi nent  of
the pres invention. As seen in Fig. 2, the power source and nodul ator
assenblysﬁ%maﬁggféﬁggkﬁdgﬁﬂg?$§5§ya signal generator 100 which provides a
time varying signdh ayhéfetedldnbodinmemduf tt etess® id@nidd Nawe iraFiger,ites of

relatively high anplitude porti.ons 102 separated in tinme by a_series of
typi cal | fllyr?stgf”gt ?r\?@ygqngiwoérfﬁfli ‘hli?ﬂ@r RN RS] ?e‘idﬂ.“a&%@t‘ﬁﬂr i Py  hi gh

anpl i t udaligeddvepnthd 0Bndibe 6 adiedstifO LMASRANEErdyOad oaMinkadutiPRyRgr i 0d and
preferably has decreasi ng anplitude over tinme. Preferably the relationship
bet ween VREDS FrREde iy AsierdewieSpor ti ons 102 15 and portions 104 is such as

to provide a duty [g¥edoiaR@l WReR pheférr@ Gmbodlent RS plRéchf BN aRhY Petween 1:5
and 1:30 and nost preferably between 1:10 and 1:20." Preferably, the out put

of si gnalsiyBHEpatust serdn 3hagiclh af reilierd yerser. may Angwunted inBoKMity to 1000 KHz,
or € pgg{gl@[(ﬁ?ﬁ%zgﬁla\é@%asl%w’ﬁ% Fig2 Q0 piflier R GholM3dnce RERT 8T R0LYef et ween 150

KHz - Z he out put of signal generator 100 1s prererably provided
to a suitapidenenhofdhe aiepInt fvertion(s rangdiash terapepaiers seisar iSApswthriser mat chi ng

i it r Merh®B8o al |5 c Fig. 1),
ci e trifedQBody ahal, NANE 88 mlahﬂtéﬁlsasﬂgg darﬂﬂ%%gﬁgg%ag&ﬁéyﬁn@mw (Fig. 1)

whi ch converts the electrical signa receive y to a corresponding
ul t r asonfu@ase#ellyYo-out put. As seen in Fig. 2, the ultrasonic energy output

comprises a LiMe \ArubO hanale "t THIUALSH, 2oL SaRAA Nal Y. L0

t he out put of signal generator 1 S0 as to havi a series o relatively
hi gh anphpdulaied pesitiabnewer fom earomes pomet arg modybort dsgamsblyl 62, forsdggar at ed i n
tinme part of a conirol subsystem 42. Control subsystem 42 also typically includes a cellulite
25 trealment control computer 44, having associated therewith a camera 46, such as a video
camera, and a display 48. A preferred embodiment of power source and modulator
assembly 40 is illustrated in Fig. 2 and described hereinbelow. Ultrasonic transducer
subsystem 10 is preferably positioned automatically or semi-automatically as by an X-
Y-Z positioning assembly 49. Alternatively, ultrasonic transducer subsystem 10 may be
30 positioned at desired positions by an operator.
In accordance with a preferred embodiment of the present invention,

camera 46 is operative for imaging a portion of the body on which cellulite treatment is
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by a series of typically relatively | ow anplitude portions 114,
corresponding to portions 104. Each relatively high anplitude portion 102
pr ef er ablwocoswmspends-to a 30 cavitation period and hasTanpioz/bwd® at a
target volunme 12 (Fig. 1) in the body, which exceeds a
cavitation-maintaining threshold 120 and preferably has decreasing

anpl i t ug§abe gééﬁ;_rrméd, Mepictife dORS bor@ibh bitib g@denﬂwoasa vRfve@dg her @iata ivel y hi gh

anpl i tude portion 11.% has 11 WO 2004/ 000116 PCT/1L2002/ 000510 anplitude
at the peefgatly digglayakinTea! tigppe ASERSD: exceeds a cavitation initiation
threshold 122. Re i Y, i : i i elamplht ude t hat

| ies below both /%rﬂ%%esﬁé)rl Igépé{%%%a}%]gki{ggmgg?érrg%i? éaot%llgay the relationship

bet ween atdoedahéenwittd omeadnitmdiment opthe toresery inveptiong depignaian rilis 188104 8 such as to
provi.de a du cycl e between,1:.2 : D0 - [r @f Jhetween 1:5 and
1:30° an&ﬁ?ﬁdg%di %paflecﬁ)grlaté’ﬁfnf\{@“ t&’%gl‘ﬁn %izq%8;“aeﬁgmi%suﬂlg%e%ésg%?I;c/)?(thﬁg ul t rasoni c
energy Quidet thy @hmeth tir ardnisplayadamsdispdayr4s 4yl ihalso amplpyadduehe gelinlifea range of

50 KHz - 1000 KHz, nore preferabl et yeen K and nost
pr ef er alfEymsRY GRER ‘i%lﬁ)uﬁiz&- Foéoc@n ting ‘\g,rgeaggl# gg?ny??glgg%g%i %n%%gﬁpglzl t ude
por ti on |gkAork SwiG@TPki 18gi6h.0OA detpwee nal2ulatahdeptBefatmeqfetht icaline yyes at an

anpl i tude above the cavitat]on i ntai hing threshol 1 preferably
bet ween 38 b&tEPEnes eGSR Iasc‘{)%ﬁléaée a?y 5eﬁer%1r}%lnlu ﬁﬁgs%ib%l\geénﬁqﬁgelﬁ cavitation
mai npai Mgekd8r@8R0hekel? Oiraadnariag oprief siirglbhon detyweeng 1 @gitizndn@00 15
sequential cycles at an anplitude abovgcqtg?te cayitation nmai n%@iogi ng

t hr esholsioveD0 Whrst ¥ Ade RVt WORRYE £ B cutsne JFRECSSHEAIRN T 1 ar e

si npl i fid%glayggct orial illustrations of the appearance of an operator
interface display during normal _operation and ftﬁul t .o‘{)agﬁ{at' %g
respectively. As Beatiition P i alineqfROFIgHHBEP m %6@:&? , %diSpl ay 48
tYpI cal | e SR hdoh 1REtelaB AR HRANTRS1uddinl B darkdy swiviithn & 20

cal cul at arget region , typically déelimted by outline representation
52 (Bi g.ard )ypicaldidiatedomatbitly thediegiph mgntaiging rceliwditea By may §gilerelsd disideor nore

pre- pr O%gre”@l%g BELLRL ’E?%g*@ﬁ S’n@@%gfé 5202 AhdiSk hM§ IBSRAgRRh 3R3. It is

seen the various targe are shown'wth different shading in
order t ccldariglseathe chiheh B61 capaitadeyt camierat 4¢sand Fisplapsdaappiienlay s NHEE t ar get

vol unes, here 25 designated f nGe JRUEraLend 04, mhaygly abt eady
experi emced &¥ePY dﬁa%”faz %’?tglé“?cnen?%kerri ﬁ{cgc e%eﬂ tf?getn vol ume 12, desi gnat ed
by ref erfmeetirynatitdial 206kdrs stdheast enlgyed sidesnBhesaanarkers afg peferadly cel lulite
treatment. A partially shaded t t _vol YRk GadibY nofhBRLKESENt s a

t ar g&t v"if‘l’%?ﬁ?? QS tﬁ%gy%eer%ﬁn idﬁégélgl f‘l‘”\g} & y%ggeggtt{e:ld té% achi eveyecorrpl ete
cel lul i t@fihéeby Feiite 50 i @atmbyenttme atdreorisudtion oif dlret bedye Brefsehly. diifr at i on. 30

Qher ty RS gcéu%tbrr é@g)%?gq X(ﬁ | agsgeﬁqjtrsls # gvri]s[ilﬁés 105 856" Qhich Qs QR0 Laptadnydue to

i nsuf fi ci& I erein or for other reasons, my be
desi gnat @ehehyss Suidlspbyee oaalsplega®r ot her designations, and are here

I ndicated by ref S\ harkers M 0ed % %reziyop81cally processed by computer 44 and may be

25 displayed on display 48 as respective computed marker representations 58 and 60 on
display 48.

Fig. 1 illustrates the transducer subsystem 10 being positioned on the
body over a location within the region containing cellulite. Blocks designated by
reference numerals 62 and 64 show typical portions of a region containing cellulite,

0 respectively before and after cellulite treatment in accordance with a preferred
embodiment of the invention. It is seen from a comparison of blocks 62 and 64 that, in

accordance with a preferred embodiment of the present invention, within the region
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12 WD 2004/ 000116 PCT/1L2002/ 000510 and 210. Typical performance nessages
202 may include "CAVI TATION IN PROCESS' and "CELLULI TE LYSED IN TH S
VOLUVE". wopoeloosbat us nessages 203 may i ncl ude an i neéczratiooowsio he
power |evel, the operating frequency, the nunber 5 of target volunmes 12
within the cal culated target region 200 and the nunber of target vol unes
12 whi chcongmmign celiolitanther gulte| desibndtedl by edéramatnunidrd @eays §&daksiie pref erably
includes a graphical cross secti ona% present a'lti on 212 derived from an

ul trasoni'¢ T hage Pref SFApty CPPEHYa S By IPPREeh Y (RfTFIce oHmerd r8nsducer
subassentinni2 Bes{dhed) .by Lieferdnice sENtfadcla0 Besgh e b f RFcpdicy 7oNsHC asepsd0 vari ous
tissues idn.utg,e bodP/ in &'oss ecéi on and shows the target volunmes 12 in
rel ati on®*SIHEPEDT TS cBP BYMSE Wi t h a preferred enmbodi ment of the present

invension, presemefidned is2ddy PRY2akEith RrONhHified dckWlghyn SRaskB € _
indication of cavitation within the target volune 12. I n accordance with a

pr ef er r el BRIFGHCASAT SoFoU ey raesiior japsomhlyi 9rFie. b shevingeireie2e® may al so
provi de sghesmdi GurdsSRE %%?%Jepﬁﬁegr%&co%%e vAth ﬁ@gll'rig/&]@m%dimgré ofierms 69,

cellulite 66, fascia 70 and deep f 67, respective Turning to Fig. 3B,
it is seBR PFosert iHERERg ALISARSY idliS. o dieaitonsh sowltesgildayodiatorpasesmibie 40

pre- proghRr | L : i el Jmy i nclude
P EADy e i e L RaGaR t i WD e MR AR, 1o 1 G

message Bypidsaledysoragliahes 1 eeriehef sdatimely high ueplitalie hotgls 102 Barared/

alternativ or (¥ o) Y. t ther tj.ss i nsi.de, or .out si de of

the tar gfgttﬁk%gﬁ ﬁlrrsgg%f Sﬂ[ ﬁg@%liyarﬁiégte%é%wsg @%q%ef?ﬁ ﬁ‘stﬁ%ﬁggacﬂ r.ela &‘?ﬁ tionally,

di spl ay #gh amplitedesripmoMi2deefemblyicotredpoindads aatviatomperiotahd prefsetdy cel lulite

and non-ﬂmg%%ie lite followng treatnment. Reference is now nmade to Fig.
I

- T a?ﬁ%lle% lith e QVe : .
4, whi ch TITUEE VAR ST Pt ¥ %onic cel lulite 25 treatment system

constructed and opesfahblyehd relaicashipdeatoenwhi lind Qfralas begogRodigrent of the
present i As de i bed herei nabovef i reference to Fig. 1 and as

érgven[%i QN s ﬁcr with f :

seen ' i nTHi A | HeSuTHEP £5oRi WORES PufY &YHs Sapeehtl gt ditlcHIRRT i ses a
cel I ul i t preferabBibarvetn COREA DBO aiOABY bRferad: betics N 10WhPULS tO a display 48.
Cellulite treatne ontrol conputer 44 preferably receives inputs from

t cC
vi deo canera 46 (P@fe&ra Y. B et Sinsignal grpserer \i02s @ Tregeangy Bnefsuni t 300,

whi ch 1 egesyeHA eNMper &y endrdpeghiabld veleld 06 @3, Welob @Sz iAPWeE: from skin
terrperatur!;eé sensor 34 (Fi 1) and transducer tenperature sensor 36 (Fig.

1). TeniJé Eilﬂ’lyrbé“%‘hgﬂl‘éﬁ%fﬁo £ 300 preferably conpares the outputs of
bot hysensors 34 g %Qpap%éig{ap%&ﬁra‘%’&ﬁobb@(ﬂ%r%@gﬂ&ide&% a8 |h

appropriate threshold settings and provides an indication to cellulite
t r eat menkOVeH AR er & hpiiidrouptsotia ireregercamatching xrewii K toianhenut benper at ur e

o eS8 ol RO 5 OB 3, SR ) SRR bl Y 1 ocelves
pr ef er ablegeivedclbreleystoam cpmgpending ultrasonic energy output. As seen in Fig. 2, the
ulirasonic energy output comprises a time varying signal which is modulated
25 correspondingly to the output of signal generator 100 so as to having a series of
relatively high amplitude portions 112, corresponding to portions 102, separated in time
by a series of typically relatively low amplitude portions 114, corresponding to portions

104.

Each relatively high amplitude portion 102 preferably corresponds to a
30 cavitation period and has amplitude at a target volume 12 (Fig. 1) in the body, which
exceeds a cavitation-maintaining threshold 120 and preferably has decreasing amplitude

over time. At least an initial pulse of each relatively high amplitude portion 112 has
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5 froma transducer electrical properties nmeasurenent unit 304. Transducer
el ectrical properties neasurenent unit 304 preferably nonitors the output
of power wowneknoand nodul ator assenbly 40 (Fig. 1) applpcadL202/mdosrasoni c
t herapeutic transducer assenbly 13. An output of transducer electrical
properties nmeasurenent unit 304 is to preferably also supplied to a power
met er  30fupliwdk G ter e fsurad 1 QU R ak® etdaedsCe bdvithiohenitidtioa alirashnld cont r ol
conput er 44 and a feedback output to power source and nodul ator assenbly
40. Cell#ite treatnent control conputer 44 also preferably receives inputs
fromcavitation detggdelOmw %ﬁﬁm&@“?&m&ﬁ BiBhaveedrhibidk &hdt A thblew
identification functionality 15 3 and lysed cellulite identification

f unct i onkath tipsteids 128pnd B¥2. whi ch receive inputs fromultrasonic reflection

anal ysi s functi ongldedryh3 itk rethEﬁsﬁﬁolgyt&eeﬁefﬁé %ﬁ'lte'd?l'f‘ah@ﬁkabﬁ/%rﬁonsf uactionality
314 receives ultrasonic imaging inputs froman ultrasoni c inmaging

subsyst exd36tionphl I¢hisopiel 5 €8 MIPYidagoRit: cYamgrgen dangiudal. Bore( F| g. 1).
Cel | ul it e[te{a@@rtbg?\l%nf@rﬂ{u{ Pho &[ﬂrm&g&g{efe%lyme%e @S0 Qui P35S 1o power source
20 and dul ator assenb for

eratin trasonic therapeutic
transducer assembPieferdigdy, ﬂmwdtrmmglemras owipiet qfrr@glﬁqargc sadiest BN B6, - f or

oper at! Nfe YLl %?9'95%50 91, - LIRNGAL G HrerfbiPOR L ABD O Of unit 318

al so recelves’ an” out rom ce control conput er ‘44 for
dri ving KHXand Imssmteianmm‘t@t\méﬁ@[(ﬁzwoqmg 1) in order.to correctly
position transduc iLch

transducer assenb Eff?%g‘zne&dﬁm@&g@gn@@ P%{&‘? ?%ﬁ%ﬁ@%%:%&v égf grgﬁgge:ﬂs' :
nﬂNu g?(riganﬁomﬁo @squehifnl cﬁcBesamdanSdﬁép amhlb cagox&rtae tcagteﬁdallexin?gtalglfngrm:ieshblded fl owchart
Iaccor dant,zé) aloféﬁprﬁgba%é/fé %‘6‘ Jénﬂ’lﬁ’dﬁ@eﬁ‘?ﬂ‘%fﬁﬂ ‘gespafté"é‘(?m hf“ﬂ?/gl?ﬁvfg}}‘f As seen in

Fig. 5A cavllzﬁhbﬁ'xﬂhlh&imax R&RAE Or20Pred Qﬁ@dmpfef@fa@wsb@cWe@xUtlbd) n@d5®o( Fig. 1) on
a patient's bo ref erably, the operator al soesg Ia S stereotactic
mar ket s Sguqnpl @YC‘ef)at %rba“tlﬂ%‘@ldﬁéﬁ"?"éﬁkﬂe @vitaerygraig fang tHesdeld fdnsducer subsystem

10, bearing trans@ygedncds ket afide a6 Me:de3 Red 38, op@kd afe Wiiphfisa outline 50.
14 WD 2004/000116 PCT/1 L2002/ 000510 Canera 46 F| .. 1) captures outline 50

and mar kigferidglluyshefions of theednBpamIcy, Ofd‘ﬂtqpﬁﬁ@rwe%ﬁ dﬁﬁ]takél?‘“éngsﬁorﬁ‘ﬁld 56 are

di spl ayque%oﬂla%e' BYtf & it bsphbiBly. AThGeeRULPY: Ofs CaREandtRal S al so
preferably supplied to.a nenory assocjiated with cel lulite treatment
control eismyon.elisplpy A8Fypjcally)showss A phaaisuelceiegewlumescld Wig flimeingnal ity

pref gr abl cuﬁi@qgllo@tdré%n%ol 'nglcExl@y g%lﬁrﬁt@trl ﬁg%ﬂﬁg Qgﬂr%nﬁmﬁ Btig 44 pr eferably

enpl oys the outpat of canef uting outline repr esent ation 52,
whi ch masxddondilys gisalze d8 fpoferalie pryyeleaper oronoredirs plogipmagd PEHemEBtfp Ut er i zed

t racki ng (?),nﬁ rkerably conputes coordinates of target
vol unes ESL&Q% |dts{ea¥1tsiﬁllee§ &2% as well as adding up the total 10 volune

of tissue sought {fts tamiéhegmarwm fagel v@urhesel aresown with different shading

in order to indicate their treatment status. For example, unshaded target volumes, here

25 designated by reference numerals 204, have already experienced cellulite treatment. A
blackened target volume 12, designated by reference numeral 205 is the target volume
next in line for cellulite treatment. A partially shaded target volume 206 typically
represents a target volume, which has been insufficiently treated to achieve complete
cellulite treatment, typically due to insufficient treatment duration.

30 Other types of target volumes, such as those not to be treated due to
insufficient presence of cellulite therein or for other reasons, may be designated by

suitable colors or other designations, and are here indicated by reference numerals 208
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Preferably. the operator confirns the |ocations of markers 54 and 56 on

di splay 48 and the conputerized tracking functionality cal cul ates
correspormipregowmniaer representati ons 58 and 60. | n accecadanze2/mosty a
preferred enbodi nent of the present invention the 15 conputerized tracking
functionality enploys markers 54 and nmarker representations 58 for

cont i nuogglhyo mai ntai ning registration of outline 50 with respect to outline
representatlon 52, and thus of target volunes 12 with respect to the
patient's body, RBRia tHFEOEPRICH GIeSBIEMENR InaT nchde pEAVERE ”2106\6&9‘ during
treat MenproSEEN AF A¢eL URITEPL @8ED I NOTIRR ROV.UNENET: ﬁ&veﬁﬁmﬁessagrééch as the
patient leaving and returning to the 20 treat rren}t/ | ocati on

conput er }Betiat inglodd sryinfligationi Brild pawer dwvbledesopamtingirequancy; e gembfol une to be
treated o nj-n , required

r epos?t [ %ﬁlgrﬁ&% Atlegainsgﬂ@g?& es&g‘:él};{{éhtéﬁg%?é‘@ \g((?ozéadogllg&qglbr‘%i&ﬁg tgllggtenbl y 49

r eposi tlmbsneStIEaxrm&im@"emn wuindyrge esthlit@treabmenter | i e the sel ected’ target vol une.
25 Referring addi F L

repositioning of tdgs%ﬂ% éctélgoshrggef/%gﬁerhhéfbdé % gﬂgul i {Og ts(r%\g@tﬁrrent control
conput er prdskniatinf 2ihsleriaedcfivat & plrsioticoiniagg pmeifemblarmdmt@lr b urb@}@t em 10 with

respect the selected. tar The rasoni subsystem
ST6r (i ol BB Tt B 0 oD P e e Vo s T o
proviide @dfioGUtisouts uﬁﬁheLHo'ﬁ{/ as aossCsettidh lagd thoos thdakges valum&01 T imnelkdional ity 314
for anal ysis. Oellua#{‘ | acation |dgnt|{) ch?tlon f nctlonallt@}/ 310 (Fig. 4)
i s operal®¥8 t'8 2F9ERDFY YWVilepnPelssd FRPIP e de tRIEEN S ESRd deep f at
67. Uponpiefigiat@] b1 inkealed Pm}tde fa vishbily\Wehs200 HiRefh1E J2GThtibh 20RR/MR00510 44

a

recei ving and apprOV|ng 0 n indication of cellulite | ocation, an operator
my appREseyayas do| BaEreidangs yuk 2 PETRFRY SRR} ¢atie PIRER JRIONs our ce and

modul at 0?reseﬁ§§@rﬂbﬂﬂillé!§pa1§d: 19vidd dehethtlcbptBseAftrsi2anad by 21 Paddi s &C, it is
seen that the follow'n functionalities take place: Transducer

el ect!? i caarmpripreiulitesd. daseig (1P enbdren #hT r9peptipiovi des an  output to acoustic
contact moni t of| eyl 1,92 s € AR £ UFRNSRNG! Bpiuthl ikbent  acoustic

contact with the patient present, preferably anal yzi ng the current
and vol taygdesapre-pregrapagt i wammng neepsesss ?elgséftmpﬂ} wenmgom%@mdn@yer

el ectri C@tlu%%‘?{d'Réo@%%?é”é@ﬁ%c‘t”' b ey HRYPUThd O pover
nmet er ch conputes the averaeeetrlc power received by the

t her ape ut TRMRERAEIRE é“IOQis&@Hb myessag typlfsalhy trelatgs b thg ekle |tissey dlbeughpbwer .
recei, dqey aﬁgﬁautvglgeorra:@g{ﬁhﬁﬁly LEARSOUERE AIRAHRY ol SuGHE PUR Ay edeter m ned

thres operati ower source a ullator assenbly 40 may be
automatl wawhgotttbermwceuubwﬁeﬁldmﬁﬁgdbrper ature sensor 34 neasures the

cur rent t enper at ur gf, 10 sk s Al FANSEMEET 1 SHASY SUEMALeafh SUPP fes i

to tenperature neasur erre
lysed cellulite and non-lysed cellulite following treatment.

Reference is now made to Fig. 4, which illustrates an ultrasonic cellulite

treatment system constructed and operative in accordance with a preferred embodiment

2
w

of the present invention. As described hereinabove with reference to Fig. 1 and as seen
in Fig. 4, the ultrasonic cellulite treatment system comprises a cellulite treatment control
computer 44, which outputs to a display 48. Cellulite freatment conirol computer 44
preferably receives inputs from video camera 46 (Fig. 1) and from a temperature
30  measurement unit 300, which receives temperature threshold settings as well as inputs
from skin temperature sensor 34 (Fig. 1) and transducer temperature sensor 36 (Fig. 1).

Temperature measurement unit 300 preferably compares the outputs of both sensors 34
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conpares the skin tenperature to the threshold tenperature. Simlarly,
transducer tenperature sensor 36 nmeasures the current tenperature at

t ransducewo=nbopstiem 10 and supplies it to tenperaturePCFAE20020®510 uni t
300, which conpares the transducer 20 subsystemtenperature to the
threshold tenperature. The outputs of tenperature neasurenment unit 300 are
suppl i eghd 85CRith Wpptpribke eRtRIM 6 ahd Qesvies em #dicatihetoutdiubisoni ¢ i magi ng
subsystem 316 operates ultrasonic imagin t yansducer 29 ﬁr]g supplies an

i magi ng reainpRitconiyi CRIRPYIE 44PA FePERMES S1FY TR FWE LT SH “anal ysi s

functional ity 31l4cqlfe Hegfitht chifroll dinfpudn @l kb réferabRéceredad iaputcavi t ati on
25 detection and a cavitation detection output is supplied to cellulite

L . L O P
t r eat mefromcanacondtic conagiun@itodng, ungRGE! whighin Hm RIF.%I’&PBHF@W%@’X P condi ti ons
occur, the pot{ Lq &gygﬁaﬂg?ﬁ’é‘ﬁ%%%wﬁ&gﬁ”ﬁ’%em X%AOTSI%ﬁgHQg@tde@@ingﬂy term nates

operation o erapeuti c cer assenbly 13. oul d none of the
f ol | owi peppeniagd intenomsnant cwit 304 Ipesferattlp mecniters dire pepittorf tofver SOIGoWEr sour ce and

modul at or _assenbl y 40 tinues;. i - j fhicient. 2.
Sein +enperatre BebesbdP M hitrel, SRk Bararhe Topilef MU Mg
2004/ 00Q03116 PCT/1L2002/ 000510 3. Transducer assenbly 13 tenperature

exceeds transducer, threshald tenperature |ey 4 | LAt k@il S not
det ect ed. Returni ’rél‘ﬁ 6 iog.tmgﬁmeirte??cgmﬁf(’) 6 e’%é%la{ne uﬁgﬁeé{ gut oma%si Cc operation

of pEWenref&aBiPUik6 Quiplied rDSl phvadr anctasmenvhiyh 40yides ereoutpEre tha cdlBllifsr ef er abl y
records the target region  and nptes whether the trans ystem 10
r emai ned S¥RRY eAvAPY T%?‘iteﬁg““&ﬂ‘g ae%te&?aél‘ OPWEE{On%%\ferciﬁ?rzcﬁ ?rgdrcﬁé?ﬁ#ﬁz sel ect ed
target viglwmg 4b2. |If so, and if none of the aforesaid four conditions took
pl ace. cellulite treatnent control conputer 44 co$f' ns _that. e selected

target vol ume was CEPEE Bepma SORBFMEHEL 85 FFallR eﬁala[yf WhETS 6rrl1ptélll%| ty of

cel L uli tig .t Qi@ HBALioS FRichS]ali MUt 4odahan idefdRasasfuactbalitsher t ar get
volume 12 to be treated. |If, however, the transducer s‘ub%ést m 10 di d not

remaisn Stétandreeq celbkiteadengifieatipe funtionaliy 4l oM of Wil Bceig BRuE et volune is
desi gnattﬁ‘lgas?x?ﬁc Celddthdnt €alBat TRllionaGQNI1Q! eRMRUiEr rdhcRa hawyng been
y

i nsufficien treated. It Is appreciated that by using nmultiple

t r ansdudencionalitt 3K sceiyesofultrasgnifetimaging BPUiSTEE R 230 PETEIRA IBEE2E  vari ous
tinme pat{erns sych, a@dnidl Ids8das2P(Fig PRI ti al Iy overlapping
tinme patstugsr)gr}gr.n Jﬁﬁ‘hfkg&a(ﬁjg%%ggg}r&gdg a{t ggmgﬁat t he rr(lrjl1 iﬁl icity of target

vol umes may al so Celhditd wgptinent Serdnob campysRirdt PapWides GWPHIS AP P §PEE®. Ref erence

i's now nade to. Fig, My S| Lk theRbEhRr kakductd] Medniwy i on of 20
t he goeneaﬁ1 Im%‘?urlaﬁ%r?ﬁsrsghg%d Oog"ér“’z’te.?%“?}é gﬁllatkf{ t raseohi c apopt 0Si S | n%tjcti on
appar at Uss. ansd rultdsenic amhgoge susistes | 1 6adeorapantes WITAROHe Jrases r ed

croo! T ek 27, . FEN e BT A ARG el | i o
treatment control computer 44 for driving X-Y-Z positioning assembly 49 (Fig. 1) in
order to correctly position transducer subsystem 10, which includes ultrasonic
25 therapeutic transducer assembly 13 and ultrasonic imaging tr_ansducer 29.
Reference is now made to Figs. SA, SB and 5C, which are together a
simplified flowchart illustrating operator steps in carrying out cellulite treatment in
accordance with a preferred embodiment of the present invention. As seen in Fig. 5A,
initially an operator preferably draws an outline S0 (Fig. 1) on a patient's body.
30  Preferably, the operator also adheres stereotactic markers 54 (Fig. 1) to the patient's
body and places transducer subsystem 10, bearing transducer marker 56, at a desired

location within outline 50.
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Fig. 6, an ultrasonic energy generator and director, such as an ultrasonic
transducer subsystem 1010, di sposed outside a body, generates ultrasonic
ener gy Wworpo4npo26 suit abl e pl acenent of the transducePCIUbyypsH@§101010
relative to the body, is directed to a target volune 1012 inside the body
and is operative to selectively generally induce apoptosis in cellulite
and fat and gener@ahhytangd (Figduyecappast osie 50 adnmedelsubitadabél  non-f at
tissue in the target_volunme. A _preferred. enbo |mant of pltrla oni c ener gy
gener at Grefaibly o iEet randgparke ftrnq A0 ARediHAEE AT SNERA? MbIF2cURYr i ses an

ul trasonfe §agk aReUdera b ALY GREferARS BBI%d 13 0l Brehidgl udbdiged watar ved phased
array 101};1“_0f transduce{s 18%2&éypi@cal y defining a portion of a sphere
or of a ceNuliaigaimenTeairpr QAP 181915 may be of any suitable 17 WO
2004/,000116 PCT/ 1 L2 b HShAt QRufershRELEMED H Stifulifut i ON.

Pr ef er abl Y, transhugcgﬁ@%%%l?gc%%efuer abl ﬁg Tori egoel ectric transducer or a
Lagggvi lnreggnmt tcparrﬂdcmmu:terM%Feﬁf?ﬂl?lbcﬁmwgeihﬁ nO‘ﬂYH;eOf F@%ﬁizd‘gcgg is ShOY‘{‘.
and includes.a I [ ‘ I 05 SRATALS a positive
cont act BIBEtFo glﬂ%g%.rgﬂﬁﬁnﬁﬁaﬁ?b‘gl}@ %%@Stg%Be at eos w@tog a ;ret al disk 1020
5 and a diptay1@21. THde gatrpuierizzd ntradinge | fenttivwditys A2 Preferably ocanritieson bot h

sides of the pair. of i,ezoel ectri. t 7 ._ar. rically

i nsul at 9B (12188 ? olfi¥Tg °én°8ﬁ‘{h ee%fgﬁgg : %0%%& aﬁ?@%?é@l @L E%f‘;ﬂéﬂansducer s
1015;ar evotnaddede kdugat tviubdedol colulickargainmgyt. mat eri al 1024 to avoi d nmechani cal
cross tal k betwee ransducers 1015. An. internal . 1 | | system 1025
may be associ at edsfﬁtfefrﬂ%f‘ﬁlée Qqegﬂﬁogocﬁefgpgq%%g? R °f ﬁ’tag‘lg%e iaﬂg%e ement 1026.
formed ofisphynRt £1di 8 coHpherasd palijngrietiduandy etutles hasespoatig nerkempedance
simlar to that of soft mammalian tissue, generally fills the curvature
def i ned By epaEley 58448y 1014 and defines a contact surface 1027 for
engagenment W th t e etiincet Wikl £ leferred \Bhbodimhi $folt Gresyl plvemigngied  ( not
shown). Contact surface 1027 may be planar, but need 15 nat b Sui tably
modulat expnmRaiearescirackng | fugsgonskty ismplayp Bl B adomatiet GPESePEAe™ 1% el ect r odes

1018 andp,1023iRfoutly ARSHUERIS rdibBidn0 of abiikhet 38 @ithayesdl 4oobuttii@nsducer s
10 15 to provide a desired focused acoustic ener%yt output. I n accordance
'8

with a prepfesantagion SFbaul Hnto! Gree helymes sientVith AveRtti fBribe 21eBEF BXW ulite

| magi ng w&fﬁl%%aﬂ%? nt\ch%gx%gt'smogrthé yhasse BhdyY adi@R9trbSmbMC AlcROisati@d tom t hi n
transducer asse ﬁ’y 1013 and typically conprises a piezoelectrjc transducer
1030 halwkesibing ondug tdtves meehgridssutin 3 e syenialeadngirih 'EFpHEi P "% ur f aces

t her eof [ . qrodul ated AC el ectrical power is supplied by conductors
1032%?0 %égll}lné%ﬂo?é%ﬁeoggurfaces 1031 in order to cause the piezoelectric
transducer 1030 t dhproowipdierizd teckius finstienby gpleots apuripattargeior e ors 1032,
coupled to,conductive surface .a 1,0vhde hdragd nguiredit put from

i magi ng B OF 2% e:aca?affr?glé%rg% r%%u%giismetn%%( 152&') It Fhs Sappre‘%:hl.u_lel{t ed that high
f r equencyepoimmEcifatdnydwenidbaisien 0.t X-&58 mositioning pssanblErds 19RYFIES enpl oyed

for | rmg{rg}%dl?crer salljlbgy%{egla&)i 9 %Léﬁieh[ixgshcle]::treg %ygee?géfmﬁ‘é mode

25 Referring additionally to Fig. SB, it is seen that following repositioning

of transducer subsystem 10, the cellulite treatment control computer 44 confirms
accurate positioning of transducer subsystem 10 with respect to the selected target
volume. The ultrasonic imaging subsystem 316 (Fig. 4) operates ultrasonic imaging
transducer 29, causing it to provide an output to ultrasonic reflection analysis

30 functionality 314 for analysis.
Cellulite location identification functionality 310 (Fig. 4) is operafive to
identify dermis 69, cellulite 66, fascia 70 and deep fat 67. Upon the cellulite computer
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transducers may be used for this purpose. As a further alternative, i1maging
ultrasonic 30 transducer subassenbly 1029 nay be elimnated. It is further
appr eci atwo 20butoomar i ous types of ultrasonic transducer pCagemopbioss 1013
may be enpl oyed. For exanple, such transducer assenblies nmay 18 WD

2004/ 000116 PCT/1L2002/ 000510 include multiple piezoelectric elenents,

mul ti -1 ayereeiRieznelpabliihe &l AMBikaicanst cdIuRZa686], i ofrgBERL$ of various
shapes and sizes arranged 1n a phase array, nultiple Langevin type

el ement s 2RI fhe) sgjasied diaigain gelving ang pectisaie b ewa Bourem gad impdulgios el enent s
of varioygeshgRegrigng sizes arranged in a phase array. 5 In a preferred
enbodi ment of "the preésent invention shown in Fig. 6, the ultrasonic energy
generat or and di r ebtrorg azdditiondlyi AedFign 3G.ans duceen atgentht yfollovidg

Al t er pat Vel Wmidl €k Yyngt i ons of generating ultrasonic energy and focusing
such energy nmay be grOVided by distinct devices. In accordance with a

pref erred enbodi nmefransdficet hedecpicals @ripeitiny entasomamed w0 39ki providespenat ur e

conser 108 UEGR A0LORLALR, SRoRe, IR PEBTLSLY RO LY o

t he contact surtace as sho nce with a
pr ef er r edcousirbomhitare miith afie phigenp ise presdnt, | preferbiyoby anatywmp stHel cerertt @nper at ur e
sensor 1036, S, t her nocoupl.e, may al so be nounted al ongsi de i magi ng
uItrason?gg%?%ﬁggﬂ%évﬂngﬁug§§§e %§1%029. 15 U trasonic transducer subsystem
1010 ipreferabl y rebeisvesr sldctrahl yropemidu| raéectetbeclnii Gal powess hiom a power
source anq nodul at or as§§€blm 1040, foEnin part. of a control|  subsystem
1042. CoRP'PEI CAMEY Stk Yo43el) SHPHYSSi BRrY2geriicHialsPorver A761¥EDEY s i nduct i on
control @enpuRitd G4kdudanyisergblag s O itas @Qra%B@re&%élfpo@eﬁmm 6, such as
a video canera, and a display 1048. A preferred enbodi nent o ower source
20 and n@)&{fpalt%rtma%léwﬁvmﬁw gxgeqds pypsedeteraiged thresheld, operpiien efelser i bed

her ei nbehowk: sobkd EfsHufaick LABRAYIE naf YORUSHARLEAYHladaPr ef er abl y positioned
automatically or sem- automatically as by an X-Y-Z positioning assenbly
1049.15 Al t er nat i vel SKIn ginperaiesniesor 8 anpstiuescthe swirsy sreamatod of haykibe :
posi ti ongd i Ll Dy . cewth a
preferre%qg%%gggﬁ%ﬁsg%fo®ﬁgh%r §g¥¥%?ﬁggﬁ%?%ﬁ?mﬁ n%%ﬁﬁ?ﬁﬁ@Oﬁ%%$s operative
for i magFegpasespiiet flan teperdiee biodihe othreplild Herapeoptmet iSonibely) truisthecer and f at

_ ; _ _ nd far
B e LR S R

viewed by the canera is pre
An oper asuppligsail e tdmparatuee theasusernérit naito300a wiggi eompoet dhenitagdeet | ul i te or
fat. ,hn - danc ' one ' of_.the-present invention
dosi Ghat PPy ke A0 CE A IE Dbl T S8 b0 R R ¢ he sk n
of a pat inemurenienhurar300 atelsippdied ©58lulishieatmenutdnirdleompuierddged by canmera 1046
and di spl ayed on dspl 1048 and i s also mpl oyed t he .apoptosi s

i nducti on controld@%nﬁﬁ%gpc15%§ugofug@ﬁn}dwﬁiﬁ@ﬂ%ﬁé1$%5°Wﬁ)§§@5¥000116
PCT/ | L2002/s0@B85 219 and supplies an imaging output, which is analyzed by ultrasonic reflection

analysis functionality 314. The result of this analysis is employed for cavitation

|08}
W

detection and a cavitation detection output is supplied to cellulite treatment control
computer 44.

Should any of the following four conditions occur, the power source and
modulator assembly 40 automatically terminates operation of therapeutic transducer
assembly 13. Should none of the following conditions occur, the automatic operation of
30 power source and modulator assembly 40 continues:

1. Acoustic contact 1s insufficient.

2 Skin temperature exceeds skin thresholdtemperature level.
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application of ultrasonic energy to |locations within the region. A conputer
calcul ated representation of the outline may al so be displayed on displ ay
1048, as wo=ogwmmbad by reference nunmeral 1052. Alt er natPCrdalL3oo2/vdvs100per at or
may make a virtual marking on the skin. such as by using a digitizer (not
shown), which also may provide conmputer 5 calculated outline

representiat i on 105Pagsduct s@kaybiyl 0. tethperatd@i tek@Bdst @rahddgesd Uthkdshdd
represent‘,eell]gieon 12521, the functionality of the system of the present

i nventi on” PretdF 557y al so enploys a plurality of markers 1054 which are
typi cal | y. | ocat ed Oaittsiodes doh@:tdc@@i on containing cellulite and fat, but nmay
be |located inside_ the region designated by outline 1050. Markers 1054 are
visual |y sensi bl e BOUTHRE KeFig, SRl s Rotagd tak{usiag pylomatisrppesatiomefaroaven 046,

capt us ed shycLairBheubds Gserdly 401 SRlA%ERrO0 }Qbﬁﬁbl?yec%%%?e t%%'étkrg%ﬁ 1054 may be
nat ur al Iij;}\g/\(gto.mc mar kers, such as distinct portions of the dril or

al t er nat AN MEtherclhe rapsdpses sgbsysien [dsrepeinet stdtianeiychuing the Fdiese mar ker s
are pref ecaiby RFRLAYEHhLOas ki VNSS! ATh AaqPRLNG i I def or mati on

of the region nomnally defined by outline ue to movenent and

reor i ent 4 RNYRoNE Sogkh alagso ¢pllulife Beamerts| opniral Fremprtan g4l woslirms ubsytsd em 1010

al so beakgecdvihskbd: 5 i i captured by nera 1046 and
di spl ayed on di § Eﬁa@ﬁ%ﬁlgf &?\/aé%kgp es%@gergzﬁ%%%% fglﬁ)&el%?aslgyi %tzfa eﬁ‘altepr ocessed by
conput er reasaant gerdrol pemypulie 44 thep bropesds o furdiesiplgeyvolie8 2asha empact | ve conput ed

mar ker represent at;k display, 1048. 20 Fig. 6

illustrates the t rlgﬁgga\ieg?g%E%[slgléct]eg%%ig%gl %@lﬁlﬁd%b&l?aﬂ %%@Ba%gortzhe body

over a | odhei¢rondunitiohj theasaleetid otargedvohinmei 3gdazhited ibl ecelitide ftahimedt OCKkS

desi gnat ference nuperal s..1062 and 1064 show typical portions of a
g&llr%yco.nﬁ)g{e? 4; ?sﬁl]amfx%geeeg mu@gxter,lﬂzyrhggtﬁg

regi on containi e I ctively before and after
apoptotic cel | uli tleisaupgretiated tifaedy NEiAE mMuliphe eokARBE Snulilcly 8¢ Rfef erred

enbo?i ment, of thebl nven%i on.. It is seen froma conparison of blocks 25 1062
and 1064 THAT, i alEBruan KB THeaPIHrEr sheleds eepodnlniRe pefereher pr esent

i nvent i opartiadlyohériappibetimegitemscontaining cellulite and fat, the cellulite,
designated by reference nuneral 1066, and the fat designated by reference
numeral 1067 is réhbvEtP PRRFHAi Hahthe apylfiplicite of fasentevoluses maysalsonnect i ve
tissue, eeshgnapad obyarﬁ@m{;&]aﬁgls@%pr al 1068, derm s designated by
reference nuneral 1069 and fascia designated by reference .10 1070 are
general |y notR¥ERFGEY F’O‘Ré’f‘%lleéﬁé:@iﬁswh@g/lmdénnhﬁecl:ip@toriﬁ; illwdtiation P& a

si nphi i @e Bheek Giuagiamd | ' - reed . rce and
modul at or agierrbl v 7040 (Fi Agd.e*h%’? a‘;sﬁh_gvﬁxﬁa%“cafg&%%zﬁfa S0t

PCT/ | L20PFipistsd 101d epefsive By #eceancarvitit b orefotedudntodinmi of reemewnie over tine
i n accor gdadnGen Whd f oaelel o) . sent, invention. As
seen in Fig. 7, tEaerﬁ%igc{vr\grL@ésfgﬁ%(rze anggmsgtggrctemg%egge@bﬁg Afo%&“ ]f)lr ef erably
conpr i se88at.sy RS EHENSEER oFenaraio0 anhidokeipr owdhd@sanaultrasveic vasdiicery si gnal

whi ch i sg at S t ri rel atively hi l'itude 5
portions 1 gﬂééhségg)f a?sé%%dng‘tnitﬂ%%b?o%s%e?%gg ouih%tsgnbcl cegfréi// Vye%]’at vely | ow
anpl £t udeitaipp plapeiest aflbe ramededer s@isgstany @030 delagiie @t badyds diected on 1102

pref er ab) v, &RNERIRONAS ifsieHe body and is operative to selectively generally induce

apoptosis in cellulite and fat and generally not induce apoptosis in non-cellulite and

non-fat tissue in the target volume.
A preferred embodiment of ultrasonic energy generator and director
30 useful in the present invention comprises an ultrasonic therapeutic transducer assembly
1013 including a curved phased array 1014 of transducers 1015, typically defining a

portion of a sphere or of a cylinder. The transducers 1015 may be of any suitable
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apoptosi s inducing period and preferably has decreasing anplitude over
time. I. | Preferably the relationship between the tine durations of

porti ons woR0@/00and portions 1104 is such as to provi dePaTdu20p2/000810e
between 1:2 and 1:50, irtore 10 preferably between 1:5 and 1: 30 and nost
preferably between 1:10 and 1:20. Preferably, the output of signal

gener at orconiggatieas seaper audistipuiion. aPrefargly, thsdE@er KHY 5- is1 @fferdtiiz .2 mor e

pref erabl y.., - B and st preferab bet ween 150 KHz -
300 KHz. %ﬁ%@%ﬁﬁ%&aﬁ%ﬁ Césfil_%rngll‘aggeﬁe'r_‘ﬁ'tp 8?“ afg%ﬁeri & ﬁf%c?réﬁ%agweﬁ? ‘ded to a
sui t abl e trab§dyservie sheampiridf ingnded 10Hair wh pieoeletitip vlements 401 Tpaarg @yt chi ng

6) “whi o Eone B BRRBY a0 PiA e BFRDE HesBERea b roheRyanio gD
cor r esporminguul @ aNemniice @nergylecudaun2s As 1&?@%@1 fBroltﬁi sflles Zﬁd rh'& h&r %Iful trasonic
energy output. comprises [ varyi ng_ sj gna ich is modul ate

corres por‘n‘ﬁ?"ﬁ%‘l@”%{e‘i‘lﬁrﬁs 5&*7;6‘%586”? %%Bﬁglﬂy ﬁ‘gﬁjﬁ?%f%m e dolts§124nd Gehave a
seri es ofdi0oeel atively high anplitude portions 1112, corresponding to

portions 1102, separated in tinme b%/ a series of typically relatively | ow
anpl i tude portions "FTAY.c BARESENdP g 2t embesided dms? yibofion Eeewinge| at i vel y

hi gh anpliderte 1por td fbid kedhdief Bhabla %@&%@ﬂﬁe&%@ﬂ A@Q@B&Qsi s period
and has anplitude at_a target volune 1012 (Fig. 6) in the body, which 25

exceelfs dCHSoPFEEI LPhnasRelsorad vafid therieneduatt i OhasAdenemadialeg anpl i t ude
over ti Mmjerfnr | @8Stor@el b fh@tial RESE 5{’%{ ulRfa %lcﬂ&%y%loé{%?n% edgﬁqc}%l I tude
r& une 12, icn als

portion 1112 has anplitude at the t et vol 0 exceeds
an apopt ¥ it thef aft Sofrmaramalign distre 1 geperally fillsl the Pwredtyrel defineainipl jhasede port i ons

ot oravardbi4 dieShial c: AekeMPORD AAEEIPLAR o B0 00AR22. 20

Preferably the relationshi etween the ti urations ns 1112
and port i¥éh3 suieble dowplisgehl @st thowp) Gontet surfdest 1028 yodyebebgtnae et Aced and 1: 50,
nmore sprefesably between 1:5 and 1:30 and nost preferably between 1:10 and
1:20. 21 WO 2004/000116 _ PCT/1L2002/ 000510 Preferably, the ultrasonic
ener gy output of ubuitablyomdulatedaks alecieical 10%6r kasap@ief e guadiciors 1028 r ange of

50 KHz - r ferably b en 100, KHz - 0. KHz and nost
pref er abltég%gl{dv‘(\ielé%}lo1%05‘363I%Eéfgte?ﬁf)é%ﬁi%gra@fcé”rlsﬁﬁli‘eyz}rm@é@a?ﬂf EWE%WSi t ude
portion 1012t gocdepdesisidoakedbiutie meZey dutpand 1000 sequential cycles at an

anpl i tude above thg apoptosis maintaining threshold 1120, nore preferably
bet ween 25 and SOOI%saég?fg?ﬁcFé’l’lthc%/ETegeéTegte digiept ok HereapEvVeYeRERE, 2apopt osi s

t hr eshol delhli20 ianghgrogtaspiief emedlcyr kebweanil002and 3R0psafdential cycl es at
an anplitude above the @Eom gsi s threshold 1120. Reference is now nade to

Figs. 8AZHYUEE 25 101% B nigpraly expmptieespp ctigpelagtris [Mapssiesat 18As of t he

appear antevind camiuoper afrfatesi Ni3er sakaedi Sk %’M:pdmé s RO RERr QRGHGLT ON and
faulty opera}algegn%éee%pectlvel y. As seen in g. 8A, during norna
I

: |
oper at i of°% Bz el tROWPT 1) pPlieh Biecordusior HI32tt corduchyeywifages| umes 1012

(Fig. 6) 1031 in order to cause the piezoelectric transducer 1030 to provide an acoustic energy
25 output. Conductors 1032, coupled to conductive surfaces 1031, also provide an imaging
output from imaging ulirasonic transducer subassembly 1029.

It is appreciated that high frequency commercially available ultrasonic
transducers may be employed for imaging or alternatively high frequency A-mode
transducers may be used for this purpose. As a further alternative, imaging ultrasonic

30 transducer subassembly 1029 may be eliminated.
It is further appreciated that various types of ultrasonic transducer

assemblies 1013 may be employed. For example, such transducer assemblies may
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within a calculated target region 1200, typically delimted by outline
representation 1052 (Fig. 6). Additionally, display 1048 preferably

provi des woeoovoonase pre- 15 programmed performance nmes®agas20020@58nd
status nmessages 1203. It is seen the various target volunes 1012 are shown
with different shading in order to indicate their treatnent status. For

exanpl e, mun&mﬁlﬂﬂolé afigRtlectM®| slemsnts, BRI msddgrpaetz@aed&% reghenenagl nuneral s
1204, have al ready experienced apopt otic cellulite and fat treatnment. A

bl ackenebietoslegjas ¢ @P‘Eﬁré’f Yerios shast gpdieises Blangss! et BrER ABSh IR 1205 i s
the targeiho¥el BEMEntd, nmhlnngyeféar Lﬁr%@{% ofhe eflehidl idde L andyih agpe t reat ment .
A partially shaded target vol ume 1206 typically represents a farget vol ume,
whi ch hagehedso!l ivarays shappseand sigestarangeddn ¢ pagedif®ve conpl ete apoptotic

cel lufite and fat i § pRALRmbolhF 8 b pie i chRUbbif kP Lrigat ment
duration. O her typeg target vol unmes, such hose not "to be treated
due to @Esaaomswmrgmgemﬂratprr ek disestorf are sbinbingd é @ﬂnsrlmer tahesrdlyn1®8. for ot her

e2sons. AR, GNALEC: BeAll! AbkenRobars g SLGE A anat | ons.  and

per f or rramajebermsxsméns dibﬁﬂﬁdmmem ncl ude " APCPTOSI S I N PROCESS" and

. APOPTCSI S 1 NDUCE Icl\clz REs UNE"fe reczg go 1 entt Lesen nven%ges 1203 may

i ncl ude an indi cat'l 87°0 (ie”é( SWEFT T dcrH Eera |ng reque?ncy, t he
nunber ofkirt ah‘@ﬁ'hlukﬂﬁetimﬁsOiQ];QcthtaJﬂluﬁfrdrdftbseﬁﬁirCruh}abfedlotraécgﬂtprdiﬁglt}on 1200 and
the nunber of target |u 1012 which remnin tq undergo otic

ol ul 1 & Bttt 5t VB ToBonPu00n T BN TEoBURFO0ES: O ik BARTERL  Di spl ay
1048 al sempydahert ablhy jravehiidemiion @rtapdiucal erff@atreSador Q0R, sugh @sentati on
1212 derjved froman ulfrasonic i ferably provided by . inmaging

ul t r asoniE AR uERY  Ehbads eMEHYe %@fge ImgE PHESEHE Al PHACED 12

pref er abiypadsadbtgades S various tissues in the body in cross section and
shows the target volunes 1012 in relation thereto, In accordance with a

preféired enbodi mEHFSHHC t FeSHcEs sHPSYFiERePl Gnirefepblys deeles oRi@AM 2 may al so

provi de oV &&@éléa{noaﬁmbeblﬁ%m a[‘ﬁ’év%i‘tsb\ﬂee d ﬁm&&%s%mblym%u@%ﬁ% Wi thin the
target vol une accordance with a preferred enbodi nent of t he .

present P#HVeEhe] Q@ﬁmlp?”éfs}’éﬁfnaﬂ@‘@n Corpirgl svhsysams B043r g4 dpicalbhieidssca
repr esengﬁs‘blo%@%d%&oﬂ%%%ﬁolchﬂnéutexll?@té m?]agsjo@m@ﬁ AR EHSa éle%‘b?a 16l lulite

1066, fascia 1070 and respecfively. Turning to Fig. 8B, it is
seen t hasuch@s arvgiealgmwrn;aanddp@metyl 8. ﬂlpsqftrasﬁ entt@qgngsE Qf/PQi@E Splﬁree pr ogr ammed

R R T e T e G

t ypi cal | Yltrasdnat %wth@et ebspskarm 101G suprefesdbtyhpasgiongd autpmgticallst er sentit vel y or

addi | ongl a8l ALe ok 0uOUnety L shlishd 15LlR, Ofp,0uL s aly Uenbaraet vol ure

of the tfansg su sys ference I s how nade to Fig. 9,
whi ch il 1rmsﬂmca¢@SSy&ﬂHmUIOﬂ® asybe ositioned at desired positions by an operator.

In accordance with a preferred embodiment of the present invention,

25  camera 1046 is operative for imaging a portion of the body on which apoptotic cellulite

and fat treatment is to be performed. A picture of the portion of the patient's body
viewed by the camera is preferably displayed in real time on display 1048.

An operator may designate the outline of a region containing cellulite or

fat. In accordance with one embodiment of the present invention, designation of this

30 region is effected by an operator marking the skin of a patient with an outline 1050,

which outline is imaged by camera 1046 and displayed on display 1048 and is also

employed by the apoptosis induction control computer 1044 for controlling the
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apoptosi s induction apparatus constructed and operative in accordance with
a preferred 20 enbodi nent of the present invention. As described

her ei nabowe 2e#4/deorief erence to Fig. 6 and as seen in Fi gPC3/ILtdooasior asoni c
apoptosi s induction apparatus conprises an apoptosis control conputer
1044, which outputs to a display 1048. Apoptosis control conputer 1044

pr ef er abbyplitRieeiof @firdsoide! eerby BMovAROWRBAREArBAOA (doluPuteb kaigltded rom a
tenperature neasurenent unit 1300, which receives tenperature threshold

setti ngs CRESYEIGR of thesoytlnsumay s ke Siplpved expplispiay LH048 sendeoignal i3y (Fig. 6)
and transgeREe nLREREN @ [A@rem%t%@%?fhe 10360k HaP ];‘mg% a virREPSLARY rfg 4 asurement

unit 1300 preferably conpares the outputs © th sensors and 1036
with appfldbrivah éstihr ssteokddigitzer | (Aejsshawd), prloeh dies maynpioride campaer t o

apopt gsi éa‘&%ro‘ahi“%f%‘;#@@%ﬁ%kg%&fd%ﬁggé"{@t ure exceeding either

tenperature thresh N oSl ntrol conmputer 1044 al so preferably
recei ves an i nput Ifiragditiomio dcoogliiecreprosenttion AHiY, tior fungtiamality of 3®2, whi ch in

maour encaEtun e SEER S Aoh dRhany BBT el S ANGE ABurbboide MO0 o

PCT/ | L2002hea5Ypicallyr logeadt degdarihasegiememtaining telliRe 4ngtaf Butabdyyberoni t ors t he

output o . urce and. | at or ) 40 (Fig.. 6 lies to

ul t rason!ogﬂgﬁélg%eﬁtr?%oq Cr{eélr%eg‘g&cjg}? O%@?e@%‘?%&%@&& hat dfsgﬂ]? S%J?S%Pefansducer

teI ectipi caiarkpmspp\exﬂdhi?)ag clealy USeRIMENyt cditidrd 11}8@4ct:dpﬁxtredt5bp{cﬁﬁaefaab®4ﬁt aldso sup|tol i Ied
0 a power .neter , [ proyj des output to the apoptosis contro

conput e\rNgli%WE& a?ﬂadl’%ij?zfyeé(%a@gﬂﬁm mﬁ Py %ng%mﬁ%c é‘?ﬁﬁl‘eﬁgdﬁqhai‘sor assenbl y

1040. Apdipiresp&ti@BNIfIied bedyngudliemathey hrelcs0 narefedabby cileeisygssi nputs from

apopt osi s, detecti on fu?cti onality 1308, treatnent |ocation identification

funct i onAlSSE Akl A PEFISIpRl spepreddy asstst §8 setyeraepinecuth GRormaRst i onal ity

1312, al be 0 abdehh o0l dendd U Birk 10 Uhd [ARORTent £ Bk 0RorRgR! V51 S
functionality 1314. U trasoni ¢ reflection analysis functionality 1314

r ecei'¥es NgIofadEpPEbl g itigsdupqs sy i o 4k alsp brais ervihlé magieng0Sésubsyst em
1316_ whiysin QQEB@&&&e&%{ LARRD s 5@8%%9%& Jm%gg%ﬁg subassenbl y 1029 (Fig.

6). is Apoptosis contral conputer “provi outputs to power source and
nmodul at or assenbl WMarkgy 1054 pmdoptddaaré igicalyt prassesed dyt doswatse UP44candr ansducer

assebl Y mad 82 epi80 it 90U ol TRA A0, SHBSKSLLMAILR T PET AL [

ultrasonic imaging tr ucer su I'oni ng control unit
1318 al s&ndri@eepyéisplani0¢8t put  from apoptosis control conputer 1044 for

drivihpg X-Y-Z posigd %nigﬁlsgrat%§%%%du}%gbﬁge&ﬁiog%ggﬂg igpi'ﬁ)orngc? L@ correctly

position transducer subsystem irchrnclu rasoni c therapeutic
t r ansduckdy ayseatdoption0wshiandegibt cosamng cdllniigiand) f4tr Blnsdutseignatedtyas senbl y

si'mpi i 11 S Tl oqepael Py BEE 1P sk S omions P p e e B apopt ot i ¢
cel | ul i t sxddnidrefspdctively before and after apoptotic cellulite and fat treatment in accordance
with a preferred embodiment of the invention. It is seen from a comparison of blocks
25 1062 and 1064 that, in accordance with a preferred embodiment of the present
invention, within the region containing cellulite and fat, the cellulite, designated by
reference numeral 1066, and the fat designated by reference numeral 1067 is removed,
while non-cellulite tissue, such as connective tissue, designated by reference numeral
1068, dermis designated by reference numeral 1069 and fascia designated by reference

30 1070 are generally not removed.

Reference is now made to Fig. 7, which is a simplified block diagram

tlustration of a preferred power source and modulator assembly 1040 (Fig. 6), showing
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25 treatnment in accordance with a preferred enbodi nent of the present
invention. As seen in Fig. I OA initially an operator preferably draws an
out | i ne 1WBQo¢4AiI0gI1166) on a patient's body. Preferably, PChgLmozp@sor al so
adheres stereotactic markers 1054 (Fig. 6) to the patient's body and

pl aces transducer subsystem 1010, bearing transducer marker 1056, at a
desired & pedn ofi viidion f eittasénie prenee o3 tgemarscddie (Wihe péeredpt ur es
outline 1050.and parkers 1054 and 1056. . Preferably, outline 1050 and

mar ker s %%%‘“8?{@ OH@%@”&?‘& e 2 B ﬁgs{”ﬂ};yp%agoqrw and ggdulgiope  The

out put ofss@aieradd QAlertSly aomerifek ef aemblg¥nesail | ®dwhieh dréBIEPrYtiAsSoci at ed

24 WD 2004/.000116 PCT/ ] L2002/ 000510 wi th apoptosis control conputer 1044
(Fig. 6)Yag S t"Ersh 8 dmeqdtadi $9gast Wrlave Gnteries of prlasvely Aishyampliideli ed i n
apopt 9si gorti&RNt [0l sGaARMt B ih@4h B &hie! ab! ypieiD! @MEydih fovP Uhpiifug@f canera
1046 for§ocorrputi n bfpoutljne reg@es‘entlati,onty%ggg, V\:ﬁY c}hh may&@e 8?spl ayed for
t he oper2Rrensdi04itaph sgjatiyein Yish smphiede perpion &Fi2zweferablicRitergofdine e onal i ty

al so pr ef@Habk dGOTPEE atPREMBRHES 1R eal; i for apoptotic
celluli tep%gnd fat tteat ment’, a§L I\?\’e?ﬁs asea%%‘%%%udt%%g&to al voluyme of tissue
sought to under go Faiepblptihecrebagpishipi hetveendhd dine tdusdibmeoft porikmeflédZibl y, t he
oper at or o GoRf Lsd¥s) hhes | ' rker d, 1056 . an.di spl ay 1048
and the aénon%{)teri zed ?rsggﬁ%‘%gﬁﬁcﬁtcdf?%ﬁgﬁ fljeg%%g%ﬂa]t%sa%golrsﬁegﬁ%%di ng 10
mar ket reprembbriehtseohs atd 530 amondd 6@ ferably betwandaiaad W20h a pref erred

enbodi nent of the ypr; nt. I nvention the 0 ri zed tracking -
functionality errplpgegegéﬁ irker's %Ggﬁg%aﬁlgen%ﬁ?%gﬁ% g?fr%%%%?%‘iyinb?ﬁéa%giow f or
cont i nuousiy Kiln ntladhikiy, mege grefatblprbenfecnutoDi Kidz 1080 MiE hnd es@ect t o,

outline representatio 05 d thus of target volunes 1012 with.réspect
to the pé ki%gaﬁs%ggﬁt%%&@zhgﬂﬁﬁstandi ng novenents of the patients body

during treatnent, Tatebipasotiigal Seneldfceali Db ROpreferBRYproH RN toONAENt S, such as
treatment | ocation. The

t he Qatient Ieavfnq dr.@’:urningtothe .

conput er P& APALK ﬁ@gf"\fhﬁ TS ig yrReapnse raaiang) dreeiral 1 Slp geinppbl ume  to be
treated @ngirpoficti00iubg £OREEAI 1010 (Figl 33Bwhill JonyRts HeOMRMESsikDe required
20 repositioning of transducer subsystem 1010. X-Y-Z positioning assenbly

1049 r BT ‘_BWEbYt Foaﬁé:ﬁUE@Pn§%§1§7§i°éiﬁl T UPUHvEF Spe8 pHES skiteet ed tar get
vol ume. Refsehiti Bikrddbutpu® N@hlp¥isdsO a Flifhe %%%g' %%da% #RED it habafighd oW ng-

repositioning of transducer subsystem 1 e apoptosis control conputer
1044 confoFErRondiBgly rtattee quist ©of sienplgeweratar aldBuiees dutheyes Beseria0ed wit h

respect tRitdenzg!86ligde t8 I . . b C i ng subsystem
13767 Fi g EHER LR, bOAR LIME. WiRespaik ' R0 b FRRLDE °1050,

causi ng fee £b 2preses efetyaisallyurelstitelt bwubmpliadsnpastionsf 11t ¢ooesrandihy &i s
functiongliidny 11314 for analysis. Treatnment |ocation identification
functionality 1310 (Fig. 9) is operative to identify derms 1069,
cellulite 1066, f &adi glatioshOhighdmpliedel®dion Vi preftreblapomispwids to 80 conput er

gggfa[ SCAYNI paNE ARRLOYRDE A o MHeGALAR R12'ERI R e bAFAAGN 27
25 exceeds an apoptosis threshold 1120 and preferably has decreasing amplitude over time.
At least an initial pulse of each relatively high amplitude portion 1112 has amplitude at
the target volume 1012, which also exceeds an apoptosis initiation threshold 1122.
Relatively low amplitude portions 1114 have amplitudes that lie below
both thresholds 1120 and 1122.
30 Preferably the relationship between the time durations of portions 1112
and portions 1114 is such as to provide a duty cycle between 1:2 and 1:50, more

preferably between 1:5 and 1:30 and most preferably between 1:10 and 1:20.
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may approve the selected target volune and activate the power source and
nodul ator assenbly 1040 (Fig. 6). 25 WD 2004/000116 PCT/|L2002/ 000510
Turni ng awoi2bddemailby to-Fig, 10C, it is seen that the f®Cran2o0g000510
functionalities take place: Transducer electrical properties neasurenent
unit 1304 provides an output to acoustic contact nonitoring unit 1302,

bresent . pref or abl § by an iy SRy T erg BRThR! Ui RE R A, Bt
tr ansdué:elrfrasaeyrhi yrah@ & 50TKHnN s dU00eCHE Inecéd preteadblypreopentliDe EHred®0r enent uni t

1304 proyvj.des an  ou to power ter 06, which conputes the average
electric }g‘p%\ﬂél?os}lgﬁftg%g@c?eﬁ‘ﬁfgnrﬁ)ﬁﬁéﬁg ic transducer assenbly 1013. |f
the average el ectrp@gtabpowsih Higcehpliede byrtidd 11 feistddspapdufivetwie@nsducer

assenbly 1013 exceeds a predeternjned threshold, operation_ o he power
source arfd Tl FUETah kR ¢ AT ‘fuﬁf‘aﬁb% f%fue@ﬁ@ﬁlﬁe%u}@m%m%ﬁed. Ski n

t enper at ur ey S48 QrefdPF¢ bBMAGHI R ond 19 CHen@N eyl @R aR atphiBdPibotdie Skin at
transducer subsystem 1010 and supplies it to tenperature neasurenment unit

d t
1300. whi%fPlessmiupeldtldeo and mostergiaptly betwesnol 00rmad £H} eegHetal YeRpEr at ur e.

Si-milarl yon gt Re bpdptiiRehaitle 15gnsor 1036 nmeasures the current
tenperature at transducer subsystem 1010 and sugpl ies it to tenperature

measur ement unit 1Beferenighisc o omprkr Bs Figs h8At #iin8Bu cdichs ussyplEieft enper at ur e
to thet rﬁ&(ﬁﬂfhl@s‘&ﬁmegia&lgraEFeaH?l@e QP%:FU SatOf intetrﬁgwﬁgﬁgw &in@%ﬁH&le”E”t unit

1300 are 'supplied to apoptosis contr onputer 1044. "The ultrasonic

i magi ng subreist end 18UE opertine gespdctivels oA cebmayi g 820 duriahsgundr
subassen] 29,. r LV i MaloM i i $-anal yZed by

't asoniBUeby BE AR YEm PehlATNG:P IRy WAL 10500 Y<U, P

anal ysi s witireaplatoplttd facget agmpt 0300s typatbyc tdelomtednty antliegp optrosiigiodet ect i on
output is pplied to opt osis. C rol.c uter. 1044. Should any of the
fol |l ow ngm$ %u(r@lbco‘ﬂdi%dgjlo%ﬁ%tcdﬂgpl,a}t@g% p%r\%f&a%ggﬁrroglgesano © I5Mbadl At or

assentd y pi@4dnaed parbtmaak nesdagdsi obdnd Staap eteadagari2od. t her apeuti c transducer
assenbly 1013. Shotjl,d nongh of the foll o¥vi ng di tigons occur. tgfge automati c
operation of powel cGFL&CaAioHD RISt 'OMMES SHONDI e TR adR: filerey: 1.

Acousti c safiiga@t order i toSbliciiei @it re@meTK biatué. EFRE Rl ExigRed Sargdti N

t hreshol d gengei}atur e | ev(gl. 30 3. Transducer assenbly 1013 .tenger ature
exceeds tPAHEHUCEP 1HIBARGIRY "LURSEr BRFES |1ale) havg, AigdntBRIE"SE not

det ect ed. ;pdfoteAURE/ K0 Gl fediheit | AADRREROARESR voRRRIIOI2NDedigakli By | OB, it is

noted that during automatic operation of power source and _nodul ator
assend) y reloroce Wy 2AndY He foae ohERaeabinling deoprestofip gelivlite and fat

treatment. A partially shaded target volume 1206 typically represents a target volume,
which has been insufficiently treated to achieve complete apoptotic cellulite and fat
treatment, typically due to insufficient treatment duration.
Other types of target volumes, such as those not to be treated due to
25 insufficient presence of cellulite or fat therein or for other reasons, may be designated
by suitable colors or other designations, and are here indicated by reference numerals
1208 and 1210.
Typical performance messages 1202 may include "APOPTOSIS IN
PROCESS" and "APOPTOSIS INDUCED IN THIS VOLUME". Typical status
30 messages 1203 may include an indication of the power level, the operating frequency,
ihe number of target volumes 1012 within the calculated target region 1200 and the

number of target volumes 1012 which remain to undergo apoptotic cellulite and fat
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target region and notes whether the transducer subsystem 1010 renai ned
stationary during the entire treatnent duration of the selected target

vol ume 104@.200400806 and if 5 none of the aforesaid four PCOMU2002/000810t 0Ok

pl ace, apoptosis control conputer 1044 confirnms that the sel ected target
vol une was treated. The conputerized tracking functionality of apoptosis
control ecamper 1044 then proposes a further target volune 10 12 to be
treated. |If however, the transducer subsystem 1010 did not remain
stationary for 10R&uff48ciabpt Piraraly orcludepea sewppbiceb cbresar spstionabl ume i s
desi gnat gesehtiP OPL208éSre i i ;

i nsuffi c}?gsnt ly treated. %?%ggpuéfzggipgﬁlgg e’?ﬁéﬁ“@g’ ﬁgylﬁg@r%ﬁrtﬁ%ﬁge

t r ans duc81r& oG Hanssiuse isekastsmblyal (8t (Figy 6). Ermsentasion 1B&2 prefatbidingdicatesar i ous ti me
pat t e NSyaBibeN i RSesS SAME NWddftlin : ' v ing tine
Dot o e B P it SEIE ek PSR sl e DITH LY Lol e
may al soclabRretew. iln asepadeacowith ar prefaitkd embedihap dfrthe pasmt Reftenence i s now
made t 0 FkQSimtiokl Lch. ar . her . si.npl i fied flowchart
i|lustr a%%i %‘S‘a%‘)tj“eg%@?ﬁmééﬁ }S%hg’g*ggt guxfll?l?dﬁ%yseﬁsﬁ@? ng%ﬁpnﬁﬁ\ﬁp?m?sﬁ a time

vari abl enduspimentdyifmemibe cangdt volutk ilAE2. iln aemodanctanitie a widfdired eptbediatened

enbodi t, . - present..in tion. The functionality described

her ei ng‘eac{F él\)vé) rﬁ%ﬁgghng\}\%% Oﬁhpr |eat§h%ﬁgrfaayﬂ§’ Proxidy sehematA epTeyenfrdatsyl as part
of tHe flindti2onallltsyanddges bbedmirerdsbnedionme 1064, Mascefier@nse Mioroski gs. 1 and 6
wher ei-rr"nrarsnteéﬁc\)/gl of markers 54, 56, 1054 and 1056 is tracked and enployed to
track the b argé’t vol umes notw t hstandi ng notion of the body. It is 25
appreci ated that Thinsigf g §B)ait iig Yeeh Shal Gein@RBhdreRbb A0, 8Ky, Ot her types
of corrpl(l)agri ze&i nedi cal treatnent and diagnosis, hereinafter collectively
referred to A&V UE BEPHEHRIM BYienBierragsi rd 7 v iTsiiehh waming vsssegs non nedi cal
appl i cathgnsclerBAD ATBUITIE (MSTROT!, STESBERWAIURR GO HIGELP! B €l ati ve:c y
novi ng e S. seen in Fig. 1lIA "an operator initiates a process o
out | I’ne hgp@%ﬁ%ﬁaﬁ%l PSS ey FRjatesntoghe e titses, alequglit a he whi ch

enconpassgsSaltehRt @k of %d&ﬁﬁnhlily_n l?elaté @ Behed %gs'ﬁ? _th%gie &h&r{i]déagﬁﬂé Ocargé reumscri bed

is captured. Various color filters are applie to the captur image to
provi de YRERIH HedEpidusg subksystamm D 19uFigi e with respect to its 27 WO

2004/ 000116 PCT/ | R3QAZLOAOGLD hACYT N Aflch AnLRALE G Bl aGycA LI eshol d

is applied to the enhanced contrast an nol se-reduced resu f the
filteri MgoPla¥eingustipp aeparaust doasiristsAone nbereidean dcandanceewiti niprederredar ker

i ndi gat isqiHeB: dr .eby, D | a _cl ean anbi gyous outline
present at i on, eTh‘éﬁ@%‘g%“bﬁﬁgﬁ’%@gﬁu‘%Q%‘% ({1 E%Sm%l}ogggﬁt{‘é%ﬂ&gﬂce’l tg%éﬁ'/érl ai d upon a
vi deo 5 andreagesegt i hidg.obt Kiendirasedict fepionmgedetnt epparitid @omprises har eof . | f

t he over J I.Cingnt 1y .congruent wth t i deo. i mage, manual
inter ver?% ?%%glsrsr%@%%l ‘gﬁ%{tééglg.%d&%ceh £ ﬁgutf)v%ﬁ Iainip}a?'smggf%?o@?oéﬁtqog}g‘gongr uent
wi t h t heowbean! @dtiréfambly peeveninatts Gom ik aperaloe (Bgsboadtfsn khe | ocations

of t hos‘%enl;ﬁ?el;mqheais&%lingrﬁ o l%%,sxlzvggh ?efceives temperature threshold settings as

25 well as inputs from skin temperature sensor 1034 (Fig, 6) and transducer temperature

sensor 1036 (Fig. 6). Temperature measurement unit 1300 preferably compares the

outputs of both sensors 1034 and 1036 with appropriate threshold settings and provides

an indication to apoptosis control computer 1044 of temperature exceeding either
temperature thresholds.

30 Apoptosis control computer 1044 also preferably receives an input from

an acoustic contact-monitoring unit 1302, which in turn preferably receives an input

from a transducer electrical properties measurement unit 1304. Transducer electrical
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the outline, which are to be used in tracking. The marker which is attached
to the 10 ultrasonic transducer subsystemis specifically designated as
such and weayoeonbabn i nfornmation as to the geonetrical pamdLBler0510
operational characteristics thereof, such as those relating to the size
and relative position of its characteristic target volune. For each such
desi gnat egperteskveastiizencgieonel3# padferatdy trenitarn thet higpug @0 petver soalce @adhf i gurati on

of the marker are ngt eqnetrical center of the outli is

cal cul at e 5%%1@ ‘E‘sﬁeem%‘égg 9 Q}-ﬁg ?? %Plﬁﬁs tkb%%f’tsé’f”rcﬁgﬁ?pe%%?aé‘rsg%ﬁr @é“f‘ﬂ’?hr ker

rel ativeldlg.the geonetrical center of the outline is noted. Referring now
to Fig. 11B, changes in t#e ob erv;d eonetrical configuration of each
mar ker indicate titt PHEUSE TRsHiCsrealicEfcak PIORSTEeSBRSHEM R TN 3R o 20

ther eof . pBferab) bies tsuplel 10LS B6WérNGeeNanQE Swhith Pre@l HBSUGRE So dhst ri but ed
over a three dinensional surtace, variations in the three di nensional

conf i gur HPEHS a@nt{qia@mgtg«?rflgézé andyg {EeARACKGHPHIG PQWersoEE @il BFWAOT s nade to
define aasdémipadaogrid of target volunmes superinposed over the

t hree-di nensi onal surface, the grid units preferably being the size of the
target vol umes cha¥Retosf jcantyod compuiie 1944 plags orefesably aessidescimputs fissyst em The
grid 25 Hnpblosis "RYe Nk beysel | y y
over | app%jr?l)ligz. A@gﬁ?’q{ %&%¥I?d%%hi§&ﬁgpgqmé§ @gﬂéeﬁr%%{c’gy%’gw#ﬂg}l system t hen
di spl'ays!HOkedigpeptopo §sup edeniifiratidnr Buctibnaiin 43 En sl fob whicherecairlet inpigoni ¢

t ransduc S te r t : .of . p1,St rget wolunme. \Wen the
operatorﬁglgr@gg%éﬁ% fp;gggﬁoflo%g@{lﬂg%clng razla1 oﬁé%" tw%argﬁgsogﬁc‘éeﬁecshﬁ sz%lysésm a visual
and/ or ofunetiondy clend i repmtds ovlirafonicoimagely mpstt frani ag ultss@riovindgas t 0 t he

oper at or . 3 18P rd led to co nce trea of. that target
vol une. %@rﬂg}ewg&gl g{h%%p%fl éi rugrg %el@cnlgfaélf’ %Era%rgég?eéﬁu%ssef’%ﬁg@g (Plﬁ'e grid point
as 28 WD.2004/000116 PCT/I1L2002/ 000510 "treated target volume" and checks
for nore target volunes to be treated. The.system again, checks for
changes in the obgA PURYs éggrﬁgf??%”gﬁrel%ﬁPfodtﬂsegPWBHts Ot PRMEFOPRST R i ndi cat e
tilting mbdilat agsankigr 13400 Boraoyepdting allr@bhie ntha@bpedfc thagdea: Byenedl | ectively

obser vi ng Qhan(?gs in gl.ur.al .mar %rs di strihuted over _a three-di nensi onal
surface, "B vAPT 4 i BREOMA PAENE SRS nlEi S aPPeEaiing | WiTAseRis dMAgHe t hat

surface maydleer saist@bRA2A A Gatitsdiat iRfoll St B8 48 dediedan dupgw Vi rtual
grid of }rarget Vol unes superi nﬁ@ze over the three-dinensional surface,
ohe™*c'of

the gri dRiPEPIEHS Cpirol qampyger [AE¥IBE e e PosHeng #eembly dHus gri d,

and ab | @l a6)om bideAtedtogtdiyl RRIBE Trahgiuk@PlubdRRnS Y61 Mkife hcBliasP! ays a
desired position in three dinmensions for a 10 subsequent target volune for

further UP&PHE; Berapsyta Ensducdr assemblier L01A| wd pifesopis| imagingetransdissiequent
target vQbiEBnbip1@el ected by the operator. A further alternative, the
operator scans the region within the outline and the system ensures that
treatnment is not &SHreneelis now madedo bigst HANMPB N AE@ vetlisheaeloghiberrn t r eat ed or

go not r §1‘¥1Hﬁffe§_ﬁo'§&ﬁf}r{rﬁlﬂ§haﬁﬁé oﬂe?at@rpsl?épg% @ﬁr%gt mtaptgd?cﬁicfééﬂlﬁﬁé ANkt tY
escri bed herei nabove is operative
25 treatment in accordance with a preferred embodiment of the present invention. As seen
in Fig. 10A, initially an operator preferably draws an outline 1050 (Fig. 6) on a patient's
body. Preferably, the operator also adheres stereotactic markers 1054 (Fig. 6) to the
patient's body and places transducer subsystem 1010, bearing transducer marker 1056,
at a desired location within outline 1050.
30 Camera 1046 (Fig. 6) captures outline 1050 and markers 1054 and 1056.
Preferably, outline 1050 and markers 1054 and 1056 are displayed on display 1048 in

real time. The output of camera 1046 is also preferably supplied to a memory associated
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15 notw t hstandi ng noti on of the body and resulting reconfiguration of the
three dinensional surface thereof both during and between treatnents of
vari ous twoget4/oovobunes therein. This is acconplished bycrantiomo@asl y
nmonitoring the position and orientation of the various markers and
extrapol ating the nonitored position and orientation to each grid unit in
t he vi rt wah agmidadis ca@rol bempAppeandi ¢Fid Bcl udes a software object code for the

conput ational tragking functionality and includes the follow ng steps: 1).
Provi de a PC conp éP‘}‘g‘étEfézﬁgéﬁmé?ﬁ FURERnliy Pederpdn embedivd It BOPIONEL conput er

with M ceasof EO1WLBQOWBL42&%ELBIPQJ dyRGheSY BRI BmBAr M4di oK chfing M ni mal
capacity of OGB. 1 available PCl slot and a 17" conputer screen. 25 2).

| . .
Mat rox OPYION fePiessdiatrapber Whishdway ke dipdayat for the aroratenpt digpleal §4n:  a) .
Renove/ Direabb B ity FA1BR% A | ce the
Matrox Orion IFI? arreeGr abber bccgaragﬁg@g)i F%ﬁ%ﬁ% &glr#h%g?%@ﬁmfgégm%ﬁl :
St - Regi sYolmwesv&@r apepietisece!cisn antafaHOFRRTnt) asi welbasasvmaming ftebbel ROms| ot i n t he
PC conpuggt, ‘ o YV 0, on booting the conputer,
M crosof t Sf/‘\ie%g‘éémms‘°p+43§§gﬁ%%ﬁ‘§§8‘f§‘§t§%@ﬁ%\?’%@%’g a new Miul timedia Video
Devi ce and r equestRseferably,abs prpnatort coafimtrsi thelocatibhs ¢fhrhakeoil 034 andl108& Cancel . 29

WD 2004/ 116, [ 2 . ~lnstall .the JAl CV-S320Q0 DSP

Survei |1 ance Ghi g ahHrediarided Phsis Wil il Rt 046
Avenilda derkeore@asdnotians 1863 4rel W6Q, Laguna Hills, CA 92653 United States and
connect to the Mathrlcc)lécOgaimg)enV Er aner Grabt{)e%. e%.fﬂ?et t he .conput er screen

i npedance switches oG i 2 PEHETS) TPt &f e presers g B9, Set t he
conput er cagrugined yradinyohaiahilionemplpyt markers iogh ahdrpRben e randaiogxt er nal  sync
node. Qg),,Gonnect. the conputer screen t trox. Oion's 15-pin feml e VGA
out put "ot SP ARy TR SN 5T RS T Tembr e & PVBRS on 6. 1)

i nst al | atep@sentzaipn 168D ahd)@ud/BE fatdét Mikimdsl 1082 SEHhUBPEN S RIQALieHM ,follow the
def ay] t wpr%n%%ajﬁ b%. Run th‘ﬁ Mat ri x Expansion Pack (version 1.0). c).
Choose "BAM 8 eMOFETGRE S 1 PakfEh Dpdo Apried reaiment) SudhsisaBig &h t he RS- 232
serial cewEhing GatdnO ke tM@eMehtlesuBe .tk bR Rhving BB uRK1EFhSt ering and
installi n%mt he "JAI Canera ActiveX object” 4). Track Software Installation:

a). O ealf P loeRfionowi ng respective directories: (1). <Track root> - a root
gimr]I gc]E Iolr gsf or Tr agke RbRpREhzed 2hckify Aurntddrdfl £RAL 2 Hifal SN AlRS Source
to be treated and positioning control unit 1318 (Fig. 9), computes the required
20 repositioning of transducer subsystem 1010. X-Y-Z positioning assembly 1049
repositions transducer subsystem 1010 to overlie the selected target volume.
Referring additionally to Fig. 10B, it is seen that following repositioning
of transducer subsystem 1010, the apoptosis control computer 1044 confirms accurate

positioning of transducer subsystem 1010 with respect to the selected target volume.

28
(9]

The ultrasonic imaging subsystem 1316 (Fig. 9) operates ultrasonic imaging transducer
subassembly 1029, causing it to provide an output to ultrasonic reflection analysis
functionality 1314 for analysis.

Treatment location identification functionality 1310 (Fig. 9) is operative
to identify dermis 1069, cellulite 1066, fascia 1070 and fat 1067. Upon the apoptosis
30 computer 1044 receiving and approving an indication of ireatment location, an operator
may approve the selected target volume and activate the power source and modulator
assembly 1040 (Fig. 6).
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(3). <Track root>\Debug - contains an executable file for Track project
(4). <Track root>\Inmages - contains BWMP files for debugging the interior
regi on dewecbismopwsocess. 25 (5). <Track root>\Log - comrcamnmob/ogysfa | es and
BMP i mage of the scene (6). <Track root>\Timng - contains timng data
files for debugging 30 b). Create the file TRACKOBJ. HEX based on the
Appendi x and pl aceThl’hmgi Al dtidrallye POFRL Y10, r @Cisorsyen 3kht \\Be2 6330116

PCT/ 1 L200 /000 Unhex the conputer |isting TRACKOBJ. HEX using HEX I T
V1.8 or g‘%‘%‘é‘t"@ ‘“B%}af&f‘ﬁ‘i ‘Augustine, 3129 Earl St., Laureldale, Pa 19605

creating file TRA%%C&I Bedhical [RGRMARE efGsiBRed et TRACKERMeZ IR usi ng
W NZI P version 6.2 or greater extracting all files into tenporary

di r ect or YO df EFRIYG CRACE MOPIGEEtWE 13081 VR dgiemiine Whithes sutticigyt

CAME ic act VI Y ent3)re
NTER Rt ok ey T R ey et A A oL c oa

8). STDAF\mH@BJatmragguncnrm@mewgemmlmommm RES 11) TRACKDLG OBJ 12).

TRANSDUCER OBJ  13j, wi‘&ﬂhérsel%ca?gj én%}es V&%%Iﬁ%ﬁéoéﬁ)pmmmnl e the

Obj ect code stored In ete rectory creat In'step 4d using
M cr osof todvau; m@boﬁrm@@nﬁwﬁ ewhlvkectsnmmeseh@aﬁme esuicalipayensptivasadyi on i s

creat ed: dzrapﬁ I tg‘e%nfducer sknbi n)h ?Ol-gr h‘:le a?%&ﬁ@él@cm{%i‘%?iﬁ& reEQ\?ed ogr am

TRACK. EXE1 oW t I ne era e progra
appr eai at el Mek’c@tauttchmnsmtérmembmrmémeMeSS mﬁnrddbternpnﬁisthmhqld;wgﬂaﬁ@n may. i f

desirec, B IR SRR, RS LS SO TR LB 2ol e
conventi onal Skin temperature sensor 1034 measures the current temperature of the
skin at transducer subsystem 1010 and supplies it to temperature measurement unit
1300. which compares the skin temperature to the threshold temperature. Similarly,
transducer temperature sensor 1036 measures the current temperature at transducer
subsystem 1010 and supplies it to temperature measurement unit 1300, which compares
the transducer subsystem temperature to the threshold temperature. The outputs of
temperature measurement unit 1300 are supplied to apoptosis control computer 1044.
The ultrasonic imaging subsystem 1316 operates ultrasonic imaging

20  transducer subassembly 1029 and receives an imaging output, which is analyzed by

ultrasonic reflection analysis functionality 1314. The result of this analysis is employed

for apoptosis detection and an apoptosis detection output is supplied to apoptosis

control computer 1044,

Should any of the following four conditions occur, the power source and

t2
W

modulator assembly 1040 automatically terminates operation of therapeutic transducer
assembly 1013. Should none of the following conditions occur, the automatic operation
of power source and modulator assembly 1040 continues:

L. Acoustic contact is insufficient.

2. Skin temperature exceeds skin threshold temperature level.

300 3. Transducer assembly 1013 temperature exceeds transducer threshold
temperature level.

4. Apoptosis is not detected.
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techniques. 30 It is appreciated that the particul ar enbodi nent inplenented
by the Appendix is intended only to provide an extrenely detail ed

di scl osurwoabosdeelipr esent i nventi on and i s not intende@dCraLme2biogiai ng. 31
WO 2004/ 000116 PCT/1L2002/ 000510 It will be appreciated by persons skilled
in the art that the present invention is not limted by what has been

particul arly showReanmdinges did. bios, hiek eiotaib@ve durifdadi@fatk G esgaper of the
present invention i@g&g@es bot lggggbg%tions and sub_ s conbj nati ons of the

various PeAT GP¥ES° 8¢ BT Rave &2 CHRaTR 18 Rraferahbyirenesds dhrd

nodi f i catarensegidn aftl wotd GvheGel thet PanBRESONDsEleh] 18D tdhaARE Bfitnappon readi ng
t he spegific tion and which are not in the prior art. 32 WO 2004/000116
PCT/ | L208%/"800% £8/'c ASBENDI Xatriotfoh selagsdiaresd volome 3 06 1660.00d04 00 00 00

FF FFs 00n&R of00006:&id Bfir 0n@80:R0:099 ;0060 i 00 00
00000020: Q0 00 00 00 00 00 00 00 60 66 %O%Sg{&%g%é)g@%8&8%9%108%%%0030: 00 00

00 00 00°YEBD sy b Glsciod rsetErrlpme owrsobeateh GT®04onpuBEizEd FragidnsOE 00 B4 09
CD 21 B8RdicfAECor 2dbuhdis 6 - 6D 20 63
61 OF Ob ap e Eh Gbprdistonnd M Lo dnd naibse BEURERGE Fhmr o5 20

00000070108ty BFrEEds5 2E 0D OD OA 24 00 00 00 00 00 00 00 40 00000080: E6
70 07 AD A2 11 69 00000090: QE .7A FE A4 11
69 FE 21 QD 67 FEIgge?%’eééheg%@%g&/é&%&ﬁ&@%%&ﬁﬁn%St%“%‘?é 5 A2 11 68

FE | [¥ 112 69(iFEnt ODONOORD: selAtOt6Rt FEuBS it ldebigndiid B afkpi6d &2 11 69 FE
00000000 F EE.A3 11.69..FE 9,63 68 A2 11 69 FE 15 O0O00CDO 00
00 00 oo°°é’8fﬁﬁf%?% 96(5‘%6‘53%”6‘6“%8”6@%6%%0 00 000000EQ 50 45 00 00 4C 01
04 00 BF 7A D6 3BI08 apfreCifte®that 0D QEHO HlipROr 9 RErs ORufRcR0.fCrgdl OB 01 06
00 00 80 Q0 QO ooogonf%g: 00. 80.98 00 00 00 00 00 50 83 OO 00 00 10 00 00
00000110 585050 B0 20t RS GHCRFIIBE Gechor sRavaelome @ateys0r000120: 04
00 00 OOpBMIPOVHAHN: Bde Hfke®. 00 00 00 00 00 00000130: 00 10 99 00 00 10
00 08_00 00 00 00.02 QO 00 00 og80%140:_oo,oo 10 00 00 10 00 00 00 00 10
00 00° 10 00 00 OB PRERSARY Bat Be mdtirisitoof ¢aehobmenaayRlvo 00 00 00

000001600\88aibikr sfide 00paAGAIHOved@Ap Bp&R 00 99 00 70 OD 00 00 25 00000170: 00 0O

00 00 00 00 00 00_00 00 OO0 OO0 OO0 00 OO0 00 00000180: 00 00 OO OO OO OO OO
00 00 00 00 00 00REETHEe dpnow made to Figs. 11A and 11B which are together a

simplified flowchart illustrating steps in carrying out unit by unit tracking within a time
variable three dimensional outline in accordance with a preferred embodiment of the
20 present invention.
The functionality described hereinbelow and shown in Figs 11A and 11B
is particularly useful as part of the functionality described hereinabove with reference to
Figs. 1 and 6 wherein motion of markers 54, 56, 1054 and 1056 is tracked and
employed to track the target volumes notwithstanding motion of the body. It is
25 appreciated that this functionality is also applicéble for many other types of
computerized medical treatment and diagnosis, hereinafter collectively referred to as
treatment, employing machine vision and even to non medical applications wherein
machine vision is used to track multiple relatively moving elements.

As seen in Fig. 11A, an operator initiates a process of outline detection

a2
<

typically by drawing on a computer screen a line which encompasses the entire outline
to be detected. The image so circumscribed is captured. Various color filters are applied

to the captured image to provide maximum contrast of the outline with respect to its
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Referring now to Fig. 11B, changes in the observed geometrical

configuration of each marker indicate tilting of that marker from a nominal orientation

20 thereof. By collectively observing changes in plural markers distributed over a three-
dimensional surface, variations in the three dimensional configuration of that surface
may be monitored. A calculation is made to define a virtual grid of target volumes
superimposed over the three-dimensional surface, the grid umits preferably being the
size of the target volumes characteristic of the ultrasonic transducer subsystem. The grid

25 units may or may not be selected to be partially mutually overlapping. Any suitable grid
unit shape may be employed.

The system then displays a desired position in three dimensions for the
ultrasonic transducer subsystem for treatment of a first target volume. When the
operator correctly positions the ultrasonic transducer subsystem, a visual and/or other

30 confirmation of correct positioning is provided to the operator and the operator is
enabled to commence treatment of that target volume.

After completion of treatment, the system designates the grid point as

28
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orientation of the various markers and extrapolating the monitored position and
orientation to each grid unit in the virtual grid.

20 The Appendix includes a software object code for the computational
tracking functionality and includes the followingvsteps:
1). Provide a PC computer, such as an Intel-based Pentium III 800 MHz computer
with Microsoft Windows 2000 operating system, a hard disk with a minimal capacity of

[0GB. 1 available PCI slot and a 17” computer screen.

]
U

2). Matrox Orion Frame Grabber Hardware installation / configuration:

a). Remove/Disable the VGA board present in the PC computer.

b). Place the Matrox Orion Frame Grabber board available from Matrox (
1055 boul. St-Regts, Dorval, Quebec Canada H9P 2T4) into an available PCI slot in the
PC computer.
30 c). Under Microsoft Windows 2000, on booting the computer, Microsoft
Windows™ Plug-and-Play system detects a new Multimedia Video Device and requests

to assign it a driver. At this point, click Cancel.

29
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().  <Track root> - aroot directory for Track project
20 (2).  <Track root>\Src - contains source code files
(3).  <Trackroot>\Debug - contains an executable file for Track
project
(4).  <Track root>\Images - contains BMP files for debugging the

interior region detection process.

18}
w

(5).  <Track root>\Log - contams log files and BMP image of the

scene

(6).  <Trackroot>\Timing - contains timing data files for

debugging

30 b). Creale the file TRACKOBJ HEX based on the Appendix and place it

into a temporary directory.

30
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12).  TRANSDUCER.OBJ
13).  UTILS.OBJ
20 14).  VIDEOMATROX.OBJ
e). Compile the Object code stored in the temporary directory created in step
4d using Microsoft Visual C++ compiler version 6.0  The resulting application is
created: TRACK.EXE
0. To run the Track software, execute the program TRACK.EXE and
25 [ollow the on-line help to operate the program.
It is appreciated that the software components of the present invention
may, if desired, be implemented in ROM (read-only memory) form. The software
components may, generally, be implemented in hardware, if desired, using conventional
techniques.
30 It is appreciated that the particular embodiment implemented by the
Appendix is intended only to provide an extremely detailed disclosure of the present

invention and is not intended to be limiting,
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4. A method for lysing cellulite according to any of the preceding claims
and wherein said directing comprises positioning at least one ultrasonic transducer

20 relative to said body in order to direct said focused ultrasonic energy at said target

volume.

5. A method for lysing cellulite according to any of claims 1 to 3 and
wherein said directing comprises varying the focus of at least one ultrasonic transducer

25 inorder to direct said focused ultrasonic energy at said target volume.

6. A method for lysing cellulite according to claim 5 and wherein said

varying the focus comprises changing the volume of said target volume.

30 7. A method for lysing cellulite according to claim 5 and wherein said

varying the focus comprises changing the distance of said target volume from said at

least one ultrasonic transducer.
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13. A method according to any of the preceding claims and wherein said

ultrasonic energy has a frequency in a range of 100 KHz - 500 KHz.

14. A method according to any of the preceding claims and wherein said

ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz.

15. A method according to any of the preceding claims and wherein said

25 modulating provides a duty cycle between 1:2 and 1:50.

16. A method according to any of the preceding claims and wherein said

modulating provides a duty cycle between 1:5 and 1:30.

30 17 A method according to any of the preceding claims and wherein said

modulating provides a duty cycle between 1:10 and 1:20.
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directing said ultrasonic energy, from said source outside said body, at a

20  target volume in a region of said body containing cellulite .

23. A method for lysing cellulite according to claim 22 and wherein said

directing said ultrasonic energy generally prevents lysis of tissue outside of said target

volume.

24, A method for lysing cellulite according to claim 22 or claim 23 and also
comprising:
ultrasonic imaging of said region at least partially concurrently with said

directing said ultrasonic energy at said target volume.

25. A method for lysing cellulite according to any of claims 22 to 24 and

wherein said directing comprises positioning at least one ultrasonic transducer relative
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30. A method for lysing cellulite according to any of claims 22 to 28 and

also comprising sensing of cavitation at said target volume.

31. A method according to any of claims 22 to 30 and wherein said

ultrasonic energy has a frequency in a range of 50 KHz - 1000 KHz.

32. A method according to any of claims 22 to 30 and wherein said

25 ultrasonic energy has a frequency in a range of 100 KHz - 500 KHz.

33. A method according to any of claims 22 to 30 and wherein said

ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz.

30 34 A method according to any of claims 22 to 33 and also comprising
modulating said ultrasonic energy wherein said modulating provides a duty cycle

between 1:2 and 1:50.
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39. A method according to any of claims 34 to 36 and wherein said
modulating provides between 100 and 300 sequential cycles at an amplitude above a

20  cavitation threshold.

40. A method according to any of claims 34 to 39 and wherein said

modulating comprises modulating the amplitude of said ultrasonic energy over time.

25 41, A method for lysing cellulite comprising the steps of: |
defining a region in a body at least partially by detecting spatial
indications on said body;
directing ultrasonic energy at a multiplicity of target volumes containing
cellulite within said region, thereby to selectively lyse said cellulite in said target

30 volumes and generally not lyse non-cellulite tissue in said target volumes.

42, A method for lysing cellulite according to claim 41 and wherein said
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47, A method for lysing cellulite according to claim 45 and also comprising

detining said region by detecting cellulite in said body.

48. A method for lysing cellulite according to claim 47 and also comprising

defining said region by detecting non-lysed cellulite.

49. A method for lysing cellulite according to claim 48 and wherein said
25  directing also comprises defining said target volumes as unit volumes of non-lysed

cellulite within said region.

50. A method for lysing cellulite according to claim 49 and also comprising
modulating said ultrasonic energy so as to selectively lyse said cellulite in said
30 multiplicity of target volumes, said modulating proceeding sequentially in time wherein
selective lysis of cellulite in each of said target volumes takes place only following

detection of non-lysed cellulite therein.
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body and employing sensed changes for tracking the positions of said target volumes in

said body.

55. A method for lysing cellulite comprising the steps of:
directing ultrasonic energy at a multiplicity of target volumes containing
cellulite within a region of a body, thereby to selectively lyse said cellulite in said
multiplicity of target volumes and generally not lyse non-cellulite tissue in said
25 multiplicity of target volumes; and
computerized tracking of said multiplicity of target volumes

notwithstanding movement of said body.

56. A method for lysing cellulite according to claim 55 and wherein said
30 computerized tracking includes sensing changes in the position of markings on said
body and employing sensed changes for tracking the positions of said multiplicity of

target volumes in said body.
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pparatus fo ing cellulite according to any of claim
wherein said director comprises:
20 at least one ultrasonic transducer; and

a positioner, positioning said at least one ultrasonic transducer relative to

said body.

61. Apparatus for lysing cellulite according to any of claims 57 to 59 and
25  wherein said director comprises:
at least one ultrasonic transducer; and

a focuser, varying the focus of said at least one ultrasonic transducer.

62. Apparatus for lysing cellulite according to claim 61 and wherein said

30  focuser is operative to change the volume of said target volume.

63. Apparatus for lysing cellulite according to claim 61 and wherein said
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68. Apparatus according to any of claims 57 to 67 and wherein said

ultrasonic energy has a frequency in a range of 50 KHz - 1000 KHz.

69. Apparatus according to any of claims 57 to- 67 and wherein said

ultrasonic energy has a frequency in a range of 100 KHz - 500 KHz.

70. Apparatus according to any of claims 57 to 67 and wherein said

25 ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz.

71. Apparatus according to any of claims 57 to 70 and wherein said

modulator provides a duty cycle between 1:2 and 1:50.

30 72, Apparatus according to any of claims 57 to 70 and wherein said

modulator provides a duty cycle between 1:5 and 1:30.
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78. Apparatus for lysing cellulite comprising:
20 a generator of ultrasonic energy located outside a body; and
an ultrasonic energy director, which employs said ultrasonic energy to
selectively generally lyse cellulite and generally not lyse non-cellulite tissue in a target

volume in a region of a body containing cellulite .

25 79. Apparatus for lysing cellulite according to claim 78 and wherein said

director is operative to generally prevent lysis of tissue outside of said target volume.

80. Apparatus for lysing cellulite according to claim 78 or claim 79 and also
comprising:
30 an ultrasonic imager, providing ultrasonic imaging of said region at least

partially concurrently with the operation of said director.
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ultrasonic transducer.
20 85, Apparatus for lysing cellulite according to any of claims 78 to 84 and
also comprising a sensor, sensing ultrasonic energy coupled to an external surface of

said body adjacent said target volume.

86. Apparatus for lysing cellulite according to any of claims 78 to 84 and

25 also comprising a sensor, sensing cavitation at said target volume.

87.  Apparatus according to any of claims 78 to 86 and wherein said target volume

comprises a target volume bounded by dermis and facia.

30 88 Apparatus according to any of claims 78 to 86 and wherein said

ultrasonic energy has a frequency in a range of 50 KHz - 1000 KHz.
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0000CFFOQ 00 00 00 00 00 OO0 OO 00O OO0 OO 00 OO 00 0000 00 102 WO
2004/ 000116 PCT/1L2002/000510 CLAIMS 1. A nethod for lysing cellulite
conpri si yotzhet/®bBps of , directing focused ultrasoni c emergy@/o@stoar get

vol une ig¢y a region b containing. cellulite ;,.and 5 nmodul ating said
f ocused 839|.t r asoni CAIggnaé%glsy agggrgglgt E)O &8y e(gft F@gf@ ’|3y§% @Zlaﬁd warsiy) ?aﬂ‘\i in said
target vdiresoeicandragamnsndldqientinlaysfet@noc &l sdeextizssue in said target
volune. 2. A nethod for lysing cellulite according to claim1 and wherein
said 10 directing focused ultrasonic energy generally prevents |lysis of
tissue si de of ' r - yol u . A nethod for |ysi.ng.cellulite
accordiggﬁto claiﬁf@k%?uiﬁggﬁﬁgﬁakﬁgg §%‘C§8ﬁ§ﬂﬁs%hég F%Xu nggoﬁ? i magi ng
of sdi d wegooiv catrgydast frguency ihy ramead 5@ RIH- WotkHsai d  directing focused
ultrasonic energy at said target volume. 4. A nmethod for lysing cellulite
according to any of the preceding clains and wherein said directing

conpri seg. posi ti oM fG ks h&sdin ngag& to'%%zﬁgl{i}% G78t {6205 IHE Glso c%gqg,[rﬁin tjve to

said body in order to direct sa cuse trasoni c energy said target
vol ure. mBoduleterevheydinfseid hydilaigr peivides k Hetyayeriditweent 102 any 160, claims 1 to 3
and wherein said directing conprises varying the focus of at |east one
ultrasonic transducer 25 in order to direct said focused ultrasonic energy

at_sai d ar get vol ayfararé: adhof@hs ahPlorlitindgece) dotkhd €1866REAAE 10 clai m

5 and wherein said varying the focus conprises changing t me of said
target Vetduasor weergin saidraedidetos provides i dgtycykletietweenact endliAf to claim 5 and
wherein said varying the focus conprises changing the distance of said
target volunme fromsaid at |east one ultrasonic transducer. 103 WD

2004/ 000816 PCT/ | LAGRZAE0EDEinS to Anyro¥ RRGmE o doysy B GBb!dhiptisingceor di ng
to any of the preceding clains and al so conﬁri sing sensing ultrasonic:
£

energy CORANAEY Weerain Sé%t@?%ﬂ%ﬂf@f’@é%a gutysaicks bebuoetp lat) asken?0.sai d t ar get
voluge. 5 9. A nethod for lysing cellulite according to any of the
preceding clains and al so conprising sensing of cavitation at said target

vol une. 980. A met Wggastsomdionding otoanyy aff tlaengoecediongakd aiEkei@n@idwher ei n
rectin m an ul trasonic transducer | ocated

said - o di t akes place fr . |
out si de nbc}dduialr@ Bré’éfgj.e?’%f [VeeR ﬁ@lnﬂo](ﬁ)%gcs@%ed‘i“ﬁb cYdesaaly ap fammhisudsy dhoadlisng cl ai ns
and whercgiitutidaklgteshold.

20 95, Apparatus according to any of claims 91 to 93 and wherein said
modulator provides between 25 and 500 sequential cycles at an amplitude above a

cavitation threshold.

96. Apparatus according to any of claims 91 to 93 and wherein said
25 modulator provides between 100 and 300 sequential cycles at an amplitude above a

cavitation threshold.

97. Apparatus according to any of claims 91 to 96 and wherein said

modulator is operative to modulate the amplitude of said ultrasonic energy over time.

98. Apparatus for lysing cellulite comprising:

a region definer, defining a region in a body at least partially by detecting
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directing takes place to a target vol une bounded by derm s and fascia. - 5
12. A nethod according to any of the preceding clains and wherein said
ul trasoniwoener@yilias a frequency in a range of 50 KHz PCTODDoBI051013. A

met hod accqr.di,ng. to any..qf .t he preceding clains and wherein said

ul trasoWEﬁéﬂ‘éF%SPnﬁé?ESédfqﬁpgﬁﬁé‘ﬂcy in arange of 100 KHz - 500 KHz. 20 14. A
met hod accor di ng 40yaar edefR8, MrREQIHIRE AL Rl tPas oA Envvae rae b A pldcity
ultrasonic energy has a frequéency in a range of 150 KHz - 300 KHz, 15. A

met hod @ldegedivlgmes camyinil celialitp et baig regien, frereldtomsleriyHy suiefaids

nmodul at i .pr.ovi des u cl et ween, 1: 290. :

accor di ?’FS]%{‘ B dFu@HECIM%@é&eﬁé&%ﬁngf %%d %eﬁér%ﬁg}oéilﬁgsn g?l-gsellﬁ% ufsgl%:j ng
prov§ deg, s@iquﬁlYipﬁ_&'i‘%} 6f ARfeVPfimds.5 and 1:30. 30 17. A nethod according to
any of the preceding clains and wherein said nodulating provides a duty
cycle between 1:10 and 1:20. 104 WD 2004/000116 PCT/I1L2002/000510 18. A
nmet hod cordi ng to_an | -al i b A

nmodul at%g provi dégp%r% \?\egrnhg?%ﬁéﬁq%glgéog%gg%g%??ac %y%gé@eﬁhezﬁ%ﬁa%dude above
a cavi giaddianlifebiseshgbd ulthsdfc ekrgphirad motipliditngf tavgeanylusfestihe tipecedi ng
claims and wherein said nodul ating provides between 25 and 500 sequenti al
cycl es #quaMst i tude above a cavitation threshold. 20. A nmethod according
to any of the preceding clains and wherein said 10 nodul ating provides
bet ween 100 and 300 sequential cycles at anplitude above a cavitation
thresholigh. 21. A Apbhetisaoc dysiighgeltwitanyconding He gaiec8¥liang wheapinssaithd

wherein said nodulating conptises nodul ating the anplitude of j
ul t r asofectEndiFys Brased pirasonmeenssgy AL H\L}Fﬂo d %aﬁrﬁwgm@lé‘f‘? N t?%eg

conpri si, ﬂxrﬁ??orsxlagﬂﬁ o denOB061 BhE BSHo@dt @ source outside a body, ultrasonic
ener gy e sel ct%velg generally lyses cellulite and generally does not

| yse non-cellulite tissue; and directing. said ultrasonic energy, from

sai d source outside said bo at ~a.. 20 target vaol d egj f said
bod3}5coﬁ{ﬂai ning c Hpﬁrlafutset%? g%gjg C&HHBF'h%&OJ%H?g foy%l}ynéf@e uf 1 Eoeggégg%(?di ng to
cl ai m 22, ,aneh Whese ks ak chid elungﬁtcu?gafmga WHlihesanest pareaily ogedups dh | y
prevents lysis of tissue outside of said target volune. 25 24. A nethod
for |ysispagecel lulite according to claim22 or claim23 and al so
conprising: ultrasonic imaging of said region at |east partially
concurrently with said X

102. Apparatus for lysing cellulite according to any of claims 98 to 101 and

20 wherein said definer is operative to place at least one mark on at least one surface of

said body.

103. Apparatus for lysing cellulite according to claim 102 and wherein said

definer is operative to select at least one depth in said body.

104. Apparatus for lysing cellulite according to claim 102 and wherein said

definer detects cellulite in said body.

105. Apparatus for lysing cellulite according to claim 104 and wherein said

30  definer defines said region at least partially by detecting non-lysed cellulite.

106. Apparatus for lysing cellulite according to claim 105 and wherein said
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directing said ultrasonic energy at said target volune. 30 25. A nethod for
lysing cellulite according to any of clains 22 to 24 and wherein said
di rect i ngwoanpwiosas positioning at | east one ultrasoni c PCTAnRZdZo@S1or el ati ve
105 WO 2004/ 0001 PCT/.1, L2002/ 000510 to i [ A4 ect said
uItras@ﬁ?@oéﬁgPdégﬁFs§ﬂé&mﬁﬁgﬁﬂ?'Q%Vﬁﬁ%yoggmgﬁgﬁgﬁﬂ§%ﬂ$%$8€?%?lgé%elIuIite
accor dicpg, [0 vAfn &fid ¢dg@ddr® 22 to 24 and wherein said directing conprises
varyi ng the focus of at |east one ultrasonic transducer 5 in order to
direct said ultrasonic energy at said target volume. 27. A nethod for
| ysi ng lTulite accordi to_cl aj,m. 26 . rel: ' imngyid he focus
conpr i s@ - changi pqaﬁ@u%gcﬁl}ggngfcegﬁng atcgdr}gle goﬁ%@eﬁﬁl dzéfﬁérﬁh{r;%&%od for
lysisng &bl bid@eceandiaby totifleailivref selactivhigsieof cdnilits invaclybhgaid he focus
conprises changing the distance of said target vol%gg frqnl ai %t | east
one ul tmelsiphity of arastivelsmes Res plapwenndoasting deteepncdmenly e clWEP di ng t o
any of ﬁlains 22 to 28 and 15 al so conprising sensing ultrasonic energy
coupl ed"t%6™an external surface of said body adjacent said target vol une.
30. A nethod for lysing cellulite according to any of clainms 22 to 28 and
al so conprising sensing of cavitation at said targe ol .20 . A
met hod Hi¥cor di ng £BPaANS 59r ]d/IS’élign?hEbtetaﬁc RN aﬁg’r iﬁ)yn ag%?v%erem £ éésoni C
ener gy e Yok f es b9tk umd? of AehElitaod
acc@rdfﬂ%iggE%%yggﬁﬁ%ﬁ%ﬁﬁga%%ﬁggﬁﬁgtg%gt&ggggfn said 25 ultrasonic energy
has a fwBhineachregiona range of 100 KHz - 500 KHz. 33. A nethod according to
any of clains 22 to 30 and wherein said ultrasonic energy has a frequency
in a range of 150 KHz - 300 KHz. 30 34. A nethod according to any of clains
22 10 3pand al SOAG8 s Sh G sidposktutd Ao gItoibbings0fiand evterdy suider ei n

[

sai d nodul ating pr es a duty cycle between 1:2 and 1:50. 106 WO
2004/ 008iiBorREI¢deti2 QaRENDOF L0 tingswhereinesehrstivabisradicalulite meeh et sgidyj s 22

to 33 and al so conpri si dul at i ng, sai | t ' : rein said
ol at PHE HSFGYPAELES AITYFS Gy 6 obar ach oy SRR S BhgnatR® O g
according to any of clains 22 to 33 and al so conprising nodulating said

ultrasoni c energy wherein said nodul ating provides duty cyc bet ween
1: 10 andll®: 20, i oAparapsier hisineaeslshits WOW%WW@I@W%% {o‘f? and

wher ei Nasé Icgmprising a computerized tracking functionality providing computerized tracking

of said multiplicity of target volumes notwithstanding movement of said body.

20
111. Apparatus for lysing cellulite according to claim 110 and wherein said
computerized tracking functionality is operative to sense changes in the position of
markings on said body and to employ sensed changes for tracking the positions of said
target volumes in said body.

25

112. Apparatus for lysing cellulite comprising:
an ultrasonic energy director, directing ultrasonic energy at a multiplicity
of target volumes containing cellulite within a region of a body, thereby to selectively
lyse said cellulite in said multiplicity of target volumes and generally not lyse
30  non-cellulite tissue in said multiplicity of target volumes; and
a computerized tracking functionality providing computerized tracking

of said multiplicity of target volumes notwithstanding movement of said body.
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nodul ati ng provi des between 2 and 1000 sequential cycles at an anplitude
above a cavitation threshold. 38. A nethod according to any of clains 34
to 36 andwatressiontisai d 15 nodul ati ng provi des bet ween PETANZIOZOS510
sequential cycles at an anplitude above a cavitation threshold. 39. A

met hod according to any of clains 34 to 36 and wherein said nodul ating
provi degibet veen WiQaand ﬁp@ysﬁﬂﬁé@mi‘teabcc%)/cﬁﬁ@% glaiAN 12MRldI Whdeinaheye a- 20
cavitation threshol'd. 40. A nethod according to any of clains 34 to 39 and
wher ei n ceaputeripgsd trhcking gurstinpality ds operdtivats nensehehanggsl int theepasitiagapll

ul trasoni ¢, .ener .over tipme. 25 41. A.nethaod.faor S| cel.lulite.

conpr 1 sHiegTReoRruf Y8y B ey S Pudhome fodtasstiy P epliol obd a1y by
det est i ragg&p@lindds ink4ldibeay.i ons on said body; directing ultrasonic energy at
a multiplicity of target volunmes containing cellulite within said region
thereby to selectively lyse said cellulite in said target 30 volunes and

general ly,not lys - Uyl 1 I i I | A
met hod fléérl' | ysi ng%cleg{&gﬁﬁéljeﬂg%%rg% (%éoﬁi)g&?somc eglﬁi'%ggkﬁ‘g%?o\%\#%s egﬁﬁes gﬁléés 107 WO
2004/ 000f:16 PCT/1L2002/ 000510 directing includes directing focused

ultrasonic energy at said multiplicity of target volunes in a ti
sequence. 43. A mStRIHES FHWSL}@@SOB& $nereyt &t & 5?td‘fq«\@n?dn@1r§gmn4qfn§nd

wher,gi nb%@}@o t?mﬁl{.gr %ﬁ&l}it@gn. pgl ygles directing focused ultrasonic energy at
pl ural ones o sald multiplicity of target volunes for varying independent

ti me periods. 44. nAdduktingdafdofochyesli nigraselid whérte sacasotodseiectivelyciraiuoe 41 or
claim42 and. wherejin ..l east_ sone aof said |tiplicity of target vol unes
2t 1 casEPHAPS AT | YiopRilen 1Y o1 01 SHacETeeA SRR PR oRP eI D HEUER | ul | t o
accor di agodt8sidMndil celilifleBd hdn it thdudRdaiddh$et FRMAE! Si ng defining said
regi on by marking at |east one surface of said body. 15 46. A nethod for

lysing cellulite according to claim45 and al so conprising defining said

i | ecti | t dept h . id. body.. 47. A.nethqgd. f :
[yeithg dbiralite aceapeegr tntiPeRPhdsl in Bdut B8t e ng kg sai o
regi on hy4 del egiekdig sgiel ditebiitge fdclsedanlthaddRdity ened SéherAlyTpickhents bpsptbsisi Ny

cellulite according to claim47 and al so conprising defining said region
by det e®f fipgewaisideydseiddaeptuyolyae. 49. A method for lysing cellulite
according to claim48 and wherein said 25 directing also conprises
defining said target volunes as unit volunmes of non-lysed cellulite within
said regiién. 50. A methvddof dfdubingiapgptosislitlctilditaasd sl aegotdngcloadinind9 and
al so conpri sing .
20 114 orclaim 115 and also comprising:
ultrasonic imaging of said region at least partially concurrently with said

directing focused ultrasonic energy at said target volume.

117. A method for inducing apoptosis in cellulite and fat according to any of
25 claims 114 to 116 and wherein said directing comprises positioning at least one
ultrasonic transducer relative to said body in order to direct said focused ultrasonic

energy at said target volume.

118. A method for inducing apoptosis in cellulite and fat according to any of
30 claims 114 to 116 and wherein said directing comprises varying the focus of at least one
ultrasonic transducer in order to direct said focused ultrasonic energy at said target

volume.
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nodul ating said ultrasonic energy so as to selectively lyse said cellulite
insaid 30 multiplicity of target volunes, said nodul ating proceedi ng
sequent i aWwbyooanobitge wherein sel ective lysis of celluli PeTitn2ezeisof sai d
target volunmes takes place only following detection of non-lysed cellulite
t herein. 108 WO 2004/ 000116 PCT/1L2002/000510 51. A nethod for |ysing

cel lul'itid9accor di ng niethed fr ihdbéimnghopttlsethtefalid anqifmeé‘ctcbﬂﬂn%a{osaaiﬁpﬁp” Ses
definingg%aid target volumes as unit volunmes of cellulite wthin said

regi on. 35584 Whersst wyimEdhe fQeys alpnees tha volumeaafseiddarggt v@uwekai m 51 and al so
conprising nodulating said ultrasonic energy so as to selectively |lyse
said cellulite in said nultiplicity of target volunes, said nodul ating
procéedilag. sequentA aidilyod for ihdueinghaiopiodis i8 ekbalite \v@d I f¥SdcsofinCrl didthi te in
each oflzgid %g{%gt voluqﬁé takes place only following 10 detection of

cel | ul i t'dSPREFEIEFN BEYING e forya chanees {hsidisjancs|of sridtteresicvdvme figm wicany of

claims 41 o uddonidiSeskePPri si ng conputerized tracking of said
multiplicity of target volumes notw thstandi ng novenent of said body. 15

54. A nethod for lysing cellulite according to claim53 and wherein said
comput er,i,zed trackj ng., ncl udes sensi ng .changes. in the position of parkings
on.saidlbébdy andeH%ﬂﬁﬁﬂﬁgﬂgﬁﬁgﬁdme ﬁ@é&cghjﬂq?%iﬁﬁﬁ@“%ﬁégﬁ%émxP%n; of
sai dot arcgeis 04 W) 4d¥ al§REsh g s Qing%itraas‘oﬁq@teﬁgxgs};fég?plgﬁ% Fx?ie)(c‘tﬁﬂnlayl Ite

conprising the steps of directing ultrasonic ener plicity of
target vBltaaees seidrody ailiagent saidtargettwolwne.hi n a regi on of a body, thereby to
selectively lyse said cellulite in said nultiplicity of target volunes and
generally not lyse non-cellulite tissue in said 25 nultiplicity of target

vol unes;12and conpw erkttvddot [rﬂﬁkih@&pgﬁtoﬁiirgcéﬂﬂﬂlﬁé #ld £k bycopding 8 9 oy Ol UNES
notw t hst andi ng npvenent of said body. 56. A nmethod for lysing cellulite
accor di fFHP 1(1:‘? 8 M ismdale cpmprising seasiee ofF@viginmuat spid zerget vadwke.ng i ncl udes
sensing changes in the position of markings on said body and enpl oying

sensed changes for tracking the positions of said multiplicity of target
vol urmes 123 sai d badyneti® aMBrd8946 03136 cRGHY 11120021 DOQRI Ovheddin sARPar at us

for lysing cellulite conprisjng: .a focused ul trasonic_ energy director,
directi rq&g?tB’éiféléed pﬁﬁcteg%f’g‘gﬁ? Efu@g@}‘bﬁfan%lf‘ceé locategerutsies effae PP&%& region of a

body containing cellulite ; and

124. A method according to any of claims 114 to 121 and wherein said

20 directing takes place to a target volume bounded by dermis and fascia.

125. A method according to any of claims 114 to 124 and wherein said

ultrasonic energy has a frequency in a range of 50 KHz - 1000 KHz.

25 126. A method according to any of claims 114 to 124 and wherein said

ultrasonic energy has a frequency in a range of 100 KHz - 500 KHz.

127. A method according to any of claims 114 to 124 and wherein said

ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz.

128. A method according to any of claims 114 to 127 and wherein said

modulating provides a duty cycle between 1:2 and 1:50.
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5 a nodul ator, cooperating with said energy director to produce focused
ultrasonic energy so as to selectively lyse said cellulite in said target
vol une arwo 2ger®relkl y not |yse non-cellulite tissue in ®ardLime/o@s10vol une.
58. Apparatus for lysing cellulite according to claim57 and wherein said
10 director is operative to generally prevent lysis of tissue outside of
said tanget Vol Ut meathd QPRANALUS 43" of ¥RIRY 198! U134 GndCeidbngud 0 claim
57 or cfaim58 and al’'so conprrsrng: an uftrasonic 1 nmager providing
ultr aSQﬁﬂd@ldtiﬁg%ierlea &ty cydlebétoneml:sladst30.15 partial ly concurrently with
said director directing said focused ultrasonic energy at said target

vol unme. 60. Apparatus for lysing cellulite according to any of clains 57 to
>9 and agherel n 9@ldllld BeLoRling ABPLL S 8 clebll A4l £3539 AR WhELASOMIC
transduceér; and a positioner, positroning said at [east one ultrasonic

t r ans dugmiuldtik &kdwdestaaluty ayde berdhyeen 610 aApddilat us for lysing cellulite
according to any of clains 57 to 59 and 25 wherein said director
conprises: at |east one ultrasonic transducer; and a focuser, varying the

focus ghysaid at A?@éltxocp'agco%ih%atgoiﬂycof LaRsduagr o 620 ABPRRGLMSsdi@r |ysing

cellulite according to claim®6 nd "'wherein said 30 focuser is operative

t o chamgeluldimgyplouites dfetweerind2 t zundg @000, skquestialscyclgpparamligideotbdvgsing
cellulite accordi ng to claim61 and wherein said 110 WO 2004/ 000116
PCTP Lf@b‘ﬁa/t’@ﬁggrfﬁm %ocuser is operative to change the distance of said
target volunme fromsaid at | east one ultrasonic transducer. 5 64.

Apparatus for lysing cellulite according to any of clains 57 to 63 and
al so cdAprising & sesiked aceediseng wt phstme dAieiogy 3t sugl wherely gidext er nal
surface oJ

cel 1 ot ieg e oG (AEhACES AR M SRRl tTE: of drmyfRRRC AR, L7 111

sensor ,ca$@eftnibresiatd.t ati on at said target volunme. 66. Apparatus according
to any of clainms 57 to 65 and wherein said director conprises an
ul tivasoni ¢ transducer |ocated outside of the body. 15 67. Apparatus

according to any pf ' . 10, 6 ar.ef e, t.ang 0

conpri sle°§‘ a tar ge@ r{l/ig)[ gdne%%ogélﬁlgetg %nf ggrc\ing@g:fnlg ?)Zélgza.ﬁgsgh%%la%ég?ﬁs

accor dinglul@irgnyroefdes | tetwan5700 and B@nskqubrgiabicycleaiad anpliinds ehde ener gy has
a frequency. in a range of 50 KHz - 1000 KHz. 20 69. Apparatus according to
any of @Vaitn Breskdd 67 and wherein said ultrasonic energy has a
frequency in a range of 100 KHz - 500 KHz.

20 134, A method according to any of claims 114 to 133 and wherein said

modulating comprises modulating the amplitude of said ultrasonic energy over time.

135. A method for inducing apoptosis in cellulite and fat comprising the steps
of:

25 generating, at a source outside a body, ultrasonic energy which
selectively generally induces apoptosis in cellulite and fat and generally does not induce
apoptosis in non-cellulite and non-fat tissue; and

directing said ultrasonic energy, from said source outside said body, at a

target volume in a region of a body containing cellulite and fat.

136. A method for inducing apoptosis in cellulite and fat according to claim

135 and wherein said directing said ultrasonic energy generally prevents induction of
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70. Apparatus according to any of clains 57 to 67 and wherein said 25
ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz. 71.
Appar at uswecoevming to any of clains 57 to 70 and V\herean:TEIBumzlomgyl at;)r
rovi de + € tween.l:2 and 1:50. 30 72. Apparatus according to
gny of §P§¥%§§§9%%§é$ﬂ§§ﬁ8 %Hgigﬁﬂ‘@ " nodul ator provides a duty cycle
between 1:5 and 1:30. 111 WO 2004/000116 PCT/1L2002/000510 73. Apparatus
according_to any of claims 57 to 70 and wherein said nodul ator provides a
duty cydPé betweer metpdday induping apaptogisparceliuge acd datdicagrding tarqlrmglf cl ai ms
57 to 734 e Ld mpdul at or provi des between 2 and 100
sequent ?é?gg(f/lc e?%&‘f&%g%ﬁ%ﬁ’rﬁ%_ above a cavitation threshold. 75.
Appasat us accor di ﬂgrafs@lliamrylaglhg%f@,aiﬂ&e$3n h0leds? pBRRIIYVRBA&IFnaRivdin dRdul at or
provides, between 25 and 500 sequential cycles at an anplitude above a 10
cavi t at FBFCHESadHEireponTEnerppEsaidusrcaicediné.ng to any of claims 57 to 73 and
wherein said nodulator provides between 100 and 300 sequential cycles at
an anplitude above a cavitation threshold. 15 77. Apparatus according to
any of ¢B&ims 57 Aomeéfhodrior iMdaciap apsRbds inBMmliat H1d fa5 QRIS ty/enyt OF MOdul at e
the anplj tud f s 19 uItrgsonic,energ, over time. 78. Apparatus for |ysing
cel luli P(@“%ﬁrﬁ? i 19 ﬂg: 396 e Faifl of IeSTng | OMPSieR GoBHeRigg atolsatteencout si de a
bodyy anHragdhitikibhRREA RIRNEYYa M q;&g/t Brorfi%ﬁh#o.cg\re%m 'ﬁylﬁtris%'n?cl éjnle%ﬁryagﬁom c
energy to selectively generally Iyse cellTulite and genéerally t1yse
non- cel Faifl fargetvobsuge in a target volume in a region of a body cont ai ni ng
cellulite. 25 79. Apparatus for Iysing cellulite according to claim78 and
wherein said director is operative to generally prevent lysis of tissue
outsi de1®d. said tar@ethod FbtiBuciB apdMRRR Al &fufiRr adavai ?&oﬁﬁﬁ%f&l idySorccor ding
to claim78 or claim79 and also’ conprising: 30 an ultrasonic rmager,
provi di fgined 13548 dAT @ngl whgray safl deeitthgroegipoinesataryiegste fopas of alldayt one

- W tion.of said director. 112 WD 2004/ 000116
per 1 Loonartinabbs: FRERRH PGSRt et GURsaF SR B thAGEE any of
cl ai ms v@uine. 80 and wherein said director conprises: at |east one

ul trasonic transducer; and a positioner, operative to position said at
| east one ultrasonic transducer 5 relative to said body in order to direct

sai d ul {g@soni ¢ eRshgy oAt Sl g6 o Biulite and fat according to claim

139 and wherein varying the focus comprises changing the volume of said target

20 volume.

141. A method for inducing apoptosis in cellulite and fat according to claim
139 and wherein varying the focus comprises changing the distance of said target

volume from said at least one ultrasonic transducer.

25
142. A method for inducing apoptosis in cellulite and fat according to any of
claims 135 to 141 and also comprising sensing ultrasonic energy coupled to an external
surface of said body adjacent said target volume.

30 143, A method for inducing apoptosis in cellulite and fat according to any of

claims 135 to 141 and also comprising sensing of cavitation at said target volume.
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82. Apparatus for lysing cellulite according to any of clains 78 to 80 and
wherein said director conprises: at |east one ultrasonic transducer; and o
a focuserwoapewtmt)ilve to vary the focus of sai d at | east pomAL2002/P@STNI C

transducer in ord irect sa d ul tr.asonic [ t vol une.
83. AppHfatus for II% a@%ﬁ’rldmgr % a‘aycé’(gr j?lﬁﬁ g?!‘%@é*s %G\Erﬂ?é%gr n said
fOCUSefurtr%so%eernéigyvrﬁastaqr&lhamntaf}sngecamrq{m sa@mKHzrget vol ume. 15 84.
Apparatus for lysi'ng cellulite according to claim82 and wherein said
focuser is operative to change the distance of said target volune fromsaid

at | east one ult aso&18 tra ?rfg(‘j amé,?g Cq%lr%s é?tl,‘ﬁ% M»Jh&%id"%ﬁa | ul | te

accor di A(f to any ‘of M€ o conpri Sing sensor, sensing
U'trﬁsomrrsso%&%r@yoﬂ%m@aluteac@n %R @S $TAlOOSIUNE as60 Kz, sai d body adj acent
said target volunmg. 86. Apparatus for lysing cellulite according to any of
clainms 78 to 84 and 25 also conprising a sensor sensrng cavitation at
said ta t volu IRl 0 86 and
wherein %gl d tar ggt m\?%‘IOdAPCBgr ?C} ggg de‘lflglirg%se %%)un {fﬂg;&ger m s and
faci a. J@affic a@p@rmmfrag@@@dmmgahgn @ﬂﬂ)(iOd(HELéO(ﬂrKHi‘zB to 86 and wherein
said wultrasonic energy has a frequency in a range of 50 KHz - 1000 KHz.
113 WO 2004/ 000116 PCT/1L2002/ 000510 89. Apparatus according to any of

cl ai to 86 a | t fd, B in a
Fandb of P00 Kt RO B g L B A R Te o
86 and whetleiing saiddulthselit raasmyi whemer gyidhmedalafing queridss endey raefe of 150
KHz - 300 KHz, 91. gpoparat us according to any of clains 78 to 90 and al so
conpri spﬁ@e%l:?{ﬁ‘dﬁll' or wherein said nodul ator provides a duty cycle
between 1:2 and 1:50. 0 92. Apparatus according to any of clains 78 to 90
and al so conprising a nodul ator wherein said nodul ator provides, a duty
cycl e bé#dween 1:5Aamdthbd30co@iig Wpprar off deirac &bt & A7 ed SIRISHEE 78 to

90 and al dul at wh dut
R T s e s e A g

to 93 apgwabel8idadsiadel nodul ator provides between 2 and 1000 sequenti al
cycles at an anplitude above a cavitation threshold. 20 95. Apparatus
according to any of claims 91 to 93 and wherein said nodulator provides

bet ween and 50 n I ation
&y 81 TR & 4dg ARONS SmGRYh
t hr eshol 95 96. Ap%‘arﬁlgﬁ%% %8@@%@%9 o] angﬂrcﬁl %a(?ms 91 to 93 and erein
sai d modulatmg said ultrasonic energy wherein said modulating provides a duty cycle

20  between 1:10 and 1:20.

150. A method according to any of claims 147 to 149 and wherein said
modulating provides between 2 and 1000 sequential cycles at an amplitude above a

cavitation threshold.

25
151. A method according to any of claims 147 to 149 and wherein said
modulating provides between 25 and 500 sequential cycles at an amplitude above a
cavitation threshold.

30 152 A method according to any of claims 147 to 149 and wherein said

modulating provides between 100 and 300 sequential cycles at an amplitude above a

cavitation threshold.
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25 nodul at or provi des between 100 and 300 sequential cycles at an anplitude
above a cavitation threshold. 97. Apparatus according to any of clains 91
to 96 andwatressioniisai d nodul ator is operative to nodul @Ce/nrLive2/enepidn t ude of
said ultrasonic energy over tinme. 30 98. Apparatus for lysing cellulite
conprising: a region definer, defining a region in a body at |east

partial 1§3.by det eét imeghodl d¢koWiih? A0 40O 3RinACTAT 130132/ 8Q0Skereis Raidi al

i ndi cations, an sai d .body nd an uItrasonlc energy. director, directing

ul t r asofoguBHRE th’/mB’E‘Seé mﬂufe}tlﬁg,tl@q gyplityge ?aﬁa@e‘fﬁfﬁ%’mmr%’dﬁ’?’&l@?ng cellulite
wWithin said region, thereby to selectively lyse said cellulite in said
multiplicity of target volunes and generally not |lyse non-cellulite tissue
5 inSsal@t.nul tipl Acineshodffortiaduptg ymiptosesin c@Bulitdppd fatoaapfigng thesitepg

celluli tf according to claim98 and wherein said director directs focused
ul trasofiic energy at said multiplicity of target volunes in a tine
sequence. 10 100. d&ppas at ripl ¥S I C m 98 and
wherein said direct orgdl ?ggcl{)ﬁs) mo%ulg ﬁgtlééé{sgtaﬁ}:aﬂgng gﬁf&%{“hg él?aﬁ : ones of
sai d nuindigsfipey ersacbdb@@r gad vol unes for vary| ng i ndependent tine periods.

15 101. Apparatus for cellulite a to any of clai.ns 98 to 100
and wherein at g%‘itmgoﬁrtasgfm e&"*‘&?yrﬁmaﬁf‘@ﬁ’@? tprgghyégpe@mr&a}ggqgat | east
par tg al J:alleVeeah@ﬂﬁt W‘thlrﬁQﬂ@@egé@zthemafoagé!@cﬁfv@fy hﬁdﬁééﬂgp@ﬁ&élyhﬂ tsgiqaccor di ng
to any of claing 98 to 101 and 20 wherein said definer i's operative to

pI ace ateliudifgstandnéat nir I@aldntaagetl é@lgtne@n@ds geficaelly ofot isdicd bpefytosid 03,

Appar at C te to claim 102 and wherein said
defi nerHﬂﬁ]sE%fuglrtéa:tﬁild\}g) 1% %Ilug Sa@ 3}168 depth in said body. 25 104.

Appar at us for | ysi ng cel lulite accor d| ng to claim102 and wherein said

defi ner tects cellulite in said body. 105. Apparatus for lysing cellulite
accordi hip-to cl ai m 1eHoddar HesEg @pg@pas igeelidifs prd faf egqordisg daickimegi on at

|l easd pasd had |leepé{ncg%§c?9rrbd@ﬁgn1 uhys ad &ﬁgl fkideg- ul&%?gm%&%g%yéﬁgor | ysi ng

cellulite according to claiml and in sad 116
PCT/ | L2@1®Bip01©05mﬁtarghtrvehnms imh $imedefiianes. said nultiplicity of target
vol unmes as unit volunes of non-lysed cellulite within said region. 107.
Apparatus for lysing cellulite according to claim 106 and wherein said

156. A method for inducing apoptosis in cellulite and fat according to claim
154 and wherein said directing includes directing focused ultrasonic energy at plural

20 ones of said multiplicity of target volumes for varying independent time periods.

157. A method for inducing apoptosis in cellulite and fat according to claim
154 or claim 155 and wherein at least some of said multiplicity of target volumes at

least partially overlap in space.

25
158. A method for inducing apoptosis in cellulite and fat according to any of
claims 154 to 157 and also comprising defining said region by marking at least one
surface of said body.

30 159, A method for inducing apoptosis in cellulite and fat according to any of

claims 154 to 158 and also comprising defining said region by selecting at least one

depth in said body.
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5 director proceeds sequentially in tinme wherein selective |lysis of
cellulite in each of said nultiplicity of target volunes takes place only
f ol | ow ngwoebetodos of non-1ysed cellulite therein. 108CTAppar/etEas for

| ysing cellulite according to claim 107 and wherein said 10 director also
defines said nmulitplicty of target volunmes as unit volunmes of cellulite

W thin ggid regi o0mR: foARRREREUDHBEs|iX SEIMEite @hdl Wtiakor@fE00HnRDHIt 0 claim
108 and wherein said director proceeds sequentially in time wherein

sel ect jokamisyi§# o b8 arel dled Gomeprismeedadiming sashiagionlty di¢atingldeBikity apdl fatar get

vol unmes ta?gﬁdflace only follow ng detection of cellulite therein. 110.
Appar at'l§*f 8PN ysing cellulite according to any of clains 98 to 109 and
al sg conprising a conmputerized tracking functionality providing
computerized tracking of said nmultiplicity of target vol unes

not wi t Wétlandi ng rvesieast fopindsging apemipsis 2o criluliip gad Ftpsceding psaiiicel 1 ulite
accordi p | ai n e i I I i ;
functi6%%?%3§ﬁﬁ§1§Bé§§?ﬁ3goﬁggéggggﬁgﬁgﬁﬁggﬁ%#%ﬁﬁé&%%g%ﬁﬁﬁﬁf%%muﬁgrkings on
sai d baodyuceadell@litentd 2y, sensed changes for tracking the positions of said
target volunes in said body. 25 112. Apparatus for lysing cellulite
conprising: an ultrasonic energy director, directing ultrasonic energy at a
mul tipligity of : (sl i bt ion of a
od "t 15 eby to Sorany BEriEReBRLALA NI REN: dhl kR Abbighk B 4BHED T of

t ar get aldhsnes! and 6gener ahbgimotidl giseting Galsmromelikesl de¢fening swide targetsai d

multiplicity of target vqlunes; and.a co teriz tracking functionality
pr ovi di‘f?;u"ﬁ HEOSHReS G LR 1PRGPIOBS 1@?%@?%@ AV S?%rrﬁ%’fmvm umes
notw t hst andi ng novenent of said body. 116 WO 2004/000116 PCT/1L2002/ 000510

113. Apparatus for lysing cellulite according to claim 112 and wherein said
conput et3zed t r ackimghddufoc tidmealg apppiocsiscpechulite end datsasperinghwngyesof n t he

posi tion .of ki.ngs gn.sai d body and . enpl. sensed_changes. for

Er abki ngelHe! Pod (Pomed it soapriary Jpoating W S FROTE F80ay° T18. A

net hod fe@irilqiduahing apaRisesis shid 681l iahe RAndnfald eqMpslictynef theest eps

of: directing focused ultrasonic energy at a target volume in a region of a
10 bodyvawnesisaidngodépting proeceding feqtentiaflydnriiue varereiy selgedve wdugtian :

ul trasond nergy,s t tively. i LS. Ld..cellulite
and fat&i gpo gﬁs(lfg %grcg%'?ﬁ%oaﬁgsrr@ gr?lga%%ﬁég%q]?%n& %IR%C)’ gaé% %%pit%gg\l%s n
non- cel dagddtiba o Aoh-apsptiit intlhced wellulite aad thttlergiet vol unme. 15 115. A net hod
for inducing apoptosis in cellulite and fat according to claim 114 and
whetkein said directing focused ultrasonic energy generally prevents

apopt 0s{ ;. A method for inducing apoptosis in cellulite and fat according to any of

claims 154 to 163 and wherein said directing also comprises defining said target

volumes as unit volumes of cellulite and fat within said region.

25 165. A method for inducing apoptosis in cellulite and fat according to any of
claims 154 to 164 and also comprising modulating said ultrasonic energy so as to
selectively induce apoptosis in said cellulite and fat in said multiplicity of target
volumes, said modulating proceeding sequentially in time wherein selective induction
of apoptosis of cellulite and fat in each target volume takes place only following

30  detection of cellulite and fat therein.

166. A method for inducing apoptosis in cellulite and fat according to any of
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of tissue outside of said target volume. 116. A nethod for inducing
apoptosis in cellulite and fat according to claim 20 114 or claim 115 and
al so conpwp0eugnooukt rasoni ¢ i magi ng of said region at | @eastuLpae/H0aid y
concurrgathy 1M th 18aidg o ' &f lt [ - .at -sald target
vol une. 1i7. A net hocrf1 foar Oiﬁjgﬁcrl&%l g%g@?g%#g 1,59?,&@% &u%ﬁéﬁxétﬁ@&ffz?dfgccor di ng
to any tfget 26lupieaainosvillistantimgiiGveareat wheidbadysai d di recting conpri ses
positioning at | east one wultrasonic transducer relative to said body in
order to direct said focused ultrasonic energy at said target volune. 118.
A methodsf or induai aghaRIR Bghdnd BpdRbdivd & il Qpany of

30 clains 114 to 1116 alnd V\/nlerei rrllg g%cﬁg éélJrnece'?liuﬁ%dagg%tri&gg@@a@%n goﬂtahe focus
of at |elawts brfeto G amlswhireintseansumeerized tackieg indudts sesingsdiadgdsdaused
ultrasopi c _enerqgy. at .said target, volune. 117 WD 2004/ 000116 .

PCT/ | L 206 2PE0RETE aTkSEs Rnridichionsi ?rﬂﬂlaxmﬁgseaﬁéﬁgsggeé Iphirpking et e and
fat accegsidig &f@ai@'tﬁigeﬂvokiﬁeﬁﬁqai\dhﬁﬁﬁi n varying the focus changes the

vol une of said target volune. 5 120. A nethod for inducing apoptosis in
cellulite and fat according to claim 118 and wherein varying the focus

changes e di stanc f . sai.d.target vol unme fraom sai at .l.east one

ul t raso%ﬁi{g t ransdg‘crg]?t%oig%.m%c ?‘P@Byq‘sgrmicﬁ%lﬂ}ﬁ? ﬁﬁgﬁagé}%%’%%g ﬁ’r? S@@SI ulite
andidf atofaccording to any of 10 clainms 114 to 120 and al so conpri sing

sensi ng ul trasonic, ener g){ coupled to an external surface of said body

adj acent said tar é’é@Ct%ILUtﬁ@PmE?E?fgﬁ FretRygPEEY oinaizet rjuapgsprdsining n
celluli f r.di.n i . .

conpri s%eﬁlélﬂ{sgejarl{lg ?Etg@ggﬂcagj\? tg 3:0?%?;’8%}{’%51%?@ @asggegﬁé%ﬁ@%@&@?%@ﬁ%amt hod
accor di eejlutite adyfaioih saldanaisiplidigy ¢frarkzilvEmtendher gineraigindt indigeagobhgist akes

pl ace from an uBtraaoni c. transducer | ocated outside of the body. 124. A

met hod R8FE HG 23 ARy T@frtissueinsaldmultiphicityal taregt vileres;andai d 20 directi ng
t ak pl ace to a vl haungded 11s..and j.a. A et hod
accgjrsdi ng to any %@ﬁgllﬂgﬁérég %ﬁk?% 1§§ %a% %ﬁfel?%%% sa?ffdaéfﬁe? r gg’%ﬁ?eg ener gy
has a frayibstieyding reovemagefchid30diKHz - 1000 KHz. 25 126. A nmet hod according
to any of clains 114 to 124 and wherein said ultrasonic energy has a
frequency in a range of 100 KHz - 500 KHz. 127. A nethod according to any
of claim®.114 to A24e@m0d SRy %.g%ﬁosiyiﬁ EARMRY enERELErdIAS t& clafgauency in
a range of 150 KHz - 300 KHz. 30 128. A nethod according to any of clains
114 t o 18Brarghuherpiarsaidcoseiuierizad datking inglysles véndio hadgesyn thegositivatafieen 1: 2
and

Hott 519arng% on said body and employing sensed changes for tracking the positions of said

target volumes in said body.

170. Apparatus for inducing apoptosis in cellulite and fat comprising:
a focused ultrasonic energy director, directing focused ultrasonic energy
25 atatarget volume in a region of a body containing cellulite and fat; and
a modulator, cooperating with said energy director to produce focused
ultrasonic energy so as to selectively induce apoptosis in said cellulite and fat in said
target volume and generally not induce apoptosis in non-cellulite and non-fat tissue in

said target volume.

171. Apparatus for inducing apoptosis in cellulite and fat according to claim

170 and wherein said director is operative to generally prevent induction of apoptosis of
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WO 2004/ 000116 PCT/1L2002/000510 129. A nethod according to any of clains
114 to 128 and wherein said nodul ating provides a duty cycle between 1:5
and 1: 30.wb 20@@001a6met hod according to any of clainms 1ll2CraLZ@®o@sd wher ei n
sai d i .OVI y cycle between 1:10 and 1:20. 131. A nethod
accor d?ﬁ%ﬂ%ghg% o@;ﬁéf%ﬁ%ﬁ%ﬁﬂéto 130 and wherein said nodul ati ng provides
between 2 and 1000 sequential cycles at anplitude above a 10 cavitation
threshﬂ) . 132. A nmethod according to any of clains 114 to 131 and wherein
sai d | ati ng PPBYRYEdOhiRdieiag apeptasis 1 0e/ Wik arech 4t #ecarjipds caimanpl i t ude
above a virt:at i Fes .15 133. A method according to any of clains
114 to aé(géradr%%f%m}]gpaéﬁdnm%a@g{pq% ul ati ng provi des between 100 and 300
sequenti al cycl esamuli@sglic trusieer pboxéing ule@vhicdiiagngtofsaidhebidn a2ad34. A

met hod according to ?ny,gf clains 114 to 133 and wherein said nodul ating
conpr i sEEUABAEPTRHITRY Weh s/ diregtns directing spidifacuassiopfrasoairengigodteseid i me.

135. A geidQdihRr inducing apoptosis in cellulite and fat conprising the
steps of: 25 generating, at a source outside a body, ultrasonic energy
which selectively generally induces apoptosis in cellulite and fat and
general |y, does not induce .apoptosis in non-cellulite and . non-fat {issue;
and di rL—():/’fi ng sai pB?r?Wég%rﬂPBu‘gﬁ%Fwto?‘? B‘rr?esp&ﬁff A fraecarring E?eafg)’a‘?éi body,
at g tak@etAabuTe ahdvdelcPiadREcid Radyiseent ai ning cellulite and fat. 30
136. A nmethod for inducing apoptosis in cellulite and fat according to
claim 135 and whélrledshormiltragiinieansdycesiaind ul t rasoni ¢ energy generally
prevents inductio .. 119 2004/ 0 16 PCT/ 1 L2002/ 000510 .apopt osis of
ti ssue outside ofggggltéorfeé’rpé)\é\{ao\l}& &)g%%aft oK wgflf%lélc o F?ﬁeﬂﬁ%lflﬁbeota?popt 0si s
in cellsdid bedyand fat according to claim 135 or claim 136 and al so
conprising: 5 ultrasonic imging of said region at |east partially
concurrently with said directing said ultrasonic energy at said target

vol ) 8. Ane i | Sj Si..k: I i . ccordi ng
Yo iy el ai o page STy DOAS B BRORE SEUE, S G RIADE oflof

posi t i oclhing &0 tb 83 tndmeerelDsaid dires@iomprisesisducer rel ative to said body in
order to direct said uItrlgsoni ¢ energy at _said target volune. 139. A

met hod for i nduci fHgeBhop gr?%onpcnt.r%r@gmﬂr;afn.él and fat according to any of
claims 135 to 137, andsdthehfind tRfcdudbf Gt hinBhst HIIHrE&R: Rk, he Tocus of

at | east one
20 175. Apparatus for inducing apoptosis in cellulite and fat according to claim

174 and wherein said focuser is operative to change the volume of said target volume.

176. Apparatus for inducing apoptosis in cellulite and fat according to claim
174 and wherein said focuser is operative to change the distance of said target volume

25  from said at least one ultrasonic transducer.

177. Apparatus for inducing apoptosis in cellulite and fat according to any of
claims 170 to 176 and also comprising a sensor, sensing ultrasonic energy, coupled to

an external surface of said body adjacent said target volume.

178. Apparatus for inducing apoptosis in cellulite and fat according to any of

claims 170 to 176 and also comprising a sensor, sensing cavitation at said target
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5 ultrasonic transducer in order to direct said focused ultrasonic energy
at said target volune. 140. A nethod for inducing apoptosis in cellulite
and fat awoanditgiibo claim 139 and wherei n varyi ng thePCOAUBOZ/OOPTIN SES

changi ngyit, e vol ume of said target 20 volume. 141. A method for inducing
apoptosis in cellulite and fat according to claim 139 and wherein varying
the focus conprises changing the distance of said target volune fromsaid

" ool ! 191 and FAHLEGPAINGE B 2y O5rEr o) e 9388 By HRokl a0~ o

conpri sm&cteﬁ%@ﬁipngestahtme@eﬂicqra%wcewo@@cb'cpb@c@ldb of & vYyernal sur face of
sai d body adjacent said target volume. 30 143. A nmethod for inducing

apoptosis in cellulite and fat according to any of clal nms 135 to 141 and

al so co i sing sensi C ation. at. sai

S00a/ 0omis Py 1 EBesa SiseSEt I GlirRa0 102 G958 %é”rg%al&%a?gcl ai ms 135
to 143 wiidmekemgtisessahdet w@maeeum@de@@regmsm@fmefrequency in arange of 50
KHz - 1000 KHz. 145. A nethod according to any of clainms 135 to 143 and

wherein said 5 ultrasonic energy has a frequency in a range of 100 KHz -

500 KHez 5140, A MELBaR.aGe0ndA0 8uARY Bkl T 185 4 MigAndgher ol n

sai d utrasonlce hasa requ I'n a range o - 300 KHz. io0
14710 A nietaboode atecgykthsmgfrdquemyym@frangmfrﬁ) KI35- 1 @0WKHzand al so conpri sing
nodul ating said ultrasonic energy wherein said nodul ati ng provides a duty
cycle between 1: 2 and 1:50. 148. A nethod according to any of clainms 135

to 147 and al 5o cagpiksl Nfoorkihe A A NGiAR! ok 1I3B0RLC yBRRLINaINer €l 1

sai d m)d ‘ating pr des a cyc e between 1:5 and 1:30. 149. A nethod
accor di nigrasani@energf haslaa&meﬂ@smtaaangﬂtﬂo%lr@@ iz o5¢bKplzi si ng nodul ating said
ultrasoni c energy wherein said nodul ati ng provides a duty cycle 20 between
1: 10 and 1:20. 150. A nethod according to any of clains 147 to 149 and

wheggi nigaid ”Ddlﬁlbﬁérhﬂﬁg REQMIeH B8F WEedhidsalrh 100Q0saiueeicnt seMcl es at
an anplitude above a cavitation thrieshold. 25 151. A nmethod according to

any of wultzaonsc Q@?gxhﬁsm@nwmarengﬁ ofaliSd Kiodd0@KHag provi des between 25
and 500 sequential cycles at an anplitude above a cavitation threshold. 30
152. A nethod according to any of clains 147 to 149 and wherein said
modul at 184 provi daspdretuwertorlitfy andndd ddmgenTl ab 18P curls waikeredm saidpl i t ude
above a

modulator provides a duty cycle between 1:2 and 1:50.

20
185. Apparatus according to any of claims 170 to 183 and wherein said

modulator provides a duty cycle between 1:5 and 1:30.

186. Apparatus according to any of claims 170 to 183 and wherein said

25  modulator provides a duty cycle between 1:10 and 1:20.

187. Apparatus according to any of claims 170 to 186 and wherein said
modulator provides between 2 and 1000 sequential cycles at an amplitude above a

cavitation threshold.

188. Apparatus according to any of claims 170 to 186 and wherein said

modulator provides between 25 and 500 sequential cycles at an amplitude above a
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cavitation threshold. 121 WO 2004/000116 PCT/I1L2002/ 000510 153. A nethod
according to any of clainms 147 to 152 and wherein said nodul ating

conpri seswoodul@mbilag t he anplitude of said ultrasoni c eRergy200versta me. 5
154. A &Rﬁ@gg}&ﬂﬁhéMﬂUCing apoptosis in cellulite and fat conprising the
steps of efining a region in a body at |east partially by detecting
spatial indications on said body; and directing ultrasonic energy at a

multipligity of target volunmes containing . 1 ellulite ,and fat within
said r eb@_on, therngarf‘t('J‘s %F&?ﬂ&/&? oy rfﬁu%@né?pgaf&%i tﬁgi ﬁn%éY_ ren_?:éﬁl}glul ite and
fat in %Hglafo@ggg@\ﬁidé’sobé{%én apg aﬂ@nﬁ)rOaéeh%erﬁﬁt chaduee aﬁ&ﬁﬁﬂ@x;dézsaﬂxoe a

non-cellulite and non-fat tissue in said target vol unes. . nmet hod for

i nduti nepvalpopt bsdskolidn cel lulite and fat according to claim 15 154 and
wherein said directing includes directing focused ultrasonic energy at. said
multiplicity of target volunes in a tinme sequence. 156. A nethod for

i nduci ngo@popt 0si Appdtaw€! dcdbidiy Ndnd f QKGR WM do tIBICAR Hbmﬁéﬂn?'&d wher ei n
said directing |ncFudes directing focused ultrasonic energy at plural 20
ones of modulgtomaparaipys ©imgdudte thaer apeplitved efrpeisl Wlasoniy snergy ovedépwndent time
peri ods. 157. A nethod for inducing apoptosis in cellulite and fat
according to claim 154 or claim 155 and wherein at |east sone of said

nul §g pl igi.ty of tapgahtuy@blinesciad apdpeastinRalldlitabhy fR¥emMbARNnEN Space. 25
158. A nethod for 1 nducing apoptosis in cellulite and fat according to any
of clains 154 to? gFErgAtoREasonsmsnersy laepterbetpidag bodydandegi on by mar ki ng

at | east one sur -sal o 0 . Lpduci apopt osi s
incellulite and %rgtﬁ ﬁg@érg?%hgrég t %}(eacﬁ%?;’ ‘3%‘?&%&‘@?‘@ ?@g ‘{lggsfb& %h%géggfoso

conpr i ssalertidellyi ginsepllsaimiucegpoptokly is edelalite nghdafat | avdsgererdly depinduten sai d
body. 122 MD,2004/00?1}6 PCT/IngOZ/OODSIO 160. A nethod for, inducing
apopt osPROPIFISCIE P st ignend BRn-E dispuh g? tsedmiplyne ik pdesen g4 besty158 and
aI595coaﬂﬁﬁﬁﬁggemgnggh@gﬂsaid region by detecting cellulite and fat in
said body. 5 I61. A nethod for inducing apoptosis in cellulite and fat
according to any of clains 154 to 160 and al so conprising defining said.

i det ect i - totic induced celluli d fat. 10.162. A
rechod Tk i nduci AP ARRsCBe PESHRE ampPars bodfy abd G Breriy oy of
clai ms 19hadOwiddinaaml WhRERiifosrhitheth leefdrhIRg pRNER IGO0 D€ SpsRddiNbng sai d

target . .
tissue outside of said target volume.

20
193. Apparatus for inducing apoptosis in cellulite and fat according to claim
191 or claim 192 and also comprising:
an ultrasonic imager, providing ultrasonic imaging of said region at least
partially concurrently with the operation of said director.
25

194. Apparatus for inducing apoptosis in cellulite and fat according to any of
claims 191 to 193 and wherein said director comprises:

at least one ultrasonic transducer; and

a positioner, operative to position said at least one ultrasonic transducer

30 relative to said body in order to direct said ultrasonic energy at said target volume.

195. Apparatus for inducing apoptosis in cellulite and fat according to any of
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vol unes as unit vol unmes of non-apoptotic induced cellulite and fat within
said region. 163. A nethod for inducing apoptosis in cellulite and fat
accor di ngwoaoanmponb 15 clains 154 to 162 and al so conpr PSTAL200w058X | Ng
said ulgr i resfl 66hhN&kY 1 nduce apoptosis in said
ceHlﬂi#%ﬁgggk%ﬁ?ﬂfﬁgggﬁﬁeﬁi?ﬁﬁ%Fic#ty E¥ Férget vol unes, said nodul ati ng
proceedi ng sequenttilaki gnei titrésonie trdneduvekn as@l ecti ve i nducti on of apoptosis

of cellulite and fat in each .target vaqlu t akes. pl ace onl ol i n
detection of non-% ﬁﬁt@@mﬁﬂﬂﬁégda@bﬁpyﬁﬁPéo ﬁ@“?gfﬁ?ﬁéwgyﬁﬁr %ﬁ§%49 A
met hod tga@%dL%Cgpfflgdé'H& t@ﬂ%&@sﬁicﬁullré‘sogﬁ:jén!é@yta% sé’iaq?rfgé‘ttvcﬁ@rﬁ@.r ding to any of

cl ai ns and wherel n sal irecting al so conprises defining said

target volunmes as unit volunes of cellulite and fat within said region. 25
165. A nethod for, inducing apoptosis.in celluljte fat .. ording to any
of clai’fs 154 t&ﬂ@ﬁata%ﬁdpgﬁg%mﬂﬁt@%]& @ah{eaﬁd%gg%%ad 1%& 8@10% c energy
S0 as t@&aﬁ@'v@rﬁéi%{%&ﬁ fhARUCE oBBARY OB chahdt thakEluaR! dfshidtigrganbliat. i n sai d

o

multiplicity target volunes, said nodul ati ng proceeding sequentially in
time wherein selective induction of apoptosis of cellulite and fat in each

target volune takes place only.followng. 3 tect) . tte and fat
t her ei nl.gc}166. A rfgf’ﬁ’fg?fu? g?r ]inij%‘ﬂ% AR PAPS {nocse?lél Hl%naeng e a?l%fcl%%%lﬁgh% Hifag%l

accqoy di ng 41 aRteidf saidl R3udtDi2 004A0R0D LB aiETrht ld2R0RE 0PQEitiGargel wilnme154 t o
165 and al so conprising conputerized tracking of said nultiplicity of

target Yohsrdst esvinensrasaicipna®ieeirent of said body. 167. A method for

i nduci ng apoptosis in cellulite and fat according to any of 5 clains 154
to 166 and wherein said conputerized tracking includes sensing changes in
the posigg.on of nmppirags fenindadite begyosini eiliplivyndfatsacesithglvanyes f or
trackina the positions of said target volunes in said bodg. 1,@. A net hod
for i nddleimsg 9ApepPdand aisa CeBPTENg ASCISAE SPAYNG BIFEFIES AF EHEUNEh an o of |
directi t i aﬁpgg V. | Ll L Qi of target vol unes containing
celfﬁli eﬂgﬁﬁ‘?ggyef% |r1éi%@%ﬁ%ﬁ%%%ﬁgﬁgggg%%thereby to selectively induce
apoptosis in said cellulite and fat in said nultiplicity of target vol unes

ot o it pl Reptgshor sayane arrasin GHEEREE b teerieh PRLu P s o
mul ti pl i & oY1 99fant A BomPlsiiFBSsenddRt 8hiihs tarGliog ateauERER: volimeai d body. 169,

A nmet hod for inducing apoptosis in cellulite and fat according to claim
168 and wherein said conputerized tracking includes sensing changes in the

L f .20 Ki . [ ' f
[ acki ng0EhepourTrairida iy O Qe By IR oty WG R e R S ORER, otr at us

for i ndughpgsed pemposisuhe bolded by tdermindnd &cizconpri si ng: a focused
ul trasonic energy director, directing focused ultrasonic energy

201.  Apparatus according to any of claims 191 to 199 and wherein said ultrasonic

energy has a frequency in a range of 50 KHz - 1000 KHz.

202. Apparatus according to any of claims 191 to 199 and wherein said

ultrasonic energy has a frequency in a range of 100 KHz - 500 KHz.

203. Apparatus according to any of claims 191 to 199 and wherein said

30  ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz.

204. Apparatus according to any of claims 191 to 203 and also comprising a
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25 at a target volune in a region of a body containing cellulite and fat;
and a nodul ator, cooperating with said energy director to produce focused
ul trasoniwoener@y11iso as to sel ectively i nduce apopt osi sPCa/iBziozio@sid ul ite
and fatyddh$8 Gheb A AR mYBLUE pRNHIBAGHALYYe BRletdBHGRI AROPL OSi S i N
non-cellulite and non-fat tissue in sai'dtarget volune. 30 171. Apparatus
for inducing apoptosis in cellulite and fat according to claim 170 and

wher ei aid director .is operative to.generall event. i nducti. of
haptod®S of  1oa et arBeuL ks Be s AEBEL Rk AR de BRIt sai o
target Neduiwsr whdrdin ARPAGALIHG: hRIvided d Watyn@y cPPBdHve& §:51a8daedol ul ite and fat

according to claim 170 or claim 171 and al so conprising: 5 an ultrasonic
i mger providing ultrasonic inmaging of said region at |least partially

concurrently with, said direct.or. directing said. f e I | C_energy at
sai d tzg)gget vol Marq%?ccﬂb By ?%?laﬁrﬁfdﬁ%]i Wg?@;%%cfég? égﬁgﬁgggﬁul ite and
fat acaopsdilfer WRedtysa@f mod@aek ioviied 4 Quiyocykle?bawdenn@0ahd 1981 d di rect or
conprises: at |east one ultrasonic transducer; and a positioner,
positioning said at | east one ultrasonic transducer relative to said body.
15 174. par at us [l i 0 kSl | ul i d : .qrding to
any of 2O@Pai ne 17/66&5%&?%[&%65@%&#16‘%é%yg%gzsﬁl%ﬂléﬁgjéc?g orztogo%gr i\xjfggltse%lﬁg%lal east one
ul t reas andaulitoapscludsr betaseh @ 4ndc LEOr sequartitisl gy clebeatfoc araplofuds abdvat | east
one ultrasonic transducer. 20 175. Apparatus for inducing apoptosis in

cel | ul i REHHE PEeheldcording to claim 174 and wherein said focuser is
operative to change the volune of said target volune. 176. Apparatus for

i nduci ng apoptosis in cellulite and fat according to claim 174 and wherein
said fdfser is oppraattuyectadpgatngenst bé dhissalitde tof206aimd whergst ssidl une 25
fromsaid, at | east one ultrasoni.c.transducer. 177. Apparatys for inducing
hpopt odl O & ISR BetiRe PR ol HORGTE tAlpo it AERAPRRIS 45575 2176 ang
al sos cprsdradnhSgNsor, sensing ul trasonic energy, coupled to an
external surface of said body adjacent said target volune. 30 178.
Apparatus for inducing apoptosis in cellulite and fat according to any of

cl ai ns 0 to 176,and _al so _canprisin enso. ensi.n i i at said
t ar get _2’10%25 WO 20639866%}ifﬁc% P @ngf)g(%g% 5%49?%@:6 %%%R%?ars’%{aus
accor di ngdulgoapyovafiesChavedn 100 ahd 307 Sequghtivhey@énNatSa dmplitude above a

cavitation threshold.

20
210. Apparatus according to any of claims 204 to 209 and wherein said
modulator is operative to modulate the amplitude of said ultrasonic energy over time.
211, Apparatus for inducing apoptosis in cellulite and fat comprising:

25 a region definer, defining a region in a body at least partially by detecting

spatial indications on said body; and

a director, directing ultrasonic energy at a multiplicity of target volumes
containing cellulite and fat within said region, thereby to selectively induce apoptosis in
said cellulite and fat in said multiplicity of target volumes and generally not induce

30 apoptosis in non-cellulite and non-fat tissue in said multiplicity of target volumes.

212. Apparatus for inducing apoptosis in cellulite and fat according to claim

129



director conprises an ultrasonic transducer |ocated outside of the body. 5
180. Apparatus according to any of clains 170 to 178 and wherein said
target wWbDunev@onpri ses a target vol ume bounded by der mCI/IRIG2/H@Sita. 181.
Appar at ug 1a6@okkreg &0 & faiekRl ' el rSal 0
ultrasonic energy has a ?%ggégﬁgsf?ﬁmézggﬁggkg%n§%9Rﬁ&Q@JTBB%ﬂEﬂ§9%182_
Appar at dgrggbedvienig & wmapsguetcec] ai ns 170 to 180 and wherein said
ultrasonic energy has a frequency in a range of 100 KHz - 500 KHz. 15 183.
Apparatus according to any of clains 170 to 180 and wherein said

ul trasordile. ener gy Agsrdud foR GuRIBEY dpdp@sisan el dite 128 % cordd0oEim 184
Appar at us _accordi ng to any of cFﬁagi rggplm to 183eand V\he?%ﬁ ﬁ%gzgi mm)dul at or

provide<!d dtyheya seiddirdstasirects fapused ubtasoRio ensfyy Amparhbus efcwmit di ng to
any of LB 4 70 wherein said dul at.or provides a duty cycle
bet weenq#i@gggcr@ (%L}:té}%.e tlﬁoglgﬁ& Of)\é%rgi%s}nie&%ﬁiﬁt JERT8%Y of claims 170 to 183

and wherein said 25 nodul ator provides a duty cycle between 1:10 and 1:20.

187. Ap érlat us according to any of claims 170 to 186 and wherein said
modul at 6F “pr ovi de< IBFakeeler Mdxpiag ppoRosis du evltulis ansy el eccoadingto ampbf t ude

above a [ 5aYtatonst . arat us .accordi ng, t g any of clains
170 to 186 and mgeréiaﬁagﬁégélg%%gféﬁ%ore 63?%\1/48%1 TRl %eoéﬂa gt Yafﬂﬂmg%ﬁt'
sequent iledst parthlesoatriaaninappdel t ude above a 126 WO 2004/ 000116

PCT/ 1 L2002/ 000510 cavitation threshold. 189. Apparatus according to any of

clainms 170 to 188 and wherein said nodul ator provides between 100 and 300

sequent bak cycl es i aVv] tat | t hreshol d. » 190.
Appar at us accor di rfgépfgéﬁgﬁfgpgdhgﬁgiaﬁgﬁ§§%m (C)élfg‘ge %rlrﬁi?atzgér’r&ﬁ#rslg Ogar&/ O#’ﬂ)dul at or
oper at i ¢Bims 2hbtul bt and Weerainphidtdefieerois opaiatveitd plasostilcase bes gyriovest time. 10
191. Apparatus for indugi apoptosis in cellulite and fat conprising: a
gener at geraSto?nelfluffla&es%trﬁa@C@ﬁ rgy |l ocated outside a body; and an ultrasonic
enengy director, which enploys said ultrasonic energy to selectively
general |y induce apoptosis in cellulite and fat and generally not induce
apopt 0s 'r7-¥6-i n non- d&irriftystier mddcing apdriosis irsealleliionard faagetdivptumy of a

region of.ias b 5 Lni ekl ul.ite and fat 92. Apparat ys. for
i nduci ng agp%p?g)s{? §%i§ﬁﬁ%g{h§l§ﬁ ?agd gﬁ%leféﬁ O%%%%Yed‘ions&letcgatcﬁeﬁ?t nel‘gft ¥d wherein
sai d di sedtbody.i s operative to generally prevent induction of apoptosis of
ti ssue outside of said target vol une.
20 217. Apparatus for inducing apoptosis in cellulite and fat according to any of

claims 211 to 215 and wherein said definer detects cellulite and fat in said body.

218. Apparatus for inducing apoptosis in cellulite and fat according to any of
claims 211 to 217 and wherein said definer defines said region at least partially by

25 detecting non-apoptotic induced cellulite and fat.

219. Apparatus for inducing apoptosis in cellulite and fat according to any of
claims 211 to 218 and wherein said director also defines said multiplicity of target

volumes as unit volumes of non-apoptotic induced cellulite and fat within said region.

220. Apparatus for inducing apoptosis in cellulite and fat according to any of

claims 211 to 219 and wherein said director proceeds sequentially in time wherein
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20 193. Apparatus for inducing apoptosis in cellulite and fat according to
claim 191 or claim 192 and al so conprising: an ultrasonic imger,

provi di ngwol2oesmonicc | magi ng of said region at | east p&CTiTR2003/000510
concur r eiddiye W ibN6E ARSTAL 5ol i r : I for

i nduci ng apop?%gggéiﬁfcelI%%i?ﬁ?fﬁ&}fai:%E%§%1?Rgs%gnﬁﬁép%ﬁgRgfgéﬁi 191 to
193 andVvelhecetakes glade dily dfotlowingodgedtioe of nat-abeststic idecad ¢ellaberind fat
transdu%%lte;i and a positioner, operative to position said at |east one

ul trasonrc transducer 30 relative to said body in order to direct said
ultrasonic energy at said target volunme. 195. Apparatus for inducing
apoptosis in cellulite and fat according to any of 127 WO 2004/000116
PCT/4 L2892/ 000510Apparaiufgotligduging 2ooptesisl imkdludiimansiafatiactiording b angoolpr i ses:
at | eas e i nsd re.and f ser,..operat.ive vary the

f ocus O@a@§1%92§5ﬁggsnﬁd&é§8 %@ggﬁF%DrFEQﬁ%%ﬁgﬁﬁmﬂn 8&@%9%f8%%Fg%tt sai d

ul t rasovslamenay @it adlumad 6f delinbiet andFhiRhin3aili ¥6gioMPpar at us for induci ng
apoptosis in cellulite and fat according to claim 193 and wherein said

focuser is operative to change the volune of said target volune. 197.

Appar at for indycgi t QSIS | Loul L&esand f a rding to.claim?1l0
191 andy%)ﬂ‘uerei n s}é%g&?t ggggrglﬁlaﬁglﬁ%sg?lgﬁlégl {;%ﬁ(l:l ea%néletaat %cec%gcffn On%g %ff sai d
target delmmll fio @21 saddwhadtrelneasd direetou| frocsdnisequien@nNBAduc éme B&einAppar at us

for inducing a tosis in cellulite an at according to any of clainms 191
to 197 zﬁﬁec?“g? éfgi%g%%?%s GRESE %@ﬁ‘l‘&ﬁﬁe @gng%‘i Baragh of a%%%r%ﬁ@w@wgsf tageipl ed t o
an 5 exighedlaksypibacsPiolkRlitdg Q@@Mti@rﬂ?tf%ﬁ}%ﬁe%ﬁa gatttﬁefrei% vol.une. 199.

Appar atus for inducing apoptosis In ce e and fat according to any of
claims 191 to 197 and al so conprising a sensor, sensing cavitation at said

t ar get | ume. 20,200. aratus accordin o..any of cl ai 191 to, 199 and
wher ei nyé;’ai d tar gePPYaMY m@‘éﬂ'ﬁg F‘B%Fgo%ls f‘g?eé)]é‘%lte\%dugﬁ%a% P8y Adernis and
facisa. dfilns ANPRIALURd Aot hidel: 8oMp@brisddatdRinkHindRndlS Apdduer ein
said ultrasonic energy has a frequency in a range of 50 KHzZ - 1000 KHz. 25
202. Appumpiiterszed deokiaR 0§ said nariipladitycdfdhrgst 1dimepndiosthstanding evvemestai d
uItraso&iS%iGe@Oq{gy has a frequency in a range of 100 KHz - 500 KHz. 203.
Appar at us accordi ng to any of clains 191 to 199 and wherein said 30

ultrasonic energy has a frequency in a range of 150 KHz - 300 KHz. 204.
Apparatﬁilaccording to any of clainms 191 to 203 and also conprising a 128

Apparatus 1or inducing apoptosis in cellulite and fat according to claim
20 223 and wherein said computerized tracking functionality is operative to sense changes
in the position of markings on said body and to employ sensed changes for tracking the

positions of said multiplicity of target volumes in said body.

225. Apparatus for inducing apoptosis in cellulite and fat comprising:
25 a director, directing ultrasonic energy at a multiplicity of target volumes
“containing cellulite and fat within a region of a body, thereby to selectively induce
apoptosis in said cellulite and fat in said multiplicity of target volumes and generally not
induce apoptosis in non-cellulite and non-fat tissue in said multiplicity of target
volumes; and
30 a computerized tracking functionality providing computerized tracking

of said multiplicity of target volumes notwithstanding movement of said body.
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WO 2004/ 000116 PCT/1L2002/ 000510 nodul ator wherein said nodul at or provi des
a duty cycle between 1:2 and 1:50. 205. Apparatus according to any of

cl ai mrs 19Wo0t200420811and al so conprising a nodul at or wher @ca/iszioziogestul at or
provides a duty cycle between 1:5 and 1:30. 5 206. Apparatus according to
any of 226.ai ms 192 pparaReIonindueing arepiepis iisicaldiliie apd dail ageondinghier daim sai d

nodul a ovides a,duty cycle between .1:10 and 1: 2 7. par.at us
accor d?gé a‘?‘{) Wgﬁﬂ?lrb?alq: F%{Pﬁ%te%ﬁi t{a(ﬁ%é%%tbo %ﬁt r'8i°% ersagi?% i ?enggé%%%a at or
provi destheeloWasn of nAREn s Q@i GiFbE Serdbd AhargeplfirtitidRinglthye a
cavitation threshold. 208. Apparatus according to any of clainms 204 to 206

and whepsiipnssafisdid tageiivceroes proeidi s bet ween 25 and 500 sequential cycles
at gn anplitude above a 15 cavitation threshold. 209. Apparatus according
to any of clains 204 to 206 and wherein said nodul ator provides between
100 and300 sequenihktibd EtGheScatredimeiPohpticley tlawpsaf: cavitation

t hreshol d. 20 210. Apparatus according to any of clains 204 to 209 and
wherein said rnodefizingin realise arsaien b ahodliaat &t deast QD FAEHIOIYRe sai d
ultrasgni ¢ eper.gy. ¢ : %%g[ : ; ' I8 ABPRL@SksS I N
celluli éggh@l%ftg ee%ﬁ%}s}%ﬁa?n %tldr%ggi?%%& gigf‘{ng%rrﬂ rﬁgﬁﬁcg‘?%g a rlegi onin a
body atiedsteast taprt volahkeybeng detbltdvey timephtringlsaidndediadli tomasmen, gdeabt body; and
a director irectiing ultrasoni ¢ ener at a.multiplicity of target vol unes
corifai rﬁ’?ﬁ’i‘@“%gi}’!dﬂeﬂl%‘% %FHEPSF gpe Waflﬁli R @g W?%ﬁl‘g}fjﬁglfﬁer eby to selectively

I nduce apopteRtend fh reaflifheCtt 16datibg A8 briedtatibh oFad @Elé@ﬂéﬁlY Rokigiohyolef tar get
vol unes and generally not induce 3o apoptosis in non-cellulite and non-fat
t i ssue eherggaiidctoubdatpleitoistiyl rogion andetlativd tonil atdemst onp frageitveduherati nduci ng
apoptosis in.cellulite and fat accordin o cl ai 129 VD, 2004{ 000116

PCT/ | LZ@G@?%E@E&W de_é‘icf_nﬁ_r?gle\%é?ngisﬂat?ii“ég%ﬁtt?reo&S&}Jnﬂ}ef%ypggecft%cﬁr%éd ul trasonic
energy at said mgitilg ehdryy Fom ts&ﬁ@@ier%@'d&i‘@@t@r kd) s@idt stMRagesecnegst 213.
Apparatus for inducing apoptosis in cellulite and fat according to claim 5
21115 andolhes eily végh thaliopasisnomddirieatation b 6aid edergl wditgson rdlatésde @?1da%t pl ural
ones of said . multi,plicity.of t . vol for varying independent tine
peri odé‘?asgﬂl}f’. ta%kwl Wﬁ%ref%}ﬂ%ﬁ%%dé?e%n}f%&pn%%i sincellulite and fat
according to any of <clains 211 to 213 and wherein at |east sone of said
multiplicity of target volunmes at 10 |least partially. ov a in space.
215. Apgdratus fd¥ TeBediiRy Bt odrameRt é%‘?olrﬁpgt@ ﬁ?‘/?émf Z%J/ a%go?GPng to any
of cla,Bgigdl to 213 and wherein said definer is operative to place at

| east one mark on at |east one surface of said bod?/. . o
20 imaging of said body region at least partially concurrently with said directing

energy at said at least one target volume.

229. A method for medical treatment according to claims 227 or 228 and also
comprising:
25 defining said at least one spatial indication at least partly by drawing on

the body with a visible marker.

230. A method for medical treatment according to claims 227 or 228 and also
comprising:
30 defining said at least one spatial indication at least partly by using a

virtual marker.



15 216. Apparatus for inducing apoptosis in cellulite and fat according to
any of clainms 211 to 215 and wherein said definer is operative to sel ect
at | east woeodkpoticin said body. 20 217. Apparatus for PCRAUZIOZGOOEEOPt 0Si S
in cellgllte and fat according to any of «clainms 211 to 215 and wherein
sai d defPher det eét Bethor |fon me C%lrftpahaqnt perosding thelgims 22(Bor Kpwheseins f or

i nduci n I 211 to
217 and snerarars & IPCRe Erap R Rl ag SRR R Yo b BRI BT 26
det ect i ngrkwonapidptgibhc | nduced cellulite and fat. 219. Apparatus for

i nduci ng apoptosis in cellulite and fat according to any of clains 211 to
218 and wherein said director also defines said multiplicity of target

vol ugres o unit vl Mga%d%r RefleA Ragﬁg%aacaopaﬂg%odcﬁﬁﬁé 337 S nd:gh W LD
said region. 30 220. Apparatus uci ng apoptosis I n ce e and fat
accor di sgdtdsteatiyg ot least anesp@idl ihdic2I® emtprishe detentispiat lahist end partlyr oceeds
sequent i aI I ime wherein 130 WO 2004/ 000116 PCT/1L2002/ 000510

sel ect i G¥P ﬁ&ﬁ@@?‘é‘ﬁrof apoptosis of cellulite and fat in each of said
multiplicity of target volunes takes place only foll ow ng detection of
non- apoptotic induced cellulite and fat therein. 5 221. Apparatus for

i nduci ngaapopt 0si & llnnthoélf@nmcdlealamatrmm acoodtinglingaings monﬁzS wheaeins 211 to

219 and i rect o defines sa icity t ar get
vot ifmed TRHG Bl fbalal Mt shiroras Nefvchi ok Bt melpSer 209
Appar at Wastfpaktly adhdeddng tiapeftyosis in cellulite and fat according to any of
10 clainms 211 to 221 and wherein said director proceeds sequentially in

time wherein sel ectlve i nducti on of apoptosis of ceIIullte and fat in each

of said gl tipliciyt tar nes.take (8¢ | oW n
det ect | oﬂyof el I { o8 Oain ?3‘ eidl%axgrreétlnhent 5&%‘”‘%5&5 far% i?l 5? b eﬁed%é?l g
apopt os dsteumgteﬁ lldast drieespatidl ifiditatidacom@ting deRchfyatdbast 35 G@hlBarRdsl to 222

and al so conprising a conputerized tracking functionality providing
conb%terlzed tracking of said nultiplicity of target vol unes

not wi t hsgandi ng mavgagRy 0 ea@mdtr@a@rgxm a%g&du@%aarn?tcgcéég{ IRy N9

apoptosis in cellulite and tat accor 2 and wherein said
conput emihzeth Sancadﬁeq’tglgfqanmlrnsa:}SWtucaIWetestngerat| ve to sense changes in the
position of markings on said body and to enpl oy sensed changes for tracking
the positions of said nmultiplicity of target volunes in said body. 225.

Appar at ps6.f or i nducinBthod RBPELeSicE! ﬂréhtrﬁ@dt'dél:érﬁﬁlgatﬁdanfyaéf ARy 9P3425 a
director, directing ultrasonic energy at a nmultiplicity of target vol unes

cont@i nWﬁefeééf’fallCb‘li@t@Cémﬂrmrﬁpalﬁewltrﬁﬁonlcaieteegng)n of a body, thereby to
sel ectively induce apoptosis in said cellulite and fat in said
multiplicity of target volunes and generally not induce apoptosis in

non-cel 231.i t e andAnmetibatiot ms&idel fréutiBaitthetdtingtbl Giytof Mirdsangeab 236

and also comprising at least partly manually moving said energy director on said body.

25 238. A method for medical treatment according to any of claims 227 to 236

and also comprising mechanically moving said energy director on said body.

239. A method for medical treatment according to any of claims 227 to 238

and also comprising directing ultrasonic energy at said at least one target volume.

240. A method for medical treatment according to any of claims 227 to 238

and also comprising directing electromagnetic energy at said at least one target volume.
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vol umes; and 30 a conputerized tracking functionality providing
conputerized tracking of said nultiplicity of target vol unes

not wi t hst\aodoewgponaéenent of said body. 131 WO 2004/ 0001 PE6TRCIW2/L®802/ 000510
226. Apparatus for inducing apoptosis in cellulite and fat according to
claim 225 and wherein said conputerized tracking functionality is

operatiyg to sens i e.position of markings on said body and to
enpl oy sensed chaﬁﬁggé&g@?ﬂegcalwﬁ%at@ﬁ@CoB’é’&iS’t”igons of said target volunes in

sai d body. 5 227.a felemtbipgoficondmeléady dir@adrent conprising the steps of:
defining in real-ti a region of a body and at |east one target volune
therein, the thre%‘-'egﬁﬁg’r?sqaéﬁﬁlg SEBYYBlegueGRRIBINGf sai d region and the

| ocagion of said at | 4 8 ei ng_vari.abl e over time
during said nedi cal tr%g%%g%{t%?ootg? r?%éré?%r%g’gde%%qgﬁglr?%} URP apgeion YAy at

| east obrslysqpdtait &dast orcti temtet oolunme thaki, teghes:digeiesiid BehfigurdiRaloftshige t he

| ocat i on and r{?en[t ation of a sgl ectably positionable energy director

rel ati veStd Ei WG Hn Shepif At 4635y One dargsl volume) keirg vamable avgetimeol une, at

| east pantrigabdiy Bydieat 864iag: e l.sas apialy gl GaLpr,on. sald ener gy
director;. gnd di reclti ng ener gy freo% éagﬁg%ef?gr g'%/tgécﬁdrgggt gér%'lsfc()m a“‘ipag t | east
one t argéicatiagonygsiidiragiamagd when the | ocation and orientation of said energy

director relative to said,at |east one tgr?et volune are within

predetermined limts. 258U EIHEY HISFloRSgeeior dsteciingetit reak atedibsg t o

cl ai m 237anchnd &g S chanDencdBy WIFBGLAEEIATveSR didRbiod &I Rtk heast
partially concurrently with said directing energy at  salrd at |east one

target 98l aintsastone ixghetplome ot leastiipertlally patdeteatingeat deadt nge tspatidlai ns 227
or 228 and.al glzl()saig%@g#ta?rggc%%ggdefl ning said at | east one spati al

indication at [east p awing on the body with a visible marker.

230. A nethod fora e subs@ainiRItec GOL M GolGatd &leiBy difdido228 and al so
: 30 defining sajd at | east one spatial indication at |east

conprisin
paﬂ%l y %%%Equfﬁéal‘éet RIFERE&RLgPREhe laationend ooartgbonafeaRGerdya 021@00510
231. A BREROG hefac1edi G tafg'e?%I%@ltare?ﬁ@ﬁ@g{rg&tér%i% i %@12%227 or 228 wherein

said detecting at |east one spatla ron conp detecting at | east
one physical narker on said region. 5 232. A nethod for nedical treatnent

accor di to clai 227 or 228 wherein said detecting at |east one spatial
i ndi catzlqg'n corrpri@sgségf 38’Eirﬂﬁdlé\£ freaigenio Aecopaipng| §p claim 241 and also
including:

20 an imaging subsystem, imaging said region at least partially concurrent

with the operation of said treatment subsystem.

243. A system for medical treatment according to claims 241 or 242 wherein

said at least one spatial indication comprises at least one visible mark drawn on said
25 body.

244, A system for medical treatment according to claims 241 or 242 wherein

said at least one spatial indication comprises at least one virtual mark.

30 245, A system for medical treatment according to any of claims 241 to 244

wherein body region definer detects physical markers on said body.
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anatom cal marker. 233. A nethod for nedical treatnent according to clains
227 or 228 wherein 10 said detecting at |east one spatial indication
conpri seswoevewing at | east one marker at | east partl| pcagdhmozoosoe t he
body. 234. A nethod for nedical treatnent according to claim 231 wherein
said d&tecting ab dvsEst foneedipat redtmemdicatdiog to empmi 24% whetedc tskidg  at

| east ir | . r, 15,235 . A method for. nedical treatnent according
to anyolg%l%‘%sé:{t) i rﬁggﬁ%%mf@hma{%ﬁ@ra&eﬁﬁs%ﬂay ﬁ‘&t‘é‘ef“gﬁ@”ﬁ@ﬁﬁ)ri ses opti cal
detecting. 236. A nethod for nedical treatnment according to any of clains
227 to,g%A 20 wherein said detecting conprises ultrasonic detecting. 237.
A et hod /f or nedi 2 &Y Sere Mrnspdica ceentiaprgaqeording tofclaimal4fs vierin said36  and
al sg ¢ Y] ; i said energy director on
saig bggg%h%égﬂgg%§h%@%%%ﬁg%ﬁ#%¥ﬁg§g@%%¥uﬂgggp%%nt according to any of
clainms 227 to 236 and al so conprising nechanically noving said energy
direct9%¥on sai d ég%¥. Zg?. A.qgthod for nedjcal treatnent according to any
of claims 227 to el PrAPEYeE dRETERngFCATHRE: 19 SR $4nSRTeE SRigr gy at
sai d atmhRastcoRPeisd @8t m¥eksme. 30 240. A nmethod for medical treatnent
according to any of clainms 227 to 238 and also conprising directing

el ectromagnetic energy at said at | east one target volunme. 133 WO
200@/0Q&516 PCT/ | 20%2/0 0510. g41. A s%ste for nedic?L t reat ment '
conpri sing: a sel®cV By OpJEHBRHEHMEE AOGnGite SBY OF cladms 241l t0i4#8 t r acki ng
subsysteiferein Rk ®tedtr comris@ahobtit® deRdk:r €gi on definer, defining in real
time a region of a body and at | east one target volune therein, the

t hree- di nensi onal configuration of said region and the |ocation of said at

| east t ar get I ei ng.variable over. .tine duri saj ica
treatnggp; at Ieéggyﬁgﬁﬂgﬁﬁf Kﬁ§&8%F§?¥Pﬁﬁ“HPgF%§§¥c%ﬁgggﬁgﬁgég%ﬂﬁndication
on sai dvlieeghenid dafdtol QompFiedlan ultfRoS0RE@Y¥odi r ect or detector, detecting in
real tinme the |ocation and orientation of said energy director relative to

said region and relative to said at |east one target volune, at |east

artial by det ect, ial.. indicatar,on I r
8i relct ozlrs?f' a%d a tﬁr?tgg%}%%ﬁor ﬁ?&gﬁg%m%g?&é%fqlﬂl t%lr%ql g?y C%a#‘&}ﬁ??ﬁaelgﬁe%y
di r ect ovher@in saidenersy ditecloe &t laantepaiidy gRled Alatilyost idbedy.t he | ocation and

orientation of said energy director relative to said at |east one target
volume are within predetermned limts. 242. A systemfor nedical treatnent

accordixg. to cl ai msgddmaRd nRlRal trEﬁﬁJerﬁ&gidigg t& B} TRQ| s DUPSY SseM
i magi ng said region at |east partially concurtent
20 wherein said energy director is moved mechanically on said body

253, A system for medical treatment according to any of claims 241 to 252

wherein said energy director directs ultrasonic energy at said at least one target volume.

25 254, A system for medical treatment according to any of claims 241 to 252
wherein said energy director directs electromagnetic energy at said at least one target

volume.

255. A method for medical diagnosis comprising the steps of:
30 defining in real-time a region of a body and at least one target volume
therein, the three-dimensional configuration of said region and the location of said at

least one target volume being variable over time during said medical diagnosis, at least
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with the operation of said treatment subsystem 243. A system for nedi cal
treatnment according to clainms 241 or 242 wherein said at |east one spati al
i ndi cati owocompwbaes at | east one visible mark drawn onPsailt2002600body. 244.
A system for nedical treatnment according to clains 241 or 242 wherein said
at | eadertshs bypsletachng phighs ane spatisbingicatiersomsaid eegdin; one virtual nark. 30
245. A system for i r t according to of .cl ai A1 to 244
wher ei n body regidg{r?8 llé# ﬁheﬁeaggfngg § E%Cﬁé?%a%“%nﬁflﬁﬁ%noﬁfs isg@é@ﬁky_ 134 WO
2004/ 0@O4:fi6nRCE Hiab 2002 AQEA1R]atiR4 Go sAid Hpal eepib® andRMtBAlto tshigak nest

accordi ng to C‘lfpji m 245 wher ej r’i said markers conprise anatom cal markers at
| east PAY (45StaYPAr B Hdpashwpitiaty byodefectingsdj deashpropaialdindigator vaaseifent
accgrdidq%nggsgét@&m;%ﬂé wherein said 5 markers conprise narkers at | east
partly adhered to the body. 248. A systemfor nedical treatnment according
to clai m 245 wherdekctirgperdrgynménkesad dagposdis detettot wadaidrar kestsone karge249. A
system for nedigcal treatnent accordi to any of cl.ains 241 to 248 wherein
sai d dé(f)@%‘?eo?‘ndcﬁﬂ‘ﬁr%a &t 1535t 9Bt it gt Hg‘g@ﬁtt%ﬁ?‘ldéj%ﬁoﬁs dotsetenPrlyr Whgsdi cal
treat Mgy |08R &R HdNFichtidR b1 Hid G RnBBs 4l cthPreddBe téﬁ’@%& Gt ﬂ:a%.adng tgggte ctor
conprises an ultrasonic detector.” 15 251. A systemtor nedical treatnent
accor divalgmerainjthof prefetemngitimite 250 wherein said energy director is at
qu t partly noved manual |y on said body. 252. A system for nedical
treatnment according to any of clainms 241 to 250 20 wherein said energy
direct@s6i s noved meahadifealhedien Sagthshoddcoddie & &¥sh emsh aid nedi cal |
treatnent according to any of clains 241 to 252" wherein said energy

di rect Jlyiin®ct s ultrasonic energy at said at | east one target volume. 25
254. A system for L cal .accqrding.tq any of cl ai 241 to 252
wher ei n sai d enerlr(gg/@ g’l!;rogc aéc{r g?ﬁgélggeal%ggat# é’%ﬁbaﬁ&ci “ERA gy VEE B d at

| east directirgregetgy & ehidneleat@he tégemiongge.f or medi cal di agnosis conprising
the steps of: 30 defining in real-time a region of a body and at | east one
target volume therein, the three-dinensional configuration of said region
and th ocati on ,0 | t.d;ieast: -t vol | i.abl e over
time dgﬁ?‘ng sai dArrEan ilgdélfj fogi%%dﬁgagii‘?&a&tg‘s|azcg‘g‘t%nglg’5&5%‘sgg%ﬁgbggﬁf

PCT/ | L2O®R/O09510 partially by detecting at |east one spatial indication
on said region; ge%ecti ng iz real -ti m=1.the | ocat i on ar]d orjentation of a
sel ectably posi fFOREBPEYE SERoLeSPaE B IqheAt d¢aSURATELE DY ATV SRR r egi on
and retiatiode wieh $disthl@hatkeast one target volune, at |east partially by
degecti ng at | east one spatial indicator on said

258. A method for medical diagnosis according to claims 255 to 256 and also
comprising:
defining said at least one spatial indication at least partly by using a

virtual marker .

25
259. A method for medical diagnosis according to claims 255 or 256 wherein
said detecting at least one spatial indication comprises detecting at least one physical
marker on said body region.

30 260. A method for medical diagnosis according to claims 255 or 256 wherein

detecting at least one spatial indication comprises detecting at least one partly

anatomical marker.
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5 diagnosis detector; and directing energy fromsaid diagnosis detector to
said at | east one target volune and fromsaid at |east one target vol une
to said dwegoewiosildet ector only when the |ocation and ecirante@/h@siof said
di agnosi s detector relative to said at |east one target volune are within
predetermned limts. 10 256. A method for nedical diagnosis according to

claim and al l.udi n t

parti a%‘%ﬁ concur%s‘ﬁf’ﬁh?g\ﬁﬁ’trﬂe‘gﬁarldﬁaa%??lg@fcoﬁ% ﬁ%?%gx 3 ?’ggllogséi%’h%%git one
target séﬁs"défé%tm&%t 22é ot %ﬁlapdldﬁdahoﬁr%h@lsesddagmmgl & lastamdimgkeo cl ai ms
255 or 256 al so conprising: defining said at |east one spatial indication
at | eaptrtlyadhergd bythdbadi.ng on the body with a visible marker. 20 258. A
nmet hod for nedical diagnosis according to clains 255 to 256 and al so
conﬁrising: defining said at |east one spatial indication at |east partly

by usingza Virtuahetiodker medibal2fifmobis metdrditg fioclairasRERbr A5 @yhomsirs
according to clains 255 or 256 wherein said detecting, at | east oge spati al

i ndi cattigretshpgia denstene 6patis iadicativastomanischHySriang a0 g% et KL d body

reglonnuggﬂZGO A nmet hod for nedical diagnosis according to clains 255 or

256 wherern detecting at | east one spatial indication conprises detecting
at least one partly anatom cal marker. 136 WO 2004/ 000116

PCT/ 1 L2002/ 000510 261. A th f d |
o e R T A

conpr i . Bdik@hg. partly adhered to the body. 5 262.
A net hzﬂ{%% ol(r?gﬁﬁ Fﬂggt dé‘g]ﬁ%é?s ggcordllng to clainms 255 or 256 wherein said

detecting at |east one spatial indication corrprl ses detecting at |east one'

t ual Kk 10 f d I.S.: i f
o ket 20 26 A el g L) SRUeELfcgessi et o oy o
A met hqghfOh AT defetdin ERAURNNSS S1tASHHE BitB&ing0 any of claims 255 to 262

wherein said detecting conprises ultrasonic detecting.
15

265. A method for medical diagnosis according to any of claims 255 to 264
and also comprising at least partly manually moving said diagnosis detector on said

body.

20 266. A method for medical diagnosis according to any of claims 255 to 264

and also comprising mechanically moving said diagnosis detector on said body.

267. A method for medical diagnosis according to any of claims 255 to 262

wherein said directing energy comprises directing ultrasonic energy.

25
268. A method for medical diagnosis according to any of claims 255 to 262
wherein said directing energy comprises directing electromagnetic energy.
269. A system for medical diagnosis comprising:

30 a selectably positionable diagnosis detector;

a real-time tracking subsystem comprising:

a real-time body region definer, defining in real time a region of a
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15 265. A nmethod for nedical diagnosis according to any of clainms 255 to
264 and al so conprising at |east partly manual ly noving said di agnosi s

det ect or wp 28@i/@o1lbody. 20 266. A net hod for nedical di agmas2®2/e@str ding to
any of clainms, 255 to 264 and al so conprising mechanically noving, said

di agnosﬁ%‘%'d%‘fde@t BASt OFF @ag vBlie thowm, the Wﬁerfg@eﬂ%?n%%@%raféﬂnaﬁrﬁéﬁ s

accor di RgidiP af¥hePloclid B8 saiadart Rasd ' bdnd! ' y

conpri sg%l.di ?e‘cti ngocullt rasS%L?ca en%rg&ly.e tg@%gggﬁn%alﬁg?%ggﬁg%lr%%gﬁ%

di agnosisrieg seiddimedicab diagyows, el &asts p25ally oby2 GRtectite ragiloass adrd shatiect i ng
ener gy conpr.ises di recti_n% el ectromagneti c energy. 269. A systemfor

medi cal THHEYABAN SUE 8PP Ag: 30 a sel ectably positionabl e di agnosis

detector; a real-ti m%‘atré@%ﬁ@aiagﬁés%ya&%&bp%&{&,Sd’lé%&'ﬁng iﬁ%@érdrwfhemdy
region definer, defining in real time a region of a 137 WO 2004/000116
PCT/ | L2002 goasioientrsiy dndidadiagnoaistdetentor relptget toweldmegiontredetlative toe

t hr ee- diensi onal _configuration of said. reqi d the | ocation of said at
| east one trger b U’ DeT e v AT RTBYEr OF  Sclig slriged ot dtipoar

di agnosimlicadir dneasitdigaiokisakleytobyandet ecting at | east one spatial indication
on said region; and 5 a real-time diagnosis detector tracker, detecting in
real time the | oe4&tdeapsiasibsypteendieiiog errayafremdpisgdiegiostiddetectonto rel ati ve
to i d ;g0 r [ id at .least _one target volune, at |east
par {0 al 157 o Bl el B HRb and P ableid 37 Sesh e o B6R o Bt B ot <
det ect odiagastic dedt@goali whaiihs Yedacion afld be&tthtig Eeid¥iagiodft dedkestoflicagnosti c
det ect or ,(ig]o 10 said at | east one.target volunme and fromsaid at | east one
target VOf ahisas 6% Ky et valuaiss rikinpeedewringhligithhen t he | ocation and
orientation of said diagnostic detector to said at |east one target volune
are within predetermned Iimts. 270. A systemfor nmedical diagnosis

accor di 2¢0.t o cl ai A 2pBemntbralmedicall Widgmobisiddcogrdiran to NEginh @ 6Subsy sllem

i magj ng. said region at |east partially concurrent wth the operation of

sai & di 4gHESS subsystem 271. A system for nedical diagnosis according to

clainms 269 or 270;yiRA&hE subsea, Gmakink Q&R SRR 23 Rt giﬁihlgg'c%ukﬁﬂt
conprises at |east one visible mark drawn on said body. 2. A system for
medi cal Wifhdhersiadioacd orididiagnosis sisysen269 or 270 wherein said at |east one
spatial indication conprises at |east one virtual mark. 25 273. A system
for nedi cal diagnosis according to any of clains 269 to 272

271. A system for medical diagnosis according to claims 269 or 270 wherein
20  said at least one spatial indication comprises at least one visible mark drawn on said
body.

272. A system for medical diagnosis according to claims 269 or 270 wherein

said at least one spatial indication comprises at least one virtual mark.

273. A system for medical diagnosis according to any of claims 269 to 272

wherein said body region definer detects physical markers on said body.

274, A system for medical diagnosis according to claim 273 wherein said

30  markers comprise at least partly anatomical markers.

275. A system for medical diagnosis according to claim 273 wherein said
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wherein said body region definer detects physical markers on said body.
274. A system for nedical diagnosis according to claim273 wherein said 30
mar ker s cwopoi®oab | east partly anatom cal nmarkers. 27PCTALIYEOI@S10F Or

medi cal di agnosis according to claim 273 wherein said 138 WO 2004/000116
PCT/ | L2DGAFGCOBPOSE PaFiest &€ ablepttinaglyadhgisado hedody. | east partly adhered to
the body. 276. A system for nedical diagnosis according to claim273
wherein said markers conprise virtual markers. 5 277. A system for nedical
di agnosi . accor di Agysenafiy wedichladiagn@B9adcor@a® to wheemel ™3 sdiettinlisaignost i ¢
det ect or ?nploys,an ggtic etector. 278. ' A systemfor medical diagnosis
accor di RgEES Camprief VETal WerSB9 to 276 10 wherein said diagnostic detector
conprises an ultrasonic detector. 279. A system for nedical diagnosis
according to any of clainms 269 to 278 wherein said diagnostic detector is
at |east7lpartly nmivwsdtemafimahdédicabrliagapsls boedyding50 289 . of xlaimst 6% P ci7onedi cal

di agnosi s accordi.ng to clains 269 to 279 erein said diagnostic detector
is nove%fﬁ?f@@ﬁﬁ‘r‘ili Ct%ﬁq]oﬁtl%ﬁetgﬁf)r(jerﬁ]glws. an,gpic agt]es(:>t/()srt em for medical diagnosis
according to clainms 269 to 279 wherein said diagnostic detector enploys
ul trasonic energy. 20 282. A systemfor nedical diagnosis according to
claim 288.t 0 279 iMmrsieimiorgagdicalidiagnosis irecardingde any etfpileips E9%6et4dmagnet i ¢

energy.. 283. paratus faor ultrasonic thera ising: 25 an ultrasonic
ene[gy Hﬁ?@@ﬁgﬁ‘g@ggﬁﬁﬁ98%%ﬂ$?¥%?ﬁﬁs31%Wﬁ?§ﬁ?9§8gp£ Langevi n ul trasonic
transducers coupl ed together to provide focused ultrasonic energy on a

target volume. 284. Apparatus for ultrasonic, therapy according to claim 283
and whe?® n 30 eAciysem fujraediral iagnesis gecqramgeari any i Haissn®® ratfsducer s

ol et r oo R Gaglonly 56865 6561 LB RS PRRUAYGR RS contact
el ectrodes | ocated on both sides of the pair of piezoelectric elenents and
hel d tig@%ly agai nst the_pair

.0 i ezgel ectric el enmen b olt and nut.
5 285, Afbaratus foVsEm T éﬁgﬁ%@a%cezf_{%%gl%s TR RTINS and
wher i @l ds Rt Akickir A mbARGRMnhIY 8300 Gody ansducer s are embedded in a
vi bration nping material to avold nechani cal” cross tal k therebetween,

286. Apparatus according to any of clainms 283 to 285 and al so conpri si ng:

281. A system for medical diagnosis according to claims 269 to 279 wherein

said diagnostic detector employs ultrasonic energy.

20
282. A system for medical diagnosis according to claim 269 to 279 wherein
said diagnostic detector employs electromagnetic energy.
283. Apparatus for ultrasonic therapy comprising:

25 an ultrasonic energy director assembly comprising a plurality of

Langevin ultrasonic transducers coupled together to provide focused ultrasonic energy

on a target volume.

284, Apparatus for ultrasonic therapy according to claim 283 and wherein
30  each of said plurality of Langevin ultrasonic transducers comprises:

a pair of piezoelectric elements separated by a positive contact electrode;

and



10 a cooling systemassociated with the plurality of Langevin ultarsonic
transducers for cooling thereof. 287. Apparatus according to any of clains
283 to 2880andv@mbae conprising an internedi ate el enent PCRAL2O0ZO@STUSE | C

i npedance simlar to.that of soft lian 1 i ssue di sposed bet ween
said plurality of "iZH¥eviortt ¢ %EBE%?T‘? d’Bch’é“ éldéﬁncgéaz © P&y Pice for
engagengpioeWctdt AeReft%-and4R1d tightly against the pair of piezoelectric elements by a

bolt and nut.

5 28s. Apparatus for ultrasonic therapy according to claims 283 or 284 and
wherein said plurality of Langevin ultrasonic transducers are embedded in a vibration

damping material to avoid mechanical cross talk therebetween.,

286. Apparatus according to any of claims 283 to 285 and also comprising:
10 a cooling system associated with the plurality of Langevin ultarsonic

transducers for cooling thereof.

287. Apparatus according to any of claims 283 to 286 and also comprising an
intermediate element, having acoustic impedance similar to that of soft mammalian
15 tissue disposed between said plurality of Langevin ultrasonic transducers a contact

surface for engagement with a body.
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