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Apparatus and Method for the Troatment of Tissue with Ultrasound Energy by

Direct Cantract
BACKGROUND QF THE INVENTION

Field of the lovention:

The present invention relates to apparatus and method for the treatment of tissue, such as
hard and soft tissupe, wounds, twmors, nruscles, and cartilage, with nltrasound energy by direct

coivtact.

Description of the Relmed Aot

There are @ variety of known methods for the wreatment of tissue, These wethods
jnciude wouad drassings, hyperbaric oxygen treatment, growth factor therapy, antibiotics,
surgery, physical therapy, vacuum therapy, electrical stimulation, biosnginesred tissue,
whiraviolet Hight therapy, and tssue nltrasonnd, There are also & variety of known miethods for

the reatorent of wounds with ultrasound energy.

U5, patents thar disclose devices and methods for wound treatment ssing an ulteasoungd
spray inchude: 6,478,754 to Babaey, 6,761,729 to Babaey, 6,333 803 to Babaeyv, 6 568,(99 1o
Babagv, 6,663 5354 1o Babagv; and finally 6560173 1 Babaev. These devices and methods can
only achieve hmited resulis because there is no safficient dehvery of ultrasound energy to the
target because there is no direct contact with the target avea. 118, Patent Nos. 7,025,735
Soring and 69162996 also to Soring disclose a method and device for the treatment of septic

wouads that uses both a liquid serosol and direct contact.

LS. Patent Application 2004/0030254 to Babaev discloses a device and method four
uhivasound wound debriderent. Babaev discloses a device that causes debridement throagh
mechanical vibration in the witrasound gp. Thisdevice is also Hmited in that it uses only
mechanical vibration for debridement,

Theretore, there 18 a need {or & device and method that can ase both wechanical
vibration and ulirasoand cavitation for frapmentation. There is also a need for a device and

method that can stnwdtancously treat tssue and remove unwanted tssue through fragmentation.
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SUMMARY OF THE INVENTION

The present invention s divected towards apparatus and method for the weatment of
tisane, such hard and sofl dssues, wounds, tumors, mscles, and cartiage, through the divect
contact of glivasound energy. Apparatas and methods in svcordance with the present mvention
may weet the above-rentioned needs and also provide additional advantages and improversents

that will be recognired by those skilled in the srt upon review of the present discloswre.

The present invention comprises an ubtrascynd transducer with g specalty designed
ultrasound tip for the weatment of tssue. The tip s specially designed for controfled
fragmentation and the simulianeous sonfcation of & tavget area, such as a wound, bone, unwanted
tissue lavers, an wfected arey, via divect contact. The Gp is alse specially desigaed to focus
ahrasound energy on atarget area. The tip s conprised of a cavity arest ~ as used herein, the
term “cavity arey” means 2 hollowed cut ares. An example of an ultrasound tp with a cavity
aren i where the combination of an ultrasound horn and plttasound tip orms o shape similarww a
spoon utensil, where one side of the cavity arest 1s concave and the other side is convex, Other
comparable shapes or combination of shapes such as conical or polygonal may be simtlarly
effective. The cavity avea may be located on the radial sides at the distal end of the radiation
surface. Additionally, the radianon surface at the distal end may form g plted cavity arca. The
edges and swrfaces of the wlirasouwnd tp may be smooth, roughfagged, or any combination
thereot. The nltrasoand tip may also be compnised of an onfice or orifices for the delivery
andfor extraction of a couphing medium dunng treatment, The onfice or orifices may also be

used to exiract the fragoented nnwanted tssy

The spectally designed ulirasound tip may be used for the treatment tssue, inclading the
treatment of wouads and the removal of tumors. Ultrasound esaergy is generally delivered from
the radial side of the specially designed ultrasound tip. The uylvasound energy sy be delivered
directly by contacting the target area with the vlvascand tip. The ultrasound energy may also be
deliverad directly by contacting the target area with & coupling medium such as a fhuid flow that
may emanate out of the orifice or orifices. Coupling medivm, as used berein, is any medinm
through which ultrasound eacrgy s capable of waveling except for a mist, asrosol spray, o
stontzed Hguid, The wse of ultvasonnd energy with g coupling medinn may help fragment tisswe

through both mechanical vibration and cavitation. There are different treatment methods where

rd
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the ultrasound appaatos may be moved i vanows divections such as hattudimad, longiudimal,

rotational, vertical or any other similar movenent or combinntion of moveness,

The use of ultrasound energy mayv have mudtiple beneficial effects tat include, bot are
not limited to, Jestroving bacteria, disinfecting a wound, stmulating vell growth, moreasing
blood fow, precise fragmetation of unwanied tssue, painless fagmentation of a wound,
exerting less pressure on 3 wound as compared o mechanicad cleansing, and treating fistula and

cavities. These effects may aid in the healing process of wounds.,

The mvention is related ©© meothod gnd device for the treatment of hard gnd soft tissoe,

meluding wound treatment, through the divect contact of ultrasound soergy.

One gspect of this mvention may be to provide a method and device for more effective

treatment of tissue by debivering ultrasound energy by directly contacting the target ares.

Another aspect of the mvention may be to provide a wethod and device for more efficient

treatment tissue.

Another aspect of the nvvention may be to provide a method and device for gaicker

treatment of Usaue.

Another aspect of the invention may be o provide 3 method and devics that may exen

tess prossure on the target ares during the troatment of tissue,

Another aspect of the mvention may be to provide a method and device that allows for

controtiable fragmentation.

Another aspect of the invention may be o provide 8 method and device that destrovs

bactenia

Another aspect of the invention may be 1o provide a method and devics for the

stinralation of tissne coll growth.

Ancther aspect of the invention may be o provide a method and devies o inorease blood

flow,
Another aspect of the ivention may be to provide 8 method and device for pam rehef
Another aspect of the mvention may be o provide a method and device for cleansing
wotnds,
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Another aspect of the invention may be to provide a method and device for cleansing
mternal and external post-operation aregs,
Another aspect of the reention may be to provide a method and device teating Rstuda
amnd cavities.
These and other aspects of the invention will become more apparsnt from the written

descriptions and Higures below.
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BRIEF DESCRIFTION OF THE DRAWINGS

The present fovention will be shown and desentbed with reference o the drawings of preferred

embodiments and clearly andersiood w dalals,

Fig. 1 15 a perspective view an ultrasound apparatos for the treatment of tissue use according o

the present ipveniion.

Fig. 2a 15 a cross-sectional view of an ultasound appamsus for the treatment of tissue shown i
Fig. L.

Fig. b 13 a cross-sectional view of an alirasound apparatus with a rear entry port,

Fig, 2¢ is a cross-sectional view of an ultrasound apparatus with a radial entry port,

Fig, 2d i a cross-sectional view of an ultrasound apparatus with a rear entry port and a ragdial

exit post.

Fig. 2e illustrates a cross-sectional view of an alivasound apparatus with a radial entry port and

s rachal oxit port,

Fig. 21 iHustrates g cross-sectional view of an ultrasound apparatnse with a rear entry port and

two radial exit ports.
Fig, 3 15 a detatled cross-sectional schematic representation of the debivery of ulivascund energy
Figs. du~d¢ are gn example tissue treatment method using an ultrasound apparatus.

Figs. Sa-8¢ are front cross-sectional views of the tissue treatment method with the ultrasound

apparstus from Figs, 4a-de.

Figs, 6n-60 are alternative methods amd eanbodiments of an ultrasound tissue treatment

appsratus that comprises at loast one ovifice on the back sarfce of an ulirasound tip.
Figs. Ta-7¢ are different embodiments of an vlivasound tip with a cavity area .

Figs. 8a-8f are front cross-sectional views of vanety of configurations on the number of onifices

on an ulirasoand tip.

Figs, 9a-%¢ are porspective views of g variety of configurations of the edges and back surface of

an ultrasound tp

Fig. 10 18 a cross-sectional view an ultrasound tip with a polvgonal cavity ares.

&
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DETAILED DESCRIPTION OF THE INVENTHON

The present invention 8 a method and devies for the treatment of tissue through the
divect contacy of plivasonnd energy. Preferred embodiments of the present mvention i the

context of a apparatus and methods are Hustrated o the Hgures and deseribed in detai] below.

Figure 1 is @ porspective view an sltrasound apparatus for use aovo u;iing to the present
an eltraspund horn 4, and 8 speaially desigred alvascund tip 8 The vlirasoond generstor 1 may

be battery powered or powsred through an electiios! ontlet.

Fig. 2a tthatrates a cross~sectional view of an oltrasound appavatus for the treatment of
tissue g8 shown m Fig. 1. The nhirasound spparatus comprises an ulivasound transdocer 3 that is
mechamcally connected 1o the ultrasounsd horn 4 by threading or other megns 6. The ultrasound
horn 4 s mechanically connected to the ulirasound tip % by threading or other means 7. The
preferred embodiment comprises an ultrasound transducer 3 that 1s connected 1o the ultrascund
horn 4 by a niechanical mterface; alternative enbodiments conld have the nlivasound transducer
3 directly connectad to the pltvasound hors 4 to comprise 8 single piece without @ mechameal
imterface. The preferred embodiment also comprises aun ultrasownd horn 4 that i connected to
the ultrasound tp 3 by a mechanical inmterface] alternative embodiments could have the

ultrnsound horn 4 diretily connected 1o the ultrasound tip § to comprise s single piece without a

machanicn] interface.

Fig, 2b is 3 cross-sectional view of an ulrasound apparatus for the treatment of tissue
that comprises o rear entry port 8. The rear entry port 8 is located at the proximal end of the
transducer 3. The apparatus slso comprises an sutry lomen ¥ that connects the rear entry port 8
to an exit ovifice 18 that is located on the ulteasound tp 8. A coupling medin may be userted
it the rear entry port 8. The preferred coupling medivm to use 8 a foid. Fluid s inserted in
the rear entry port 8 and moves through the entry lumen %, and then 15 delivered from the entry
orifice 1. A tube or other material can replace a humen % Floid may be delivered from the
entry ortfice 10 1o » target troatment ares. The preferred method of treatmentis to deliver a

hoguad flow 1o a target ares from the entry orifice 10,

Fig. 2c iy 3 crose-sectivnal visw of an ultrasound apparatus for the treatmens of tiasus

that comprises & radial entry port 11 The radial entry port 11 s focated on a radial side of the

~3
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ultrasound born 4. The radial entry port 11 may be perpeadicudar t0 or any other angle to the
axis of the ultrasound hom 4, The preforred shgoment for the radial entry port 11 35
perpendicular to the ulrasound born 4. The apparatus also comprises an entry lumen 12 that
connects the radial entry port 11 fo an entry orifice 16 that is located on the ultrasound tip &
Fhad is imserted o the radial entry port 1, moves through the entey lamen 12, and then i3
deliversd fiom the entry orifice 10, Fluid may be delivered from the entry onifice 10 to the

targed tregiment area,

Fig, 2d 15 8 cross-sectionsl view of an ulivasound apparatus for the teaiment of tissne
that comprises rear enfry port 8 amd o radial extt port 18, The rear entry port 8 1s Iocsted at the
proximal end of the ransducer 3, and the radial exit port 18 4s located on a radial side of the
whrasound bom 4. The apparatos also comprises an entry lamen 9 that connecta the rear entry
port 8 10 an entry orifice 19 that is located on the oltrasound sip 3. Fhad is tnserted in the rear
satry poet B, moves through the entry himen 8, and then i3 delivered from the entry ontfice 18,
Fhad may be deliverad from the entry orifice 1010 & target treatment ares. Fhuid mav also be
extracted from the treaiment area throngh exit ortfice 13 that 15 alse located on the wlirasound
tip 8. Exit ertfice 13 is connected to radial exit port 18 by exit lumen 14, Fluid enters the exit
orifice 13, travels through the exit humen 14, and extts ont of the radial exit port 18, Flaid may
be extracted from the treatment areg in arder o continually sopply the reatment area with fresh
fludd, Fragmented tssue may also be extracted along with the Buid. The preferred embodiment
of an ultrasound apparates for the treatment of tssue comprises a rear entry port and a radial
exit port. Alternative embodinents, as desoribed below, may comprise multiple entry andior
exit porty that may be located af different locations with different abignments along the
uhtrasound apparatus, The preferred embodiment also comprises an entry orifice and an exit

ortfice. Alernative enibodinmonts may comprise no ovifices, one ondice, or multiple ortfices.

Fig. 2e tlustrates a cross-sectional view of an ulirasound apparatus for the treatment of
tissne that comprises radial entry port 11 and a radial exat port 18, The radial entry port 11 48
fovated on a radial sude of the ultrasonnd horn 4, and the vadial exat port 18 13 located oo a radial
side of the ultrascund horn 4. The preferred embodiment comprises g radial exit port 15 located
o the direct opposite side of the wlrasound horn 4 than the radiad entry port 11 seith both the
exit port 18 gnd entry port 11 aligned at minety-degrees to the axis of the hora 4, Alternate

embodiments could have an entry port 11 and exat port 18 positioned at any other location on
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the uhtrasound horn 4 or aligeed at any other angle to the axis of the horn 4. The apparatas alse
comprises an entry lumnen 12 that connects the radial entry port 11 to an entry orifice 10 that s
focated on the ultrasound tp & Fhad 13 inserted m the radial entry port 11, moves through the
gatry lumen 12, and then is delivered from the entry orifice 1L Fluid may be delivered from the
entry orifice 1 to the farget treatiment ares. Fhad may also be extracted from the treaiment area
through an exit orifive 13 that is also located on the vlivascund tip 8. Exat orifice 13 ix
connected to the radial exit port 15 by exit lnmen 14, Fhad enters the exit orifice 13, travels
through the exst humen 14, and exats out of the radial exit port 18, Fhad may be extracted from
the tregtmont area i order o continually supply the treatment ares with fresh flakd, Fragmented
tissue may also be sxtracted along with thuid.

~

Fig. 2 ithastrates a crogs-sectional view of an wlirasound apparatus for the freatment of
tissne that comprises a rear entry pont 8 and two radial exit ports 16 and 17, The rear entry port
B is located at the proximal end of the transducer 3, one radial exit port 16 s located on @ radial
side of the vltrasound horn 4, and another radial exat port 17 §s also located on & radial side of
the whrasound horn 4. The preferred embodiment comprises of a radial exat port 16 located on
the direct appostte side of the wltrasound horn 4 than the radial exit port 17 with both exat pont
16 and exit port 17 aligned at ninety-degrees to the was of the hora 4, Alternative ewbodiments
conld have exit port 16 and exit port 17 positioned at any other location on the ultrasound horn
4 or aligned at any other angle 1o the axis of the horn 4. This embodiment also comprises an
entry lumen 9 that conascts the rear entry port 8 10 an entry orifice 18 that 18 located on the
ultrasound tip 8 Fluid s inserted mthe rear entry pont 8, moves through the entry lumen 9, and

e

then 13 delivered from the sutry orifice 18, Fluid may delivered from the sty orifice 18102
target treatment ared. Flud may also be exttracted from the treatment area throongh exit orifice
28 and exat orifice 21 that are also located on the wlasound tp §. Exit ovifice 20 and exit
arifice 21 are comnectad to radial ext port 16 and radial exit port 17 by exit humen 18 and exit
humen 19, respectively, Fluid enters exit orifice 20 and exat orifice 21, travels through exit
bumen 18 and extt honen 19, and exits out of radial exit port 16 and radial exit port 17, Fhud
may be extracted from the troativent aren i order to continually supply the treatmont arcs with

fresh floid. Fragmented tssue may also be extracted along with flaid,

Fig. 3 is a detatled cross-sections! schematic representation of the delivery of ulirssound

encrgy 8 fhad fom g ulivgsound p § that comprises an ontry port and exit port (ot show)

g
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The ultrasound tip 8 s specially designed to debiver focused altrasoond energy. The oltrasoand
tip 3 11 this embodunent comprises & cavity aren located on the radial sides at the distal end of
the radiation surface. The cavity area is shaped sinnfar to the tip of a spoon utensil, where the
open side of the cavity area 18 concave and the back side of the cavity area is convex. The
shape of the olvasoand Hip § in this embodinent allows for the wlrasound energy 23 emanating
from the tip § to focus 24 on the target area 28, The ylivasound energy 23 travels through the
fhuid 22 1o the target area 25, The fhad 22 is defivered to the target avea 28 from the entry orifice
10, The Howd 22 travels iy a vortex motion 26 fud 22 15 dehivered from the sutry onifice 18,
strikes the side of the open cavity, and then ircles back aroond. The fhad 22 may then be
extracted out of the exit orifice 13, It niay be bepeficial to extract the used fluid 22 from the
treatmient area 28 while deltvermg a fresh fluid 22 1o the weatment arca 25, The shape of the
ulhrasound tp i Fig, 3 1 the preferred ombodiment, Alternative embodimonts of 4 cavity area
may comprise comparable shapes or comisination of shapes such as conteal or polveonal that
may also be effective gt focusing wluasound energy. The cavity avea may be located ou the
radial sides at the distal end of the radiation surface. Addiionally, the radiation surfacs at the
distal end may form a titled coavity area. The preferred location of the cavily ares 1s on the radial

sides at the distal end of the radistion sarface.

Figs, da~4¢ gre an example tisas oatment method using an ulrgsound apparatus
according to the present imvention. Fig. 4a depicts the fivst wmotton whereby the edges 27 of the
uhrasownd tip § ave dragged across the treatment area 28 while delivering ultrasound soergy 23
from the open cavity areg, where the ultrasound energy 23 focnses 24 on the treatiment area 28,
While the tip 8 is moved longuudinally, the fhuid 22 may be deliverad from the entry vrifice 14,
where the Hokd 22 would travel 1 g vortex motion 26 across the treatment areg 28, Unwanted
tssue 28 i fragrmeuted from the trestruent area 28 due 1o the mechanical vibvation i the
ultrasound tip § and the cavitation that occurs by delivering ultrasound snergy 23 through the
fluid 22, The used fhad and fragmented tissue may be extracied through the exit orifice 13, Fig.
4b depicts that as the ultrasound tip § iy moved longitudinally across the treatment area 28, the

altrasound tip 5 i3 rotated along the axis of the gltrasound horn 4. Ultrasoond energy 39 may be
delivered from the external side of the open cavity in the ultrasound tip 8 to the treatment area
I8 Fig, 4o shows the ultrasound tip 8 after # been rotated 180 degrees. Ultrasound energy 38

may be defivered from the back swrface 31 of the oltrasound tip 8 the back swrface 31 is the side

Y
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of the ultrazound tip § that 1s opposite the cavity area. The vlivasoand energy that is delivered
during this movement 15 generally radial waves becanse the slirasound cocrgy that reaches that
target area 25 is mostly from the radial side of the nltrasound tip §; however, some shear and
fongitudinal waves may reach the target area 25 The ultrazcund tip 5 may also be moved
fatitndinally across the treatment ares before, during, or after the longitudinal and rotational

movement.

Figs. Sa-3¢ ave front cross-sectional views of alirasound tips § from the corresponding
Figs. da-do, respectively. Fig. Sa shows the corresponding frond cross-sectional view of Fig, 4a
where the edges 27 of the ultrascund tip 8 are dragged longitudinally across the treatment area 28
while ultrasound evergy 23 18 dehvered from the open cavity area to the treatment ares 28, Flaid
22 may be delivered from the entry ontfice 1 Ussvanted tissue 28 18 fragmented from the
treatment area 28 due o the mechanica! vibrgtion in the ultrasound tp § and the cavitation that

ocowrs by delivering ulteasound energy 23 throngh the floid 22, Fig, Sb shows the corresponding
front cross-sectional view of Fig. 4b where the ulirasound tip § s rotated along the axis of the
hom. Ultrasound energy 29 may be debvered from the external side of the open cavity on the

ulrasownd tip & Unwanted tissue 28 may be fragment from the delivery of the vlrasound

energy 2% and the mechamcal vibration in the pltrasound tip 8. Fig, S¢ shows the corresponding

front cross-seotional view of Fig, 4o where the ulirasound energy 30 may be debiverad fram the

back sarface 31 of the ulivasound tip § to the trestnent area 28,

Figs. 6a-6¢ gre alternative methods and emboduments of an alttasonnd tissue treatiment
apparatus that comprises 3t least one orifice o the back surface of an ultrasound tp. Fig. 6a
shows an aliernative embodiment of an ultrasound apparatus that 13 compnised of a back orifice
32 on the back surtice 33 of an wlirasound tip 5, The back ortfice 32 can be used to extract
frapmented tissue 28 from the target area 35 through the exit onifice 13, The entry orifice 10
may sl be used to deliver a flnid 22 1o the target avea 28 The flnid 22 may also be delivered to
the target avea 28 through the hack onfice 327 in that instance, a back orifice or onfices may be
used to deliver 10 and extract from the target area 28 a thad 22, The flad 22 may st ravel in a
vortex motion 26 as i s delivered from the entry ontfice 10, The fhad 22 may also be delivered
directly 1o the target area 28 if the open cavity area on the vitrasound dp § 15 facing the target
arca 25, One possible wethod with this embodiment is depictad in Fig. 6a where the back

surface 33 of the ulivasound tp 8 15 moved longitudinally across the target area 28 during

i1
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delivery of ultvasound energy 38 from the back surface 33 while sither sionudtaneonsiy or
sequentially lifting and lowering the proxims! end of the ultrasound apparming so thet differem
parts of the back surfice 33, such as the proximal end, the muddle, and the distal end, may

contact the target area 28,

g. &b is an slterative method that way be used with an slirasound tip thay bas at least
one back orifice. The movenent iy thiy method is sioslar to the movement in the method
depicted in Figs. da~d¢ and Figs, Sa-3¢. The alrasound tip 8 15 moved in a latitudingl direction
across the treatment areg 25 while cither stomudtneousty or sequentially roting the ultrasound
tip S so that different sections of the back surface 33 may contact the target avea 28, I this
method, the vltrasound tp § may also be hifted andfor woved w a longtindinal divection across
the treatrent area durmng debivery of ultrasound energy 30, Fig. 6 13 an alternative embodiment
of the ultrasound apparatus depicted in Fig, 6a, This embodunent comprises multiple back

orifices 34 on back surfice 38,

Figs. Ta-Te are differsnt embodiments of an ultrascund tip § with a cavity area. Fig, 7a

is an ultrasownd tip § where the radial sides a1 the distal end of the radiation surface forms a

cavity area that is in o shape similar to the tip of w spoon. The cavity avea, in this embodiment, s
paratie] 1o the axis of the wlrasound hom 4. This is the preferred embodiment, Alternative
embodiments of the altrascand tp & ave showay in figs. Th and Te whers the radiation sieface at
the distal end forms » titled cavity area, wherelv the cavity ares is also m a shape stlar to that
of the tip of 3 spoon, The cavily areas, m these smabodinments, are st angle titled to the axis of the
ultrasound hora 4. The prefired enbodiomy s shown 1 Fig. 7a where the radial sides at the
distal end of the radistion surface forms 8 cavity area that is in g shape simlar to the tip of'a
spoon, Qther comparable shapes or combination of shapes for slternative embodiments, i
acddivion to those m figs, 7a and Te, of an vhivasoond tip that comprises 8 cavity area may be

simiarly effective.

Figs. 82-8 are front cross-sectional views of varions enmbodiments of an ulivasound tip &
The plivasonnd Hip § may contain no ortfices, one ontfice, or multiple orifices. The orifices may
also be the same ov different sizes. The preferred envbodinent is to have the extt ortfice for

extraction larger than the entry orifice for delivery,
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Figs, $a-9¢ are ditferent embodiments of the edges 27 and back surface 33 of an
ultrasound tip according 1o the presemt invention. The edges 27 of the ultrasound tip § may be

smeoth, poa-smooth, or any combination thereoll The preferred embodiment comprises
roughflageed edges 27, The back surface 33 may be smoath, non-smooth, or any combination

thereof The preferred embodiment comprises 8 roughfagged back surface 33,

Fig. 18 is an alternative embodinnent of an ultrasound tip with & cavity area. This
gmbodimnent 1s comprised of & polyvgonal-shaped cavity area 36, The preferred embodument is
the concave-convex spoon shaped open cavity that is desoribed and depicted above, Alternative

prhodinents of an open cavity may be sundlarly effective in delivering ultrasound energy.

The vlirgsound apparatus shown 1 Fig. 1 delivers ulrasound energy o0 a target area for
the treatrent of tssue, including the teatment of the wounds and the removal of tumors, The tip
is specialtty designed for controlled fragmentation and the simultaneous sonication of a target
aren via divect contact. The tip 13 also specially designed to focus ulivasound energy on a farget
area. The use of ulirasound energy may have multiple beneficial effects that 1oclude, but are not
fimaited to, destroving bacteria, disinfecting a wound, stimulating coll growth, mereasing blood
flow, exerting less pressure on 8 wound, treating fistola and cavities, and removing wwanied

tsspe, These effects may aid in the healing process of wounds,

There ave nultiple methods that may be used to deliver nltvasonnd energy 0 8 target srea.
Ultrazound energy mayv be delivered divectly by contacting the target area with the ultvascund tip
from areas such as the edges or baek surfsee srea of the ip. Ultrssound energy may also be
deliversd divectly by contacting the targef area with a coupling medium. The oltrasound energy

s generally delivered from the radiad side of the wlirasound tip, but it may also be delivered from

1_(,

the distal end of the uwltrasound tip. Therefore, the ultrasound snergy that s mainly delivered i3
ragial waves. The use of radial waves, as comparsd to lonpitudinal waves from the distal end,
may allow for a borizontal vibration i the alvasound tip on the farget area rather than a vertical

vibwation,

The preferred coupling medium to use 15 a fuid, and the preferred Suid to ose s saline.
Qther thads such as drugs, antibiotics, antiseptics, efc way also be used, Both nucro and macro
cavitation may ccour from the delivery of nltrasound energy through the coupling medium.

Macro cavitation occurs i the conpling wediam and resulls in sterihizing the target steface,
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fragmenting tissue, and mechanical cleansing becanse of the cavitation effect. Micro cavitation
creates mcrostronmiing inside tissue, which iy beneficial for tssee granulation, Fragmenation of
unwanted tissue oy result frons both the cavitation that occurs and the mechanical vibration of

the ultrasound tip on the target area.

The vhirasound tp way coroprise an orifice or onfices that may debver a conpling
medinm such as a bgud flow to the target area. The orifice or orifices may also be used 1o
focated anywhere on the ulirasound dp; the preforred ewvbodiment comprises an orifice or ovifice

that is focated on the proximal end of cavity area.

held at an angle. During the treatment, the nltvasound tip, or gny portion thereod, may be moved
tatitudinally, moved longitudinally, mtated, Bited, ov any combination thereof, If the nltrasound
tip 15 votated during treativent, then wlirasound energy may be dehivered from the cavity areg, the
gxternal sides of the cavity areq, and the back surface of the cavity area.. If the ultrasound tp s

fifted during weatment, then plivasoonnd energy may be delivered from both the radial side of the

whrasowsd tp and the distal end of the altrasound tip.

One preferred method of treatment s 1o hold the distal end of the ultrasound tp sganst
the target with the cavity ares facing the target, while holding the proximal end ot the hora above
the target, and move the tip ongitudinally whike delivermg and extracting bguid frean ortfives

the ultrasound tip.

Another preferred method of treatment 13 o hold one edge of the penipheral boundary of
the cavity area against the target with the other edpe of the peripheral boundary of the cavity area
Just above the target, and then wove the vlivasound tip latiiudinally, Liquid saline & delivered
and extracted from an ontfice of orifices i this preferred eambodiment. Furthermore, while the
phtrasound Hp is being moved, the alirasound spparatus/ip may be rotated during delivery so that
the cavity area of the tp s no longer facing the target; ulirasound epergy 18 then being delivered
froms the sides and then the hack surface of the cavity ares,

The intensity of the nhrasound energy can be controlled through ¢ vanation in the

nitrasound parameters such s the freguency, the amplitede, and the treatment time. The

frequency rangs tfor the ultrasownd energy is 15 kHz 1o 20 MHz The preferred fow-frequency

g

i4



WO 2007/143686 PCT/US2007/070507

ultrasound range 18 20 kHx - 100 kHez, the wove preferred tow-frequency ultrasound range 15 28
kHz - 50 kHz, and the recommend low-frequency ultrasound value s 30 kHz. The prefenred
high-frequency ultrasound ravge s 0.7 MHz - 3 MHz, the more preterred high-frequency
wltrasound range 15 0.7 MHz - 3 MHz, and the reconumend high-frequency ultrasound value is
(.7 M. The amplitude of the low-frequency altrazound energy can be 3 microns and shove,
with the preferred low-frequency amplitude to be w range of 30 nuicrons to 100 microns, and the
recommended low-frequency amplitnde valope i 100 microns. The anphitude of the high-
frequency ultrasound energy can be T meron and above, with the preferred ligh-frequency
amplitude to be at least 3 microns, and the recommended hgh-frequency amplitade value is 10

microns. The praferred methad of treatment uses low-frequency ulirasound.

There are a variely of factors that may wfluence the treatment tme. These factors may
inclnde the tepe of tissue being reated, the condition of a wound, the size of & wound, and the

location of a woumd.

Although specific embodiments and methods of use have been ustrated and described
herein, it will be appreciated by those of ordinary skill in the ant that any arrangerent that is
calvulated to achieve the same parpose may be substituted for the specific embuodiments and
methods shown, 1t is o be understood that the above desenption 15 intended to be lustrative
and pot restrictive. Combinations of the above embodiments and other embodiments as well as
combingtions of the above methods of use and other methods of use will be apparent to those
having skall in the art apon review of the present disclosure. The scope of the preseat invention
should be deternuned with reference to the appended claims, along with the full scope of

equivalents to which such claims are entitied.
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CLAIMS

{elaime

i

4

Ly
e

6}

9}

An apparatus for the treatment of tissue with pltrasound energy by divect contact,

comprising:
A} a generator and & transducer for generating ultrasownd energy;
by an ultrgsound horn and nitrasound tip for debrvering ultrascund energy:

¢} wherein the radial sides atthe distal end of the radiation surface forms a cavity areg or

wherein the radiation surface at the distal end forms a tlted cavity areq;
d} whersin the sltvasound tip delivers ultrasound epergy 1o 8 target aren; and
g} wherein the ulirasound energy has an intensity capable of treating tissue.

The apparatus secording 1o claim 1, wherein the generator and transtucer generate the
alirasound energy with particular alivasonnd pavameters mdicative of an mpensity capable of
freating tissue,

The apparatus according to claim 1, wherein the ulirasound frequency is in the approximate

vange of 15 kHz - 20 MHz

The apparatus according to claim 1, wherein the preforred low-frequency sltrasound 8 in
the approximae range of 20 kHMz - 100 kHz,

The apparatus secording to elsim 1, wherens the more preferted low-frequency plivasoonnd is
i the approxmmate raage of 23 kHez - S0 kM

The apparatus according to claim 1, wheretn the recommended low-frequency ultrasound
vatue is approximately 30 kHe

The appavans according to elaim 1, whersin the preferred high~-frequency nlirasound s in
the approximate range of 0.7 MMz ~ 3 MHz

The apparatus according to chaim 1, wherein the more preferred high~-froquency ultrascund
is i the approxinate range of 0.7 MMz ~ 1 MHa

The apparatus aceording to olaim 1, wherein the recommended high-frequeney altrasound

value 15 approxivately 0.7 MHe,

16
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1) The apparatis according o olaim 1, wherein the fow-frequency ultrasound amplitude s at

least o nvcron

11} The apparatus sccording to clator 1, wherein the preferred low-frequency ultrasound

amplitude range 15 approxunately 30 - 250 microns.

12} The apparatus according to claim 1, wherein the recommended bow-frequency altrasownd

amplitude value ts approximately 100 nucrons.

13} The apparatus sccording to olaim 1, wheremn the high-freguency ultrasound amplitude 5 at

feast | oucron,

14) The apparaius sceording 1o clatm 1, wherem the preferred igh-frequency alirgsound

amplitude is at least 3 pucrons.

15} The apparatus according o claim 1 wherem the recommended fngh-frequency ulivasouud

amplitude value is spproximstely 10 microns,

16) The apparatus according to olaim 1, wheretn the combination of an ultrasound homn and

altrasonnd tip form § shape similar 1o 8 spoan.

73 The apparatus sccording to claim 1, further comprised of an ortfice or onfices.

18) The apparatus scoording to cladm 17, wherein the onfice or orifices are ocgted on the
proximal end of the cavity ares, on the distal end of the cavity area, on the middle of the

cavity, or any combination thereofl

19) The apparatus according to clamm 17, wherein the onfice or onflces ave capable of delivening

awd/or extracting a coupling medivm,

201 The apparatus sccording 1o claim 17, wherem the onifice or ortfices are capable of extracting

fragmented tssue,

21} The apparatus according to olaim 1, wherein the transducer contains 8 radiation surface
mtended to achieve delivery of the ultrascund energy with an imjensity capable of treating
fIsRRe.

o~

22) The apparatus according to claim 1, wherein the transduacer includes a radiation surfyce
having a surface aren dimensionedfconstructed for achioving delivery of the ultrasound

energy with an intensity capable of treating tissue.

e’
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23) The apparatus according to claim 1, whoretn shape of the peripheral boundary of the cavity
grea ts carcndar, oval, elliptical, or auy other compamble shape or combination of shapes,

34} The apparatus secording to olatm 23, wherein the shape of the peripheral boandary of the
cavity aren of the radiation surface is interuded to achieve delivery of the ulirasound energy

witht an intensity capable of reating tissue.

25} The apparatus according to claim 1, wheretn the shape of the peripberal boundary of the
distal engd of the radiation sarface v civcular, pval, elliptical, polvgonal, g straight-ling, a

non-straight hine, or another comparable shape or combination of shapes.

28} The apparatos according to clain 235, wherety the shape of the peripheral boundary of distal
end of the ruliation surface s intended to achiove delivery of the ultrasound encrgy with an

mtensity capable of treating tissue,

27y The apparatus according to clavm 1, wherein the edges of the radiation surface are smouoth,

non-smonth, or any combination thersof.

2R} The apparatas according to claim 1, wherein the back surface area of the radiation swrface s

snooth, non-siwooth, or any combingtion thereof

29} The apparates acvording to claim 1, wherein the transduver is driven by a continnous or
pulsed frequency.

3 The apparatus according to claim 1, wheretn the transducer is driven by o fixed or

modulated fregquency.

31} The apparatus according to claim 1, wherein the driving wave form of the wansducer is
sefected from the groap consisting of sinasoidal, rectangular, aperoidal and triangular

wave form.

321 A method for the reatment of tissue with ultrasound energy by direct contact, comprising

the steps off

a3 providing a means for delivering nltrasound energy by divect contact to a farget area
with the radial side of the distal end of a radiation surface that forms g cavity areg or the

raciation surface at the distal end that forms a tilted cavity area;

by divectly contacting the target aren;
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¢} debvering oltrasound energy through the direct contact with the farget aey;
4 wherein the ulirasound energy has an intensity capatde of treating tssug.

33} The method according to clanm 32, further comprising the step of generating the olirasound
energy with particular plivasonnd parameters indicative of an intensity capable of treating
thssus,

34) The method sccording o olatm 32, whorein the ultrasound frequency is in the approximate
range of 15 kHz < 20 MHz,

351 The method according to clam 32, wheram the preferved low-fraqueney slirasound 13 1 the
gpproximate range of 20 kMe - 100 kHz,

363 The method according 1o clam 32, wherein the more preforred low-frequency slivasound 15
n the approximate range of 33 kHz - MY kHx

37} The method according to clatm 32, wherein the recommandad low-fraquency alirasound
value is approcimately 30 kHe

38} The method accordimg to clam 32, wherem the preferred hagh~frequency vltvasound 5w the
approximale range of 0.7 MHz - 3 MHx

39} The method according to claim 32, wherain the more preforred high-frequency ultrascund is
in the approximate range of 0.7 MHz - 1 MHx

40} The method according to claim 32, wherein the recommended high~frequency slivasound

value 15 approximately 0.7 MHy
41) The method according to olamm 32, wheretn the low-frequency wltrasound amplingde iy at
least 1 ancron.

42} The method according 1o clann 32, wherem the preferred low-fregquency ultrasound
amphitude range 13 approximately 30 - 250 microns.

43} The method according to clatm 32, wherein the recommended low-frequency ultrasound
amplitude valug is spproximately 100 nncrons.

44} The method according to claim 32, wheremn the high-frequency ultrasound amphitude is at

least 1 nucron.

19



WO 2007/143686 PCT/US2007/070507

43} The method sccording to olabtm 32, wherein the preferred high-frequency sltvasound

amypditade 1 at least § microns,

463} The method according 1o clanm 32, wherens the reconwnended hagh-froguency vltvasound
amplitude value is approximately 18 microns.

47} The method according to claim 32, wherein the dipect contact with the target avea s with the
edges andfor back surface areq of the alirasound tp, 18 with a coupling medvam, or any
combination thereof.

48} The method according to clann 47, further compnising the step of delivering the coupling
mediun o the farget wen.

39} The method according o clainy 48 wherein the coupling medium is detiverad frony an
orifice or onifices i the ulirasound tip.

300 The method sccording to olaim 48, further comprising the step of extracting the coupling
muediom from the target area.

51} The method according to claym 30, wherein the couphing is extracted through an onifice or
oriftces in the alirasound tip

S2) The method avcording to claim 48 wherein the coupling mediomas a fhad.

$3} The method according to claim 32, wherein the eltrasound apparatustip is held stativmy, i3
moved latitndinglly, is moved longitudinally, 1s hfted, or is rotated during the trestwment of
tisaue or any combination thereofl

543 The method according to olaim 32, wherein the ultrasound tip is held flat against the target

area during the rreatment of tissue, is held at an angle 1o the target area during the treatment

~

of tissue, or any combination thereod

35) The method according o olatm 32, wherein the proximal end of the vlirgsound fip &
positioned above the target arer during the treatment of tissug.

36) The method sccording to olaim 32 wherein the distal end of the vlirasound tp 1 positioned
above the target area during the treatment of {issue.

573 The method according 1o claim 32, further comprising the step of fragmenting the target

B
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38y The method accordmyg to olatm 87, wheretn the fragrsentation occurs through mechamcal

scraping/vibrating the target arey, through altvasound cavitation, or any combination thereof

59} The method according to claim 57, further comprising the step of removing the fragmeuted

tissue from the target ares.

60} The method according o clatn 5%, whersin the fragmented tasue is removed through an

orifice or onfices n the ulivasound dp.

&1 A method for the reatment of tissue with oltrascund energy by direct coatact, comprismg

4
e =

tha steps oft

a} providing a means for delivering ulivasound energy by direct contact 1o g target ares
with the radial side at the distal end of & radistion surface that forms 8 cavity wrea that of

a spoon of with the radiation surface at the distal end that forms titled cavity arsy;
by comacting the larget area with the radistion surfsce that forms a cavity area;
¢} delivering a coupling medium 1o the target ares;

d}y delivenng slirasoand energy through the divect contact of the radistion surface with the

et ares

e delivering ultrasound energy through the divect contact of the couphing medium; and
£y wheremn the wlssound energy has an intensity capable of rreating tissue.

62} The method according o clatm 81, Rurther conprising the step of generating the ulirasonic
energy with particalsr ulirasound pammgters capable of teating tissue.

63) The method sccording o clatm 61, wherein the ultrasound frequency is in the approximate
vange of 15 kHz - 20 MMz

643 The method according to claim 61, wheremn the preferred bw-frequency ultrasound s in the
approximets range of 20 ke - 100 kM2,

65} The method according 1o clanm 81, wherein the more preforred low-frequency alivasoond i3
m the approxunate range of 25 kHz - 30 kHa

60} The method scerding to claim 61, wheretn the recommendded low-fregoency ultrasowund

value is approximately 30 kHz.
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671 The method according to claim 61, wherein the preferved high-frequency ultvasound i3 i the

gpproximate range of 0.7 MMz - 3 MHz

&R} The method according 1o claim &1, wherain the more preferred high-Broquency ultrasound is

in the approximate range of 0.7 MHz - 1 MHx

69} The method according to clatm 61, wheretn the recommunded high-frequency ultrasound

value 1 approximately 0.7 MHz

703 The method according to clagn 61, wherem the low-frequency ultrasound amphiude s &

feast | oucron,

71} The method according to clann 61, wheram the preferred low-freguency wltrasound

amphitude range 1§ approximately 30« 250 microns,

72} The method according to claym 61, wherein the recommended low-fraquency alirasoond

amplitude value is spproximstely 100 nncrons.

73) The method according 1o olaim 61, wherein the high-frequency ulrasound amplitude 15 at

feast | onuoron,

74} The methad according to clamm 61, wheren the preforred lugh-frequency altrasound

amphitade 1 at feast S microng.

75} The method according to claim 61, wherein the recommended high-frequency altrasound

ampittude value is approximately 10 microns,

76} The method sccording o claim 61, wherein the coupling mednan 1s delivered from an
orifice or orifices in the ulivaxound tp.

o 0
K
i)

1 The method acoording to olanm 62, further comprising the step of extracting the coupling

medium from the target area.

78} The method according o clatm 77 wherein the coupling medium is extracted through an

ortfics or orifives m the ultrasound tip

T9) The method according to ¢laim 61, whorein the couphng mednan 15 a Huid.
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&) The method according to claim 61, wherein the ultrasound apparatas/iy is held stationary, is

moved latitudinally, is moved longitndinglly, 1 Hfted, or is rotated doring the treatment of
tissue of any combination theveof.

31} The method according to claim 61, wherein the olirasound tip is held flat against the targst

ares during the treatment of Gssue, 15 held st an angle 1o the target srea during the eatment

of tissue, or any combination thereofl

821 The method according to claim 61, wherem the proximal end of the ultrascund tp s

positioned above the target arca during the greatment of tissue.

83} The method according to clabm 81, wherein the distal end of the ultrasound tip 15 posttioned

above the target srea during the treatment of tssue

84} The method according o clatoy 61, further comprising the step of fragmenting the target
area.

&5

33 The method according to olaim 84, wherem the fragmentation oceurs through mechanical

scraping/vibrating the target area, through altrasound cavitation, or any combination thereof

&6} The method according 1o clamm R4, further comprising the step of extracting the fragmented

tasue from the trast area,

&

87} The method sccording o clatny 86, wherein the fragmentad Gssue is extracted through an

orifice or ortfices i the uitrasound dp.

(]
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