;e3eslsi:662TFQ8!- ? MI' 2003 ULTRASONI C METHOD AND DEVI CE FOR WOUND MAY 2003
TREATMENT FI ELD OF THE I NVENTION 5 The present invention relates to nethods
of using ultrasonic waves in wound treatnment. Mre particularly, the

present invention relates to a nethod of spraying a wound surface using

ul trasonic waves for delivering drugs, killing bacteria, cleansing a

surface and stinulating healthy tissue cells. BACKGROUND OF THE | NVENTI ON

10 U trasoni ¢ WELIRARBGNIE MEVHOD sNIsBEVIQERQR OB MRIBATMENT i ncl udi ng
bot h di agnostics and therapy as well as many industrial applications. One

di agnostic use of ultrasound VJEED ORTHEIBS/ENTION ul t rasoni ¢ waves to
detect underlying structures in an object or a human tissue. In this

procedute, an | i | . j ; obj ect or
[l ssue o1 a a corly MR BybRRTENES Lo omBI AT Rk YRRBRE il 021 °1
waves are gedterehe MbRtpartiditirly] $he presentibRntiGintettds toh ntethodrdfepiyingder | yi ng
structures, the waves are reflected back to a receiver adjacent the

t r ansducer Woyd susthsa psing Hltgponihwaws deradelivering dyugsy killingshagtcriay@ansiag asent
with the r YIS ni recei ved, an inmge of the underlying
structure %%a%%éﬁ%?cm}g@&%%gﬁ%g% nlls'que is particularly useful for

i dentifying boundaries between conponents of tissue and can be used to
detect 20 irregul ar nasses, tRACKEROANDORTHEANVENWIONher apeuti c nedi cal
uses of ultrasound waves include aerosol m st production and contact

physi oyfer apy. Vffagst waksitha bQAUFHAS Usetik SfeditaPapplicAtionsiHtLidiBE beth | nhal er
to produce an aerosol mst for creating a humd environnent and delivering
drugs to t fisghastigsandihémapyanwell asabarlyi indrstriad peplmbtionisy Onhdiggnestizgse of

ul trasound waves .of suffjcient 25 intensity throu liquid, the waves

bei ngdi r eBBPRE SeeLe e Hisahe aetie defe Prigtyiae Aoctinst o

under neat hoge i\ Ta*hhﬁagﬁ RiSsule! mlmépr&eqwegmpaw&ﬁ@émea&eﬂs%e@ﬂ SRRt he

surface of the liquid into the surrounding air follow ng the disintegration

of capi | | amjthileevelgeqh ontisspe sialmcotplnguhedian aud High Hreiqeertcg ¢ D MEz)utrasprioduce a
very fipe dense fog or..m st. Aerosol msts oduced ul trasound_are

oy el or 15q B ekt Hlodb tisho o AP HB P eSS HELHTER % cal 1 o1
particle sizgsafe AEASE PeeRiet 2HinRA: b trindiiGer UBY ' cBRRRHiSonbf the N T
M!I.Y 2Q03 vvavses? mgtao#)a‘?ﬁganaeﬁgor Jshortcom’ ng 5f ?r?h%?ersnand enebul i zers
i s that thsigeads oSthe uhirasénic aaveods shrt wiilr the reftbcted ulirasanrigetavaae@ceivediemt an air
stream whjch decreases the efficienc f ultrasound. U trasonjic sprayers
such as th’6%"’§e§gﬂ%f‘1§5d Eéﬁ%ﬂﬂeﬁﬁ’c@r&%ﬁ%"e&n%{s t%#%‘ﬂﬂ?wﬂaﬁ@}l?agéfﬁ’é‘?ﬁ;’ek | nc.
(see, for Boi - eAad t c?: 516, 043)
operat e by%g@?%%%d%sﬁiggﬁgwgmgéé réglif%gsrhieﬁé % gércs)t% and uﬁ%%sound

i nst r ub@nt irtegplar Magses, tomemdandrthalilees of t hese sprayers include non-uniform
particle size, heating of liquid flow, and |ess efficiency of ultrasound
waves because ofys aEPipeesleBOM ubds At uRakARY viied RERAOhorbld mikQrERRLas!
physi ot herapy applies ultrasonic waves directly to tissue in an attenpt to
produce a pilywntast plglmtitpeanyn Aehasol mist predudtionguakesnte ofmalebulizer asinbaldr

physi ot her apy, . an ul trasoni c, wave, contacts the tissue, via.a goupling

medt um | U1 ORABITE o agren THRUHCERngy HABS ererromsEtAd devaik FPEUGIET he
coupling bl ORI Ch i : ' ' ' [ toally a
bath of | F%ﬂ%% a | 5‘?{‘/&5‘% ?é@ gﬁ¥ F}h-el;q%ﬁs% gg%ﬁlﬁgsogg&iwgagtoz ?ﬂﬂgieﬁg wat er 15
fill ed2bal intensity tBooughrat liquidy thet venlenbejnge dirgutalsdt de aimliquiisoterfacerefths lipadi ng an

intensity of abqut 0.25 w c to 3 cn? at a, frequenc f out 0.8 to 3
Veganer t 5. & RO BIGTRERE OF SHas She . oL apiclis AL e L ROm AR FBEEt 1t o
SO_m nut eSye bi¥RidGhtolt BfirdunRE aft (IRAng HoQAAUPLAGHKLITRHIIL GARs PT OVi de a

cooling effect which dissipatés sone of the energy produced by the
ul t r asoni cprodened dydls ultra@uhir Ehis kgsbmnitee¢dnproduce o wptyi fing dersh fogroomisti r ect

contact between the tissue and ultrasonic transducer i.S necessar 0
ranem t (GRS SHOPHLDEL PG PR BN (P RITHEL BT S BB R i en
arr 1sg rﬁbﬁ&&é’ﬁécﬂud@%%naﬂ@ﬂpa&'ﬁﬂlé §%e b RRAGPLh DY oBfairdh WiBSRE Litra¥GES -
Several beneficial effects hHave been reported from contact ultrasound 25
physi ot herapy, such as, for exanple, the follow ng: |ocal inprovenent of

the blood circulation, heating of the tissue, accelerated enzyne activity,
nmuscl e rel axation, pain reduction, and enhancenent of natural healing

Proees e ane RN T clotsommect orn co oo MBHUAMINRRY - 75 %eos
necessity of providi«ngiset di rect contact interface betweeaobe ul trasonic

transducer and the tissue to maintain an effective transm ssion of the
ultrasoni c waves fromthe transducer to the tissue.




The necessity of direct contact with or without a coupling nedluntnﬁkﬁgv 2003
current 5 nethods undesirable. Sone tissue conditions may be accessible
contact ultrasound devices but would be inpractical for contact uItrasound
treatment. For exanple, fresh or open wounds resulting fromtraum, burns,
surgical interventions are not suitable for direct contact ultrasound

treat nent because of the structural nature of the open wound and the

pai nful condition associated with those wounds. Moreover, conventional
contact 10wabdsr @mewifdhaway)jonshopicomibg vt truﬁle'rs\/zmdexfeblﬂtztersdmtHah&xseeztoycﬂeﬁlst open
wounds due to the close proximty of an gscillating tip of an ultrasqgnic

t r ansducer cF8piEhy directed to néarattmdvtmahﬁgaéﬁsttmw@ @Ftra%sgs thepfiqneyyof THE

| NVENTI ON &@: %P jjs an obj ect of the invention to provide an inproved nethod
and device for treating wounds. It is also an object of this invention to
provide a method and device for treating wounds using ultrasonic waves. |t
is a further odfitesoni¢ spraxers sughas these el andMpretipls dncdisgrikilee, f or

neal & > ¢ PS8TOURR: (1 ok BehtE LS PN BP0 208 el s Sl O
treat a wobmHatdBy pRéstigl IRgrid m@ogwafca;ﬁm @ﬁﬁ&&@fmumomd RstAanafdp. Wabr

produced by ul trasoni c waves hese and ot her objects of the i nvent| on wll
become nor @swe@tﬁmofﬁhqsnﬁmmmerﬂinsbldg BN fmoperticle size, heatingyof ligo@FlasuMVARY

OF THE | M/E’Mlieg\l fTCl ?%C ESUF asa %I}t Isg&aus%l %tdgﬁllpfl%gg Cl’r]? rac? gnornr}cgvrgec\élo%e for

sprayi ng a wou rugs ter anse a
sur face bytpon- cont act appli catl on of an ultrasound transducer tip. The
nmet hod applies ultrasonic vvaves to the wound vvithout 5 requiri ng di rect or

i ndi rem (via tra h%so%\ﬁ uIJo msdl u %Xé ﬁet ween t l# trasonic
wave t nsducer lili\v4 ?(?IBS S RAAL e P HEYC S 2 H en?p vention
conpri ses lstro&atdéc‘d ﬁ}@sﬁalddh'éﬁg‘éﬁ@hest&'é@é( 18 omvedttbishi BRfabduald PhyR6BEAEE EnbY

contact of the liquid with free end surface of an ulfrasonic tr

t r ansducer vltrToaiawvavesonticts tham;se vaaseupling msgshivy. Ubirgsewp savesqurodueed| y from
t he di stal urface, of t uItrasonl tra n the article
Spray | s o De ARk D g ol Rt B G e cteef e Pl o
nedi um f or ympdigRas 1&t1y<afbatm liduid; é‘ﬁl’l@'aﬁgl‘iﬁ’t@%@%@é o t:feﬁfém &taewatbxst al
end surface. According to the net hod of "t he present invention directed

particl® sﬁﬂql,ba&pewat Qmwhpmtqch@qmmqmdﬁ wlirasppisrwavigabaxingm inteasifoeid,
del i vers dru |,S pate n.t hat r w, and
removes. di TOULED BY Tt bR pEhHaRte T CHRRbete: e Raiientt
cl eansi ng) applied to a skin surface for from about 1 to 30 minutes, two or three times a week. The
coupling medium can provide a cooling effect which dissipates some of the energy

produced by the ultrasonic transducer.

20 More importantly, a coupling medium or direct contact between the tissue and
ultrasonic transducer is necessary to transmit the ultrasonic waves from the to the skin
surface because ambient air is a relatively poor medium the propagation of ultrasonic

waves.

Several beneficial effects have been reported from contact ultrasound
25  physiotherapy, such as, for example, the following: local improvement of the blood
circulation, heating of the tissue, accelerated enzyme activity, muscle relaxation, pain
reduction, and enhancement of natural healing processes. Despite these beneficial effects,

current techniques of medical physiotherapy using ultrasonic waves are limited by the
2



This method of drug delivery is particularly advantageous on tissués T 8ty 2003
whi ch | ocal topical application of a drug is desirable but contact with the
tissue is to be avoided. Further-nore, the |ow frequency ultrasound waves
used in the nethod energi ze the drug and cause penetration of the drug

bel ow the surface of the tissue. Finally, the bacteria 20 killing nmethod is
effective when applied to the surface whether the liquid sprayed is drug
(an antiseptic or antibiotic), oil, saline, distilled water, etc. BRIEF

DBSCRI PTI Oislec(ﬁsltTHEprMMg\I@ﬂlr&tgonﬂctiWeﬁaqeé:leezmnIﬂim/lﬂtrafsioﬁw MSMenmﬂrtbsoni c
wound treatnent system for use 25 gccording to the invention; Fig.
2 is a | at &FSYP iQRpDHER PR ekfeciiye Grnsmyssiany é}%‘-’o‘ﬂF&S%ﬁ‘r %"é? Efb% fransdier d? ng to
the presenydipygntion; 4 | MRY 2a ~3 Fig. 3 is a partly cross-sectional
view of an ultrasonic sprayer in use according to the present i nvention;
Figs. 4a and 4b_are each detail of éhe sprayer Slh n Fi 3 for
sprayi ng I i qU| dTlierlt?ﬁ?S&ﬁYQ ‘5?‘-‘1"6??1"%‘15 CEWL P‘éa%’&)’ “@)?fmf’ﬁhBWlIB Fa@rwam al)
surfaces bRalaOMhdebe, 6L Filicht hidy b8 Mcostibil to Cork SRLAS

Cross- sectl onal view o d| s PFASONT & 11 ans ucer when
liquid is deliceddueslonld bbhmpﬁ;bd@l €or cbﬁdcttalltrawurﬁlﬂéaaﬁﬁltof"oﬁ danipleqfisshiaer tip

from 360 by perlmeter as ato si de, bottom etc; Fig. 6 is a variation of
the det ai | PN woupds zesulfing drom fraymaa, Pums sureieal Byierxcatiogs aremet suilghlefor changi ng
the angl e Q éﬁ'@&@a& ﬁﬁra‘é&ﬁx{oﬁé&ﬂﬂ&t bEchse i h%é’@ftﬁl: #én{\ﬁo [A9Ry0 to
90; Figs. /7ato are each & CrosErsectional view of a use rasound

tip; Figs. tlﬂépainﬁll&bndiflen assotiaRd wethlthosg eduiidse \Wiedeover fédnvertivnkl copeef | cat i on
of a tlg end shape of the ultrasonic sprayer used according to the present
n;

i nvent i1Bn; ulimaepupd gepy hoxe a dpstrughive dect @pthessdypes of gpen weds éﬁ&FO thejrleserl , and

e by R P P R 3 My St 0oV

i nvention tifaés@feduces a spray is characterized by nmeans for first
delivering the liquid to a lateral surface of an ultrasonic transducer tip
adj acent to a

OBJECT OF THE INVENTION

15 It is an object of the invention to provide an improved method and device for

treating wounds.

It is also an object of this invention to provide a method and device for freating

wounds using ultrasonic waves.

It is a further object of the invention to provide a method and device for delivering

20  drugs, killing bacteria, cleansing a surface, or stimulating healthy tissue cell growth.

It is a yet further object of the invention to treat a wound by spraying the surface

of the wound with aerosol mist produced by ultrasonic waves.

These and other objects of the invention will become more apparent from the

discussion below.



20 free end surface such that the liquid is pulled to the free end sukf
by a vacuum (negative pressure) created by the ultrasound waves on thé ﬂﬁZemm3
end surface of the transducer tip. This effect can be achieved while the

angl e between the ultrasound instrument and the horizontal is nodified up

to 90. (This acoustical effect of delivering liquid fromradial side of a

tip to the free end was di scovered by the inventor of this 25 invention and

is called the "Babaev effect”.) This effect occurs when liquid is delivered

to the radial surface of a transducer tip from 360 by perineter as a top,

side, bottom etc. 5 ~ t' ISUMMARY3OH THEOBAENTI@N pl astic (di sposabl e)

with a different design of valve. The nozzle allows delivery of Liquid to

the | ateral surFhgdgessnt inyentiongglitnsde p methpdand deyiee forygprayingrewennsk syrfass de

(radi ation,surfac of .ishe, ul trasound transducer to _act sprayer or
o er SR e K Bibuati, AOGRE « SRR YRR kBl Ao Lo AR of ity o
the spray gRfabdunld@anstRios &), ethe ﬁ@ﬁ%&ﬁgyfﬂds Uittadorli§ waRELORHe Wl Withalt! d

radi ati on surface, there 1I's substanti uniformty of particle size, about
90% or ¥r epdqairingaliretordidivect (viara adaditionsl@otpling rAédidm) contact betweehthd s

provi ded that the distal radiation surface is driven with constant or

pul sed f r eBlif@senjc wave wansducer and the weundito be spra¥edsl so provi ded that the
frequency can be nodul ated during treatnent and that the distal radiation

surface 15 dr| ERk bbb B B R comp AR I Bl diBRADIAAIrIRNiA | 2ngul o
wave form The step of pr oo?uci ng themgpra can Ft?rtlﬁer i cﬁdeﬂoper ating
t he transdparticles pradocaiinecanitdct ef theiliquidawitisa Fray emdsiaface of| menltyasafic f r om about
| 8kHz to f0, 000 MHz. Frequencies below 18 kHz) i.e., frgmabout 1 to 18

kHz, can bEapsdsgerg Jhgultrasomisnayes causethe.spray @ project gutwazdly feom thedistalisnd

operat 57 ( MR el BRI focf 30 e PRI BHISCAR SrRTRB e, 20°
from about TRE particles Of thexpAlyroviat & iedthm At PrdfaBaticH ¢f e uRfasakio Wavé0 kHz are

nost . preferred. The separation distance between the free end surface of
t he t r ansdemenatingdrarh thexlistabendeurfats. etcordingte thpmethod ofitbeiprgsént invention

epar a1 on HParRRBREry sfapiitioy frequpney rasony WayetRRtE Wb, lyers

pref er abl y dhied EIRBALerif orf thef woliRd, Inéedsed Blood f8w, ardre d?v'&d.iﬂﬁiﬂéth&m d to be

sprayed can be any appropriate carrier such as water (regular or
distil L&d) pomainimtssftdmﬂiabm)rfmaﬁméohmioalmansiﬁ)l ed to tissue) such as a
veget abl e) peanut) or canola oil, optionally with a soluble .

phar maceuti cal ; L QLef i af ) ' RN ISME-I ctant,
enol lient, or oﬁlﬁgr %&i;%@\t/‘g%ﬁ%ﬁk%W&%dvg%%é%&gght@%f%r E@ i ke
i's preferaldl tbgﬁaﬁiﬂfplicﬁti@ SNdrRR lis ddsiritle buf donticEWith\the tissut & todeaobided.e but
hi gh enough to be effective for the intended purpose. It is within the

scope of t Kurthersmare, the lowdrequercy ulrasound wawes uspd in/thd mathodiencsgipe thedryg

i xt ft i mmi.sci pl e, Li quj d t ixtyre of
ol ut 1 on a0t Se PoRRRHR PLHE e pelod b Sigfier Br e nae e B, RS et | on
that the spilfivg aetiod iE@ﬁ‘&Etiv%%vli&re?g s ER the SirhhcAWhRME e lidtiid sprayed\ dnig2003

The spray produced according to t invention Is directed to the object,
surface, oian atiseptid ar dnéibiogic); wildsdline, diktillediwateraetd. f r equency required to
acconplish a particular purpose or treatnent. It is believed that a m ni num
| ength of spray of at |east one second will be required; however, the

length or duration of thegapERYERHIPTRIN TR TSR A vPRYGS

Fig. 1 is a perspective view of an ultrasonic wound treatment system for use

25  according to the present invention;

Fig. 2 is a lateral schematic view of an ultrasonic sprayer useful according to the

present invention,;



5 second to as nmuch as a mnute or nore, even 30 m nutes. Numerous fact Ws -
or circunstances, such as, for exanple, the area to be sprayed (e.d’, YAé 2603
size of a wound), the volunme rate of spray produced, the concentration of
active ingredient, etc., will inmpact upon the duration and/or frequency of
the spraying. Spraying could be required fromone or nore tinmes daily to as
little as two or three tinmes a week or nonth. 10 ~ According to the

i nvention ultrasonic waves are applied to a wound wi t hout establishing
contact, directFig. dis a padtly erossksgctidnel viewnf theltakdmasprayer it vseraschrdiag tand t he

. wound For, exanpl.e, surfaces of the human body especially suited for

treat ment WCPRSEHIIYRHIRBA of the present invention include infected and

i nflammatory situations in open wounds, including trauma or gun shut

wounds, fire arfigeHanngddb atziassh a ddail of the sphdydrishown inigrn:fdrapragingtliqaidpr esent
invention is particularly suited tg directin spray, into orifices or

ot her bodyTremaradistion spiface Gy fa)rar &iom a side Q’é‘%é]gém'?%&?deq pxheRakeevaccor di ng
to the énv j .several advantages. First, this nmethod topically

appli es5 negq?écc:tﬁfelg)g@dh as liquid antibiotics to the wound surface w thout

the need to contact infected, inflaned or painful tissue with an

i nstrument . AndFigo> KRESPS 8 gross-Spetional Xisw ofdhe distaksndaf therylgesonisecur s when a
wound surf j ed: 14YSh . i i OB

Vor cover,  Laghdty BRERERa S UdHeioR o FELOR: Haidtf AR BERERD |t ac
t r eat ment ) fromi36Q° bnperiraétaod aabp, site, fwtwag Lec; | nventi on gave a significant
reduction in volunme used of liquid nedicine used as conpared with
traditional et . f . Mﬂ%‘ . LA i ! r

preci se dosage ﬁgg%ﬁgqégrﬁgye |%%41§@€%E'%Dr‘ﬁ1ht% gﬁ%@e&?s &E@ﬁﬁggggﬁ%msi ci an,
t o adni(i s¢lenginpehalegld twseal themitradouhd fhstramedt apd Heszoneal liha ienadftto®0t;at | on.
YT ~ ~r~~~ zaa3 It has been found that the nethod of the present

wpunds hat | s b Sooh el %0y euckB TR, S AR MERLET ' T o

This effect results froma bactericidal, blood flow increasing and

nmechani cal cl edfigs $a teirase eachfn eplargsd yigwzelp differept padificationof akipied have

ul t rasound . tr i : ay smechani cal | y

Scr ubs 1 nes B f PERE UGG Grif ysiadclnglto MR iR ekl g0 AN PO
bui l dup on the tissue surface. The nentioned healing effect also results of
energi zed and HiighPy %s and2a epregent sngpsotectienal,qtisiy), gidaterahviedss of thedor ple
tissue;sur : j e i.nfl uence of ultrasound waves.
Addi ti%sflal %nf/lﬁ %%gloct fa%gﬁ%%éoeps@hgbp}éﬁg?%%a&éncy ultrasoni ¢ waves and the
10 sonicated nedicines (highly activated by ultrasonic energy) destroy the
surface bacteria to result in a higher disinfectin roperty of sonicated
li qui ds as conpared toD&TeﬁIhEPiIP]%S&HSW@HQEaMV%PEE ray of the present
nmet hod al so stinulates healthy cell growh to aid in granulization anal

epi t hel i zat i on Tie delige bEthkiim@niidisthateprodiches sppisichaatiengedy héasifervent i on
can be directed to non-nedi cal uses such as_ 15 cl eansing, sterilizing and

coating suirstdeliverdng hsjligriddo a faterployfaceTofanplirasepic drnsdyecrdinadicent tagent i on

of fer n - st i f Ll I

ant.i b?zc)(rili cg&ge&l@%g}s}? %%%F% ﬁﬁgthgngﬁﬁgé?ﬂl%ﬁ? ? né%f)eggflg?lﬁac\%\;b? %ﬁ%ﬂgﬁt i biotics
when neces@agdtive praasieé) @edtedtly thé alrasdundwants drimbe [firee srdfurface efitheon i n hi ghly
activating antibiotics ngy all ow sone traditional antibiotics to overcone

bacteria vifednorate PhissEed sen beashigvedwhile theigaglodatyasn s Wirasgsrdover
| ndepende rll%shot;metn? nd %@'h%ﬁ%n?aq iserfnfoc?iﬁgd 81]; 1o Sﬂ)% (This acoustical effect of delivering

liquid from radial side of a tip to the free end was discovered by the inventor of this

25 invention and is called the "Babaev effect".) This effect occurs when liquid is delivered

to the radial surface of a transducer tip from 360° by perimeter as a top, side, bottom, etc.

5



antibiotics, the low frequency ultrasonic waves applied in the nethod Hgfy 2003
the present ' invention physically destroy bacteria. The conbi nation of the
hi ghly activated antibiotics and of the |ow frequency ultrasonic waves in

the nethod of the present invention produce a strong bactericidal effect

not found in nere topically application or orally ingested 25 anti biotics.
This conbi ned effect has been shown to significantly increase the healing

of pur ul erdisfosdbic)toe flavsicdisposaBie) witles differoneddsiph afl abvepriheimdezle allsyst em of
non-contact drug delivery w thout use of a conpression apra er,srstenl Thi s

Simpl i fi eclelifery g bing to fhedatso sudaeaf theitrapsducer tip op difpcsly todbadigal sid%r v
.ed t i ght of h , i |y, t i
iy essi RO sfTace) SR GinoThd et P oy AR B Bl ¥, Oona ™S

energy carried Om dfie mpbaydymtigesbfthe inventionLis theamdifiorniity o€ theysptasis been

provén to destroy bacteria by action of the 5 ulfrasonic veg and by
hi ghl y actpaml@ﬁcgepmt?ﬁdmilﬂé@@WY@cﬁQ‘Baﬁ?kAﬂ%%?&s“}%ﬁ@' tH8d of the

present invention provi.des. a_pnethod of eSSl s ug
del i very. sf*ﬁ%“ﬁ‘% oH cojﬁaﬁ%rzﬁﬁﬁlﬁg’ a@’@“@@%@rglapﬁfé@%ﬁe@%@m& 2%%
reference ¢@of he drawings. In Fig. 1, an ultrasonic treatnent system 2
conpri ses—an"uftrasagynd waye .107gener at o 4, .connegt ed
transducer 6 b ‘%P@%Pg%@%?m%a@“@%ﬂgfaﬁ?%mﬁ@mW%t%@ﬁ%?ﬁﬁg . may
have a frqotreRaBRlsprl. Wit MsepRAYRA tavitk Hquedcy dintbeiRidulkfed duriagtreatmbnttdt on
16, 18ne or rmre_dlsgp_ays 18, "and one or nore jacks 20, for eﬁﬁn‘gl g, _for a
f oot swi t c Khat therdistal sadigtionsurfacess driven witha sepseidal; yeetangylars Wensgpidal o} tagngylac,
val ve 26 'v?ehv@tf& ched to the distal portion of transducer 6. Arrows 28

e

r epr esent ITection of spray 15 produced. Fig. 2 is a sinplified
repr esent at i orfhestenof praducingrthe sprey candfuether inghude opsratingthe ransdueds do

L ot o radisB URRSEE waviiRaving s Bsftency B GoHSFout shele 1B/BR M. 01 ¢ | O™
di st al rqu@ieh@i&sﬁélb%ﬁ%qdlﬁ.@i.ef, ﬁ%nf%om?% 1_%@5%5!&9@53&1 dsSwéll; hawbeg, to an

ul trasound source via cable 8. lquid mst 20 1s directed in the
di r ect i orthisflowenrange i88:st dedimblpcbechusethie rampe ofisduad evav® cairbg unGmfortable

enl arged, partly cross-sectjqnal view of, a section of Fig, 1 illustrating a
spray cr 8t tand aperatord without ear Reptecsion ﬁefh%%bdlgreﬂuﬁq&&sﬁv theapnee

I nvent:i or 'gggﬁ “ ' L £ [ | bl | evi ce

di scl ose(rzlbfi%%. i EQ?@%@@%&%&%\@@%#@ o?%%@r‘%&%k ersgi n by

r ef er enceprefesredan be seen in nore detail in 25 Fig. 3, nozzle 22 surrounds
ul trasound h

bet ween reser V8 %8%‘2@'3‘?81 l I .qgétg%gw&%@gé@r}'g;f&%/al X H%g ‘ﬁ‘g 5 |38.ne'cai\
coni 58| 43%@39@%3?@%2%&%& 0Pk Sloh-htabt® dilthfcelott Rhstd. Pl (@3 OF
mm). Preferably the separation distance is from about 0.1 in. (2.5 mm) to 20 in. (51 cm),
more preferably from about 0.1 in. (2.5 mm) to 5 in. (12.7 cm). The liquid to be sprayed
can be any appropriate carrier such as water (regular or distilled), saline solution, or oil to
be applied to tissue, such as a vegetable, peanut, or canola oil, optionally with a soluble
. pharmaceutical (e.g., an antibiotic), antiseptic, conditioner, surfactant, emollient, or other
25 active ingredient. The pharmaceutical or the like is preferably present in a concentration

.sufficiently low to be soluble but high enough to be effective for the intended purpose.

It is within the scope of the invention that the liquid to be sprayed could comprise
2 mixture of two or more immiscible liquids or a heterogeneous mixture of a solution and

small particles. It is also within the scope of the invention that the spray could comprise

particles, such as powder.



~- ~t f~~Y zoo3 configuration is effective to spray liquid onto a suqfﬁgﬁ 2003
and to deliver ultrasonic waves to that surface, such as, for exanple, the
surface of a wound. Valve 34 allows liquid to flowto distal tip 36 as
drops or continuous flow through gap 46. Valve 34 may be | ocated anywhere,

I ncl udi ng between reservoir 32 and horn 30. 5 Mechani cal novenent of the
horn 30 in the direction x-x causes liquid to flowto the distal end or
radial surface 36. Fig. 4a is a view of the ultrasonic sprayer as used in a
met hod of the present invention for spraying liquid 48 directed to distal

end (radiation qHekmagprotfucedhdordifly tosthd intieftiordis dirbete®Sthe obRER Yirfite &t hod
fromside (radial) surface of the ti.p 10 based on the Babaev effect. In

this case Itissusitd bosprayedsfatithetime dnd freqimncy sajuired tnackamplidt pertiailar asound
horn 30 becones soni cat edLL{ ul.trasonjcal |l y.ener.gi zed%, after being pulled
forvard by RYERSE By Hegiient i © heliges it aminisiep 1596t PF snss eit 16ast e serond
sprays. As s | [ | f Q4 et ' ﬂ;,-d? s |.ation
surface 36 v?)lp Q%@;}gﬂ#gru g?w (?rr’nthgg"hgtrh o%@g%{oél%gﬁg sfp?a gt ‘%glrl e %@agé&gdnt%op,

si de, bat t aerondite as ifuch Bs & REn@BLE HioME RiverD30 inirtutes) Naithdrons fbwydlori N Fig. 6, a
partial section of transducer horn 30 is elevated fromthe horizontal up to

90. Duhe t F mmmsammhmgo; e}tam]m,dhwﬁstd bd Sprmdjéq‘..g-, ths simfatwwdlé,ahee ac?a
36. The ultrasound tip or rn.can can have regular or irre ar latera
o osar cout VoI it S APr Rt oihe cORERL AN SEACH P oA B Vil fpact
trapezoi dal ' ' e . . I 0. 79,
whi ch are. euggﬁ %ﬁﬁ%@#ﬁ%&r%@?@e@{ql%%@né%j r?flgg )éﬁ‘ﬁg bt% Ff)@égﬁ r%o}ﬁpﬁcg\l so,

the di stal eenthosdiimes adilyt toqis Bitdld &StNevt thied tiftles B Wek bPR@hitudi nal _
cross-section nmay vary and nmay be rectangular, elliptical, oval, spherical,

coni cal,, curved,, st ed, with chanfer, .etc. See, fox exanple, .Figs. 8a to
B i D ar o e AFORRRER G TinottuaroniEhEYes Aoteelq T BPERE YISO | cat i on
of a tip OfestaBRshikg SotRict Adfirdda§ Or indlirebiy, Botwia 1R ulkrionR tBRBhcef and théent i on.
The preferred shape is rectangul ar, because of radiation beans from

ul t r asound woyndsBorf example sinfacts o€ tHedninian toly especigHy sivadifodreatifientiwith ¢he

spheric, elliptic.and 10 '~ ~r s~7>Y 2003 oval_ (Fig. 8e) form of shape
end radi at imeb egFeéeﬁfdew@enareclv%&fwmaﬁé.mWnafemﬁé PRHAPCR hape
end, radi aty, gagﬁ t caslEds | Ah9Rmeart!y. Radial
si de surface of |st%i?%grrél1 ofdr%ﬁrel%il;tp nags’hfgggﬂdsp%nh%r oovdg)or thread for
15 In addition, the method of the present invention is particularly suited to directing a

spray into orifices or other body crevices that are difficult to access.

Wound treatment according to the invention has several advantages. First, this
_ method topically applies medicines such as liquid antibiotics to the wound surface
without the need to contact infected, inflamed or painful tissue with an instrument. And
20  second, a significant bactericidal effect occurs when a wound surface is sprayed using the

method of the present invention.

Moreover, aside from the bactericidal effect and advantages of non-contact
treatment, using the method of the present invention gave a significant reduction in
volume used of liquid medicine used as compared with traditional methods for wound

25 treatment. Similarly, this allows for precise dosage of the sprayed liquid to permit a user,
such as a physician, to administer the desired volume of liquid at a desired rate and

duration.



liquid to be directed to the radiation surface (Figs. 9a to 9c¢). P dsMAa2{(3
to 9c are each a view of radial side surface of distal end of the tip which
has a slot (groove) 19 or thread 20 for liquid to be directed to the

radi ati on surface. The precedi ng specific enbodinments are illustrative of
the practice of the invention. It is to be understood, however, that other
expedi ents known to those skilled in the art or disclosed herein, may be
enpl oyed wi thout departing fromthe spirit of the 10 invention or the scope
of the appendeditbhsihass found thatitheRnpthyd 80308 predent iR edlion ddsreages haaking tiroes f or

i Sral ol e EEPDLSE e R al R ads s RO ARl TP B e wound

for e Ui fn WalfiBANANRRC T offoBlrE AN Hofith BictdrRARY, AW My ctergiy d and a

powder to the distal radiation surface to produce a spray; an elTvering

t he em tt eehdintclmaival deansing gifedt of theatmmizedispriy pantidies, Whichgrasy pltsab@mdi n t he
ul trasoni c energy penetrates the wound tissye tq a beneficigl depth to
provi de’ a BREBRFTEP dhn VIEARPNIC WAYSF-a bR TPIeY @?#ﬁmﬁéyoﬁﬂﬁ@éhee%gfaﬁ@f Uheal i ng
time for tly t, Bead IR, TEA A REORA | fitehec, WIS Bdlioh
transducer grﬁig@g?g’?’ g%ada F’?egg{ﬁe cy ?flg{rlnﬂlggﬁﬁflz%u%@fg} %660 VHz . Igl.o gl'lﬁe met hod
accor di ng hexnliGg affect hlsowksaite bfertehgizddrand hifthtyeactioped attidsotis, drufy pexplimtiary f r om
35 kHz to ,45 _kHz. 4. The method according to. C ai wherei n the distal
radi ation %?h&é’és‘%%“ﬁ%%ei‘tﬂter(?édn%l}@rﬁeﬁﬂim ?Ilé@lqnﬁ"c%u‘eé%‘ﬁ%‘ﬁ?m@ssurface of
the wound. S. The nmethod according to Claim1, wherein the liquid includes
one or nore conhddigoadlysetmmbinatichrofthe low fopqoerpy attrasosit mayesodndathe | bi ot i cs,

antiseptics, ,saline_ solu {ggfs oi | and water. 6.. The thod according to
Y 4%

Clai m 1V wiRmiGated mesicigrs( gvgﬁibv prasquifeenereys destioy the sukce DASTRIOt he
emtted ul [ d Jau : 4 | eyal he
pact er | of ol 2 Hef Siaelitle Ao LG AnAAES cbfterdl 1 Gty

applied liquids. The spray of the present method also stimulates healthy cell growth to aid

in granulization and epithelization of the healing tissue.

Other applications of the invention can be directed to non-medical uses such as

15 cleansing, sterilizing and coating surfaces of objects and food.

The method of the present invention offers an approach that may re-establish use
of some traditional antibiotics and establish a method fighting bacteria without antibiotics
when necessary. The effect of the method of the present invention in highly activating
antibiotics may allow some traditional antibiotics to overcome bacteria which have

20  become resistant to that antibiotic. Moreover, independent of the sonication effect of the
antibiotics, the low frequency ultrasonic waves applied in the method of the present
invention physically destroy bacteria, The combination of the highly activated antibiotics
and of the low frequency ulirasonic waves in the method of the present invention produce
a strong baviciicidal effect not found in mere topically application or orally ingested

25 antibiotics. This combined effect has been shown to significantly increase the healing of

purulent infected wounds.

The present method also provides a system of non-contact drug delivery without

use of a compression sprayer system. This simplifies the design of a non-contact drug
8



~ n~~r 20a3 7. The nethod according to Claim1l, further conprisi ng..t‘{nemﬁ(t 2903
of repeating the treatnent nethod until the wound is healed. 8. The netho
according to Claim1l, wherein the therapeutic effect is selected fromthe
group consisting of increasing blood flow to the wound, nechanically

cl eansing the wound, stinulating cell growth, providing at |east one

medi canent to the wound, and penetrating at | east one nedi canent through
the surface of the wound. 9. An apparatus for treating a wound conpri si ng:
means for ddiveryedpraygr ald redisoen ile vesight @y thespiayero iMale ampartantly; natnsiagt di st ance
fromthe surface of the und; and neans for introduci ndg at | east. one of a
li quid andC¥pysssingyto propst the atpmizedparticles pressivies he plirasowid gREsY @R dYed
ultrasonic roduce a spray, wherein the generated ultrasonic
energy is g%{}%g%%%%eg' t he wound t hrough the spray, and wherein the
ultrasonic enerqgy penetrates the wound tissue to a beneficial depth to
provi de a bact ebigplirasound gnersy hes bes praven tordeslsey basteriddwiasten afghe he heal i ng

ti f t L : . .G j ' : inth
moans. for AR ek od BB ARRSCRUELARE RLMCS: b Mot T 0 i ng

frequency from 18 kHz to_ 10,000 IMHz. 11. The apparatus according to Caim
9) wherein t he Theanghedef the prssent inygetinn nragdes acneifed gf comamessionlsss 1 1 asoni ¢

ener gy havj y from35 kHz to 45 kHz. 12. The apparat us
accordi ng {:o gglltu%%g&é\%ﬁer ein the neans for generating ultrasonic energy
are configured for being positioned fromO0.1 to 20_inches fromthe surface

of the wound. 1B inveation s parhaps he beitariapgresistedby meking refeesnes i thee | quid

i ncludes o f C : . LSshing of
oot bi ot 1 e Bies B AU WEAGERE dech bl S it b0 1,
, 17~ P2903gekdratoblig cappated toign @aeRufd fensdoceh dlyacable 8N heivwave genegfites,at ed

ultrasonic energy is delivered to the wound for a predeterm ned period of
time for awhicBis eyventionalamexbaye afentpasel A svitiApawes batienckd, & times 14;mhe

appar at us I 0 i i A i i el ect ed
fromthe g?oglgr%f g%t{r%gilgt ?I%g&cﬁ% II% rﬁlés%gé ?éri%n %P&W@?ﬁ obg’h@I %A’%Eﬁﬁ)(l]é’ Yo
mechani cal foptseiteR (ot Bltbwi)e A nozzle 22 having a liquid reservoir 24 with a valve 26 is

attached to the distal portion of transducer 6. Arrows 28 represent the direction of spray
15  produced. |

Fig. 2 is a simplified representation of an ultrasonic devicé and spray according to
the invention. Transducer 6 has a distal transducer tip or horn 30. Liquid from a liquid
reservoir 32 flows through a valve 34 to a position adjacent the distal radiation surface 36
of ahorn 30. Transducer 6 is attached to an ultrasound source via cable 8. A liquid mist

20  isdirected in the direction of arrows 38 to target tissue or surface 40.

Fig. 3 is an enlarged, partly cross-sectional view of a section of Fig. 1 illustrating
a spray created by the device according to the method of the present invention. This
device is a modification and implementation of a device disclosed in U.S. Patent No.
5,076,266, which is incorporated herein by reference. As can be seen in more detail in
25  Fig. 3, nozzle 22 surrounds ultrasound horn 30. Also, liquid reservoir 32 has a valve 34
positioned between reservoir 32 and the distal surface 36 of ultrasonic horn 30, A conical

spray pattern of liquid droplets 42 is directed at a surface or tissue 44 of a target. This

9



wound, stinulating cell growh, providing at |east one nedi canent tg ﬁ
wound, and penetrating at | east one nedi canent through the surface fvt{\ eZUU3
wound 16. A method for treating a wound conprising the steps of generating
ultrasonic energy at a distance fromthe surface of the wound, such that
the generated ultrasonic energy propagates through a gaseous nedi um
introducing at |l east one of a liquid and a powder in at |east one
propagation path of the generated ultrasonic energy to produce a spray; and
del I ver i ngcerfigugéime isceffedtive torsasawdiquidmm@r gsurfage arbtowdslivet ulthasonig wavesstos pr ay,
wherein the ultrasoni.c epe enetra he wound tissue to a benefici al
depth to pﬁmﬁ C%SB%]'&%&F g%glﬁ Qﬁa%ﬁ £ 3 %Yfgm‘fc effect for decreasing the
healing time for the wound. 17. The nmethod according to Claim 16, wherein
the generated Wilva3baiovelipridyio fovstoadistalaipdéresirépsamncd@inobias flov TRowh0 MHz.
18. The net ho or o, Caim16, wherejn the generated ultrasopic
energy has®® ‘%‘ %E]@{/mgygﬁ%@ﬁteﬁﬁy‘i’}&r%g‘ gheéweepﬁssq%%%%&a 'ng to
aaim 18, Wherid fBferhddl W shelrdfl S¢'EMOMRecbn K GubRTRRAY HowsE R ed 1 om
the group consisting of antibiotics, antiseptics, sali'ne solutions, oils,
and wat er . dittl end-orZadigl-suffa@&0863 20. The met hod accor di ng to Caim 16
wherein the therapeutic effect is sel ected fromthe group consisting of

| ncreasing bl 0qd f4,0%% il SnyeIa 463k 1h £HEABE LPTheRRaOUNT,
stimulating cell growth prov ng at ast one nedi canent t he wound,

and penet r atvertpndor dpeayding Haqed nr&duecaemmtdmdi end (rhdibtien amfatedS6. of t he wound.
15
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LLLNVS M\/IVPNNI‘EQ)WW@ farinvention shown 1 Fig. 6, a partial section of transducer

SS ni d & cal ca
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! K] ] A"~ ANANA] v " "ab/bbb(cucc

dydddddReeef
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] ca] ca] ca] ca] ca] ca]F a] ca]( cal] ca] ca] ca] ca] ca] ca@\?I'dEI 109 ()- 109 ()-!Ay
109&’ & 1950 7RI 2, wrhimiere gacha iqrool a cregsissotien 9fa yitrasgyndtip or
& () - &T#l%@&% the Ristl &A@ Aipt b the LI ShA Y dehofn bR dinda1 BB ection 10% & ()

- &F10% &
may vary and may be rectangular, elliptical, oval, spherical, conical, curved, stepped, with

chamfer, etc. See, for example, Figs. 8a to 8i, which are each an enlarged view in section
of a different modification of a tip of the sprayer as used in the method of the present
25 invention. The preferred shape is rectangular, because of radiation beams from

ultrasound tip surface fully directed to the target (wound). With the spheric, elliptic and

10
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Radial side surface of distal end of the tip may have slot (groove)or thread for
liquid to be directed to the radiation surface (Figs. 9a to 9c).

5 Figs. 9a to 9c are each a view of radial side surface of distal end of the tip which

has a slot (groove)19 or thread 20 for liquid to be directed to the radiation surface.

The preceding specific embodiments are illustrative of the practice of the
invention. It is to be understood, however, that other expedients known to those skilled in
the art or disclosed herein, may be employed without departing from the spirit of the

10 invention or the scope of the appended claims.
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3S IN THE CLAIMS: -
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providing a transducer having a distal radiation surface arranged a distance from the
surface of the wound for emitting ultrasonic energy;

introducing at least one of a liquid and a powder to the distal radiation surface to produce
a spray; and )

delivering the emitted ultrasonic energy to the wound through the spray, wherein the
ultrasonic energy penetrates the wound tissue to a beneficial depth to provide a bactericidal and a
therapeutic effect for decreasing the healing time for the wound.

2, The method according to Claim 1, wherein the transducer operates at a frequency
from 18 kHz to 10,000 MHz.

3. The method according to Claim 1, wherein the transducer operates at a frequency
from 35 kHz to 45 kHz.

4. The method according to Claim 1, wherein the distal radiation surface is
positioned from 0.1 to 20 inches from the surface of the wound.

5. The method according to Claim 1, wherein the liquid ix'lcludm one or more

components selected from the group consisting of antibiotics, antiseptics, saline solutions, oils,
and water.

6. The method according to Claim 1, wherein the delivering step includes the step of

delivering the emitted ultrasonic energy for a predetermined time for achieving the bactericidal
and therapeutic effects.
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one medicament through the surface of the wound.

9. An apparatus for treating a wound comprising:

means for generating ultrasonic energy positioned at a non-contact distance from the
surface of the wound; and

means for introducing at least one of a liquid and a powder to at least one propagation
path of the generated ultrasonic energy to produce a spray, wherein the generated ultrasonic
energy is delivered to the wound through the spray, and wherein the uitrasonic energy penetrates
the wound tissue to a beneficial depth to provide a bactericidal and a therapeutic effect for
decreasing the healing time for the wound.

10.  The apparatus according to Claim 9, wherein the means for generating ultrasonic
energy generates ultrasonic energy having a frequency from 18 kHz to 10,000 MHz.

11.  The apparatus according to Claim 9, wherein the means for generating ultrasonic
energy generates ultrasonic energy having a frequency from 35 kHz to 45 kHz.

12.  The apparatus according to Claim 9, wherein the means for generating ultrasonic
energy are configured for being positioned from 0.1 to 20 inches from the surface of the wound.

13.  The apparatus according to Claim 9, wherein the liquid includes one or more

components selected from the group consisting of antibiotics, antiseptics, saline solutions, oils,

and water.
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15. = The apparatus according to Claim 9, wherein the therapeutic effect is selected
from the group consisting of increasing blood flow to the wound, mechanically cleansing the
wound, stimulating cell growth, providing at least one medicament to the wound, and penetrating

at least one medicament through the surface of the wound.

16. A method for treating a wound comprising the steps of:

generating ultrasonic energy at a distance from the surface of the wound, such that the
generated ultrasonic energy propagates through a gaseous medium;

introducing at least one of a liquid and a powder in at least one propagation path of the
generated ultrasonic energy to produce a spray; and .

delivering the generated ultrasonic energy to the wound through the spray, wherein the
ultrasonic energy penetrates the wound tissue to a beneficial depth to provide a bactericidal and a
therapeutic effect for decreasing the healing time for the wound.

17.  The method according to Claim 16, wherein the generated ultrasonic energy has a
frequency from 18 kHz to 10,000 MHz.

18.  The method according to Claim 16, wherein the generated ultrasonic energy has a
frequency from 35 kHz to 45 kHz.

19.  The method according to Claim 16, wherein the liquid includes one or more

components selected from the group consisting of antibiotics, antiseptics, saline solutions, oils,

and water.
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