;e3ere|rb|:<6(T| AJ4V O 02/2-110 PCT/ US01/ 3009G ULTRASONI C METHOD AND DEVI CE
FOR WOUND TREATMENT FI ELD OF THE I NVENTION 5 The present invention rel ates
t o net hodwoak/2usbng ul trasoni c waves in wound treatnent. Mormaspasdobeul arly,
the present invention relates to a nethod of spraying a wound surface using
ul trasonic f | J ' L teri I J a

Surf ace and GLARASONIG MGG SNEDEiGD FORRRGDIBETIEN R e on
10 U trasoni c waves has been wi dely used in nedical applications, including
bot h di agnostics and t her ap¥IEsDWeF THES INKENTIOMNIst ri al applications. One
di agnosti c use of ultrasound waves includes using ultrasonic waves to

det gct “”deg}ﬁ’é tse%‘t Eﬁ%hﬂ?r‘??elétgs %@Hoﬁﬁbfﬂﬁigg.umﬁéﬁﬁ‘i[ct&r%ﬁ%\gﬁ H/loglﬁﬁhi S

procCedur e, rasoni ¢ fransducer I's placed”in contac e object or
ti ssue tvdaBngntC QUBH pHati SEEN Y ThepfbséitahvdmRaUeIAcs 16 2 nidthddle) sphibyiagani ¢ 15
waves are directed into the tissue. Upon contact w th various underlying

st r uct wemd dthsceaviag virasonefwaes dor delolering daugsekdlingbaciejiagctmnsingea
transducer. By conparison of the signals of the ultrasonic wave as sent
with tHeriaes ped segulating edHycdisme ecllss recei ved, an inmage of the underlying
structure can be produced. This technique is particularly useful for

i dentifying boundaries bet l can be used to
detect 20 in-eqgul ar nasses?ﬁﬁﬂﬁgggﬁﬁgﬁﬂbﬁﬁgﬁﬁﬁ§§§H$%@ﬂ§herapeutic nmedi cal
uses of ultrasound waves include aerosol m st production and contact

phyidi ot her agyltrasenioseiveshst besnodidelyiusad ﬁnaméiqagaﬁniifcaaonsebmlul@eg both i nhal er’
to prodyce an aero%gl m st for creati.ng a hum d_ environpent and de%ivering

drugs tBgNstes drystherapy as a6 as maanindpdrial gpbicationsy g dagnostig yise g

oel ng: dPE VBB e R B PR PR gl Pt
under negirt @F aWulhlinRisshe Il ifldiHocdduftliad WdRidohtd Bmsdh&r 84 fat&finl dpct he

surface of the\q ifquid into the surrounding air follow ng the disintegration
of capiwitiathe digvasrpisacivied chyplinpemetiiunasiodihigh fildgusndyedhnd Ni¢z)akrespriioduce a
very fine dense fog or mst. Aerosol msts produced by ultrasound are

pr dber reavesvee diaested bito Hhestissugpr Juoie eentest with&arian undetping sachuies the smal | er

particle size of aerqso] can be obtained with the yltrasonic WO
02/ 2A51‘Ka‘ff€F}'%§’élfF§€81§‘(’L\R%%f‘sc.el"éﬁééﬁf’e”ct HasgHeL hdit cURPH OBt hal ers and

nebul i Zs‘féﬁaﬁ Sf %Q%ﬁﬁ&&ﬁic&ﬁ%@ﬁa@.&m@ﬁ%ﬁh ?}gen{%gltgc%? P?&Jsgﬁl{cq)gax}eoasq‘eéﬂgf tagér ca

W t hout air stream ecrease crency of ultrasoun

Ut r asqfiage %@ﬂ?é’@dd%r@ﬂ%‘stﬁz%ﬁir@@&?b@ﬁirdﬂu%’d.SPHﬂsQeo@aﬂ ulé’ﬁ%géﬂtl%hﬁlﬂg/ﬂ%efull\/‘ soni X
Inc., 5 Sono-Tek Inc. (see, for exanple, U S. Patents s. 4,153, 201,

4, 655, Fv8jdeatiflyibg boond4iRy beperatcomippnaas of tigsueiagdican bauseyto detednt r al
orifice of an ultrasound instrunent-tip. Mjor disadvantages of these

spre8y erigeEWaT Hesasome.cihialks cl e size, heating of liquid flow, and |ess
ef ficiency of ultrasound waves because of denolished end (radiation)
surface of t7Re HQaSRMicatddi RN NSsBMERARMARRVEE fhctllde REAR MmiNd¥Eduddionect Iy
to tissue in an attenpt to produce a physical change in the tissue. In
conventdndraahtddt phgselistpphynst@abhetispyod@ionlhakas asd 6f avastailzonbreeihslet he
tissue via a coupling nmedium U trasonic waves produced by the transducer
travel toiproduge antrsresouplistigr ereafinghs Awarid enoranbeent prd ddivering dbaploithg nedi um

is typicall bat h l.i qui d, [ ell | i to t f b
{7 eat odung AvEbER nEbuYAeR wipraA b o CeR B eI A O SEE By e

ul tyzasanj.c.: h:Ng: A, i . 2F - np. at a
fr Sroniisls UESur Y igdicEthy RRERRERE Moottt R, of RS 1
sur f ac eyt fa@foidirideaRat od wiigin 36k RYWA! E3qhidPaticldsre 6jcktcdEPord tNeSk fack e
coupl i ng medi um can provide a cooling effect which dissipates sone of the

' ener gy the dduikidtdthetsherouhding sivfollowmarthd distntegrafioMof eariiliporwars| y, a
coupling nmediumor direct contact between the tissue and ultrasonic
t r ansduteduged byeibe sdisgspundy Thig teghntquerran preduss gritesy i dengerfomor HEsk o t he

;ir( Iog a;u %rgg]c?l(}%nes a}?rﬁgg%e%esgﬁﬁdla% f}re,rfé:'\rlreaaI over lagrogglorgﬂsgsegrlogg]cetdhl?y other
30 methods because a smaller particle size of aerosol can be obtained with the ultrasonic
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Several beneficial effects have been reported fromcontact ultrasound 25
physi ot her apy, such as, for exanple, the follow ng: |ocal inprovenent of

t he bl oodwoimewlsati on, heating of the tissue, accel eratedperawopmetivity,
muscl e rel axati on, pain reduction, and enhancenent of natural healing
processes. Despite these beneficial effects, current techniques of nedical
physi ot herapy using ultrasonic waves are limted by the 2 WO 02/2.11 St
PCT/ USCIA B0 Sinenelcibs siajgr shoﬂpﬁmmgcnfnghde@anécteb@bzm&tstthamhé aer@@@l B8t ween
the ultrasoni c transducer and the tissue to main an ef

transm%aél% E'o@“?q’?%‘ftﬂﬂaé%%ﬁ?e@ Wik an g AiieaR, W’é‘ﬁ% EEseY ete Cl‘?ﬁ“:sys% The
necesshgyra 1 gl rect contact with or without a coupling nmedi um nmakes current
5 met ho 01 thdesi rabl e. Some tissue conditions may be accessible to contact
ul trasound devi ces but would be inpractical for contact ultrasound
treatment. Rdhlraspaicppeyefy esh ae)thospeoﬂd\kmﬁmﬂo pecs Matérreds Incgivlisoauniag., bur ns,
surgical interventjons are not suitable for direct caontact ultras c{

L7 e M Ehle ere (o DeloddRab g V- 4150R0 1 b kit BT

pai nf ul t| on .ass.0c¢ WO ver, cony ent,i nal

Cont act oGy Ss R AR el aceaégfcefaf&%e SRR st VR open
vounds SuebiaEBEoPHBSERERRE Mliicondlh ﬂajrﬁélb@f:keﬂ;&tﬁlk Phighld fignoni ¢

t ransducer tive to t'he already amag t1 ssue surface OF THE

| NVENTI £ 1@55 dfficiencanf ahfase@id @hvdshrchne fidemdlibigeddnmaViralBatadh)istiheyed
met hod and device for treating wounds. It is also an object of this

inventitam to provi de a method and device for treating wounds using
uItrasonic waves. is a further object of the invention to provide a

oy ey LA AR B i B ST,

obj ect Lsafoda&ea pﬂys%dl icAfngOintth@ésud M%}ﬂ/eﬁﬁoﬁd}ru%‘és@%&?_ ﬁb'ﬁh%ﬁ%? :ﬁf the
wound with aerosol m st produced by ultrasonic waves hese and” ot her

obj ect sulafsdnie wiavg enhtaots the tissubetomeoupbing ragjiame Althsare tarediredussi on
bel ow. 3 WO 02/2-41S0 SUMMARY OF THE | NVENTI ON _ _
by the transducer travel through the coupling medium and into the tissue. The coupling
medium is typically a bath of liquid, a jelly applied to the surface to be treated, or a water-
15 filled balloon. Conventional techniques provide ultrasonic waves having an intensity of
about 0.25 w/cm?® to 3 w/cm? at a frequency of about 0.8 to 3 Megahertz. The treatment is
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



PCT/ USOL/ 3009G The present invention relates to a nmethod and device for
sprayi ng a wound surface to deliver drugs, kill bacteria, or cleanse a
surface byomensisont act application of an ultrasound transdutcarsoi/zqes The
met hod applies ultrasonic waves to the wound without 5 requiring direct or
indirect (via a traditional coupling nmediun) contact between the ultrasonic
wave transducer. and_the wound to be sprayed. The nethod of the invention
conpr i sesessip @b prevadingd diecet eentagiinipriaee petwigen theaplireeanis trppsslacremdghe
contact_ of the liquid with a free end rface of an ultrasonjc transducer.
The ur 1St Bt an elrellve et ERedg oEth LB SR, Bvetit) B bfasth e P o1t
end 10 HEﬁﬁﬁe of the ultrasonic transducer, and the particle spray is
directed onto the wound. The particles of the spray provide a nediumfor
propagation of the ultrasonic waves emanating fromthe distal end surface.
Accor di ng t olhereecassityof difect eratanl sdidnar witlvast i conpling ewetdeun paakes clireergpr ay

created by | ow frequen ul trasound. waves onto a wound, deliyvers drug,
i 1 Ps DREDes Wdsairis; ShBtisss AuKiaednay Boacosruile taﬁanﬁaewﬂvé%ouaﬁrt and

ot er IR EANLALDRAS. HLANMIAFF WA ARG Rho! SRERLAT Y, FllPer™: hod

T
of drug fvery I's par ageous on trssue whi'C ocal

t opi cal o;RARKdRAL k@RIt Aol tHinkS bHRR LRBICE! RMrveRNMMGEe MbithNe t&l ssue is
to be avoided. Further-nore, the |ow frequency ultrasound waves used in the

met hod direet gotect tufteashund tiebinad bseaupe ofthe atrwotirafature of thegorea lvovuridremd
surface of the tissue. Finally, the bacteria 20 killing nethod is effective
when appé paiaful gondision asseaediethibeserweunds gdMereeperageny entoggl sgnipgh

antj septic or .antibioti oi.l, saline, distilled water tc BRI

DESERI p#rraaqu@w@mﬁ%@cwgﬁft PY %%PS?)@fps‘-‘ﬁé’éPP%W\?P%@\? @%e t&ﬁﬁﬁﬁ‘:}?%soni c
wound trea r.. . ' b Lon: Fig.
2 1's o TeurE SRR S RRGR b RIS AR Al ' T
the pres@md sirfeention; 4 WO 02/ 2-41s0 PCT/ US01/3009G Fig. 3 is a partly
cross-sectional view of an ultrasonic sprayer in use according to the

present invention; Figs. 4a and 4b are each a detail of the sprayer shown
in Fig. 3 for spraying liquid froma radiation surface {FIG 4a) or froma

side (radial) surface, based &R GHIIEN IFVENEKIN{FIG 4b); Fig. 5

represents a cross-sectional view of the distal end of the ultrasonic
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 treating

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.



transducer when liquid is delivered to the side or radiation surface of the
transducer tip from3f0 by perineter as a top, side, bottom etc; Fig. 6 is
a vari atiwo hsishe detail of Fig. 4b which illustrates thecsusaybong ef f ect
by 10 changi ng the angl e between the ultrasound instrunent and hori zont al
line fromO to 90; Figs. 7a to 7g are each a cross-sectional view of a
useful ultrasound tip; Figs. 8a to 8i are each an enlarged view of a

di fferent nodification of mﬁﬁgmmmq}ﬂt rasoni ¢ sprayer used
according tqg.the present invention, and Fi 9a, .9b, and 9c represent

Cr oss. sect i oA roReERaTentigndois 8 AP EHl AEACHILOY e pe AV AW R i Boni

_ sprayer I, 119t ; Ve, E?ﬂr ]9?]! | L= - THE
INVENTIt&IQ_% %égg%gglg’cﬁemga gttreﬂg’ (ﬁnc\lléeﬁrli}?% gllé] gt pr(jt%lduc_ees1 ag é‘@aﬁf&h%aﬁ

char actigfrhgRddanaBades ﬁ&)p 'THe'rﬁé?chocg_@ﬂ)pHé@ ﬁl!ltﬁ&ohf&ewé\]téa Yh thd Wodnd #itRe@ surface

of an ultrasonic transducer tip adjacent to a 20 free end surface such that
t he 3 i qequairing direlct edindoretth@id a eadigoch] conplacenieyivm )vantacbétwegathe e

pressure} created by the ultrasound waves on the free end surface of the

t r ansdudrsanigpwayh frengducecandcthn weanddmbese@yomhi | e t he angl e between the

ul trasound instrunment and the horizontal is nodified up to 90. (This

acousti cal ! L4 aTINE . al L ti to the
free end vvaghgeﬁg%g@fgr(ggh ﬁeh@&} ‘Lﬁ(%/lg#%rs fp(E)(?dH[cE]I?ggé g%ﬂe?%(gg%‘tg ?8211%1 is called
t he " Bahagsleepiodatéd by EomtactadifReliqideuitisa Weernd kardact dfanddirhsopiced to the
radi al surface of a transducer tip from3Q® by perineter as a top, side,
bot t omirasduces. TheoligayoRicawe s rATICUBOSPAP 09 Brdfest ouhwardholfremphe disgd enfle

devi ce nust have so-cal l ed nozzl e fromsteel (non di sposable} or plastic
(diYposblaes offherilasrs BrRsEcdedidyie PRrtichy sRIaY T rosderb o 4 WaRIdle | ver y

i stal Ui RS ot TSP P R o b ABRNREC MeRubirolle ¥l as' 2

Sprayere0n dhe M AR khdMetaPbnd AR Alcc@WAMNAUE ethod Hehb @y@seﬁﬂ' Aferifort he
uniformty of "the spray particles generated. Because liquid is sprayed from

a sol i ddireadidaparticleSprdyageated bei®y fizqseieytiarhdoahd wivkobnotaywolind) delivak e
size, about 90% or greater, preferably ftomabout 90 to 96 % The step of
pr oducidiyggt s bpetayia oanhatorqundr increabesdBoep 8pwt prdranheves danhsadiedert o 10
produce ul trasonic vvaé]vwes Vi ng a frF uency .of from about |[8kHz to 10, 000
MHZLY  Froogtranaps T fhpt par ¢hagical ¢legpsiiglout 1 to 18 kHz, can be used as

wel | ; however, this lower range is |l ess desirable because this range of

sound wave CHiis bethait ondeptail aytiopidicuRalyidotntagebugparateds fomvhivput ear
protection or the like). Frequencies in the range of from about 30 to 100

kHz ar dopalébpicaleapplianidorf obadigds desinabledht wontaot Wit tla dsso st toll® gyoededs r ed.
The separation di stance, bet ween1 the free end surface of the tr ahns ucer and
t he Further-more, the low frequency ultrasound waves used in the method energize the drug
and cause penetration of the drug below the surface of the tissue. Finally, the bacteria
20  killing method is effective when applied to the surface whether the liquid sprayed is drug

(an antiseptic or antibiotic), oil, saline, distilled water, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

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;



surface or object to be sprayed should be a "non-contact" distance of at
least 0.1 in. (2.5 nun), Preferably the separation distance is from about
0.1 in. (Rom2nwE) to 20 in. (51 cm, nore preferably frompalvaisbi/®oeod in.
(2.5 M to 5in. {12.7 cm. The liquid to be sprayed 20 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 _canol a 0|I
optional Iy Wig sﬁ%mlif}m%mﬁﬁa@trm@bﬁm%ﬁ aﬂ(létr@somfaﬁplah@rlalt@@ peoordiggiP sept i c,
condi tipner, surf ac tant, enollient, or other active ingredient. The

phar rraéﬁ%?feégﬁlt 18?"611 1 ike is preferably present in a concentration
sufficiently low to be sol uble but high enough to be effective for the

i ntended purgigsela s2d 4t are 8ach 4 Betnil Of ehesspoper showihén Figy8rfbi gprayingtliquite

liquid to be sprayed could conprise a mxture of two or nore inmscible

. 1 qui dsTen agagation sydresoidGnitataurtionap sidessadiel) swrfaaedbatedian thaBabatves. 1t is
al s Eelng;gi ggope of the invention that the spray could conprise

par 81 clgiEet glIgh 4 powder. 6 V4 O 02/2-1150 PCT/ LI SOL/ 3009G The spray

pr oduced according to the invention is directed to the object, surface, or
tissue to berigps ayppescheya &bss-§dctibnande o€ guatisn! émmemmomcoml ish a
particular purpose or treatnment. It is believed that a m ninmum | ength of
spray dfanadudesadtendivpid isatshisiensid|td theeside quiadadion soufesveeof the ansdiegt tip or
duration of the spray could be from about one second to as much as a mnute
or mor drome3én bﬂpﬁmﬁf%§sa%ék®u§0¢%t@Ps or circumstances, such as, for
exanple, the area to be sprayed (e.g., the size of a wound), the vol une
rate of sprqyl%pe ﬁ%dmﬁ@atlomﬁ'tﬁ@@&@lmbm{g a8 vificRAfustatek P §h ANk efBbtoy W | |
i npact upon the duration and/or frequency of the spraying. Spraying could
be 10equhaergingrtheniggie botveeeniiteeultiasmmddastrymerd aad Horizohtel bse from &Y tot3D°ee
times a week or nonth. 10 According to the invention ultrasonic waves are

applied to ouy t hout .est abl i shing caont ctI indirectly,
borween ¢ he LiFer A9 ey PAhEBR P AneTSE R e L MBS IAT D our f aces of
the human body especially suited for treatnment with the met hod of the
present i nvefips.da tbrii hredeach ahealaegedavidwi affal diffemhomoedtfidatiahiofagip endopen
wounds, including trauma or gun shut wounds, fire and chemi cal burns. 15 In
addi t i shape pbthestinesenis spraver ppeskaasording &nihie presest ipaentiguiaad| y suited to
directing a spray into orifices or other body crevices that are difficult

to access. Vfﬁg? al QSaéﬂﬁﬁfbtreﬁx%g&{t@k&g sEfl;/&rfa&g, giﬂéﬂ? Bhd %@erﬁ?ﬁeﬁ@\ﬁ? i top of

advant ages. rst, this met t opi cal I eS medi cines such as'liquid

antlisbi cini dfaganié kmawumdugwéla@grwvbh@umaaﬁe need to contact infected,
inflamed or painful tissue with an'instrunment. And 20 second, a signi fi cant
bactericidal effect occurs when a wound surface is sprayed using the nethod

advant ages of non- coNFaeLEPaSENER PRANRY THE MFRBATOR tfe procent.
i nvention gave a significant reduction in volune used of |iquid nedicine

used as conpeiEgedd bf the adlichiion &lat pRIdNCESa sty WotHaghA&ridcdant ieds. for
Simlarly, this allows for precise dosage of the sprayed liquid to permt a

user, dirshdaliveainghilysliquidrio atlate:aid:l sinficstafrantitirasdes tratducdrdipadpdceht tpa d at a
desired rate and duration.
free end surface such that the 11qu1d is pulled to the free end surface by a vacuum
(negative pressure) created by the ultrasound waves on the free end surface of the
transducer tip. This effect can be achieved while the angle between the ultrasound
instrument and the horizontal is modified up to 90°. (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



WO 02/ 2-110 PCTI USO01/ 30096 It has been found that the nethod of the present
i nvention decreases healing times for inflanmmtory and purul ent infected
wounds t h&o oeg4fspom about 1.5 to 3 tinmes faster than tradiprcirarsal/soved hods.
This effect results froma bactericidal, blood flow increasing and
mechani cal cleansing effect of the atom zed spray particles, which have

ul trasound 5 energy due to the ultrasonjc waves. The spray nechanically
scrubs the siRytheabere pyrpasedhe geyigprpust h@‘fetaS%éﬁﬂlfdtﬂogéll@émlﬁﬁtﬁebﬁmrent

oer o1 igbostiEhbE R MR Te Wi et Bt Bl St iRe . TS fierds Al he °
1515 HEERRBY 1 9o o R SRS DB RASBl W AR dagaves.

Addi ti nbi nation o requency ultrasoni c waves and the

10 soni gadieHonBeifAde) 65 tHehil@ioyind Gahy@icetiontt Bé & ERaPR & BnafAay) destroy the
. surface bacteria to result |n a higher disinfecting property of sonicated

| d d lied. | ds...Th f th
ot Hod al S0 OPF ALHEEYOREH eaefﬁeﬁp*f%mqa'@ﬁieaﬁafm il aai on bnd
epi thel E}' o0 dl?t{ratteHeB%gﬁl 3 1§%§Fagxu9#%%‘i a?@l% S ANGALe G Vent | on

can be 0 ‘non- e Usé ean5|ng, sterilizing and

coat| ngsuewaﬁaﬂaﬁuﬂ)fm@@ (ﬁ%ﬁlc@é‘gzé Q®dut It oreidest, pleféraBly m&ﬁ%buﬂ gy/RNt i on
offers an approach that may re-establish us€ of sone tradltl onal

anti bi 026 26 and establish a nmethod fighting bacteria w thout antibiotics
when necessary. The effect of the nmethod of the present invention in highly

2oL vat 9, Sl BBt R SRR B P B o
' ”dl‘%)oeg%ﬂhc@ﬁlhra%é %‘v@@lﬂd\@ﬁ%?ﬁfngﬁ% cﬁrf of{fﬂlﬁﬂﬁ%ﬁt@i&mzcté 10100 Nify, f requency

ultrasoni c waves applied in resent 1 nvéntion physically

dest r oyFieggaéeidsbel e 8AgTmi.Baficanateduitie 118i1gMH, )taﬁibé Lyed gdvelntlidwedti,cs and
of the low frequency ultrasonic waves in the nmethod of the present

i nvent i this lomstdvageas kiss denjrabiechesnusei thisl rawdd efctoundwaive gawi be mneemeortabls cal |y

applic n or orally ingested 25 antibiotic conbi ned effect has
been s h@/l;ﬁe %ﬂe}t@ﬁflpﬂﬂeeml |(y;'ﬂf' et s SEOte ORI Hb%sFrﬁawxc&stm it @8sRd

wounds. o TERIESIPR RN, AlSA:RERY! A8PnBuBYBLER) Bo RORERNLAG AT U0

del i very W thout usé essioh’'s I'STSI ies the
desjzgn Qfdrdaon- cont act drug 8 V4'0 02/2 11s0 PCT/ US01/ 3009G delivery
sprayer” and reduces the weight of the sprayer. Mre inportantly, not using
conpression to propel the atqom zed particles preserves the ultrasound
energy carri ede sgparpiondhstaicedehvequeidie free end surface of the transducer and the

surface or object to be sprayed should be a "non-contact" distance of at least 0.1 in. (2.5
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
20  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
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.

25 It is within the scope of the invention that the liquid to be sprayed could comprise
a 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.



This ultrasound energy has been proven to destroy bacteria by action of the
5 ultrasonic waves and by highly activated |iquid nedicines applied to the
ti ssue. Twe metisod of the present invention provides a netpaagusei/z0096
conpressi onl ess non contact drug delivery. The invention can perhaps be
better appreciated by making reference to the drawings. In Fig. |, an
ultrasonic treatnment system 2 conprises an ultrasound wave 10 generator 4,
connect ed t oTB&ispIRY ipé?%@ﬁ‘él agqoadiag ie dic ipvention ie disreted fo theeohjestesigtaserat or 4,

T ERAASTEL BY hES  BR BTl B0 BB o 12 2

. jacks M h bGh lgng_2a
| o o PIReR ot it Rbdhe) RliRLh bR AR oA H ke L BRERAR o sPR"0,

t r ansdugAll b8 reqivide@VBowdver SRE GSRIM of MRradbd 8EHeQPradfcosd BY fibh WRAYsed. Fi g.

. 21is asinplified representation of an ultrasonic device and spray

accdr di segond ta eemunolv end ionute br ansducen 36 hmsites, diNishabud faansdocer tip or
horn 30. Liquid froma liquid reservoir 32 flows through a valve 34 to a
posi t i ofirgimyersss. susk agifer erample; the iatas 18 he ppwyed (2 othesizrophe woundy tesducer

6 is attached {?ofan‘ultr SO n&_}gsourc .ia?abl.e.8. Aaéliqeu[id 1st 20 is
di r ect eYOPIE TR IPRYTPERCeds s eBsatsop 6 Ach VronBracisatieetgy vall imaisd 0.
Fig. 3 . . i i i i.g. 1
| Pustr Sy he SLAIACHY R cialy Ohife SE0VIR" orkhileOabaRibianiah &S 1o

pr esent ofenuérrettines dallyits adéiviless twio & thisdi thh&ad Wweek anghohtp! enent ati on of a
device disclosed in U S. Patent No. 5,076,266, which is incorporated

curbunds. ol CRHEBIEIONG: SOOI G651 Ve peceple 1 s onad Wtk ve o4
o SO _ vatodt ve 3
horn a0 b REERER eV by BB AR phRGS e B a0
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configuration is effective to spray liquird onto a surface and to deliver

ul t r asomiethodeofelse pr@stdtatventioh acdudsintéctaband nflaexatplysitubtionsuwrdpgae of a
wound. Valve 34 allows liquid to flowto distal tip 36 as drops or

cont i nuyaangs, swleding trgtmg Qp suw shwayeendsaiiegapdisbemiegd butsanywher e, i ncl udi ng
bet ween reservoir 32 and horn 30. 5 Mechani cal novenent of the horn 30 in

t hegsdi rect i oy atdtti GRYKERethodWdhd greéélﬁwe%bﬂ?s ;S’drﬁ&@ibrlg @ﬁiﬁ&g torncggléﬁggg gurface

36. Fig. 4ais a view of the ultrasonic sprayer as use of the

pr esent spray @b oaficésr aherdyodyaréviaes atde diffiealt esla¢eessli stal end (radiation
surface) 36.

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.




Fig. 4b is a view of the basic spraying nethod fromside (radial) surface
of the tip 10 based on the Babaev effect. In this case liquid or drug

di rect ed wo othgispadi al surface 36 of ultrasound horn 30 becenssi/sond cat ed
(ultrasonically energized), after being pulled forward by negative pressure
(vacuum) created by ultrasound waves and sprays. As shown in Fig. 5 liquid
is delivered to the side or radiation surface 36 of transducer hone 30 from

360 al ong i tEhpébeeme@éndélsat&lq msthodjaféhe n@mrﬁmvem@onﬂscneﬁsetsﬁ@alemg)bmeﬁent of
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have a re ar or irregular cross-section, inc clrcu

oval , eéﬂd dietisaical bl%ﬁﬁﬁﬁl@éliff@ét oﬂth@@t@ﬁﬁidﬂiadpra)ﬂ;}ﬁ]arﬁcl%ﬁ)Whl@ﬁ%ﬁ@@ulﬁ*ﬁ@élﬁ@f See,
20 for exanple, Figs. 7a to 7g, which are each a view of a cross-section of

a uli r asougyded fo the ubttrsonicAVs®s. The spiagtra¢chenidally apebothetsuefant of asoend tip
or horn | ongitudinal cross-section may vary and may he rectangul ar,
el |i pt i ©aremoyg gyt d§5ﬁ gpsusarnd peies buildyr g the tissappiafaceni ks menioned . et c.

sect i onhesing ek fRucRe efedlzr L il R0 AR Bl AR pth e 1 ¢ e
met hod fﬂftc]; fﬂ%@g@ﬁ@ﬁﬁ%ge th BRI ﬂfde T Bn ¥ %ﬁt’ién%go tl?rpféfo 1I§(il agtangul ar,

because Iation ms from asoun tip surface y directed to
the target (wound). Wth the spheric, elliptic and 10 V4' O 02/ 2-1150
PCTI US01/ 3009@:‘11@1@aallx, c@nﬂa@qthro@ﬁﬁh@ﬂoxg hepguenoydiliragdingg wevesssatbe ar e f ocused

cprithacieeehiagicings Queietivlod i BPscufraioct a0t oo el DRETER t ne
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radial gl d&iél[lfcﬁc'@h@ﬁplﬁ%'%fﬁ{e ﬁ@ger@ine%m AlsPsthiiigleshagligy @élpglo&@h@@xﬁ) 19

or thread 20 for liquid to be directed to the radiation surface.
pr ecedlmgraqudczahmaﬂxﬂrbpxdlermwm af theilehlirsg tissueve of the practice of the
i nventi on. is to be understood, however, that other expedi ents known to

departing | ?@Fﬁ o P Eobs SEpL ARG IBRL Pl pHE -SRI SRR o
cl aigrs. cléé.'nsméﬁé@n@%{n% ahd B afiltd LHBREE 3PIGGts and food.

The method of the present invention offers an approach that may re-establish use
of some fraditional 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 bactericidal 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



WHAT IS CLAIMED IS: 1. A method of wound treatnent conprising: (a}

providing a transducer having a distal radiation surface arranged a

di stance Wwoamtire surface of a wound to be treated, 5 (b} peausiongoods opl ets

of liquid or powder to travel to an area adjacent said distal surface to

provi de a spray conprising waves fromthe transducer, and (c} directing

said spray to the wound surface. 2. The nethod of Claim1l, wherein the

t r ansduédiversspapyiland aedings the weightielthe sprayah Mets marprishilyl Botsing wher ei n

t he transducer., oper at at ,a frequen of 10 from about, 18 18kHz 103MHz.

4. The FETHGEFIRN aPapRh the aianared ATCRIES areseaios i HHaed GHESnt sRedDk: | east
0.1 in f{r d surface. 5. The nethod of Claim4, wherein the distal
surfaceiqegﬁ%ag’gﬁ%ﬁ%%ge?d fromabout 0.1 to 20 in, fromthe wound surface. 15

6. The nethod of Claimb5, wherein the distal surface is fromabout 0.1 to S

, 111, from t hehiswlitasosod faergy hds badnepoeehodiesfrogbaitarid by whgordfithehe | i qui d

contacts the distal surface to produce a spray fromliquid flow or drops.

8. The WEiRIHC yrRVe aidhby hishherdivataddiluid geditss apatiedtodhe 4igsug surface 20

adj acent to the distal radiation surface to produce a spray fromliquid

flow or dropsghe Sethbdeoké pRAe@ intddtiolplovitdted RiethodsT cBMEIENsi @Rt ashS t he

distal surface to produce a spray fromthe powder. 12 WO 021 2- 4150

PCT/ USOdgri3d dfig ddliveTihe net hod of Claiml, wherein in step (b) liquid is

supplied at a different position which causes the liquid particles to be

energi zed. The met hod of d.aiim. 1. wher.ein,ultrasound waves.are directed

and trans poﬁlg%lntvgnq%c%%hagshm&%ﬁqr Fdeﬁ?lagegPYd’a%%SJég fé}g eé?}?? %th’fz, The

met hod i ; [ i : S

B e L i

wher(ei ngéreeatbi 4)wotneedtd sesltapamdl tramedecet 6riRANeM ¢ 8 S The tiad gbn@morde group

consisting of antibiotics, antiseptics, saline solutions, oils, and water,

10 14. whehrigcorygntend) miasnhaye adfieonepamed 8 witlempoiverbuttiinstZla tieifldce i s

dri ith tant f te liquid s 5. Th hod of
i i m 15ORLBE Lt ASa PIBr o ope BorRBRY 4 Aok P RIET BRI at oo
f . f i . Wh int.h
tr ansaubr PSRRI A ndts PR R L RN BLS b A O SATeRRT 17, e

met hod gfackb@idthd QistREG6M of REndRYE . OXFbive 2R 1RGN HR dirdBion DRgprpt hod of
Claim 16, wherein the wave formis trapezoidal. 19. The nethod of ai m 16,

whelSei npiodacaslave formis triangular. 20. The nethod of Caim1, wherein the
transducer is driven with a pul sed

Fig. 2 is a simplified representation of an ultrasonic device 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 a horn 30. Transducer 6 is attached to an ultrasound source via cable 8. A liquid mist

20  1isdirected 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



20 frequency to create spray, 21. A transducer for generating a liquid or
powder spray, said transducer ' having a distal radiation end laving a
surface, wbarrirsot he distal radiation end is irregular. 22crt/isersmensducer
of Claim2l, wherein the surface has a slot or groove. 23. The transducer
of Claim2l1, wherein the surface has a thread, 13 WO 02/ 2-t1 SO

PCT/ US01/ 3009G 24, The transducer of Caim21, wherein the | ateral

cr oss- séenfigmatism is igélegiive Wl sperliquid enkaysusface gugto deliverpilirasenic wavasdmgul ar

or trap id i nat i nore,.thereof. 25. The transducer

of O af Sut g TR a5 e cRang HHEECe PERTRLEL: on i s rect angul ar

~elliptical, oval, spherical, conical curved, stepped, or with chamc er or a
conbi nat i on Whlve\sa Alowliguid heflewfto distal tip 36 as drops or continuous flow through
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The ultrasound tip or horn can can have a regular or irregular lateral cross-section,
including circular, oval, elliptical, rectangular, trapezoidal, or a combination thereof. See,
20  for example, Figs. 7a to 7g, which are each a view of a cross-section of a ultrasound tip or
horn. Also, the distal end shape of the ultrasound tip or horn longitudinal cross-section
may vary and may be rectangular, elliptical, oval, spherical, conical, curved, stepped, with
chamfer, etc. See, for example, Figs. 8a to 81, 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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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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5 (b) causing droplets of liquid or powder to travel to an area adjacent said

distal surface to provide a spray comprising waves from the transducer, and
(c) directing said spray to the wound surface.
2. The method of Claim 1, wherein the transducer is an ultrasound transducer.

3. The method of Claim 2, wherein the transducer operates at a frequency of

10  from about 18 kHz to 10°MHz.

4, The method of Claim 1, wherein the distal surface is positioned at least 0.1

in. from the wound surface.

5. The method of Claim 4, wherein the distal surface is positioned from about

0.1 to0 20 in. from the wound surface.

15 6. The method of Claim 5, wherein the distal surface is from about 0.1 to 5 in.

from the would surface.

7. The method of Claim 1, wherein the liquid contacts the distal surface to

produce a spray from liquid flow or drops.

8. The method of Claim 1, wherein the liquid contacts a radial surface

20  adjacent to the distal radiation surface to produce a spray from liquid flow or drops.

9. The method of Claim 1, wherein the powder contacts the distal surface to

produce a spray from the powder.
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irrigation and/or mechanical cleansing effect.

13.  The method of Claim 1, wherein the liquid comprises one or more
components selected from the group consisting of antibiotics, antiseptics, saline solutions,

oils, and water.

10 14.  The method of Claim 1, wherein the transducer distal surface is driven with

constant frequency to create liquid spray.

15.  The method of Claim 1, wherein the transducer distal surface is driven with

a modulated frequency to create spray.

16.  The method of Claim 15, wherein the transducer surface is driven with a

15  sinusoidal ultrasound wave.
17.  The method of Claim 16, wherein the wave form is rectangular.
18.  The method of Claim 16, wherein the wave form is trapezoidal.
19.  The method of Claim 16, wherein the wave form is triangular.

20.  The method of Claim 1, wherein the transducer is driven with a pulsed

20  frequency to create spray.

21. A transducer for generating a liquid or powder spray, said transducer

having a distal radiation end having a surface, wherein the distal radiation end is irregular.
22.  The transducer of Claim 21, wherein the surface has a slot or groove.

23. The transducer of Claim 21, wherein the surface has a thread.
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