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FOR DENTAL TREATMENT USI NG HI GH PRESSURE LI QUI D JET Background of the

I nvention 5 The present invention relates to instrunments for carrying out
dent al wWoeeRstdies, and nore specifically to carrying out rarabsgnesadur es
using a high pressure liquid jet. It is;known in the prior art and in

common dental practice tq carry Qut np t t men usin chani ca

t echni ques, For MEQW@,AWH@%M'%ébW%?%t Eé@“&ﬁ&%l ves nmany root
canal procedures, a dis j j j ) and then an opening
is drilled through the @Sgﬁﬂ M%@kﬁgép@h?gﬁ?ﬁ | p chanber thereof.
After the tooth is isolated and the field sterilized, the pulp) consisting
primarily of blood-rich tissue and nerve fiber and necrotic ) is
then aggikoaheid of theTeven@idRi NS Wi thin the pul p chanber the pllllﬂmmmmmw

fi bers—and Drood Vesselrs that sustain the tooth. These 15, tis . extend
fremextrenely fine openings in the apex of the roots) of the tooth through
a narrow charlnel (s), and cannot be renoved solely by aspiration

Typi cal | y, Bhefpresentdnyensioni rakges wdnsinmentsefon sanmyngeduirdestal proecd¥iresh| ace
and abrade the nerve and bl ood vessgl tissue. I ncreasingly Ialrger files are
i nser t ¥ MAFTRERIIGaHY 1A SATTHIREIHNER Progedugeaing adnsh presserec iqiiddele. After
cl eani ng and. prepar at j,on)_. t he pu 20 chamber .and root channels) are filled
W ot ot IEkERPR B o S SR dara Tpel RS RBAs ¢

st and e d d t il ino: . 100S.: . Rks,typi cal
ot andot AR il BEa kIR e bl 8 BRAELE e Bt VP

defy | Stnvelviek MRar3SroBeLinal prodeldlitesaRHI QARG 108 s fiMR URMYBEed, lAAd tRERERdUr e May
be painful, and sufficient |ocal anesthetic nust be injected to conpletely
nunb t beerinien drillddwhréupdi the 2bownroftthe tooeh ahtovik pulpoigarhberehefeat. Afeer the
procedure requires. Conplications known to result froma root canal

pr ocedtoogh isagolated andehe fiebt stenlized.i the pylf, consisting ppinerdy rof foboed-rich tiskee

di seased tissue within the canal and, pul p chanber __or the introduction of
ot her i} BYVE SibST BBE PEFIPHC CRRPONEBSe 15siHaR asPidaied nd herreremaine Wiithan the,
addition, the.dentist may inadyerten erforate the tooth; e. by

i vi nBbe AT Hie Sim A asive PTG blRotSiseeels b shicaty e toa: HASSSD( ¢ he
roopd, ' : . : 3 4 P 02563 2
{oPheq et BARERA YLl findoPenitfr i HtndR Gt Rotsar e B8R

i nfr equeBhiya ndirHe dRGHARY, hﬁt@bé&ﬁidi%e%ﬁid’v@ﬁ%o'léwBr\]/tﬁsﬁﬁhﬁ‘oﬁ.s prescri bed
after the procedure to forestall these conplicatiohs.” Gther conplications

i ncl ude brofegpicalig!d filkEiptiser pYaeed intotheni@oivchadhel(§)aotdisiacd andigbradet or
body of the tooth. 5 Recent innovations in this dental procedure include

t he ustheoierveiard blaoghtesshd ltisyeg. elhcreasingldanget filesreraimserteddwhersbychannel by

an optical fiber. The high power optical energy vaporizes the pulp and
nerve PRESWEhanRRl(§)ds Flgaesdenfiallsaft Bssue A fgr claaniagand prapargHien dePudp

_ _ (tlaoft bEre: g clpnipegnd m
chainer Rt ol Rneg L IS Mo 4 Drfla i malsrin RAREHERE, (e

: : [ ' - idth
rasul t SPefhe FANEE Wity OR. (AL WRMo AR BRtbAion’s Ui O my.

over heat t heh{s09pttaprbcedireqs MBARUntdnSHlee rélli SEUP L h{PRCESS Factor foraddi tion,
| aser energy inpacting on pre-existing netallic fillings nay cause

danger destisttsftime tag dvelblerskilhand erperi emee rMdegage, the procedure may be painful,

and sufficient local anesthetic must be injected to completely numb the area of the tooth
25  for the relatively long time that the procedure requires.

Complications known to result from a root canal procedure may include infection
arising from incomplete removal of the diseased tissue within the canal and pulp
chamber, or the introduction of other infectious bacteria into those spaces during the
procedure. In addition, the dentist may inadvertently perforate the tooth; e.g., by driving

30  afile instrument through the apical opening at the base of the root, and the opening thus
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As anot her exanple, in periodontal practice, which typically i nd LA %9;9:3
gi ngi vegt onmy. procedures, the gingiva are usually resected i al pel,
and scalw(ﬁgyw?fﬁél root planing are acconplished with speci alplg?/e g/tﬁzesgf t ool s.
These procedures and nost ot her dent 4l procedures are executed with
mechanifehedialy | govidera sectanforashéwed infhewdrs and infiaratiados. Netinfasquently,

ul trasound-driven scaling instrunents, high power |asers for 20 caries

r enovaldrugtierapieinclkdinp avssrong ang itbeia s praserybes] afeardble precedute arforestll t he
dental profession on the sanme nechanical, tools that have been in use for

al nost taesesiomplicatinny. Sibear GRBREFAICRS 1nelyrs Dok BeEumicsl lpdeed 1 &F

vi bration, and_.sound tglat are %i rect% corﬁ:luct ed through bone to the ears of
the pat'Pef Of FraSHFE PhYS 199 QF PEAY © ©Pprobl ems. Al'so, the mechani cal

, o - | i
0 e AR SRS ROl W

devi CeSn e Ry LS nb ol ROV DYOR opthil FIBRY. TRE hien SbhECEINAIal the

poi nt source o e heat. In this regard, the heat genefated by dental

| aser s diByoyPesforiZe tes palpesid pebhigsue. @ndds inhdrbetipstedlizig! Hdwegeratheunmet
need for inproved dental instrunents that can carry out a w de range of
dent al proéatteefitisgueocmdbugsomimalcontagemateathienigtenimaof theo¢sabe3Gindrdot
vihration as they operate on the patient's teeth. 3 0 ~ mcuu~ W

0U 4573 hagn&uand the @sext prlses By ot caniaat aldef HeTiissge n trsBaTOM S0Pl chiganel,

L -
b SEIRAEARaT AR TR0 OO BR S B s,
ani ol pafb, HOSIBRN! BLEELIUS mpAATES phRGSEOHASII NG FRY chic

condi t i @hgetdusatilefied dzRAGarell urifbfeskdty@amagd. i s that the invention obviates
t he need fgor files and other mechanically abrasive displacenent tools, 10
enpl oyi ng i nAt eadthar hxafhppe, és pariedgmtl pfactied,ewhich typpibally incuded di rect ed at
the soft tissue within the tooth to excise) emulsify and aspirate the soft
ti sEue. gingivestsmy presedaresa jhe gingivacare isealhy repeciedruseng @ sealpelaped stabiog

vessel s that extend fromthe, surrayndi ng jaw bone thr h the gpex of each
oot h 15| oRPURG T HCOERIIHER RS G) CePlam e PRICRATES 3061 1 S
The inventio rovides a.dental hydrojet . .tool, havi,ng. ndpi ece a
cannul o503 Ef? ENtaFERSPROER s el Fien B8cndtiea AR, RRERRARELARY T o
pressurgnugter or other liquid, and includes a distal orifice to deliver a

hi gh vel ocity, high pressure jet. The pressure range of the high pressure

source i s apHmVaiBALsNcHDA e OXHY-BEiven sedidd@sirginedts highepdveer lasers for
approxi mately 10-800 microns in dianmeter. The cannula nmay al so provide 20

asple at caiestrenmmosab\andtthe likleUiayefroo sultstantjadly alseraeithe wéiahcs sfithe dental
aspiration may be provided by a second cannula connected to a vacuum
aspi r at prsessidn on ke saraepIeshanigal/jopts that have begrein wse for simeynaentugy. All

oo 9 S ST T R Tl
oL pect SN0 630 6P RS B S BRSPS Bl TG

i nstrunmafl,, tﬁé"g}e&ﬁ%riﬁaf Bold)e8 »J/eipﬁsaﬁlﬁ‘isél&ﬁd‘ﬂacﬁ‘s,dg%%ﬁ%te gam&@ thohﬁgs of

protective shi e cannula of the hydrojet tool 1st Irecte

t hr g§igh hefteinReYY Yodalibs@drd28! €ausing digedt PR sQinuldtfor. OWaker sy devieds ¢
liquid is directed at the pulp and nerve and vascular tissue within the

i nt er i opraideder remhiovehihis bedthbutliney bubel effeyti vo apthe poimexiuced ofpthadieat3dn
saline solution, and/or a disinfectant solution and/or an antibiotic
sol ut i othiafegasd, the heaggeneraied odantaldasrys MmaEROsE the Breses/pProEem.

Clearly the prior art shows an unmet need for improved dental instruments that
can carry out a wide range of dental treatment procedures without generating heat, noise,

30 and vibration as they operate on the patient’s teeth.



30 JuL awe
abrasive solution. In the pressure range and jet dianeter fornmed by the
hydr oj et: tool, all the soft tissue within the tooth is cut, excised,
enul sified, and aspirated out of the tooth. Aspiration may be provi ded by
t he hydvepeis7spol , or by the cannul a of a standard dent alPCE8{5P9/@256Dn
device. 5 A salient aspect of the gethod of the invention is that the

hydrojet easily.r ves all the soft tissue within the tooth) but is
Iinité&ﬂﬂﬁéﬂﬁaﬁﬁﬁﬁggﬂﬁﬂigﬂaﬁﬁﬂbr erode the hard calcified tooth tissue.

Li kew se, the jet lacks the velocity to cut through the apical root

openi ngs through which the nerve fibers and bl ood vessels enter the root
channel s f g ;%x‘&@erﬁ%(/&&mﬂi Fehelrally EbHPHRes A agpdrétidlahd nidthsdPfopeesital of

pul pectony/root canal progresses 10 to a self-Timting extent and for
exanpligatraams Qhatpd wreeme hiee praibdeddns apeeiaigd with ¢uresnt aisehanicul &ld demedlosed,
whereby a source or conplications known to result fromprior art

pr 6¢c edechasqudsraralligistruoents Ha anseaspecathd Bygniien gpmpniséhiade¢hnigud fari ons
reduce the possibility of post-procedure infection if the apical openings
wher e TEBRONEZHearedytissve fEsD dvithippehymag of aRimaldaote WoRESbYdNIegHANS| fy) and

o 2agndaBhhabd nebentishE e Be Pt Aot LGPt ELRriadhaldl lines ™

. Thi 1.0, i NB: . ; th
eed renoesd FnbAUFiaRiion ) Fichf aGRRP bEIE HOCA TR e i FRDBTHEET, Cce
pai n (ddviABYihe A RY§I& dnd M&?ﬁ&%ﬁaﬁj%%%%ivé &sgaéé%ﬂ&ﬁ'ma"s,act ice. The

interior chanber of the tooth is then conpletely aspirated and verified for

ZQmormhplbzmg @isteadnDlvigh peéssald jes of twaterssugherTiguidriiReiedr at ¢heagdfetisdie t hen
packed with an appropriate filler material known in the prior art, and the

openi ngithin thhdoothytoafxciseeemutsify amd adplitatel ther sqft wssude Theisbft tesspe styhet i ¢
crown, as is known in the dental art. It should be noted that the fluid jet
nmay cOWMPRsE the pulp.areryetissugranshblepd yepsals that grendiffae thejarrauading e

handpi.ece of the dental .hydrojeti tool s described ip the US 25 patent to
ai 11 Brough WEReR KPR Fathsbfyinta M ek Gt anb e o rRated do -
sourceth?ftogt'hgh pressure fluid to forma steady streamjet emanating from
the oriTice.” The handpi ece may be directed at other surfaces and structures

tojgarry oufpeiflRdashdroviaes m@a&g irhgdrol'ih'f @ot ﬁ%vingl'}gxaﬁxﬁéfe% ahd YeaRh@Gedur es

such as gi ngi vect oy, ‘renoval of nul"fatron tis CO- 0SSeous surgery,

cari esejtendingIthersfrdim."The bEnmEl a0y 3bnifcted 0ld SortBe an HighdpresHues watdGbr
extractions and ti ssue incisions. 3 0 JUL 2003 WO (00/45731 5 Bri ef

Descr i gthephquid, ahe iixladtsydRET Dofhe/ 0 2dedid eFa iglevélotisy, dhigh peessiwegei. ohad
el evation of a typical human tooth prior to _under%oi nég t he pul pectony/root
canal Pieswise Garged! thediph pEespEre sMECR IscpPreximaiely ©09-6050Q0 pyioard thedei onal

e TopAlpe oo 1000 Bl B ke i L 0"
EheD oo AEARHRNE sFiEBYE sy Rtk Hedbt S5 A sk R ihBRicdBar BRgHofard..”
tooth gpd sBEIRPcAFIIREShdcRP 4 vachi RsPiraiatifie. AndkeURIAT deVidess. Figure

4 is a cross-sectional elevation as in gures -3, show'ng”the soft tissue
Wi t hi ndeseeibe@oh U:BaParht Nod5 S 620692, cdboraindnie agsigieditaedrh. enul sified and

under goi ng
To initiate the method of the invention, a tooth that is diagnosed as diseased and in
need of a pulpectomy/root canal procedure is opened; that is, a hole is made in the crown
25  of the tooth using a standard dental grinding or drilling instrument. The tooth is then
isolated using a dental dam or similar protective shield.
The cannula of the hydrojet tool is then directed through the newly formed hole in
the crown of the tooth, and a jet of liquid is directed at the pulp and nerve and vascular

tissue within the interior chamber of the tooth. The fluid may comprise medical-grade

30 saline solution, and/or a disinfectant solution and/or an antibiotic solution and/or an



15 aspiration. Figure 5 is a cross-sectional elevation as in3B giF &1 2
" showi ng:the 'soft tissue within both root channels and all hanmber
emul si f i¥A%%MF3linder goi ng aspiration. 20 Figure 6 is a crgggﬁ)ssfgg)to?%%al

el evation as in Figures 1-5, showi g the pul p chanber and root channels
packed abtdsivd sdtheon M eHe pressure rarye andger drpeneniprined Ibgchathydhsjecwopl 41 | on
of the procedure. Figure 7 is a functional block diagramof an electrically
dri ven thy softtisswr withinofhertapimig cuhexhisglh, gmebssiied apdaspieatedlouit 0f thaiwott. of
the present invention. Figure 8 is _a functional block diagramof a
pneunatAiratipndnay, ba psgidedby she Bpdioiatitpgl. orbYHhg RapIEa of Astgnstard demtal
instrunment of the present invention. " WD 00/45731 3 0 JUL 2003

PCT/ USPSPHBRRABVIES qure 9 is a cross-sectional el evation of one enbodi ment

C Lo fluidr . ! ross- vat| ._
ot oSS soot IaEfEkEeithe hifhodoftnd theehdorPAthdl (ELOHE fedthsify Brmaves
depi ct egy {2 sg'r&wssé Mttﬂﬁ@h@fooﬁh Bife & Rrhided i G DHyIE Tk BPatodR! @Y kPN Of a

further embodi ment of the fluid reservoir depicted in Figures /7 and 8. 10

Fi gur e cakifisd BoothaBSus eLikewvised, tht furaddkenhe ety Tt Girbogh tiipiedl robe
fluid reservoir depicted in Figures 7 and 8. Figure 13 is a functional

bl ock dipegiregs thfoughswhiochrthé aervgehibaraand hlqund vésseld enterehe oot ammenels frdm
fluid reservoir of the invention. IS Figure 14 is a cross-sectional side
vi ew ofthelserTRERdipEdaw tissHe & fesilbethis BRcesseefs pelperomyfsentaanahprogaesset of
t he present jnvention., Figyre |5a-15d are cross-sectional side_views of
di 1¥0r SRra SeHoUBHES 8ot A8t g ATAMEe, Ganget Brers B ARAIOPRRBIES dREMRY Hepi ct ed
in Figure 14  Figure.16 .a is_ an _enlarged end yview of a t her .. enbodi ment
of 1 he SRty TPRd e odee BRePrERE SRR ER R iR EaRES i gur e
16b is n GoaSHeSRe UrARakent fiir ' alif
o0 S BRI Rel aNolob o A, QUL Mo Ik EO D,
Pr ef er r gOpdsidppaidmind ifteddbFINO PR3] dphibgwabte forbeetirhagediener al |y
conpri ses an apparatus and nethods for dental treatnents that overcone the
probl ens asshiuradwt, thietthme vequered wexhan] embilsifyd anéaspitatd allahasofjussuand
instrunents. |In one aspect, the invention conprises a technique for .
15 within a typical molar is on the order of 10-240 seconds, so that far less time and labor is
expended in the procedure. This reduction in time to complete the removal step reduces
the need for local anesthesia, reduces the time that the patient may experience pain (if
any), and overall increases throughput in a dental practice.
The interior chamber of the tooth is then completely aspirated and verified for
20 completion of removal of all soft tissue. The interior chamber is then packed with an
appropriate filler material known in the prior art, and the opening in the top of the tooth
is filled or provided with a prosthetic crown, as is known in the dental art.
It should be noted that the fluid jet may comprise a pulsed jet formed by a pulse
intensifier device in the handpiece of the dental hydrojet tool, as described in the US
25 patent to Bair referenced above. Alternatively, the handpiece may be connected to a
source of high pressure fluid to form a steady stream jet emanating from the orifice. The
handpiece may be directed at other surfaces and structures to carry out endodontal,
periodontic, surgical, and restorative procedures such as gingivectomy, removal of

granulation tissue, muco-osseous surgery, caries removal, scaling and removal of plaque

30 and calculus, and extractions and tissue incisions.



carrying out a pul pectony or root canal: that is, renoving tB8 49 208 ssue
within the tooth by excising, emulsifying and aspirating the soft tissue.
Wth regard to Figure 1, a typical human tooth 10 is conprised of a crown
11 extwaéong’ambove the gumtissue 12, at |east one root PEFUSWMN2$E recei ved
within a 10 respective alveolus 18, and a neck portion 16 joining the root

and ¢ C t | junction. The alveoli are deep depressions
int BAM DRk cddifod : rawmlggible 17, and are lined with periosteum which
is reflected on the tooth at the apex 18 of each root. At the margin of the
al veol us the periosteum becones continuous with the periodontal |iganment of
the gumtisi?,uec 125 a Bhesshetdondlsdereatifn ¢fetypdat hubmanl codespridracdedeigoeng®l, 1S
whi ch provides the primary structure of the tooth, and the very hard enanel
| ayerth2Dulpgatdmf oot cznad prededere of thei prgsensnfvangioand covers the crown 11
down to the cenento enanel junction at the neck 16. Wthin the dentine

| @yer 21 there is defined a pul p chanber 26. Processes of the pul p chanber

26. ternmed_.the root canal 27) .are disposed.centrally.in each root 13 and 20
xt end ¢ hr BiERE EHS orcEapeieefione ISV PSS REFigfik | Shoting v Yien o Gipdss

fora . I i tal pulp, a soft,
vasc{]? I{;PB ‘?’?‘é‘:érgg"’%gﬁ@ig%?fn‘gf %lgjgg{rggﬁ% rr?% éysggﬁﬁ%{l}é{g@%essel s and ot her

ti ssue conmponents. The pul p provides enervation and sustenance to the tooth
through the epithelial lining of the pul p chanber and canals. 25 The nethod
of the preFgiire Briyanrbgrsectiotisleslevaion &ain Biguast hadd2} showifg dgnesedias

di seased and requiring a pul pectony/root canal procedure. Wth regard to
FiQur ef the demgalthydrdjet sodl ieingad ¥ tgndgrb thedugly thengppey openiag aétiheatootty and 31 or
equi val ent bun or grinding tool. The resulting opening 32 extends through

t he eheimg|acaidedienemifet Righpressuge hiskaslociy jehe pul p chanber 26 and root
channel s 27, as shown in Figure 3. A dental hydrojet 30 tool 35 is

provi ded, including a handpi ece 33 having a cannula 34 extending therefrom

oritice aqkipihais aaiscsdh il ofeRANOR B0 BRI B S Aotlie 2 o
36 of “}mglgbﬂe J&t%ﬂﬁﬂﬂ@ﬁi&c@Paﬁf&yaﬁgnﬁg;%gfchmséxt eﬁﬂﬁit‘i’ﬁ‘%’r&[ ﬁé&é}%ég%o the

openi ng to direct the jet 36 at t tissue wt er 26
ansl chgpifgion. 27. The jet easily cuts through the soft tissue, and the
energy and turbul ence engendered by 5 the jet causes the tissue to be
emul si fied upon contact. Moreover) the turbulent |iquid easily penetrates
into the narrow spaces of the root channels 27 (Figure 4), effecting

t hor ough eXigwe Snisargossriacsionpkelevanonps ihEigwsess b4asipwingdhe aeft tisseue
therein, .The .cannula 34 ma | so ovj de, vacuum aspi rati on to renove the
el SR POLEE ChAns spng ABE PBIP huBher USSR BaRiE 2B
enpl oyed. 10 In the preferred enbodi nent the pressure range of the high
pressure jet is approxi mtely 500-60,000 psi, and the jet dianeter is

apgr oxi mat &f; 5 1 ' T 1BA § j a
i | ot T B e, SO el g HReRR
hard tandsuet cifanhbl paeked wiksfiler frtdrial anahexgpéd spenaipfiRedihsthki cat i on
action of the jet 36 cannot pass through the apical foranen 28 of the root,
15 i f compléthomektheiprocedureal |y cl osed, and thus cannot injure the alveol ar
sac or periosteumat the base of the root. Thus a source of substanti al
post - operative conplications in prior art procedures is conpletely

limnated by the self-Liniting feat f the | tion. The jet 36 act
qui ckl'y w BRFWEC s SBrEtipRahiack digerammot analeriaical K ARy R SYERBBE, enl si Ty,

10243 SR B RISk BresRl b SR BNl tolof Wil BichbB, PP 001 2™

nolars having a plurality of root channels 27. As shown in Figure 5) the
dental hydrojet tool 35 may be maneuvered to direct the cannula 34 and jet
36 into eadigofe 8 fvea fuumtionhlasioek slidgranesoy pnédrhatially driveaugstehefozi n. The
l'iquid which constitutes the jet 36 may conprise sterile water or nedical
25 gr @psraylg the high prassure jof demabimsiryaient of ghel presemt invemtian. ant i bi oti c
solution, or an abrasive solution, or other nedications or chemcals) or
any conbi nation thereof. Furthernore, nore than one of these types of
solutions may be used in serial order. For ekxanple, saline solution may be
used for the excision and enul sification protess, followed by an abrasive
solution to scour the cavity) an antiseptic solution to elimnate

i ndi genous 30 bacteria and then an antibiotic solution to prevent regrowh
of infective agents. It should



3 0 JUL 2~3 WU 00145731 PCTI US99102563 9 be noted that the §iguiul j2883 nay
conpris : ed jet fornmed by a pulse intensifier devicg-q ndpi ece
of the ggﬁqog#]’}ﬁydroj et tool, as described in the US paten?CJF/(E)BSE&;)ai&rsl%;El
referenced above. Alternatively, the handpi ece may be connected to a source
of hi gh prddgured {4 aicbss et oml @leshbad pf ohe earthgdmepnanhdte fhigdfresarvoire
orifice. After _the pulp chanber and root channels have been fully aspirated
and vidapidied buFigrey émanfi&ati on of renoval, the pul p chanber and root
channel s are packed with an inert) aseptic material 41, as is known in the
dental art. Thereafter, the opening 32 is filled using a standard dent al
materi al 42. c i T .gol ¢ _i £ r .conposite
mat or a1, GERHETD fa s Eeo i AaBE of a U sBfuciiR o eaEC 0 e
dent al .LydbRidRbidied e EfAIrER YRgqRUl pect omy/ root canal procedure exhibits the
foll owm ng advant ages over prior art techniques: 1 ) Conplete renoval of all
soft tissue within the pulp chanber and root channels; 2) Rapid conpletion,
resulting in reduced use of anesthetic and reduced pain experienced by
patient, arfignediitésacossts-settickilleletidanifiasiurtied enfbbidmaemvefrthe fbhiéxpenses;
15 3) Elimnation of conplications due to perforation of root or apical

f or anefgserapirsiepi¢ted iafighes? aggérating field by use of appropriate jet
liquids to mnimze post-operative infection. Wth regard to Figure 7) an
apparatus for carryout out the procedure described above includes a fluid

reservoir for ,supplying the rking fl.uid to the dental drgjet 20

lTr unent Hgurk 2 P RS A BRIARp oo e RS ERRL B YL AR, %5 1
rai se i, d t ange indi cated above. The punp 52 is
controf%gggfol)l;a%l%???g@%ggtalﬁgl% 53 set by the system operator or dentist.
A pressure regulator 54 limts the output pressure of the punp 52, and a
safety valve 56 provides a pressure cutout function if a set of safety
condi ti ons HBigaredB ipadanctional bbodgirdisgram afd systemdfor gehedtihg porified wateet y
valve 56 25 to a control valve 57. The pressurized fluid output fromthe
cont r oforusk v tisyflnid reserveost elctheveyantipna a fl exi bl e tubing 61 to the dental
hydroj et tool 35) which emts the high pressure jet 36 under the direction
of l2he dentist or other trained practitioner. Qutput of the control valve

57 is provided on.demand of t.he wuser by a.swi.tch 58 such as..a f.optswitch
of an oneof FEMFOAHS drrereseligraisl bl o Rerianpitsasric BhuRitizBher 3o
functi : medi.at relieve pressure in the line 61
V\henevggbs%rg%no%&gﬁgﬁégugg%gt bt ‘iﬁgiﬂféuﬁ&mgg/ Q2563 switch 58 is
turned of f, whereby the high pressure jet 36 is squel ched instantaneously.
In situations where a nore i nmedi ate and precise cutoff of the jet 36 is
required, aFigguretlén-Val are cb8ssrzegtibralmidyvded @it diffeeemetrihddimentsadf duiput
hydrojet tool 35 to nechanically block the jet output. 5 Wth regard to

Fi glr e tigs offheagrtnbingument depietedrp Fogtredent al procedures is depicted which
is simlar to the apparatus of Figure 7, and commopn el enents or conponents
are provided with the sanme reference nunerals having a prine ( )

desi gnati ong. The i har istinction of. the apparatus aof Fjgur is the
o ovi o on_ oF et R B ol el o & MR R B Pl bR b e el r e

t Nt OUGh AR ESRYIAn{AIHEALRI hFiRdre 2. dr i ve @ pneumati cally operat ed
pressure punp ". The remal nl ng-conponents operate substantially as
described with reference to Figure 7. Either of the apparatus described in
Figures 7 or 8 may be housed in a snmall cabinet adapted in size and shape
t 0 25e pl acedFigured Gheintadfragrhéntasy crossreelitizalal ofdw o€ thaMuthut dpaekien selofigdinee 9,

one enbodi nent 70 of the fluid reservoir 51 or 51
16b-16b of Figure 16a.




IS includes a tank 66 having a charge of fluid 67 retained theagig. Q@H
st opper. 68 seals the tank opening, and a delivery tube 69 exteHds 9% gh
the stopper to the bottom of the tank 66. Another tube 71 extends through
the s toppRr4sta pressurize the head space in the tank andcrausse/oessd fl uid
67 to flow through the delivery tybe 69 to the pressure punp 52 or 52'. 20
A further enbodlnent 75 of the fluid reservoir, shown in Figure 10,

[28SCEIPRO he Raeferred Bmbodiment f unction to those of Figure 9, and are
provi ded mnth the sane reference nunerals with a prine( ) designation. The
tank 75 holds a charge of abrasive solution 73 for use in those procedures

whi ch benef:i. Lr.ogna, gy Lé/,%r&gb Shobfibes ﬂ@pﬁ%@%'aﬁﬂ rﬁeﬂhuga R} dedudd! ! ¥ r;ed

by a nechanica I'rrer devPce nomm riror ar

conpr i $earafintsAthhPEvEabme O bEdbIEMS aSRENREd Galh aﬁrftrmyl%thlamanawa@maal
magneti c device, or may conprise agitating paddles, or may conprise a

deV§ cetebhhiques khd gnserunteses.| Inndnagspebe tedimverfor mmrméalnethabfml ve
conpound suspended in the fluid. Wth regard to Figure 11, another

enbodi camying ®uoh pulipectdrny or restarane: thasfis, ramovingstiei sofit tissuevddsnshstwitled bag
77 of premxed fluid 78 for use by the hydrojet 30 instrunment. The bag 77

i s pl abY&x¢iping, seuilsfiieg @@%§§¥Plf%§¥ncp‘hé§§f§rt§5¥¢ ansfer tank 79, and a
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port t the regu ated 5 pres ure of the punp I'n this arrangenent the
fluid kRarhelsahv@bs. The aivedli arddesp Bpreksions BY thk ®onaddiskii€ of gl Mandidie 7
prevents contam nation of the prem xed fluid 78. A sinplified source of

hydr oj end fateulinkd withvperiosteBmgwhéechlia refiengd baeke ooagt 82 afexpli8eofi caet rpet
fluid 84. The bag includes a seal 86 at one end, through which a drain tube
87 ext évidie margivrafabe atvselys the @egz;srpmbe@ommwosgnuqmﬁewwgthc perip@entehcl| udes
means such 10 holes 88 e.other end of the, to f C|I|t e hangi ng
the ha jefmeinol ed"F&é?H ofi J&Q € BRRSLISSuS Phitieatoof ing wtbagenwre by the
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enl s ource e-1oni zed water. A chlorine

i nj ect @ha&@lﬁﬂdﬁoﬂﬁtm|mkﬂ% gas or a chlorine conmpound to the tank to
provide primary water purification. In addition, a punp 94 draws water from

the tank andVitbin therdentine {ayenll uh¢reay defimed & pglpx chensbdr| 26z eProgéssed\sf thee
wat er passes fromthe sterilizer 96 back to the tank 91, an ozonator 97
adds oPyHechamberehdemied; §eropt aal 31 e disposehecntrally i earhgoeblbandt i on of
chI rine and ozone is.gffective el im nating bact ral,
B e throshese SrpeShvs uh 1hat SEIBHE Qrififce byF FBOHORINED 28n Hsol ut e
f t t tool.
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a sub- oir 52
o 52 TERAuS *a%’*y“@%agg Do SRS Fskie bbb Rt { The plplchafis

r ef er erpentatiohiagdrsasteAdnde® thastinhekugh ted epiffttelide intlg 65 dfeqm% chamberinent
35 25 includes a tubular barrel 101, and a tubing connect or j oi ned

concentandgahaly. t o a proximal end of the barrel 101. A jet tube 103 extends
di rsf"%al | y and_concentri cal ly fromthe connector 102, and is naintained

I ered in Hgenpiodsd %?PEFSEPWXFW‘V‘C’ t;fu8§s|taéﬁeas@mh§h@ﬁm déﬂgﬂ@%%ﬁ nﬁ
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tool. The resulting opening 32 extends through the enamel and dentine to provide access

to the pulp chamber 26 and root channels 27, as shown in Figure 3. A dental hydrojet

30 tool 35 is provided, including a handpiece 33 having a cannula 34 extending therefrom.



PCT/ US99/ 47563 channel for fluid and debris, and is joined t&Boﬂ{:}hzm
connector 108 to a vacuum aspiration system The distal end of the cannula
34 ext eWQ WY Pom t he handpi ece 35 may be provided with vEFFEEL%38UI ar
conformations, as shown in Figures® 15a-1Sd. Wth 5 reference to Fig. 15a,
t he tiPhe3dmniRYyinbRideeal dickapbrifippadapiadtelgenéradd afhighnvéloei@xhigh Predshee.
instrunent, with the distal end of the jet tube 103 generally flush with

t he dilewavolomerjendp of lighid. cBmmbirdpigteemapeunverad tofinsentethcananoila 3driowd thes
aspiration and renoval of the fluid and debris through channel 107 and

conneceraninDY? tordire¢idhip JetPoRatghe 581 tissue Withim the Charpbe26 ang channsivd27.

| i near wth the axis of the instrunent, with the jet tube 103,10

ext el Pl §4y° HirOugh tn oo ot S0l sho Phoy AP hGh I EREERALY | et
tu provides_e i [ .| y ' ' I Py ment on
the t SPot ERRABEaRSSs I BhErngaHeaRnth cSiBck, HieHhel i biibulsBULAHHS

ext endgd: i ! r i t ; r canal s,
her ey LB T e et D e A AT BB PR

depi ct thopsiiphl excisi®s agdenansifidddon eactte hérvk udingsomantigsieheRendThE 60- 120
15 to extend into an opened tooth and to reach other nore obscure targets
Wi t hi ncammaladtriay dlso podiidé vacuune aspipatieldta =npowvey idenulisifiedatissue wrd jgsor t i on
adj acent to the tip. Wth regard to Figures 16a and 16b, a further

enbodi fleish opa se¢andmspiration canpilaimay bgemplaysd i ncl udes a jet-forning
nozzle | | Extendi ng at, a.ri ght angle to the ahnnul a 34 and coupled to
thH)j et t ubk thepreferred snbadimedy the HEsHys sprge oh t eshlﬁhlPéF"rS-Uth!&bl@d shield 20

or of or SR Qpately s B0 0P eRF a2 7 APt SBRGuRRh TRBULRBRE ohi o1

I 12 a ' I ' : ' is ' : is
conneot Ber A PREeRCEE ekt B AARS FOuRe Ry ke S Rol Pt BPERuinBRr 0 L es
a | ar ggemimndllyoérodiey GiRriard ¢issad 8£iRYoblie AYdrekelk, thaRaelsidiam t ar get,,
while the transparent plastic permts visualization of the target. 25 It
may beemppsificdt@hexdtivhadf thé getdéntainob pdssojhedugneier apiealtfoctiraen 28 eflthearoet,n may
be enployed to carry out other treatnments and procedures in addition to

r ol cefrtgt feramepu$ patirally closed. andathys sannotdnjurgithe plveolar seg oepetiosietmnat el |
suited to carry out rﬁmval of cal cul us and pl aque, and for root planing.
Thi s pHischase ofEhe 190t e dHERASQUITS Stanéial, BRStAPHAL hF ARIPUEAUASIR PSR as t he

fluid f he fluid jet. Likew he, f1 ui.d. . b d f
excl si 8 PERFaPEds ErbiPlset ABRR b s it fine ThuS 2P, s
Il 3., 4 ) . , ) , _
The f1aid | She oo aafichd AT nd s WS, HAa e S iEes s FrbRidy oY
may be effdfy @nd aysitate Al the BbAURsEE ?}»ﬁﬁhﬁﬁ%ﬁicﬁp tddiR id Q%H&xirﬂgfggr fdrongby

easi ng the subsequent extraction. These procedures may be ai by the use
of 2@nt isktomids.c Of @outseo nsore cinioismeihired lfos Befhesuchbasmoldie having, a plufdlivy df | et
of sufficient energy may be used to renpve carious dental tissue, thereby

provi direef chanmele 2¢ ard eshovemivBiguaad. Preegentalthisirojesitodli 33 may. belmaneawyersden
found that proper choice of jei. energ el ectively renoves the _carious
tissue twa}%t th éafH'égP oA @éﬂ%ﬁ%&ﬂtﬁ@aéﬁ&i@e ERRY cBeRBslp o rerpore Al salt thgieat hed
by the&‘%ﬁg' This process may be enhanced through the use of an abrasive

sol uti - the fluid for the fluid jet. 10 The dental hydrojet instrunent

provides al }I‘hQEilc/]hﬂF%ié @@ﬁs’fﬁ]\}ef gﬂi’é jre(? % mgf \c/&ﬁﬂais?%teﬁﬂ@ v{]ée}g{ or medic

canal / pul pecto procedur e, creatin al'l'y no or Vi %lr ation
at 25he gradcdfling sbRuitiohNbS ak BATAPRY JoHitién, it 2R ANUABIE sAUUBACE: HY BWragiveor art
mechanical tools, ultrasound instrunents, and dental |asers. The foregoing
descri pbluwionpdr tther predicatioas oe cheniicrstar afy ddmebinavien thereohaButssrmots,
presented for purposes of illustration and description. It_is not intended
to be anerguban ore of these rypestofsplutionsanay ba used imesemalarier Forsnatipiel osed)
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and wt varil ous nodi fll cations as sul ?e to e partil cul ar rpose

contenplated. It is intended that the scope of the invention be defined by
t he cl ai ns appended hereto.



3 0.JU. 2003 14 CLAIMS 1. A nmethod for renoval of all soft gigsgwe 293t hin
the pulp chanber and root canals of a tooth, including the steps of: 5
form ng an opening through the upper portion of the tooth to gain access to
t he puwo ehamdier providing a dental hydrojet tool havi ngPEm/USPY¥256% adapt ed
to emt a high pressure, high velocity liquid jet directing the high

Chantir o8 P LIS P Ehtpl &6 p By e R AP BuP W hIRE: SR’ D
aspi rlatzhélaaﬁdlqeéceaptﬂe%nmqaﬁfqe% esbl2nddQErbed fih ek §9fﬁatédt&§ Baif rom t he

pul p chanber "and root canals filling the pul p chanber 'and root canals with
a dendefdrenddd dbegec aneantitlelp, thethandpiess ngayt eec@prestedgo tansomrghoft iigh upper
portion of the tooth with a dental preparation wherein the liquid jet is
emi t t pdssune fupd gsfumea swady stkaset pmanaonBiod0thepyifice20 2. A net hod for
renoval of all soft tissue within the pul p chanber and root canal s of a

t dot h, i nchfier kg RHe chasber gpd rootg:h@ngg]@ hZ’GBé’eEB fally ﬁﬁm&[% a%éﬁphlgzeldhr ough
th f the t t to th di

2 dertEReHRAPUPTE! PR ila VTR R (RBReT 269 Searaant S Enproke R spalety e
hi gh

I : gw %ﬁ})ﬂ?%%{eﬁ ISMISO ftcng\gggﬁ\%ﬁ% t%g pu%FbaE{??T%QB en@g?%bo\é%c%r%altg of

the teghb atqearﬂﬁfde ram @Dhaesrdisi o xu&rhss 80fdr dnha m gém 1513&3) HOcra0A, E&ERVi Ng

t he excised sified soft tissue fromt 'p chanber and root
canal gorhpesifd mhtefialtdiahpike. Citpreteditd if aais czmplbfedw th a dental filling

conpound
10 The use of the dental hydrojet to perform the pulpectomy/root canal procedure
exhibits the following advantages over prior art techniques:
1) Complete removal of all soft tissue within the pulp chamber and root channels;
2) Rapid completion, resulting in reduced use of anesthetic and reduced pain
experienced by patient, and reduced cost of skilled dentist and office overhead expenses;
15 3) Elimination of complications due to perforation of root or apical foramen,
4) Sterilization of operating field by use of appropriate jet liquids to minimize
post-operative infection.
With regard to Figure 7, an apparatus for carryout out the procedure described
above includes a fluid reservoir 51 for supplying the working fluid to the dental hydrojet
20  instrument 35. The fluid from reservoir 51 is fed to a pressure pump 52 to raise the fluid
pressure to the range indicated above. The pump 52 is controlled by electrical controls
53 set by the system operator or dentist. A pressure regulator 54 limits the output
pressure of the pump 52, and a safety valve 56 provides a pressure cutout function if a set
of safety conditions are not present. The pressurized fluid is fed from the safety valve 56
25 toacontrol valve 57. The pressurized fluid outlput from the control valve 57 is fed
selectively via a flexible tubing 61 to the dental hydrojet tool 35, which emits the high
pressure jet 36 under the direction of the dentist or other trained practitioner.
Output of the control valve 57 is provided on demand of the user by a switch 58,
such as a footswitch or an on-off switch on the tool 35. The control valve has the further

30 function of a pressure dump to immediately relieve pressure in the line 61 whenever the



and, clt osi ng the opening through the upper portion of the to?Pthwi ninla
dental preparation wherein the liquid jet has a dianmeter in e range of 20
m cr onsWOP0@8B115 microns. 3. A nethod for renoval of al |PGHY$9%RES[ue
within the pul p chanber and rod® canals of a tooth, including the steps of:

For m ng i 9P RYuRRed BFO YR rddieHdRREs &@gﬁﬂeg@t5@istsaafrcﬁ;ea!?ngts)naﬁécfhsgfg?S 20

to the pul p chamber providing a dent gl hydroj et too aving an orl

adapt eglufabiofiwthege Rirgbrepingaediae: add eciselcawift yf theqwi 86 jetequirdd O Jidlttez003 16
directing the high pressure, high velocity liquid jet at the soft tissue

wi t hi nvilhe Spuhgy béprbeidedad theomttpeteana of the hydmjetaooh35 o enechsmicalhyl biookl si fy
the soft tissue aspirating and renoving the excised and enul sified soft

ti ssuethegereutpel. pul p chanber and root canals filling the pul p chanber and

I i.th | figl Li d and, clagsi h ' h h
he upper BN BE2ER 0 REEWD St A PPHSHodEnE Ay PEGARRRFORTOLSAORaE hor
I di - f. QI i qul t | hydroj et
Pool ¢ SomeftaSOpeh T kRl B8 polp e HFABHTT and o fiuhn SlEdliERE, . ©

hydroj g} gaﬁéxgmué deﬁﬁ'éd‘ﬁithjthé s&mé e&¥eAlncBYHRISls hiaOﬁ{Jé’gﬁ?{g (pving a jet

nozzl e adapted to emt a high pressure, high velocity i jet a fluid

reser vaedigatldnd Uk ptiedLy didlirktiod of the ghpaeses 60 Figurs Bois TRapovisioneghad to
said fluid reservoir for punping said liquid 20 under high pressure to said
dent al pressurigestair ssurcert2nwitconfeeds preamati¢ presseleabtaughl a/presaratreggjaai d
dental hydrojet instrument to emt said high _pressure, high velocity liquid
j elQ s&Bdo driyaiacprieysnaltiaty apsraipd REISFIreuviRp 55’ue'ﬁ|ﬂe remaining components

operate substantially as described with reference to Figure 7.
Either of the apparatus described in Figures 7 or 8 may be housed in a small
cabinet adapted in size and shape to be placed in a dental office or medical office.
With regard to Figure 9, one embodiment 70 of the fluid reservoir 51 or 51°

15 includes a tank 66 having a charge of fluid 67 retained therein. A stopper 68 seals the
tank opening, and a delivery tube 69 extends through the stopper to the bottom of the
tank 66. Another tube 71 extends through the stopper to pressurize the head space in the
tank and cause the fluid 67 to flow through the delivery tube 69 to the pressure pump 52
or52’.

20 A further embodiment 75 of the fluid reservoir, shown in Figure 10, includes some
components similar in function to those of Figure 9, and are provided with the same
reference numerals with a prime(*) designation. The tank 75 holds a charge of abrasive
solution 73 for use in those procedures which benefit from an abrasive fluid jet. The
abrasive solution is stirred by a mechanical stirrer device, as in known in the prior art,

25 and may comprise agitating balls which are magnetically driven by an external magnetic
device, or may comprise agitating paddles, or may comprise a device for rocking or
oscillating the tank 75 to maintain the abrasive compound suspended in the fluid.

With regard to Figure 11, another embodiment 76 of the fluid reservoir of the
invention includes a sealed bag 77 of premixed fluid 78 for use by the hydrojet

30 instrument. The bag 77 is placed in a sealable vessel or pressure transfer tank 79, and a



3.DJUL '~ 17 said reservoir nmeans including a tank contai ning 8@ duL 2003
abrasive solution, and further including stirring neans for maintaining

sai d abrasive constituent in solution. 5. A dental hydrojet system

i ncl udwago/4a7dent al hydroj et instrunent having a jet noZATUSMIARIEd to enit
a high pressure, high velocity jiquid jet a fluid reservoir for storing a
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0O un pressure roj e instrunent contr means for

sel e?r&ééﬁka/peﬁ@rﬁ.i e $8id1 98 HAddYOpaH 80 coRfibsBaRMh prossBRizEd Siaid hi gh
pressure, high velocity liquid jet said control means including a control

val veouRieg kpels asl tHres mpenofStak dafewypalve 36orditd, sabtbbyaht predsyry within the
instrument t s neans for an operator of said instrunent to switch said
cont rueissaladausesotheremofed Saidd 8ctorflow fromakheedisolzdrgdiport Seanthefrogulaiedt ant | y
relieving fluid pressure in said instrument whenever said _control valve is
SWi t dHEEPUre Of iedPemp Yo ke fhis amangament the Aeidhureservoiteih 0RP | oresd ROt ¢

' i t hi h I mb d . I f h, i ncl udi h

st epeigtie: o s b B P Veis AORERAATERT 1 RFOSGROER Bpper porti on of
epsFighe. 25 S | FBtigh! i i
ool havi r SiRBifeARERRE drivaTeLtuf MRS PR, RamBrferh Bae RO

I qui gr_ehﬁiedi Q’gﬁﬁﬁ& RG e wgqhﬁlrag? auth ge@:%&&!a?gdrw%ﬁ et alddindtibd he

soft 1issue thin the pul p chanber and root canals of the tooth to excise
and egrubsiehils tdeomict thd RsideB4asnhe pumpd ANThé BAR YarifertiAEluRXS nfeds sitch

emul sified soft tissue fromthe pulp chanber and root canals> 1o filling
t e pad iwleh 88 theaotdier end of thedlag twifadilicatel aangingfthe bagin comgpredrfdstdont, as
shown, similar to an IV bag, whereby the fluid will drain gravitally from the bag 83.

A further aspect of the invention is the provision of a system for producing the
sterile fluid used in the dental hydrojet tool 35. With regard to Figure 13, a tank 91 is
filled and replenished by a source 92 of de-ionized water. A chlorine injector 93 adds

15 chlorine gas or a chlorine compound to the tank to provide primary water purification. In
addition, a pump 94 draws water from the tank and delivers it to an ultraviolet light
sterilizer 96. As the water passes from the sterilizer 96 back to the tank 91, an ozonator
97 adds ozone to the water to further sterilize the liquid. The combination of chlorine,
UV light, and ozone is effective in eliminating bacterial, viral, and parasitic organisms

20 from the water, thereby reducing to an absolute minimum the opportunity for infection
from use of the dental hydrojet tool. The sterile fluid is drawn from the tank 91 by a
pump 98 and passed through a sub-micron filter 99, and thence fed either directly to the
reservoir 52 or 52°, or to any of the reservoir embodiments disclosed herein.

With reference to Figure 14, the handpiece 33 of the dental hydrojet instrument 35

25  includes a tubular barrel 101, and a tubing connector 102 joined concentrically to a
proximal end of the barrel 101. A jet tube 103 extends distally and concentrically from
the connector 102, and is maintained centered in the barrel by a plurality of spider
spacers 104 and spacing lugs 106. The connector 102 is adapted to be joined to the
tubing 61 that supplies high pressure fluid, and the jet Fube 103 extends to the distal end

30  of the cannula 34. The interior space 107 of the barrel 101 comprises an evacuation
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cl osing the opening through the upper portion of the tooth wth a dental

preparation‘wherein the liquid jet has sufficient kinetic en&rsg%/ t 0. exci se
and emuMQ 444518 the soft tissue within the tooth but has PHE(HPYR%6ht
kinetic energy to cut or substantildlly erode the hard tissue of the tooth.

7. A nepdiadl foerfluiéand debgk, ald issofdedithssigh otininBEwr 108 tow wcabariegiragsd r oot

canals of a tooth, including the steps of: 20 form ng an openi ng through

t he uppgsterportion of the tooth to gain access to the pul p chanber providing

a dental hydrojet tool having an orifice adapted to enmt a_high pressure,

hi gh vel oci T9e Hisalieadjafithe canpula 34 exsending tram dag handniece i eavpbessur e,
the.soft. tissue wthi

hi gh velocity 1] q,ui.d et at e I~n t he I h er and
oot cBFded priariogb Aney eETBapa iy g g o Pl o rati ng
andd 1 obeielle B R RS S e L dprr bRl P60y o i g

filli nghLA0RRM | Qs _nt SaHp rdil of the
t oot h \j!\njef’li} a dgﬁ% g\lng’ptrhgpcg?ﬂg? ?%%Bf (t)&omjﬁerl{euilnlt%e I iz:qII [ gung?ﬁ F}h;?ﬁ;&%t??ci ent

ki net i gpemas Y thocahuils eThO dpemehdiof Yhd banrudd providauspivatiohandhenioval € but
has insufficient kinetic energy to perforate a closed apical foranen of the
root cameafluidSandAdaieistbrbuigbrchaanmel H)7 aiid adrinesodrt 108 sasieshawnhn Fig hESh thep
chanmber and 15 root canals of a tooth, including the steps of: form ng an
openi n§2umHa tigB4braay gpenddinearynvigh the,axis obthe instrymentawithdbe jas tebeel Gl p

OB g A S0 b DRl SO PBIA MR 58 e ol o
" 90 vSbBEAl b Phe e oRR R SRl et B B R,
the root canal procedure described above the extended jet tube may be inserted into the
pulp chamber and root canals, thereby facilitating completion of the procedure. Figures
15¢ and 15d depict cannula tips 34c and 34d, each including an angular bend of 60°-120°

15 to extend into an opened tooth and to reach other more obscure targets within the mouth.
In addition the tip 34d is provided with a curved portion adjacent to the tip.

With regard to Figures 16a and 16b, a further embodiment of the distal end of the
cannula 34 includes a jet-forming nozzle 111 extending at a right angle to the cannula 34
and coupled to the jet tube 103. Extending about the nozzle 111 is a bell-shaped shield

20 112 having a curved conformation such as any conic section curve and formed preferably
of transparent plastic or the like. A gap 113 between the shield 112 and the jet nozzle
111 provides an aspiration intake port, and is connected to the aspiration channel 107 of
the cannula. The shield captures a large amount of the spray created by the hydrojet
impact on a target, while the transparent plastic permits visualization of the target.

25 It may be appreciated that the dental hydrojet instrument disclosed herein may be
employed to carry out other treatments and procedures in addition to root canal and
pulpectomy. For example, the fluid jet is exceptionally well suited to carry out removal
of calculus and plaque, and for root planing. This process may be enhanced through the
use of an abrasive solution as the fluid for the fluid jet. Likewise, the fluid jet may be

30 used for excision and resection of the gingiva, removal of granulated tissue, as well as



'3 0 JUL Z003 20 aspirating and renoving the exci sed and enul 80f J¥d 2803f t
tissue fromthe pul p chanber and root canals filling the pul p chanber and
root canals with a dental filling conmpound and, closing the opening through
t he upyEe#0/45T31t i on of the tooth with a dental preparati ofCTSEHeRS6Hr ovi di ng
a pressure intensifier device witign the dental hydrojet tool to generate

and el | el JBULSEs of L OPIASIHY 8idbiiaUl B bNG ol Lici8y f iR hod f or

: _ m'a“tooth,” Thcludrng e steps of " providing a
giegthtﬁls '{rxﬁwb@hsé&w RY IO B R difak ER e ARABURE (d Rh §BbL, uRerBhPbadifi £ARUN €,

ocity liqui dS] et directing the high pressure, highvelocity liquid
j et subsédiencext-fitfort Theteprocediifesahayl e aliddepicingeust e apdibiciessolutige and,
aspirating and renoving tﬂe eroded and excised carious tissue... further

i nclodomnyg thdr8Bust gp. of sel ecting a range of velocity and pressure for said
liquid jet that provides sufficient kinetic energy to effect erosion and
exci si on Iorthesmoseyrd Quig jer ek sufTigient snetaydaay ibgdised ite rerpe vk Fariqusdeatidr gy t o

20 substantially affect. surroundi ng heal thy dental tissue. : net hod for
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for said liquid jet that provides sufficient kinetic energy to effect
t0 osi on oThd dentabhydrojes iastchmemoprevided ableofi thgse wsatfent ioptibng iasetellcasener gy
to substantially affect surrounding healthy dental tissue. to 11. The
met hibg rept edAnal/puipectamy presedirss Iwkilsereating yireyallyf ngheati afi vigragion at the

target site. This characteristic is a notable advance over prior art mechanical tools,

ultrasound instruments, and dental lasers.

The foregoing description of the preferred embodiments of the invention has been

15 presented for purposes of illustration and description. It is not intended to be exhaustive

or to limit the invention to the precise form disclosed, and many modifications and

variations are possible in light of the above teaching without deviating from the spirit and

the scope of the invention. The embodiments described are selected to best explain the

principles of the invention and its practical application to thereby enable others skilled in
20  the art to best utilize the invention in various embodiments and with various

modifications as suited to the particular purpose contemplated. It is intended that the

scope of the invention be defined by the claims appended hereto.



sol ution containing an abrasive substance to formthe liquid b8 84 @B quid
jet. i5 12. A nethod for surgical renoval of soft tissue fromthe nouth,

i ncluding the steps of providing a dental hydrojet tool having an orifice
adapted to emt a high pressure, high velocity liquid jet directing the

hi gh pressure, high velocity liquid jet#t at the soft tissue to 20 excise and
emul sify the soft tissue, and, aspirating and renoving the excised and

emul sifiediagfgtissue. 13. The nmethod of claim 12, further including the
step of providing a 9 0 ~ul. 2~pp~ 22 solution containing an antibiotic
substance to formthe liquid of said liquid jet. 14. The nethod of claim
12, wherein the soft tissue conprises gingival s tissue. 15. The nethod of
claim12, wherein the soft tissue conprises granulated tissue. 10 16. The
net hod of 1.cA anethod fopmemeral efdl soft ttissue stishigoihs: pelpscharebemand seeius
periodontal |iganent securing a tooth root in a jaw 17. A dental hydrojet

i nst r umenéandl®ef ddboid, incladndptlacstepavifng a proxi mal end and a distal end
is a cannula extending fromsaid distal end of said handpi ece~ a jet tube

o o nnl entp o AR SRR L 6En TREuRBLELGRTN LEmMIRRTE e BPgRE' 2D ©

N gh pr oSG PYBARTIRS cai d | et nozsl e | naluding a jet Jori fice having a
dianeter in the range of 20 800 m crons. 3 0 ~1~. 23 18. The dental
hydr oj et i nprovidirg a dentalahydrbjet tebkhavingsai drifiemddapted fonahiutdebigh t ubul ar
barrel extending about a portion of said jet tube.
pressure, high velocity liquid jet;
directing the high pressure, high velocity liquid jet at the soft tissue
10  within the pulp chamber and root canals of the tooth to excise and emulsify
the soft tissue;
aspirating and removing the excised and emulsified soft tissue from the
pulp chamber and root canals;
filling the pulp chamber and root canals with a dental filling compound;
15 and,
closing the opening through the upper portion of the tooth with a dental
preparation;
wherein the liquid jet is emitted in a pressure range of 500 psi to 30,000
psi.
20

2. A method for removal of all soft tissue within the pulp chamber and

root canals of a tooth, including the steps of:



19. The dental hydrojet instrument of claim218, further incl gﬂlq_l%_ g]
aspiration neans for renoving jet fluid and dental tissue. e dent al
hydroj et instrunent of claim 19, said aspiration neans including an
aspiration channel extending through said handpi ece and said cannula. 10
21. The dental hydrojet instrunent of 18l aim 20, wherein said aspiration
channel includes the interior of said tubular barrel. 22. The dental
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20 to the pulp chamber;
providing a dental hydrojet tool having an orifice adapted to emit a high

pressure, high velocity liquid jet;
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filling the pulp chamber and root canals with a dental filling compound;
and,
closing the opening through the upper portion of the tooth with a dental
preparation;

10 further providing a constant source of high pressure liquid to the dental

hydrojet tool to deliver a constant jet stream from the orifice.

4. A dental hydrojet system, including:
15 a dental hydrojet instrument having a jet nozzle adapted to emit a high
pressure, high velocity liquid jet;
a fluid reservoir;
a liquid stored in said fluid reservoir;
pump means connected to said fluid reservoir for pumping said liquid
20 under high pressure to said dental hydrojet instrument;
control means for selectively operating said dental hydrojet instrument
to emit said high pressure, high velocity liquid jet.

said liquid including an abrasive constituent;
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a dental hydrojet instrument having a jet nozzle adapted to emit a high
pressure, high velocity liquid jet;
a fluid reservoir for storing a liquid;
pump means connected to said fluid reservoir for pumping said liquid
10  under high pressure to said dental hydrojet instrument;
control means for selectively operating said dental hydrojet instrument
to emit said high pressure, high velocity liquid jet;
said control means including a control valve interposed between said
pump means and said dental hydrojet instrument;
15 means for an operator of said instrument to switch said control valve on
and off;
said control valve including means for instantly relieving fluid pressure
in said instrument whenever said control valve is switched to said off
condition.
20
6. A method for removal of all soft tissue within the pulp chamber and root

canals of a tooth, including the steps of:
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5 directing the high pressure, high velocity liquid jet at the soft tissue

within the pulp chamber and root canals of the tooth to excise and emulsify
the soft tissue;
aspirating and removing the excised and emulsified soft tissue from the
pulp chamber and root canals;
10 filling the pulp chamber and root canals with a dental filling compound;
and,
closing the opening through the upper portion of the tooth with a dental
preparation;
wherein the liquid jet has sufficient kinetic energy to excise and emulsify
15  the soft tissue within the tooth but has insufficient kinetic energy to cut or

substantially erode the hard tissue of the tooth.

7. A method for removal of all soft tissue within the pulp chamber and
root canals of a tooth, including the steps of:
20 forming an opening through the upper portion of the tooth to gain access
to the pulp chamber;
providing a dental hydrojet tool having an orifice adapted to emit a high

pressure, high velocity liquid jet;
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the soft tissue;
aspirating and removing the excised and emulsified soft tissue from the
5 pulp chamber and root canals;
filling the pulp chamber and root canals with a dental filling compound;
and,
closing the opening through the upper portion of the tooth with a dental
preparation;
10 wherein the liquid jet has sufficient kinetic energy to excise and emulsify

the soft tissue within the tooth but has insufficient kinetic energy to

perforate a closed apical foramen of the root canal.

8. A method for removal of all soft tissue within the pulp chamber and
15 root canals of a tooth, including the steps of:
forming an opening through the upper portion of the tooth to gain access
to the pulp chamber;
providing a dental hydrojet tool having an orifice adapted to emit a high
pressure, high velocity liquid jet;
20 directing the high pressure, high velocity liquid jet at the soft tissue
within the pulp chamber and root canals of the tooth to excise and emulsify

the soft tissue;
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5 closing the opening through the upper portion of the tooth with a dental
preparation;
further providing a pressure intensifier device within the dental hydrojet

tool to generate and deliver pulses of high pressure liquid to the orifice.

10 9. A method for removal of carious tissue from a tooth, including the
steps of:
providing a dental hydrojet tool having an orifice adapted to emit a high
pressure, high velocity liquid jet;
directing the high pressure, high velocity liquid jet at the carious tissue
15 to erode and excise the carious tissue; and,
aspirating and removing the eroded and excised carious tissue...
further including the step of selecting a range of velocity and pressure for
said liquid jet that provides sufficient kinetic energy to effect erosion and
excision of the carious tissue and provides insufficient kinetic energy to

20 substantially affect surrounding healthy dental tissue.

10. A method for removal of calculus and plaque from a tooth, including

the steps of:
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5 aspirating and removing the calculus and plaque,
further including the step of selecting a range of velocity and pressure for
said liquid jet that provides sufficient kinetic energy to effect erosion of the
calculus and plaque and having insufficient kinetic energy to substantially
affect surrounding healthy dental tissue.
10
11. The method of claim 10, further including the step of providing a

solution containing an abrasive substance to form the liquid of said liquid

jet.

15 12. A method for surgical removal of soft tissue from the mouth,
including the steps of:
providing a dental hydrojet tool having an orifice adapted to emit a high
pressure, high velocity liquid jet;
directing the high pressure, high velocity liquid jet at the soft tissue to
20 excise and emulsify the soft tissue, and,

aspirating and removing the excised and emulsified soft tissue.

13. The method of claim 12, further including the step of providing a



10(910% & ()-L MLO% & ()-L 10% & ()-yS10% & ()- 910% & () - #1D04iL( 7003
10( @ NJE: /! 10( F#10% & ()-Lg10% & ()-L 109% & ()- 109% & ()- 10% & ()-Ly
109 & ()- NEJE: /!

10(°, 10% & ()-L*nmL0% & () - F(&L0% & ()- % 109% & ()-LL! 109% & ()- y10% & ()-[dY
NC! 10( 10( 10( 10( 7L10%& ()-L5 10%% ()- L3

109% & ()-L1-109% & ()-.310% & ()-/w dEYNC! 10( 9S10%0% ()- 10%0% ()- 9

10908 () - 10%0% () - @O%O& () -(@310% BY ! 1094 s
109% Oz O SPYLEE, ¢RERITINE Ay “@’% ﬁ%&é&%‘!‘% ey qéﬁ,@é@%&ﬁqm

10( 9+10%08' () - S) 10%08' () - ' 10%0&' () - $10% () - &" - L0%0&' ()-S
310908 ()etl } KYZ[\ dYNC! 10( 100 100

10089 @L0%O8 () - 610%08’ () - S210%08 () - R0L0%O&: () - 9- 10908 () -\ kn9%dEYNC! 10(
&@L0%08 () -~ 10%08 () - & 10% () - | 310%0& () - Y, 10%08& () - L$310%%: () - - ydEYNC!
10( 109%0% ()-910%0& () - &@> 1090 ()-9S 10%0& () - 10%0& () - 10%0& () - 8=dEYNC!

18&&3(19%)&%@ h@%@% 31?6?1]%00/%% n PO Hekud @)mpnses gingival

1000y 10%08 () - 4910%08' () - @Z10%08 () - 0s10%0& () - & - 10%0& () - gl dEYNC! 10(
Y109h& (}1SpHE0WME& ()- Y10%& ()- & 10%& ()- Fyl0%é& ()-#10%& ()- SAEYNC
10(

15. The method of claim 12, wherein the soft tissue comprises granulated

tissue.

10 16. The method of claim 12, wherein the soft tissue comprises the

indigenous periodontal ligament securing a tooth root in a jaw.

17. A dental hydrojet instrument, including:
a handpiece having a proximal end and a distal end;
15 a cannula extending from said distal end of said handpiece;
a jet tube extending through said handpiece and said cannula;
means for connecting a proximal end of said jet tube to a source of high
pressure liquid;
a jet nozzle at a distal end of said jet tube for emitting a high velocity ,
20  high pressure liquid jet,
said jet nozzle including a jet orifice having a diameter in the range of 20-

800 microns.
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19. The dental hydrojet instrument of claim 18, further including

5 aspiration means for removing jet fluid and dental tissue.

20. The dental hydrojet instrument of claim 19, said aspiration means
including an aspiration channel extending through said handpiece and said
cannula.

10
21. The dental hydrojet instrument of claim 20, wherein said aspiration

channel includes the interior of said tubular barrel.

22. The dental hydrojet instrument of claim 21, wherein said aspiration
15 means includes connector means coupled to said interior of said tubular

barrel and adapted to be connected to a vacuum aspiration device.



