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DENTAL -TREATMENT USI NG HI GH PRESSURE LI QUI D JET 5 Background of the

| nventi onywolfdRsBEesent invention relates to instrunments deqyusondgsisssi Ng out
dental procedures) and nore specifically to carrying out such procedures

common dental " pr aMErBankiE AGare rpis ko B AL EHEASNENES! 1o echan cal
t echni ques. For exanpl e, ﬂmlg@t RS ﬁwnmm yR¢ i nvol ves many root

canal procedures) a disease s tfirst diagnosed) and then an opening
is drilled through the crowm of the tooth into the pul p chamber thereof.

After the tooth is isolated and the field sterilized, the puIJ ﬂ'mmmmm,MQ
pri mari | Packerenndcof the lvemtionsye and nerve fiber and necrotic s

t hen gspi rated. There remains within the pul p chanber the pri mar ycosei«ve
fibers and bl ood vessels that sustain the tooth. These tissues extend from
extrenely fi J 1 ; ough a
narr ow channgﬁﬁg}?wgggﬁggﬁbn%{aﬁéiﬁrggﬁg&éﬁgo@gIeﬁggggt:)%g’ttl Pgiﬁgdl%{il cally, a
file is ubmoraspecifiedly wicantyieg aarsadvprobedutes wingt ©high prdsare ligoid jebr ade 20
the nerve and bl ood vessel tissue. Increasingly larger files are inserted,
wher eby t he nHiswwmathepaqr arsand is somanef dental prastice to epsyeout ijoser ¢l eani ng

and preparatiop, the | p. chanber and root channel s re fill with a
ver 1 o SR usndmpihalic B aneR, ot CEiui g Rt g il s ar o

gol d,10Si kr¥@lves Man9 rB& cafiflHrétedhids! 4 e RES %‘ﬂ?‘fs'fﬁﬂ%iaéﬂ%éd, @ telanpPr OCedur e
is labor-intensivé, resulting in a high cost factor Tor the 25 dentist's
ti me as wptdingis dtilledithrangh dreperowr of the théth énteehe pulp ehpnberahereaf. Nefyer ke

pai nful , and sufficient |ocal anesthetic nust be injected to conpletely

nunb t he tegthis isglated and Bsifield steriiizrd, fhe DR censistingRIIRarey of Rloodikd tstiscedur e
requires, i I r t.C l. e may

i ncl ude iaﬁé:gégall" gﬁ%%g?eféqﬁ\g%ﬁ%ﬁéﬁggé%ﬁé‘?[;el}a?eed’ﬁoo@’gf ¢ o?'&tl?lsg‘;lgfilgg%; ed tissue
W t hin t halpcchamibethe pBiklaPy @8 HBEss 200 bIdHR velielOMbChubah BE itheThdsef ect i ous
bacteria into those spaces during the procedure. In addition, the denti st
may ildadviesues pxtend fromf extemelyt fine opamings iw thy. apek pf theiroot(s) of the toethi nst r ument

t hrough t he i cal opening at the base of the roqt, and.the opening thus
WO 001 45 FOUEE Rtsees Chaas)y and, ¢ pat BegrmeY Selely PHASBR RO or  f anewed

i nfection andm| gn’qq:ﬁ L I s r J i a
strong anti bi ’gyg%hl S pé%@ﬁ!ﬁ@éeﬂé@t%r&ﬂpﬁg%?%gg urgg){}g r%dgi}g{iﬁgxf[a ese
conpl i catthemgve adsibod oespelitivaid. dnsrehsingly dgrgby filss Arelifiseitedehdreby thelged i n t he
tooth) or fracture of the root or body of the tooth. 5 Recent innovations
in this defrew|charnedshisiciearadeofallesoftissug eAfier qleaning andgwepatetiany thea®lp nto t he

pul p £hanper, and .root . cha I n.qptical fiber. The Rhigh r optical

ener gy vaBAPPFand ol cBW@ﬁﬁeﬁglregew 'ﬁf) %_%tﬁrél,e sﬁhgqaéeqaﬂﬁgaéﬁet @?c\gtaeri li zi ng.
However) dpbifing §ORiat witt? ftahida3d 961ds QI Sdrl ke MRNta CAIMME Prépatliohfie i nterior of
t he chanber and root channel, "and the | aser pulses may not contact all of

t he tissue i nThisdypiealpoacedmetis tdbarvirdénsivi) rasalting in) a higghycostifaator fdralt or y

results. To,ayojd these resl;ﬂlts) there is a tendency to applé annéxcess of
| aser endleBystatimamas el ey skilh and cxpesiencsotorRuers themspredPegney BxpRIMbhd cause

necr osi s. Lt o ad I i I -0%1 St iC
(11 ngs 2nloftiftd I3 ane@REHc AR LinIcERATO LOHRBAPRE Hedb Ll IELRM |
anot ey quake k€ldtively MG itRsoMmbethe praetitreedquiksch typical ly includes 15

gi ngi vectony procedures, the gingiva are usually resected using a scal pel,
and scal i ng afgmplicatiqns knowp taresulh froomd kaat isanhl prachdurp enayain¢ladelinfection t ool s.
These procedures and st ot h%LW{i(Snt al 9éﬁro,cedur,es, re executed with

mechani cAFStg;ffqra Incgppfete regmqy E dipeqieddissue 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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| nnovati ons such as ultrasound-driven scaling instrunents, high power

| asers for 20 caries renoval) and the |ike have not substantially altered
t he rel i anwe ovlis7ahe dental profession on the sane nechanecrbswozss t hat
have been in use for alnobst a century. Al such nechanical tools generate

0”1 he ool Mt FrRHRE RAEC; BRHMEMY s U ABHPGPT N OBeMP A so)

the necha@lu gkeﬁ%@?hgﬂgdggra;ﬁ{dggaﬁwbﬁé ASRERFbEP M thOBRBERIE 3foRstANt | al

anounts o alized areas, causing direct pain

sti mul at i these ddhiplicaggisayOtendongdicatienspncdudaiedkéminsenmenss tddged ethe, but may
not be effective at the point source of the heat. In this regard, the heat
gener at edtogth. gefraciire ofdbg rookALbAdYQf the 0ol eat est problem Cearly the prior

art shpws an nmet. .need for. imr ntal.instr t hat. ) y out
aw degr ange ecﬁ%tnlf’g?patuf) g%i"r#emr%td%}étr%gg%gfj&r@%?nvcxnﬂ%%ﬁé%in&géﬁel%%e?ithﬁg@% lgg’)l;:anoi se)
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Summary of the Present Invention YCT/U S99/02563 The present 1nvention

gener al | yemoggpvapoeizesihe pplpeandtnesveaisduerand cdahdrentlydeeriliding.r Hawenenj the t hat

overcone the problens assocjated with current nmechanical and dental 5
t echni queBroguess phissug sambpustion mayconianyipgte the interiop pbtheichampenApdiradts a

t echni-que r i i f i §hin. i t oot h,

wnor eby 1 canet SEEE ket D56 by Ak S Bt AOE L bl iPeng 8RB B0 RUER, | O

t oot h 1gndcARINgORPNENatiShEBBE IR, MRSivelEHedeGesulid by a 6deihdy t8applH sal i ent

aspect of the invention is that the invention obviates the need For files

and ot her amexdessvfdaser gnergy.awhick maly yerheatthe tootloandssurrbonding tissueragd caust ead a
' soft tissue

hi gh pressure.jet of.water or other ljquid directed at.the
W Dhi b B iR her Soed dmpgetnkprtrer i ML ATing] Ty EaNthe sof

tissue ma i L 0 i and bl ood vessels that extend
fromthe éﬁ%@%é@%&tﬁvﬁagﬁédt ﬁ@éu&%ﬂ t Ee ngg'pex of each tooth root into the
root channel afglaighdrieRaipplepinperistiantalgiradtive, whieh lypiddily Theludesvent i on

provides a dental hydrojet tool having a handpi ece and a cannul a _extendi ng
t her eflf onginghveclorrIPecdusese e gingi waare ysuplly gesected gisingjagkalpeleardscalingat er or

ot her 1i qui nd include di stal. orifi.ce to.deliver a high vel ocity)

i g pr st toof Biningzee EBuyet D Feppalibai deppriont, Bleof Bt

appr oxi MagRkvothEQefitht BRIZedirts ardR¥edul®l with mREhdriGt diifis, BAREMdFRiREY 10- 800
mcrons in dianmeter. The cannula nay al so provide 20 aspiration to renove
the flui dwhedsm the jet as well as tissue, or aspiration nay be provided by
a second cannul a connected to a vacyum aspj.ration unit. An exenpl ary device
i s described i “?J.’”é‘.m?’é‘l"g‘rﬂs .503‘3‘@» Veligs h%‘l‘?ﬁ‘ﬁ‘ﬁ?’?"‘%lg’ég}bmrﬁ%‘P’@%P%/ h. To
i nitiaphe 1 j : ] ! s di seased
and i%bnetg%%g;{&gggﬁl %@c‘!’%% ﬁ%‘%{n&({:gﬁ)& 8?@@%‘%&%@%&%{5@%gg{;hgt%ﬁgttalai s) a hole
is made i prdféionronvhe mometimidabribls thistihage Bedi iandafol attrodt alcegiuiyidalng or

drilling instrunent. The tooth is then isolated using a dental dam or
sim|ar pséthaneshaaicalipels generaie highhlgvels obvibrationiapd seyngthatase directlyhen

di d th h wy f d e | h f th d i
ot T e o coRifia shepeh Bt oaRl (RS of i Batichy s SRR Hnelibog ofntbd Btoierdhns ¢ he
interior MN@THRmM&hahiesl bOR! A welhR dilraNotnd®61E< g&%ﬁ; Subeditia PAmdmder 30

saline solution, and/or a disinfectant solution and/or an antibiotic
sol uti25n heatimvergrocalivél fi8hs} 7B ingRitect 380 sORnRHod. Watarspuy deoiced aren. I n t he

pressure range and jet djameter formed by the hydrojet tool, all the soft
tissue wi PHViedre rerByethisheat, put ey nethe etfegtiyeattheppinsoyregabithedieat But of

R T N LR

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.



A salient aspect of the nethod of the invention is that the hydrojet easily
renoves all the soft tissue within the tooth, but is limted inits ability
to cut or gtade.fhe hard calcified tooth tissue. Likew Sgr{digedsef | acks
the velocity to cut through the apigal root openings through which the
nerve fibers and bl ood vessels entef the root channels fromthe surrounding
j aw ti ssimmmary of thedrresent Inyiention ocess of pul pect omy/ root canal progresses
10 to a self-limting extent and for exanple, cannot pierce the apical
openings if they are naturally closed) whereby a source or conplications
known to resulrhe Pfeaeﬂtram&moargtm&mcaﬂg@ms ah Bppidthé hitDmethd8s For Aemhl
antiseptic or antibiotic solutions reduce the possibility of post-procedure
i nf ect i onreatmdntethapocatompteipnghiemb essecined vdthdamregethecihimicabemt dentdle ti ne
required to excise, emulsify, and aspirate all the soft tissue 15 within a
typi cal rieshaiques apthinsBmERige In GRC aspectibe 4uien AR Coraprises ;4 terbRiquefos i ne and

| abor is expe. | : C . i s redugt] I I npl ete the
o o  SEURFETf e S0 REBESRR S B BB, bbb TBReREP! ot E L

the pati qfflafi@y aRiRLERNESudMaP bé réméved)and Idto8thedndl ferioBsrtaIHRSuEddr oughput
in a dental practice. The interior chanber of the tooth is then conpletely

aspi r at edestotdvepihtalthy donditi®d. dosabient aspectof thednvengiionds that the swfention ssue. The
interior chanber is then packed with an propriate filler terial known
in the pr‘?cchfat%Frt[“? n?mﬁf ﬁ&saﬁéﬁ&ﬁ@rneﬁhﬂ@?@@%ra&veﬁwlqcss\cm w0alst i |1 ed or
provi ged : ey : ' L0 . shoul d
be no gad_‘%ﬁgpyl? ﬁgﬂ 5 %ﬁﬁﬁﬁ%?ﬁ%ﬁ‘?ﬂ%ﬁﬁﬁ@ggg&pu lgdg“é& nggg(gzr'ﬁé%%éngh%ul se

i ntensi fiWithid e ©Bth 1 ekbite, kARIAFESR! Rpirkt ehe R tilsud) Y PO oH tids@Omhy aS
described in the US 25 patent to B air referenced above. Alternatively, the
handpi ececompyish ¢hecmuipiaeredissee andbloed vesséls tiag bxtondfrony the stmpunding jAiwr m a
steady streamjet enanati romthe. orifice. The handpiece e directed
ot ot her it tirtieh itapex phchah £t b he 00t ARG BB L TP FiRiee PE.

surgi cal ,hapdg estorative procedures such as gingivectony) renoval of

granul ation tissue, muco-osseous surgery, caries renoval, scaling and
removi of pl Jhednntian grovédes aldeaal hydtojex toohhivings hamdpi¢deand @ cammilsi ons.

WD 00145731 5 Brief Description of the Draw ng PCT/US991 02563 Figure 1 is a
cr 0ss- seceXiensing wprftam. chhegfanpulpyheqnaectad tmmsquset ¢f HHER pressuse WakEPHoi ng t he

I . l d f. th i At i ol i i
P one. socthéiinid 23 ndiide L gt RS lNRE R Blan vRIey: Bih prespint e TR an
openi ng theQuedrahfeot @R hih ﬁr@s%uﬁeoo‘éhﬁetié)aﬂﬂmxiﬁﬁteg}l’q gditg-ﬁb,@boszﬁ Mde fdtgure 3

is a cross-sectional elevation as in Figures 1 , Show ng the cannul a
10 of t heorifécetiahpproxineitady 106D nbierang irediaeeted Thécangh magalsp peavidepeni ng of

t'he tqoth and.bej t yat ed it high p .. high ity jet.
i qur 83 4 $SOMRicH todEmue e i BBl ds: 3n el 2 RomeqR Sbiraiah may bopraidete. 5o (
tissue w %)gk &c%@@c{u%ia SaBaed %%&u@%{séﬁ&fhn@ni& hn BiERIEHERE i€ mul si fied

and under gol ng aspiration. ure a cross-sectional’ elevation as in

Fi gures ldekcribddoiniUNg. PdtentNY. 5,3625692¢ cainbivnly feighed Rérewthannel s and al |l the
pul p chanber enul sified and undergoing aspiration. 20 Figure 6 is a
cross- sect i onalo igitiajesthe oretkod ofitheinyantien, a-teoth ghavis diggnosed padipeasedanddn and
root chanpel s packed with filler material and the upper. openi.ng filled at
the. conpl B 3K S BPIEREMS/BeLERIEProRRUEY b OPeRet ot i S B AP SE P FYE am of

an el ogt 1 bRk tobut diNE R sBHadr8 Meh@l grintifP6F ARG idshEmBhO T BSHYS heh et dent al
i nstrunment of the preésent invention.

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



Figure 8 is a functional block diagramof a pneumatically driven system for
operating the high pressure jet dental instrument of the present invention.
WO 00! 457 3woRe/d478H599/ 02563 6 Figure 9 is a cross-secti onatt/esmezsss on of one
enbodi nent of the fl uid reservoir dgepicted in Figures 7 and 8. Figure 10 is

a Cross-s ct i.onal eI ew on of .0d] t_of t | ui d ervoir
depi cted o §°"7 3 %resﬁyfe {?}Qlégqu.ﬁegglgmgpeg 3 cp 5?1&?'& "é@’g |a§n of a
further efmqsftrﬂﬁme Wikhih i &bmlﬁlcmesﬁﬁse@ émd@meatzﬂﬂ dsﬁlrzﬁbd}ldiiﬁ)‘fﬂ?c @aﬂt 8. 10
Figure 12 is a cross-sectional el evation of one nore embodi nent of the

flui d resAspicationcheqy ot prdvided By ¢herhegsirgjetandl, 8r by-thgwasnul8of & standanch dentalnal

bl ock di agram of a systemfor generating purified water for use in the
fluid res8Pualiondsvigshe i nvention. 15 Figure 14 is a cross-sectional side
view of the ha i (A= J; ment of
'he prosent 1 riyShiotbaepee o BEmBlnckiaf st bedlof et faft Ry HRbUTC!

di fferent aEfﬂéQ@ftffEmeSwmﬁmQhﬁ @ath, BO: ik ligficedfin ith abitigndoahut binerbdd e harddepi ct ed
in Figure 14. Figure 16 a is an enlarged end view of a further enbodi nent
of the oucgcified tqptivfissupe Likemise, therjet lacksshe velegityctoesut throughdhbe apidal rogts Fi gure

[ 16h- SRHITR idhEh ERh nonyp e ADY BOCRERFR oot FanpFls PR o

Enbodi ment, h I n n
appar at us an%“?ﬁﬁ%@%?%%“%eﬁ@Er&t%?e%#nﬂ‘n‘?%%ﬁ@e ROBRG o6 GREPKop St
associigt et akelhlimitingxtentend fotieranpRNchnionpiaice the Hidah bpeiftngsdnthel afe r unent s.

In one aspect, the invention conprises a technique for carrying out a
pul pecto nyaturally@!nseé avlreby hegureesgr compligatinns knews ¢ result romeprigriatti n t he

tooth by el)'(o%Ie urcsg In aggiti%ln,f e S anusg&{cro%talntq “f; golgt?gr;[s rgchucc'fhe possibility

of post-procedure infection if the apical openings where to be damaged.

Moreover, the time required to excise, emulsify, and aspirate all the soft tissue
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.



Wth regard to Figure 1) a typical human tooth 10 is conprised of a crown
11 extendi ng ‘above the gumtissue 12, at |east one root portion 13 received
w thin a 1@oheedscti ve al veolus 14, and a neck portion 1@ctRkgdodst he root
and crown at the cenento enanel junction. The alveoli are deep depressions

in the bgge ﬁissue.of iEerpandible 17) and are lined with periosteum which
is refle < Hige apex 18 of each root. At the margin of the
al veol us the periosteum beconmes conti nuous with the periodontal |iganment of
the gumtissue 12. The hard tissue of the tooth includes the dentine 21, 15
whi ch provi deFigire 1 is & sRsy-sctibnaltelevation of #eypicadhiman bt riéorrte nyiddigsidg enanel
| ayer 22 which fornms a durable grinding surface and covers the crown 11
down to tthepelpaetamy/repiamerl proerdureef the Presentpanertion,. Wthin the dentine

| ayer 21 there is defined a pul p chanber 26. Processes of the pul p chanber
26, terned the root canal 27, are disposed centrally in each root 13 and 20
extend thr ougiFifite 2rieaeRietionRClevhiion s f FIRMLUIC sRIUibE G stdier Gbiig!
foranen 28. The chanber 26 and canal s) 27 contain dental pul’p, a soft,
vascul ar 4n epenimgabrongh thertgp ofithertoeth to érevpdp elthber eddlinzessel s and ot her

ti ssue conponents. The pul p provides enervation and sustenance to the tooth
through the epithelial lining of the pulp chanber and canals. 25 The net hod
of the present..inventi i Se reat.a-tooth that .is.di agnosed. as

i seased and TR o1hh CRsh e dRER VBB R kRt D sblld: ot AR RagMe 3 o

Fi gur g9 2, oft he aéml Hydrsjed 1ol Betd dxrORRAWroliyh GRRIpBY dpenigd Mool dnk! 31 or
equi val ent burr or "grinding tool. The resulting opéening 32 extends through
t he enanebeimgactosed ionemit @ highopresereabighsweldcityti¢te 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
WO 00/ 45731 ' & / ) 30 i La: S | j £ adapt ed
to generate a ﬁ%ﬁg\gg g%’?? 3?&193;8%1%?%@}5{3?3{, ﬁ%%g{?;g@%g? il""\?idrfi()ﬁt'ésii‘fequi d.
The handpiviii diie6stchamsk] hid h P5AICN dflitfe AP SHambe? £niulifed AR @RoNE 32 to
direct the jet 36 at the soft tissue within the chanber 26 and channel s 27.
The j &% easpiraforcut s t hrough the soft tissue, and the energy and turbul ence
engendered by 5 the jet causes the tissue to be enulsified upon contact.
Moreover, the turbulent liquid easily penetrates into the narrow spaces of
the root Ch_anrlq%,?.e%ﬁs G et RWsEctibhal GEVa85h a0 th FidfeQ YU shdwing'tidlsdH issu

emul sification the nerve and vascul ar tisSue theéereln. e cannu?a 34 may
al so pr ovivithinvisothitoot asquineBtand allithe pdpehembdrenmbified dndshdergoineaspirakigret
fluid) or a second aspiration cannula may be enployed. 10 In the preferred
enbodi ment the pressure range of the high pressure jet is approximately
500- 69,000 psip. the et di [ oximatel y 10-800 m cyons. These
parandbers ar digBiS b ATrdsEsetisHTa ElacioR oF PRI sHoking 16 pp hitBe
cutting ngkd Aot EnaMREk phked VDTN rhdterifland thd Sppeeopinidd BldPRRe AS a
result, the excision and enulsification action of the Jet 36 cannot pass

t hr ough t bemplpliomdf the peovedur28 of the root, 15 if the foranmen is naturally

cl osed, and thus cannot injure the alveolar sac or periosteum at the base
of the root. Thus a source of substantial post-operative conplications in
prior art pro i el m . Lneting feature
of the invent f‘ﬁgw&?’ﬁé aﬁgg&%gblgtggéw%lgégga %ﬁ%ﬁcaglﬂgngg %ygttélrgg%rle, and t he
time necespeaating the high giessuRijel dental instiitheas sl thépRsént Invendlopof t tissue within
a typical tooth is approximtely 10-240 20 seconds. O course, nore tinme is
required for teeth such as nolars having a plurality of root channels 27.

As shown in Figure 5, the dent.gl .hydrojet. tool 35 be maneuvered to
direct the cannigryg 5l afupetiops @%d? %‘a%h%fﬁwupﬁﬁcag@/cﬁnvfﬁéﬁﬁ%"f‘ %% 5 renove

all soft LihSsue i § ek i i jet 36 may
conprise ts)tl %?‘?H@e&l\?\ggg{rﬁgsrsa-%é Slél %%I% g%s\ﬂ%!r“%g tesfgtg? Piﬁe‘géﬂst gll,%vue{nlhgrr)l{ or an

antiseptic solution, or an antibiotic solution, or an abrasive solution) or
ot her nedi cations or chem cals, or any conbination thereof. Furthernore)
nore than one of these types of solutions nay be used in serial order. For
exanpl e, saline solution nmay be used for the excision and enul sification
process, followed by an abrasive solution to scour the cavity) an
antiseptic solution to elimnate indigenous 30 bacteria and then an
antibiotic solution to prevent regrowh of infective agents. It should WO
001 45731 9 PCTNS99/ 02563




be noted that the fluid jet may conprise a pulsed jet fornmed by a pulse
intensifier device in the handpi ece of the dental hydrojet tool, as

descri bed woob/@31US patent to Bair referenced above. Al tprmedopnmby) t he
handpi ece may be connected to a soyce of high pressure fluid to forma

st eady streany . cor 11 ter.th anber and
root channel 2}; {é&j%ﬁ%ﬁ%ﬁ%@&%@‘ﬁ&p %{03105 fé’r?g%\t}}bs%gggﬁng8{1&?3}11%%??&&2ati on of
renmoval , debRtcdyh FigihedTPskd &nd 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 dental material 42, such as silver amal gam
gold inlay or_cro .cured conposite material, or the |ike he procedure
7o Chus. ool BOEBEe 10 i arerescehuna! pheedii i gnoisesopediment 5ahs B, Fhe

pul pect o « s r xhi bits the foll ow ng advant ages over

pri orcstartrw{eec xtn?%ﬁdggdmgﬁ?&%g?rﬁ cétg’e removal of all soft tissue within the
pul p chanber and root channels; 2) Rapid conpletion, resulting in reduced
use of anesthetic and reduced pain experienced by patient) and reduced cost
of skilled deFiguse 1hisch abss-sectionsd elewaitbnedfpefngber, emtdfngnt of theifhid i on of
complicati ons.déle.to Eﬁgf or at7i og of root or apical foranen; 4)

Steril i zdFieOYPIHePigied M Figures 7 apd 8y yse of appropriate jet liquids to

m ni mze post-operative infection. Wth regard to Figure 7, an apparatus
for carryout out the procedure described above includes a fluid reservoir
51 f or0 suppl y Figuré b2 isvdérsssaggclional dlevatidnhef ote micit efmpddiajent of2fie flokk r unent  35.
The fluid fromreservoir 51 is fed to a pressure punp 52 to raise the fluid
pr essur e ewrydiedepigiedin Fgieat @dd 8bove. The punp 52 is controlled by

el ectrical controls 53 set by the system operator or dentist. A pressure
regulator 54 limts the output pressure of the punp 52, and a safety val ve
56 provides apphRs$4iea fuMb@bHa) bloBR HiaBFar bf &sytdm fr g%ﬂérﬁﬁﬁ/g ﬁ&ﬁﬁ'dt\béié}s are
not present. The pressurized fluid is fed fromthe safety valve 56 25 to a
control Viatue ibThe flind reseessdofi thethvehtiord out put from the control valve 57 is
fed sxijbecti vely via a flexible tubing 61 to the dental hydrojet tool 35)
whi ch*tmts the high pressure jet 36 under the direction of the dentist or
ot her trained jtd . 40T . | 5E 4 s .orovi ded on
Gemand of 1 no REE 1h ¥ £06ke OB hicl hicerBr B RphBheck Bolforth deflh °0f 755 T o
on the tofrkssdfe jetldenital amsiduflenval e pressnttilvention.t her 30 function of a pressure
dunp to imedi ately relieve pressure in the |line 61 whenever the WO

00/ 45731 10 PCTNS99I 02563 switch 58 is turned off, whereby the high

medi at e and HRUSE 1 SE TR0 B rossT o e] He v of plieFen EbodREAR Fab el ve S0
may beg pr@gldi%@gmﬂlﬁ@sugﬁ{eayaeﬁgd g,fpig‘h}g_lb,ydr ojet tool 35 to nechani cal I y
bl ock the jet output. 5 Wth regard to Figure 8, an apparatus for carrying

out dental procedures is depicted which is simlar to the apparatus of

Figure 7, and _common el enents or caonponents are provide ith the same
ref erence nundiHre 1pads e Mﬂ?‘&)ﬁ'@cﬂe oid grt'@@fémb@ﬁl.memegsﬁwmuap tinction

of the a i Ie ovi sion of an pressurized air source
62, whi Cﬂﬂgggﬁ%ﬁ%g%ﬁnﬁpé ﬁégs"zﬁffégﬁt%ough a pressure regulator 10 63 to
drive a pneumatically operated pressure punp 52'. The remai ni ng conponents
operate substantially as described with reference to Figure 7. Either of

t he appar at us Fisaire 1 bisch fragnmngary sxosy-sentiogaknigw loé theumu tipntakersatang linsabi net
g]gl?!of::d 'P6b§i§beof?qgur§qg£e to be placed in a dental office or nedical



Wth regard to Figure 9, one enbodinent 70 of the fluid reservoir 51 or 51
15 includes a tank 66 having a charge of fluid 67 retained therein. A
stopper 68,s6fls55t e tank opening, and a delivery tube 68-fuisfises t hr ough

t he stoppaei?' t‘g tﬂe 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 tDeseuppion dfdaheBiefersed Embediment t 0 t he pressure punp 52 or 52'. 20 A
further enbodiment 75 of the fluid reservoir) shown in Figure 10) includes
some conponents sinilar in function to those of\Fi gure 9, and are provided
Wi th the saﬁeme;ﬂs@.ﬂqma%ﬁr héralth Edmrids afBfpardud&%d RHodO Yor dEhG1 t ank 75
hol ds a charge of abrasive solution 73 for use in those procedures which
benefit ftreatmemns thiat adry@né theipdohlems adsoeiateldrveigi marenomethanical anddémaled by a
mechani cal stirrer device, as in known in the prior art, 25 and nmay

conpr ise tefiniqies aed Bstnmentsi dmorg espRelgetinvearipy comprisas diechmqusdosr nal
magneti c device,  or conprise agitatin addl es) or. may .conpri se, a

devi ce T SRTVBEA 3 PaIPeBiOBR Prpbroshet: bR o boinge B2 ko R kst e Bis BV
conpound HUSRATICEmul; dndUispiratifiithe §¥9@dsdet O Figure 11) another

enbodi ment” 76 g%et he ffpﬁxi%d resﬁetrvoigr of the invention includes a seal ed bag
77 of prem xeWith ragdrd/t® HigureUs e typical hemhy evoth 0 is3@mprised ofreadownTe bag 77

is placed in a seal able vessel or pressure transfer tank 79, and a WO
00/ 4573 Pitsndinsshoye derum fissyedenatrleast pag foopporien d A geceived Withir Ai n t he bag

el ulfbe Hsnsafiye' §586Hks, 18 ARAATEEE pbGich B IPRGRAME Fod 4RR sthbun.dt U SHEGE- o
out put ofenafiR] pAEESH. '171%Meco'iﬁarerde%c'iépr&!@ﬂih@m’th%%n@fi@\%é'éf theWthardible t1he

vessel causes the prem xed fluid to flow fromthe discharge port 81 at

t he regul aidede Bngy with pemosséuny whighuispefiE2tedian thé icotleatrthsapeaxel ofteaeh fdotii d i n
reservoir 51 or 51 eeé nqit ?‘g sterile, as the seal ed ,batg 77 .prevents

cont ani natt ﬁ“&ﬂ"g‘f‘ﬁ’ér&ﬂﬁ Kealugjthe pgripsteysm bacamesontinugus vith the pemodeptal oj et
fluid, s j j i - ] Let. fduid 84. The
bag i ncl Bﬁo%%l egpggg,gggg. %‘t%“%zg'ngﬁ%:ﬁﬁ?ﬁgé‘%g‘ﬁ t%?}ogﬁh %Eﬁ%t%ﬁgtdhﬁéneg} "extends to
connegs twhichlprividd34hé prilna spriicturd8f theicothamdfthe Véi¢ hatdeab@eRysEezns such 10
as holes 88 at the other end of the bag to facilitate hanging the bag in

i nvert ed Vhichforms adurable gripdingsnifage and coners thepergyvnwhledesiy ta the cémentd- wi | |
drain gravitall f.romLE‘he %3&83. A further aspect of the invention is the
provi si onRReLIURgUen 3 the pe ucing the sterile fluid used in the dental
hydr oj et t ool i WY Ir & W Bof } i

repl eni shed bnghlg\(%% geemglgq{#r gg-ﬂiﬁgﬂiﬁz%g%\%? g?fpad}\&rgﬁ oir(? nlfgogsénsjgéegc(?g?e 93 adds
15 chl or i mdp ghamloer 26, echhed theeoctorupal 2Vd atealisfosed conkrallp inpeaehirce 13randar y wat er

purification., In addition, a punp 94 draws water fromthe tank and delivers
it to2@n eAendfhranehithg respretive apeX |8ata gmuterifiqgethgapical {osamens2§. 'tha ¢ he

sterilize 7 . to the water
to furt heérh S g??ﬁ?%&egﬂ%ga %ﬁ%ﬁ &ﬁjﬁ%glc@ﬁng’?ané)? t|r 5%5(:8@9@%1“%??&%{“3 i ght, and
ozone is @ihéohd Na@védamlHlsddWiskdlg amPether fisshe cothpatientsaMhe PaAIASbVides Or gani sns
20 fromthe water, thereby reducing to an absolute m nimumthe opportunity
f or i nf ectneoyationand sustenafice toethel tovtlathronghytbe epithiediol linifig of theeuld ehafibei d i s

dr awn fromihe tank 91 by a punp 98 and passed through a sub-mcron filter
99, and t Balfed either di rectly to the reservoir 52 or 52', or to any of
the regervoir gadi ' her. el ' NG ' e 14,

t he hg'?ldpi ece 33 o% ?ﬁgf%gﬁisﬁhﬁég%éfagt@}l%sdtt%n{tgé@ tgéqlgnc ﬁé?ggldg t ubul ar
barrel 10disessedlamd feqbiring aquibpeeainoy/robd 2anad prieddrerWithirégedtd Fighe X thy oxi mal
end of the barrel 101. A jet tube 103 extends distally and concentrically
fromthe @eﬁhﬂeemsﬂllmmqneé{bu employing e dentalrdrlbdl er equivalent burrioggrindingy a
plurality, o i der, .spacer.s 4 an aci | ugs, 10 he connector 102 is
Ddapted | BoheTRERUGTE ScHEe 2 pr Rt aRReh kil ek aonlind o BBV R ASast g,
and the |j hst.al . 36 h 34. The
interior g):)tg%:g%(f% Q%P aﬁiﬁgg‘ro E)g?ﬁakllgilgg?)’n%rspg‘gg lgﬁlgggca%ugtqﬁgﬁpw%gm 45731
PCTNS30/ 0&b35 iszprovided) éhcliding & lhahdpiesed Jdedvigsa canndlai3gl gxedndigy thérefromh
connector 108 to a vacuum aspiration system The distal end of the cannul a
34 extending fromthe handpi ece 35 nay be provided with various angul ar
conformations, as shown in Figures 15a-15d. Wth 5 reference to Fig. 15a,
the tip 34a may be angled at approximately 0-60 fromthe axis of the
instrunent, with the distal end of the jet tube 103 generally flush with
the distal opening of the cannula. The open end of the cannul a provides
aspiration and renoval of the fluid and debris through channel 107 and
connector 108. As shown in Fig. 15b, the cannula tip 34b may extend
linearly with the axis of the instrunment, with the jet tube 103 10

. -, B Y " Y N - N . .




Wth regard to Figures 16a and 16b, a further enbodi nent of the distal end
of the cannula 34 includes a jet-form ng nozzle 111 extending at a right
angle to tWweoeasmul a 34 and coupled to the jet tube |03. pdprv®ndisey about
the nozzle 111 is a bell-shaped shigeld 20 112 having a curved confornmation

such as coni.c.section,. curve. f referably of transparent
plastic o etclz}gmfli’l‘&c:“& b.dg!b&ﬁlfg%ggg &' é%&{geén%ﬁﬁez}etﬁgxéo %thfﬂ‘ep‘]g%%] Fer‘lpzzl e
111 proviiggSofim@ePBé 8t igiid! ThekendpRick maheevdred GARKLCHE datiild HeingSikr at i on
channel 107 of the cannula. The shield captures a | arge anount of the spray

creat ed lopening 3Rytddopatthe jepAg at the seit tissug avithimthielchamber 26 andsyhanreeht 251 ast i ¢
permts visualization of the ta glet.

25 |t may be appreciated th t he
dental hykhedpiaasilyeyts thrapgh e seft Jsug, %'r%? ﬁn%w%t%tﬁﬂ?wéagwe y out

other &r r i ot .pect ony.
For - exampeie phef 1 ORGP e et coRfhct, MpABYer B sl BUbiEEL
removal  Qdasib@pdiietries e thel rere® spadet Jf die io@@éhaﬂh@l@izm%iﬁiﬂ%itﬁ, ¢fqaags my be
enhanced t hrough the use of an abrasive solution as the fluid for the fluid

jet. Likehdmuegh exasibh andiemulsifivayorbefl (80 nerye dnd yascubac lissuethexeid. Thsect i on of

t he gingiva, r% val of granul ated tissue, as well as . V&).OOI45 31 13
PGT1US99/ 9543 lsaprByide Yacym gspirpin §q iempve the emnlsified syis andjet i unct
to tooth raGtd i t ] pez IV ed to sever the fibrous
attachnent?lga‘t(%%tgﬁg dodgpﬁ{i%o%aml?ﬁg%by eaﬁsils%ééﬁt he subsequent extraction.
These1r OCedUTIEmell'?erﬁed aintledimyit the Pressere hngdrufidkd igh pre3@irtljdians to form
the fluid jet. 5 Furthernore) a fluid jet of sufficient energy may be used
t o r enpveappeaNimaelydi-¢0.09Q psiiand thwiet diagnefar ds/approrgmaielp | @-88Qmierens. enpval
and prepagation for filling. . [t has been.found that proper. choice of jet
aner by SeEst P leruifsstEten b ebfitg A3 B o oL c4BBlRiot sFE EF « oundi ng
enanel a i Yo tBORAA tHORCH RE / 6k - FSisi ss may be
enhanced@h@ggrghnfﬁ%ausge of an abrasi v%og%/)I%??gdgﬁ%sthgﬁ*eé?l%%@for the fluid
jet. 10 Temulsiinatiin deyidn of die jetrBst caunstrgaspthomighiale apidal dératrea 28 of Keaboent
options, as well as the root canaUpul pectony procedure) while creating

vi rt uldd | yif the fReamendp natuppllyiclessd.andithns qanpejdnjueg the alveplak saco i PEEPEPYMAL ¢ i s a
not abl e e e r4 . cal I tra nd instrunments,
and dent A1 BAEG IRl Pl e 85 4BMiRla hAP'sPaitd (AR ol B REET e <
of the i naeploteduréiis compRielpeMbRRGAIHAhE Cdlf-AiMsRames of tht Ubleh@éd.on and
description. It is not intended to be exhaustive or to limt the invention
to the preci s@hedetrboictscquisidyl withinthersefy tissyai dandghe timaseesssary 40 exaiseons ar e
possi ble in light of .the above teaching wthoyt deviating fr spirit
and t he S‘E‘B‘H@fgfauflﬁ@w%@ﬁ?\e&ﬂﬂt“fﬂ}? %‘ﬂﬁﬂ&i%ﬁﬂL{?‘HEWﬁ‘B&mﬁﬁeB'%E&t ed to
best pl @i h LRE Sird i i ' | j i cation
o thay b oauy PIRSAE ORI syl LA A, b et £ BliREoS

i nvent i onrootichaan¢lo Q3. AxishelvmanFigusmen] thd ddntal Ay dois (o) 35 macie aeuasred ui t ed
to the particul ar purpose contenplated. It is intended that the scope of

t he i nventojdigcisbe gamuincdt mid jehdd Wwioeach of heanetehanegistoyemoviall goft Bspg1 14
C ai ns P%/HEQQ/ 02563 1. A nethod for renpval of all soft tissue within the

pul p cha & 4nd root canals of a tooth, including the steps of: 5 formng

an openi ng t hriygiguidwhidR BeNstiBRES the fet 36 hdieconfistsh slefiledRhtr SCHEMAEalt O t he
pul P %]angriaé saline solution, or an antiseptic solution, or an antibiotic solution, or an abrasive
solution, or other medications or chemicals, or any combination thereof. Furthermore,
more than one of these types of solutions may be used in serial order. For example,
saline solution may be used for the excision and emulsification process, followed by an
abrasive solution to scour the cavity, an antiseptic solution to eliminate indigenous

30 bacteria and then an antibiotic solution to prevent regrowth of infective agents. It should



providing a dental hydrojet tool having an orifice adapted to emt a high
pressure, high velocity liquid.jet; directing the high pressure, high

velocity |y@kg4d-d€t at the soft tissue within the 10 pul p~fheygkasss and root
canals of the tooth to excise and, emulsify the soft tissue; aspirating and

renovi ng, the exci sed_and enmul sifi'ed soft tissue fromthe, pul p,  chanber and
root canhf g?teg that #rfgﬂwﬁéetmypc%vm&rwém JetdBmmeddyza Bl fRensifire AEWFe i 1 | i ng
conmpound; - 0S| ' r e ' the tooth
wth a g fEhuniae didd R aRGEIE GO S AHER HIREOSBAIG TRl 0 g

t he hydr edfefenésdalbov.t Altannrny ige Rdhdpieeeiniag bexbebdtedho alsglirck behipaeni ng
formed in the upper portion of the tooth. 20 3 . The nethod of claiml,

further pressurdifiugl soform mstesdy staganpjet emanatifig frém theeorifidea of t he hydr oj et
tool. _4. Th t hod laim 1,, wh in the liquid. jet i i.tted.in a
p(r)gssa re raﬁg@f&‘f ‘?‘868{%‘31*‘%? 3‘3‘ ré’ﬁg&%‘sf’ls ng%f_)c%%kgll & ngéfpd%dgpsipmleg,
wherein "f&f‘veh'ﬁ%k}&x o15bmdoa the ufHadbek Bnd &%;rﬁmqas% d&% B GARS i'ﬁéh,SOO

m cr ons. WO 00/ 45731 PCT/ US99 563 15 6. e net ho clal wher ei n

t he | i quiaskptietmadicrial #Uf 4siis keown anee @¢nfabare X Ther€aftei the pérfihg 82 isflelof t ti ssue
within the tooth but has insufficient energy to cut or substantially erode
t he har d uing istandardideatal matarial 42, suclypesitier Aadlgem, goldiinlay or erasvneicwred he

liquid jet has suffi.cien er to excise . and enul sify the soft tissue
Wi t hin tﬁngS%{eH“ﬂﬁ'Paclh%&’Fﬁgﬁf %‘EP&‘WF WhT GYs f‘bmgg?’aor ate a closed apical
forangn of thend pat 1640 By, Lding a
vacu[}% aspi raﬁ%n&coafg%?? t?lglyca faytmi% out gicrfgﬁlgdtcep &Joggﬁa?g{o?%(gﬁgnd
renovi ng ekhibite kel fokRowmgdidemthges foverpriafart tecladgies: 9. The net hod of claim 1,

further including the step of providing a dental dam surrounding the tooth
after the opehl Gempleteismonal of il seBstissue withinghepulpchambercandsgotichannelsyui d j et

at the soft t b)sﬁz&befd %&Bieﬂo}x,hr%sﬁ&% ﬂx 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
33 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 output 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



15 10. The nethod of claim1) further providing a sterile water solution to
the dental hydrojet tool to forma liquid jet of sterile water sol ution.
11. The newbeels®s: cl ai m 1, further providing an anti septpecresvomiscon to the
dental 20 hydrojet tool to formyg liquid jet of antiseptic solution. 12.

2
The nethod .of &l.aim1 urt he rqovi.di ng_ an. i bi otii.c sol ution t.0 e
donta - nySrGnet® f s5ped ol bty MeRBtbREn Dl I i aRp e BuptRon 4 25
The net hogn@fiofd whdke b mdrdihhREials M pHedie AusP BB N 35AY F&Rired, Athaflerdr essure
liquid to the dental hydrojet tool to deliver a cOnstant jet streamfrom
the orifi eave 39ima¥ibe pnaithesihat olie @itputrend of therhydeojetpoahdScio mpchaicallyshloack

intensifier device within the dental hydrojet tool to generate and deliver
pul ses of hRi%IRUPNEsSure liquid to the 30 orifice. WO 00l 45731 16

PGTl 11599102563...l5, . f ri ' a tooth,

I ncl ud?ng the E‘ég%ga@? [?%l?ﬁ%l%?ﬁsﬁ @ @e%{‘og%aﬁi%g&ggﬁe.r{t%ﬁgﬁgé{egg‘ an orifice
adapt ed t @epéted which!i8 Sinfllaf $Sthe Appdth @l of Fighfd 7,Yank icatinhfonefdments 6H r ecting t he
hi gh pressure, high velocity liquid jet at the carious tissue to erode and
exci se t heoropomentssire provided withdhe sape refieremee ramatrale having g ptime (&r oded and
excised carious tigssue. 16. .The net glg of cl ai g\E;LS, %urgher | ncl Li_,di ng the
step of pfesignaney Theprmarydistinstionat e 3pRYyalg of Figdes §is the BOVISIRCTAS f or m
t he |i-qui Sk Laul & it '

i ncl udi nggﬁeﬁsfé’@?de%’ (l%‘lt“ﬂgée e’cﬂ‘%‘bﬂeédsr i‘%&é‘“‘ﬁ? ri’\gééf‘gté itlﬁjﬁe%%ﬂ’%?se"fégﬁe?gﬁ%r sai d
li qui d0j eb3 tddrivead preahfiticalDsoperatedipressaee purmp 52f. THeremaiminticoniponsate W t hout
substantially affecting surrounding healthy dental tissue. 15 18. A nethod
for renovaperae sebstansially andescbedywish referonee torkigirs 7t oot h, i ncl uding the steps
of : Providing gudent ol NSl chutReh DAY 730 sl bERRSER SdP oMt @

hi gh pressure,
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
or 52’

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



20 directing the high pressure, high velocity liquid jet at the cal cul us
and pl aque to erode and renove the cal culus and plaque, and) aspirating and
renovi ng ul us and plaque. 19. The nethod of cl ailgg.dlj,gs b her

i ncl udi ng %&‘g%sgp of selecting alrlr ange of 25 velocity an prgg’séﬁ';'re for
said liquid jet that effects erosron of the calculus and plaque w thout
subst ant discharge per 8t iextgnds FTPBUMIBRIA dhakag Thihronghthe vasseldgeonnegt tothe net hod

of claim18, furth inncl udi E D fornrovi di a sol uti .qont ai ni ng
on abr as PRt Bz, T VST Io IR ERgRRERRA L FhrdRab RN,

001 45731 gdyfrc RO GaRf8 olthe shfctiPldIsE 8F 56 UivHEEBY tHeqiFB\ate Wikhif @l t1ssue
fromthe nmouth, including the steps of: providing a dental hydrojet tool
havi ng arvessel ¢auses tae prrnsised Huidii8ttodlow fybomphediscitazge porgR1 aethe céguwjatéd qui d
jet; 5 directigg the high pressure, high velocity liquid jet at the soft
tissu@ t PresRYE ‘Wl’éihglépiﬂ}‘s?ﬁé“wq‘ thedlnid in rgpervoig 3pior &1 | #gdA8kDE enovi ng

th i sed. and | Sisf i ' . 22 th f im21, furth
ol udt ngerie o6 pETHPU BE 7 Btvbn cBRnaGn ob MR MBI BT A it ¢
substance to josimplified sdudd 6F Hydrajedi fthidl bW ih Blgure B2, cORPrikBE h0sk 83 ofCl ai m

21, wherein the soft tissue conprises gingival tissue. 24. The nethod of
cl ai m 21 prevhixee jat flukb84 oThe bagsiscladesonseal 8kst qpeand) thteghtwhichuadraibtups. The

thod of _claim21, whereip t ft ti ' t he j ndi

per 1 odon &IeHengh bermnegats e K ©Jen PR32 The BAg dithep oo uetimegas bl dr of o
coapt Dy (5 Aol 8B e L SR oFtne AR SRR HRE Bhe i th Mhehel Bpltlrsy ©
reser voi rshbwh, stinflad 0GndV bagl ivtlereBy M fNGA RG11 GeAR eFdvaelly frofifdhe bhg 83.d

reservoir for punping said |iquid under high
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 tube 103 extends to the distal end

30 of the cannula 34. The interior space 107 of the barrel 101 comprises an evacuation



pressure to said dental hydrojet instrunent; and, 25 control neans for

sel ectively operating said dental hydrojet instrument to emt said high
pressure) Wo@dbasel ocity liquid jet. 27. The dental hydropetusiwstsem of claim
26) wherein said liquid conprises qg antiseptic solution. 30 WD 00/45731
PCTI US991 02513 .18 _2§. dent al .hydrqgjet system of..claim26) wherein said
iaui - cotBRRd e aiid znd AFhrit A tsdPiEn BrSherdponefibalonio Vol tiBrabgh e of
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pulp chamber and root canals, thereby facilitating completion of the procedure. Figures

15c and 15d depict cannula tips 34c and 34d, each including an angular bend of 60°-120°

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

scope of the invention be defined by the claims appended hereto.
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10 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; and,

closing the opening through the upper portion of the tooth with a dental

15 preparation.

2. The method of claim 1, further providing the hydrojet tool with a cannula

adapted to extend through the opening formed in the upper portion of the tooth.

20 3. The method of claim 1, further providing vacuum aspiration through the

cannula of the hydrojet tool.

4. The method of claim 1, wherein the liquid jet is emitted in a pressure range of
500 psi to 30,000 psi.
25
5. The method of claim 1, wherein the liquid jet has a diameter in the range of 20

microns to 800 microns.
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9. The method of claim 1, further including the step of providing a dental dam
surrounding the tooth after the opening is formed and before the step of directing the
liquid jet at the soft tissue within the tooth.

15
10. The method of claim 1, further providing a sterile water solution to the dental

hydrojet tool to form a liquid jet of sterile water solution.

11. The method of claim 1, further providing an antiseptic solution to the dental

20 hydrojet tool to form a liquid jet of antiseptic solution.

12. The method of claim 1, further providing an antibiotic solution to the dental

hydrojet tool to form a liquid jet of antibiotic solution.

25 13. The method of claim 1, further providing a constant source of high pressure

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

14. The method of claim 1, further providing a pressure intensifier device within
the dental hydrojet tool to generate and deliver pulses of high pressure liquid to the
30 orifice.



10

11100 () -, 8#10%& ()-$ ! 109 ()-9"210%& ()-1' 10%& ()- &l z10%& () - VMVNZNNORO
bOcOE: | 1RobOYSF@10%&: () - 5! 1098 () - 9351098 () - , 210%& (PenOm902563

109! ()-. ! 109%: () - cOdOpOsOOPPIRXY: / 140 10%G& () -

10968 ()- ! 10%G8 ()- & Lf10%6& ()- 1110068 ()-3 310%G& ()- 109RRRSNSSTUE: /
10yG' 10958 () - 10%&' () - 10%3& () - 10%G8 () - 10%G8’ () -1 10%5& () - T%JzU\/\N XXX
?4/ 10 15. A method for removal of carious tissue from a tooth, mcludm%thc steps

10G SH109G& ()- 1, . SH10%s+S+& ()- !, . SHL0%S& ()-' | 1096 ()- V4100 0y - 3M 10%
& () - XXXXOZZ[pr@Bﬂmg@ dental hydrOJet tool having an orifice adapted to emit a high pressure,

10G#10% | #1098 5 | B#10%6asa& () -: ! 0#10% ~[ ~& ()-: ! #10%& ()-: 10G
100 ] "u% yolgeiFy ‘1@‘“§L &

) 0@*(%23{*‘3 ) AR Rl Firt SHABR el A RORPR L OB rgdgmm&-

I GL- #10%0NidH & cise the dabiols ébue); alﬂUOO@ﬂO%YO&' ()-ddeYfgchgi }[9{Y: 10
! l##lo%}&' ()-FI#10%s& ()-F!' #10% ~] ~& () - FI#10%Z& () - & f #10%x& () - &310%Z&
'()-giiktkl / nspinating agpiremnoving the eroded and excised carious tissue.

16. The method of claim 15, further including the step of providing a solution

10  containing an abrasive substance to form the liquid of said liquid jet.

17. The method of claim 15, further including the step of selecting a range of
velocity and pressure for said liquid jet that effects erosion and excision of the carious

tissue without substantially affecting surrounding healthy dental tissue.

15
18. A method for removal of calculus and plaque 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;
20 directing the high pressure, high velocity liquid jet at the calculus and plaque to

erode and remove the calculus and plaque, and,

aspirating and removing the calculus and plaque.

19. The method of claim 18, further including the step of selecting a range of
25 velocity and pressure for said liquid jet that effects erosion of the calculus and plaque

without substantially affecting surrounding healthy dental tissue.

20. The method of claim 18, further including the step of providing a solution
containing an abrasive substance to form the liquid of said liquid jet.
30



10Z] 10Z]

10Z] 90#10%Z] & () -! 90#10%mn&’ () -' @10%Z& ()-! (' @L0%& ()-#109%Z& () - F2memAnPm
r NnSPAESHg,Jfdstss 10Z5S 109%& () - &S#109&' () - L: ! 10%& () - L' srhQ9é8okasesl 0%& () -
3109 () - $pzpp*qUgqr dESH= 10 !!

10Z| z#10%&’ () 10%& 0%&! 3105’? -1 109K 00/ §

rksst Ut Vit W Xt &k (‘%‘6’5 31? SYigkpbRmRRYR %%so ‘0‘5%%6')‘ oluding the

109%& () - gfo/&' ()-1110%& ()-dtnt}tttFuTudEnbC 10 !!

10, g10%Z [100Z& ()- °109Z& ()-L10%Z& ()-9! " S109Z& () -

109Z&' () - Tuuupteviduiperdéatdihyldlojet tool having an orifice adapted to emit a high pressure,

10s” 10°/<Z&'g&l) L%?O"/(Z&' ()-10%& (') 9YS10%Z&' () - 109%Z&' () - 9109%Z&' () - vwhwxwwxcxdE
mbC 10 ! highoglopitydiguid jet; 1097 & ()

I:[:)%gi f/szgL) ()10 Wﬂéé&g Mg%@% ) a4 ltlgﬁ/%gfsé)%y&[:@)l é{&égftéssue to excxse and

10928 ()
T }S?%ﬁ%%%“%ﬁm&- ()-!L10%8G8 () - 9! g10%GR () - FLO%G& () -
10Zzz&{ W{ { | p| siprratid®itd BhidPaa the exciS¥dahd(@mdsifiedbatt igsue. 10%6&' () - 10%X () - S

109%& () -pl | |]5}}}dE7/
22. The method of claim 21, further including the step of providing a solution

10  containing an antibiotic substance to form the liquid of said liquid jet.
23. The method of claim 21, wherein the soft tissue comprises gingival tissue.

24. The method of claim 21, wherein the soft tissue comprises granulated tissue.
15
25. The method of claim 21, wherein the soft tissue comprises the indigenous

periodontal ligament securing a tooth root in a jaw.

. 26. A dental hydrojet system, including:
20 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 under high
pressure to said dental hydrojet instrument; and,
25 control means for selectively operating said dental hydrojet instrument to emit

said high pressure, high velocity liquid jet.

27. The dental hydrojet system of claim 26, wherein said liquid comprises an
antiseptic solution.
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said pump means.

10
31. The dental hydrojet system of claim 30, wherein said means for conducting
includes a sealed vessel adapted to receive said sealed bag therein, whereby pressure
within said sealed vessel pressurizes said liquid and causes it to flow to said handpiece.
15 32. The dental hydrojet system of claim 30, wherein said means for conducting

includes means for suspending said sealed bag in inverted fashion to cause said liquid to

flow gravitally to said pump means.

33. The dental hydrojet system of claim 29, wherein said reservoir means
20 includes a tank containing said abrasive solution, and further including stirring means for

maintaining said abrasive constituent in solution.

34. The dental hydrojet system of claim 26, wherein said control means includes
a control valve interposed between said pump means and said dental hydrojet instrument.

25 and means for an operator of said instrument to switch said control valve on and off.

35. The dental hydrojet system of claim 34, wherein said control valve includes
means for instantly relieving fluid pressure in said instrument whenever said control
valve is switched to said off condition.
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10 37. The dental hydrojet instrument of claim 36, wherein said handpiece includes a

tubular barrel extending about a portion of said jet tube.

38. The dental hydrojet instrument of claim 37, further including aspiration
means for removing jet fluid and dental tissue.
15
39. The dental hydrojet instrument of claim 38, said aspiration means including

an aspiration channel extending through said handpiece and said cannula;

40. The dental hydrojet instrument of claim 39, wherein said aspiration channel

20 includes the interior of said tubular barrel.

41. The dental hydrojet instrument of claim 40, wherein said aspiration means
includes connector means coupled to said interior of said tubular barrel and adapted to be

connected to a vacuum aspiration device.



