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2,.2001. 5 The present invention generally relates to a method for .
whi t eni ng t e¥PRIOHAY nore particularly, relates to a nethod for whitening
teeth which utilizes ozone. 10 White teeth have | ong been consi dered
cosnetically desirable. Typically, a tooth becones discolored in specific
regions, or spots, and in over MENTM APPARMIS materials which are
generally responsi ble for presenting a stained appearance are enanel,
dentin, and the acqifhisl dfplhiddiicke. dlaipes t ipidloatityt 08LBmeNgPBY 14 Sonal
fornmed predom | 2 L Nor.gani c terial., ly in the formo ,
hydroxyapatitenﬁé%%gﬁﬁééééﬂéégﬁﬁ%:ﬁg’ §§ﬁ§g§n§7§g%§;ﬁ@b§PﬁﬁﬁEl%r5@9%#ganic
material, pPimarily in the form of collagen. Conversely, dentin is

conposed of about 2 ' i 1 . |l a ~..W th the pal ance
conprising . of j norqz@rﬁ Eﬁﬁ%tggi??aﬁﬂgéir{g%g% %ﬁ?%%r’é? 3 E‘B ac Rt aed
simlar to that-%oufdtarenganeetithe andquiaeel pBrpethiatey, orelheest ey a

hand, is a protmithate@éx Wd¥RerQhg EQ@tﬁuﬁﬁ§8§ 9%'&92&9 §Hue! whi ch
reforms rapidly even follow ng an intensive oot i cFEanT R W t h hi ghly
abrasi ve prophyl axis pastes. 30 Tooth discoloration results from both

extrinsic #d intrRWhdite staethnhavext 1bA§1 badi HRSiabLhe é@.ﬁﬁ&ic%uffyace
arises as a regukt.qf ;the ac&ggulaiion of various
: . rable. ically, a tooth becomes discolored in
specific regions, or spots, and in overall color. Tooth
materials which are generally responsible for presenting a
o .stained appearance are enamel, dentin, and the acquired
15 pellicle,

In particular, tooth enamel is formed predominantly
from inorganic material, mostly in the form of
hydroxyapatite cfys tals, and further contains

- 20 approximately 5% orgahic material, primarily in the form

of collagen. Conversely, dentin is composed of about 20%

. protein, including collagen, with the balance comprising

of inorganic material, predominantly hydroxyapatite

crystals, similar to that found in enamel. The acqguired

25 pellicle, on the other hand, is a proteinaceous layer on

the surface of tooth enamel which reforms rapidly even

following an intensive tooth cleaning with highly abrasive
prophylaxis pastes.

30 Tooth discoloration results from both extrinsic and
intrinsic staining. Extrinsic staining of the tooth

- surface arises as a result of the accumilation of various
chrgmogenic substances (in addition to chromogen

Precursors, which are initially colorless, but later

35 chemically convert to chromogens) within the acquired

- pelliclé. This type of staining can usually be removed by




chronogeni ¢ substances (in addition to chronbgen precursors, which are
initi algl y colorless, but later 35 chemically convert to chr AfodANYARY 2005

t he acqui r eglo opelihicl €. This type of staining can u_sual ly b cF g&yg‘%py
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portions thereof, along with the adherent

ve the acguired pellicle or ! .
(r:ﬁ?gm)gens. ﬁ'glc#&n&fd%gxtq’%dgs'st‘&?h@ RERevEr ,tl??dsa%@ﬁf%mﬂ-lbﬂ% Auke
the extrinsi postdions lwdesesfiscapbnhl @ith rheDwdheb¥nieehaBhegbngeans,
perhaps due to increased depth of extrinsic stain penetration into enamel
over tinme. Such stains, therefore, require the use of chem cals, such as
oxygenat i ng agent $giWEi ¢ extriondl atteire tlhordvenariels Bderd Okosindi 28 or

il . I n | i nsi c_staini
Socurs he a Faml o e peatne Tets LaSboL e R Gt B
the tooth. TRFEFYFELof "epRENI nFdiapst shnatie tnaeamshandeeth nechods

of tooth cl eamsiigsiandtdie pémseraniéenedehaiaal BIIPds ALe :‘Iﬁ%@éllly

ired. F ; jations in_ toofh copposition_includin
;r:? glrlrgl -cang{é%ﬁﬁ%rﬁfﬁ SRS Eri ATERTS Eggoﬁ%ﬁq off d€h§i“ﬁ-9a?$e_stﬁqql'hga$n
darkened ar eaxy@onabdny- \sigertsi, ngwieDelp o shhi ml dgem etal t?ﬁf %ldt"é:?mﬁ%‘?@lmy

@S kquids . bast.es Lncludin ot hpast es, _
g:t ﬁgg[}gﬁ?Ca\%%iogfélﬂtﬂgt@egrg%&f%%ﬂls %i 1%12% %%?ﬁsﬁﬁg?%c‘gh? MR- to ef fect
tooth stain

In contrast, intrinsic staining occurs as a result of
chromogenic substances derived from sources within the
tooth. This type of staining is not amenable to

15 mechanical methods of tooth cleansing, and the
aforementioned chemical methods are usually reqguired.
Further variations in tooth composition including filling
material can contribute to variation in coloration density
resulting in darkened area.

20 .

Tooth-whitening compositions generally f£all into two
categories: (1) liquids, gels, or pastes including
toothpastes, that may be mechanically agitated at the
stained tooth surface in order to effect tooth stain

25 zremoval through abrasive erogion of stained acguired
pellicle; and (2) liguids, gels, or pastes that accomplish
the tooth-whitening effect by a chémical procegs while
being in contact with the stained tooth surface for a
specifiec period, after which the formulation is removed.

30 In some cases the mechanical process is supplemented by an
auxiliary chemical process, which may be oxidative or
enzymatic.

Conventional teeth whitening typically utilizes a
35 rubber gheet or dam Ffor isoclating teeth. The dam is
typically made from latex rubber and forced over each
tooth and held in place with conventional clamps and

2




25 renoval through abrasive erosion of stained acquired pelr#J' %@%ﬁf&g@

i quids, gels, or pastes that acconplish the tooth-whiteni

chem cal - pr gaeesoiMpl € being in contact with the stained to%i'k}v face for
a . specific period, after which the fornmulation is renoved. Sﬁﬂé‘éﬁ

cases the nechani cal grocegs i's supplemented by an auxiliary chem cal
process, whi ch*#ayUH8Soxi dat-FvéSoonen Fpndtate oo ihen sodivalt dssateh afhittleni ng
typically utidwmes &rof5 pahbetdebeetypicddmyf Ofudedol atd NGHLetYh odhier LAam
‘is typically gk om | at ex rubber and forced over each tooth and held in
place with c ventronal cl anps and 2 27 JANUARY 2005 WO 03/011170

PCT/ US02/ 24137 |igatures. This is done to protect the soft tissue of the
guns fromsperoxid Lcal |y d t,'}_%};&' chj procedure. .5 However,
si nce the rubber ?ﬁ%%%lp%f' da%r%f)é;.s Er%!t pr o?ﬁegggggrf%ﬁt T SFETad©
stretch, per FUeLtana| eariecherichl oaRd ssa et discpefoxide octhe leak

patient. |n aifereatsuexnediteatbe _a&ses@lﬁbﬁta%e&hg ?si;%h e sghutd.on.ds

coated onto the teeth, heat, is applied or the coated teeih I0 are expoSed

to | aser raditﬁiSﬁP%%ﬁ su?%eté’z%de%esoaﬁfﬁ?r cuPergrident splution hds

patient if thegudd denperiat tresthi t heart he bpptheBeeeMesel 0 alted teASHA
15 The present invention

result, ggnu | nt are.required T r

over comes t hé SI s%)%\t/%n aé%é; i()?géfhjéagf?t&}oﬁrt ﬁ§pHFPF?ngi Fabf agEenEayor

whi t eni ng t eeEsahdEAcembdtes teot bheotpst dteont hi fihithenipglp ‘tepplerature
within the tooth becomes too high. As a result, a number

of appointments are required.

15 The present invention overcomes the disadvantages of
the prior art by utilization of ozone for whitening teeth
which enables both total tooth whitening a “spot”
whitening of a tooth. '

20 SUMMARY OF THE INVENTION

A method for whitening teeth in accordance with the
present invention comprises the steps of isolating the
teeth to be whitened and exposing each for the isolated

25 teeth to ozone. The method may be applied over a number
of teeth or an individual tooth. Further, as hereinabove
noted, portions of a tooth may also be whitened in
accordance with the method of the present invention.

30 BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and features of the present invention
will be better understood by the following description
when considered in conjunction of the accompanying

35 drawingg, in which:




whitening of a tooth. 20 SUMVARY OF THE | NVENTI ON A net hod f | aG
teeth in accordance with the present invention conprises t@%@%’éﬁﬂ%”
i sol ating t%m;ﬁﬁ%l to be whitened and exposing each for the isol ated 25
teeth to ozone. The method may be applied over a number of FCABIRZeH3%n -

i ndi vidual tooth. Further, as_herei nabove noted, portions of a tooth may"
al so be whitened iRlg@ERotdahébshireheshe Maoedd difagrhe wrfe separaweantian.

30 BRI EF DESGRLTECMEF L IERDRAWNGS T AVt RO R aRd oLealUreR O dfie
present invention_wll be better ypnderstood by the follown escripti‘on
when consi der &F i FRESHATER i EﬁHSFaiP@ atROHNERT i 17y SSBrGEaV\@EgQXiidiZMQh:
3 27 JANUARY g5 & 03kpiratQoRCT/ubly/ 24l37sbhgee e a5l | usleabes @ B ock
di agram ot a or itenihg teeth in cordance with the present

i nvent i onT5 %ﬁ%ﬁ?gt ugu}gﬁléneraﬁ#]y Fnclcﬁ’(’j"é@oii?&r c‘{é]’%f BXPUFSERg dde an
aspiration puatpdieirmrans dfo reduotdpitgces 5 reduct ant punp and a control | er
for providing the oxidizing gas to a handpiece; Figure 2 illustrated a

handpi ece in accordance with__the present invention for delivering a gas to
a tooth and 10 gedeYEYS 3Jhodilvgtaades a1t hehdpieget Her handprésecé owith

recei ving thelgagrdsa eisveht ushr abedgtheRandp %C%a"g 4, an +aLLGrAglyi ve
havi ng ape

cup enbofbment al teHJ)at,i ve enbodi nent cup 1 an arcuate s
for faci

| tatgie’ﬁlftrh ¥ c yhigs & cup attached to the handpiece for
. receiving the gas;
Figure 3 illustrated the  handpiece with an
alternative cup embodiment, the alternative embodiment cup
15  having an arcuate shape for facilitating application of
oxidizing gas to a tooth;

Figure 4 is a diagram showing application of
oxidizing gas to a tooth between a cusp and a gingival
20 utilizing the handpiece and cup shown in Figure 3;

Figure 5 1s cross-sectional view of the cup shown in
Figure 2 that is suitable for wuse in the present

invention;
25
Figure 6 is a cross-sectional view an alternative
embodiment of a cup for exposing a selected area of a
tooth oxidizing gas;

30 Figure 7 is a cross-sectional diagram showing an
alternative embodiment of a cup in accordance with the
bresent invention for exposing adjacent teeth to oxidizing
gas; and

35 Figure 8 illustrates the use of the cup shown in

Figure 7 as it may be applied to adjacent teeth,.




oxidizing gas to a tooth; Figure 4 is a diagram show ng appﬁ?ﬁ?ﬁ?ﬁﬂﬁ£§ﬁ8°5

oxidizing gas to a tooth between a cusp and a gingival 20

handpi ece argh gdjp1gfaown in Figure 3; Figure 5 is cross-secti vi ew of
the cup shown in Figure 2 that is suitable for use in the pﬁﬂﬁhﬁpﬂ¢w7

I nvention; 2 LQur, | -sectional view an alternative enbodi nent
of a cup for%EEh&%Eﬁ)%ﬁé% area of a tooth oxidizing gas; 30 Figure
7 is a cross-sectional diagramshowi ng an alternative enbodi nent of a cup
i n accordance with the present invention for exposing adjacent teeth to

oxi di zing gas ; AdFBFEEFEREes O Figtrgted -thetieseot st BBowap shown in

Figure 7 as

057015170 PCOPRERS P, JBP IR R rRRRE R cheRhl, pheBl éﬁ@#@%ﬁ%@,ﬁf%&s

1-4, ther® i thehwiwiteajpar atfuset@hi vhachoddabodew thsbhecpr esesf i nvention
ncl udes a sgurce 12 of oxidizing gas,

for 5 the whiitening of teeth C
e@22ngpigeri ver (B8t he gas

i ch I
preferably oZbhe; 23§ FFan&pF EEaE%Y(QEBHGFiBH BEF |
ROLuSBOYY iFBr E‘Leqaﬁré%iﬁg?»théo?ég £bl HSERBERY LBt FERYLE %n t he
ozone source 12 includes an ozone genera 22 f

to a tooth,

or 20 and an o0zone punp or

suppl yi ng ozBagUrBeodghR-a |ine 24, a connector 28 and
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25

30

As illustrated in Figure 1, the ozone source 12
includes an ozone generator 20 and an ozone pump 22 for
supplying ozone through a line 24, a connector 28 and
lines 30 to the handpiece 16. As used herein, the term
“ozone” is intended to embrace any suitable oxidizing gas,

pure oczone, ionized air and other ozone gaseocus mixtures.

Ozone is delivered at a pressure, concentration and

for a period of time sufficient to whiten tooth enamel.

Ag shown in Figure 2-3, cups 34 36 attached to the
handpiece 16 are provided for receiving the gas and
exposing a selected area 38 on a tooth 40 for whitening,
see Figure 3. The cup 34 may be attached to the handpiece
16 in any conventional manner and include a resilient
edge, or sidewall, 44 for sealable engaging the tooth 40

to prevent the escape of gas therepast.

Many different sized and shaped cups may be utilized
to accommodate various tooth profiles or to apply ozone to
specific spots or portions of a tooth. For example, as
shown in Figure 3 the cup 36 includes an arcuate trunk 50
to facilitate the placement of the cup 36 over the

selected area 38 to be whitened as shown in Figure 4. The
5




lines 30 to the handpi ece 16. As used herein, the term "oz Al al d
to enbrace any suitable oxidizing gas, 15 pure ozone, ioni zﬁ%&ﬁwgpﬂir
ozone gaseo&a@oﬁtl es. Ozone is delivered at a pressure, concentration and .
for a periot ot sufficient to whiten tooth enamel. 20 RETARSAHPHIPH ‘
Figure 2-3, cups 34 36_attached to the handpiece 16 are provided for

recei vi ng thec“g)fs 3 exPoYi GV St aitie®lyr B Reroeeheus Bar 54
whitening, —swe Benid cHiadamy ¥ngmods ald asbegls Lheulandsl geg .16
in any conventional manner and include a resilient 25 edge, © srdéwal P, 44
for seal abl e BdgadEn§ % Be ©bovm 40 Rigureedent t he escape of gas therepast.
Many different sized and shaped cups may be utilized to accomodate
various tooth profiles or to apply ozone to 30 specific spots or portions
of a tooth. For exanpferther sbapn enbbdgdest 3 dde i@Ip Bowncliydes-ahs-

arcuate trunk 50, to facilitate the placenment of the cup 36 over the
sel ected ar e&®8810P8 & WArPEREd Sas1BROWASEn aFi baperad widewall JRNUARYE 2005

WO 03/ 011170 1BCTHAS 134~ C Ns tiyvely unifar
perimeters 52, %4 %&ﬁe%%b%ﬁé%%?%n?ﬁe%?‘ \oi(;atlﬁq%% t?\éatév\e%gn 3 8[5‘[%%135 and
a gingiva 68edscspdwaren Khghr ehdwnd Anf thehepothp4enbodi nent 64 is shown
in cross- section in Figure 6 includes a tapered sidewall 66 that nay be
used for application of oxidizing gas to a snaller selected area (not
shown) arothe toowhiz@. sl0rvbiilleentr esidd el esifws1 Bi daval be M Re Hsed
to

couple the cup to the selected area 38 on the tooth 40, it
should be appreciated that a separate sealant 68 (See
Figure 6) may be utilized for providing a sealable
engagement between the cup 64 and the tooth 40. In this

15 -insi:ance, the sidewall 66 need not be resilient.

The use of a handpiece and cap to provide ozone
eliminates or significantly reduces gum exposure. Thus,
less, if any irritation to the patient, by way of gum

20 exposure occurs. This enables the whitening of all of a

patient’s teeth during one appointment with a dentist.

“Another embodiment of a cup 70 is shown in cross-
section in Figure 7 which includes walls 72 which are
25 contoured for enabling the =sealable engagement with
adjacent teeth 74; 76 as shown in Figure 8. As shown in
Figure 8, a cup edge 80 has a perimeter 'contour 82 for
providing a sealable engagement with cups 86, 88 of
adjacent teeth 74, 76,
30
All of the cups 34, 64, 70, cross-gectionally
illustrated in Figures 5-7. include cup chambers 92, 94,

96 that subtend_cup edges 98, 100, 102. As shown each of
6




couple the cup to the selected area 38 on the tooth 40, it

appreci ated that a separate sealant 68 (See Figure 6) may @%W{‘%ﬁ???ﬁ
provi di ng awweabehhe engagenent between the cup 64 and the }ée%gmg%l I'n
this 15 instance, the sidewall 66 need not be resilient. Th HY

handpi ece and p r-ovi dg,0zgRe L J§._n r,signifi tly reduces gum
exposure. Thuisd,;la Iéé%ss? %/' aﬁij‘/' i ?pl tlgféll(])'{naet ?%ﬁesop%%fe%ts,’ w}vﬁ%lbfgﬁﬁ?ﬁl‘?o
exposure occufbe Thiagberabl%s the, whét entingnefivdel fifrer patimaiess tegth
during one apg%ntgﬁgt wi.th a dentist. ot her. enbodi ment of a cup 70 is
shown in crosse sectiioftn & ¥ GRHRINIhCHRReYRha R 44786hiTh & etls
contoured forhenapitsg tbe sRalal §ergRaeENty 1 t hy4ad] gg%nt LSAI4L 7By 76
as shown in Figure 8. As shown in Figure 8, & cup eégé has a per i et er
contour 82 fofCUPt&NEdihg avaldal abt eS@ngagemerithen thothpd 08GindB8egfosing

adj acent teet 4 . e .cups_34, .64, .70, cross-sectionally
i|lustrated iﬁh%:i ggﬁﬁggt%%%il‘%% ugg cthJOp %ﬁgnﬁér%%%ﬁ,ln%%lana‘?h@mﬁ%d
cup edges 98,9400941026. As shown each of 6 27 JANUARY 2005 WD 03/011170
PCT/ US02/ 24137 the cups 34, 64, 70 include walls 44, 66, 72 that define

t he chanbers 92, 94, 96 and include first perineters 106, 108, 110 for

seal ably coupling gde spabis , te t h | 6.. Second _.
perineters 112, 114, 116k”!lp;lr oéli‘}dgg (l)er:%S éc)bugﬁeng&ﬁ‘g&%%ié 1544,86§B?2 i 5he
t oot h 4018nd RSgpoettRy 10® mevedbeed aargeas 38 othgasecbndulpairdehatert ha s

h r : ; :
chanbe S or, as shown in Figure 7, the first perimeter 110 may be

smaller than the second perimeter 116. Accordingly this
variation in cup 64, 70 design enables the application of
oxidizing gas the any number of tooth contours and to the
15  application of oxidizing gas to a plurality of teeth has

hereinabove described.

With reference again to Figure 1, the apparatus 12
| includes an aspiratioz_l pump- 120 and lines 30, 122, 124
20 comnected to the handpiece 16 for enabling circulation of

the ozone into and out of the cup chambers 92, 94, 96,

A controller 126, which may be of any conventional
circuit design, is provided for regulating the ozone and
25 aspiration pumps 22, 120 in order to circulate the gas
into and out of the cup cl;ambers 82, 94, 96 at a pressure
insufficient to permit escape of the gas past a sealed
engagement between the cups 34, 64, 70 and teeth 40, 86,
88. Control of the gas flows may also be effected through

30 wvalves 127, regulated by the controller 126.

Additionally, the apparatus 10 may include a

reductant source 128, which is in fluid communication with
7




92, 94, 96. As shown in Figure 6, the enbodinment 64 the firsf 10 peri neter

te
108 may be larger than the second perineter 115 or, as show@ﬁ‘HANpﬁﬁ?62?95
the first p&rinpter 110 may be -snmaller than the second perineter 116.
Accordi ngly OG0 i ation in cup 64, 70 design enabl es t h&CARPHP/2HBT on of -
oxi di zing gas. the any nunber of tooth contours and to the 15 application of -

t
oxi di zi ng gaghfeo Fh| GrarPeys of2reci$r has thacsighaddwesic3er i BEQ. atd ha

reference agggaaggagggurgﬁ%gotf@lgppar gs];%%Kﬁ%%%%deamg%ggsgg§atbon unp

120 and lines 30, 122, 1 connected to t i ece f orYenabl i g
circul ati on gpluthenozofie fipiocyrankvat @f tHeprEymicitgnbéss 021i194ed9%6tc A

controller 1 i nay_be.of .any conventi onal ircui.t design, is

provi ded for%ggaﬁTéif%gc%%ecgfgﬁg nd£26 gém:éﬁi?ﬁ BEHPILZ289 BEE -i nThe der
to circulsmat eokh@igang idd® and €WLsPfed heneyp @M@”@@&ﬁx%%io%41lgﬁeatlﬁi
pressure insufficient to permt escape of the gas past a seale

engagenent bEPhERKIEHe CZQFS SUresdnenp gfd thet bodth 86, @B, &bnt r dThef
th fl ; ; | 127, | ated by th
957 1 oemcateo e Bileat MU IE 1e7 5T, AL BRL by 11

controller 126. Additional e~ appar at us a
source 128, wslcd ascumuidstdd T32munication with 7 27 JANUARY 2005 WO
03/011170 PCT/ US02/ 24137, the cup chanbers 92, 94, 96 through lines 30, 130

and a parastalic punp 131. The reductant, which nmay be a solution of
thiocyanate or pempernrBbidh8lut ddciRd ty fiush thepeyR-ehamers 94,94
96 of oxidizing gas. The
accumulator 132 through the line 124 and into a canigster
134 through line 136 for final elimination of the ozone.
Thus, the apparatus 12 provides for a totally closed

system for the application and removal of ozone to and
15 from teeth 40, 86, 88.

It should also be appreciate that when the cups 34,

36, 64 are utilized between teeth 40, 138 (not shown in

_ Figure 4) a separate dam 140 maybe utilized as necessary
20 to enable the cups 34, 36, 64 (not shown in Figure 4) to
sealably enclose a selected area for treatment between the

teeth 40, 138.

EXAMPLE 1
25 Ozone. detection (ppm) around the cup using a ozone
analyzer after either 10 or 20 s of ozone application in
vivo
Study or Test: Ozone detection (ppm) around the cup 34
usingra ozone analyzer after either 10 or 20 s of ozone

30 application in vivo




5 oxidizing gas is flushed into the aspiration line 122 follow ng ozone
treatment of the tooth 40, 86, 88. The reductant is then asdi JANSARY2808h
line 122 andyd gi@1g70 Wast e accunul ator 132. 10 Any residual ozone is then
aspirated fromthe accunulator 132 through the |ine 124 and'§HUg0224157
canister 134 through line 136 for final elimnation of the ozone. Thus,
the apparatus 12 provides for a totally closed systemfor the application

and renoval o Ltomand fromteeth 40, 86, 88. It should al so be
appr eci at e thfé’E‘ %%%'t hggcu%ssé%ﬁ? > PRI OECPEd BetReEabLeet hewel

138 (not showq in, Fi ur% 4%1 a separate dam 140 maybe utilized as necessary
20 to enable tﬁ@m&uﬁlg‘%é‘ﬁl, 56 ¥ dt e siFiERy Wt )on R0 seabBbbyone
encl ose a selected area for treatment between the teeth 40, 138. EXAMPLE 1
25 Qzone. det eBPPSACEBRR &RoWA®COthe cup using a ozone anal yzer after
either 10 or 20 s of ozone application in vivo Study or Test: Ozone
detection3 ppm) around the cup 34 using a ozone anal yzer after either 10
or 20 s of ozone 30 application in vivo 8 27 JANUARY 2005 WO 03/011170

PCT/ US02/ 24133t@dyposeTebe dssasiedine Npxé NHih0genepdetectabl v pm
around the cup 34 after either 10 s or 20 s g}? ozone ap%] [ cas'{éosﬁ c']"ain‘"ra\ll}lﬂvo.

5 held within 2 mm of the edge of the cup, positioned half

way between the mesial and occclusal sides of the cup. The
maximum ozone detectable level (ppm) around the cup from
10 the teeth is measured using an ozone anélyzer after 10 s
of ozone application. The ozone analyzer used was an APT
450 model available from ENVIRO Technologies, UK, and was
calibrated by the supplier within the previous week of
delivery and this device was not used for any other

15 purpose other than this study in the interim.

Overlying plaque'waé then removed using a hand held

standard fine nylon fiber s;erile toothbrush with water as

a lubricant. Each tooth was dried using dry sterile

20 cotton wool rolls and a dental 3 in 1l-air syringe.

Subsequently, the teeth are exposed to the ozone gas for a

period of either 10 s or 20 s at room temperature (23°0C)

and maximum detectable ozone level was also measured using
this ogzone analyzer.

25




Study or Test Protocol: The tip of the sensor was always held within 2 mm
of the edge of the cup, positioned half way between the nmed7afANHARY 2005
occl usal si&gs 8{ t he cup. The maxi mum ozone detectable | evel (ppn) around
the cup fro P teeth is measured usi ng an ozone anal yzBETESO2EH1I0 s

of ozone application. The ozone anal yzer used was an APl 450 nodel

avai | abl e fr dPSENReROLESChnol ogi es, UK, and was calibrated by the supplier
wi thin the previous week of delivery and this device was not used for any
other 15 purlpesduastimumt baonehidetstaithblien léeelnt{@pmn Oyesdyddgapbagae
was then renoved using a hand held standard fine nylon fiber sterile

toot hbrush withke vaier fas =a pebtodant. dathrt 0op hswagridnied vsi B¢ HY s
sterile 20 cotton wool rolls and a dental 3 in l1l-air syringe.

Subsequent | y,(riBerkeal hoabaeexppiedatohhe ozone gas for a period of
either 10 s or 20 s at roomtenperature (23C) and naxinum detectabl e ozone

|l evel wass al &-gb@gag_qr%,giﬁh'ﬂg ' AR o1 2.9 .27 JANUARY. 2005 WO
03/011170 Test Results; The rré)letdr?riu% ozone a%gl@eéﬁlzegéﬁle {bepvme?l ﬁ%‘ﬁ%ﬁz}@ﬁs?

(ppm expect nd_the. .for a period of either 10 s (Figure 1) or 20
?@ ghatld = E%%#?%ﬁ? 5 Table 1. Maxi mum ozone detectable |evel

s (Figure 2) ozone appri
(ppm after —cation
Teeth types Sites Ozone detection
(10 s)
Upper left incisor Mesial © 0.066
Upper right 1. premolar Buccal 0.001
Upper right canine Distal 0.002
_Upper rnight 1. molar Buccal 0.006
Upper left 2. premolar Buccal 0.076
Lower right 2. premolar Mesial 0.058
Lower left 1. premolar Buccal 0.169
Lower left lateral Buccal 0.106
Upper right lateral Distal 0.001
Lower left canine Labial 0.147

Table 2, Maximum ozone detectable level (ppm) after a 20 s

10 of ozone application

Teeth types Sites Ozone detection
(20 g)
Lower left lateral Labial 0.137
Lower left 1. premolar Buccal 0.177
Lower right incisor Iabial 0.069
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Teeth typesSitesOzone detection (10 S) Upper left incisorMsial.0.066 Upper
ri ght *1. prenol ar Buccal 0. 001 Upper right cani neDistal 0.002 UbhdANUARY 2005

nol ar Buccal WOOB&1U3Per | eft 2. prenpl arBuccal 0. 076 Lower ri ghtT/2502/24137

pf enol ar Mesi al 0. 058 Lower | eft 1. prenolarBuccal 0.169 Lower |eft
| at er al Buccal 0. Y8BeUppehE| grninet er
cani neLabi al 0. 147 Tabl e 2. Maxi mum qQzone detectpble | evel
s 10 of ozone &R atight fademalypd
| at er al Labi al 0. 137 Lower
i nci sor Labi al Bo98D 16LWE 0 P0micllZG: |
ri ght | ateral Labial 0.079 Lower |eft
mol ar Buccal 0. 08®wegpaigheflt. maleral |
| eft 1.prenolarMesial 0.001 27
Upper left lateral

| eft

Upper

10

i5

Lower left canine

Upper left 1l.premolar

left 1.

sSiltadg@3ione
prenol ar Buccal 0. 177 Lower

cani nelphig@l 0. 033
Buccal 0. 002 Lower
Lower Igfdgscani neLabi al 0. 056

Jpp@uckiaght
2. prenol ar

al Matiz10. Op1 Loweo.deft

(ppm

| abigak@a004

JANUARY 20045
Labial 0.004
Labial 0.056
Mesial 0,001

det ect aiye (20 s)

after a 20
Lower

r| ght
Upper

i ghts.

Conclusion: The use of a cup is a safe way of delivering

ozone when ozone was applied for a period of either 10 s

or 20 s on a tooth for whitening teeth.

Although there has been hereinabove described method

and apparatus

for the

treatment

of dental

caries

as

reminerilized in accordance with the Present invention for

the

that the invention is not limited thereto.

any and

purpose

invention may be used to advantage,

of

all modifications,

illustrating the

manner

variations or

in which the
it will be appreciated
Accordingly,

equivalent

arrangements which may occur to those skilled in the art,

should be

congidered to be

within the scope

invention as defined in the appended claims.
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PCT/ US02/ 24137 Concl usi on: The ;use of a cup is a safe way of jverin
ozone when ozone was applied for a period of either 10 s 2SA§U5WP58005
tooth for whitening teeth. 5 Although there has been herelnabove descri bed

met hod and apparatus for the treatnent of dental caries as remnerilized
in accordance with the present invention for the purpose of illustrating
the manner in which the 10 invention may be used to advantage, it will be
appreciated that the invention is not limted thereto. Accordingly, any
tions, variations or equivalent arrangenents which may

and al |
occur to tg%@& kllled in the art, should be considered to be within the

scope of the 1b.invesatt®n & pQ@ét@@d(l@ t REmePPE dgC 7_. d ANUARY
2005 CLAIMS: | 1. Dental appagatus (10) c%nprlgingﬂggsou%ggg§?2%izg of

oxi di zi ng @%% 1zing gpf ece Pasypiese délélefongdehiveningothe daotto (#0, 74,
78) ; d 7 t d d_han ece for
Lei ving TRecs $80h 8 a8 io S R e s 6 84 1O nRCH B9 (W0, 74,

receiving the gas a

78) to thesgad, hahipieup (E4%) 3ﬁor64‘ecéQ)r1h§C|tl!ﬂ! Ngad Lesl |é:&i2:ts 91%\0 £dge

(44, 80, 98,.100,.102) for ealabI% enga ing the tooth (40, 8) around
3

the sel ectTL&TeRe (38521 43§ evit t 0586 Bf (40he Ths FREr @pasilhe xas,
Apparatusigggo&g ng( 40 c§g|n1 C a i e OXIdIZI gas is
ozone. para ug(accordlnéﬂ#o 2?g|%P%}hégﬂgrght%E?%%ﬁQFE ég%
- 80, 100, 102) for sealably engaging the tooth (40,
74, 78) around the selected area (38) to prevent escape of

the gas therepast.

2.  Apparatus accordlng to claim 1, characterized in

that the oxidizing gas is ozone.

3. . Apparatus according to claim 1, characterized in
- that ‘the resilient cup edge (44) has a relativeiy uniform
perimeter (52, 54) for sealably engaging a tooth (40)

between a cusp (58) and a gingiva (60).

o 4. Apparatus according to claim 1, characterized in
~that the vresilient cup edge .(80) has a contour (82}
enabling sealable engagement with adjacent teeth (74, 76).

5. Apparatus accordlng to claim 1, characterized in

that the resilient cup edge (44, 98,. 100, 102) has a

perlmeter (106, 108, 110) contoured for sealabiy engaging a
_ tooth cusp (58).

6. Apparatus according to .claim 1, characterized in

that the resilient cup edge (80) has a perimeter (82) for

12 o




that "the resilient cup edge (44) has a relatively uniform feri neter (52,
54) for sealably engaging a tooth. (40) between a cusp (58)2AANYARY, 008
(60).- 4. Apparatus according to claim1l, characterized in that the
resilient cup edge (80) has a contour (82) enabling seal able engagenent

w th adjacent teeth (74, 76). 5. Apparatus according to claim1l.,
characterized in that the resilient cup edge (44, 98, 100, 102) has a

perimeter E&86abi 8eﬁ5g§i n-ouLed S ab j ‘ t usp
(58). 6. par at ug accor dirfrf‘g to (E:jl ai {rﬁgf, gﬁgr a('l(): e%@%gel%% a‘f%% tﬂgﬁ’ :
resilient @@p-edge (80) has a perinmeter (82) for 12 27 JANUARY 2005

seal ably engagi ng cusps (86, 88) of adjacent teeth (74, 76). 7. Apparatus

according to claim1l1, characterized in that the source (12) of oxidizing

gas includes an7pzongppRdaPus 2drcandi @sPidaliiPn pu 9%1% ak
aspiration _line (122) connected to ég?d handpilece 1%?‘3%%‘?9%’661 m%n
circul ati obt®¥ the galureeo @ ovf okidiedpocheaberincddesddn 96k one

subt endi n rgshl i e (98, 100, 1 8. aratus,according to
claim?7, g%‘%‘?%ct%??ze | ngﬂfﬁ}&% a((:t&ﬁflr R ?@B} i e%?%@l gepiraFion ’ .
regul atinglime (020he eohespid atbokldPEandgicd20)(16)n A5eEnkB1 Ehgcul ate

the gas intp and out of thg cup chanmber (92, 94, 96) at a pressure
i nsuffi ci eMXTYHIIpeOhabbet st anagetent DHerupeshamieetuf9234, 36,

6. 70) ansh | s )t ol ditfhng bhe Ts1 1ARRRT RS <BEROWaN91b8, CLGhM 7
, 8. Apparatus according to claim 7, characterized in
that a controller (126) is provided for regulating the
ozone and aspiration pumps (22, 120) .in order to c¢irculate
the gas into and out of the cup chamber (92, 94, 96) at a
pressure insufficient to escape pést the sealed engagement
between the cup (34, 36, 64, 70) and the tooth (40, 74,
76} . '

9. Apparatus according to claim 7, characterized in
that a reductant source (128) is provided in fluid

communication with the cup chamber (92, 94, 96).

10. Apparatus according to claim 9, characterized in
that a reduc;ant pump (131) is provided for circulating the
reductant through'the cup chamber-(92, 94, 96) to flush the
oxidizing gas from the cup chamber (92, 94, 96} and into

the aspiration line (122).
11. Apparatus according to claim 10, characterized in

that a waste accumulator (132) igs comnected to the

aspiration line (122) for receiving the reductant.

13




that a reductant source (128) is provided in fluid conmunication with the
cup chamber (92, 94, 96). 10. Apparatus according to clai m %7 ¢ANUARY20084
in -that a reductant punp (131) is provided for circulating the reductant
t hrough the cup chanber (92, 94, 96) to flush the oxidizing gas fromthe
cup chanmber (92, 94, 96) and into the aspiration line (122). 11.. -

Appar atus according to claim10, characterized-in that a waste accunul ator

(132) is conneclzd tAppaeatasphcabr@ingi 668 €122h fer Eﬁ%@ja\éitﬁg;i.%@? in
reduct ant . éB 0.2 _i]ANUARY 2005 12. Apparatus according to claim 11,
characteri 788t f TihbeTa (1BH eds( P¥oyidedpfovi denovel pémoval rebidnyl

residual gxidiZing # Q%pj d l.i_ ne é ). 13. Apparatus
according to clai ﬁl&%haﬁ%%@?ze |frc1aq£1tc%gtllt%e (E,lé %(‘34, 36, 64, 70) is
attached to said handpiece (16) for receiving the gas and includes a

si dewal | (66) f](;:{ irecting the 8as,onto a selected area (38) of the tooth
(40). 14. Apparatus H&E&éoﬁatﬁ f#6CCFding 180 @dadactler i gharapterhzad t he

sidewal | (©fatichseaksd(doung thg seppctgd 38),. rat us

according to claim 14, characteri zed Pf\ tghg?é%ﬁléeéigémﬁ%gd(é\gﬁggf%ﬁ%d t he

sel ected aft¥d (B8 rewwivingsthe sgat amnd (68yludes a sidewall (66) for
directing the gas onto a selected area (38) of the tooth

(40) .

14. Apparatus according to claim 13, characterized in

that the sidewall (66) 1is sealed around the selected area
(38).

15. Apparatus according to claim 14, characterized in
that the sidewall {66} around the selected area (38)

comprises a sealant (68).
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