WO 03/011170 PCT/ US02/ 24137 USE OF OZONE TO VWH TEN TEETH Thi s application
clainms priority fromprovisional application Serial No. 60/309,570 filed
August 2,wB@3M111% The present invention generally rel ates pca/usoetibod for
whitening teeth, and nore particularly, relates to a nethod for whitening
teeth which utilizes ozone. gk Wi tzdhgetdd hamedhongagen considered
cosnetically desirable. Typically, a toott becomes drscolored in specific
regions, or spots, and in overall color. Tooth materials which are

general |y responsihie fapppbiesendnngebaiféai pedoapPRar RS a5LoR e Bhal

dentin, and ired, 15 lic tpcular, tooth enanel is
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hydroxyapatite crystals, and further contains 20 approxi nat el y 5% organic
material, primarityei b the horm.,of fc%“ 8gﬁgfff‘ﬁgv%esﬁ'}lt)}%st dentin is., <
conposed of about 20% protein, iIncluding collagen, W hé~ bal ante
conprising BfYi HEAGERiEIndtaatial , 2p¢e@OFEn PR T i tiykirolyapael ekes copstal s,
simlar to thethdéQUREri iherenBhg JherRCm £80u251 Peld gl on the ot her
hand, is a proteinaceous |ayer on the surface of tooth enanmel which
reforns rapidly even following an intensive tooth cleaning with highly
abrasi v@0 prophylxise pasteth BAvEoalidngli $eeior abh@mdéﬁfw L@osftnﬁ@{mhéwnyf
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(in additi orsRerthiensgenons, or spots, and in overall color. Tooth

materials which are generally responsible for presenting a
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 crystals, and further contains

20 approximately 5% organic 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 acquired

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 accumulation of various
chromogenic substances (in addition to chromogen
precursors, which are initially colorless, but later

35 chemically convert to chromogens) within the acquired

pellicle. This type of staining can usually be removed by



precursors, which are initially colorless, but |later 35 chemcally convert
to chronogens) within the acquired pellicle. This type of staining can
usual | y b&oroatomed by 1 WO 03/011170 PCT/ US02/ 24137 necramiusat/24ret hods,
whi ch renove the acquired pellicle or portions thereof, along with the

adherent ChiOmROens,; A\Qéf‘ﬂoc@% e%ht bAS LRk NShe hQ«‘rf\T@Mff %hﬁélﬁ%ﬂe to

5 make the extrinsic starns Iess susceptible fo re nmechani ca
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enanel over tine. Such stains, therefore, require the use of chem cal s,

such as oxygenating agents mhlch can enﬁhrate t he too i el 0to
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filling nagerid, caﬂege%fébutz%qhqr\éarmél 0Bel BCOLIERL 0T deBRELY as
resulting in darkened area. 20 Tgoth-whitening conmpositions generallé fal

into two 6gﬁﬁﬁﬂ?¥%Pg(i$eFFﬁU|&?l%ﬁﬂ%an Pepgsraese fdiudFRgth tes
that nmay be drehiadi £aldy adidiledzat: Hdhelesd-addmtd edidoniydmce in order to
effect tooth stain 25 renoval through abrasive erosion of stained acquired
pellicle; and (2) liquids, gels, or pastes that acconplish the

t oot h-whi t eni ng &t fecttinsta clebriediprotessimgi becurs as a result of

chromogenic substances derived from sources within the
tooth. This type of staining 1s not amenable to
15 mechanical methods of tooth cleansing, and the
aforementioned chemical methods are wusually required.
Further wvariations in tooth composition including f£illing
material can contribute to wvariation in coloration dengity
resulting in darkened area.
20
Tooth-whitening compositions generally £fall into two
categories: (1) 1liquids, gels, or pastes including
toothpastes, that may be mechanically agitated at the
stained tooth surface 1in oxrder to effect tooth stain
25 removal through abrasive erosion of stained acquired
pellicle; and (2) liquids, gels, or pastes that accomplish
the tooth-whitening effect by a chemical process while
being in contact with the stained tooth surface for a
specific 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 sheet or dam for isoclating teeth. The dam is
typically made from latex rubber and forced over each
tooth and held in place with conventional clamps and
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being in contact wwth the stained tooth surface for a specific period,
after which the fornmulation is renoved. 30 In sone cases the nechani cal
process iwoggppiierent ed by an auxiliary chem cal processpPCrhiiSoh24may be

oxi dative or enzymatic. Conventi onal teet h whitening typically utilizes a
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done to prrefdeddtae soft tissue of the guns from peroxides typically used
in the bleaching procedure. 5 However, since the rubber sheet or dam does
not provide a perfect fit and can stretch, peroxide can | eak therearound
and cauSe di scoHawdvemn, t kdnpeat | ehe. konbbeder shéet exedidan t gy oaedur e
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The present |nvent| on overcoies the di sadvantages of the prior art
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whitening arespstp osdmlﬁcﬁMa(@@fr@di@@idﬁn 20ERbMARY €5 EbIEtI BIVERNT Gt A
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t%%th atient i temperature
conpri ses (18 %§ efE=5P 836Fat| tPReP 0! celp
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 “gpot”

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 drawings, in which:



teeth to be whitened and exposing each for the isolated 25 teeth to ozone.
The met hod nay be applied over a nunber of teeth or an individual tooth.
Furt her, we ohwrarnhabove noted, portions of a tooth nmay alPS®/use2/n1Btened in
accordance with the method of the present invention. 30 BRI EF DESCRI PTI ON

OF THE DRAW NGS ﬂf@u@QV@niftg@étfaﬁleéeat W 8810k 1 LS AR %%e%?# pLentd g, Wil
be better understood by the | owm ng descriptio when ¢ ered In
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PCT/ US02/ 24325 agpmraa;uls i jeHetaal ¢S Indl @eks dlaagfs@m:@fa a@parcaht&zfl@fg
whitening teeth in_accor an%e with the pr € esent invent par at us
general |y iFitTude8™a §58FEEE6Pox P ™®irng & gaSoUaRe asP ralrle g&ﬁ% a %ource

of redubt amtgdwucBamntedupuant Famip aad aoccuntoldldrer far ppovirddnggt hehe
oxi di zi ng gas; C?]szrﬁia%geolte&ea iee(?el | lustrated a handpi ece in
re

accordance wt sent invertion for delivering a gas to a tooth and
10 generally showing a cup attached to the handpiece for receiving the

gas; Figure 3 iltusirated fihediandpiece wah@fa@cealfﬁraét:b%saﬁeg with
enbodi nent, the alterpative enbodi msngé 5 having an arcuate shape for

facilitati ng*appFPEELF oARBERE bR diELFN g 1Y taocﬂahg P géir &0ptihs agd
di agr amoshaydmgrapbf | eatowdmgof a oxiydli zitih@asi t @ca thet habedpwkere a fusp and

a gi ngi val he handpi ece and cup shown in Figure 3; Figure 5
is cross- sec%é)ona]} S{’/lzée}\ll;lvgo‘# “F'he cup shown in

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

invention;
25
Figure 6 1is a cross-sectional view an alternative
embodiment of a cup for exposing a selected area of a
tooth oxidizing gas;

30 Figure 7 1is a cross-sectional diagram showing an
alternative embodiment of a cup in accordance with the
present invention for exposing adjacent teeth to oxidizing
gasg; and

35 Figure 8 illustrates the use of the cup shown in

Figure 7 as it may be applied to adjacent teeth.



Figure 2 that is suitable for use in the present invention; 25 Figure 6 is
a cross-sectional view an alternative enbodinment of a cup for exposing a
sel ect ed wp@a/oofl7a tooth oxidizing gas; 30 Figure 7 is aPCTamse2/3d4ti onal

di agram show ng an alternative enbodi nent of a cup in accordance with the
present i nygritoipfotsexpesiog adj acent teeth to oxidizing gas; and 35
Figure 8 iTTustrates the use of the cup shown in Figure 7 as it may be
applied to adjacent teeth. 4 WO 03/011170 PCT/ US02/ 24137 DETAI LED

DESCRI PTI ON W tf. ref i =4, _th i pparatus 10 in
accordance wt h‘ﬁ%%lg %‘%gggﬁ?&?n@é%ﬁsﬁr%;‘l 45' ﬁ\lgeﬁi?é;%w%f teeth which

i ncl udes aapsparaseud?21of inxadoerdgnoasyipn eflee abtgserontnvendien haipi ece 16
(see Figure 2). for deliverjng th S to ooth, not_s in Figures
1-3. 16 AstifI %F%’P%ﬂgiﬂgdﬁg?}% ‘%P%ﬁel%cig%éee%o%r%%uﬁ%e hjl%r/lw(}?fudes an ozone
gener at or 8521@1\91&? Qéﬁﬂegﬁéﬁ@rgﬁl%%zoﬁélppiﬂcﬂn@ Ra0Mei ébe oLgh(sed i ne 24, a
connector 28 and Tines 30 to the handpiece 16. As used herein, the term
"ozone" i sFignead2d fercAbtaverany e t3®P eLdxd dFoPHY g_t APWurE ozone,

i oni zed ai ﬁiﬁﬂge?tf—eﬁ ozone gaseous m xtures. (Ozone is delivered at a
pressure, concentration and for a period of tine sufficient to whiten
tooth enanel. 20 As shown in Figure 2-3, cups 34 36 attached to the

10 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 usged herein, the term
“ozone” is intended to embrace any suitable oxidizing gas,

15 pure ozone, ionized air and other ozone gaseous mixtures.

Ozone is delivered at a pressure, concentration and

for a period of time sufficient to whiten tooth enamel.

20 As 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

25 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

30 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



handpi ece 16 are provided for receiving the gas and exposing a sel ected
area 38 on a tooth 40 for whitening, see Figure 3. The cup 34 may be
attached wo oslelib@andpi ece 16 in any conventional nmanner @ou/Usozb416e a
resilient 25 edge, or sidewall, 44 for seal able engaging the tooth 40 to
prevent theuwscape of6gmayt hevepastlathibvel ydiddefem seézededads shapegacups

may be utiljzed to.acconmpdate various tooth profiles or to apply .ozone to
30 specifi§Qﬁuﬁ§§%ﬁb or <GS e ék?cﬁﬁ?FhFﬁﬁ g?%“%?%,aa§u§ﬁo§§ PﬁdFPgure 3

the cup 36 dikgfiNdes 2R AltREL it Uilgue@ ato facilitate the placenment of the
cup 36 over the selected area 38 to be whitened as shown in Figure 4. The

5 WD 03/011170 PCT/ US02/ 24137 cups 34, 36 may have relatively uniform
perimeters 52, 5@_ %%Et%%%lagh% eggggagﬁ ﬁge égogﬂ34q3(§ ween a %%gg_SS and
gure 4. Fl odi medt 6

a gingiva 60 as shown 1T n Fi rther cup € i'S shown
in cross- sedtiion | inFFgutueet ¢ ndhuededea taapespdrstidenaldwid tbat themy be

used for application of _oxidizin as to a smaller selected area_(not
shown) on F%?t {29, £28 AP é%3%F8§iPﬁeﬂ3%§iﬁ%Qﬁ P eehdl P FEFLBETUsed

to coupleddectwr adhqrfl etifmh)areard@ eddheaooth 40, it should be
appreci ated that a separate sealant 68 (See Figure 6) may be utilized for

providing a seal able engagenment between the cup 64 and the tooth 40. In
this ﬂ'é I nst an%’ilteheaml%e Iilen6c6 Qggg Q)Qct Q‘fdé%gihl E{TQ&%}I? re]e Fesy © 88‘
handpi ece and cap to provide ozone efimmnates or Significantly reduces gum
exposure. THouuple ltéss,cud tanyche réébédosd tardde3 padbhebhe bhyovay40f gum
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 instance, the sidewall 66 need not be resilient.

The wuse 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-sectionally
illustrated in Figures 5-7. include cup chambers 92, 94,

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



20 exposure occurs. This enables the whitening of all of a patient's teeth
during one appointnent with a dentist. Another enbodinent of a cup 70 is
shown i n wpes®igecti on in Figure 7 which includes walls 7PCrhisom#se 25
contoured for enabling the seal abl e engagenment with adjacent teeth 74, 76
as shown i mhel gures 834 Aséghowo | incTRudgpireaBls a4eyp eadge7B80thas defienenet er
contour 82 for rovi ding a seal abl e engagenent wth cups,86, 88 of

Sl acent t &ben HATORS 22 $E o Seneilna At 4t 50: CEPBLBeEatE SREY 1 y
iI'Tustratedoign Higur&s: SSJalwﬂfueeuﬁm@ngheﬂeeml% 24,66 9678 hay subtend
cup edges 98, 100, 102. As shown each of =~ 6 WD 03/011170 PCT/ US02/ 24137
the cups 3pangpiere ilfcl udkcard | perdmesers721Rhatl ldof i W6 Phevefanbers 92,
94, 96 and | ncl fi.,rst i er 6,, 1 or, se bl i ng
the walTs EE@%&T‘{%%Z et%et‘ﬂ%ﬂ%g%%pi%ce 6-° Sgg%n%f%%grl r?le(fe%églf%,pg%ﬁ, 116
provi de forhz cospdtgit beewal |38 4406@ak? tortheateat ArilOclaadcxpbeireg the
sel ected areas 38 to gas circulated in the chanbers 92, 94, 96. As shown
in Figure 62t 1F& efBodi ment 64 the first 10 perimeter 108 may be |arger
than the second perineter 115 or, as shown in Figure 7, the first

perimeter 110 may be snaller than the second perineter 116. Accordingly
this variationasn shews4 in70Fdgsign enabhes awdigpgritcatiortlod faxisti zi ng

gas ey g uIRETOh 3Ly B0 UEBATLE, Wi, 100200 BaiaD.EL 260l 1m0
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 aspiration pump 120 and lines 30, 122, 124
20 connected 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 chambers 92, 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



Wth reference again to Figure 1, the apparatus 12 includes an aspiration
punp 120 and lines 30, 122, 124 20 connected to the handpi ece 16 for
enabl i ng wproslEare on of the ozone into and out of the cupCthsobens? 92, 94,
96. A controller 126, which may be of any conventional <circuit design, is
provi ded faher egid athagbéhe 020ne04Nndos 25haspbhatliiorespudps 230 1P ia order
to circulate the gas into and_out of the cup chanbers. 92, 94, 96 at a

pressure PRSEFERLLENtPYBPpettt escHpe ATty pdBich sBaPedPe 2

engagenent sbel,ween tHe CiRSodfandde O abiiReiil A0, 86, u881iGeAtreb of
the gas flows may al so be effected through 30 val ves 127, regul ated by the

control | er flgeh Addi t ¢emalkchpmbere aPpar 8tus 960 Py oKkAdilgdada 9Feduthant

source 128 teh is in fluid ication with ; 3/ 01

oo Cecss agtblielpl SE i EidtoEY 9%%1%6 e o&g%ﬁ\égﬁgsé%o,&}%go 544 a

par ast al i cfpluirpwidd. ocHwmea etlbedamént Waifchcemytbeth 499l udé pnsef. t hftlaeyanat e
or peppermnt, is utilized to flush the cu chagbers 92, 94, 96 of
oxi di zi ng §ESUCFRBLS 5k HRSRnGSPALIES | HIRREH n 6“@hé‘§%p??9tﬂ6ﬁx1iﬁe 122
foll ow ng gzene LreakleAtoef 18he tooth 40, 86, 88. The reductant is then
aspirated through Iine 122 and into a waste accunul ator 132. 10 Any

resi dual ozone is then aspirated fromthe accunulator 132 through the line

124 ang,into a %%E}i steliahdq thyoyah |ipe %ﬁgnforas{qiir%%lte% i g@f‘o"’}ﬁi opy, of the

ozone.” ~ Thus, the‘apparatus 12 provides for a totalfly close system f or

t he appl i cattomuaadorenaeal tlofowzionehto lamg 15 f andh teeth A0calbst88.
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
using a ozone analyzer after either 10 or 20 s of ozone

30 application in vivo



It should al so 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 we mecaIsary 20 to enable the cups 34, 36, 64 (neCTAisomed18n Fi gure
4) to sealably enclose a selected area for treatnment between the teeth
40, 138. EXAMPLE 1 25 Ozone detection (ppn) around the cup using a ozone
anal yzer after either 10 or 20 s of ozone application in vivo Study or

Test: zonerwleh&®sé i O PRBscOURMNEt hRaglifuld oxGhe] detaipBnallyesl after
either 10 or 20 s of ozone 30 application in vivo 8 WO 03/011170

PCT/ US02/ 24434n) PHFHOSE tHO 885658 LiRGpBYLPHA0719Ne det o¢t able lengle
(ppm aroun he cup 34 after either 10 s or 20 s of ozone application in

vivo. 5 St T Pr ot . The tip of the sensor was always held
Pl selein P

wWithin 2 mm e of e cup, positioned half way between the nesial
and occlusal sides of the cup. The maxi nrum ozone detectable |evel (ppm
around the cup from1l0 the teeth is neasured using an ozone anal yzer after
10 s of ozone_application. The gzone anal yzer used was an APl 450 nodel

avai | abl e fTOHDENVF RESFECRRBERGPES, Uke dnkP vRE thal PBREPEd YSY BH&3sFpl i er
within the previous week of delivery and this device was not used for any
other 15 prldseibhher 2t ah @hi shet edgei ik Hehe neepi npooiédpiedg halldque
was t hen renoved using a hand held

way between the mesial and occlusal sides of the cup. The

maximum ozone detectable level (ppm) around the cup from

10 the teeth is measured using an ozone analyzer after 10 s

of ozone application. The ozone analyzer used was an API

450 model available from ENVIRO Technologiesg, 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 plague was then removed using a hand held

standard fine nylon fiber sterile toothbrush with water as

a lubricant. Each tooth was dried using dry sterile

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

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

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

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

25



standard fine nylon fiber sterile toothbrush with water as a |ubricant.
Each tooth was dried using dry sterile 20 cotton wol rolls and a dental 3
in 1-air worBga70 Subsequently, the teeth are exposed toPChaSozona7r gas for
a period of either 10 s or 20 s at roomtenperature (23C) and maxi mum
det ect abl e Te&NerRdAVEEs Was al so neasured using this ozone analyzer. 25 9
WO 03/ 011170 PCT/ US02/ 24137 Test Results: The maxi mum ozone detectabl e

| evel (pp”)rlfé(pl%Sk@Huﬁ\rQ}% e Sopar 08 qe%nl o) ebkpeetdd sl fgure 1)
or 20 s Flgure ozone application. 5 Ta le 1. NBX|nun1ozone det ect abl e

ovel (ppmualienoactd s, gLeosaneanolial i 9n Teetp.bupes,5itss £B0ne

det ection per I nci sor rlght 1. prenDIar
Buccal 0.00 ganine Eﬁ§tal 0.002 Upper rlght 1. nmol ar Bucca
0.006 Upper |1§‘f p@&clcczf\ ®076  Lower right 2. prenolar Mesi al
0.058 Lower left 1. renDIar Bucc 0. 169_ Lower Ieft teral Buccal O. 106
Upper rPghttabdierhy ¥pEimym oigne %%V\%?t?lé}? teFehe ( EB‘B aPt8e142 oS

Maxi mum ozone detectable level (ppm) after a 20 s 10 of ozone appllcatlon
of ozone application

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 right 1. molar Buccal 0.006
Upper left 2. premolar Buccal 0.076
Lower right 2. premolar Megial 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 s)
Lower left lateral Labial 0.137
Lower left 1. premolar Buccal 0.177
Lower right incisor Labial 0.069

10



Teeth types Sites Ozone detection (20 s) Lower left lateral Labial 0.137
Lower |eft 1. prenolar Buccal 0.177 Lower right incisor Labial 0.069 10
WO 03/ 01Wed3eairaJsS02/ 24137 Upper right cani ne Labial 0. ®83/USppan3Ti ght

| ateral Labial 0.079 Lower left 2. prenolar Buccal 0.002 Lower rightl.
nol ar Buccal UpP88 rigipercdndfnte | af er akbliabi al| 0. 004 0.loeeer | eft] cani ne
Labial 0.056 Upper left |.prenolaf Mesial 0.Q01 Conclusion: The use of a
cup is a saf ¥ppeyr afigtiel latetraly zonebwhgn dzone was ogpplied flor a period
of either 10 s or 20 s on a tooth for whitening teeth. 5 Althqugh there
has been heLewambbeft desgrdamedatel hoducaad appar at ug.foor the treat nent of
dental caries as remnerilized ipn accordance with the present |i nvention
for the purpeserofrighkustimaiaing {hesoeaaer ijn whicly blke 10 i nvention may
be used to advantage, it will be appreciated| that the inventign is not
limted theretgpelcToreli MHaral any andpakh modi ficatg @ag, variations or
equi val ent arrangenents which may occur to tlhose skilled in the art,

shoul d be consicderedclr® Bgnyhd hi n|thezgegpe af the ljsiknventi gn as defi ned
in the appended clainms. 11 WO 03/011170 PCT/ YS02/ 24137

Upper left l.premolar Mesial 0.001

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 purpose of illustrating the manner in which the

10 invention may be used to advantage, it will be appreciated
that the invention is not limited thereto. Accordingly,
any and all modifications, variations or equivalent
arrangements which may occur to those skilled in the art,
should be considered to be within the scope of the

15 invention as defined in the appended claims.

11



WHAT IS CLAIMED IS: 1. A nmethod for whitening teeth conprising the steps
of: 5 isolating the teeth to be whitened; and exposing each of the isol ated
teeth to woo03oxi1dé zi ng gas for a period of tinme sufficientrcrawsatip418n tooth
enanel. 10 2. The method according to claim1 wherein said oxidizing gas
IS ozone. 3JVHAA met htidAIMED Wh${ening a tooth conprising the steps of: 15
isolating a tooth to be whitened; and exposing the isolated tooth to an
oxidizing gas for a period of tinme sufficient to whiten the isolated

tooth. 20 4. The, net hod r@g@%&li N O “g{iagéniglg\hqgr@gﬂh sgg’cgnprqgiqi'gzi Rgpas is
ozone. 5. A nethod for whiting a tooth portion conprising the steps of: 25
i sol ati ng ®#4aRt PHhortion to be whitened; and exposing the isolated tooth

portiongto an analyzfﬂgJ a .peri,od of tine suffjcie to whiten the
tooth portion. 30 6. e %Jﬁéghaecc%%e |hng 1 (%Declwallr%eéqe ert sai d

oxi di zing gas is ozorsxpd2iWpd 0HE11F0 PEHEUSOR2624E38 TEeebhparat usf or

t he whiteni f teeth, said apparatus conprising: a source of oxidizin
gag; ! emg%%éaz1ng gasi¥or ap%efﬁaé ofngime é%fficient to whiten d

tooth enamel.

10 2. The method according to claim 1 wherein s=aid

oxidizing gas is ozone.

3. A method for whitening a tooth comprising the
steps of:
15 isolating a tooth to be whitened; and
exposing the isolated tooth to an oxidizing gas
for a period of time sufficient to whiten the isolated

tooth.

20 4. The method according to claim 3 wherein said

oxidizing gas is ozone.

5. A method for whiting a tooth portion comprising
the steps of:
25 isolating a tooth portion to be whitened; and
exposing the isolated tooth portion to an
analyzing gas for a period of time sufficient to whiten

the tooth portion.

30 6. The method according to claim 5 wherein said

oxidizing gas is ozone.

12



a handpi ece for delivering the gas to a tooth; 5 and a cup attached to
sai d handpi ece for receiving the gas and exposing a selected area of the
tooth to whe3ogaz) said cup including a resilient edge forCyasbabilg?

engagi ng the tooth around the selected area to prevent 10 escape of the gas
t her epast and emabl e Apgeidatwy t efummg thye tdeioxnhithgi ngfgagseeBh, Theaid
apparatus according to claim7 wherein said oxidizing gas conprises ozone.

15 9. The &PPAEANE &&BHdid*Y'o claim 7 wherein the cup edge has a

rel atively uniform peridmiie fdr 3@aliahhy gargaging a tooth between a cusp
and a gingiva. 20 10. The apparatus according to claim7 wherein the cup

edge has a contour ermabh@ndgosect abbe clsgdgenimg wilhé gadj dcem teeth, 11.
The appar at U according to claim7 wherein the 25 cup edge has a perineter
contourad for seal ably engaging a tooth cusp. 12. The apparatus according
to claim?7 wherein the cappaadgehkds too peaidettemdiidur edrf eeceeatiabl y
engagi ng 30 cups of adjacent teeth. 13. The apparatus accordi ng to. claim?7
wher ei n_sait¢® s%‘?ﬁc@n f SEFROFLIED Y2t etedTBR ot purRPHhdtPuEhRer 13
VO 03/ 011170 PCTEHSA2/ S48 37inSAPIP! BY 28523PbhA! | PUNRANdeBALp1 Y
aspiration’line connected to said handpiece for enabling circul ation of

t he gas i ntogasdnout tbe asteiph clhavvad sl emdilertade supa to prevent

10 escape of the gas therepast and enable tooth whitening by

the oxidizing gas.

8. The apparatus according to claim 7 wherein said

oxidizing gas comprises ozone.

15
9. The apparatus according to claim 7 wherein the
cup edge has a relatively uniform perimeter for sealably
engaging a tooth between a cusp and a gingiva.
20 10. The apparatus according to claim 7 wherein the

cup edge has a contour enabling sealable engagement with

adjacent teeth.

11. The apparatus according to claim 7 wherein the
25 cup edge has a perimeter contoured for sealably engaging a

tooth cusp.

12. The apparatus according to claim 7 wherein the
cup edge has a perimeter contoured for sealably engaging

30 cups of adjacent teeth.

13. The apparatus according to claim 7 wherein sgaid

source of oxidized gas includes on ozone pump and further
13



edge. 5 14. The apparatus according to claim 13 further conprising a
controller for regulating the ozone and aspiration punps in order to

ci rcul at ewDlg/ogaso i nto and out of the cup chanber at a pPETAISOB24137
insufficient to 10 escape past the seal ed engagenent between the cup and

the toothdeaprswifiCi et tadpiliisi-annt eglbp 15ndTh%1nap@@[Fp§Efﬁ$,i@ﬁ00&Qhag to
claim 13 further conprising a source of reductant in fluid _conmunication
15 wi th t hEFMmeceahbeP. sitd Thandpparat U<Cac8opai-Agot CEr@AtI®E upther

conpri sing r t p f cl#cul at,in .t hr h e cup
chanber to t?1Ieus t hgﬁ%ii %lﬁ% ncgftgaésff%o?nhbz%}%%{xﬁg&g%%%ﬁ%n%q?nf ggsai d
aspirationedass. 17. The apparatus according to claim 16 further

conprisgng a waste accunul ator connected to said aspiration line for
receiving the reductant. 25 18. The apparatus according to claim17 further

conprising a fid8lser ey repReMaliuel aeyoreshdualoXicdiazngi3gasukeasyt he
aspiration line. 30 19. A cup for use in whitening teeth, said cup
conpri si ngCORPKAHSLGor edefiitigld c&hafkber BeOWeER 189 hahgpi egengndagdt oot h

surface; 144 _r%%/i%l_J&vagTCT/iHSO@J{{?e“%?% a_cfiixfc?hagfé igﬁ]%_e:?a%f Sald %E'
seal ably coupling said | to the handpi ece and enabling a gas to be
out of the cup chamber at a pressure insufficient to

10 escape past the sealed engagement between the cup and the

tooth yet sufficient to whiten teeth.

15. The apparatus according to c¢laim 13 further
comprising a source of reductant in fluid communication

15 with the cup chamber.

16. The apparatus according to claim 15 further
comprising a reductant pump for circulating the reductant
through the cup chamber to flush the oxidizing gas from

20 the cup chamber and into saild aspiration line.

17. The apparatus according to claim 16 further
comprising a waste accumulator connected to said

aspiration line for receiving the reductant.

25
18. The apparatus according to claim 17 further
comprising a fi8lter for removal of any residual oxidizing
gas from the aspiration line.
30 19. A cup for use in whitening teeth, said cup

comprising:
a wall for defining a chamber between a

handpiece and a tooth surface;
14



i ntroduced into said chanber of said handpiece; and a second perineter of
said wall for sealably 5 coupling said wall to a tooth and exposing a

sel ect ed wpa@a/01am0 sai d tooth to gas di sposed in said chanrer/fsor/2419hi t eni ng
of the tooth. 20. The cup according to claim19 wherein said wall 10 is

continuous. 21. The cup d&deetdiparimetelraicd Xhwhewglh sehlabliystouptihget er
is larger than said second perineter. 15 22. The cup_ according to claim20
wher ei n sai dSfitflst WaperihRt dl's s "eREPLEre: naRdsaf@eREERAd DedRFet EP. B3,

The cup accordipgahiectl ahrb22aWherghfpedi drvabla hankpskhibentnfor enabling
seal abl e coupling of said second 20 perineter to said toofh. 24. The cup

according to claim23 ahesetondaipbrigeedend périseiér Wkl a foont sealébiy
seal abl y engaging.sai d_.t.00t h.between a,cus nd _a gingiva. 25 25 The_dup
e R AR SRR e e R e e

according to € m erein"said  seco
seal ably engagi ngaiddj aeaith t st h.gakb disposed in said chamber for

whitening of the tooth.

20. The cup according to claim 19 wherein said wall

10 is continuous.

21. The cup according to claim 20 wherein said first

perimeter is larger than said second perimeter.

15 22. The cup according to claim 20 wherein said first

perimeter is smaller than said second perimeter.

23. The cup according to claim 22 wherein said wall
is resilient for enabling sealable coupling of said second

20 perimeter to said tooth.

24. The cup according to c¢laim 23 wherein said
second perimeter has a contour for sealably engaging said
tooth between a cusp and a gingiva.

25

25. The dup according to c¢laim 23 wherein said

second perimeter has a contour for sealably engaging

adjacent teeth.

15



