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| (54) Title: LIGHT-ACTIVATED TOOTH WHITENING COMPOSITION AND METHOD OF USING SAME

(57) Abstract _

The present invention provides a tooth whitening composition having a transparent first component that is a carricr compound and
a transparent second component that is an oxidizing compound which When applied to a stained tooth and exposed to actinic light is
activated to facilitate tooth whitening. The invention also provides a method for light-activated tooth whiﬂ;mng wjnch comprise applying
a tooth-whitening composition to one or more teeth and exposing said composition to actinic light to activate said oxlchzm.g c_ompound,
The present invention further provides a device for tooth whitening which has a light source, at least one optical output, 2 projection means
for holding and positioning said optical output outside of a patient’s mouth in a manner so as to prov:de app;oxrmately simultancous §nd
uniform illumination of a patient’s front teeth by said optical output; and & connection means for connecting said light source to said optical
output. The invention also provides methods of using the device. .




has been proposed (J. of the Arer. Dental Asso., Vol. 128, Speci al

Suppl ement, April 1997). One forn of direct dental stain is the N1 type
stain which occurs when a chronogenic nmaterial binds to the tooth surface
to cause discoloration simlar in color to that of the unbour}%ﬁggmen.
Anot her type BP%{*8Lt dental stain is the N2 type stain, in which a
chronogenic 5 material binds to the toothsurface and subsequently
undergoes a col or change after binding to the tooth. Finally, an N3 stain.
is an indirect dental stain, caused by the binding of a colorless materi al
(prechronogen) to the tooth, said prechronogen undergoing a chem cal
reaction that converts it into a chronogen that causes tooth stain. Tooth
stains may be either extrinsic or intinsic, depending upon their . .

| ocati onwi t hi n eGP CTIVATED FOOTH WHITENING COMP@SITIONs! ai ni ng of
the acquired pellicle arises as a result of cc’m&ounds such as tannins and

ot her pol yphenol i ¢ conmpounddNIWMETHOR @F USENGSAMENnd tightly bound to

the proteinaceous |layer on the surface of the teeth. This type of staining
can usually be renoved by nechani cal nethods of tooth cleaning that renove

all or part of Thbgrea&tuppiRatigedidiing phoritp Gohiyovisibiid) ApplicaticsSeriabNesl stain. |n
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chronmogens or prechronogens, for instance, when excess fluoride intake
during enanel devel opnent |eads to the nottled yell ow orbrown spots typica

of fluoros] LRI 130k :nsic staining is not anenabl e to mechani cal '
nmet hods o ¢ : nd.of ¢ breie "general ly.requires the use of chemcals, such
as hydrogen peroxide, that can 20 penetrate into the tooth structure, in
order to affect hange. | ]m l+] m ggﬁg Ly ggnéﬁ%{ n,
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renove t haiethodsiof asihg sameoTh pattieular, the invention provides novel tooth whitening

5  compositions and methods that use light energy to achieve a faster and improved level of tooth

whitening.

White teeth have long been considered cosmetically desirable. Unfortunately, due
to the presence of chromogenic. (éolor—causing) substances in food, beverages, tobacco; and
10 salivary fluid, in addition to infernal sources such as blood, amalgam restoratives, and
antibiotics such as tetracycline, teeth become almost invariably discolored in the absence of
intervention. The tooth structures that are generally responsible for presenting a stained '
appearance are enamel, dentin, and the acquired pellicle. Tooth enamel is predominantly
formed from inorganic material, mostly in the form of hydroxyapatite crystals, and further
15  contains approximately 5% organic material primarily in the form of collagen. In contrast,
dentin is composed of about 20% protein including collagen, the balance éonsisting of
inorganic material, predominantly hydroxyapatite crystals, similar to that found in enamel. The
acquifed pellicle isa proteinaceous layer on the surface of tooth enamel which reforms rapidly
after an intensive tooth cleaning.’
20 |
A tooth stain classification system, termed the N (Nathoo) Classification System,

\ :



Consequent |y, tooth-bl eaching conpositions generally fall into two
categories: (1) 25 gel s, pastes, or liquids, including toethpastes that
are nmechanically agitated at the stained tooth surface in order to atect
‘tooth stain renoval through abrasive erosion of stained acquired lIjcle;
and (2) gel s, WBAY®L or Iiquids that acconplish the tooth- bT‘é'é{B?‘ﬁ%ﬁﬁw‘effect
by a chem cal process while in contact with the stained tooth surface for a
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auxiliary chem cal process or additive,
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15  penetrate the enamel and dentin and become tightly bound to the tooth structure. Intrinsic
staining may also arise from systemic sources of chromogens or prechromogens, for instance,
when excess fluoride intake during enamel development leads to the mottled yellow or brown
spots typical of fluorosis staining. Intrinsic staining is not amenable to mechanical methods of
tooth cleaning and generally requires the use of chemicals, such as hydrogen peroxide, that can

20  penetrate into the tooth structure, in order 't_o affect a change in the light absorptivity of the

~ chromogen. Intrinsic tooth staining is generally more intractable and difficult to remove than
extrinsic tooth staining. |

Consequently, tooth-bleaching compositions generally fall into two categories: (1)
25  gels, pastes, or liquids, including toothpastes that are mechanically agitated at the stained
tooth surface in order to _a’ﬁ'ect tooth stain removal through abrasive erosion of stained
acquired pellicle; and (2) gels, pastes, or liquids that accomplish the tooth-bleaching effect by a
chemical process while in contact with the stained tooth surface for a specified period, after
which the formulation is removed. In some cases, an auxiliary chemical process or additive,
30  which may be oxidative or enzymatic, supplements the mechanical process.



15 m xed wi th an anhydrous or | ow water content, hygroscopic viscous
carrier containing glycerin and/or propylene glycol and/or polyethyl ene
gl ycoL When contacted by water, carbam de peroxide dissociates into urea

and hydrogen pﬁb%)‘&g%hAssoci ated with the slow rate of bl eac?&ﬂ%@@?’{’%‘gﬁs

hygroscopi c carri‘er, e currently avail abl e toot h-bl eachi ng
cause tooth sensitization in over 50% of patients. Tooth sensitivity is
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the car banitBempHedikstiys cempesions coptan ap pXidizing ageqtasuch as hydsegeniperaxidecingr ni ned

that gl ycergrfer t@ﬁﬁi&'tﬁé@xrﬂhd@‘eﬁ'm&&ﬂle?ﬁl%ﬁ??ﬂg&ﬂﬁtﬂeﬂ&&h&@&l@{sﬁ give rise

to varying anounts of tooth sensitivity fo exposure of the teeth to
heat, col d,Waseresolubles ophath. dp pe afthe most-papulsr approashessawhitening a patient’s teeth, a

Pr ol onged t chi Ry r '

b esents . naSRartbainal Gl uichcls SR Hhok RRRRIchos ooy 36 e P oy
sensi ti vi t ymprEssionemadecf thecpatiendisidentitianzend prescribecthe vseofeh orididngaqebtocbee| | ayer
at a pHle . 5 L th :associ ated dem neral.jzation; penetration of the
i nt aclto ena?é*gaa}g%mg%ﬁfﬁo%yb??aﬁ%nﬁ%&ﬁfﬁ?&ﬂ&%@%&vﬁf# Swﬁﬁfwm& he -
Sy: p phanb;&onﬁdbogltnﬁeﬁ#s tb alnduin 6trimtieh &e;rehﬁi:ig ﬁ@xﬁi_ﬂ%n‘@(ﬁfﬁﬂtﬁadm. ‘niﬂig_s Slthﬁs:e and
i l.ution of the bl eachi.ng -conpositions with.sgliva resulfing in leachin
fromthe dé’m”gt‘?"g?%ﬂﬁ‘gs“s Y%é’&iﬁé‘h -‘E FEWS‘WW&%WGFWWN%
are oxioli zitiCpatientDines thé Gilktorh R tabﬁébléﬁbﬂﬁfﬂ% thidli piaée i he/mBitlFor contact

concentrati,ons of oxidiz rsz which are applied directly to the tooth

surface of HPehoterenier oy @M_e&-l angrspiglimescas dongcps §itedr howes. Jhsalowt si on
of a denti gite of blehingis inYAEEHHrBihe Jﬁl@&\lﬁﬁé&ﬂﬂkyﬁ&ﬁﬂ of formulations that are

developed to maintain stability of the oxidizing composition. The most commonly used
oxidative compositions contain the hydrogen peroxide precursor carbamide peroxide which is

15  mixed with an anhydrous or low-water content, hygroscopic viscous carrier containing
glycerin and/or propylene glycol and/or polyethylene glycol. When contacted by water,
carbamide peroxide dissociates into urea and hydrogen peroxide. Associated with the slow
rate of bleaching in the hygroscopic carrier, the currently available tooth-bleaching
compositions cause tooth sensitization in over 50% of patients. Tooth sensitivity is believed

20  to result from the movement of fluid through the dentinal tubules, which is sensed by nerve
endingsinthetooth. Thecarriersforﬂp carbamide peroxide enhance this movement. In fact,
it has been determined thatglycenn, propylene glycol and polyethylene giycol can each give
rise to varying amounts of tooth sensitivity following exposure of the teeth to heat, cold,
overly sweet substances, and other causative agents. |

2 _ | _
~ Prolonged exposure of teeth to bleaching compositions, as practiced at present, has
a number of adverse effects in addition to that of tooth seﬁsiﬁvity. These include:
solubilization of calcium from the enamel layer at a pH less than 5.5 with associated
demineralization; penetration of the intact enamel and dentin by the bleaching agents, so as to
30  reach the pulp chamber of a vital tooth thereby risking damage to pulpal tissue; and dilution of
the bleaching compositions with saliva resulting in leaching from the dental tray and



tooth whitening strategi es have the advantage of yielding faster results
and better overall patient satisfaction; however, due to the high
concentration of oxidizing agents contained in these so called "in-office"
conpositions, they can be hazardous to the patient and pr actitiongr I ke
i f not handl eWOMPHIT® are. The patient's soft tissues (the giﬁ"\’ﬁg,m]%s,
and ot her nucosal 10 surfaces) nust first be isolated from potenti al
exposure t Ly-e oxidi zing agent by the use of a perforated rubber
sheet (kng\ﬁ%st sengﬁ,'%%‘g%r dam, through which only the teeth protrude.
‘Alternatively, the soft tissue may be isolated fromthe oxidizers to be
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sufficient change in tooth color has occurred. Typical results obtained through the use ofa
in-office tooth whitener, with or without activation by hea_.f,'rdnge from about 2 to 3 shades (as
measured with the VITA® Shade Guide, VITA® Zahnfarbik, Bad Sackingen, Germany).
20 | - "
The range of tooth shades in the VITA® Shade Guide varies from very light (B1) to
very dark (C4). A total of 16 tooth shades constitute the entire range of colors between these
two endpoints on a scale of brightness. Patient satisfaction with a tooth whitening procedure
increases with the number of tooth shade changes achieved. Typically, the minimum generally
25  accepted change is about 4 to 5 VITA® shades. |

Attempts have been made to activate peroxides with heat and/or light for the purpose
of whitening teeth. United States Patent No. 4,661,070 discloses a method of whitening
. stained teeth which includes the application of a _co'ncehtrated solution of hydrogen peroxide
30  within the pulp chamber or upon the surface of a discolored tooth, followed by exposing the
discolored tooth to optical energy consisting of both ultraviolet and infrared light. The



4 prefer’fed wavel engths of |ight disclosed by this patent are from 320
to 420 nanoneters and from 700 to 1200 nanoneters, with light in the
vi si bl e spectrum (wavel engths from 500 and 700 nanoneters) being

suppressed. The oelhsssd 0sed method suffers fromtwo serious dragtvasdemsiopl)
ultraviolet light can be hazardous to the patient and practitioner alike

and (2) 5 infrared |ight maé cause irreversible pulpitis if not hangdl ed
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nmet hods to i nproved tooth whitening efficacy which uses exposure to :
"optical energy", preferably in the visible 15 spectrum wavel engt h range

of 400 to 700 regeyBtkWhstks &t parfislijiudaichicd WS URitedStaeeBatent Nd1495p A8 2 mihichequi 1 e
the use-of (1) an inert silica gellin ent, (2). tal ytic accel erator
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Clich s od P O B B oot or
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Conposi tions described therein-are mxed hompgeneously prior to use and all
i ongout t he ST BRAS i M0 08 debfont ol Bhons ol bR o RiHesiNE"
' tooth whitening efficacy which uses exposure to “optical energy”, preferably in the visible
15  spectrum wavelength range of 400 to 700 nanometers. The compositions disclosed in this
patent require the use of (1) an inert silica gelling agent, (2) 2 catalyﬁc accelerator (either
manganese sulfate monohydrate or ferrous sulfate), (3) an agent for providing thixoplasticity
and thickening properties to the composition, such as cellulose ethers and methyl vinyl ethers,
and (4) a means for indicating completion of the bleaching treatment of the teeth, comprising a
20  redox color mdwator for transforming from one color to another in response to the
dissociation of hydrogen peroxide over a given time period. Compositions described therein -
- are mixed homogeneouély prior to use and all of the required components, including the
catalyst, are dispersed evenly throughout the mixture. The compositions described are not
highly transparent to hght energy in the range of 400 to 700 nm, due to the presence of the
25  high levels of inorganic silica particles. Commercial mixtures based on this patent (available
under the trade name Shofu Hi-Lite® from Shofu Dental Corporation, Menlo Park, CA)
conﬁfm that these preparations are not transparent to visible light, but rather are quite
opaque. Typical results obtained using such compositions and me_thods_are about2to 3
VITA® shades improvement in tooth color, similar to that achieved with compositions that do
30 not employ light energy in the process of bleaching teeth.



hi ghly transparent to light energy in the range of 400 to 700 nm due to
the presence of the 25 hi gh I evels of inorganic silica particles.
Commercial m xtures based on this patent (avail able under the trade nane

Shofi Hi-Lite fromShofii Dental Corporation, Menlo Park, | t hat
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qui te opaque. Typical results obtained using such conpositions and net hods

ar ﬁ abo gt 2 L oUgited Siéres PhrastoNo. ismgo,agganﬂbseh 8 d&lﬁtlﬁ!tﬂﬁealeﬁhgﬁyste&i fd:ﬁptrsingmht hat,
achi eved wi conposi tions fhat do not jght energy.in the
process off -@%{mnﬁg%eﬁﬁf‘@mm{sﬂi %‘8°'§l"5ﬁ°gggﬁ>§é€ﬁ‘f‘g%“e‘i}d§g0%15
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|i ght ?”GWXu%QﬂgL&’ofﬁﬁﬁggéngQﬁﬁﬂprOVe”e”t of about 2 to 3 VITAS shades
throd

can be expect h the 'use of this type of conposition. A _
commer ci al product call ed Opal escence Xtra avail able for bleaching teeth in

by U tr adent - PSR FREcaled lbers e Svalflfie B it PRBm | C01T0C
be based oonttdiied ei'wkphmemro@a gléntﬂrdﬂicmdlaﬁteae@b'bi:ﬁ: intrétucediby }S]ln'adﬁntmfidtﬁ&? . The
COMTS 0 S ad Stk 155 2Bk 5 0 B S R Bt S L S
cont al;s PpRAtNG. 51835273 The bomiherdialproduct isi sipplied ind pldgticayniigeaind @ showed t he
[T ckicened dptsabed b geaccosipnite HEOREP bt LRR- i rLo8BiHERnE RECPERbNal 1y, ¢ he
product agotaihSapppiiimaely 35%Hydfoen petokidé. | & PHUetdrmation Sidwed The prilfuct to
5,785,527 contains a bri %ht or‘;%r.\glghepl grent or dye (carotene), whjch |
pr esunabl ;mga@gpetspHatzs C of about product is thickenéd to a loose, gel-like consistency
' with a polymer. Additionally, the product as sold, and as disclosed in United States Patent
15  No. 5,785,527, contains a bright orange pigment or dye (carotene); which presumably serves
as the “photosensitizer”. The manufacturer also claims that the photosensitizer is able to
absorb light energy and convert it into heat energy, thereby increasing the activity of the-
peroxide as a tooth bleaching agent. The presence of a photoabsorber in the aforementioned
composition renders it relatively opaque to wavelengths from about 400 to 700 nm. Exposure
20 of this composition to light energy between 400 and 700 nm results in a gradual fading of the
orange color, presumably due to a photobleaching effect in the presence of the hydrogen
peroxide. Comparative clinical results show an improvement in tooth color of from about 3 to
4 VITA® shades, which is highly dependent upon the contact time of the composition on the
tooth surface, rather than any particular light or heat activation regimen. In addition, the low
25 ' pHofthe commercial product may cause a reduction in the microhardness of tooth enamel,
due to the dissolution of hydroxyapatite crystals (which can occur at a pH of around 5.5 or

‘less).

30 Devices for use in light/heat-activated tooth whitening procedures include the
commercially available Union Broach Illuminator System, from Union Broach, a Health\Chem
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700 nm Exposure 20 of this conpasition to Ilght ener gybet ween 400 and 700
nm r esul tsCDnP@}'gNam)@qfk,le Khis devier, ag desprhed by thy manyfachiseraproyideg direch il

phot obl eac et iuffitarbt 1d diforthe e Bu in Wk Of 9 8Verki/ i dfhoufi TPAr al I ve

clinical ow an I nprovenent in tooth color o rom about 3 to 4
VI TA[ err] Hhweles, thisidedte dess hotgmifprroy ilnmizate all sigren deatraj desthninithe from uppert he

conposi tion ol the C ,Eﬁm n r or heat
activati onm} SYVFfear\'c e? egﬂ%qulft%n r\fa&‘%:ag\{k}e o i‘h@% %ég&&cug rc?{;{o pr oduct
may cause aneveritesiltsoin addnﬁdnethmtbumtﬂmddeémoafgenmm gnaamkhl of iem wthichti$e
di ssol utio f apat.ite.cr al s i,ch can ur,at a pH of around
5.5 or Iesg‘)tg"gﬁy'%rnﬁep B%'g%f‘% ﬁﬁgé?wh tte tivated tooth
whi t eni ng procedures incl ude t he conmer ci aI ly avai I abl e Uni on Br oach
Il um nat or Systern from Unj on_Broac a Health
York, NY. This Hheseisdh “sés"eﬁg’é W%?’EH?@“H%HF%SWM&?SJ?H rect
full spectg eFmthAtldw?cBﬁE {HRlinfiations of te ,srﬂﬁ a&%e;&sbémde I ﬁ.ﬁal&&uiaf ére Rfa t he

u

aver age ad s nmout h. However, this device.does not uniformy_ illunmnate

al | sid0 ecneedontooth whitening Fompositions and methodsrcapable of yvhitening m@squs&bramée of

t he curvat 3; 1,‘5: ”fﬂhpg”'ﬂ gmﬁ,(,) a nlefhods of geven
results. eg% thei I on -EF g’eeh%ei‘%yecr?g& é’tagsﬁaﬁgreat(’%?jea

heat whi chpmmwmmndmmmmwmmmmmd potentially damagl ng
to the teeth. There is thus a need for"- |rrpréved conposi tions, nethods and

devi ces for whitening
It is an object of this invention to provide fast and safe tooth wlutenmg composmons

15  and methods that can be activated oraccelmtedbytheuseofhght energy

It is a further object of this invention to provide a tooth whitening composition that

shortens the treatment time required to obtain a given level of tooth whitening that is
- satisfactory to both the patient and the dentist. )
20 | 'i-

It is another object of the present invention to provide tooth whitening compositions.
that are relatively transparent to light energy in the wavelength range at which tooth
chromogens absorb in order to allow exposure of the tooth enamel surface to said light energy
while in contact with said tooth whitening compositions. '

25 _

It is yet another object of this invention to}pmvidé compositions and methods for
whitening teeth whereby the extent of tooth whitening, in addition to the types of tooth stains
removed, can be controlled by the duration, intensity and wavelength of actinic radiation
exposure at the tooth surface.

30

Summary of the Invention:



teeth that overcone the limtations of the prior art described above. In
particular, there'is a 10 need for tooth whitening conpositions and

nmet hods capabl e of whitening teeth quickly and safely, without harmto

t oot h enanel , WOMMIEIC or pul p. The conpositions and net hods BETUEY/¥IMsent
I nvention described herein satisfy these anrd other needs. It is an object
of this invention to provide fast and safe tooth whitening conpositions 15
and nmet hods that can be activated or accelerated by 'the use of I|ight
energy. |t is ZThepreséntinveisjogencahpasses methodeforiwhitesing feethy vlierein atstad

whi t eni ng oaithon th t . . tidre. | to obtain a.
gi ven | evéﬁ&gg Sf%COM ér‘i‘? tﬁgf)taﬁgfm%gﬁtgé{x ? gﬁg'g%{%'ro bﬂg%x%‘%@#afﬁ‘gwpat I ent and
the dent i photod&ivelightand (i) a photoskysitive agént thne isrespsasive tortheewavelengthooflighti de .
ener oy n P BT SPERY Aok i e SOFRetoN st ARATSRRRRUOEEN B  n or der (o
al | ow expeampésitidn dnd Agém thétodtpiRkpased o€ bioloRicalhy sdfel and effectivelegel ofthi [ €. i n
contact with sajd tooth whitening compgsitions, 25 It is a/,et angt her obj ect

of this i heteartishe et inasdarde caBnersbe ahilityof thexdiamg trcnoynd irths whiFRBE: eet h
wher eby t'&Sm@é&iﬁ‘JHtoQﬁ'e&%ﬁi&‘tM&ﬁEﬂnﬂ&; in addition to the types of tooth

stai ns renov can be controlled by the duration, intensity and wavel ength
of actinic radiation. exposure at the tooth:+surface..30 Summary of the

Invengpon: 7 Ass disclosed and contemplated within the scope of this invention are methods for
whitening teeth, wherein a stained tooth surface is contacted with an oxidizing compound that
is transparent to the wavelengths of light that are absorbed by tooth stain chromogens, and
then exposing the treated tooth to a biologically safb and effective level of those same

 wavelengths of light in order to effect rapid tooth whitening, |

15 ' P
Also disclosed and contemplated within the scope of this invention are the
compositions and compounds described above and devices for whitening teeth, whereini'a
minimum of eight central teeth in both the upper and lower arches in an adult are - -~~~
simultaneously and uniformly illuminated with a biologically safe and effective level of actinic
20  [light to effect rapid tooth whitening. ' '

_ Brief Description of the Drawings:
25 '

Figure 1: A diagram of a device for illuminating the eight central teeth in both the
upper and lower arches of an adult for use in a light-activated tooth whitening procedure.

Figure 2: A diagram illustrating the position of two devices for illuminating the eight
30  central teeth in both the upper and lower arches of an adult for use in a light-activated tooth

whitening procedure.



The present invention enconpasses nethods for whitening teeth, wherein a
stained tooth surface is contacted with (i) a tooth whitening conposition
that is transparent to photoactive light and (ii) a photosensitive agent
that is respmgﬁﬂog.,@ the wavel engths of light 5 that are trcmesvoswol

t hrough the itening conposition and, after contacting with the
conposition and agent, the tooth |s exposed to a biologically safe and

ef fective | evelFigire priaraph of CHMPATRIVERPEER or der to enhance the ability of

t he oxi di zi ng conmpound i-n the whitening conposition to effect rapid tooth
whi tening. 10 Al so di scl'osed and contenplated within the scope of
thi s i nventi on Figuse AeSpectal GusveswfiLighhAHgnuatiar h, wherein a stained tooth
surface is contacted with an oxidi zing conpound that is transparent to the
wavel engt hs of |ight that are absorbed by tooth stain chronogens, and then
exposisg the treated tooth to a biologically safe and effective | evel of

t hose sane_waye] engths, of .|.i g ei dcﬁdrdit% gtfect rapi d tooth whitening.
15 Al so diBearet e iR g R ST & scope of " this invention are
t he conpositions and conpounds descri bed above and devi ces for whitening

teeth, wherein _g.mninu f eil centr teeth,.in,both the u r and | ower
arches in an acﬁ!‘%“ﬁ?‘?—? tﬁﬁﬂ"éﬂ%ﬁﬁ?ﬁ&"ﬂﬁ?? S FUPIGCH 1Y eHERD, gﬁgs\ﬁ/ith a

bi ol ﬁgmaléﬁhﬁﬂﬁéﬁﬁd?&gxﬁpﬁo!imﬁ ﬁ\tﬁl;ﬁ_fr%rﬁﬁgbﬁt_ﬁre%tto;é %i_ilﬁtrﬁdd aie'lxﬁ-ﬂmg iy rapid
tooth whitening. Brief Descrjption, of the Wi ngs: igure 1: i, agr-am
of 5 dyi cSingeghs present disdpRT S SHEstE tthoseakilram theat ek png Aot primet pABE g
| ower arcrﬁ@uﬂmﬂgoﬂw HoTa béksi lof tHetrasd ¢ &&lide® sichni Ng
procedure. Figure 2: Ah%jvagrag?isﬁn ﬂsétt%rrg!toigng thebt\[;%isi ti Qnﬁg_:‘ﬁs%\gﬁ devi ces for
i | | uni nat i cegpobitions, hsic @nceptscand standard deatures knavath thase skillestin the-art ars et

arches of 20z 28l hethi®" DU foF cohoktd BichdS bhodking dpprBplilte thishBBidinEnESSIUT ©.
. ingredients, operating conditions or manufacturing techniques, etc. are known or readily
15  determinabie to those skilled in the art. Attention is directed to the appropriate texts and
" references known to those skilled in the art for details regérding these and other concepts

which may be required in the practice of the invention; see, for example, Kirk-Othmer
Encyclopedia of Chemical Technology, 4th Edition, Volumes 4 (1992), 13 (1995), 18 (1996),
John Wiley & Sons, NY;, Goldstein and Garber, Complete Dental Bleaching, Quintessence
20  Publishing Co.1995; and the aforementioned Journal of the American Dental Association, Vol.
' 128, Special Supplement, April 1997, the disclosures of which are hereby incorporated by
reference into the present disclosure to aid in the practice of the invention. The development
of the inventive compositions and methods described herein resulted from the unexpected
discovery that extremely rapid tooth whitening occurs by allowing actinic radiation to
25  penetrate through the oxidizing compound, which is placed directly onto the tooth surface to
o be whitened. This discovery is antithetical to all prior art compositions that include a light (or
heat) absorbing a'ddit_ive dispersed directly in and homogeneously throughout the oxidizing
compound. The inventive compositions, on the other hand, allow actinic radiation to reach the
stained tooth surface at higher power densities than. prior art compositions that are specifically
30  designed to absorb light. Actinic radiation is thus more effectively utilized compared to prior

art compositions and methods in which conipositions are both opaque to most wavelengths of -



8 Figure 3: Graph of Conparative Spectra Figure 4: Spectral Curves of

Li ght Attenuation 5 Detailed Description of the Preferred Eabodi nents: This
section details the preferred enbodi nents of the subject invention. These
enbodi nents are set forth toillustrate the invention,-but are not to be
construed as MHPHPHY. Since the present disclosure is RFVEOPERH% o
those skilled in the art fleld and is not priner on the manufacture of

tooth whi tiaRi £ afeP4bROSEd HifdRey BY thE etinkic rdBiaticl, ASMhel@Nit&sEExididihg Btivitgissuch
conposi tions, hasic _concepts and standard features known to those sidll ed

in the ar treqyired inghe St millimetors pengweland densioyak thedogth surkish b presest Epentive
choosi N0 3BRbORdrRRAd FRIKBES  of LB AR/at Rnibvidlg thAifISEARL il kudny QRANAIN 1O

condi tion manuf acturing techni etc. are known or read

det er mi naﬁmertlwetsm&s@nsmdm agents, %@e@ytresumm dmsafes qompositionsfor w mdlet he
appropglat%ﬂcg s and references known to those skilled in the art for
detail S regar g these and ot her concepts which may be required in the
practice of the invention; see, for exanple Ki rk- O hyrer Encyclopedia of

Chem cal Tech 4t h N 4 (199 1996
e cal e ol b o WiTEa friop sbalofen ey ey,
%i nt esSeggﬁabiia(hfksenﬂgbbsosthaldmsz;eigwlraria-!éiigeno'ﬂ;aﬁlhdtbftnﬂt‘izﬁﬂifd?ﬁﬂoraﬂaﬂxglmwsggl7 of L he
neri can a SOCI 0 . I a (S nt ri t he
di scl osur é%°‘%FL§W° %hﬂ%ﬂ%&%igﬂeﬂnﬁy @‘E@Fﬁﬂ%w Tor esent
di SC'Qﬁur%ﬂ&e&iﬁ%mabiohﬁdwaﬁﬁéc@pﬁ&owﬁw Whbre ad BifofBALIGANEItinIT t he

i nventi ve conpositions_and nethods described herein resulted fromthe
unexpect edadittinacil mean light skserhed e pge ormera taoti eompgeng nT s errsc aftnic,y

al | owi ng mﬁaﬂﬂbﬁ% ﬁﬂn"ﬁﬂlbereferredtomterchangeably

Also for the purposes of this disclosure, the tenn “transparent” shall mean having
15  greater than 70% transmission of light at a specified wavelength or within a wavelength range.
In addition, all composition ingredient percentages are by weight unless otherwise stated.

Various modes of application of the inventive tooth bleaching compositions are -

effective, althou-gh methods that allow for the accumulation or concentration of the

20 photosensitizer within the acquired pellicle, enamel, and dentin (the three tooth structure
primarily associated with the majority of tooth staining) are most preferred. This is best
accomplished by contacting the stained tooth surface with the photosenslnzer prior to
contacting the same stained tooth surface with the o:nd:zmg composmon. In this way, the
photosensitizer is able to penetrate into the tooth structure, thus being present at the site of the

25  tooth chromogen(s) prior to contact with the oxidizing composition and prior to exposure to
the actinic radiation source.

Photosensitizing agents useful in accomplishing the desired tooth whitening effect
include any compounds capable of absorbing light energy at biclogically acceptable
30  wavelengths prescribed by the limits of safety for use in the oral cavity. In general, such
wavelengths are from about 350 nanometers (nm) to about 700 nm, encompassing a portion of

10



25 penetrate through the oxidizing conpound, which is placed directly
onto the tooth surface to be whitened. This discovery is antithetical to
all prior art conpositions that include a Iight (or heat) absorbing

addi tive di speyeeshosher ectly in and honpgeneously throughout tPoa/Ased/eE1g0 Ng
conpound. The inventive conpositions, on the other hand, allow actinic

radiation to reach the stained tooth surface_ at hi}gher power, d%?ties t han
prior art theXP&sispactinm (B0 48P am) gadmpstoftheyvisthle light spechmd4QqtoA90am): | i ght .
Actinic ragialiiQn.g WhicE nfal et ght/entigh ltd &iftidr RQNBRERMidaPeriREyO! art
conpositions aé#\%%rggéﬂg%gﬂfn'v\hi c% _conposi teingltr%g arle. ll-).ot h opaque ?,o grjr'.ti)st
wavel engt hinclofie @micondigybe pastivles {pasticulariv\ranemeter-scale titapivgy dioxide and ipg exide),

radi ation., As t.he qargat .dizi BYREE ' |
L et or RéTgoPHRARRL R b B Ol 0 BBVl dfcSnes Pl e farigholfhoh i
i nvent isve baaiy sietal-digandihplexes(such asferricpowssiint oxalate enasganessgucongte: anst h
stains, in nmany cases. W th | oweg ,l.evel,s, f activ i dizi , thereby.
eaul't] ng PO RER < Bispinepions ShpipeSyaRhaiey i st St Wa BERAL & | 1°T €0V
pur pose of s,sglhiiﬁa egaf 'ns;aéb _mﬁabb 1é E&tbﬁﬁﬁﬁz’ﬁ@b : hddmposiﬁadisahhqlmoahdikﬂerm_zlh;oght
ener capabl e o ei ng, absor be i ther an exogenoys t nsjtizin
agen? yor gﬁ’“ﬂ%ﬁ%‘bé%&%gﬂzﬁ%ﬁeﬁ"?ﬂg&%&g fanompetess. Ay "?ﬁ?“&f?ﬁ%ﬁ%&%ﬁ ga °
di scl osur egh&&?&ﬂﬁ:{‘ﬁitﬁé Fhveitngthirhiple Of Fdf Abbit30 kh to abbid 700@aRndi ght

a

absorbed b speci fic photosensitive agent, where as chronosensitizing

act i ni 10 r aslibsequenthyonyerfiag the presey inanid pheten oblight ito the useplenergy of oMo gens.

The terms '.act iai c g koaht i .

i nter changeela ?/lgh%?lrslg%%t He %39 pose;gJy # tﬁ, I's d%g%%ﬁ?@fﬁ?&ih{%ﬁﬁﬁ

"t r anspar einthe piactide of therprésentiinvgntion. - greater than 70% transmi ssion of |ight

at a specified wavel ength or within a wavel ngth range. In addition, all -

conposition ingredient percentages are by wei ght unl ess otherw se stated.
It is preferred that the inventive photosensitiizers are of a molecular size, charge, pH

15 and hydrophobicity/hydrophilidity to allow for effective penetration into the deeper structures |
of enamel and dentin. The more readily a photosensitizer penetrates the tooth structure, the
more likely that, upon exposure of the photosensitizer to actinic radiation at the appropriate
wavelength and energy, said energy will be convéxted into oxidative acﬁvity at the site of, orin
, close proximity to, the chromogen itself. Photosensitizers having a molecular size, net charge,
20  pH, and/or a hydrophobicity/hydrophilicity which prevent or limit penetration into deeper
tooth structures are of utility in the practice of the present invention, but may be limited to the
removal and/or destruction of chromogens located at the outer tooth surface (extrihsic stains).

Especially preferred photosensitizers belong to the general class of water-soluble
25  metal- igand complexes which absorb lighf in the range of from about 350 nm to about 700
nm. For the purposes of the present (iisclosure, the term “ligand” will mean an organic
molecule capable of complexing or associating with a metal ion in aqueous solution, such that
the reactivity, solubility, or ény other physical property of said metal ion is changed. Such
metal-ligand complexes are also known as metal-coordination complexes. Suitable metals ions
30 includeiron, manganese, copper, and other transition metal ions. Various valence states may
be used or may be present simultaneously. The metal ions may be present in saliva, plaque, or

11



Various nodes of application of the inventive tooth bl eachi ng conpositions
are, effecie, although nethods that allow for the accunul ati-on or -
concentration of the 20 phot osensitizer within the acquired pellicle,
enanel, and dentin (the three tooth structure prinmariy associated with the
majority of tWVEX9948878i ni g) are nost prefered. This is best aBEHMSPYCLIWd by
contacting the stained tooth surface with the photosensitir prior to

facting th ai ; nsttl L1ion.
Fo i waghe MqriRafe of B bR sibmbb NASRoH ) dodCoofitiviel HafhehdBhATCR! ON-
struct ur e, of duides)teicataiptypesofitoath staing. Suithble ofetal joa ligends includelchelatingrageuts ( s)

prior to contact wth the.oxidizing c osition and.priQl.to. reto
Phe ot | ni GHRB PLenpoR 1 i Thek creRErs r aimigs SO (Slybp i pata

acco lr)rlpl i SPE&%]& ng@ﬁﬁliafﬂ#ﬂpﬁﬂhﬁhtmomrﬁghlq:e&ﬂ@ﬁmﬁﬂ%Dla.dé 7ﬁllhmnd(l)iu;tmmei S
capabl e of absorbing |ight ener at bio i ca ‘accept e

vva\F/)eI enyt hE“Wﬁ@qagfe‘ng%’ Fﬁ‘?é"ﬂlgs?/ﬂff‘?“gf"%‘gg‘é‘t‘?" ?%/‘Pp %&%E'F °T'W@§r8%ﬁh°cavi ty.
I n general ges8igtidn PHapaliRsednd chpeiwitAQHE! AR @eiamiettfcaicout
700 nm encorrpass}uggié’%{)orﬁ%%n of i.‘SLO %a%vé%"ggept r_ume:( 300 to 400 nm

and nost o#cid (BDTA) en¢tg#ping perdaacetin aciPEIR A) putriloyiacetic afid (LA}

conmpounds ' . . 4 . i t. ergy,
[ ng}oude sem g?%ﬁ%%#&?%ﬁﬁ@ﬁ%&“{“%%%ﬁ?%mg er-!sca{e é i t.anai'c?r% »
di oxi de andiethylenetdamioepenti(methylphephespbonic adid)aand pedyols sl as sarbitod | xylitol,

|| ganalt o feailet Sl eRitia 30 ARPLR YW AploRs conibl dere 87
and var i oudesoritied|in EP 443, 551 sywhalescriptionisding me@rporpteﬂfhateod;yanfermnetﬁaiyorgamc
B R T e TR A
between 5 gidehl idf clrfbepresudied to Kuvy utility &rthle presen aviestivafcomipesititiisifor and :
methods of whitening stained teeth. g |
15 '
A number of the inventive metal-ligand complexes have an absorption spectmm that is
'pH-dependent; in general, such complexes ivilldisplay a greater degree of absorption between
350 and 700 nm at a pH of greater than about 4.0, light absorption in this range increasing
with increasing pH. For instance, the aqueous i:omplje:_: formed between o
20  1-hydroxyethylidene-1,1- diphosphonic acid and ferrous jons is virtually transparent to visible
light at pH 3.0, but absorbs strongly in the spectral region between 350 and 500 nm as the pH
is raised to 7.0. '

_ In some cases, a photosensitizer precursor may be included directly within the
25  oxidizing composition, where it does not readily absorb light in the visible region of the
spectrum from 400 to 700 nm. However, upon contact with the tooth surface (when placed
there with the oxidizing composition), the photosensitizer precursor may combine, for
instance, with a metal ion such as .iron present in saliva or found in the interstitial fluid of
enamel and dentin, resulting in the formation, in situ, of an active photosensitizer capable of
30 activating the oxidizing compound upon exposure to actinic radiation. Obviously, only those

compounds that are stable in a highly oxidative environment are suitable for inclusion directly

12



photon of light in the wavel ength range of from about 350 nmto about 700
nm and 10 subsequent]y converting the energy in said photon of light into
the useful energy of oxidation either alone or in the presence of an

auxi | l'i ary oxiwdh d9/48870agent, is contenplated to have utility irCTiUSSY/gBIECt i CE
of the present invention. It is preferred that the inventive '

phot osensitizers are of a nolecular size, charge, pH 15 and

hydr ophobi én the oidizingsiomppsitien, Ansxample of sush aspmpeundye penetration into the:

deeper stryc -@@9_ l4: \ ks ‘;LP% nﬁn{ ' hededngRsi ti zer
penetr at esqtcrh'_g{:o?{g%tﬁ%hs rit}gfdfﬁig,gbhtqﬁg'taﬁgr@e | léeT{H;/ trgfa?vdtfggﬁhgxpos_u-re of the
phot osensi Degaest 201 Geantlisoldas » §0%cactivesolution by Mansante Corpomtion,\ & eovis, MQnd

energy, said energy will be converted into oxidative activity at the site
of or in close proximty to, the chronogen itself Photosensitizers having a

mol ecul §r si ze, TREkbilifpF getair’fetal dhklates fdop s photysensitirersitiag bdey/mbted imthiai 1 i ci ty
whi ch prevent or limj}f penetrafion intq, dee toathh Strutyres e of -
utility i n?‘ﬁﬁ%‘“ﬁﬁr"é{c‘(@@ B'Ps‘t"ﬁgﬁ?fr ﬂﬁ%ﬁ%ﬁ%ﬁﬁtgéﬁf‘w{%ﬁg@‘gfﬁlm%’o t he
renoval  angfQiigeYepeidenOFentn KeaétnP 4fFree Rediadl Biblégy & MedidecVol. 14)ipp 198+ f ace

(extrinsic Stains). Especially prefered photosensitizers belong to the
general cl 443 ](993))/\%@?5%6‘!% mg@atwmvatﬂomqua@é%ﬁﬁ@@?wewe 8orb

light i f . .
ight in t%ﬁ%l%;ﬂ.gggg@méﬁm | tﬂ%ﬁg&&%&ﬁ?%@m&mswposes

of the prese osure, mean_an Or gani c nol ecul e

capabl &0 of nguomsters tayjeld Fe fB)was shown to prloceed:steadilygver 8 periad of gbai §Q mimyites; i on,
such that L Vi NSRS )ﬁgéé‘,gﬂng ty of

sai d netal %ncrolﬁéﬁ%h%sr%éfa.(ﬁgl}gﬁhmélap%ﬁ%m%ﬁﬁSQAgs re Péo Enovvn as
met al - coor ganiatlanchelating tempund SudiedWhe Feinthus cronted Biitiated akentondyper on, -
manganese, ,CO d.,other transitigh al . or ri . tates
oy be- usedeBpittny b e soSE PP aRma Shpt Rl YA W2y Sl BupREnE | 0 O
i'n saliva, delected by electron spinresonanisi(ESR). ficdrds ot suggestédher implidd byshe dutioes thiwet al

' ons r‘r?;/ althsxg p&?QM a reacue’ 'torqrw%ldﬁ%irg lrltﬁ{%} %notﬂé oxidation of chromophores, such as those

found in 2 human tooth. ' ‘

Useful oxidizing compounds include liquids and gds, preferably containing a peroxide o
or peroxyacid known in the art. Such oxidizing compounds include, but are not limited to,

‘20  hydrogen peroxide, Mde peroxidé, alkah metal peroxides, alkali metal percarbonates, -
and alkali metal perborates. Often, it may be desirable to utilize a peroxyacid compound, such
as peroxyacetic acid (for instance, when attempting to eliminate highly intractable tooth stains
caused by tetracycline) in the tooth whiiening composition. The peroxyacid may be included
directly within the oxidizing composition (providing that transparency to light energy between

25  about 350 and about 700 nanometers is maintained). Alternatively, the peroxyacid may be
. formed by combining two or more separate phases (one of which contains a peroxyacid
precursor, such as glyceryl triacetate and a second that contains one of the oxidizing
compounds listed above) prior to application to the tooth surface. Preferably, the peroxyacid is
formed in situ, by contacting the tooth surface with a peroxyacid precursor prior to the

30  application of an oxidizfng compound; the peroxyacid is thus formed only on and within the

stained tooth structure, where it is most beneficial to the tooth whitening process. Suitable
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of oxides, to certain types of tooth stains. Suitable netal.ion Il.i gands

I ncl ude chel ati ng agents capabl e of associating with the netal ions above

i n aqueous solution, resulting in a water- sol uble netal -chel ate conpl ex

t hat absor bsWPPg#87het ween about 350 and 700 nm || l.ustrati §ET/UENIHt py
no neans |limti ng, exanpl es of netal -coordination conpl exes are formed from

th t d h chel ato

et byl oncBFRRIE Resricf et 360 5 Fodbci Braonth Iobetipe. felefeddiiib O, .
aci d ( DEREids, mylkmbyhuabidaﬁﬂN,N,Ngthe(thh)yl ethylepetiianiye tvinyl dceatecpolymers

1-di ph d, dia t h honi id),

i et Pyl oA FopSlHFiEFe ST UG 5P POFEBRIBESHB AeCeP oA SBOPYBIE. such as
sorbitol, xylitol, 10-mannitol, maltitol, lactitol and other

non- car boxyl at ed pol_yhydr oxy corrpounds nore _fuily described in EP 443, 651,
such ¥escri pt Ibﬁo’s@mg cPmeRgs Arsdighidgal.arifolid compositiont Eanspasent &2 Wan ¢

mul ti dentabQedgf ané omﬁed%g uibfphfoius&s&&.@ agaﬁtapﬁ@%&bmce

coor di natlon (0] ex Wlt a nmetal 10n can presume have uti I|ty in

t he presdight enmnthewswﬂlﬁvmw byghe ﬂmﬂweneﬂ@n@mammmﬂgewm ned

teeth. 1 EQH-Fi
absorpti %Aggég?ﬁ“%% %&@e#ﬂﬁ‘ﬁﬁﬁé%o@seﬂﬁ{é%k at il genera suci‘n corrp exes wl |
di spl ay ?nmémg&ummmqmm|mbmheew@gmmmm a pH of
gr eater n.a r

oA, SRR i Bk A RS o o il s opRBASHE B il

t1 hydr oxﬂmitb?ﬂxledamﬂrfade Aﬁltexﬂnqﬁqadsﬁrmat lﬂf)cc:hmﬁxoﬁgmmmt p'amttoshght rtual ly
ransparent to.visi a ut .-aQsorbs, str e
spect r al SPREBY BRW §§€m§r\‘ﬁa éd‘yﬂﬁﬂgﬁ%"?‘ ?)Ffll tbrasﬂrggg“bg ‘);og"tl n sone
cases, ahﬁ&b@ﬁﬂdt&h&dt&&%@%&lﬁﬁﬂo mepbe,mﬁﬁm dipmethyidtien the 25

oxidi2|ng conposi tion, ere it does not readily absorb light in the
vi sibl e region of the spectrun1fron1400 to 700 nm However, upon contact

wi t h14 he t oot hnétﬂérftﬁﬁﬁpefc%%néﬂtaﬁ %%ﬂm dokifpobitibrtlirdisPiet @POSE L i On) |
t he photosensitizer precursor conpi ne, for
photosensitizing actinic radiation is that certain wavelengths of light seem to be absorbed by -
tooth chromogens in a manner that promotes their oxidation to a non-chromogenic state.
Reflectance studies show that dentin and enamel transmit green light, reflect yellow/red light
and absorb blue light. Although not wishing to be bound by any particular theory, light is
20  absorbed by the molecules responsible for tooth discoloration; thus, tooth chromogens may -
act in a manner similar to that of photosensitizers. In particular, exposure to certain |
waveleﬁgths may raise the energy state level of pi electrons carbonyl (C=0), double bond
(C=C) and conjugated double bond (C=C-C=C) moieties, making them more susceptible to
attack by active oxidizing species such as perhydroxyl anion (HOO-), peroxyacid anions
25 (RCOO0O-), and radical species such as hydroxyl radical (HO*) and perhydroxyl radical
(HOO*). In order to destroy or solubilize chromogenic substances, the activation energy of -
the reaction between one of the above light-absorbitig moieties and an active oxidizing species
must be overcome; thus, light assisted chromogen a;tack ieads to more efficient destruction of
the molecular moieties responsible for the appearance of tooth discolofation by raising the
30  energy state of electrons in specific chemical bonds within a light-absorbing molecule from a
normal pi bonding orbital to a pi antibonding orbitel. Whilst in the less stable pi antibonding

14



I nstance, with a nmetal ion such as iron present in saliva or found in the
interstitial fluid of enanel -and dentin, resulting in the formation, in
situ, of an active photosensitizer capable of 30 activating the oxidizing
conpound UpPORyE¥RMAGHr € to actinic radiation. Qoviously, onlyp¢tros®/3100
conpounds that are stable in a highly oxidative environnment are suitable
for inclusion directly 12 I n the oxidizing conposition. An exanple of

such a coepisalnailighs absokhing dovpletbiepd hescqeasiderable gingla bopheharaster and i nuEh AMareb| e
comer ci al | der o jve
oIt on S BRCEK by Gidikl Gpefid Fer R Peftalaee dipdbliail o Bkofl B 10
certai n nefBdpecific biergcand wvaelengtls, siphpdy tsaughi the processidescribedrabome ey utilize e '
literature vari ous rkers., For _exanpl e n e t . Hvdr oxyl
Radi cal Gof %%%W%F@ﬁfpwﬁﬁﬁgﬁ?wﬁgﬁ%ﬁo lﬁgg‘gvtei%genﬁ?aﬁy ar aéé' v%di caIy

Bi ol ogy Solileslive coRposifidin.in dehtacprith @5d tdckB chrbfiidgen. descri bed t he o

| i ght - nedi ated conversion of Fe (I11l1) to Fe (Il) in the presence of a

chel ating agent and hydrogen peroxide. The reduction of Fe (E) chel ates by
light at 300 1Q pghpa@RMaRY ecth Wit dethSd, ik hdcorMbicSWRNA speRifidleRbOdithest cadi | y
over a period of "about 30 m nutes, with conversions to Fe sél L) .ranging from
about 409pfthe inventiongapindes eantacting the toRsh eparael surface Withthe photo Pﬁ‘%@“&ﬂ%ﬂ‘bund

st udi ed. a@gcfﬁa&ihmet&% fizbrtifeatd bbihsiflact JARIHR Buidishiy ARPOAERAEN Of

t he hydrogen perox ., yrelding hydroxyl radicals that were Spin-trapped
and ddx ecthertafier, etposing the teqsh tmlight enerEysrypable of eetivating the phgjesensitizes

B L R B L
toot h. Useful: oxidizing conmpounds include |iquids and gels, preferably
conta 110, RSl BRIy SRk W i W il 1 10
embodiment of the invention includes contacting the tooth enamel surface with an oxidizing
15  compound which contains a phdtosensifizér ercursor, whereby said precursor is seen to
absorb actinic radiation in the range of 350 to 700 nm only after contact with said tooth
surface. Once the photosensitizer precursor becomes light absorbent, the tooth surface is
exposed to light energy capable of activating the now absorbent photosensitizer, which in turn
, activates the oxidizing compound at the tooth surface to whiten the tooth.
20 | " | - |
" Afurther light-activated tooth whitening method, in accordance with another
embodiment of the invention includes contacting the tooth enamel surface with an oxidizing
compound and thereafter exposing said tooth enamel surface to actinic radiation
corresponding to a tooth chrorﬁogen molecule absorption wavelength. The prefefred
25  wavelengths of light in this embodiment include those between about 350 and about 700
nanometers, a more preferred embodiment include those between about 380 and about 550
nanometers with the most preferred wavelengths befng between about 400 and about 505
nanometers. As in all of the methods described above, the oxidizing composition must be
transparent to the actinic radiation utilized in order to allow the wavelength-specific light

30  energy to reach the tooth surface and underlying structure.
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20 hydr ogen peroxi de, carbam de peroxide, alkali netal peroxides, alkali
net al percarbonates, and al kali netal perborates. Oten, it -may be
desirable to utilize a peroxyacid conpound, such as peroxyacetic acid (for
i nstance, when attenﬁtl ng to elimnate highly intractable tooth @SJE
caused by tetwgé'y'é?ﬁ in the tooth whitening conposition. SB doyam d
may be included direct I y within the oxidizing conposition (providing that

transparency t ogdiaabthe f.wwaea mahwﬁ&mngﬁta%a iR 26t ofdhd cRiM Anofittd

nanoneters i s malntaine Al ternatively, 'the peroxyacid nmay be forned by

conbi ni ng tmhedimentof the swpntioninclydancantactipg b Eﬁ°ﬂWﬁ wHAtaYiR RerpEREdyaci d
recursor, qg&f, Hﬁlfa@e 9{1?‘1 c&ﬂ{b\x one of
!tohe oxXi d| rﬁé&?%bgﬁggﬁéﬁﬁ:ﬁﬁ{aﬁsngséﬂd v%ﬁ‘?. or to.a caﬁ#on 0 t%ﬁitooth
surface. Rubfeguenitlyexpasing tp estinicradiatipni as dmnh&kbpve §‘h¢ peroxypcid precursod may t he
tooth gurf W, t h 8F QX MAC l'ication of
an oxi gl m%gp Bﬁ%&gmﬁiﬁg% ‘%@‘z&g&ﬂf‘% {eg'fﬁ(')ormrr% %ﬁ%gﬂ%zﬁ?ggd within the.

stained tooth structure, where it is nost beneficial to the t oot h whi t eni ng

. Suit WO, 99/ 40
DT Usoar 03100 SsaReigerh s by BetirCipsyidunll; fainstangs, by it the ight ta a sngl
gl yceryl tﬁb&csa&adeaay:ﬂﬁﬁiwaaﬁwﬂommmedmmﬁﬁﬁhﬂér%awamd%eand N. N

N .N -tetraacetyl ethyl enedi am ne,, vi nyI acetate pchggmers and copol yners,

acet yl chol FResed 10, Hhd i eauence the deatistiof hygienist mowwmg the nds. 5

The oxiodi Zjobth ) EHé priScedire. fm%elassa%mmorﬁﬂémdemm forgs par ent
to the wavel engt h(s) _of |ight capabl e of activati ng t he phot osensi ti zi ng

agent at tmnat@@hw%ﬁtﬂw Lag tedinws forithe gytient. nAlkt yuamofg@smteém ed by

the 111 M Gy ool 1 gt iullinds 48P AUt B bbb ifon Ao Dight
source an he phot osen tlZEI’ ﬁ ot renarre surtace. AS oot h

enanel surﬂhﬁ“&yﬁk@é&%ﬂ@h%ﬁﬂ%%@ﬁm&mﬂu@hﬂdemwm
effective stbli'é)&iﬁtimmanngallofﬂwfmntteeﬂmtonce i,

15

One such dévice for the simultaneous and uniform illumination of at least eight central
teeth in both the upper and Iower archesis mustrated in Figure 1. This preferred embodtment
has three linear optical cutputs 11, 12, and 13 precisely positioned on three front (patlent '
facing) surfaces 1, 2, and 3. In a more preferred sn:bar embodiment, two three bar devices

20  are stacked one on the other resulting in six optlcal outputs on the front patient facing surfaces
as illustrated in anure 2. '

Although Figures 1 and 2 illustrate embodiments having 3 outputs and 6 outputs,
respectively, it is contemplated that the device may have any number of outputs or emitters,
.25 from one to a high multiple of outputs. Each output consisting of an individual fiber or fiber
bundle that uitimately is cbnnected to a light source. Embodiments having 3 or 6 outputs are
presently preferred for the device because they achieve fairly uniform illumination of the eight
or more central teeth without excessive manufacturing problems or costs. More than six
output, of course are feasible and may in fact be beneficial in terms of uniformity of

30_ illumination.
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10 whitening teeth wll occur when nost or all of the light energy
reaches the photosensitizer at the tooth enanel surface. An exanple of a
sui tabl e conposition that is transparent to |ight energy between 380 and

- 500 nmis a 6%dysidemen peroxide gel with a pH of about 7.0 ticiusamstoeen

t hi ckened to approxi mately 100,000 cps with neutralized

car boxypol ynet hil ene. 15 Anot her _unexpected benefit_ of utili,zing an

oxi di zi ng conpo¥he frept surfages pEihe ABVIGEAS PRANANES 19 SiYe, 30 QpteHt CPPRZUIRLORSURR o 5
that certaig, ﬁg;eslnsﬁga béanRifroni &3h of@@MbitPutdnlsOlmEniite hleish thefightogens

in a manner t pronotes their oxidation to a ngn-chronpgenic state.
Ref | ect anc eenttalitéetdsn botbhe upper anddewer asehes afthaarea fiogtherincisgrs de theifirgint |

reflect yeh{gﬁ%ﬁ{gﬁ%l%eg:iﬁltf%fe;g,r@t’%ﬁ}géﬂthk%u{ iﬂb%mzﬁ'btﬁé'&léﬂ&e%ie.%%h to be

bound by any par I's 20 absorbed by "the nolecules
r espons$ bl degicted indfigure dias indaninoimg these butpptsimayible of kmyoshapeepg., sgulatrct in a

manner simlar ,to that. of A r ' . to

Cor o n wa R ordiaagt, Linell AP GOBHAA' The bR bpbolifibans 3K nfar

car b;)_nyl (Gu@;‘k_ts, &Eﬁbh@ubmvﬁg(aqa@ht@midmt liou gfdbet E&)tlmg%bami r_(nidc‘;s@m&ﬁ) _
noi eties, nekin em nDr e, susc L bl e aita actiye oxidi.zin

- speci es sué%l%g'gﬁbﬁhﬁmﬁ'@"ﬁ‘i?'g&?d%%o% B@‘&‘Bﬁéﬁcﬁvfal%‘ﬁi’ éﬂg‘ tE%"mp‘Ctﬁ%%.)) ,

?&%Or* ?dl Icﬁ Qr der f?dggg?‘r Qy o:r(%lgilgwgi | i zleﬁ?hbro )éab?fcméga?sd?g&g@ghﬁadl cal

act i vaW on vedre theyaproximete ﬁhgé'E’FlﬁE?ﬂ”g‘Ef‘We@ﬁh%ﬂE"g?‘%tt t°am%tq'ﬂaﬁ?¢%9§r bi ng
moi eties apg M(Hf'tl%o%inqahnﬁacﬁlﬁﬁbﬁ%u?d?ﬁ 88 boreBted td4 ' distal light't

assi sted chronogen attack | eads to frore efficient "destruction of the

mol ecul ar  sesires bydsvorglass onplasgticdibpropticibundles sebigheriginate atithedistallight #iuicat i on by
raising th SHEEQ% Eﬁ ﬁ“ﬁ LR 4 Rk { léf&glemtﬁl glm-WS
wthinalig t-hﬁ Sor bl ng rrtijl ecuze rgma no#t% pI t%c?] Ing ofbital to a pi
ant i bondi nNoanipifortity iin\ibérstanimissidneis Benesally obisinesd 3o baumiris vt Absenor of :
15  actually breaks in the fibers. Variation in optical output from point to point at the surface of
each output or emitter should be no more than about +10%.

Whether illumination of the stained teeth is performed individually or as a whole, the . -
light emerging from a direct or indirect source may be continuous (“on” the entire procedure), |
20 interrupted continuous (primary “on” with short rest ﬁtenupﬁons), pulsed (“611” and “off’ ina
predetermined timed sequence and intensity), or a combination of continuous, interrupted -
continuous and puise. In a preferred embodiment from about 10 to about 200 milliWatt/cm?*
of light is applied continuously to the front surface of the teeth for a total périod of time from
about 10 to about 90 minutes. In a more preferred embodiment from about 100 to about 160
25  milliWatt/cm? of light is applied continuously or continuously with short interruptions to the
. front surface of the teeth for a period of tirﬁe from about 10 minutes to about 30 minutes
followed by an interruption or “off” period of about 1 to 10 minutes, with the cycle repeated
for a total time of approximately 40-60 minutes. In one envisioned émbodiment of the
invention a feed-back mechanism based on reﬂecté,ncé would be used to mbnitor bleaching
30 efficiency and regulate the total amount of actinic radiation applied. In all embodiments of the
| invention the positioning of the light source affects the energy density épplied to the teeth as
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orbital, a light absorbing doubl e bond has consi derabl e single bond
character and is nuch nore easily attacked by oxidi zing agents such as
per oxi des and peroxyacids In theory, actinic light of a specific energy

and wavel ength, o5 F%Iy t hrough the process descri bed above, ﬂﬁ)’uﬁ&bilbo’-e a
toot h chroanen no ule as a photosensitizer in order to inprove t

efficacy of a given 5 oxi dati ve conposition in contact with said toot h
chr onoge npowerldegiﬁydwédsamﬂddlsmh Thia 'pte&i&eﬂg:lmhkm @f therdightcsoorcd aditearyi t h a

S ecific rrbo irren of the.i h enanel
S face wi e Bishn s 5F i gt FortRE T iR aeibed thovp dne Siofetted
phot osens Hislag& fot ﬁlﬁ&hﬁﬁt dfﬂiﬂdtvﬁulsfmed'h‘éctlﬁ niﬂ’dht oF theisdifate of cHeRestngp teand, 10

th ft t f
ol vat | nibuk 58 e ehibe firies of e (aih (when e regcf“q% sdfinet s e,  ng
corrpowdss&frcettbwdeﬁmtmmmaursiﬁs@ofaﬁaatm bIe feaged tooth

whi t eni ng net hod, in accordance w th anot her enb | ment of the invention
i ncl udes cont act i ng the tooth enanel surface with an-oxidizing 15

conmpound -whi chy Bg.lo?a e?g% £ B4 tihib duﬂfoﬂw g%ﬁ{tgmoo n%“grecursor'

is seen to absor actinic ation |nt e range only
af t er contheractice of thexpresentiovention Ih general, Cangbghtheulph otpable of emittingractimie cur sor

becones | ] .

capab o ofibiof BI6E WERlength Mngh ARicdaly Vol aBfend SuBKARIRAIV prbRRlnsBRE()

acti vHa esot duhems’eda’mi thgenecgyystateof tabthtchmrﬂugaﬁd;uss:onfemphte‘damhhvet\mhtytm ¢het oot h.
20 A further, .acti,vated .oth. |ten|n t |n accordance, with
anot her em Hl' s igyen P?fbi'fﬂifé ,ggpag&ﬂq' ‘g that o el
sur face mmbmwgiedymenmm% ﬁadnbb,a;s@atmy moexwgvmnedmtmteb

enanmel surface tQ act c radiatio orLres ng to t oot h chy ono |
mol ecul e B Afinfrar Qﬂg ﬁg‘"ﬁ éﬁ'&’g‘gﬁ&ﬁ@“%@@l tﬁﬁ in

thi s enmbogiehiné addfia guﬂ@setahmsmrm i pelpaidsuabR iers a
nore preferred errbo ment i ncl ude ose bet.ween about 38 and about 550
nanontX er $pufges (Fomb pra) emnirting oply\those wvelengshs negessasy farahe agiwation#60 and

about  505¢pe jnventive photosensmzer and/or the activation of a tooth stain chromophores be usedin ~
the process of whitening teeth with the inventive compositions. It is generally accepted that a
pulpal temperature rise of more than 5.5 “C for a significant period of time can be irreversibly
damaging to the tooth structure.
20 | |
_ More specifically, light sources which emit actinic radiation in the wavelength range -
from about 350 nanometers to about 700 nanometers are especially preferred, in that both the
- photosensitizers described herein and the tooth chromogen molecules responsible for tooth -
staining absorb primarily in this region of the spectrum. Light sources which emit actinic
25  radiation in the wavelength ranges from about 400 and about 505 nanometers are most
preferred. Output uniformity should be about +/-10% over the area of the beam once
transmitted through a glass or plastic fiber to the optical output which may be placed in front
of a patient’s teeth. Although there are no limitations on the input and length dimensions of -
sucha ﬁber,_ohé of about 10 millimeters in diameter and 3 meters in length is preferred. Such
30  energy may be provided by a source which generates a continuous electromagnetic spectrum

filtered to the preferred wavelengths with a variation of no more than about +/-10%, or by a
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nanoneters. As in all of the nmethods described above, the oxidizing
conposition nust be transparent to the actinic radiation utilized in order
to allow the wavel ength-specific light 30 energy to reach the tooth
surface and wwolewdogiong structure. 15 Yet anot her |i ght - aRdTEEeYeB1#GH ot h
whi t eni ng nethod, in accordance wth another enbodi nent of the invention

I ncl udes. contacting the tooth enanel surface with a peroxyaci ecur sor
prior to eewrcewhichgenseates an SEHSEIOR HAGIPCCIELFOl @S0 l“ﬁt‘%‘r&(yﬁﬁ)ﬁd%ﬂt%&)@m‘?ﬁound‘

and subseqyently. £XROSIfigioh th M6 plefirfed e 3F Waveidhgthl R hadr AltlanpsThe
peroxyacid precursor may 5 ~ be placed on the tooth surface together with’
or separ atwiggtef halngen, pitat kalide SSenpr thort agg, Merewry shast are.Mdgropry Xenga shagt arc,

i ndi vi dual ] f,or inst ' ' Walg ' MelifBMH
surface by %ﬁé’(‘)ﬁfﬁ% a?}?%g%mop?'?g{ cﬁﬁ&%%ﬁ%ﬁ&?nﬁiﬁgﬁgﬁﬁg ejsever al
st ai nesl t @60 kvattinsetat hpladedampsdiltered throigh dichroie filters to besweenabputi409and 983 enij st

nmovi ng the |ight gui from.footh to 10 tooth during the procedure. This .
process i%ﬁgﬁ&qﬁﬁfg{%‘#ve and time consunming for the dentist or

hygi enist as well as tedious for the patient. Aternatively, all of the
stained teeth nay be exposed to, Light sinultaneousl|y.ei.ther L[ ect '
i |l umination fW@W&??&*@ﬂé’ﬁ@%’Mﬁﬂ@ |ﬂ¥§)‘ ! ‘Ifg{‘?‘ﬁ?h%gém al arch

or by indie;.ﬁs%;ﬁehdsum y Astrativdaid dre @bt infbrlélitoQinddRotild Aotibe@bnstued tpabl e of

i1 lum nating of the front teeth at once.. 15 One such device for the
si mul 1@nedigt thedaimed inyeptiqnip aR W8k i on of at feast eight central teeth in
both the upper and | ower arches is illustrated in Figure 1. This preferred

enbodi ment has three |linear optical outputs 11, 12, and 13 precisely
posi t-i one EXAMPREde front (patiea facing) surfaes 1, 2, and 3. In a nore
preferred six bar enbodi ment, two three bar devices

In order to determine the ability of the inventive compositions to eliminate tooth stain,
15 a prelumnary in viﬁo study on stained bovine enamel was perfénned. Squares of dental enamql
4 mm on a side were cut, using a diamond-cutting disk, from bovine permanent incisors.
Using a mold, the enamel squares were embedded in clear polyester'casting resin (INATCOL
Crafts Inc., Redlands, CA) to provide 1.5 cm square blocks with the labial surface exposed.
The top surface of the polyester blocks was ground flush with the leveled labial surface of the
20  enamel squares by means of a dental model trimmer. The surface was then smoothed by hand
sanding on 400-grit emery paper using water as the lubricant until all grinding marks were
removed. Finally, the top surface of the blocks was hand polished to a mirror finish using a
water slurry of GK1072 calcined kaolin (median particle size = 1.2 microns) on a cotton cloth.
The finished specimens were examined under a dissecting microscope and were discarded if

25 they had surface imperfections.

In preparation for the formation of artificial stained pellicle on the enamel, the
specimens were etched for 60 seconds in 0.2M HC1 followed by a 30-second immersionina
saturated solution of sodium carbonate. A final etch was performed with 1% phytic acid for

30 60 seconds, then the specimens were rinsed with deionized water and attached to the staining

apparatus.



20 ar stacked one on the other resulting in six optical outputs on the
front patient facing surfaces as ilustrated in Figure 2. Al though Figures 1
and 2 illustrate enbodi nents having 3 outputs and 6 outputs, respectively,
it is conterrp%&%&ﬁat t he device may have any nunber of out 99h3100
emters, 25 fromone to a high nultiple of outputs. Each outpu

consisting of an individual fiber or fiber bundle that ultimately is

connected to a THeQellicls il agﬁﬁhﬁd Wi Qbristraatéd BOpravide alerRdté imthérsiad into the

presently preferred for the vi ce hecau they achieve fairly uniform
i 11 nni nat i $#inisg brataand Aindryig éPE%‘H?qsaI%%F aRRaFAtYs GoRssted 8&%‘%‘?"\%‘“

manuf act ur '15&»;9{&9& &fieh Qipp6Rsd # Tedi 13d (318 inchiix diambieH lconftcted 9 b5 Be@Fi6
feasible and may 1 n fact be beneficial in ternms of uniformty of 30

i || umi nat i ®ator,wehich byrneans o aspesdireduction bex, rotated theired ata eonstentrateifidd t o gi ve

an out put fq ' {1“,%& ' &gﬂm aWﬂ% i

out put %gon@g?g’%ﬂ%dg{i F‘?%%ﬁﬁ% e a?ﬁ?éggg% e %\Fegnt ce Jrléi H%‘gg? e?'g&'b'gt t he
upper and tootiespecimerdsomere attdched tortbardd byrfirst gluingthie hicadsoftacplastie sdréw $a the back
pre-nol ars_in _each | f _arch i |, area.of ahout. 10.4.cC i he javer age
ol e At hek e men b sefeatis e saBifes QAR e BrreR B g, Bl b
may be of wiasya rehinpsble, 800-ml capatityiraugh, tvhich hefd ithe pelliclel staiming brdth.near forns are
preferred. The preferred enbodi ments have six |inear outputs, each output

having a length to width ratio of about 16 [err] 20 %- - i.e., ratios of
12.8 tw 19. 2. |Thetpaicl i Bﬂrvuﬁ@r?mwymaamg 190 Yraads dffagtant Gdfee1.02 €Ct €d
fromthe outputs onto the upper and lower, central teeth is wthin an area

bet ween ab&ams of stantdes B 9.7 sEams,pf gastric pucin (Nufgtional Bioghesmicals Game di st ance
fromthe tgRvainddi 4815878 25U mi SstdriliPed @fticase 3o HiBtH Upprsrimhtely50 Mipene!  of
the bottomteeth. Each Optical output prefetably is connected to a_distal
| i ght 24-hour Micrococcus s culture was also added to the stain broth. The apparatus, with
| the enamel specimens attached and the staining broth in the trough was then placed in an
1S  incubator at 370 C. with the specimens rotating coiftinuously through the staining broth and
air. The staining broth was replaced once every 24 hours for ten consecutive days. With each
broth change the trough and specimens were rinsed and brushed with deionized water to
remove any loose deposits. On the eleventh day the staining broth as modified by the addition
of 0.03 grams of FeCl, - 6H,0, and this was cpntinug.d with daily broth changes until the
20  stained pellicle film on the specimens was sufficiently dark. Then the specimens were removed
- from the staining broth, brushed thoroughly with deionized water, and refrigerated in a

humidor until used.

Absorbance measurements over the entire visible spectrum were obtained using the '
25  CIELAB color scale (Commission International de L'Eclairage, Recommendations on uniform
color spaces, color difference equations, and psychometric color terms, Supplement 2 to CIE
publication 15 (E-13.1) 1971 (TC-1.3), 1978, Paris: Beaurea Central de la CIE, 1978). The
CIELAB color scale evaluates color in terms of three axes of a color sphere, called L, a, and
b. .The “L” value is the axis in the color sphere which relates lightness and darkness on a scale
30 from 0 (black) to 100 (white). The “a” value is the axis which relates color on 2 yellow to

blue scale, with a 0 value in the center of the sphere, positive values toward the yellow, and

- 20



source by two glass or plastic fiber optic bundles which originate at the
di stal light source, -enter the device through a socket 20 and term nate at
the trifurcated |linear output window. Non-uiformty in fiber transm ssion
is generally olgs®rued to be nminor in the absence of 15  act uti/ysdwzsaks in
the fibers. Variation in optical output frompoint to point at the surface
of each output or emtter should be no myre than about 10% V%e%@er

i |1 umi nat i negative velves torchibg bluge The IS Yalerin thedigis WhiERFPIAERFRLOT R 3L 1 whol e,
the |ight gogy &mg,gmg Q%ugh{tﬁﬂ:exﬁér of Y spR&L, pOSIUVE PalliER Yowrd SRY Vel agUS ' On”

t he entire procedur Interrupted continuous (prinmaiy "on" with short
rest intermegativeonbips towardthd greenn and "of f in a predetemmined timed sequence
and intensity), or a conbination of continuous, interruptd continuous and
pul se. In a preferred enbodi rent from about 10 to about 200

ni | | i WAt t/ cni erfte stiinel iegdrhel specimgns wetk allowed tiaitdiy\at rapm tegperature forat leaste of

the teeth for. a t al I.od I from about ' es. In .
a nore pr e?"é’P‘PBH‘t"’g?ﬁsé‘B?% e?‘rg%%}%%gﬁtwef %*é%%sg{ %%8 gg cotdulibAt

m 1§ Wt t / flighiag te cefitet ofd-mins squarel segiert @f staineermingl directlp overthecd+giny Wi t h
short interruptiqns t he front surface of the eth for a,.period.of time
from aboutapfﬁ'e‘i?iqg.&‘e@%f’ 8 sprstoPhotoTster, An.aversee 86 aPsg a&‘ﬁrﬁﬂ"&sr"ﬁﬂgiﬂgn or
"of f'  peripeh*pt faatypsiverk tilen I6t eatlnsfecitnen t h f he cycl e repeated for a total
time of approxi mately 40-60 ninutes. .In one envisioned enbodi nent of the

i nvent¥®n a feed-back mechani sm based on reflectance would be used to

moni tor bl eachijig giferencs bitwebihe Y atiBit (bidbife) A foRi-BatMER Hoddirph fRCT i Ni C

radi ation. apgl ied. I'n all enbodinments of the invention the posjtioning of

the |ight paler faeton s’ at.ivad biikveptesentadsthe gbilify of » tegt salutiondo elpinptess 17

i

power de”%ﬁdm&%ﬁiﬁaﬁ e Whihdl fdbeit @ance. The preferred placement of the |ight
source wi |l vary depending on the precise nature of the device. For the

devi ce described above, the preferred ;
15 The overall change in color of stained pellicle was calculated using the CIELAB
equation '

AE ={(AL*)? + (Aa*)? + (Ab*)]2

20 ' A“Corrected AE” value was calculited by eliminating from the above formulation the
' wnnihxﬁonofmyposiﬁwAaorAbvdue;(posiﬁveAauﬂAbvﬂuesmchmggsinmoth
color in the opposite direction from zero, and hence construed to add color, rather than

remove it).

25 The following oxidizing composition was'prepared, which contained appto:dinately
15% by weight hydrogen peroxide and 1 percent by weight of the photosensitizer precursor 1-
hydroxyethylidene-1, 1-diphosphonic acid (Deques{: 2010, Monsanto Corp., St. Louis, MO).
Highly purified water (18.2 megaohm, filtered through a 0.2 micron filter) was utilized in

| order to maintain good stability of the composition during storage. The composition was

30 thickened with a carboxypolymethylene polymer (Carbopol 974P, B.F. Goodrich Co,,

Cleveland, OH) to the consistency of a light, non;nmny gel. Glycerin was added in a small
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di stance for placenent of the device is fromdirectly in front of the
surface of the teeth up to about 2.0" in front of the surface of the teeth
(when nmeasured fromthe mddle of the light 5 source to the central
tooth), with a distance of about 1.75" being nost preferred. A nunber of

di fferent sour MO998p878ct i ni c radi ati on have been shown to havBCT/USIMNIP0| n
the practice of the present invention. In general, any |ight source capable

of emtting Wl Hatiilder r i vate
ei ther the ?%\%‘H}F g‘%h ose%}sdl Tl zer(@?x%gm%pwggvfgﬁﬁig%éokﬁgger ay
state of. towatmutralmﬂgaanOfé Oﬁmmhenmmstdmxﬁdwesuﬂmgmmﬁomheoﬁ:acti ce
of this inv ntlontln rt| | i ght sources capable of emtting actinic
radi ation t aFPT’?%?H‘%b %&ecally safe and effective are preferred,
especially those sources which emit limted anounts of infrared |light (700
nm and asbove) Infrarei-d |ight nore readily penetrates the tooth strucure
and may “cause an excessive tenperature rise in pulpal tissue. It is

preferred that 1ight 15Ingréiedt ces (conbined vpgr&_?id%t ers) emtting only

t hose wavel engt hs necessary for the activation of the inventive _
photosensitizer and/or the activation of a tooth stain chronophores be used
in - the process of pyifie@Wafg teeth with thegygypnti ve conpositions. It

is generally accepted t hat a uI pal tenmperature rise of nore than 5.5 C for
a si gni fi cantl-kydroxyethylidene-h-diphesphenicacidv er si bily00@anmmgi ng to the tooth . _
struct ype. 20 More S PRy c%hl; J,z I'i ght sources gypch emt actini c radiation
in the wavel ength range trom about 350 nanonetérs to about 700 nanoneters
are especially preﬂﬁ!dr@#npemndhai%bot h the pho#28@hsitizers described

herein and the tooth ¢hrol phol ecul es: responsi, gl e for tooth staining
absorb primary in this reg?%‘ﬁaof t he spe=ctrum Li'ght sources which emt
actinic 25 r adi a\nunoniom hydrexide2¥%eengt h' rangaspl58m about 400 and about
505 nanoneters are nost preferred. Qutput uniformty should be about +/-10%
over the area ofthe beam once transmitted through a gl ass or plastic fiber

to thesptical output wigtAapay be placed in figompoof a patient's teeth:
Al t hough there are no limtations on the input and | ength dinensions of

The above composmon was prepared in a plastic mixing chamber by combining, under

20 agxtauon with a Teflon-coated mixing paddle until a clear solution was obtained, the distilled
water, the 1-hydroxyethylidene-1,1-diphosphonic acxd, and the glycerin. The Carbopol 974P
was then sifted slowly into the vortex created by the mixing paddle and allowed to mix until a
homogeneous slurry of the polymer was _obtaix‘ied. Finally, the ammonium hydroxide was
added in a constant, dropwise fashion over a period of about 5 minutes until thickening and

25  clarification of the slurry occurred. A pH probe was inserted periodically and the ammonium
hydroxide addition proceeded until a pH of exactly 5.00 was obtained. The resulting gel
contained 15% by weight hydrogen péroxide, and was highly transparent and thixotropic (non-
slumping) in character.

30 - Each stained bovine er_iamel slab was coated with a 1 -2 mm film of the composition in

Example I above for a specified period of time and exposed'to actiriic radiation from one of
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such a fiber, one of about 10 mllimeters in dianeter and 3 neters in

|l ength is preferred. Such 30 energy nmay be.provided by a source which
generates a continuous el ectromagnetic spectrumfiltered to the preferred
wavel engt hs wiwdnogmosar i ati on of no nore than about +/-10% orP&T/USH/03100
source whi ch generat es an emi ssion line spectrum or a combination of bot h:

Sui t abl e Ia ich em adi ation in the e ran

wavel engt h§ YFSte ?b?eff {?fg N i V0 L W (31 °Wg‘|ﬂ§d’§h‘*“e§€ | de,
Xenon srdrorA gelaerated\brh tamumabstwemxemfgonwmum (mt)cm tmig@ft eh gldb?ent(mﬂhghtpl as gaM-l
arc, an rgon shaqrt ar ers. ut. o iro

5 250 mf‘?ﬂfﬁtﬁmsm pfot cﬁﬁ?&t@a ?‘HPBH@ i }#&FP‘P?%P@FS

bet ween abeiélsudRe oFiié calthel ABAREREHE efpoBRE. rheaer@rdﬂeeéﬂmsemaaﬁhb@mg

exanpl es set forth preferred errbodr ments qf the 1 nvention. These

enbodi rient 8 pawer depsi r;:etmmgpr h gxpostig regimen and measused again aftergach regimend not
be constru%j‘,grﬁlr b2 st\ehe rEtitiMEEE | IN .
order to determ ne t @*ngﬁo thegﬁg\?gﬂi&ﬁeg con‘%)?st?ﬁéons t(§ el i mnate

t oot h st ai listedin Table lrheme nary in vitro study on stained bovine enamel was
perforned. Squares of dental enanel 4 nmon a side were cut, using a

di anond-cutting di sk, ftom bovine permanent incisors. Using a nold, the
enanel squa_res were enbedded in cl ear pol yester casting resin (NATCC]_
Crafts . Redl ands, CA) to provide 1.5icm square blocks with the | abi al
surf acl exposed The top surface of the polyester blocks was ground fl ush
with the leveled | abial surface of thergile1 enanel squares by neans of a
dental nodel trinmer. The surface was then snoot hed by hand sandi ng on

.400-git e pape i ng watgr; te Iutﬁ M s+1 g marks
were renove Fi nal"l%F t he top surface of tdﬁﬁ& ocks an shed to a
mrror finmethi, si ngowce
15 .
- B311 None 30 min 0} 0.00 1276
B3s8 AR None 30 166 141
B277 AR 30 min 30 1.66 2928
B214 AR 30 min 30 335 29.75
20 B283 AR 10 min 10 3.29 18.62
B147 AR 10 min 10 4.90 25.98
B401 AR 10min 30 897 - 32.18
B211 AR 5 min 15 4.84 20.05
B213 AR 5 min 30 4.93 31.02
25 B35 TH S min 15 1.29 12.88
. B35S TH S min 15 1.29 19.39
B35 TH 5 min 15 129 - 2001
B35 TH 5 min 15 1.29 . 2361
B35 TH 5 min ' 15 1.29 2535
30 B35 TH 5 min 15 1.29 26.41

"« Elimination of positive Aa and Ab values from calculation

35
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water slurry of GK1072 cal cined kaolin (nedian particle size = 1.2 mcrons)
on a cotton cloth. The finished speci nens were exam ned under a di'ssecting
m croscope and were discarded if 25 t hey had surface inperfections. In
preparation fevobddagsioor mati on of artificial stained pellicleppirképsggane!,
t he speci mens were etched for 60 seconds in 0.2M HC1 followed by a
30-second imersion in a saturated solution of sodium carbonate. A final
etch was pdiedstadaiTolile hdamenstated thatacid for 30 60 seconds, then the

Speci nens ed to the.staining
appar at us. ngﬂ tﬁé i??\’gpo %4e?%%§ﬁ&? ai&ﬁgsu\p@éﬂog?’ gg ﬁ@ﬁe&ggggonnéﬁeﬂc‘ﬁtehcfh ?o provi de
al t er nat e iinventivei gehcom;to&nbm:bose ao pulagi mm inadimticin &lom-ajAggion glasrha adodight

Th I whj ch
sOppor ted 28 B ABAGHE Rhicen SahRaflar PO A bl Sttt pe
not or, $hi cgbtdmermmﬁ:t @xposedxp elalightsbuede) Blight ¥ouréedxpbsiee érde(no@eat a

constant rate of 1.5 rpm Threaded screw hol es were spaced at regul ar
intervals along the Iength of the rod. The tooth specinens were attached to

the rod by 1( ) Si® bequibitialNGeathéhtd R mfmxautei)%ﬂ Isingle Gfafidl bovind GalaitabqB3

speci men. The screw is then tlghtened within a screw hole in the ro

Beneat h t havith@sl apdsoncurrentrpesues of 3aid slsb twﬂepélapgmmé@gnnﬁmadhngst@nd t he

pellicle, Qe qéfgéagilng r Watﬂ"?ém

pr epar ed by agﬁi@t 02%?%1%; II’IS ant coﬂ%ginem. QLVQ I nstant tea,
and 0.18 ¢ WMNS%MRMMUM@EWQ@E&MOBQMM evel and
OH 44128) . [ 50 m
of a 24-hour crococcuéﬁ&%éel&?%cﬁwﬁelké\;\g?ga Jﬁégw?'ﬁﬂ?ﬁg&g{@%sﬁé ot h
The appar ablﬁsdtdmgetutpesdnamghtspmerrens attached and the staining broth in
the trough was then placed in an _ i

15 EXAMPLEN
A comparative study of light transmission through various light and/or heat activated
tooth whitening gels was undertaken. Spectral energy curves were generated using an Ocean
Optics spectrometer with a 50 micron fiber for gather emission data. Light transmission.

20  through a glass microscope slide was used asa cohtrol_ and the test consisted of coating the
slide with a 1 —2 mm thick layer of each tooth whitenirlg gel and illuminating with a metal ,
halide light source connected to an 8 mm glass fiber optic light guide. The light was filtered .

- through a 505 nm short pass filter (only wavelengths less than 505 nm pass through) prior to
entering the light guide. The spectrometer’s fiber optic probe was placed against the opposite

25  side of the slide from the gel in order to detect the wavelengths of light allowed to pass
through the gel on the slide. The spectral curves of Figures 4 A-E clearly demonstrate the
degree of light attenuation caused by all of the commercially available compositions: Figure
4A-Control; Figure 4B-Inventive Example I; Figure 4C-Shofu Hi-Lite; Fxgure 4D-
QuasarBrite; Figure E-Opalescence Xtra.

30 |

The attenuation of power density, measured in mW/cm?, was determined for the same
four compositions by again placing a 1 - 2 mm layer. of each gel or paste on a glass

microscope slide and placing the slide / gel assembly in the path between the light source and
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15 incubator at 370 C. with the specinens rotating continuously through
the staining broth and air. The staining broth was repl aced once every 24
hours for ten consecutive days. Wth each broth change the trough and
speci mens wer eywpiohyggash and brushed wi th deionized water to renssEUSMEIIOOSE
deposits. On the eleventh day the staining broth as nodified by the
‘addition of 0.03 grans of FeCl[err] 6H err]0, and this was continued with
dai | y br ot htheodetertpr svellrof e power daisity metar. Bud tothe depth and hape ofthe Hetegprwelbhens -

ff k
br ot h. - br LSRRI S BT P A RhaTE Syl TR iy o chfaly e "0
hum dor untThe uwawenﬁ@mhmdrmﬁmmemm GB)Qndaat théiendoofta 60cminirteilighte

PPt e 0 v B BB BRI

col or d5ffm/}ﬁp.mqa§m@mshmdmmﬁmvﬁ_l c color ternms, Supplement 2 to
CIE publication 15 (E-13.1) 1971 (TG 1.3), 1978, Paris: Beaurea Central de .
la CIE, 1978). The ClIELAB col or scal e evaluates color 'in terms of three
axes of a color sphere, called L, a, The "L" value is the axis in

t he col or sd;herq.v\hi ch relates |jghtness and dar kFeasy Bensityscal e 30 from
0 (bl ack) Compogitiomhi te). The "aU.i/ZntsatNe t he ax(m h rel ates col or on
a yell & to blue scale, with a 0 value in the center of the sphere,

positive vﬂouufel(bkﬂnmnly)the yellow, and 20 ' negalé¥ve values toward the -

bl ue. The ' -L he axi s which rel ates col Péo ON A red to green

scal e, . he cenj f t he sphere25 positive values toward
R/ es to green. 5 The stained enanel
Q. EI to air-dr ﬁ‘]Eggomt:errper ai%i‘e for at |east one hour

Speci mﬁ;bs

t he red,
bef or e. Measure ts were conducted by

O '- l
JuasarBnt

Opce Xtra (B)
Opalescence Xtra (E)

5.785.527 65
5,785,527 94

20 LE III

Another transparent hydrogen peroxide gel was prépared that had a lower
concentration of oxidizer (3% by weight of F1,0,), but at a pH of 7.0 and a much higher
‘viscosity (approximately 1,000,000 cps). The gel below was prepared in accordance with the
25 procedure in Example I, except that a Kynar coated Ross Double Planetary vacuum mixer
(Charles Ross &
~ Sons, Haupaugge, NY) was used to handle the elevated viscosity ach:eved during and after
neutralization with the ammonium hydroxide. Sodium stannate was added as an additional

stabilizer for the hydrogen peroxide.
30
Ingredient Percentage
Distilled water 81.010
Glycerin 99.7% 5.000
35 1-hydroxyethylidene-1,1-diphosphonic acid 0.400
~ Sodium stannate 0.015
Hydrogen peroxide 35% 8.570
Carbopol 974P 5.000
Ammonium hydroxide 29% topH 7.0
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aligning the center of a 4-nm square segnent of stained enanel directly
over the 3-mm aperture of the Mnolta spectrophotoneter. An-average of 3
absor bance readings using the L*a* b* factors were taken for each specinen.

10 The diffepen tween the pre-treatnent (baseline) and pa

r eadi ngs for@a@ﬁ %gl or factor (L*, a*, and b*) represented tcﬁ'éjséé{ﬁ% y of
a test solution to elimnate chrom)gens fromthe stained teeth. :
The overall change in color of stained pellicle was cal cul ated u5| ng the.
Cl ELAB equation [err] 20rQoTAL A "Corrected [1g0bboVval ue was cal |l ated by
elimnating fromthe above fornulation the contribution of any positive
[err]a or [err]b values (positive Aa and [err] values are changes in tooth
color 4 n the opposite direction fromzero, and hence construed to add

col or, rather —h{g%lh*&gé?ég&% h)rvdlho% peroxzde el,%slw Qg&.ﬁ%@&,m' geht

conposition was pre contaln approxi rra
hydrogen peveienigthe of3fif mdﬁéﬁometﬂ}&umdeglmmmlbhbt%ﬁl tizer precursor

1- hydroxyet hylidene-1,1-di phosphonic acid (Dequest 2010, Mnsanto Corp.,
St. Louis, MJ). Hghly purified water (18.2pgpgaohm filtered through a 0.2
mcrofpfilter) was utilized in order to maintain good stability of the :

conposition during storage. The conpWsveleh was 30 powdhi CkenggyWi th a

car boxypogyifet hbkﬁ%gpo!ﬁﬁgger £ DOPRnged P,, ﬁﬂfes, EAGT chpfige . C evel and,
OH to thﬁoogppsbgltency ﬁ,w&mnm&)m@u n a
smal | 21
15 B388  Examplell S5min 380-505 15 434 19.67
B388 ExamplelI 5 min AR 380-505 = 15 .. 484 2943
.~ B3838 ExamplelI Smin AR 380-505 § 15 4.84 3274
B365  Examplell 5min = None - : 0 o 0 341
B365  Examplell] 5Smin  Nome - -0 0 - 4.23
20 B365 Examplel 5min = None - ¢ 0 . 0 5.78
B365 ExampleIl 5min AR 380-505 15 - 484 2349
B365 Examplell S5min AR 380 - 505 15 484 3027
B367  ExampleI 30min TH 400-520 Continuous 250 3226 °
25  *Elimination of positive Aa and Ab values from calculation.
LEIV _
30 Extracted human teeth (HE) that were non-carious and free of amalgam or resin-based

restorative materials were utilized to study the ability of the inventive compositions to eliminate
the stains from human enamel and dentin. The teeth were coated with a 1 — 2 mm thick film of an
~ oxidizing gel and irradiated according to the regimené shown in Table IV below. The resulting
change in tooth color (A Shades) was recorded as the number of VITA® shade difference between
35  the original baseline VITA® shade value and the final VITA® shade value. |

40
Table 4
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percentage as a hunectant and stabilizer (as a free radical scavenger), and
the Carbopol 974P was neutralized to a pH of 5.00 with anmoni um hydr oxi de,
resulting in the formation of a transparent and thixotropic gel. 5

| ngr edi ent WO 99/40870 Percentage Distilled water PCT/US99/03100

49. 400 | - hydroxyet hylidene-1, 1-di phosphonic acid 1.000 10

A ycerin 99. 7% . 5 000 Hyg e 7 5%
42,900 _Carfopol 974P Light w5 &ﬁ%ﬁ c%ﬂﬁ% y%aé i ded
to pH 5.5 ?‘5’?“ Source T‘"Pt‘ﬂ“ﬂ) g Tnital) ) (Final) o The
above corrp05|t|on was prepared in a plastic m xng chanber by conbl ni ng,

under §O git a Tefs! on- coatled m xhlgg pagdl e gpti | a6cl ear
sol ution ob

e di st I | ed ter, t
1- hydr oxy ik | phOS%IgOI’II c agid, an ﬁhe v yc Ag% Thg Car bopol
974P was t S [ Py t m xi gg paddle
and allo o]

e P y intyyg the vgrtex cyg
| Ag@ honggeneous sl urry4(g§1 tt}g pol ygrer wag obt ai ned.
Finallpp tggsa roxi dggwas added in gggons{zant, oflr opwi ge fashi on

over a pergggl o Rrmnutegy until gthi ckealgmg Ak 2549 clargfication of
the sl urrygfgcun e\ R probgowas ingerted pggi odigcal | xyand the ammmoni um’

hydr oxi de ' tiﬂnﬂgpcmded uggi | a pH of exagily &4 00 xms obt gi ned. The
resul ting gel CEbap®EdARS% by 3¢ei ght hydrogengper geggde, aand wag hi ghly
transpgrent and thixotropic (non- slunping) in character. 30 Each

stai ned boMER: SRafplel SARb was 3poated Wth a 43842 masilAarof the -
conposi t i OHE1 ExampieE ARabove 300r a specifiedsperiBsd ofB2inme add exposed

to actini CHERi Exhsfiple f rARN one- @0 22 2 484 A35 B2 9
HE15 Examplel AR 30 2 484 A4 Al 13
20 - HE16 ExampleI AR = 30 2 " 484 B4 B1 12
HE17 Examplel AR .30 | S 164 A3 A2 4
HE18 ExampleI AR 30 1 164 B4 B2 10
HE19 Examplel AR 30 1 164 C4 D3 6
25 HE20 Examplel AR 30 1 164 B3 A2 6
HE21 Examplel AR 30 1 164 B3 B2 8
HE22 ExampleI No light 30 0 0 B3 A2 2
HE23 ExampleI No light 30 0 0 A3 A2 4
30 HE24 Examplel Nolight 30 0 0 B3 D4 '3
- HE25 ExampleI Nolight 30 0 0 D3 B2 7
HE26 ExampleI No light 30 0 0 B3 A2 6
HE27 Examplel Tungsten 60 Continuous  250mW/cB2 Al 9
' Halogen
35
EXAMPLEV

Human extracted teeth were whitened as follows by applyiﬁg 2 1 — 2 mm thick film of gel
40  on the enamel surface and exposing the same surface to varying power densities from a metal
halide light source with a 505 nm short pass internal filter. Comparisons were done to two
controls, one of which was Gel exposure only (no light) and light exposure only (no Gel).
Exposure regimens, consisting of gel application (except in the case of light only/no Gel),
followed by 20 minutes of continuous light exposure, were repeated three times (3 x 20 minutes).
45 ' '
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several light sources. Table 1 bel ow shows sonme conparative results

obt ai ned by exposing gel- treated enanel slabs to either Argon plasma arc
(AR) or tungsten halogen (C light sources. This particular protocol
called for thevobhesrooptic |ight guide to be placed 5mm f r omgdreusswsiece of
the enanel during |ight exposures. The energy of each pul se was adjusted
wth 5 a power density nmeter prior to each exposure regi nen and neasured
again after each reginen to verifr consistent output of the Iight source -
over the duration of the test. The results are listed in Table 1 below 10

Tabl e 1 Bovi ne Li ght Total Cel - Nunber of Ener gy/ Pul se
Correctgd Toot h# Sour ce ~ContactTi nme Pul nes (Joul es)
Delta 15 B311 None 30m _ .....0.00
12. 76 B388 AR None %_‘Es 30 1.66
1.41 B277 AR Light30 pga:,é? Test 30 Initial Fina06 Shade
29.28 B214 Tooth# ARG Source 3ODéBkiy Filter  Duration30  Shade Skhde3 O Cﬂm%e
29.75 M B283 AR mwW/em®0 m n - 10 3.29
18. 62 B147 AR C10m n o 10 - 4.90
25.98 B401 HEIOl Egamplel MH = 102§ip 505 3x20gdn A35 4 8y 7
_. HE102 I MH 505  3x20mj B4 8
‘;’(2)' ég BZ%% HE103 %E%x MH g zgg 505 3 %20 M A3 Al%g 8
: 104 ple I 505 i 3x20 4 B
31.02 5% 38105 Examplel HE 175 OB%pd f 3x20min . | a5 oo ¥ 20
12. 88 HE106 Examplel MH 17 505  3x20min A3 Bl+ 8
HE107 Examplel MH 17 505 3x20min A4 A2 10
20 HE108 Examplel 'Nolight ) {3x20min A3 A3 3
HE109 Examplel Nolight i 3x20 min A4 D3 )
HE110 Examplel Noligit _ ¢ 3x20min ‘A3S A3S 0
HE111 Examplel Nolight " ' 3x20min A4 A3 6
'25 HEI12 ExamplelI Nolight ., 3x20min Ad A3S 3
HEI13  None MH 175 505  3x20min A3 A3 0
HEl1l4  None MH 17 505 3x20min A4 A4 -0
HE115 None ~ MH 175 505 3 x20min A3S A3 3
3-0 BE116 = Nome . MH . 175 505 3x20min B3 . B3~ 0

A pulpal chamber of an endo-tooth in a cooperative and informed patient was wired
35  using a thermal probe and thermo-conducting paste. Pulpal temperatures were measuring during
an actual whitening procedure, in which the lllummauon was supplied using the currently
* available Union Broach Illuminator and the device described in the instant application used at the
most preferred wavelengths of 400 to 505 nanometers. Measurements of the energy densities at
the tooth surface showed comparable energy densities for each device (230 mllhwatts.’cm3 for the
40  Union Broach Illuminator and 200 milliwatts/cm? for the device described in the instant
application, respectively). The results are shown below in Table 6.

Illumination using the device described in the mstant application in the preferred
- wavelength range from about 400 to 505 nanometers raised pulpal chamber temperature less than
45  did the Union Broach device. In this experiment, temperatures rose to 2 maximum by twenty )
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B35

B35

B35

23.61 B35
25.35 30
26.41 * E

data in Taftinutes agd

TH
TH -
TH
WO 99/44870
B35 '
m, nati on

n%%stﬁé’ri%%l i gpEirst o1

5 mn
5 nmn
5m n
5 mn
5 mn

15 1.29 . 19. 39
15 1.29 20.01
15 1.29
15 PICT7Y599/03100
1.29

ues from cal cul at.

# Eansrabife $is Sosn Hiteahe toh Aot

exposur e OfgeviddY ht'id ka&kaﬁmmmﬁg&hedemetdmm ih Imeﬁﬁitantapﬂfdatlon rise
conposi tion above

i ght sour akoveshasd

whigh G

radi ation from,
%a@e@dmﬁ

ngglasma? G o

sl abs ”eabﬁ%dedffnhﬁr THé tdingetibire Shang eﬂee@heﬂ&el @@Qe eLhRR iRk §cen Wi vithight
source) or ht source exposure onIy (no | (2) Six sequenti al
treat neiltste(eﬁméreiﬂg-tmﬂhhﬂvewb@d&“mmg!m' itip -enanel slab (B35)
with gel and concurrent exposure of said sl ab to pul sed actinic radiation
froma tungsten hal ogen |ight source (5 minute exposure periods) resulted
in an increasing |evel of tooth stain 10 renoval over t he per| od ofthe
test The r pstHt+—was—s 3||f;ua||LJ|y :nghtcn -r—eototr—tratr—thrat—achtevet—in
tooth nunbpr B3 11, whTehpesstereRise(deg € Gomeambientx h t he i nventi ve gel
conposi tiop 55 but drd pot get exposed to a I}g sour ce. _ A
conpar at.i vp*®®udy of |ight transmi ssion thrpugh various 1ight and/or hdat
activaied [@ghly Whit epURIDnBRb&chVas under t akiEBriteSinite 2000 energy curves \Were
gener at ed JSi Tg—arm ccEan
29
10. 8 -4.5
15 ) 153
20 9 42
15 25 9.5 45
30 9 43
Upon reading the subject apphcatlon, various alternatxve constructions and embodiments
20  will become obvious to those skilled in the art. Thesevanwonsaretobeconsxderedmthmthe
scope and spirit of the subject invention. The subject invention is only to be limited by the claims
which follow and their equivalents. '
25
30

29



Optics spectroneter with a 50 mcron fiber for gather em ssion data. Light
transm ssion. 20 t hrough a gl ass m croscope slide was used as a-control
and the test consisted of coating the slide with a 1 -2 nmthick |ayer of
each tooth whitening gel and illumnating with a netal halide |ight source
connected to MO W4T gl ass fiber optic |ight guide. The |ightCHESMP 1% er ed
through a 505 nm short pass filter (only wavelengths |ess than 505 nm pass
t hrough) p ering the light guide. The spectroneters fiber optic
probe was W&?&Paé%g nst the opposite 25 side of the slide fromthe gel
i n order to detect the wavel engths of light allowed to pass through the gel
curves of .Fi ures 4 A-E clearly denmonstrate the

on the sl | h‘g‘tskgectral
degree of ot WHliEHNE FUPPRIIRBEGMBUSIE | of the commercially avail abl e
conpositi ons Fl gure 4A-Control; Figure 4B—I nventive Exanple |; Figure

4C-Shofi- H -Lite; Figure 4D sarBrite;, Figure E— al escence Xtra. 30
The att%nuatlonagﬁ"sﬁﬁ'\%‘r ﬂé’ﬁ?ﬂ%‘ﬁ ﬁ%‘&ﬂﬁa@a" '% was determ ned for

the same four E;Hn%gh&ht‘%@&nhiéoﬁ Wm’%‘%n oﬁi’m\lvm.‘lﬂvhéii‘ap@liéii“to@eI or
paste on a gl ass m croscope slide and aCIn e sllde / eI assenbly in
t he path bet weestaingdtopthynd expasedto agtivic B “SM‘Y%CQJI'& higeninghe pover |
density neter. Due to the depth and shape ofthe detector vveII the slide

was 7 nm above the actual detector surface,-rather than di rectly i n contact

with it. TneApombwhum compagsition eﬂ:qlmdcﬁnahertcwepm athird gomponent bging@ t he end

'n Thold | gt éﬁ%%ﬁwwﬁ%%%ﬂ%ﬁﬁ 4 Pl

Table 2 be Icmxpon'éﬂhbé'a&htate tooth whitening.
- 3. A composition as set forth in claim 1 wherein said first component is a gel of
15 '
4, A composition as set forth in claim 1 wherein said second component contains either 2 peroxide

or peroxyacid.

5. A composition as set forth in claim 4 wherein said ;Seroxide is ;eleo:ted from a group consisting
20  of hydrogen peroxide, carbamide peroxide, alkali metal peroxide, alkali metal percarbonate, and
alkali metal perborate.

6. A composition as set forth in claim 4 wherein said peroxyacid precursor is selected from a
group consisting of glyceral triacetate, acetylated amino acids, acetylsahcyhc acid and

25  tretraacetylethyldiamine.

7. A composition as set forth in claim 1 wherein said first and second components transmit about
70% of the applied energy upon exposure to light.

30 8.A composmon as set forth in claim 1 wherem said first and second components do not

substantxally absorb light having a range of wavelengths of from about 350 nanometers to about

g ) O ) ||I|I || III|
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Energy Density Conposition - U. S. Patent No. - (m

Wcecnferr]) 10 Control (slide only) 165 Exanpl e
Il (B) + (E) - 160 & So Shof u H-Lite (B)
5,032,178 w0 99/40870 25 Shof Hi-Lite (E) 5, 032, 1 ¥CT/US99/03100

50 15 QuasarBrite (B) 5, 240, 415 110 QuasarBrite
(B 5, 249, 415 Opal escence Xtra (B) 5, 785, 527

65 Opal es 22 panometess. (E) 5, 785, 527 94 20 EXAMPLE 111

Anot her transparent hydrogen peroxide gel was prepared that had a | ower
concentration of oxidizer (3% by weight of [err]), but at a pHof 7.0 and a
. much hi gh8rAgpompesitiamas setfortiviniclaum 8 whereirpedl dpg;ond Torapapents de noty vvas

pr epar ed I

Bkynar - cobaitf 4BR5Erth biuay Erange SASBRMERS delro HEH a0 an HEY ho
Haupaugge S00\gnomstersised t o handle the el evated viscosity achi eved durlng
and after neutralization with the amoni um hydr oxi de. Sodi um st annat e was
added as an additional stabilizer for the hydrogen peroxide. 30 |ngredient

Per cent ageo. D&é‘dohipbﬁﬁbd/ﬁts&rforth in claim 2 wherem said ﬁfb&&kﬁvﬂ:ﬂ SorapdheMabIdfbs light
>. 000 35 having a range fcl‘rmc‘)r)éyr = ry(lull eortlxte 350 tzl'andI meters tg Eggult %031 lcwl.n%meters ﬁl%%unverts
that energy into thermal or chemical energy.
10
11. A composition as set forth in claim 10 wherein said photoactivating component absorbs light

having a range of wavelengths from about 380 nanometers to about 500 nanometers.

12. A composition as set forth in claim 2 wherein said photoactivation component is of molecular
15  size, pH and surface charge to allow for effective penetration into the structure of the enamel and

dentin,

13. A composition as set forth in claim 2 wherein said photoactivating component is selected from

a group consisting of semiconductor particles, benzophenone de;ivatives, benzotriazole

20 derivativ_es, diketones, metal-ligand complexes, and phtha]ocyanc:n-metal complexes.

14. A composition as set forth in claim 13 wherein said semiconductor particles are nanometer

sized oxides of titanium or zinc.
25  15. A method for light-activated tooth whitening comprising the steps of:
applying a tooth-whitening composition containing a transparent carrier conipound and a

transparent oxidizing compound which when in contact with the surface of a stained tooth
~and exposed to actinic light is activated to facilitate tooth whitening to one or more teeth;

39 and - -
O
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Sodi um st annat e | 0. 015 Hydrogen peroxi de 35%

8.570 Carbopol 974P ‘ - 5.000 Ammoni um hydr oxi de 29%
to pH 7.0 25 TOTAL 100.000 5 The ability of
t he 3% hydr ogen gerom de gel, transparent to visible |ight between the
wavel engt hs, 4¥’%Und 700 nanometers, is denonstrated i n TREFASH/BHOGy,
Table 3 10 V\avel ength - Power Energy/ Bovine xidizing Ti me
Li ght Range Pul.s CNSLLV: - o IseZI' th. # eri od
Source (nanonStRSsNS grc:g% sgo%%#ﬂc Pgh Pé“‘} ﬁ“td“?gee'?cmﬁ‘?g%f Exanpl e
Il 5 nmn AR 380 -505 4.84 19.67 B388
Exanpl e || 2 .. 4.84  29.43
5388 © B mstied foblpetvasdgforh W?"tﬂ&%wwms thesieps of 4. 84
32. 74 B365 Exarrplell 5 mn None .- 0 '
0 3.41 B365 ﬂ npl e .l I
0 S4 23 20applEngap otommgaaqept wchrbsRBtﬁgc radiation when in contaq with the
0 5. 78 B3§§ﬁceo§¥%ﬂﬂ&ﬁ)dnhor§mf9t@eth, AR 380 505 15
4.84  23.49 B365 Exarrpl ell mn AR . 380 - 505 15
4.84  30. 27 .
applying an tooth—whltemng composition contmmng a transparent carrier compound and a
transparent oxidizing compound capable of famhtatmg tooth whitening on top of said
10 photosensitizing agent; and -
- exposing said photosensitizing agent and said; tooth-whitening composition to actinic light
¥ : . .
to activate said oxidizing compound. - '
15 17, AmethodassetforthmclmmlSwheremsaldhghtsourceemltshghthavmgarangeﬁ'om
about 350 nanometers to about 700 nanometers. '
18. A method as set forth in claim 17 wherein said light source emits light having aranéé'from
- about 380 nanometers to about 500 nanometers.
20 ' . ’ . :
19. A method as set forth in claim 16 wherein said photosensitizing agent absorbs light having a
range of wavelengths from about 350 nanometers to about 700 nanometers and converts that
energy into thermal or chemical energy. '
25  20. A method as set forth in claim 19 wherein said photosensitizing agent absorbs light having a
range of wavelengths from about 380 nanometers to about 500 nanometers.
21. A method as set forth in claim 16 wherein said photosensitizing agent is of molecular size, pH
and surface charge to allow for effective penetration into the structure of the enamel and dentin.
30 | '

22. A method as set forth in claim 16 wherein said photosensitizing agent is selected from a group

||IIIII| Il IIIII ||I|I lI IIII



B367 Exanple I 30 mn TH - 400 -520 - Continuous 250

32.26 25 Ei m nati on of positive [err] values from cal cul ati on MXAMPLE
IV 30 Extracted human teeth (HE) that were non-caious and free
of amal gam orwoesies7hased restorative materials were utilized®Crassyemp t he
ability of the inventive conpositions to elimnate the stains from human
enanel and dentin. The teeth were coated with a 1 - 2 nmthick filmof an
oxi di zi ng cgesisting @f panomgtes siged mﬁmgr pastiqlesebenzophenons derivatives, henpatsiazolery

?ﬁlamr,\vunggr o@wﬁ% ?‘"Fga?,%&éie di ffe ence be?meeén‘;yg@m@t?e origl nglorggge?isne

‘VITA[ err] shade val ue and the final VITA[err] shade value. 40 Table 4 26

Soirce  SHPRBAR G b AT BSOHE e B30 ) P e

Exanpl & | abéut 350 nanometé}@to about 700 shnometers. 4. 84 6 HE3
Example | AR 30 1 4. 84 A4 A3. 5 3 HE4
Example | AR 30 1 4.84 A3 ‘B2 6 HES5
garrp: e : 2ARA method as s&@oﬂhmdmmzkwherem smih&ﬂ sourBBemtts l@ﬂt having armééﬂ'tﬂiﬁ -
anpl e
Exanpl e | a]g\ngt 380 nanome%s to about 5001nanometers 4. 84 A3 A| 7 HE8
Example | AR 30 1 4.84 A3.5 A2 7 HE9
Exanmple I AR 1 4.84 A3 Al 7
10 25 Atooth whltemng device comprising: .
a light source;
atleastone optical output; -

projection means for holding and posmomng sald optical output outside of a patient’s
mouth in a manner to so as to provide approximately simultaneous and uniform illumination of 2
15 patient’s front teeth by said optical output; and
connection means for connecting said light source to said optical output.

26. A tooth whitening device as in claim 25, wherein there are three optical outputs.
20 27. A tooth whitening device as in claim 25, wherein there are six optical outputs.

28. A tooth whitening device as in claim 25, wherein the projection means has a shape
approximately that of a convex arch.

25  29. Atooth whitening device as in claim 25, wherein said means for connecting the light source to
said optical output is at least one fiber optic bundle.

30. A tooth whitening device as in claim 25, wherein said means for connecting said light source
to said optical output is at'least two fiber optic bundles. |

30 ' '
31. A tooth whitening device as in claim 29,' wherein said fiber optic bundle is glass or plastic.

. et v
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HE10 Exanple | AR 30 1 4.84 A4 A3.5 6

HEl | Exanple I AR 30. 1 4. 84 A3.5 ° A2 7 15
HE12 Exanple | AR 30 2 4. 84 A3.5 A2 7
HE13 Exanpl 30 2 4.84 B3 o 8
HEL4 Exanpl il 9%8"’ 30 2 o4 na.5 TEgusssmsie o
BE15 Exanple | 30 : 2 4. 84 A4 Al 13
20 HE16 Exanple | AR 30 2 4 84 B4 Bl :
4112 HEE%7 ﬁg'pclggtp wAﬁenmg device agal cqalm 25, whirem said opn@ gﬂtput léafé‘ a shagfzéizected 10
HE19 ExariinEthe gﬁﬁp cons:stmg oBQrcula: tnangular and linear.1. 64 4 D3 6 25
HE20O Exanple | AR 1.64 B3 A2 6.
HE21 Exanple | AR 30 l 1.64 B3 B2 8

HE22  Exargl g oth‘qvhkt'bﬂ ; d 'o%Qs' hﬁnzs,Q/hereinsaidQ écaiomﬁ&isunearinsha e. 2.
HE23 Exarrplet{’ i H% et P A3 Ao P
30 HE24 Exarrplel No Ilght 30 ) B3 D4

iEgEZSExarrple ﬂ?‘eﬁho&\l?‘“l‘%‘?%"% &com; ﬁt&mp“f ° BSDB- AZB2 6 !
BE27 Exanpl e Iapﬂlmstcmﬂh-whﬁm @uaposition tosa patieatiotesthyy gndrexposing apid

9 35 Human extracte d as f by applying a. - 2 mm
thick film.of 'Fp?l’g' %h&tﬁ%‘g‘ﬁgne sur OPLlé&expo& ng the sanme surface
to vangi ng pbwer densities froma netal - halide | i ght source wwth a 505 mm
short pass internal filter. Conparisons were done to two controls, one of
which was Gel exposure only (no light) and light exposure only (no Gel).
Exposure regi nens, consisting of gel api&h on (except in the case of
light only/no Cel), T .

A g
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followed by 20 m nutes of continuous |ight exposure, were repeated three .
times (3 x 20 minutes).. 45 27 WO 99/ 40870.

PCT/ US99/ 03100 5 TABLE 5 Li ght Power Test Initia

Fi nal ShadeWPay#a§7¢; Cel Sour ce Density Filter RATAIS99/A3100
Shade . Shade Change 10 1/8 (mMVcnR) BE101
Exanpl e | VH 250 505 3 x 20 min . A3.5 Al 7
HBE102 Exanple | VH 250 505 3 x 20 min B4 A2 -
8 HE103 Exanple | VH 175 505 3 x 20 min A3 Bl +
8 15 ' HB104 Exanple | VH - 175 5053xmm A4B2
1 15 HE10 Exanple | VH 175 505 3-x 20 mn B3 B2
1 HE106 Exanple | VE 175 505 3 x 20 mn A3 Bl +
8 HE107 Exanple | VH 175 505 3 x 20 mn Ad A2
10 20 HE108 Exanmple I No |igH ’ \ 3 x 20n8 A3. 5
A3 . 3 HE109 Exanple |I No light 3 x 20 mn Ad .
D3 5 HE110 Exanple I No |ight t23 x 20mn

A3.5 A3.5 0 HEIl1 Exanpl =1 . 3x20m n
Ad - A3 6 HE112 Exanpl q L2 - 3x20m n

A4 A3. 5 3 25




BE113 None VH 175 505 3x200m n A3 A3

0 BE114 None IVH 175 505 . 3 x 20 mn - A4 A4
0 BEIIS5 . None IVH 175 505 3x20m n - A3.5 A3
3 HEl16 None VH 175. 505 '3 x 20 mn- B3 B3-

0 30 A pul paWa9#f#8r of an endo-tooth in a coopeative. andPFHUSIHELO
patient was wired 35 using a therm® /pBobe and therno-conducting paste.
Pul pal tenperaur were neasuring during an actual whitening procedure, in
which the illum nation was supplied using the currently avail able Union ~
Broach Il lum nator and the device descrbed in the instant applcation used
at the nost preferred wavel engths of 400 to 505 nanoneters. Measurenents of
the energy densities at the tooth surface showed conparabl e energy
densities for each device (230 mlliwatts/cn2 for the 40 Uni on Broach .
Il'lumnator and 200 mlliwatts/cnR for the device described in the instant
application, respectively). The results are shown below in Table 6.

Il l umi nation using the device described in the instant application in the
preferred wavel ength range from about 400 to 505 nanoneters rai sed pul pal
chanber tenperature |less than 45 did the Union Broach device. In this

experinment, tenperatures rose to a maxi num by twenty 28 m nutes and were
then stable. In contrast to the tenperatureirise.seen with the Union Broach
device, at no time did the tenperature usin{ the gowe® discl osed in the
instant application rise above the 5.5 C whi ch# Mult in thermally

i nduced pul pitis if maintained for. a signifiqi i od@of tine. The
tenperature changes seen are likely to be gr&a WM gBoN
vital 5 teeth as endo-teeth have no bl ood supyp
cooling. ' _ t




Tenperature Rise (deg. C fromanbient) Tine 10 () Uni on
. ) 4

Br oach "BriteSm|le 2000 5 .

2.9 10. 8 . 4.5 15 9

5.3 20 WO 99/49870 , 4.2 15 25  PCTAUS99/63100) &
4.5 30 9 3/78 4.3 Upon readi ng the subject

application, various alternative constructions and enbodi nents 20 w ||
becone obvious to those skilled in the art These variations are to be
considered wthin the scope and spirit of the subject invention. The
subj ect ‘invention is only to be limted by the clains which foll ow and
their equivalents. 25 30 29 What is claimed: 1. A tooth whitening
conposi tion conpri%?fg: 5 _ a transparent first conponent being a

carier conpound; andla.‘}lrggﬂagg n;gﬁgﬁg -%Eﬂﬂﬁgt bej an, oxi di zi ng

conpound whi ch when pplre 0 aq'gtal e 'tr%bt an ex&o@"&ﬁwpo actinic light
is activated to fg4dHitate tooth whi-tening. 2. A tooth whitening :
conposition of clai pHitt0herconprising a third conponent being a

0.3-

0.2+

0.1 o

o.e L] T ¥
- Wavalength (nm)



10 phot oacti vati ng agent whi ch when exposed to actinic |ight enhances the
activation of said second conponent to facilitate tooth whitening.” 3. A
conposition as set forth in claiml wherein said first conponent is a gel

of carboxypolywgsbhsane. 15 4. A conposition as set forth in &%@%3Waere| n
sai d second conponent contains eitheryg geroxide or peroxya0|d 5.

conposi on as get forth in claim4 ﬁ%ereln said peroxide is selected from

a groupra E& g 20 of hydrogen peroxi de, carbanm de peroxide, alkali
nmet al perOX|de alkall netal percarbonate and al ki netal perboratq:p A
conpositi on ras—s > A—mire o€ Fae-E—Praedr a0y I S
selected frgma group conS|st|ng of gl yceral trlacetate, acet yllat edam no
acids, acetylsalicylic acid and 25 tretraacetyl et hyl di amne. }7. A

conposition as set forth in claim1l wherein said first and sec¢nd

conmponents §ransmt about 70% of the applied energy upon exposufje to |ight.
30 8. A cpnposition as set forth in claim1 wherein said fiyst and second.
conponents dio not substantially absorb |ight having a-range-0f wav@lengths

of from aboyit 350 nanoneters to about 700 napnomsters. 9. A cerapas€i tion
as set forth in claim8 wherein sai g4 and second conponent$ déOnot
substantially absorb |ight-kevrg a range of wavel engths of frof about 380
nanoneters o about 500 nanoneters. 10. A conposition as sef forth in
claim2 whefei-n sai'd ph¥ oactlvatlng conponent absor bs Ilght
o)
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o
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havi ng a range of wavel engths from about 350 nanoneters to about 700
nanoneters and convérts that energy into thernmal or chem cal energy. 10 11.
A conposition as set forth in claim10 wherein said photoachiygdoRsioo
conponent ab¥@P¥HYsTA ght havi ng a raqge %f wavel engt hs from about 380
nanoneters to about 500 nanoneters. 7. ¥ conposition as set forth in daim
2 wher ¢-h saLpEphotoactivation conponent is of nolecular 15 size, pH and
surface oﬁarge to allow for effective penetration into the structugse of the
enanel and dentin. 13 A corpesiiien—as—set—forth—r—etatr-m2—wher & sai d
phot oactivgti ng conponent is selected froma group consisting v oz

sem conductlor particles, benzophenone derivatives, benzotriazole 20
deryvatives, diketones. netal-ligand conpl eces, and phthal.ocy@anci n-net al
conpl exes. {14. A conposition as set forth in claim 13 wherein{sgid

sem conductjor particles are nanoneter sized oxides of titani pr zinc. 25
15. A nethgd for light-activated tooth whitening conpri si thel stpps of:
appl yi ng a |t oot h-whi teni ng conposition containi ng+ anspar ent fca¥fer
conpound and a transparent oxidizi ng cerspound whi ch when in confact’w th
the surfaceg of a stained togth—art—cXxposed to actinic light is pctivated to
facilitate ffooth whitenisE to one or nore teeth; 3 1 exposi np~sai d
conpositionfto actinic |ight to activate said oxidizing conpounfl. 16. A
met hod for {ight-activated™ ssoth whitening conprising the stepsjof: 5
appl yi ng a photosensitizing ae phi ch absorbs actinic radiatipn.gen in

contact with the surfice of a tooth t®& _one or nore teeth, — 2?

| \/u
450

| Waveleh_gth (nm)

|
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I
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appl yi ng an tooth-whitening conposition containing a transparent carrier

. conpound and a transparent oxidizing conpound capable of facilitating tooth
whi tening on top of said 10 phot osensi ti zi ng agent; and exposi ng
sai d photosensitizing agent and sai dct oot h-whitening conposition to actinic
light to act MPPEYERi d oxidizing conpound. 15 17. A net hodPTLEP3WYrt h
in claim15 wherein said light sourcé énBts 1ight having a range fi om about
350 nan er '&? about 700 nanoneters. 18. A nethod as set forth in claim
17 mhereiﬁ&said ight source emts |ight having a range fom about ﬁ%o ’

nanomet er s i fRcl aim

16 whrein gqai d photosesitzing agent absorbs |ight having a ran o]
wavel engt hg from about 350 nanoneters to about 700 nanoneters d converts
that energy into thermal or chem cal energy. 25 20. A nethodips set forth
in claiml1l9 wherein said photosensitizing agent absorbs |ight phpving a
range of wgvel engths from about 380 nanoneters to about 500 nappneters. 21.
A nethod ag set forth in claim 16 wherein said photosensitizing aggnt is of
nol ecul ar dqi ze, pH and surface charge to allow for effective pg¢ tfﬁtion
into the stiructure of the enanel and dentin. 30 22. A nethod ap] seidforth
in claimlgq wherein said photosensitizing agent is selected frpma group 32
consi sting|of nanometer sized sem conductor;particles, benzop one
derivativeq, benzotriazole derivatives, dikgtones, netal -ligand conpl exes,
and pht hal qcyanci n-netal conpl exes. ' R '
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23. A nethod as set forth in claim 16 wherein said |ight source emts |ight
having a range from5 about 350 nanoneters.to about 700 nanoneters. 24. A"
met hod as set_forth |n claim 23 wherein said |light source e”%E?Akb%%ﬁoo
havi ng a rand% P¥P%bout 380 nanonet r? o about 500 nanonet €rs 25.

A tooth whitening device conprising: '%ht source; at |east one optical
out put; projection means for holding and positioning said optical output
outside of a patient's nouth in a nanner to so as to prOV|de approxi mat el y
S|nultaneous and unlforn1|IIun1nat|on of a 15 patient's front teeth by
said o hfqg and connection neans for connecting said |ight source
to said og?lca utput 26. A tooth whitening device as in claim:kb

wher ei n 't hpre—are—t-hree—optiTaroutpuUrS, 20 27 A TOoorIT Wi T FﬁgdeV|ce
as in claim?25, wherein there are six optical outputs. 28. A tgot
whi teni ng fevice as in claim?25, wherein the projection nmeans gjlas a shape
approxi matply that of a convex arch. 25 29. A tooth whiteni devi ce as
in claim2p, wherein said nmeans for connecting the |ight sour to said
optical oujput is at |east one fiber optic bundle. 30. A tooth whitening
device as |n claim25, wherein said nmeans for connecting sai ¢ ||i ghidssource
to said opjical output is at |east two fiber optic bundl esr 30 [31. tooth
whi t eni ng Hevice as in claim29, wherein said fiber e 15°¢gl ass
or plastic 32. A tooth whitening device as in. rein said
optical oujput is of a shape selected .
32
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fromthe group consisting of circular, triangular and linear. 5 33. A
tooth whitening device as in claim?25, wherein said optical .output is

| inear in shape. 34. A nethod for tooth whitening conprising the steps of-
appl ying a tooth-whitening conposition to a patient's teeth; and exposing
sai d conposi twormsas7d i ght proj ected fro/m t he device of cl ai RQBSIYBIND 25
30 34 ’ 8 /8 '

Fig, 4E
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