MULTI LAYER TOOTH WHI TENI NG STRIPS FI ELD 100011 This
application relates generally to dental whitening
conmpositions and nethods and, nore particularly, to
mul tilayer tooth-whitening filns and to nethods
therefor. BACKGROUND 100021 Toot h whitening nmet hods
currently avail able for use at hone invol ve
appl i cation of peroxide-containing dentifrice
conpositions to the teeth. Such conpositions can be
appl i ed by brushing or as a conponent of a strip that
is applied to the teeth. The strips can conprise a
plastic filmwth a toathowhitening Lt
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SUMMARY
[0003] Accordingly, the present inventors have succeeded in developing methods and

compositions for whitening the teeth involving application of a tooth-whitening strip to the

teeth. The tooth-whitening strip can comprise a film which can comprise a water soluble,

hydratable polymer and a whitening agent. The film can be hydrated by saliva upon

application“to the teeth and the whitening agent becomes solubilized or generates a bleaching
. agent that becomes solubilized which then acts to whiten the teeth. The film can also have a

thin hydrophobic layer or coating on one of its surfaccs, which upon application to the testh

is on the surface opposite that applied to the teeth. In certain embodiments, the film can have

a thin adhesive layer or coating on the surface in contact with the teeth to facilitate adhesion



either the film in the hydrophobic coating or the
adhesi ve coating to mask any taste of the whitening
agent. 100041 Thus, in various enbodi nments, the
present invention can involve a coated
tooth-whitening filmconprising a hydratable pol yner
and a whitening agent. The filmcan have a

hydr ophobi ¢ coating or |layer on one surface and a

t oot h- adherent coating or |ayer on the opposing
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flavoring agent.

[0006] The present invention, in various embodiments, can also involve tooth-
whitening methods in which the coated tooth-whitening films are contacted with a tooth for
an effective tooth-whitening period. The effective tooth-whitening period is intended to refer
to a contact time period producing a detectable whitening of the tooth. Reference herein to “a
tooth” is intended to include the singular (tooth) and the plural (teeth). By detectable
whitening it is meant that the whitening of the tooth can be visually observed or measured by
any of various instruments following a given application period or following successive

application periods of the same duration.



conprises a filmform ng polymer such as, for exanple,

a poly (ethyl ene oxide) polyner having a nunber

average, viscosity average, weight average or

Z- aver age nol ecul ar weight of at |east about 10, 000

and not nore than 10, 000, 000. The whiteni ng agent can

be a substance selected fromthe group consisting of

per oxi des, netal chlorites, perborates,
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vinylcaprolactam/sodium acrylate polymers, polystyrenes, phosphonate styrene polymers,
terpolymers of acrylomethyl propyl sulphonic acid/methylacrylate/styrene monomers,
polyaspartic acid, poly (2-acrylamido-2methylpropane sulfonate), copolymers of vinyl
acetate and crotonic acid monomers, silicone polymers, polyacrylamide, polysiloxanes, alkyl
cellulose polymers, hydroxyalkyl cellulose polymers, carboxy methyl celluloses and salts

thereof, sodium alginate, alginic acid, copo-lymers of methyl vinyl ether and maleic



[0008] In various enbodi ments, a flavoring agent can
al so be incorporated into the film the hydrophobic
coating layer or the adhesive coating |ayer. Such
flavoring agents can be an essential oil, extract or
flavoring al dehyde, ketone, ester or alcohol. The
flavor inparted by the flavoring agent can be
spearm nt, pepperm nt, w ntergreen, sassafras, clove,
sage, eucal yptus, marjoram cinnanon, |enon, |ineg,
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[0010] In various embodiments, the films of the present invention can be made in a

thickness from about 20 to about 2000 um, from about 50 to about 1000 um or from about
50 to about 500 um. the dried film can contain the whitening agent which, in vanious
embodiments, can be a solid whitening agent in the inactive state. Hydration of the film by
saliva in the oral cavity solubilizes the soluble whitening agent or a bleaching compound
generated from the whitening agent in the film. The solubilization activates the whitening
activity and releases active agent to the tooth surfaces to which the film is applied.

[0011] The rate at which the whitening agent is solubilized and released can be

controlied by varying the film thickness, polymer properties, as well as the whitening agent




about 2% to about 10% or from about 3% about 3.5% or
about 4% to about 7% or about 10% by wei ght. Unl ess
ot herwi se indicated, references to percentages herein
are intended to nean percentages by weight (ww).
[0012] The whiteni ng agent can be any of a variety of
per oxi de- based bl eaching agents, which deliver a

hydr ogen peroxi de i on or an organi c peroxide ion. Such
compound i nclude, for exanple hydrogen per oxi de,
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BR3P et 20 OBBHIIE IS PHHESHB Rty Suh compound
rmnoc%(;r oxypht haI ate. [0014] In variqus enbodj nents,
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as, for exanple, sodiumchlorite, potassiumchlorjte
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or magnesium chlorite. [00151 In various enbodi nents,
ttheeadhi t eni ng agent can al so an inorgani ¢ hydrogen
per oxi de generating conmpound such as, for exanple
al kal ilﬂf}ié?Qrgaawwewnémcpmm@a& impludg, &orexpmple.cirea hydrogen peroxide
di persul fate, percarbonate, per hosphat e, perborate,
Apatbareide perpxide)eglyeeryl hydioaen mgomfs as well axemppscol Peroyidgmslassified
persul fate, sodiumdipersulfate, sodi um percarbonate,
saselirding tOptbp pm;gep land kind ebefigame fygﬂmplegr@ups attached to the oxygen atoms,
sodi unpersilicate, potassium persulfate potassium
such as, for example, alkyl hydrogen peroxide (R-0-0-H), dialkyl hydrogen peroxide (R-O-

O-R") peroxy acids (RCO-0-0-H), peroxy esters (RCO-OOR"), and diacy! peroxides (R-CO-
0-0-CO-RY). Among such peroxides used in dental whitening are the diacyl peroxide,
benzoyl peroxide and the peroxy acid monoperoxyphthalate.

[0014] In various embodiments, the whitening agent can also be a metal chlorite such
as, for example, sodium chlorite, potassiuxﬁ chlorite, lithium chlorite, calcium chlorite,
barium chlorite, or magnesium chlorite,

[0015] In various embodiments, the whitening agent can also an inorganic hydrogen
peroxide generating compound such as, for example, alkali metal and alkaline-earth

persulfate, dipersulfate, percarbonate, perphosphate, perborate, and persilicate salts such as,




di persul fate, potassium percarbonate, potassium
per phosphat e, potassi um perborate, potassium

persilicate, lithiumdipersulfate, lithium
per car bonate, |ithium perphosphate, |ithium
perborate, lithiumpersilicate, calcium persulfate,

cal ci um di persul fate, cal cium percarbonate, calcium
per phosphate, cal ci um perborate, cal ciumpersilicate,
barium persul fate, barium dipersulfate, barium
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[0017) Suitable whitening agent can also be polymer-peroxide complex compound .
such hs, for example, the PVP-hydrogen peroxide complex Peroxydone™ (ISP, Wayne, New
Jersey).

[0018] In various embodiments, the hydratable polymer can be any of a number of
water-soluble film-forming polymers that are compatible with the peroxide coﬁmound. In
particular, such synthetic polymers can include, for example, poly (ethylene oxide). The poly
(ethylene oxide) can be a homopolymer or a copolymer or a block copolymer. Other |

homopolymers or copolymers including block copolymers, can include propylene oxide



noi eti es and/ or nethoxy (ethylene glycol) noieties in
an anount of at |east 1% at |east about 5% at | east
about 10% at |east about 20% at |east about 30% at
| east about 40% at |east about 50% at |east about

60% at |east about 70% at |east about 80% at |east
about 90% at | east 99% or about 100% by wei ght.
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and in particular, the ethylene oxide honopol yners

can be i gh,nol ecul ar i gh [ :
R, AndRRL Fo il BV e Woply Bl Rnd the tke. Such
nmol ecul ar, wei ght as _defined b yunber e
FElYBEtheRh b fiens gridE poftSs, mop U o HRE R etplens glyco
average | ecul ar i ght o, Z-average _nolec °
RrRY andl oty dedtiten Ko o SHES PO e S AL oyt leas
asuyred by stan d . net hods kn in t art.. Th 0
FBNE St 251645 ioHt {35, ot i AORH 20 yébﬁ?g’r;ﬁ&g?/'ﬂgﬁ%c ahfeaskabppi iy ot
about 10,000 to aboug 10,000, 000, fr bout 0,.Q00
SLAbBHA S0, SJoRst BP0 0% 5SSO G478 Pty 80P, ¢ 1ot sbou
pal y(et hyl ene oxi de) pol rs are conmercially
W%qgéqutég‘gwﬁb%,w%{g?w“é%hm e, those avail abl e under
~the trademark Polyox(r) from Dow Chemi cal mpan
(M dI E049] Jorvarieygsmpbo B0t °]‘¥Ff%‘$$ B{&I’l%fnﬁ&f‘ﬁé# ar, the
films can contain ethyl ene oxide polyners of a. single,
ikaiong exioeroRRelmarEAa e 3 BHEhJRolsE R eI LPASmSS o, Pef Berein,
of different, average nmol ecul ar wejghts, The ethyl ene
analeralap preightis int wippangeolsculsnvsishias di%%d\b}y average
about 99% (ww of the hydratable film in certain
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ametliods knovabmthe 8t The ralesplat weighiofi thedgdratahleplymer cangs flom
In various enbodi nents, the fil mcan be a Pol yox(r)
fabbuh 191080 tdrabowhi (4 2HR;0AY, freamahent 10809 prozbapieli5G:{108 of plout
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2,000,000. Such poly(ethylene oxide) polymers are commercially available such as, for

example, those available under the trademark Polyox® from Dow Chemical Company
(Midland, Michigan).

[0020] In various embodiments, films can contain ethylene oxide polymers ofa
single average molecular weight or of a mixture of polymers of different average molecular
weights. The ethylene oxide polymer can comprise from about 1% (w/w) to about 99%
(w/w) of the hydratable film; in certain embodiments, from ﬁbout 1% (w/w) to about 20%
(w/w); from about 1% (w/w) to about 30% (w/w) or from about 1 % (w/w) to about 50%
(w/w); and in certain embodiments, from about 50% (w/w) to about 95% (w/w), or from

about 60 % (w/w) to about 85% (w/w).



[0022] The filmcan also contain other substances such
as one or nore plasticizers, which allows the

adj ustment of the strength and flexibility of the
film Typically, the plasticizers reduce the
stiffness of films. Plasticizer conpounds can include
gl ycol s such as propylene glycol or a | ow nol ecul ar
wei ght polyner, for exanple, a polyethylene glyco

such as any of the Carbowaxes of nol ecul ar wei ght from
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have a thin hydrophobic layer or coating on one of it
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and Timeron mica, tricalcium phosphate, dicalcium orthophosphate {calcium monohydrogen

phosphate), calcium carbonate and clays. Water-insoluble organic bulking agents can include
celluloses, polyethylenes, polypropylene and various starches from potato, comn, oat, rice,
wheat or tapioca and modified food starches such as, for example, maltodextrins. The
bulking agents can be present in an amount of from about 1% to about 50%, from about 5%
to about 30% or from about 10% to about 25% by weight of the film,

[0024] The film can also have a thin hydrophobic layer or coating on one of its

surfaces, in particular, the surface of the film on the opposite side of the surface that contacts




teeth surface so as to increase the tooth-whitening

ef fect. [DD25] The hydrophobi c coating can be of a

t hi ckness of from about 10 nanoneters to about 100

m crons, from about 10 nanoneters to about 10 m crons,
fromabout 10 nanonmeters to about 1 micron, from
about 10 nanoneters to about 500 nanoneters, from
about 50 to about 200 nanonmeters or from about 75 to
about 100 nanoneters or any value wthin the

:%‘%gghoé ot ecrl &rr%a g gﬁ’tﬂ dezgﬁﬁﬁ%grbgﬂﬁpg revefitthé Rekcage of
m)l e %%ifl% %%Eﬁ’g‘gﬁ??rea e.gs ;{Hﬁl 15 & cgrﬁraﬁaalge Pﬁl\{ a ent onto the

a portion of

mlabﬁ»fﬁgq“sgzag el tgﬂfv.v%gae**ﬁ%*f% 40 B ophobi
th hﬁbéi@ﬁvﬁmﬁ?w lﬁgfﬂ;%a?%“ﬁé%?sﬁ%ﬁ%rﬁjﬁﬁ 10anometers
g b I
R LA B S e o
i 15 gt M cunemest BF RO AP 19 Aoy 10K Paepueier pf B9 value
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Subst HBEL TEam ERphebin 9S8 i SHBNES ProdBisaRty By Fydrophobic
hydr ophobi ¢ polyners such as, for exa
mnelequlgs: Juch hydraphphismgieculensarhbave § hdrap r@:’w °P{”§°n°ﬂ?’ &. a portion of
copol yners, polyethyl ene, pol ypropyl ene, pol y\ .
athgmn Fule tm gég%/-é?lgryﬂndéﬂﬁﬁm%% E? k| %’sélﬂ" 16§ﬁ¥m hsin instances
cel lul ose, iso cel l ul ose, butyl cellul ose,
tsupluhydrophebic mc&r/elpes canehe|ruipcile with satef @"’IC’ ah %rth%?ﬁ? vish

of polyvinyl al cohol such as, for exanple pol EH

ctords. Hiydrephobig smndecplss y’iﬂé’hé‘w Sgrff‘@@??‘]an Reah d“’P ic portion

hydr ophobi ¢ coating can al so, in various enhodi g g
cwhicknisicontigubes Wit hydrptable filne and ahydgamebie pertiem which directed away

pl asticizers as described above, so long as the
from the film. In various embodiments, the hydrophoblc substances that can comprise the

hydrophobic coating can be substance that are immiscible with water, i.e. insoluble in water,
having an aqueous solubility of less than about 1% (w/w), less than about 0.01% (w/w) or
less than about 0.001% (w/w). Such hydrophobic substances can be comprised by one or
more hydrophobic polymers such as, for example, shellac, Eudragit®, polymethyl
methacrylate and its copolymers, polyethylene, polypropylene, polyvinyl alcohol, polyesters,
ethyl cellulose, propyl cellulose, isopropy! cellulose, butyl cellulose, t-butyl cellulose,

cellulose acetate, and derivatives of polyvinyl alcohol such as, for example, polyvinyl acetate

or silicone polymers.




coating as a whole provides a diffusion barrier to
prevent the | eakage of active whitening agent into
undesi red areas. The hydrophobi ¢ nol ecul es can be
present in the hydrophobic coating in an anmount of
fromabout 1% (wWw to about 95% (w w) and the

pl asticizers can be present in an anmount of from
about 1% (ww) to about 50% (w w). [0028] The film can
al so have a thin adhesive layer or coating on the

f t ts he t |
SboaTizfl Bhe %ﬁ?@@ﬁ%ﬁﬂh@g f@eansstmﬁsﬁé%uvs?an?’??ﬂymg‘ah°é’§m$‘e

Ig&:sﬁaglg%sd\{l%{c% Egﬁ-@@ﬁg‘} %glﬁ l@@?l%&g%?cp ng alg)cgye so long as the
Ul er or sa

A L t'&g? R ke Whienin
fg’rg\rsll?ta;g % ‘g?raigéhﬁg‘y&ﬁli ‘{%‘%}’: 'ﬁ‘lg}fgc ﬁ§|° r SI‘ESI ngﬁnﬁ }H'g.]'ophoblc
qg grgtpl;oq.pép m a% E‘g’c(?“@‘%a‘f’ EQ g g&g‘ﬂf“&%g %wyplasgcners can be

phosphonate pol ymal eat e sodi um
éE?SQII“d{* an aw o about | %t(v g‘ﬁ*ﬁ 8@%2‘6&5{ e styrene,
ter pol ners of  acryl onet hy|  pr.o sul phonj c
aci d/ AWRRL Fueigt %ep@}sgme@f@nm%%@ﬂ @r gatiyEsn thesugfage tha

No. 5, 800, 803), polyaspartic acid, . .
(cobaeth e domiidhn vAroun G ENs CSS AORERRIE eyt nee@mhyﬁ%lﬁng the dry
vinyl acetate and a crotonic, acid, silicone pol ng

(At Butapen genfecting dieyeqth uspei °‘(”sk§é°‘{‘ﬁ agheghygly “"r@é% y arl aqueous
5,876,208; 5,888,491; 5, 866, 630; 607, 663; 5662887),
dinyidsuglyas watertoy seliya yaahiebat itadheres tp Uteéep tip Jihe aghssiye coating can be
pol ynmers such as, for exanple, nethyl cellul ose, ethyl
chiprisedss, peorxideraopiphtitie polyners inchidingipplyvisyl pistoligene, polyviryl
cel l ul ose, hydroxyethyl cellulose, hydroxypropyl.

caddohal, pelpvinyphbsphonates phly lethylsae phesphonate mobjpcrylie avidsypoly methyl
al ginate, alginic acid, copolyners of nethyl vinyl
antihacrylate, polybeiens plasphodate.colysialdates viogeanselpisrmiserum gprylate
such as those sold under the trademark Gantrezgr) )
(poBners, Qolpétyress, phiosphdmtsstypnepterpohmisirneftacoipmasityl aropylofulphonic
the above. In various enbodinments, the adhesive |ayer
caxit/méthglacrplatesstyrersundnondsi(see 8h% PatentiNe. HROOS03)s polyaspartic acid,
pl asticizers as descri bed above. [00291 The structure

ofoly (2eacnglarhidb 2yrethylprépaneviulfondtg)deapplyoisisof vt aastptecand a crotonic
adhesi ve

acid, silicone polymers, polyacrylamide, polysiloxanes (see U.S. Patent Nos. 5,876,208;

5,888,491; 5,866,630; 5,607,663; 5662887), and alkyl or hydroxyalkyl substituted cellulose
polymers such as, for example, methyl cellulose, ethyl cellulose, or propyl cellulose or
hydroxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, carboxy methyl
cellulose (CMC), sodium alginate, alginic acid, copolymers of methyl vinyl ether and maleic

anhydride or its corresponding acid such as those sold under the trademark Gantrez® (ISP,
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coating is such that the mddle, core filmcontains
the active whitening agent, such as sodi um
percarbonate in a Polyox(r) matrix with the adhesive
coati ng and hydrophobic coating on opposing surfaces
of the core film 100301 In certain enbodi nents, a
flavoring agent can al so be included in either the
film in the hydrophobic coating or the adhesive
coating to nask any taste of the mhitening agent. In

ki 033%?: (i i?t:%@%ﬁ?ﬂs ok Rt ol S teskfleBgimens e
I
Pl Sk °ﬂﬁama§% A< Eagee 6%"'\‘4%’8 Pi3s dgrood sbove
ary” MRS RERRre P B il e Pl oot Bk dafadpesive
P ?@eﬁn@w f,%'a%[}‘f@ca et PR aBe o Siiutepeh ity sodim
Ao a8 yaCaEx i S B iean by Sfrebeting on

t hose known to_  the k| I 1 ed artlsan such as nat ur al
APROskng suFfaces f the PRy These fIavorlng agents can be

synthetlc flavor oil and flavoring aro CS d/ o
oi l's, [¢3 Qbhkcé§9‘ﬁ§maﬁ‘§m€%=raatlatvgn%arﬁg@té’an 55?9 h"rﬁ“ﬁlf‘@%tlg ither the

Ieaves flowers, fruits and so forth, an corrbln%llon

Hey dhe hydesnhadis reating gthe pihesiyg cafips to sk gritaste of the whitening
spearm nt oil, ci nnarmn oi | pepFerm nt oil, clov
Agent. ]@agan@}qembpmts ¢ flavogipg agen %aafbeg}cprpoatqd ige the film, the

nutnE oi | of sage, and oi | of bitter al nonds. Al so
drophobig eoating layerer the adhesive gpating daves Jiyaniops gmbqdiments the

flavors such as vanilla, chocol ate, coffee, cocoa and

oflavering agieht can baiskconpratyd intorihe adbssive deyer whighhean bejmaintaiped in a dry

grapefruit and fruit essences including a pIe

proadition prigragapplicationteytheitesth: Fhis saredacteaseihe like m&ﬁﬂﬁmdatwn of

apricot and so forth. These flavorings can be used

i angliflavatinglaggnt dhrat vauld othsiwise becauscepiiteriordegradasion by thamsroxide

include mnts such as 11 peppermnt, w ntergreen,

seeegponndy The Bavooing agentsoé therpeesentdventian can frichude py ofghose known to

cherry, lenon- linme, orange, grape, artificia

vihe slille, artisan,rsactoss nrd] wed artificial flavors GTHees Bavoribgagents can be

enpl oyed individually or in conbination. Flavorings

ssynthetisflaviotieilsyaid flavorihg @sinmtiss, amd/dn s wleccresinsang|extracts derived

from plants, leaves, flowers, fruits and so forth, and combinations thereof. Representative
flavor oils include: spearmint oil, cinnamon oil, peppermint oil, clove oil, bay oil, thyme oil,
cedar leaf oil, oil of nutmeg, oil of sage, and oil of bitter almonds. Also useful are artificial,
natural or synthetic fruit flavors such as vanilla, chocolate, coffee, cocoa and citrus oil,
including lemon, orange, grape, lime and grapefruit and fruit essences including apple, pear,
peach, strawberry, raspberry, cherry, plum, pineapple, apricot and so forth. These flavorings

can be used individually or in combination. Commonly used flavors include mints such as
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acetate, cinnamal dehyde, citral, diethylacetal,

di hydrocarvyl acetate, eugenyl fornmate, p-

nmet hyl ani sol e, and so forth can al so be used. Further
exanpl es of al dehyde flavorings include, but are not
limted to acetal dehyde (apple); benzal dehyde (cherry,

al nrond); cinnam c al dehyde (ci nnanon); citral, i.e.,

al pha citral (lenon, line); neral, i.e. beta citral
(lemon, linme); decanal (orange | enon); ethyl vanillin
SRR i reaﬁ% sol i R (AiGe abd ioh R BT E Bebherry, lemon-

spi.C
R P eRL e ??m“? 9“5“”% ﬁ'sés'ﬁ Ui s LB b opioves
citro nmodi f i
CeTPR o mﬂ&%&k asn% i e My, ABEARE e
PeReLagelde iR, Gl eang,'ggog dlfearcga 2Bt e, -
?@stoleamﬁrtg Sb r f y(} u' %}g%ﬂp} L ok deehyldé:i ﬁ!f%rmgs
ten
zm‘g & R s ERAER gt Fpl} "’ergﬁa@ f&%@*&%&ﬁrmdh
citrus, ndarin h r m xt S f. .
S b ST R 2
i ncorporated in the filmof the pre |nve in .
aﬂ?”ﬁ’i‘fglﬂfﬁf) legaRal ngm?sﬁdﬁm% ‘fﬂ@@ﬁ%@aﬂrﬁ% g 1 q‘i°8m° L&
about 10% by we 0 bo t
el Wﬁffqﬂmgm@n@'&r{v I Greases alpbw ey Pirpae ‘é‘?w‘fer{ap“‘-y
t t b d ti I
S A B S ey e o
to prepare a filmb sol vent_  castin oly(eth
dmoﬁ o i s oy OB B P QL R S
sufficient anobunt of a solvent which is conp

s Eis AOAsJoren .| A B85 Deipabien el (GG gits): hexenal,ic.
i nclude water, al cohols, acetone, ethyl acetate or
rivans-Gr(basryt fhustsks alyl abdehyde (shesy) dlmprd); vasetealdsbids (vaniliaR.6-dimethyl-
pl asticizer can be added with stirring, and heat can
beheptepki, se} riclonabaestandy2,6- mnqthyl%at@aldg@s@fru@i. and 2-dedepqnaly(citrus,
cl ear and honpgeneous sol ution has been forned,
frosrderimXicheyryt grepe; iktimes thereof, anchthe like. Generally the avoring gan be
any ot her ingredients such as flavors. The sol ution
ciasorpated oethe filnoof the present insditien sanydamountranging fem gbept 1.0% 1o

dried to forma film The carrier material can have
about 2.0% to about 10% by weight or from about 5% to about 8% by weight,

[0031]) The poly(ethylene oxide) films of the present invention can be prepared using
conventional extrusion or solvent casting processes. For example, to prepare a film by
solvent casting poly(ethylene) oxide, the ethyl.enc oxide polymers can be dissolved in a
sufficient amount of a solvent which is compatible with the polymer. Examples of suitable
solvents include water, alcohols, acetone, ethyl acetate or mixtures thereof. After a solution

has been formed, a plasticizer can be added with stirring, and heat can be applied if necessary
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a surface tension which allows the polyner solution to
spread evenly across the intended carrier wdth

wi t hout soaking in to forma destructive bond between
the two substrates. Exanples of suitable carrier
materials include glass, stainless steel, Teflon(r)
(DuPont, WI m ngton, Del aware),

pol yet hyl ene-i npregnated Kraft paper or pol yester
plastic liners. [0032] Drying of the film can be

carried out in der. te t o hi
B%Pﬂ dﬁéqlvfgonama&' §eleer 90 BRoRRstisdOpTES 59%“?8%&% fellowed by the
SU|tabIe

sty ahigeagen Sed iy VB R LR e ﬂ%%aumm can be
flavor of the film Q For e 0 the
FPHFH Qina ppitaplgcarigt 'aL Joba it & Bt T el &‘aé%’a‘ ggn have
and packed in a SUItab e co alne 00 se
@isarfygsiensin ﬁr@lq?n Al e PALYEET SOl8 S ""?1&?&’?58#' e iptgnded
filmwhen applied to the teeth surface when h
S3FTISEVIOREILhoE FRaisg i Y03 ¢ ssvctw& SERr ity e sprges
the strip in water wil|l adh the te i n
Fypmples ofsuisabie pAaer matgpalsripcluge f’*étw’cl‘i’f’é s%ﬁi M‘?PPS(B“PW‘
strip can_be fornmed to have a mnaaﬁ?glnen3|o sui ta g
tWilmmgion, Relawgiehpobekyleng-ipegnats BRes o pphg ftsfrl%?sgc ners.
the whitening strip_can be applied to éhe upper  set
t eet h[0032] Peyingrf th%ﬁl@r"anbéﬁmﬁfd w8t ymadarpie o @%&F&F@Fﬁe air-
or simultaneously. The length dinmension of th
wathusivigagirgng pyen, drging sunalyyacuwm 199“3"5 PRAn PB\G 'E““G?‘c drying
coverage desired. In this rega t he nunber of teeth
viqiipnent; whick dersgiot astvensely wifeat 3w 0 vt ingfediE{R) prIav PRt the film.
di mensi ons of the whitening strip. For instance, it
may  (R03abEemreast efwse theydrnAilm ean beisat intogigces efsnitable gigeand shape
are nost easily seen by others. Accordingly, the
| aml gadked intovin sitieble gontaineri p can be reduced in this case,
as conpared to the case where it is desired to whiten
al | off0034p To est the wititenirgy flon stripofdhie prpseht invantiom ths film when applied
whitening strip to the teeth 13 will depend upon the
tty e teentl surfane whérr Inidiated tyfsalivadn thiviorad navity cagesrvetted by dipping the
as the type and intensity of stain. Typically, the
Ol piini veuter @fill adhekd woalid teeth irdncppropfiste manrsd Ih rietegardgthe whitening

tooth- whitening period, can be fromabout 1 mnute to
adnipiéanG@ fovmied telave i widtk dimensiof switsblzhoevea row of teeth (upper or

lower). Therefore, the whitening strip can be applied to the upper set of tecth, or to the lower
set of teeth either separately or simultaneously. The length dimension of the whitening strip
is determined by the amount of coverage desired. In this regard, the number of teeth which it
is desired to whiten will determine the dimensions of the whitening strip. For instance, it may
be desired to only whiten the front teeth, which are most easily seen by others. Accordingly,
the length of whitening strip can be reduced in this case, as compared to the case where it is

desired to whiten all of the teeth. The duration of application of whitening strip to the teeth
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m nutes to about 30 mnutes or fromabout 5 mnutes to
about 10 mnutes or any tine period enconpassed by
the af orenenti oned ranges. [0035] The present

i nvention can be illustrated by the foll ow ng
exanpl es. EXAMPLE | [0036] This exanple illustrates
the preparation and testing of hydratable

pol y(ethyl ene oxide) filnms containing sodi um
percarbonate and having a hydrophobic coating. [0037]

p&éﬁﬁﬁﬁ@m@m AR, g%g@sgﬂ%gvev&t 3000 type anc
P R e T,

To.this soluti added a

S RRPSOR. 80 ffom abauid i ot Bt BF RS br B, fom about 2
cool ed down to bel ow 40 C. .4 . . .
FERRes ta abeut 80 Bumres or fgd a&aﬁgdmawas P%B?‘Hf}gm“gi‘mﬁ of &y time period
The resultlng white m xture was cast onto a gl ass
snegmpagsad by thegipaemendioprdyangser ni ght . A white dry film

was formed which was readily peeﬂfd tﬁff lfromthel

gl ass[0988) Ehe prﬁentdvxﬂnmq sanths dlugtrgied bythe flloynggramples g

m croneters and contai ned an eEU|vaIent of about 3.4%
hydr ogen peroxi de by weig film 100381 The
whitening efficacy of this film (designated "FilmA")

was o036 Buis pmplesilistivgs Hearprationiross o%lwdm@lm 'm
(14 mmtimes. 15 mm weighing 23 mlligrams (ng,)
aghisiylenctpsids) flmscenianing sediamperaleratn@ddiing B hygrgphobic
prepared as described in "In Vitro Renoval of Stain
wostlngDent i frice", G K. Stookey, T. A Barkhard and B

R Schenerhorn, J. 14 Dental Res., 61, 1236-9 (1982)

and olR037hEeh grwsr{grafpobiethylene qidsd i Wh 20,200, h)pyas slowly
I ndi ana University. A piece of wet paper towel was |,
plddakidtombout 850, deHienitad| watar deated taabow 38?1@ Wi VigoTfug stiting to
After 30 mnutes, both the towel and the residue film
viemea trenshicestt aadh dlstdme soluticmh To this solution , 2.5 g glycerin was added and

stirred for about 5 to 30 minutes. The mixture was cooled down to below 40° C. and 2.4 g,
sodium percarbonate powder was added and thoroughly mixed. The resulting white mixture
was cast onto a glass plate and allowed to dry overnight. A white dry film was formed wﬁch
was readily peeled off from the glass plate. The dry film had a thickness of about 160
micrometers and contained an equivalent of about 3.4% hydr;)gen peroxide by weight of the
film.

{0038] The whitening efficacy of this film (designated "Film A") was examined by
wetting and placing piece of the film (14 mm.times.15 mm, weighing 23 milligrams (mg.)
against the surface of a stained bovine enamel slab prepared as described in "In Vitro

Removal of Stain with Dentifrice”, G. K. Stookey, T. A. Barkhard and B. R. Schemerhorn, J.
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was washed

measured and recorded both before and

t reat nent
which "L"
l'i ght ness
whiter tee

compari son

The shade of the tooth was
after the
Model CR 321 in

with water.

with a Mnolta Chrononeter
is a neasure of response to the eye to
and darl ness, the higher the L value the
th appear. [0039] For purposes of

a commercially avail abl e tooth whitening

strip of the type disclosed in US. Pat No. 5,894,017

Ziffnt Bm dPZSgéf (R?ﬁéﬁﬁﬁ%%alg%ld?r %ggn 1 @l%?lﬁ'n)%edsgarch Pstitute of Indiana
whi h d 40

i}r\wq?%% Pypég ‘g?j P (tecwéel gﬁgﬁé‘f gcg) % She @51 t&mal t:ﬂn the

] s vk

Tabl e Fi | m Wi

| TABLE, | %. |
aiged i iy T Shglept e 00s @ewegan%c %‘%ﬁe}m and
37.43 44.67 7. ‘%4 10040] The re ﬁ?g ar d dh'" JJable = .
(aREHSBY BeatmeR veitha Minglta &i’ﬁ“f"@ﬂ?% iphichy' T j§'8 measure

prepared in accordance with t n ve tloni

UPERREde BgIeye N@Hmﬁséﬁ%ﬂﬂhﬁﬁqi e Loyghiraecy er i ppesr.
white strl (FilmB), despite having._a signifi ly. .

| ower [§8PbRrqerRoeRso8 RMPASisen A GRIPRES ] mem'%gl?m@i Whitching srip of

exanp Ielllustratestheg" aratjon and V\/nitg(ﬁnin of )
fihe tYBe Gialeped B | SnBat Noe s 80407 coBnIe T 26 DY We1Eh! pgiogsn peroxide
Series of filnms were prepared u3|ng 1.0.9 .

designete Fiksm B)') s adke ciNimye sitailgs dismention &{ehsighd §§ me was used
whi ch was slowly added with %Mgorous stlrrlng into

db treat agbnilprky staited berdng enamebdabyfar 3 minates &l opiEhpRmCagyre of

C. Wi le nmintaining the same tenPerature and
Example 1. The change in L values of the treated Films A and B are recorded in Table

below.
TABLEI
Film Weight | HXO; wt% | Initial L EndL dL
(mg)
A 23 34 37.32 62.09 24,77
B | 40 5.2 37.43 44.67 7.24

[0040] The results recorded in Table I above show that the whitening efficacy of Film
A prepared in accordance with the present invention is unexpectedly much higher than that of

commercial white strip (Film B), despite having a significantly lower peroxide content
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continuing agitation, another 10.0 g poly(ethyl ene)
oxide (M W approxi mtely 200,000) was slowy added
into the solution. After the conplete dissolution of

t he pol yet hyl ene oxide, a translucent and viscous

sol uti on/ suspensi on was fornmed. The sol ution was
concentrated by heating and stirring at about 80 C
for another two hours. The solution was then cooled to
roomtenperature (about 23 Q [00431 To the above

lution, 3.3 g. dl [ d d sti df
Zgoﬂtl gg m nutges,g ﬁ(r:]?” nmg;eoﬁg sgl Iutrirgn vvg;
bt ai b tly, . 3.0 i , ,
powde ViR TH B e dpes? R Aol g AR g Rt varing

poly(ethyleneé oxi de solution to forma white, thick
PETox|qeicenceRTlionS i on. 10044] A free-standing film was

prepared by casting the abov el-lik Spens,|

e 0 S R R S AR N R
(about 23 C. ver nj ght. ter dryin a film

rappiRE Al SO0 M0 whish P B‘PY%’ aﬁﬂ"eqd WP Ggrops g it Hbout 80.0 g hot
plates. The filmwas f]| exi and.strong and cou

eromigsd Wi deHe WSO e iR GRS B P o p gy
films were prepared. Athin filmdes] ted "C' ha
LaomR RS o Bgter 100 SRONARCTE R (NE7 Aprasslfgecioon
hydr ogen peroxi de by weight. [00451 A thicker, fij .
oreeasi sty efgied e me@of{lﬁ% Agtef the copigte disoluting ‘E the Pe?}’?'gh%lm oxide,
hydrogen peroxide content of 3.4%Db ,ﬁgigpt. 16 trated b
[ Deengiucent an YispousshesiorEsPERTiaR Watdommed pHie SO WAL GPRET Y
the poly(ethylene) oxide suspension prepaired as bove]e’d
oreatingaril|stistinglatabogt $Q51¢. £ @peibenteo bewre d Be folufiqn Wagfien cooled o
resulting strip (designated "FilmE") had a hydrogen
pepmicrdeergwet(ahout B5° C. 5% by wei ght by wei ght of the
supported film [00471 The whitening test proce iJre of
Exanpl (6043] Teitapbovesolisionsbd Brabycanmyvas addedpnd S“Wé‘g or about 30
repeated to determ ne the tooth-whitening efficagﬁ of
Finirmges GintiDa horoogeneoTis solutipmcias obtained. Subsequently, 3.0 g sodium

percarbonate powder was added and thoroughly mixed with the poly(ethylene) oxide solution
to forma white, thick gel-like suspension.

[0044) A free-standing film was prepared by casting the above gel-like suspension
onto glass plates and drying at room temperature (about 23° C.) overnight. After drying, a
film was formed and could be readily peeled off from the glass plates. The film was flexible
and strong and could be bent or folded without breaking, Both thin and thick films were
prepared. A thin film designated "C" had a thickness of about 100 um and contained about
2.9% hydrogen peroxide by weight.

[0045] A thicker film designated "Film D" had a thickness of 500 um and a hydrogen

peroxide content of 3.4% by weight.
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change of the tooth was recorded using the Mnolta
Chronmoneter Model CR 321 both before and after the
treatment. As a conparison, a piece of a commercially
avai |l abl e whitening strip (FilmB of Exanple I) was
also cut into a simlar dinmension and used to treat
anot her bovine tooth for 30 mnutes, the stripis
designated as filmF in Table Il.. The results of
these tests are recorded in Table Il. TABLE Il Film

29 o\ e oot b

gggp%gdn%}gﬁ%édga% Eg%énghofgeﬁﬁ%%%ﬂg% Sl Qfied QISR r@%ﬂin g strip

m nut e exposure t

the. Fi| . d.E.of th ' ' '
e £ 1 Pl SR 1 P g e o
conpar Hg\l/e commercial whitening strip FilmB or F. 17
Eﬁgﬁﬁfél '10049] This Exanple illustrates the

ox: ool eSS RO el P g b
i R e e S S ey

e o TS Dl hEL TR B Ul Rl AR o 64 Wi efore
B o e S

of the sodi um percarbonate was 5% by . wejght. T .
ddHedt Qﬁnwlq’lgmg alsq Gt it;p gﬂ:}i}erecgms&l . e 1 Ergat another bovine
? l;qét!hr}gr 36(1) Il":ligllltgs, ftllxel srur']ipoifs dgsri]gnggeg 2? tcﬂm l§ ?nl *Js}bllcol?. .%e lPe\s/EItsool}tt]?ese tests

are recorded in Table 11

TABLE II
Film H;0, wt % Initial L End L dL
C 2.9 | 28.98 47,56 18.58
D 3.4 38.28 65.21 26.93
E 3.0 40.07 61.82 21,75
F 4.6 33.33 41.54 8.21

[0048] The shade of the stained bovine enamels slabs after the 30 minute exposure 0
the Films C, D and E of the present invention showed superior whitening efficacy as

compared to the comparative commercial whitening strip Film B or F.
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Pol yox(r) layer. The hydrophobic | ayer was prepared by
first coating the uncoated side of the Polyox(r)

| ayer with a thin | ayer of PVP, ethanol solution;

then, immediately before this layer is dry, a film of
et hyl cel | ul ose et hanol solution was cast on and dri ed.
A multilayer structure was thus obtained. EXAMPLE 4
[0051] This exanple illustrates the whitening activity
of the multilayer filmof Exanple 3 using an in vitro
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Sufficient, pressure was applied to the back of the
f@??ﬂgtaasﬁhé%rvgc%%n%dhesi ve contact between the film

on- 1 naReBEThe e 08 Spn e ekt A ABV P et B vy
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test. EXAMPLE 5 [00541 This exanple illustrates

S 801 Py obsihyipelos 1o SADAIGR ek appn P aried A sl

was thus obtained.

e
tHayer structure

EXAMPLE 4

[0051] This example illustrates the whitening activity of the multilayer film of
Example 3 using an in vitro method.

[0052) A small piece of the multilayer film prepared according to the method in
Example 3, was placed against a wet bovine enamel tooth slab that had been artificially
stained as described in Stookey, et al, J. Dental Res., 61, 1236-9, 1982 and obtained from
Oral Health Research Institute of Indiana University. Sufficient pressure was applied to the
back of the film to insure an adhesive contact between the film and the tooth surface. The
film was allowed to stay on the tooth surface for 30 minutes and then removed. The tooth

surface was then thoroughly washed and dried.
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conparison to a conmercially avail abl e whitening
strip. [00551 This test was carried out by sealing the
sanpl es of core Polyox(r) layer and a commercially
avai | abl e whitening strip (FilmB of Exanple 1) into
glass jars and aging at 120F for two weeks. The
comercially available strip was first taken out of
its original packagi ng pouch. 100561 The Pol yox(r)
filmlost about 25% peroxide activity in conparison to

R i g o R
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WHAT IS CLAIMED |IS: 1. A tooth-whitening nethod

conprising providing a c@mg h-whitening film
conprising a hydratable g nd a whitening agent,
said [0(151] ITmsi Epgampie iltusirstess theostabilityuof deecore Polyox® layer in

Q?Qh avorlng agent; and
I%S{Jactl n sal g *?I mpfor an effective-

t oot h ISl ﬁqg wae cargied out by Acaling FisamplebelfornPalyox@ layesand
} cotiRFGRIN availaleRiiteAing ') 26 gRssij&k ¥ind aging

GFAEE 8 - L A 5w Pt o
un@ndqhdmgmgwghm.of at Ieast about 10 000 and not nore
m:re&ﬁst he %ﬁﬁ?eﬁﬁ ﬂ]’gwa%t?%?&. ?&% %lr%gt e t%r 80 u?oloss
ebnesrly 60 pesexidpaivity) far sveilgde st Ehus

tHeNplestit RhEdn pRiviiel & Q&lchﬂtﬁ:frbaoﬁtﬂﬂ@ Sroduct than the commercially
available product.

[0057] Any discussion of references cited herein is intended merely to summarize
the assertions made by their authors and no admission is made that any reference or
portion thereof constitutes relevant prior art. Applicants reserve the right to challenge the
accuracy and pertinency of the cited references.
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per car bonates, persul fates, perphosphates,
persilicates, peroxyacids, salts of peroxyacids and
conmbi nations thereof. 4. A nethod according to claim
1, wherein the hydrophobic coating conprises a pol yner
sel ected fromthe group consisting of an ethyl

cellul ose, a propyl cellul ose, an isopropyl

cellul ose, a butyl cellulose, a t-butyl cellul ose, a
cellul ose acetate, a polyvinyl acetate, a shellac, an
acryl ate copol ynmer and conbi nations thereof. 5. A

WwigARdy GldMER RS to claim 1, wherein the flavoring

agent conprises an essential oil, extract or
flavoring al dehyd ket one, ester or al coh
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stuifave, a gycappliqu ¢oating amga;mng aoripg agent,p@@mntactmg a tooth with
sa1E1 ??W‘}oerranyeffegp ] {ox%glﬁg&%%pen%t ermel on, Dbanana,

cocoa vone anethole and
conblnatlons t hereof. 20
2. A method according to claim 1, wherein said hydratable polymer comprises a poly

(ethylene oxide) polymer having a number average, viscosity average, weight average or

Z-average molecular weight of at least about 10,000 and not more than 10,000,000.

3. A method according fo claim 1, wherein the whitening agent is selected from the group
consisting of peroxides, PVP-hydrogen peroxide complex, metal chlorites, perborates,
percarbonates, persulfates, perphosphates, persilicates, peroxyacids, salts of peroxyacids

and combinations thereof.

4. A method according to claim 1, wherein the hydrophobic coating comprises a polymer
selected from the group consisting of an ethyl cellulose, a propyl cellulose, an isopropyl
cellulose, a butyl cellulose, a t-butyl cellulose, a cellulose acetate, a polyvinyl acetate, a

shellac, an acrylate copolymer and combinations thereof.

5. A method according to claim 1, wherein the flavoring agent comprises an essential oil,
extract or flavoring aldehyde, ketone, ester or alcohol that imparts a flavor selected from
the group consisting of spearmint, peppermint, wintergreen, sassafras, clove, sage,
eucalyptus, marjoram, cinnamon, lemon, lime, grapefruit, orange, apple, pear, peach,
strawberry, cherry, apricot, watermelon, banana, coffee, cocoa, menthol, carvone,

anethole and combinations thereof.
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