WD 03/ 072076 PCT/ US03/ 05320 STRIP FOR WHI TENI NG TOOTH SURFACES 5 FI ELD OF
THE I NVENTION 10 This invention relates generally to a system for whitening
human t eewb,03amd76 nore particularly to a strip for applyi RgTaISAkDi3emi ng
agent to teeth in order to renove stains fromthe surface thereof.
BACKGROUND OF THE I NVENTION 15 The Prior Art Atooth is conprised of an

i nner dentin |ayer and an outer hard enanel layer that is the protective

| ayer of the tooth. The ena%ll(ﬁ%/ f ﬂ-ﬁlﬁ;s urally an 20 opaque
white or slightly SARIFTOE ﬁﬁal%gpmg r‘%‘?ﬁ ayer that can becone
stained or discolored. The enanel |ayer of a tooth is conposed of

hydr oxyapatite mneral crystals that create a sonmewhat porous surface. It
is believed that this porous nature of the enanel |ayer is what allows

st ai mi ng agents and discol oring substances to perneate the enanel and

di scolor - the tooth. 25 Many substances that a person confronts or cones in
contact with on a daily basis can "stain" or reduce the "whiteness" of
one's teeth. In particular, the foods, tobacco products and fluids such as
tea and coffee that one cons { i one's teeth. These products
or substances tend to accuwﬁ@%ﬁ@ Ilglq\é]?liﬁ[bl& | ayer of 30 the tooth and
forma filmover the teeth. These staining and di scol ori ng substances can

t hen perneate the enanel |ayer. This problem occurs gradual lﬁ/ oger many
year¥ but | Apmriveentionsilited aeriesally odoTysiert iob WP SuBRa et d0done s

teeth. WO 03/ 072076 PCT/U 05320 . knQ ukr H9=bbect

whi t eni n§ob% p?ﬁ‘é@ﬁ&(%ﬂ %‘ngg!hae"%g‘égf Fea |§1rﬁl;’%5émg§)/@eberr&bus (l?rngr, t% the teeth of
per oxi degigRRtfRIMiNRGuaBid thédfebte conpositions of the type disclosed in US

5, 256,402 and US 5, 814, 309. '

BACKGROUND OF THE INVENTION

15
The Prior Art

A tooth is comprised of an inner dentin layer and an outer hard enamel layer
that is the protective layer of the tooth. The enamel layer of a tooth is naturally an
20  opaque white or slightly off-white color. It is this enamel layer that can become
stained or discolored. The enamel layer of a tooth is composed of hydroxyapatite
mineral crystals that create a somewhat porous surface. It is believed that this porous
nature of the enamel layer is what allows staining agents and discoloring substances to
permeate the enamel and discolor the tooth.
25
Many substances that a person confronts or comes in contact with on a daily
basis can "stain” or reduce the "whiteness" of one's teeth. In particular, the foods,
tobacco products and fluids such as tea and coffee that one consumes tend to stain
one's teeth. These products or substances tend to accumulate on the enamel layer of
30 the tooth and form a film over the teeth. These staining and discoloring substances
can then permeate the enamel layer. This problem occurs gradually over many years,

but imparts a noticeable discoloration of the enamel of one's teeth.



5 More recently a variety of over-the-counter tooth whitening systens have
becone avail able, including a whitening system conprised of a thin strip of
pl astic Wologtoteavé ng applied to a surface thereof a toothPalitusendssgo
conposition as described in US 5, 894 017, US 5,891, 453 and 6, 045, 811.

Al t hough the o stained
teeth, the aﬁ\?e@sﬁggg %}% seg%e vé1 %ft@étﬁ??&elﬁdg}%ﬁé; ?ﬁrr%%%@g agan

hei ght erbytrastingho thertesly of péibkmb\labhtﬁﬁlﬁg-&nhmhﬁﬁsmonwoﬂuhagfpeo t he
present jnvention there is provi system for applying a 15 conposition
cont ai nidigslosgd i 'S t%z%ﬁqzé’i‘dttﬁs\ésgggﬁﬁ%d surface of the-teeth wherein there
is provided a thin fil mcapable of adhering to noist tooth surfaces
conprising a dried, water hydratable nmatrix conprised of one or nore

pol ysers of evihsd recmltlgxai e ptyarfover-thaenoentes tlottbwhitglisg systinzdravet he matri x

havi ng i.ncor ora reln a, sol.id ter SO ent in an
amount  QEPYRE AVAL a%%,l %%Wpﬁ?gﬁg (SR F?T\I}an'eﬁ O?ﬁégﬁrsh?p 8%8?5?@ 20 to be
rel easedyfyy Wﬂé}@gﬁﬂeh B a 5iRrMB RS tahBoth RBtifening dohipekitibhas fédcAbédimappl i ed.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The wat er hydrat abl e

pol y( et Hy$ ér8@)1 0d%i ds 5f89llﬁ41§3 ohd 645 B és ésdtﬂlougivémei YateggprodBelse made in

thlcknes t t 150 cronet n ny about 50
to about™ %ﬁﬁl %#WE“’F?@%’ '%%ﬁgggh ﬂFhe Sof° g%&ﬁg g%ﬁéggﬁiltenlng agent
in ap Is@@t@his\t@uﬁp@b@anwag&mwa,tmvhttaﬁngl I mby saliva in the oral cavity
sol ubilizes the water soluble solid whitening agent incorporated in the

et hyl ene oxi de polynmer matri x whereby the whitening agent is activated and
rel eased to the tooth surf L i filmis applied. The rate
at which the whitening ageg MYARY il iyYviid thereafter released into
contact with tooth surfaces is controlled by varying the filmthickness,

polymer 2 WD 03/072076 PCT/ US03/ 05320 properties, as well_ as the
whi t eni ng agehecosding énthe aresen, Insendion dae STTPHAPG A SR o 4PplyIRER yi ng f r om

abo;lh% %@gﬁ?ﬁ#&nﬁ%ﬂ?ﬁ’geﬂﬁ' 19 WniRA I BhET ahtake 8PAREedh RHERIARB 25% by

is provided a thin film capable of adhering to moist tooth surfaces comprising a dried,

water hydratable matrix comprised of one or more polymers of ethylene oxide, and a
water soluble plasticizer, the matrix having incorporated therein a solid water soluble
whitening agent in an amount effective, when solubilized by saliva in the oral cavity

20 to be released from the film, to whiten the teeth to which the film is applied.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The water hydratable poly(ethylene) oxide films of the present invention can
25  be made in thickness of about 20 to about 1500 micrometer (um) and preferably about
50 tb about 1000 pm The dried film contains the solid peroxide whitening agent in an
inactive state. Hydration of the film by saliva in the oral cavity solubilizes the water
soluble solid whitening agent incorporated in the ethylene oxide polymer matrix
whereby the whitening agent is activated and released to the tooth surfaces to which

30  the film is applied.

The rate at which the whitening agent is solubilized and thereafter released

into contact with tooth surfaces is controlled by varying the film thickness, polymer

2



5 The solid whitening agents suitable for the practice of the present
invention include peroxides, netal chlorites, perborates, percarbonates,
per oxyaciwe,03pz03ul f at es, and conbi nations thereof. Suit @blraAISpE0B320 de
conpounds i nclude hydrogen peroxi de, urea peroxide, calcium peroxide, and
m xture .20 I l.e I | Qri s i; ite,

bari um j)ﬁ%%ﬁrl%égs Wa%h%ag?ﬁu C raig'(télltiat C%H%nﬁlﬁg%h’g%%%??g&hﬁ%&g%&d{at%&chI orite,
and pot assyitgnfioh ot @.1 td hkoy 36y eeighhindrireferabéy stwai Ohtebbarti2béa A
preferred percarbong&g i s sodium percarbonate. Preferred persulfates are
Oxones TN Y1804 ofile Bl-de pol yners useful for purposes of the present

i nvention include honopol yners or m xtures of ethylene oxide polyners of
varyi ng nol ecul ar wei ght 15 rangi ng from about 10,000 Daltons and up to
abouts 10, 000, THxGsolid mlotesingragenss efitabifoy theipradtice of theguessht iakeniton100, 000 to
about 1,,500, 000 Itoni.égrch et hyl epe oxidﬁ ?ol¥ners re co %_rcially
avai | abiiBeAORTERAR gt shits, PabPT S TP G e e o i B Sc U ar

vei ght  raag8n®inatiBnd8Rrdo? $uitdh ROGkiBatdmpsurids ithaid [gatdgeh barsxidee  Uni on

Car bi de Conpany under the tradenane "Pol yox" and are Prefenred for 20
pur pos esires parpeidpraateiumn perpxédes ashmixtyres Bierspife fvitable astabellories conpri ses

about 5Q t.o. about %.by, weli f the fi . ..invention and
pr ef er at}flg}ug%fﬁaﬁ?m%]o&?%ﬂe’a%%pp %@%ﬂﬁym Fé’?n“%ﬂ%%‘%gﬁ tgfs?‘{n?(ézllﬁtz}%tre’ useful for
pur pes essodfunt BgofeSaRNpothRMBNERIOHLeA TRe Pedfegédechlbriters scdhurglchlodts Such as
propyl ene glycol, polyethylene glycol, polyhydric alcohols such as

gl ycer i rprefisrred petsatbohata prisogivpe peredrberater Bresatad nessudfeies eredPxanes Jeet at e.  The
pl asticizer conprises about 5 to about 30% by wei ght of the filmof the
present invention and preferably about 10 to about 25% by weight. 30

A ycerin is thayRhebLIIE polyMRSdeail 61 purPdset! s Lthe Prdshs: ipveasientndluteent i on as

wel | as propyl ene glycol or %ol yet hyl ene glycol such as is available from
Uni on Cdiosiapelynmess pomaktiens ofsthyleae pxide pplygicsy ol pagaedeculiieit ange i n

nmol ecul ar Lgh [ 0 I / / 05320
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pl ast i cijagke range of about 100,000 to about 1,500,000 Daltons. Such ethylene oxide

i)

polymers are commercially available from various sources. Poly(ethylene) oxide in
the molecular weight range of 10,000 to 1,000,000 Daltons is available from the
Union Carbide Company under the tradename “Polyox” and are preferred for

20 purposes of the present invention. The ethylene oxide polymer comprises about 50 to
about 95% by weight of the film of the present invention and preferably about 60 to
about 85% by weight.

The plasticizer useful for purposes of the present invention are selectéd from
25  glycols such as propylene glycol, polyethylene glycol, polyhydric alcohols such as
glycerin and sorbitol and glycerol esters such as glycerol triacetate. The plasticizer
comprises about 5 to about 30% by weight of the film of the present invention and
preferably about 10 to about 25% by weight.

30 Glycerin is the preferred plasticizer for use in the present invention as well as
propylene glycol or polyethylene glycol such as is available from Union Carbide
Corporation as their series of Carbowaxes which range in molecular weight from 200

to 600 Daltons.



there may also be included in the filmmtrix mnor amounts, e.g., 0.01 to
2% by weight of ingredients such as antioxidants, preservatives, flavors
and col orwptos/0727€ne si de of the ethylene oxide polyner fiPCmusanoiseo al so
coated with a thin protective coating |ayer, e.g., of 10 nanoneters (nm
to 500 mcrons (un) thickness which serves as a barrier to prevent rel ease
of the solublized whitening agent fromthe matrix to the oral nucosa,

t her eby achi QMiaagtluntdtHeemdmaﬂloﬂ @ﬂmmmmWhﬁhéng\hgmwﬁndgﬂasnieizagent solely
on the tooth surfaces. ecoaté_llng material is ap :8 gsufflmently
thin Ia)ﬁb‘?reéltﬁyfaaésorh?tlnﬁlé}d?qﬂ@éh? fra maiy ertqq@npluggg, Ig1’ % BEAMe filmand to

al I ow they gﬁt Bt tdtl és%nﬁ@ﬁﬁ%té“ tQeARtiva HaNEeaREol8fanR.  OW of teeth.

15 The coa terl a S can be one a conbl nation of high nol ecul ar
wei ghst (that i's, molecular vvel ghts greater than 1,000,000 Dalton) and

i nclud th | but yl
oo Dokt R S SRk S San b SO SRR, o4
pol yvi nég%rot%kmlatlﬁé’fé@'ela% @@fﬁ@'n@ﬁém&@@%ﬁ?t@m @iteddsqam) 2ckbaes et hyl ene

oxi de pol yner t he “present invention can be prepared using

convent i wimgh sex¢s assi parigrto $>cﬂV\¢etritele@@sﬁtf thesohetdized sditening pgentdiop &e t o
prepare a i.l mby sol vent th e i yl ene oxi de
pol yner %?mﬁtt%% oéaldPucoﬁﬁ’l t§} %réﬁ%\l}e%onﬁ r)sleg%f qﬁl’(l:? %’ﬁ%n% unt of a

sol vent  aahicdaldl oﬁm@t,ﬂhtghﬁfawsth the 25 pol yner. Exanpl es of suitable
sol vents 1 ncl ude water, alcohols, acetone, ethyl acetate or mxtures

t her eof . After a solution has been forned, a plasticizer is added with

stirring, '- i I til a

cl ear and gﬁ@g?ﬁ@ m%Pe‘B‘# féiddghfl?t %ggf?l&%htwhgllgt[& ﬁ%@hgfﬂg fzgjaaddl tion

of the whith el figibiRgesTithefilin axﬁtytooatllloezrthe nditeding strip tewohfors tb hmvor s. The

solution is coated onto a suitable 30 carrier material and dried to forma

film Theraagemedof ggewofigethust have a surface tension which allows the

pol yer solution to spread evenly across the intended carrier wdth

w t hout soaking in to forma destructive bond between the two substrates.
The coating materials can be one or a combination of high molecular weight

(that is, molecular weights greater than 1,000,000 Dalton) and include, ethyl cellulose,
propyl cellulose, isopropyl cellulose, butyl cellulose, t-butyl cellulose, cellulose
acetate, and derivatives of polyvinyl alcohol such as polyvinyl acetate and shellac.

20

The ethylene oxide polymer film 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 ethylene oxide polymer or mixture of
polymers is dissolved in a sufficient amount of a solvent which is compatible with the

25  polymer. Examples of suitable solvents include water, alcohols, acetone, ethyl acetate
or mixtures thereof. After a solution has been formed, a plasticizer is added with
stirring, and heat is applied if necessary to aid dissolution, until a clear and
homogeneous solution has been formed, followed by the addition of the whitening
agent and any other ingredients such as flavors. The solution is coated onto a suitable

30  carrier material and dried to form a film. The carrier material must have a surface
tension which allows the polymer solution to spread evenly across the intended carrier

width without soaking in to form a destructive bond between the two substrates.



4 WD 03/ 072076 PCT/ US03/05320 Exanples of suitable carrier materials

i nclude gl ass, stainless steel, tenon, polyethylene-inpregnated kraft
paper. Th&ofodlomoaced in the instant invention does not coORCAIUSOHOISAXK,

pol yethyl ene, 5 polyesters, hydroxypropyl cellulose, and/or an

antimcr a Y t ina

Aot o %Q l1ﬁ%g%gﬁablge%h&%%en£1@%%ﬁdeg£@ stQﬁlegsggtééletgﬂt&:r}nnel acuum
drier, qioly%ﬂwlmetuﬁ{préguateabdrmﬂaperng equi prent , vvh| ch does not adver sel y
affect the active ingredient(s) or flavor of the film 10 For ease of use,
the dry filmis cut into pieces of suitable size and shape and packed into
a suitable c r esent

i nvention, tﬁgﬁ?jﬁlﬂs\%grgthgsiptérﬁgnxy@%%&?gbétﬁﬁlgt ltséel{e{‘)%ll tas\t%f’ gt)lgkhmﬁleeﬁehydrat ed by
sal i va ipolydsterg hadrogpopyl cellulpsewad/oeen mtindcmbialggertthe strip in water wll
adhere to the teeth in an appropriate manner. In this regard, the
whitening strip is formed to have a width di nension suitable to cover a row
of teeth (UPBRAinddr thOWRA nay Bacha{r & if DRighhbhFGhNGe Sit-bhid J¥HE He appl i ed
to the upper set of teeth, "or to the |ower set of teeth either separately
or si nuldrymgeysh, ;drylﬁg@lmlehgawmdldﬁ:rnmymﬁh@fsmﬁa’ﬁée dningeeduigmetts i p i s

of oot RVIAR BRE o FOvaeey Pl s e i vl REREERT et ons of

the phitening strip. For instance, it may be desired to only whiten the
front teeth, which are nost easily seen by others. Accordingly, the |ength
of whiteni nchs'tea-‘i‘»quolam the dydigrisgui intq picess o satablasizomshshape ##l t he case
where it ﬁcfj sit tﬁ?e L Q4 vvhlten all of the teeth. The duration of

appl i cat% eo@%f‘?é‘ Py to the teeth will depend upon the type and
concentration of the whitening agent, as well as the type and intensity of

stain. The present invention_ is illustrated, by the fol chl)vm ng e agpl es. 30
Exanmpl e 1 To use the whitening film strip of the present 1nvent10n the film when applie

15  to the teeth surface when hydrated by saliva in the oral cavity or prewetted by dipping
the strip in water will adhere to the teeth in an appropriate manner. In this regard, the
whitening strip is formed to have a width dimension suitable to cover a row of teeth
(upper or lower). Therefore, the whitening strip may be applied to the upper set of
teeth, or to the lower set of teeth either separately or simultaneously. The length

20  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

25  to whiten all of the teeth. The duration of application of whitening strip to the teeth
will depend upon the type and concentration of the whitening agent, as well as the

type and intensity of stain.

The present invention is illustrated by the following examples.

30

Example 1
10.0 grams (g.) of polyethylene oxide (M.W. 200,000, Aldrich) was slowly

added into about 85.0 g., deionized water heated to about 80 °C, with vigorous stirring

5



10.0 grams (g.) of polyethylene oxide (MW 200,000, Aldrich) was slowy
added into about 85.0 g., deionized water heated to about 80 C, with

vi gor ous woimsiiaege 5 WO 03/ 072076 PCT/ US03/ 05320 to for mpeTiusaneisecent and
vi scous sol uti on To this solution was added, 2.5 g. glycerin and stirred
for abo 3 I : nd 2.4 g.
sodi um pérf%lgl} %h?csént %\gﬁnggv?gé g%ﬁ%%%%gﬁgﬁ ﬁ%}lgﬁ‘g%sta@%éﬁigg"‘é %ﬁe%@sul ting
white ma)ﬁﬁlsflﬁ‘e&\/ﬁj‘r abagit30aninates. "glhemmtmieatas caalédabtvn\wﬁelbw 40r3C awer ni ght. A
white dry 5 filmwas forned which aeléjg peel ed I{I(t)hfro t he gl ass

pl ate. TheSdofivmn percarhanate PPYenRs OHE%]@ nf”l’fe Wfed an

equi val 0 f At m The

whi t eni ﬁgﬂef f’%%g%agg as:%éhs z?é ggéef?%tgglﬁ 4 ﬁg{)\ggdﬂ% dry\%b%{gha/ag @gén?rli}l,ed by lo
wet t isng filndwpd ﬁmnn@; whichorasatadilyepebled mff{ famrting gla&Eplmtm ThwednyHilmchad

mlligra . ). , agaipst t sur f ace of.a s ned ine, enanel sl ab

pr epar ed@@%ggéﬁb%g&&ﬂmﬁﬂﬁ C\?P{aﬂlE? P AleD f)‘?tl Fgg% o8B it rice”, G,
St ookey, e}'o,(\% %q; gr@e¢1B. R Schenmerhorn, J. Dental Res., 61, 1236- 9
(1982) tal ne rom Oral Health Research Institute of Indiana

University. A piece of wet paper towel was placed on 15 top of the filmto
mai ntain the m)is ure. After boththe owel and t resi due
film Were rerwjel%f’e\éf %W&‘%@c‘ic&d’c ﬁh‘ﬁ/gim\ﬂg%s Fﬁ%ét)e?’as FHas e of the
toot %ﬁhﬁngﬂ ﬁ@&c@%@f&%mh%ﬁ%fﬁrﬁrﬁ%@iﬂgem figigtah@ahiEnt wWith a

M no ta del” CR'321 in which "L" measure of response to
t he eye dgainst ihghﬂrfwsafarsthmhaﬂrbmewnamhbslab pispared hedescubedim ‘Ih¥imi t er teeth

appear. 20 For 0S ilable tooth

bt toni reeteeval o S T LB R0 ShPn T Bty BB 2 i ng 5. 296 by
vei ght  hydlee@abrRel DéhdER S 4RSI 2550 82l bhddbBahed@smaOR0 Hedlth i nto a simil ar
di nensi on whi ch wei ghed 40 was used to treat a simlarly stained bovine

enamel sResoarchAniuterioflndéanaf w@mg& pikes obvghipgpadavel wes Hregdsite 1. The
change In Lf )[Ihal mtOOIIIalltltglel‘lt e N1 Sgre ftnP3OA‘m%HRest@tthhe {o%?ﬁﬁic?gle' n Table |

bel ow.

residue film were removed and the tooth was washed with water. The shade of the
tooth was measured and recorded both before and after the treatment with a Minolta
Chromometer Model CR 321 in which “L” is a measure of response to the eye to
lightness and darkness, the higher the L value the whiter teeth appear.
20
For purposes of comparison, a commercially available tooth whitening strip of
the type disclosed in US 5,894,017 containing 5.2% by weight hydrogen peroxide
(designated “Film B”) was also cut into a similar dimension which weighed 40 mg
was used to treat a similarly stained bovine enamel slab for 30 minutes following the
25  procedure of Example 1. The change in L values of the treated Films A and B are

recorded in Table I below.

TABLEI
Film Weight (mg)  H,0,wt. % Initial L End L dL
A 23 34 37.32 62.09 24.77
B 40 52 3743 44.67 7.24




TABLE | Film Wight (ng) HZOZ wt. % Initial L End L dL A 23 3.4 37.32 62.09
24.77 B 40 5.2 37.43 44.67 7.24 6 WO 03/072076 PCT/ US03/ 05320 The

resul ts rwoosdezd7é n Table | above show that the whiteni ngPeftfusozeip2of Film
A prepared in accordance with the present invention is unexpectedly much

hi gher than t 7l ving a
significantl y%% 5%1}5&%}%?&?’&"%% %ﬁqt‘]% hg% tﬁftﬂ%ﬁkmlgg?ﬂgfsca (;?I | ms was

plr e\?mar eCFc}gﬁ Angrepar@d gn mbt;déﬂct&witbﬂm)presenﬂmvéﬁﬂdms ud&PeOBdlyRaidhons) whi ch was
slowy added with vigorous stirring in ut 8 hot . . dei oni zed wat er
heat ed tghasdean thet of copmareialiahits R nﬁa} %Saﬁ%g‘ivéﬂg%?]&fllfwén d 10

cont i nui th 10. I t hyl d M W 200, 000
1B%e , tdle@Qnt not her Qg pol y(ethyl ene) oxide ( ,
Dal t ons) ng,gérgl adedlntothe solution. After the conplete

di ssal ution of the polyethylene oxi de, a translucent and viscous
solutloqésusEeQ§ion was fornmed. The solution was concentrated by heating

and stir about 80 C for another two hours. The solution was then
cooled to I OOt QLT AN kBis Ged kg 100 Eh81 Bndxild @nw.3. 3 g. glycerin
was added and stirred for a%g%t I’%I nu?rﬂ) ﬂé&ﬁ%’ll Iéa horr(ggeneous sol ution

was obt a0 Balisse)erkich nps sBwdy gd@ddvmylgpmue ammmgan@ Fhowi0 gdist added and

t hor oug ed wth t et-hy oxJ de ntoforma whi t e,
t hi ck ge‘%eY?DrLngl ‘gﬂgb]%%ﬁdgﬂ ag%%ﬁ ?ﬂq gﬁgnféﬂ%}lﬁanqg ﬁ]s%élg RSBy casting
the gbov@nashinkiakRatfiss mﬁérqro qujmﬂemlyeeﬁs) @h@é $M wnaooioyo n@ltais)r oom
tenperature (23C) overnig After dry | m was formed and coul d be

readi | y pwesslewlysrdded rr@Mheweh@lloaséftsn ta@ é@mplpﬁedlﬁomonaé the polyethylene

oxide, a translucent and viscous solution/suspension was formed. The solution was
concentrated by heating and stirring at about 80 °C for another two hours. The

solution was then cooled to room temperature (23°C).

15
To the above solution, 3.3 g. glycerin was added and stirred for about 30
minutes, until a homogeneous solution was obtained. Subsequently, 3.0 g sodium
percarbonate powder was added and thoroughly mixed with the poly(ethylene) oxide
solution to form a white, thick gel-like suspension.
20

A free-standing film was prepared by casting the above gel-like suspension
onto glass plates and drying at room temperature (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
25  films were prepared. A thin film designated “C” had a thickness of about 100 um and
contained about 2.9% hydrogen peroxide by weight.

A thicker film designated ‘“Film D” had a thickness of 500 um and a hydrogen
peroxide content of 3.4% by weight.
30
A third supported film was prepared by casting the poly(ethylene) oxide

suspension prepared as above onto a flexible cotton cloth and dried in air. The



flexi ble and strong and could be bent or folded w thout breaking. Both thin
and thick 25 filnms were prepared. A thin filmdesignated "C' had a

t hi cknesswofo3ameaé 100 um and contai ned about 2. 9% hydr ogen/yses/assede by
wei ght. A thicker filmdesignated "Film D' had a thickness of 500 umand a

hydr oge 2 0X].: t | S rted filmwas
pr epar e%ﬁﬁl@ﬁ%@éﬁ?ﬁ%&fﬁé@ﬁ Fﬁ#f’ﬁﬁﬁgﬁgmﬁgéﬂogﬁgﬁﬁgﬁl t(r)% lp%bg% red as above
onto a fWeaxhttyeveight smheswppbrianfilngdried in air. The 7 WO 03/072076

PCT/ US03/ 05320 resulting strip (designated "FilmE") had a hydrogen

per oxi de content of 1.5% by wei ght by wei ght of the supported film The
whitening te R&LH slabs 5
was repeat edslihoa[)d{,dﬁ ?@%%gﬁ%@%ﬁ tﬁéeﬁr}%%%tﬁ%lfl ca@éoélﬁgﬁmgs%éc D and E.
The s5shaass repenngitoaleterhmettivotobtharbitereog eficdcyusfi Fing G,eD hd &l tTaheChr ononet er

Model oth_before and aftfer th ri,.son, a piece
of a cor?ﬁé‘%c‘?]}‘éf‘g?/o %Qqﬂ%ﬂy@%mﬁm‘i{egﬂﬁlﬂé%ﬁW@H%W%%rm 1) was al so
cut intog b%'t}m)éf@f e A TRBSHE realdtbht URSY b Bﬁﬁ%taﬁiégé bes chivkRealtoot h for 30
mnutes.” The results of these tests are 10 recorded in Table H. "TABLE ||

Film Hzcazzamable whiteming afripl(FimdB bf Bkardple Ipwagale@cut intea sigilggdimpngond 38. 28

65. 21 26. 3.0.40.07.61.8 ol B. 4.6 - 33 fid o P The shade of
t he st aiff dls‘f') (9 et %‘?ﬂiﬁglbgvgllei%%ﬁé?rt%eormwge%g%ﬁir?‘?&ﬁ%o e%estﬁsrqtsé 0 the Filns
C, Doandedorféd fnheap Bsent i nventi on showed superior whitening efficacy as
15 conpared to the conparative comrercial whitening strip FilmB. 8

TABLE II
Film H,0, wt. % Initial L End L dL
C 2.9 28.98 47.56 18.58
D 34 38.28 65.21 26.93
E 3.0 40.07 61.82 21.75
B 4.6 33.33 41.54 8.21

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

15  compared to the comparative commercial whitening strip Film B.



WO 03/ 072076 PCT/ US03/05320 CLAIMS What is clainmed is: 1. Athin,
flexible fil mwhich when applied to stained teeth is hydrated by saliva and
5 is effeatamsa72at6such formto whiten teeth, the film conmdUseg0sa20
anhydrous water hydratable ethyl ene oxide polyner matri x containing a
solid peroxide whitening agent whgjgRys upon application to stained tooth
surfaces, the peroxide whitening agent is solubilized by saliva present in
t he or al Waawistclaimbd &: active whitening activity when the filmis positioned
and placed on the teeth,wherein the ethylene 10 oxi de polyner has a

nol ecul ar wei ght of a range of about 100,000 to 10,000,000 Daltons. 2. The

filmof ¢laiym1l { > L I 2 r wei ght
range ofﬁa%glﬁ?tn’ ?%8%389}%;@%%? H %ﬁ-‘@%gq%('s) ﬁﬁg?‘%%lggs.hy?gﬁ%@iﬂr%éﬁg Fl{‘l% of claim
1 wher ei n tiheffeetiny renueh dxindte wplateprtesth,abenfiirh sempabiog tin afhytdvousabaet 95% by
wei ght of the film 4. The filmof claim 1l wherein the film . contains about
0.1 to aboﬁﬁr@tﬁ%%i}hwwldwwﬁr BXORfAIRR A oalT RFORGe RICBNEThe £ m of

clai m 1 whepgl Ryl Whoh 8PHIEHAIRItaihed RBH] 4ATRPES ARRANMEwhitdring he fil e of
claiml wherein a plrasticizer is incorporated inthe matrix 25 7. The film

of cl ai m 6 agtrgissaiubilizedtyataliva prssernit én fheosd ravitninthactivatwhitenig a
concentration.of about 5.0 to.aboyt 30,0%Db ight, 8. The filmof claim®6
wher ei n th_édb‘fl s‘f"ﬁ?ﬁ tLzr!lﬁlﬁl?l?"és E)‘?%té@reﬁﬁl.lg’p@ﬁe QX%ef% P gfhﬁ:lefehavi ng a
thi cigness oRideRRIFBEIRs AinARAU: welstt Of 2Baisk ok 28KAN108,000 to 10,000,000

Daltons.

2. The film of claim 1 wherein the ethylene oxide polymer has a molecular weight
range of about 100,000 to about 1,500,000 Daltons.
15
3. The film of claim 1 wherein the ethylene oxide polymer comprises about 50 to
about 95% by weight of the film.

4. The film of claim 1 wherein the film contains about 0.1 to about 30% by weight of

20 the solid whitening agent.
5. The film of claim 1 wherein the whitening agent is sodium percarbonate.

6. The film of claim 1 wherein a plasticizer is incorporated in the matrix
25
7. The film of claim 6 wherein the platicizer is present in the matrix at a

concentration of about 5.0 to about 30.0% by weight.

8. The film of claim 6 wherein the plasticizer is glycerin.
30
9. The film of claim 1 having a thickness in the range of about 20 to about 1500um



