WD 03/ 072075 PCT/ US03/ 05319 STRIP FOR WH TENI NG TOOTH SURFACES 5 FI ELD OF
THE I NVENTION 10 This invention relates generally to a system for whitening
hurman t eewb,03@mid75 nore particularly to a strip for applyi rgrassefoiseni 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 aSTTRENMFOR SYHIRENISGANOOTRWIRFAQRS i s the protective

| ayer of the tooth. The enanel |ayer of a tooth is naturally an 20 opaque
white or slightly off-white color. It is this enanel |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
stai ning agents and di scol 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 accunul Eo b Raiind) | 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 I}g over nmany
yearst® but i nigHf t”é’e'é“%‘ieiaéf’éaﬂﬁpéfam&%ﬁbﬁ‘%{? Yriviyteninghigranissthodndone’ s

teeth. WQ, O3/ Q%% 0¥ ng sHﬁpéfrgég’% a“@ﬁ%t@%t {oQedthn Bfder {PreRiolBCT

whi t eni ng of teeth |nc ude the application,”as by brushing, to the teeth of
per oxi de stomt &omithgswtért itfaréade conposi ti ons 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 Wologtoteavi ng applied to a surface thereof a toothPalitusendssg
conposition as described in US 5,894,017, US 5,891, 453 and 6, 045, 811.

Al t hough these systens produce a whitening effect when applied to stained

teeth, the artMeansdawewindaadng gt @eee’ﬁqchghﬁ@wagf @%t‘@‘?ﬁ;dq Bejapplictien.asd
et ght on {001 0 0 or SIS U NYENTURCAGEAL O e e

present here i's provide onposi tion
cont ai ni rrgscamdhnsuscﬁ,m,ammhessmamed 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

polymers of etmt&ge?ﬁ?rad@mem Fer- WRL&GuniP db% RthErﬁﬁ% S{tdhd haveNe matrix

havi ng i ncor porate ein a solid water soluble whftening agent in an
anount efYesomiewnsailable madolinga Whtexinp pyserhicomprised dfer tbrrestrnpaf/pltayuc 20 to be

rel eased fro thefll n the teeth to which the f s, applied.
EsCra P 6 B b Rt BRE RS s et Qs b g e g ETibed P

pol y( et hylygnedo4mii7dEgsts éms@fanahsetmrmemmong@meh@gysm pré@ude@ made in

t hi ckness of about 20 fo about 1500 ni cronet ér (gm” and preferably about

50 to abo\uhntemug)efm When dpplied t6 slamed deethaitisart fsecosbnuallyseelorg dewwhi t eni ng
agent in an nactive of the filmby saliva in the oral
cavi tﬁ/O soﬁyﬁﬁ:ﬂs J4UPYRE 2 Qﬁbgghtkﬁgqotasw&qglgpgd whi t eni ng agent incorporated in
the et hyl ene oxide polyner matri x whereby the whitening agent is activated
and released to the tooth surfaces to which 30 the filmis applied. The
rate at which the whiteni ng SAYBMARY @F JHEINVENTIOX and t hereafter rel eased
into contact with tooth surfaces is controlled by varying the film

t hi ckness, polynmer 2 WO 03/072075 PCT/ US03/05319 properties, as well as

t he whiteni ng Agending oo thentreseht ionent®uchere tmrenidedit ispsierg doeapplyiyg avar yi ng

0, I 0,
L;,Ovrrvle]a bﬁ? éﬁp%nfé)%fcggﬁrgmg z(i)g/eontsy toW%I t%gttheasqgingcg sur?arcgglf ﬁ\ea}gg Evherem ;[h%reabOUt 25%

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 bereleased 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 to about 1000 um 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 ates, and conbi nations thereof. Suit @blraSpyeBx9 de
conpounds i nclude hydrogen peroxi de, urea peroxide, calcium peroxide, and
m xtures thereof. Suitable netal chlorites include calciumchlorite,

bari um cmr@pfrrt@, apavgH @s thenwkikindrg agent sancentiatioaHiush  coacentationgeraralibhl ori t e,

and POt aSIl SLOLLA. Lo, TOSHACKOT 6ES A L] bSrekhy MBI bl £ A

preferred nate i's so erre persul fates are
CkonesTNHnEwaghamaheﬁhde polyners useful for purposes of the present

i nvention include honopol yners or m xtures of ethylene oxide pol yners of
varyi ng nol ecul ar wei ght 15 rangi ng from about 10,000 Daltons and up to

about 510, 000, 0Bf). L Idthﬂi%nﬁ&dag@ﬁ@ ﬁllizﬁ)tl)é Yor tﬁe&)rﬁaﬁerﬁﬂ%eprggenﬁmgﬁtl&po 000 to

about 1 500, 000 Dal tons. Such ethyl ene oxi pol ymers are commercially
avai | abl elnthldﬁpmmd@arsn@mlummees Potbpateshpé¢rearbdnates, gerokyacidshperawlfates.| ar

wei ght range of .1 000,000 ltons is, a romth Union
Cor b e CORsaRPiTAegs ekt SRBEREoRasryDRo S e WyisEossh ety

pur poses @ta b&rexide &@iitimipeyexidd, and mT)h@reeitﬁbYécﬂ'nSuMbléﬁlem|cMr<B¥1|tesCOrfpr' ses
about 50 to about 95% by weight of the filmof the present invention and

preferabrlyclérsea% Cig %morltablaﬂrtunaer)@w Hagppstum qiHarils) Hdwye chloFitgysef ul f or
h
prpOﬁgs %fd rﬂBh ﬁ ?ﬂg%%ﬁi LBt err%;loﬁﬁﬁ&?cﬁrE)H{@lsgﬁdﬁer SHC as

propyl ene g yco gl'ycol ydric alc S suc

gl ycerin mﬁbr&dlpbtchﬂionan@ds gidnar peicadohate S Pedfefedysergll facsraed Okdsm@e\et ate. 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

Gycerinis t hﬁth?{[e%fe %&fd@%o@{n@%% P%@@%ﬁ élﬁ'éoéé?%f{h{é ptr&%ﬂtp‘h@élﬁﬂﬁ] lha}{ﬁ?@tl on as

well as propylene glyco glhycol "such as 1's avallable from

Uni on Caririépol néms of aﬁmres@semlymne oseleipegm@a‘rs 6hv dvoing xeslestaroteigiange i n
nol ecul ar wej ht from200 to ns. 3 WO 03/072075 PCT/ US03/ 05319
In adH t.r@ﬂgrns rq%alr%é%e?&a#terﬁerdLﬁ)épekpwel%m%%@.%toagé pd Brefgiaply

pl asti Ci Z§fhe range of about 100,000 to about 1,500,000 Daltons. Such ethylene oxide
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 selected 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 orwptog/0727ne si de of the ethyl ene oxide pol ymer fiPCAusanoises 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,

ther eby achi vl HRCHERRlaLFLEBISAAL B, WILLENL A piGBgent ol el y

on the tooth surtaces. e GO eria iciently

t hi n | ayethekanaésals®be in@lUdB(ﬂﬁftfnelfﬁm iattiR niiher drhausitgielg. t(y0101fo I%eyfilmand to
allow the whitening strip to conformto an arrangenent of a row of teeth.
15 The co¥fighi nagrélilealS§u@w loyidants, PrescEvAiyEh Atavors 298 calogitsiol ecul ar

wei ghts (that is, nolecular weights greater than 1,000,000 Dalton) and

i ncl ude, ethyl cellulose, propyl cellul ose, isopropyl cel l ul ose, butyl

cel l ul ose, t- ban/l;idcef tmledxydaenemidapod)ﬁeer fdoetantbe, alsorbatkdrwittad thines of

pol yvi nyl al cohol such as po n acetat e an ella e et hyl ene
bxi te. pol BRISEOTS PITGE oG el ianREits i S B P ararddnickgng
conventi O\R}ﬁlchﬁé@véé@é :PIBlarﬂEr PPraent rel‘e%§é bMNle BSIA6RAISShitchftg a%ﬁﬁ‘t%xﬁ,thet 0 _
prepare a | m by sol vent casting poly(ethylene) oxide, e et hyl ene oxide

pol yrer omatmxxomlnfeor@l‘muwlaytlteneby aehieNing ohidisdctiomabreiasd dithemhitamgnt of a
sol vem whi c{l &% t & %nth the 25 polynmer. Exanples of suitable
sol vent s 15781 W&y er00 YoR6Ts, acetone, ethyl acetate or nixtures
thereof. After a sol ution has been formed, a plasticizer is added with

stirring, and heat is applied if necessary to aid dissolution, until a
clear and honbleerating masrial isapphed inveuficiontiedin fayen S@v@élebSP intesferaddi t i on

of the whitelid\ AR e ADRADN RLIEL: IANSEL RIS BRI hakor s, The

solution I's' coat & 0 'a sult reier rglltarledtoforma
fil m Thear€agement oTatew dltedibist have a surface tension which allows the
pol ymer solution to spread evenly across the intended carrier wdth

wi t holt 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 03/072075 PCT/ US03/05319 Exanples of suitable carrier materials

i nclude gl ass, stainless steel, tenon, polyethylene-inpregnated kraft
paper. Th&ofodlomoased in the instant invention does not coORCAIUSOHOISHRK,
ethylene 5 terephthal ate and/ or pol yet hyl ene terephthate, polyethyl ene,
Tefl on@ et hyl vi ntyl . acetate, et_hél,enevi nyl al cohol, polyesters,

hydr oxy promprlese suftakle camist (etepialsiacludgglpss, ptaintesh steelairdionr  an

anti m crobyj;almagsn Y& ft oy, fil mmay be carried out in a

hi gh-terrpol},e)drgét u?e alﬁrrlgrg%tdh usrlgné) 10 drying oven, drying tunnel, vacuum
drier, or any other suitable drying equipnent, which does not adversely
affect the actiyve.ingredient(s) ar flavaor of the film Faor ease of use, the
dry filmis culhq il disidp e igftaatjnyension dops Rot SRRt B F Backed i nto a
sui tabj e EBhAales andlr pblydiiedeErephihh @b d10ethylehl, SteRbR@OkhY VBT esent

i nventi on, Fk?heafi I%l\/\hepnq)}épplfi:ed rep@lht hgﬂ)tg%t% surface \’/\,he% hyygr ated by
sal i va i nadetate, ettgleneaiviyt alcalrol yrodyesters tydrpx ghrppylrgllulbke petystyperien wat er wi | |

adhere to the teeth IS/"I an %ggro(g)rilate manner. In this regard, the
whi t eni ngpcgwrp{ya S NYPRAYRYNERPRA 28fidt h di mension suitable to cover a row
of teeth 20 (upper or lower). Therefore, the whitening strip may be applied

to the upper set of teeth, or to the |Iower set of teeth either separately
or si mul t aneouBryng Fhikelfdmgnsy baiametsouinn ahighhlemphiatuspiaingpadt wiige & s

det ernm ne th t_of cover desired, | this regard, the nunber
OF Cell e VAR, AT, SR ARE BPRLY fifler labk Wsink EGRpend 1° NaDe
the whit ewhitd dotd hdd.adrarkely aft@nBeactive in@ydiba(sdes aesd dftheofillny, whi ten the 25

front teeth, which are nost easily seen by others. Accordingly, the length
of whitening strip can be reduced in this case, as conpared to the case

el L oo, CePUES o BB AL OB S SR I
concent r apdcied ofto & keitabld ¢amding. agent, as well as the type and intensity of
st ai N, 30
To use the whitening film strip of the present invention, the film when applied
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
20 (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
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
25  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
will depend upon the type and concentration of the whitening agent, as well as the
type and intensity of stain.

30

The present invention is illustrated by the following examples.



The present invention is illustrated by the follow ng exanples. 5 WD

03/ 072075 PCT/ US03/ 05319 Exanple 1 10.0 grans (g.) of polyethyl ene oxide
(MW 200WO00®Q/0724r%lri ch) was slowy added into about 85.0PgT/USd®)IBM zed

wat er heated to about 80 C, with vigorous stirring to forma translucent
and viscous solution. To this solution was added, 2.5 g. glycerin 5 and
stirred fBXxamBBY 30 minutes. The mixture was cool ed down to bel ow 40 C and

2.4 9, Sodi um RepGARRARYF BRMASTenSRRATNEN, 300 chOCARMIR) yodthsett  The

resul ting white onto a ss plate an wed to dry
over ni ght addad whid tabowd185.0 4. deionias] Wateripchtadto ahowed®) WG adihl wiggeat adriaff from

t he gl ass at e. dry filmhad a ne s of abo 60 m_and. cont ai ned
an equi val® H’Emaﬁraﬁgﬂﬁﬁm Qn&.%s?ﬁ}ﬁrs{% ian. 1@3%& HpR Wi %@F%hg BtEWEREDF i Im The
whi t en§ naRf direagyr Mout 50 ﬁnﬁutémﬁgﬁﬁm%&%ooﬁd cmv/ﬁ't)o DR @ef a@‘aH@d by
wetting and placing piece of the film (14 mm x mm wei ghing 2

m | | i gr and4@repdiumpgedarhonatepewslar Was:gid@fi apd mmuﬁ@w MAdnEh@mnlélhgsl ab

prepared a desrlbedln"ln Vitr Renn f Stai. vvlth tlfrlce

B R ot ooR By THARIEE ok a Ml Plare R AR ¥R e fy o7y WREY §

1236-9 (1ﬁﬁ@)~aaftdmbtvmlaeda§fe@m}qéﬁlecﬂmhbh] thR@Ea@@ﬁl@{’b Wnsumﬂmﬁhma I ndi ana
Uni versit A piece of wet paper towel was placed on top of the filmto

mai nt ai n nggsi of phew 1 6Afnne pndepnigingd asequipetient ohabaubked” Androgeie resi due
fil m yer e grgﬁgggga&a%é%pﬂwtfﬂ th was washed with water. The shade of the 20

toot h was’ fieasur recordéd both before and after the treatnent wth a
Mnolta Chronmoneter Model CR 321 in which "L" is a neasure of response to
the eye to Ii?htness and darkness, the higher the L value the whiter teeth
appear. For bowhsening efieaa oisbis, film (desiarated ‘Hilny ALY #iap apreinedby h

pu
whi t eni n ' 5. 2%
by wei gh?w%@kgag lac %cﬁl( Otmf)e emg Iﬁ%ﬁglﬁnp%ﬁ%lﬁag }‘17111%? nQ%Fg ’
simlar dhmms'ttmmuvﬂawdsf a/\ﬁmgdstEbb\Aﬁ)e ermehslab pﬁ@dreﬁmsﬂemﬁ)eanﬁ‘lm\h&bl y
stai ned bovi ne enanel sl a m nutes fol |l ow ng ciTgndepr ocedur e of

Exanpie 1RemAwal o girge with QeIMIWeSG& Yorkeyy by daritiar &d B are
Schemerhorn, J. Dental Res., 61, 1236-9 (1982) and obtained from Oral Health
Research Institute of Indiana University. A piece of wet paper towel was placed on
top of the film to maintain the moisture. After 30 minutes, both the towel and the
residue film were removed and the tooth was washed with water. The shade of the
20  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.

For purposes of comparison, a commercially available tooth whitening strip of
25 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
procedure of Example 1. The change in L values of the treated Films A and B are
recorded in Table I below.

30



recorded in Table I below. 30 6 WO 03/072075 PCT/US03/05319 TABLE I Film
Weight (ng) H2ZO2 wt. % Initial L End L dL A 23 3.4 37.32 62.09 24.77 B 40
5.2 37.43W0H30720753 24 The results recorded in Tabl e | aboPETAISON0IBMAL t he
whitening efficacy of FilmA prepared in accordance with the present
invention is unexpectedly much 5 higher than that of commercial white strip
(FilmB), despite having a significantly |ower peroxide content Exanple 2
A seri espof —firtms wasprepared usi Mg, 44 9 poty(ethytene)—oxide (MW 10
400, 000 Daltons) which was slowly added with vigorous stirring intolabout
80.0 g ilm dej oni zed wat eWVelsbtdmgl tB:Oafotit g0Inttial Mpi Ead frai nt & ni ng |t he
sane tenpgrature an continugang agi tagizng, anoinap ~ @800l Y(RLAYljene)
oxi de ( W 200,000 Daltons), was slowly added jnto th olutiaqn. After
t he corrpl%te di ssol ution of tHe pol yet ﬁ);l ene ox”ﬂﬁé, a ?‘F'%ﬂsl ucént and
vi scous sol ution/suspension was fornmed. The solution was 15 concentrated by
heating and stirring at about 80 C for another two hours. The solution was
then cool ed t o TheseputteFaserdsd an Eablo 3ehoverhowribatdhowhiteyng effisacy of 3 g.

gl ycerin g i I { m i onbgeneous
sol ution y\/\\gé Agglgg?rﬁg%g a%&t({saég%g;\tglt@e?ﬁgggt %Qg%tgqnﬁgnhggxpgg@gyr%gcn}gt e powder
was addedhighe thdrothatugfdoynnérxiabiwhité strip l{Bilgpd )y &bty hevieg agignifecandpl ution to
forma whjte, thick gel -l i ke suspension. A free-standing filmwas prepared
by casti ngMEhECABIIGSOHEML | i ke suspension onto glass plates and drying at
roomtenperature (23C) overnight. After drying, a 25 filmwas forned and
could be readily peeled off fromthe glass plates. The filmwas flexible
and stronBxamplebul d be bent or folded w thout breaking. Both thin and

t hi ck

A series of films was prepared using 1.0 g poly(ethylene) oxide (M. W.

10 400,000 Daltons) which was slowly added with vigorous stirring into about 80.0 g hot
deionized water heated to about 80 °C. While maintaining the same temperature and
continuing agitating, another 10.0g poly(ethylene) oxide (M. W. 200,000 Daltons)
was slowly added into the solution. After the complete dissolution of the polyethylene
oxide, a translucent and viscous solution/suspension was formed. The solution was

15 concentrated by heating and stirring at about 80 °C for another two hours. The

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

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
20  percarbonate powder was added and thoroughly mixed with the poly(ethylene) oxide

solution to form a white, thick gel-like suspension.

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
25 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.



films were prepared. A thin filmdesignated "C' had a thickness of about
100 um and contai ned about 2.9% hydrogen peroxi de by weight. 7 WD

03/ 072075WwB@3h18@3/ 05319 A thicker fil m designated "Fi | mPDI/Usasioz19

t hi ckness of 500 um and a hydrogen peroxide content of 3.4% by weight. A

third supported fi] mwas prep t he poI (eth oxide 5
suspensi on pre‘gé{"é{ﬁe égg’aﬁ%\ﬂé‘a@ g“’é”? g@é‘bq’gck@ﬁist ﬁ%/(la‘?]gy‘i{%eé’d inair.
The res%érbﬂgeé&{térRo(f@Ql%B?%Je?gin" FilmE") had a hydrogen per oxi de content
of 1.5% by weight by weight of”the supported film The whitening test

procedure of Exanple | using stained bovine enanel slabs 10 was repeated
to determne th ot h- t n|n effic of. Fi.l ns D, and E. The shade
change of {he B SRRRMPL RIS TErH Eheiinh Slame S HOREOERe nodel  OR
321 bot h QRp&isPnafepaéd & anb@oﬁtb%aﬂémﬂé cotfh AothQBALd MairaTRE eCe of a
comrercially available whitening strip (FilmB of Exanple |) was also cut

into a siPtlHPg W%ﬁ%ﬁlmteddﬁdleeﬂlqd@hmnmmxmcw akl f%odh for 30
m nut es. are 15 recorded in Table I1. TABLE ||
Fil m HZQz \/\féh{ﬁf?é ﬁfth%gl'%ﬁ)ce?n%ggl&ﬁc 2.9 28.98 47.56 18.58 D 3.4 38.28
65.21 26.93 E3040 07 61.82 21.75 B 4.6 33.33 41.54 8.21 The shade of

t he stai ned bovjine enanels slabs after the 3Q m nute exposure to the Filns
C, D and E of [heWBHeuasicst prioesturos! Brasmde! g%%?tawdmméﬁwge é%afbﬁcacy as

20 cofpar | I 5 D
20 cogpar g (B BPICRIRARAL Y R RPNIREARE rtiby Mg 8 b afE| ThE

shade change of the tooth was recorded using the Minolta Chromometer Model CR
321 both before and after the treatment. As a comparison, a piece of a commercially
available whitening strip (Film B of Example I) was also cut into a similar dimension
and used to treat another bovine tooth for 30 minutes. The results of these tests are

15 recorded in Table II.

TaBLEII
Film H,0,wt. % Initial L End L dL
C 29 28.98 47.56 18.58
D 34 38.28 65.21 2693
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

20  compared to the comparative commercial whitening strip Film B.



What is clainmed is: 1. Athin, flexible filmwhich when applied to stained
teeth is hydrated by saliva and 5 is effective in such formto whiten

t eet h, tHWOfBIOMOZDNPri sing an anhydrous water hydrat abl e PETRISOEHB1DXI de
pol ymer matrix containing a solid peroxide whitening agent whereby upon
application to stained tooth surfaces, the peroxide whitening agent is

sol ubil'i zed by saliva present in thQLéF‘ésf cavity into active whitening
activity Wﬂ@ﬂs%&) énkdlsm i s positioned and placed on the teeth, wherein the

et hyl ene 10 oxi de po yrrer has a nol ecul ar wei ght of a range of about

100, 000 to 10,000,000 Daltons. 2. The filmof claim1 wherein the ethylene
oxi de pol ecul ran f about 100, 000 .t o about
7500, b00! CRhignde 1 B whigh el A iedi e el Bihyarie BY PyRBABT ot e

pol ymer CO”PJéf?&ﬁv@QPéﬂ’ch?&n{%wﬁmt’t%etﬁﬁ?{% lﬂYmW@ ?hﬁm fantaiBydrblidWatrdy The film
of claim1 wherein the film contains about o0 about 30% by wei ght of

20 the soli diyémtdomthlde@tg@ﬂde p@)’m‘fhmafrlxl Cmntﬁ‘lmog aisplid peviesideiwhitechimgwhi t eni ng

agent is sodi ur r nat I a| 1 wherei | asti ci zer
is incorpor 4tel reﬁ){eup Ii(’ahcaﬂg nip sl g {‘On}h FOF° erﬁeéox\/\ﬁluer g'lt%m{?

platicizer Iagelﬂﬁﬁﬁﬂllﬂillltdﬁl Hﬂ'@hﬂﬁbfebeht&irﬁt}ﬁ ormacleyltm@wme vilitealgut 5.0 to
about 30.0% by weight. 8. The filmof claim®6 wherein the plasticizer is

glycerin. 300dty when the finds pesitigned and alacedom thedpethomdistein H’etQ‘h?y $¥nge of
about ;20 to oﬁml&)lylréeq(ﬁ% a molecular weight of a range of about 100,000 to 10,000,000

Daltons.

(e

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



