ORAL CARE FI LM FI ELD [0001] This invention relates to a conposition useful
for oral care, nore particularly care of a dental surface. BACKGROUND
[0002] 1t is known to deliver an oral care substance, for exanple a tooth
whi t eni ng substance, to a dental surface by neans of a renovable strip of
flexible material having coated thereon a conposition such as a gel
containing the oral care substance. See for exanple U S. Patent No.

5,891, 453 and No. 6,096,328, both to Sagel et al. [0003] Anot her neans of
delivery of an oral care substance to a dental surface is in a formof a
liquid or gel that can be appl i ORAIOCARE EllMace, for exanple by painting
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t oot hbr ua&ttﬂgurfac{e0004] U. S. Patent Application Publication No. 2003/ 0124065
di scl oses conpositions said to be useful for dental stain renoval and
prevention, conprising a V|nylpymmanngnmabubnyl acetate copol yner (PVPNA)
havi ng a V|nyI yrrolidone/vinyl acetate tio of 30:70 tq.90:10, for
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[0004]) U.S. Patent Application Publication No. 2003/0124065 discloses compositions said to

be useful for dental stain removal and prevention, comprising a vinylpyrrolidone/vinyl acetate
copolymer (PVP/VA) having a vinylpyrrolidone/vinyl acetate weight ratio of 30:70 to 90:10, for
example 60:40.

[0005]  Patents and publications cited above are incorporated herein by reference.

[0006] It would be of benefit in the art to have a delivery system for oral care substances in a
form of a composition that would remain on a dental surface for a long enough period to be

efficacious yet would not have to be mechanically removed at the end of such period.

SUMMARY
[06007] Now provided is a composition for delivery of an oral care substance to a dental
surface upon application of the composition thereto, the composition being a flexible film
comprising the oral care substance dispersed in a film-forming effective amount of a polymeric
matrix having a hydrophilic component and a hydrophobic component in a weight ratio selectézl‘
such that the film is substantially dissolvable in saliva in a period of time effective for delivery of
the oral care substance.

[0008] In one embodiment the polymeric matrix comprises polymerized vinylpyrrolidone



(VP) and vinyl acetate (VA) nononers in a VP/VA weight ratio of about 90: 10
to about 10:90. The VP and VA nononers can be present in a physical mxture
of separate honopolyners, i.e., polyvinylpyrrolidone (PVP) and pol yvi nyl
acetate (PVA) respectively, or they can be present together in a PVPNA
copolynmer. In either case, adjusting the weight ratio of the nore
hydrophilic VP to the nore hydrophobi c VA nononers enabl es dissolution tine
to be controlled for optinmmdelivery of the oral care substance.
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[ 0016] Sui t abl e peroxy conpounds i nclude hydrogen peroxi de, peroxi des of

al kali and al kaline earth netals, organic peroxy conpounds and peroxy acids
and salts thereof Any orally acceptable conmpound that delivers a perhydroxy
(OOH) ion is useful. A peroxy conpound can optionally be present in a form
of a pol ymer-peroxide conplex, for exanple a polyvinyl pyrrolidone-hydrogen
peroxi de (PVP-H202) conplex, or encapsulated in a polymer m crosphere or
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accept abl e anti pl aque, including plaque disrupting, agent. One or nore such
agents can be present in an antiplaque effective total anount. Suitable
anti pl ague agents include without |imtation stannous, copper, nagnesium
and strontium salts, dinethicone copolyols such as cetyl dinethicone
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hydr ophhitate. aRsbthet uidbrOBdsensimMY BRIchAt BlsodiumUhitral! eABlgbEly Rt Qd(h@olm ovi de
a dissolution tinme appropriate Tfor delivery of a artlcu?,ar oral care

subst antogal PGB ANRlERRIS, sughyas @pRidp| ¢adeing eqeﬁaémmph@al sagdinm saligylatg o5 t o
about  6QicfHaRdhfte shifdylf B4APLE u&go%néoxt ﬂoéb&ﬂgltlﬁgg H% G Qfﬁlforaalﬁﬁlggsxc]soaré 0
about 30 m nutes or about 15 to about m nut es. nger or s

di ssol ueptismally presentre dpsensitiainglanilior s‘p@%rﬁz‘ ieffedtive emosntatypisslly §08GPI% ter ovi de
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met hacr Pt ”@:‘“%IPP?W? icoafide (AVPS)| ziigp o8k t tehyd r?/‘ienwobd’@étﬂ@ﬁ esuch aS
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herein by particular reference to vinylpyrrolidone as a
nononer dighesphensies sueh ape ezmcl@@,kaaeﬂﬁdj) dmdmneteﬁomgmr azac}’°10heptaﬂe-2 2-

diphosphonic acid), N-methyl azacyclopentane-2,3-diphosphonic acid, ethane-1-hydroxy-1,1-

’»U-

diphosphonic acid (EHDP) and ethane-1-amino-1,1-diphosphonate, phosphonoalkane carboxylic
acids and salts of any of these agents, for example their alkali metal and ammonium salts.
Useful inorganic phosphate and polyphosphate salts illustratively include monobasic, dibasic and
tribasic sodium phosphates, sodium tripolyphosphate, tetrapolyphosphate, mono-, di-, tri- and
tetrasodium pyrophosphates, disodium dihydrogen pyrophosphate, sodium trimetaphosphate,



[0038] I n one enbodi ment the polyneric matrix conprises a physical m xture
of pol yvinyl pyrrolidone (PVP) and pol yvinyl acetate (PVA) in a PVP/ PVA

wei ght ratio of about 90:10 to about 10:90, for exanple about 75:25 to
about 20:80, or about 60:40 to about 30:70. Such a physical m xture can
readily be prepared from PVP and PVA products, or can be obtained as a
prem xed product. For exanple, Kollicoate SR 30 D of BASF contains PVP and
PVA in a 10:90 approxi mate weight ratio; the ratio can be adjusted upwards
by addi t scdinmpfhezametqpposppaté caand therdikes wdibrelVBodidm desi opidnal[y0bS Stplavedrint her

nbodi t t f | lid
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copolynmers typically have an average nol ecul ar wei h of about 10,000 to

about 1, 39yt Yo, oweaam@;abﬁslr @-Oé%émbo,?@%@qbem&o’o@to Dod, GHPoveighout 27, 000
to about 1000 t

ol 11 don{T3 IV, BAno Bt Y O BP0 ok A an il S phixBlos it

Luvi skol ecckplatde staproug A SOW&Q‘/lWﬁg‘gh fopexenpiei ighbelping ireduse gdazivits, HmRIA
products b nal, for
Ecanpl ¢ Sfetlus, BBt BLch A" CheRBRFE 5Bl shitod sEbe Bflen® \EabR sulholf 0 ora
copol ymesouuam inzluidp rvethemthmmmhestapmdlgs rferoride tothex sfafincaie dalided sudhoas saomog €, to
fine-tuneh \{_g,/dVA % ratio a ran efromlgso 40 tg 30 70 for optinmum
di ssol ut T Sesmicy SRuREL pRRoRt IR F U g oty ire sals oh pruininee. &
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70% by waii Ofatal %oﬁdﬂ%f@%ﬂ@%l%'t@@bodttlow for eQRRAE Moy 0.0% HAYHH 7956 dout O
include the PVPNA copol yner in an anount of at |east about 5% or at |east
about 1074"%9"‘\%?@%“ § afahg spmppsidomnpunt of PVPNA copol ymer can be about
20% to a 65 Wl ah rﬁ;ﬁuﬂfﬁg Q mer 1 s
t he sol efofqlﬂelg m ffoé;alran&gg mat glrnl%g ﬁ‘?ﬁo cglrcr%ﬂé@f}?sl A(;Swnh% ?%}cg}l‘:éls@ef% ag]rogéeﬂygrmunt S
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enbodi rremt)s%t&@oﬁoi%,rm:rexmplelaxmon%tbtauéuﬁs%abpwtmg%%}tetboﬁb@stﬂon90% about
30% to abo_}r] 80% or a gut 35% to about 65% . by wei ght of the conposition.
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"pol yacr erein e as nmers and co mers havin onerlc
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pol ymers_are operable to farma film prefer y when cast on a substrate

hl
froma sORUYLTBOYC SYGR agppis dreRERfin aéalb"élS?’é‘(‘:‘ﬁ??&?@"&%&ﬁéﬁ?“‘ﬁoﬁtb‘faibkes a
copol ynmegaisdo Fﬁ’é%ﬁn&ﬁde’mﬂ@utflhﬂlﬁtloﬂm%ﬁb GucH 2k bricS BlBE, neffic dudthit NRcBiOUP
consi sting of acrylic acid, methacrylic acid and conbi nations thereof, and
one or rAsiRic. SURBISANGEHAAAGAS units sel ected from the group consisting of
acryl ates, acrylam des and conbi nations thereof. [0045]I1lustratively, the
first rmnorreri c units in such a copolynmer conprise nethacrylic acid or
13- net hacrylic acid. 6



[ 0046] Acryl ates useful as second nononeric units in such a copol yner

i nclude nethyl acrylate, ethyl acrylate, n-butyl acrylate, isobutyl
acrylate, t-butyl acrylate, 2-ethylhexyl acrylate, lauryl acrylate,
tridecyl acrylate, cetyl acrylate, stearyl acrylate, cyclohexyl acrylate,
benzyl acrylate, isobonyl acrylate, 2-nethoxyethyl acrylate, 2-ethoxyethyl
acryl ate, 2-phenoxyethyl acrylate, tetrahydrofurfuryl acrylate,

2- hydr oxyet hyl acrylate 2- hydroxypropyl acrylate 4 hydroxybutyl acryl ate,

di met hyl anj noet.h a at e, a gle an
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i ncl ude et hyl nmethacryl ate, ethyl nethacrylate, n-butyl nethacrylate,
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pol y- HEMA, “avai |l abl e for exanp from Pol ysci ences wat er - sol ubl e
acryl i cnamrdsemb@mymlés such as l\/[}0560 MG 0580, and MG 0607 of Dow
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referre(tj t s si.| oxane n(1)nd aﬁdl can be substi tut 3d smlgt hehydreocar bon

radi cal 8¢ ?‘é?fﬁ@d GP’FVQESFIIYy ¥i Bergasig fignPrapsten 196 ydrorhepi¢ prongmerscignthst ons.
The MoShoEARPRALTKY Alseaaid0oineé afiealish @hbeatlphentddonalos or&w}eahwm pel- 10
alkyl radicals. The resulting silicones can be polynerized or

pol ycondelastex routisersenenmsniatien based anithrydiselesuss hergianto ssdastisuilabledydrophilic ar e
not |i S r I

Si | oxag]gé(?guc hoﬂﬁcél ne‘rﬁﬂc%negug%&élwl gg&ﬁg@};@@k%nde@k% %gglénneedpg%%{%ﬁem ng
pol yners anong those useful herein include poly(dinethyl

si | oxane) - g- pol yacryl ate pol yners, such as Silicone "Plus" Polynmer VS80Tm
of 3M Corporation. Vinyl esters suitabble as third nmonomeric units include
vinyl pentanoate, vinyl hexanoate, vinyl heptanoate, vinyl octanoate, vinyl
nonanoat e, vinyl decanoate and vinyl dodecanoate. [0052] O her optional

pol ymer conponents conprise salts and esters of acetic acid. A non-limting
exanpl e of such a salt is zinc acetate. Esters include those with al kyl,
aryl and vinyl groups and the like. In one enbodi nent a pol ynmer conponent
conprises a terpol yner of.vinyl ‘acetate, crotonic acid and vinyl

iy —




oral cavity. Such polynmers can conprise a cal cium conpl exation noiety and a
hydr ophobi ¢ noiety. Acrylic acid and nethacrylic acid nononmers can
illustratively function as cal cium conpl exation noieties. It is believed,

wi t hout bei ng bound by theory, that such polynmers provide a
saliva-resistant filmthat is secured against a dental surface, for exanple
by inducing additional interaction with enanel of teeth through

conpl exati on with Ca2+ conponents thereof, such as hydroxyapatite. Such

conpl ex%ghﬁg,gbi?tﬁﬁalhﬁ:\éﬁggégc&% §%‘?’?°gi ncr eased adhesi on of the conposition

to teet nal polyners can be present in the
conposi (00341, eResitatilynthealssolnton tins sosaliadb issaboaick ionapohb§eminutespioesample i n t he

fol |l ow unt.s . (&l l. percent | ght): PVP: t .0.5%to about
7006  potShal Ryt a5, hinBES b RER, ShudS) b, S Bong PO L W8l o 106
t 0 abouLorgefor shbtstldissdlutidrotiaes cah belbiseful hiYspecifiabibeiimsédtes. car bonmer : about
0.01%'t out . 40% .pol yacryl at.e: .about 0.1%to, about. 50% 0535 dition
o v o031 ubite Robyid il EbeRtich oo thy Mistsht ey rane ited ARG de
enhanceghoaéth@s iPiypicslly ARdutleN1@lo sbauf PRS0, Fort exdinple o223 lordohiteTkBa, of N
faster dissolution of the filmand thus faster delivery of the oral care

subst andkout e§49 19e2be¥t3870hand, addition of |ess sol ubl e pol yners such as
met hyl clobgjl 0S¢, orf'etJawoaﬁ.{énv{h%@drosmi@%ﬁ&m&]g aﬂﬁéebéaea YibAlBe £RMp bolsREif

di ssolution of the film Relative anmounts of these various pol ynmers can be
adj ust e®f vioylpymelidene, ainyd ateshelabérslib atidnwetharfrylir appd pnd etbylsne bxide; adidgbol ut i on

rate, a ' 1.l d | Str thonal ly,
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an aver ag@atep Hiswthylaminestigh tmaliaceiae; t préflene coxideo winyll 04Bolactarshviag deE@e600,

can be | nt%l udied.' n éhe gon&%sftion, for exanple as a plasticizer. If

i ncl uded’ gcrp'gwl%ﬁn dhydpe P@ht PEG can be present in the conposition in
an anoufio3nf alheinventidoi§ Dlusthuded hefdiftby paticixarefetehcakonhylpitdlidombOm) a20% by

vl N ARSIt e RIASLICI6R1S, Ll G cpty onel 1Y be present
pet r ol ajoens] veaptsie! 8mPbdimentPBRY lplyAfdrié emfrix B&HEpARXY #1 MSsicAnthitdie lokke.
[0058] Optll onal 'y, one or nore natural resins such as rosin (col oPhony),
mast i ¢ Belyepdpyrselidone (PVP) and polyvinyl acetate (PVA) in a PVP/PVA weight ratio of about
90:10 to about 10:90, for example about 75:25 to about 20:80, or about 60:40 to about 30:70.
Such a physical mixture can readily be prepared from PVP and PVA products, or can be
obtained as a premixed product. For example, Kollicoat® SR 30 D of BASF contains PVP and
PVA in a 10:90 approximate weight ratio; the ratio can be adjusted upwards by addition of an
appropriate amount of PVP if desired.
[0039] In another embodiment the polymeric matrix comprises a copolymer of
vinylpyrrolidone (VP) and vinyl acetate (VA) monomers in a VP/VA weight ratio of about 90:10
to about 10:90, for example about 75:25 to about 20:80, or about 60:40 to about 30:70. Such a
copolymer is referred to herein as a poly(vinylpyrrolidone/vinyl acetate) or PVP/VA copolymer.
Both random and block copolymers of VP and VA can be useful.
[0040] Suitable PVP/VA copolymers typically have an average molecular weight of about
10,000 to about 1,000,000, for example about 20,000 to about 200,000 or about 27,000 to about
70,000. TIllustrative PVP/VA products that can be used include Kollidon® VA 64 of BASF,
having a VP/VA weight ratio of 60:40, and Luviskol® VA 37E of BASF, having a VP/VA
weight ratio of 30:70. PVP/VA products can be supplied as a powder or in a solvent such as



can be included in the conposition, for exanple as adhesive agents. I|f

i ncl uded, such resins can be present in the conposition in the follow ng
anounts (all percentages by weight): rosin: about 0.2%to about 40%

mastic: about 0.5%to about 50% shellac: about 0.5%to about 60%

[ 0059] Optionally, a sweetener can be included in the conposition. One or
nore sweeteners can be present. Use of a sweetener can overcone an

unpl easant, for exanple bitter, taste of an oral care active such as sodi um
per car bapal 8. ¢, Alrgiel é’c&%&gﬂhé‘ﬁ’ b alRat 468110 Gboieoid | Flofl mall he bYENEY
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a large extent be renmoved fromthe conposition during a process of
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[0049] Suitable polyacrylates illustratively include copolymers of ethyl acrylate and methyl
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the aid of color conparison charts, gauges or shade guides, e.g., as

descri bed by Browning (2003), Journal of Esthetic Restorative Dentistry 15
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br ushi Nguetatd) crotonic acid and vinyl neodecanoate (e.g., Luviset™ CAN of BASF). Other

terpolymers include a terpolymer of ¢-butyl acrylate, methacrylic acid and dimethicone copolyol
(e.g., Luviflex™ Silk of BASF), a terpolymer of N-£-butyl acrylamide, ethyl acrylate and acrylic
acid (e.g., Ultrahold™ Strong of BASF), and a terpolymer of ethyl acrylate, z-butyl acrylate and
methacrylic acid (e.g., Luvimer™ of BASF).

[0053] Polymers optionally included to enhance adhesiveness are typically alcohol soluble,
substantially water insoluble, and stable to the oral care active (e.g., peroxy compound). Such

polymers should be substantive (i.e., capable of firm adherence) to teeth or other surfaces of the
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sone enbodi nents, however, the filmdissolves so conpletely that no residue
remains for |ater renoval. [0077] Practice of the nmethod can consist of a
single application as described herein, or can conprise repeated such
applications. In one enbodi nent the present nmethod is repeated at regular
intervals, for exanple twice or once daily, twice or once weekly, tw ce or
once nonthly, in a programor regi nen conducted at hone and/or in a

prof essional or clinical setting. [0078] The invention can further be

Exampi O P70 PP D il Syl i QbR AEG TR By o BAME]
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' ngredi ggx%pcﬁﬁlmn to teeth.
[0054] If included, additional polymers can be present in the composition, excluding any
non-dissolvable backing layer if present, in the following amounts (all percentages by weight):
PVP: about 0.5% to about 70%;
polyethylene oxide: about 1% to about 90%;
methylcellulose: about 0.1% to about 50%;
ethylcellulose: about 0.1% to about 40%,;
carbomer: about 0.01% to about 40%;
polyacrylate: about 0.1% to about 50%.
[0055] Addition of water-soluble polymers such as PVP or polyethylene oxide can provide
enhanced adhesion to the dental surface but at the same time result in faster dissolution of the
film énd thus faster delivery of the oral care substance. On the other hand, addition of less
soluble polymers such as methylcellulose, ethylcellulose, carbomer or polyacrylate can retard
dissolution of the film. Relative amounts of these various polymers can be adjusted to provide
an acceptable balance of properties such as dissolution rate, adhesiveness, flexibility and
mechanical strength.
[0056] Optionally, a low molecular weight polyethylene glycol (PEG), for example a PEG -
having an average molecular weight of about 300 to about 1000, such as PEG 600, can be
included in the composition, for example as a plasticizer. If included, a low molecular weight
PEG can be present in the composition in an amount of about 0.2% to about 40%, for example
about 5% to about 20%, by weight.
[0057] Alternative plasticizers that can optionally be present include propylene glycol, di-
and tripropylene glycols, triacetin, petrolatum, vegetable oils, pegylated (e.g., PEG-40) oils, and
the like.

[0058] Optionally, one or more natural resins such as rosin (colophony), mastic or shellac
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can be included in the composition, for example as adhesive agents. If included, such resins can
be present in the composition in the following amounts (all percentages by weight):

rosin: about 0.2% to about 40%;

mastic: about 0.5% to about 50%;

shellac: about 0.5% to about 60%.
[0059]  Optionally, a sweetener can be included in the composition. One or more sweeteners
can be present. Use of a sweetener can overcome an unpleasant, for example bitter, taste of an
oral care active such as sodium percarbonate. Any orally acceptable natural or artificial,
nutritive or non-nutritive sweetener can be used, including without limitation dextrose,
polydextrose, sucrose, maltose, dextrin, dried invert sugar, lactose, mannose, xylose, ribose,
fructose, galactose, corn syrup (including high fructose cormn syrup and corn syrup solids),
partially hydrolyzed starch, hydrogenated starch hydrolysate, sorbitol, mannitol, xylitol, maltitol,
isomalt, sucralose, aspartame, acesulfame, neotame, D-tryptophan, saccharin and salts thereof
(e.g., sodium saccharin), thaumatin, dihydrochalcones, dipeptide-based intense sweeteners,
cyclamates (e.g., sodium cyclamate) and the like. One or more sweeteners are optionally present
in a total amount depending strongly on the particular sweetener(s) selected, but typically about
0.005% to about 10% by weight of the composition.
[0060] In a particular embodiment, the composition comprises sodium saccharin in an
amount of about 0.1% to about 5% by weight.
[0061] . Optionally, a flavorant can be included in the composition. One or more flavorants
can be present. Use of a flavorant, alone or in conjunction with a sweetener, can overcome an
unpleasant, for example bitter, taste of an oral care active such as sodium percarbonate. Any
orally acceptable natural or synthetic flavorant can be used, including without limitation vanillin,
sage, marjoram, parsley oil, spearmint oil, cinnamon oil, oil of wintergreen (methylsalicylate),
peppermint oil, clove oil, bay oil, anise oil, eucalyptus oil, citrus oils, fruit oils and essences
including those derived from lemon, orange, lime, grapefruit, apricot, banana, grape, apple,
strawberry, cherry, pineapple, etc., bean- and nut-derived flavors such as coffee, cocoa, cola,
peanut, almond, etc., adsorbed and encapsulated flavorants and the like. Also encompassed
within flavorants herein are ingredients that provide fragrance and/or other sensory effect in the
mouth, including cooling or warming effects. Such ingredients illustratively include menthol,

menthyl acetate, menthyl lactate, camphor, eucalyptus oil, eucalyptol, anethole, eugenol, cassia,
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oxanone, o-irisone, propenyl guaiethol, thymol, linalool, benzaldehyde, cinnamaldehyde,
N-ethyl-p-menthan-3-carboxamine, N,2,3-trimethyl-2-isopropylbutanamide, 3-(1-menthoxy)-
propane-1,2-diol, cinnamaldehyde glycerol acetal (CGA), menthone glycerol acetal (MGA) and
the like. If included, one or more flavorants can be present in a total amount of about 0.01% to
about 5%, for example about 0.1% to about 2.5% by weight of the composition.

[0062]  Optionally, a colorant can be included in the composition. One or more colorants can
be present. Colorants herein include pigments, dyes, lakes and agents imparting a particular
luster or reflectivity such as pearling agents. A colorant can serve a number of functions,
including for example to provide a white or light-colored coating on a dental surface, to act as an
indicator of locations on a dental surface that have been effectively contacted by the
composition, and/or to modify appearance, in particular color and/or opacity, of the composition
to enhance attractiveness to the consumer. Any orally acceptable colorant can be used, including
without limitation talc, mica, magnesium carbonate, calcium carbonate, magnesium silicate,
magnesium aluminum silicate, silica, alumina, hydroxyapatite, titanium dioxide, zinc oxide, red,
yellow, brown and black iron oxides, ferric ammonium ferrocyanide, manganese violet,
ultramarine, titaniated mica, bismuth oxychloride and the like. If included, one or more
colorants can be present in a total amount of about 0.001% to about 20%, for example about
0.01% to about 10% or about 0.1% to about 5% by weight of the composition. Colorants such as
alumina, hydroxyapatite and titanium dioxide that provide an opaque white appearance to the
film can be especially desirable in matching appearance of teeth.

[0063] Oral care actives or other ingredients can optionally be present in the film
composition in encapsulated form. For example, peroxy compounds, fluoride, antimicrobial,
flavor and/or color ingredients can be encapsulated. Encapsulation can enhance stability of such
ingredients upon drying of the film, but permit release of the ingredients upon placement in the
humid environment of the oral cavity. Further, encapsulation can protect incompatible
ingredients from one another. Encapsulation can also provide an additional means of control of
release rate and/or time of an oral care active.

[0064) As described below, solvent materials such as ethanol, ethyl acetate and water can to
a large extent be removed from the composition during a process of manufacture, but some
amount of solvent can remain in the finished film. Amount of organic solvent such as ethanol or

ethyl acetate can be zero to about 15%, more typically zero to about 5%, by weight of the film
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composition. Amount of water can be zero to about 20%, more typically zero to about 5%, by
weight of the film composition.

[0065] The flexible film can be essentially homogeneous or can comprise a plurality of
layers of differing composition. Bilayer or multilayer films can be useful, for example, where it
is desired to segregate incompatible ingredients (e.g., where the oral care substance is
incompatible with an adhesive, where two or more oral care actives are incompatible with each
other, or where an oral care active and an activator that is incompatible therewith are present), or
where different release rates of one or more oral care substances are desired.

[0066] In one embodiment, the flexible film comprises at least two layers, wherein a first
layer comprises the oral care active dispersed in a polymeric matrix as described herein, for
example a polymeric matrix comprising a PVP/VA copolymer, and a second layer comprises an
adhesive. The layers can optionally be differently colored to facilitate correct orientation of the
film on a dental surface by the user. Optionally the composition further comprises a backing
layer that is non-dissolvable in saliva. Such a backing layer typically comprises one or more
water-insoluble polymers such as ethylcellulose, polyethylene or PET (polyethylene
terephthalate).

[0067] A dissolvable film useful according to the invention can be prepared by any process
known in the art for making polymer-based films, such as for example a casting process. In an
illustrative process, the materials to be included in the polymeric matrix (for example a PVP/VA .
copolymer and optionally other polymers) are first added to a suitable amount of a solvent or
mixture of solvents in a vessel and stirred until dissolved or homogeneously dispersed. Suitable
solvents include water, ethanol and ethyl acetate. The oral care substance(s) and optionally other
ingredients such as sweetener are then added with stirring until dissolved or homogeneously
dispersed. The resulting liquid is then cast on a heated surface, where the composition forms a
film upon partial or complete evaporation of the solvent or solvent mixture.

[0068] The dental surface to which the composition is applied according to the method of the
invention can be in a human or nonhuman subject, for example a nonhuman mammalian subject
such as a companion animal, for example a dog or cat. In one embodiment the dental surface is a
surface of one or more natural teeth, but the method is also applicable to a surface of artificial
dentition, for example a crown, a cap, a filling, a bridge, a denture or a dental implant.

[0069] In one embodiment a method of whitening a dental surface is provided, the method
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comprising placing on the surface a film composition of the invention that comprises a whitening
agent as described above, wherein during the placing sufficient pressure is applied to promote
adhesion of the film to the surface.
[0070]  Degree of whitening of a dental surface can be observed visually, for example with
the aid of color comparison charts, gauges or shade guides, e.g., as described by Browning
(2003), Journal of Esthetic Restorative Dentistry 15 Supp. 1, S13-S20, incorporated herein by
reference.
[0071] Alternatively, staining or inhibition thereof can be measured by colorimetry, using
any suitable instrument such as a Minolta Chromameter, e.g., model CR-321 (Minolta Corp.,
Ramsey, NJ). The instrument can be programmed, for example, to measure Hunter Lab values
or L*a*b* values according to the standard established by the International Committee of
Mumination (CIE). The L*a*b* system provides a numerical representation of three-
dimensional color space where L* represents a lightness axis, a* represents a red-green axis and
b* represents a yellow-blue axis. The L* and b* axes are typically of greatest applicability to
tooth whitening, which can be measured as increase in whiteness relative to an untreated surface.
Increase in whiteness can be computed from differences in L*, a* and b* values between
untreated and treated surfaces. A useful parameter is AE*, calculated as the square root of the
sum of the squares of differences in L*, a* and b* values, using the formula:

AE* = [(AL*)” + (Aa*)’ + (Ab*)’]'®
A higher value of AE* indicates greater increase in whiteness.
[0072] In another embodiment a method of delivering fluoride to a dental surface is
provided, the method comprising placing on the surface a film composition of the invention that
comprises a source of fluoride ions as described above, wherein during the placing sufficient
pressure is applied to promote adhesion of the film to the surface.
[0073] In yet another embodiment a method of delivering an antimicrobial agent to a dental
surface is provided, the method comprising placing on the surface a film composition of the
invention that comprises an antimicrobial agent as described above, wherein during the placing
sufficient pressure is applied to promote adhesion of the film to the surface.
[0074] In yet another embodiment a method of delivering a desensitizing agent to a dental
surface is provided, the method comprising placing on the surface a film composition of the

invention that comprises a desensitizing agent as described above, wherein during the placing
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sufficient pressure is applied to promote adhesion of the film to the surface.

[0075] According to any of the above embodiments, the film is left in place until it has
substantially dissolved in saliva. The time taken for this dissolution to occur varies depending on
the precise composition of the film. If the film dissolves too rapidly, the oral care substance may
be inadequately delivered to the dental surface, instead being to a considerable extent removed in
saliva from the site of placement of the film. The film should therefore be selected to dissolve in
a time period effective to deliver the oral care substance to the dental surface, for example a
period of about 5 to about 60 minutes, about 5 to about 30 minutes or about 10 to about 30
minutes as indicated above.

[0076] If desired, remnants of the film can later be removed, for example by brushing. In
some embodiments, however, the film dissolves so completely that no residue remains for later
removal. _

[0077] Practice of the method can consist of a single application as described herein, or can
comprise repeated such applications. In one embodiment the present method is repeated at
regular intervals, for example twice or once daily, twice or once weekly, twice or once monthly,
in a program or regimen conducted at home and/or in a professional or clinical setting,

[0078] The invention can further be understood by reference to the following nonlimiting

examples.
EXAMPLES

Example 1

[0079] Film compositions A—F were prepared having the ingredients shown in Table 1. The
compositions were prepared by placing a suitable amount of solvent (ethanol and/or ethyl
acetate) in a beaker and adding the polymer components to the solvent with stirring until
dissolved or dispersed. The oral care substance (in the present example sodium percarbonate or
PVP-H,0,) and sodium saccharin were added and stirred for 10 minutes, followed by casting of

the resulting mixture at 80°C for 615 minutes to provide a film.
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Table 1: Film compositions of Example 1

Ingredient Weight %

A B C D E F
ethanol 2.80 202) 1.55| 3.50] 2.00
ethyl acetate 2.80 2.00
water 2.10

PVP/VA copolymer |23.52 | 23.52 | 44.41 | 61.97 | 49.05 | 40.00
polyvinylpyrrolidone | 23.52 | 23.52 :

polyethylene oxide 10.09 9.81

PEG 600 14.56 | 14.56 | 8.07 | 8.85| 9.81] 10.00
rosin (colophony) 5.00
mastic . 5.00
shellac 5.00
hydroxyapatite 10.08 | 10.08 | 10.09 5.00
PVP-H,0, 26.54

sodium percarbonate | 25.20 | 25.20 | 25.03 25.23 ] 25.00
sodium saccharin 0.16 | 0.16] 030} 1.00{ 0.50| 1.00

[0080] In compositions A to F, the particular PVP/VA copolymer used was Luviskol® VA
37E of BASF, having a VP/VA weight ratio of 30:70. Other PVP/VA copolymers could be
substituted if desired.

Example 2

[0081] Effectiveness of film composition A of Example 1 in whitening extracted human
teeth was tested. Degree of whitening was measured on the L*a*b* system as established by
CIE using a Minolta CR-321 chromameter before and after treatment. Increase in whiteness was
determined as AE, a higher value of AE* indicating a greater increase in whiteness. After 14

successive treatments with the film, AE* was 3.4, indicating that the teeth were becoming whiter.
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Luv-skol e VA 37E of BASF, having a VP/VA weight ratio of 30:70. O her PVPNA
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wei ght rat i ohgképhdliccmpandént aiha hydiephobik wpinporenbigtagmtighiratio sdlesedkuchibbat i n

saliva in a r4,.0d of time effective for deljivery.of t or re
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3. The conpoghyle@ofie; @ndiwheleiVaga SiyBrophédid floyiomeérs GréTedléded £OHRAS _
pol ymeri zed vinyl pyrrolidone and vinyl acetate nononers in a weight ratio

of vi nyl pyr r S8R of gnafhrlymethacsylaiee el aprlate. ghmebylemingsbit methagulatey.  The
conposi tion ghy@EtRl R, ch;abma%ahg vihlTRebRM! ﬁa%hﬁg@ﬁﬁm% wngrﬂlné@a%a%@t e

nononers are present in a physical mXxture of po I nyl pyrr one and

pol yvi nyl  aceRALEmPOMRAOLY Crfi%: 1 wheldlf hO'PBRTHelib afk dohiphidds3 e said
vi nyl pyrrolidone aﬁ% vi nyl aéet ate ermnorr\s‘%gg'?}jree 'praetggént 'n és p&@rﬁéﬂeﬁ‘

pol y(vi nyl pyYyinppymielisiens; and, vingt etetate moperpers \imar weight ratie of omylgimolidmedd C ai m
5 conpri si ng,; I t . car stance in a total anmount of about
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8. The corrpo§i ti op}gr?f Claim5 wherein the vinylpyrrolidone to vinyl acetate
wei ght rati o IWHPRE*Cpol ymer is about 60:40 to about 30: 70.

5. The composition of Claim 3 wherein said vinylpyrrolidone and vinyl acetate monomers

are present in a poly(vinylpyrrolidone/vinyl acetate) copolymer.

6. The composition of Claim 5 comprising at least one oral care substance in a total amount
of about 0.01% to about 80% by weight and said poly(vinylpyrrolidone/vinyl acetate)

copolymer in an amount of about 0.5% to about 70% by weight of the composition.

7. The composition of Claim 5 wherein the vinylpyrrolidone to vinyl acetate weight ratio in

the copolymer is about 75:25 to about 20:80.

8. The composition of Claim 5 wherein the vinylpyrrolidone to viny! acetate weight ratio in

the copolymer is about 60:40 to about 30:70.

9. The composition of Claim 5 wherein the poly(vinylpyrrolidone/vinyl acetate) copolymer

is present in an amount of about 20% to about 65% by weight of the composition.
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9. The conposition of Caim5 wherein the poly(vinyl pyrrolidone/vinyl
acetate) copolyner is present in an anmount of about 20%to about 65% by
wei ght of the conposition. 10. The conposition of Claim5 wherein the
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antim crobi al agent desensitizing agents, anplcdkulus agents, stannous
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agents, antiplaque agents, anti-inflammtory agents, “periodontal agents,
anal gesi cs astuhbitodbenttGd mihiites. The conposition of Caim| wherein the oral
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per oxy d¢énpolindsompdsitioniofeCleinok i wherein itheofiint dss substantifly atidsblyrble dg saliv@.in The
conposi tion gf i onprising at | east one peroxy conpound sel ected
fromthe gro%%m§%ﬁ§¥%%$ﬁﬁg%?wﬁydrogen per oxi de, peroxides of alkali and

al kal i ne.ear net al or.gani c roxy .CORpounN X i .and. salts
her eof 15and o P s e 1 Slsret RO BRGI ShueERE B atlE 57 i, 1
wher ei n t he aout Ba®tabowtdOpeinsteyy conpound i s sodi um percarbonate. 20. The
conposition of Claim1l conprising at |east one peroxy conpound in a tota
hydr ogené.per Okd canmsition af ©imanwhértinahe adabdre Qubbtdnteisablected HOfi0 thy gismpght .
21. The conposition of Caim1 wherein. the oral care suybstance is. a

£1uor i de | oncuiiiEgol KhiRineE R ORrKE Qg %ﬂybce&cmgmf?mé agFntp| drssizing
nonof | uor ophgsaRatAteuldhhfsl UgMmas dtdrmaise iGRlsbSrees? Zincl Héh GORRES | rtiBRidats,Cl ai m
1 wherein the oral care substance is an antim crobial agent selected from
the group cotidlrgeguay Weath rfreshening, agentsy andiplague eegats st-wflpneaton EeHs|

et her, 8-hyd I i : : eof , copper (Il) conpounds, zinc
ion sources,ﬁ%ﬁ%ﬁ%@?%hggﬁgagﬂﬁggg ?gh?ﬁ%reof, hexeti di ne, octenidine,
sangui ngki ne e :

al kyl py??'di n?"’a%“éﬁa’%‘?‘ ?@gg@iaﬁlgg?ﬁfgféﬂgﬁ??%%k S‘é“é{ahﬂeﬁéﬁ?‘&‘f%‘ﬁ?%é%@f% é’%gl ics,
pi peri di no dfoemyétei gsp comgisting af eperaxac tomppuags sehdetingx dioaide,, cidhrtes| gnd

t hynol , eugego%blnggghol, geraniol, carvacrol, citral, eucal yptol

catechol , 4-éﬂ1y¥8a echol, hexyl resorcinol, hal ogenated bi sphenolics,

et hyl %gl ! C'}Hléa ct:o%np%gl LR o bEilirgtll c%?n‘prising at least one peroxy compound selected from the

group consisting of hydrogen peroxide, peroxides of alkali and alkaline earth metals,
organic peroxy compounds, peroxy acids and salts thereof, and polymer-peroxide

complexes.

19.  The composition of Claim 18 wherein the at least one peroxy compound is sodium

percarbonate.

20.  The composition of Claim 1 comprising at least one peroxy compound in a total

hydrogen peroxide equivalent amount of about 0.1% to about 50% by weight.

21.  The composition of Claim 1 wherein the oral care substance is a fluoride ion source
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23. The conposition of Caim1 wherein the oral care substance is a
desensitizing agent selected fromthe group consisting of potassium
citrate, potassiumtartrate, potassiumchloride, potassiumsulfate,
potassiumnitrate and sodiumnitrate. 24. The conposition of Caim1l
wherein the flexible filmconprises a plurality of layers of differing
conposition. 25. The conposition of Claim1 wherein the flexible film
conprises a first layer conprising the oral care active dispersed in said
pol ymeri ¢ nuejeldcied frond the gegocumsisinges! fhonide,i rsomduaopladpless wel fligGosilikae
conposition of Claim1, further conprising a backing |ayer that is

non- di ssol vati® in saliva, said backi ng | ayer conprising one or nore

wat er - i psol uﬁl}ﬁe ol yners FP@E(}Q t.ho]q of .delivering.an oral care substance
to a deﬁ?‘al ?‘g%‘@?é‘“?‘h(?_f H Wg‘%ﬁ?ﬁrt & PRy SBP 53%5&?%?‘50%“ RENEY o%gle’[L’{i on of
Caiml on t§feckdr fr@f GhWighdups tirkishige 6f tivle:asUL,2'-dilydaixgrs' ditasthedipteaylof t he
conposition to the surface., L
ether, 8-hydroxyquinoline and salts thereof, copper (II) compounds, zinc ion sources,
phthalic acid and salts thereof, hexetidine, octenidine, sanguinarine, benzalkonium
chloride, salicylanilide, domiphen bromide, alkylpyridinium chlorides, iodine,
sulfonamides, bisbiguanides, phenolics, piperidino derivatives, magnolia extract,
grapeseed extract, phenol, thymol, eugenol, menthol, geraniol, carvacrol, citral,
eucalyptol, catechol, 4-allylcatechol, hexyl resorcinol, halogenated bisphenolics, methyl

salicylate and antibiotics.

23.  The composition of Claim 1 wherein the oral care substance is a desensitizing agent
selected from the group consisting of potassium citrate, potassium tartrate, potassium

chloride, potassium sulfate, potassium nitrate and sodium nitrate.
24.  The composition of Claim 1 wherein the flexible film comprises a plurality of layers of
differing composition.

25.  The composition of Claim 1 wherein the flexible film comprises a first layer comprising
the oral care active dispersed in said polymeric matrix, and a second layer comprising an

adhesive,

26.  The composition of Claim 1, further comprising a backing layer that is non-dissolvable in

saliva, said backing layer comprising one or more water-insoluble polymers.

27. A method of delivering an oral care substance to a dental surface, the method comprising
placement of the composition of Claim 1 on the surface with sufficient pressure to

promote adhesion of the composition to the surface.
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