TI TLE OF THE | NVENTI ON Conposi tions and Methods for Altering the Col or of
Teet h BACKGROUND OF THE | NVENTION [0001]In a manmal, a tooth is conprised
of an inner dentin layer and a protective outer hard enanel |ayer. The
enanel layer of a tooth is naturally an opaque white or slightly off-white
color; the enanel |ayer, however, nmay becone stained or discolored. The
enanel |ayer of a tooth is conposed of hydroxyapatite m neral crystals that
create a somewhat porous surface. It is believed that the porous nature of
the enanel allows staining agents and di scol oring substances to perneate

the enanel |ayer and occupy therfigpe pRe and eventual ly alter the
col or of the tooth. [ 0002] Consuners wshing to alter the col or of
their teeth have a |i ffeEQsitigrsiaad Megodpfondliering the GobombliTektht 0 choose.
Successful application of sgrexes NG e s, such as veneers,

crowns, and capz i nvol ves destruction of tooth enanel, and requires the
services of a ddffi®i] pFbt BaEmakatoothas pemmised oisinyinnea derginileyeyandfa pr@&S&ive
destruct i veoutdr dhrdeasBel 186U LIRS id art which may.

applied to the surface %);e a too%ﬁaéﬂﬁp%%p%ﬁr?tlé%ghg taenrOPflﬁlng@’étFB’r'&lﬁ?‘gYhe
toot h enanglt-White color; thggngmeldayen howeyss mrarherume shined oglicobtedf Qhe bR bY
appl i cati onagk offraytoB@WH o8&l 27 I.Cl a layer of glue applied to
the buccal surface of the o6t hoqi § koﬁgg\}\)/r%ﬁt:ér@?ﬁrrgpgpftﬁgctﬁ%eﬁmaﬁeoﬁ\§‘é‘ﬁ?‘f’}@ﬁaI
means of ad@FYSEsTHGet Bételiayed dhest Sreapicunnitue ofithe ensridl @lowgstiigies fpe) and

appl i cat i orligeblofing kifbstasbesl RNtk i thon containing a.peroxide whitening
constituent dis eérsed in ﬂaqﬁ%@%gﬁﬁ%%&ﬁve iogflgjygﬂ%m}f%fsf"?pl’ﬁ ParTeRY
conponent &¥© isrghawolexiof the tepti.des si mul t aneous!y having fil mforming

SUNMARY OF THE | IV ners isled Sl e ABR QU o R Wt e aes
conposi t i oRERFHE TR HEdsto shoast. Buckessful dpelicatibmof ineaolopeltdiing FogudQERAS] ti ONS
ol or 1ot et o ARSI ca B0 e eE T b sBpeieh BbsodiReer iy o

| east one AJEF §FHal erofessippals Altgativelyph varity fifess flestretive@ig) 08 Firdblatihsard 00t h,
ol uded 1 s he | nyarniERALY bl ARRER: SHELETE Ryt ELP P ol v colswt n by
applicati ofif Qoffeena@glosi t i ons and met hods of preparing the conposition.

The present i nvROiijaeREP¥LHES v i coOMOS L i conprising a

col orant conpri si n_] cfystglr I n?@ﬁ@%g}ggtgg{tf%}g}’yg ﬁﬁ?wirflmﬁ%?ﬁ%r, and
one or nor ERHSA PaESGS toglayepof glnearpliekib duttadeal nufiacs bethe teotips BRAS SNy Of '
car boxynet byl ofle} dnOSRioAS Slcdth |l ul ose .acet ate butyrate, marine
col loi ds, chitosan, and mxt usreoefggcgrg{sﬁ%?oé)g?&sco OIaHOFHB&bﬁ{e@%kﬁﬁ?mg B%i on al so
provi des a®iRECHY ob# ligyid derte] gombesitioplcontaioinga peratde viitfiag Sonkitudt COSNEL i C
treat nent,dig}msemm gl i £ ”it"he surface with a .

t oot h- coat | ng COMposi ton 'énlg%?%l?%g%ﬁ%ﬂo COTRREOEBHSH LRy ving etallicl i ne

‘hydr oxyapat e sutapgougly heving Bimyfremingandipigmentirg propestios Gilnkgd ik at e pol ymer s
sel ect ed fihoxihfe B510UF nd@gONnsi sting of carboxynethyl cel | ul ose acetate
butyrate, cellulose acetate butyrate, marine colloids, chitosan, and

m xt ures t her eof. BRIEF SUMMARY OF THE INVENTION

[0004] The present invention provides compositions and methods of altering the color

of a tooth. The compositions are tooth-coating compositions that include (i) a colorant that
imparts color to teeth, such as hydroxyapatite-containing particles and (ii) at least one
acrylate polymer. The application of the composition to a tooth, such as a human tooth, coats
the tooth thereby altering its color. Also included in the invention are methods of altering the

color of a tooth by application of the compositions and methods of preparing the
composition,



The present invention also provides a nmethod of preparing a tooth-coating
conposition for altering the color of a tooth, the nmethod conprising mxing
a colorant conprising crystalline hydroxyapatite, an acrylate polyner, and
one or nore non 15 acrylate polyners selected fromthe group consisting of
car boxymanyl cel | ul ose acetate butyrate, cellul ose acetate butyrate, marine
colloids, chitosan, and m xtures thereof. The present invention provides a
t oot h-coating conposition conprising: a)a whiteness-inpairing particulate
mat er i al conpri siThy preseit ainventzorh pavodssa patoate-co@ing ampesitiphatemprsipgl gner
conpri sing RO RO Sasirde : h a I C
acid, and g?‘%ne rﬁ}?“i)’lsufg &xétéjélP gﬁ{%&}é % %/tr%’résﬂ gg&{a%% g§%&%‘m&?¢1e éla?%&

consi sti ngn%'acry8§? mﬁéé;ﬁgl? wplestad ipmsthe eup cennsimg af é?—fb@mnﬁﬂldg;‘?u Eat e

butyrate, gidiafe Wethtatd Oslul g8 rdcBaute BldyPitdS masifib L@BdMYs, chitosan, and mixtures
pol yvi r;syl g}/eﬁ_‘%gl i donei vinyl acetate copolymer, and m Xtures 25 thereof.
en e

The pre ntion provides a nethod of preparing a tooth-coating
conposi tion for Thttpeesenyinvieetioolalso mhvidles aanbthod e airiihgdhe @Bluri ¢ff MgodthXi Ng

e B . . o el ol :
Pyr oxy apad A T 4 Blc LEHAE AR hEH ch RTINS LRSASIAR R, suifhEe Sy e
sel ect ed f tanth-chating enmp@ttiaormnsisinga oblovmt bomprising ghysedling hpdroagsiatite
butvrate. ol . oL ehi

i ur s ¢ B pEHIAR DO AR B K dn e dERY ARREDOIIRRS SR AR 0 g
The pr ef% N EORSHRHES; Pgncaﬁ\vmré’éylacuté@iw&ﬁatei Rytysatap ssileloss acetete nwstyrate, used

to alter thfrigelcalods, ditRbdh, 2l migRIRARELLPN pernmts the user to
per cepti bly whi iﬁn his or. her. teeth or,..if desir change the perceptible

d,
col or of the teef'fh RIESHHJIRHETORAIEY Previers gsmethodiof pegparigg ) teothyeo be
desired. Thempositios fér ateringrtheicoler of a whethaht ndhod Bordpfisiha g & B8lorant

al t hough o L.0gredients oy al so..be included. acrylate polynmer, it is
neant any %%H@Bg h%\yftﬁ‘gmgt hjf‘%gﬁapgﬂ @Bn%&%g\? %raﬁﬁgc?’% OF 1HeTe ngn
acryl i claacherytade polynmEnesaentsd fiom the igyouprcomsigtie oBcdrbbroprhethyiceliulpsd yespite Any
type of ac | | C LN non-acryl ate
monomer s modVARE, @BLIEREhecud BulibRth BRSNS chiifion: A PrrlgiS et "has
cheni cal / physi c&he preserttinyation proides 2 tootl-contingsompesitioficomprisinger t o
pronot e adiesi op bed - Ir aRkri h ' t QoihkGh.t h g is
app i ed, (fﬁf e o "Rinaetie 1 oraral, | Cohifte, | S
present in¥ Qxxm-ition, (ii1) a surfactant that reduces the surface

t ensi oredebyeenan herylumd %@Btyn?di*%irﬁﬁisix@%bndrﬁm’é’%ﬂ%u% ?‘:B‘l%bd%thﬂ et

or reducesg%(gee%ﬂf ce tensi,on between the col orant sal'iVva, " andf or (i v)
a wetting feinacpdicad @i e pol yner may be a hydrophilic anionic acrylate

pol ymer, fo) exemploz, more nbhakryiats polgnlerbistleited | flomatiRy pffupdohgatale about
1 gram pol yigh, AGkmd 2N Hodd s, 08 eeﬁut%}atg,ntgélﬁlﬁ]éset Boctato %ul%{(rea'te, ethyl cellulose,
marine colloids, chitosan, polyvinylpyrrolidone/vinyl acetate copolymer, and mixtures
25 thereof. '
The present invention provides a method of preparing a tooth-coating
composition for altering the color of a tooth, the method comprising wixing a
whiteness-imparting particulate material comprising crystalline hydroxyapatite, an
acrylate polymer, and one or more noun-acrylate polymers selected from the group
30 consisting of carboxymethyleellulose acetate butyrate, cellulose acetate butyrate,
manne colloids, chitosan, and mixtures thereof.

la



[ 0006] Suitable exanples of acrylate polyners include a terpolynmer of three
different acrylate nononers such as t-butyl acrylate, ethyl acrylate, and
met hacrylic acid. The hydrogen atons of each carbon atom of the individual
nononers may be substituted or unsubstituted and are present in any
relative amount. It may be preferred, however, that the individual nononers
are present in approximately equi nol ar proportions. [0007] The sel ected
acrylate terpolyner may be represented by the structure (1) CH3 I-HO CH2o0
O CH2 CG3 \C H2 wherein x, y and z are positive integers, each

i ndependent |y about 1, il ImErAmlED/B}tSCHb‘PIGNéFt TRIEERAHINTPNC00, about 10 to
about 1, 000, or 50 to .aboyt 50Q. Each of the hy ogen atons attached
to the carbon at ﬁ‘%ﬁ?ﬁ‘i inYptionRravidgs artprih-reating Berandsitign thapinayrbyusod

i ndependenttbyltsuimwufeethon“hél&&%&hbﬁﬁ&ﬁﬁsthé ﬁse?lbt{i}t eﬁt’tﬁlg%t@t L acgyrrent of
any functiqpal o9 |s acce table, for exanple

groups, allcyne’group B%beq?a?ré’égﬁt@ﬂdﬁ@mtb@r@olor suche{s(h%ﬁ] The

acryl ate porbcymmpka mytagkl& @E@aar[ﬁgl S BRARS 0 eI oped in
t hod i ncl ﬁ%s? subj ect | nag:%gr)o\p%(t)%ﬁe(}%’ cg' "tt?% YPdi cal

the art.

pol yneri z at I on ugﬁ% %‘g’t?mﬁ’ieﬁté gay glso ge igeludedn Byegrybtepadpneait tsnneahbanyG 132, 705,

the conte ntpglyufer hmf!fghlt a6t ohOBIBREIN: & \%Q% eﬁ@ic?}lh@ 2B of gcfrﬂ{cea@faees er met hods
ar

of polymeralﬁ,ﬁar ti on kno in the can 1 nvolve i zation of
nononer s PIPAE 59 BW%[I%“ g Rolrer.nAnn ee of ackylite p@lhmblemcmaingy

unsatur at edowxioyrp@mmdscona{nmlay &é,ﬁ@tdng%rgg e CI’I bed in,
Uni t(égl tes Pa ent 1’3% 380, 338 tyhﬂeyuggﬁt%%%ﬁ%’f ‘%]

| ncor por at Bitho i *Fé‘?%ﬂ"‘éﬁ@é’ayphyswal SF@@'@QPUGM@t #dunchasas @) ylﬁﬁﬁﬂerﬁay be

pr esent lntmvmammmsxont)b@veameea AR .t he t heal ogi cal
properties &Lem ﬁlﬁtend gﬂ duct HO\C/,\/evern ﬁ}et%thgodwﬁ@é@%g ldlﬁ?ﬁphfgzna?ﬂi‘ryl ate

pol ymer i s prEdaiiyt G2 b bahde frethamnd it the @d@tﬂn@b@mtlﬁ)the]:@mmsxmt ta of the

total conpesfaviaotthatfr@luc@BdikBee AR eQvdd] 1 R, 9 03%to
about 80% 1gout 86}11% about e60% algouet Oe% tg%a}%i %‘3‘) g’t‘ig%te 1% to

about 30% aboutrP3s% Phredsse the serdace é?ﬂﬁalbbﬁwe@%lt @habu@nd 408/, (2al/or @) anei ght
of the t ot wkttiogageas i THeQBpylate polymer may be a hydrophilic anionic acrylate polymer, for

example, one that has a solubility in water of at least about 1 gram polymer per 100 grams
water at ambient temperature.

[0006] Suitable examples of acrylate polymers include a terpolymer of three different
acrylate monomers such as t-butyl acrylate, ethyl acrylate, and methacrylic acid. The
hydrogen atoms of each carbon atom of the individual monomers may be substituted or
unsubstituted and are present in any relative amount. It may be preferred, however, that the

individual monomers are present in approximately equimolar proportions.



[ 0010] Acryl ates of any size or nol ecular weight may be used, depending on
t he rheol ogi cal and other properties desired by the end user. It nay be
preferred that the acrylate polynmer has a wei ght average nol ecul ar wei ght,
at | east about 600, for exanple, about 600 to about 10,000, 000, about 500
to about 5,000,000, about 1,000 to about 1,000,000, about 5,000 to about
500, 000, about 10,000 to about 250,000, about 75,000 to about 125,000, or
about 90,000 to about 110,000. [0011] The skilled artisan can select a

per cent age anmount and wei ght average nolecul ar weight of a pol yner
dependi ng on t hggagy F iring to alter -the
color of his orqheri?gg$ﬁm%§?g§ﬁgtgéggéﬁgﬂ%gﬁr §§§§&?g§§ﬁﬁg$%8ﬁ onpri sing
a | ow percentage of paql ymert8hd/ or a | ditisaver age nol ecul ar wei ght pol yner,

while a user desiringO t 0@t} quati ng tha {s seyerql nonths may use a
formul ati on conprisingﬁé/ﬁlgh ger cent age,0 N and/ or a high average
nol ecul ar wei ght poljyneRr. [ 0012j5The nposttion ¢f the present

i nvention includes g col prant} {Su cpl orants ing¢lude any substance,
material, and/or parfticl@ith can igpart | or dify the hue of a
tooth. The tern1"co#g£?( usdgd herain, depcri ny | per c@l vabl e hue,
tint, or shad; inclydicng butN\ngt limyed t BecCrym~¢¢l ors, colors
conprised within thg Y2axp* cyor spate, ors® conpri $ed within the RGB
col or space, as wellf as bl ac brown,c and white col orant may be,
for exanple, a partijcle, éﬁpigh@nt n ink, , Or mxtures

t hereof. The col or art- may be-dopaque, tran ent or transparent. |In nost

circunstances the preferred c#l orant will Be one that i § perceived as

whi te; howgyer. j ot her col ors be | ncorporated into the
conposi ti ons :i?n %gé&lnlag %?e bosifive £ e@ﬁrf’&ﬁaé?%d%ﬁm Y oAb tREadvely abgut 1 to
conposi t i orfbet|10,00@ abaut 10 keetbedt 1,000] orciboretes0 @0 FHoGNHOU Habi2éf tBd yifogeh $Emk0 2

per cei ved i he col or ant a i teness-inparting
particul at \g&hrr‘gl? %%ﬁg%ﬂ@-écagomv% "tcéﬁ@%g‘i%%ﬁgtsf feﬁ\é\gﬂ“ﬁé{rgf‘?“@ &y e indepshdoatly
i ncl ude anyubdtifutel arohwbgiiutet. Mkitstnpigmecied: Gy ifelcGoslshunf acdeplabeXxanpl e,

whi te m ner, i whi-te netal gxide particles, or white polyner

particl es. f%]sexglglg% aﬁ(kfra%?u > a’lf\f\%y {BEAUPPs ?‘I%rloﬁgf %raf%wﬁ?ﬂ’ Rrlogen atgms, eteyhi ¢ e

?Ol ?L _nrayt ae \?nwﬂégih Bre agrytatopy lyrn@famg?wﬁdpfﬁi W‘elntyemeaﬁs)f&:Toa»rq<’11;Brfzihlfe;i colors set
or in . ide scal e of.whiteness, or colors at_are

per cei ved agve i g} ?%gn%ﬁ’geén@?%y %@9@3{1@? THERAE OSSO @9?‘&8}0%3

further di delymsdertionlasvescribed in, dH0Iuiled Thates MaichiaNE $SL32]TDR thd ddgteR@LEI CUl at e
mat eri al : non-t.oxic smineral. or salt, for exanple, calcium

phosphat e%é‘lih? gécg c %?ﬁe‘g %élﬁtx?é{tre ?re’é‘i?‘b?)ﬁ}%ﬂ’fa’egﬁ & RORYIY BEspiratien known in

al pha- t ri c#hesripan pivolp heat polyinetizetibn babminers, pblogphalion ofddixhiygsoXxyapati t e

(3Ca3(PM) - ) al ci.um phosphate may be.in any form e.g., a

substanti a °%8&5%%831¥“F§%1§f Ufarates i°8‘i“§?ﬂ“§?a 855‘%‘3?‘8“%8‘1 SROINEERPS | ne,

poor |y crydesstibidie exg., Writpd StdsiParnt 6. 16380,658, @it cohthts®f MiRh 8re ifdoYsthatd | Ne
hydroxyapahaagwﬁ%ﬁ%ggpxyapat|te may be, in sone enbodi nents, an aggregate

e

of hydroxyapati par%lcles such as nano- HAP (BASF Corporation; & nfield et

al ., Science 280009]5he 2&4latedBMer mige biesdrt intay QxR 8 afibud nhy@eoXyapatite

i ncl ude " it " (avail.able fromH med, A d Bet hpagé, New York,
United St zl;it¥ %ieﬁ)é%/g%ﬁgeir%ﬁglﬁaﬁpr%%es&g ieﬁgP?@P‘ﬁn§°WﬁWf%§§%P%§%dt@t Berticles

may i ncl udecrgiggipelyateets pedsers ivdil @nouly 60l BB LD 1PR6 WGBS thk BoehlON- | i M ting
exanpl e, sy R84y egat es ca hq¥§99 an di aneter of about 1 to about 50
nicrons, and,’ ey’ W’&P%&ﬁb%‘ ]tét"g’fa?tig@%laéb%‘ég’ioﬁé’ tg abat R0%i vt er  of
about 10 néhl¥go abmui0%, dbaras, to about 4690 k6but 1 tbaBaslSB] Abut 394 1o atout
mhlteness-%ﬁpaggtqg g%rtlculﬁ%e Patenlal i.s used, suitable exanples include
oxi de of theal B RS 1Ak L{vadall &y yeishf of thedtal compositigesi um and bari um)
and titani um ox0ei®] alAvrilawsooasydRe of inblefiirdRuigl? mnaPbe e Eﬁlﬁﬁge&{ th

10016] Adq%%&ongll Oé alternativelﬁ, whi t eness-i nmparting 5%rt|cu at e
material nay  De %8’?4%%" BR Perties dpsmed Dk Bre srdusep ot yrswbe peaferiedithat themcwylagol yer
particle into which a white colorant has been inpregnated, encapsul ated, or
ot herwi se attached. An exanple of a polymeric white-colored particle is
disclosed in United States Patent 6,669 930 to Hoic, the contents of which
are incorporated herein by reference. Qther polyneric white-col ored
particles may include, polyethylene (PE), polypropylene, ethylene/propylene
copol ynmer, polytetrafl uoroethyl ene (PTFE) or pol yhexaf!l uoropropene.

[ 0017] The whiteness-inparting particulate nmaterial nay be a pearl escent
particle. Pearlescent particles nmay include a single mneral or chem cal
species, such as, for exanple a silicate such as mca, or bisnmuth
oxychloride. By "mca" is neant any one of a group of hydrous al um num

]



can also be of biological origin, for exanple, fish scale, nother-of-pearl
cal ci um carbonate, pearl, nollusk shell, or nacre. [0018] Wilite pearl escent
particles particle can be obtained fromvarious comercial suppliers,

i ncl udi ng those sold under the trade marks TI MERONO pi gnments, Bl RON8
powders, B1RON(r) dispersions or NAILSYN(r) dispersions (all available from
EM I ndustries, Inc. Hawt horne, New York, United States of Anmerica).

[ 0019] The col orant may contain a pignment. Dye | ake pignments and inorganic
pignents may al so be used; exanples include netal oxide pignents copper

oxi de, ironp@xietdias e weighi awmagé(indleculz&%lghl Releak a6 08 B

| : ‘?aa"‘“ 908 th
Lol oot et 8o o 5h i ot s fofidpishons éﬁe%mpgueé% 080, SO0NEr i o6

ent rapped ol/abeuno, RO slaoued ,800-tb BiSck 98, B0 PAWIBI000 kALHE K £ in a
non-1imti r%b@atg%o% #(ng) dye FD&C Bl ué #gmr?ay be cor??gﬁ %ggaeﬁofx?or‘f a

wat er - i nsol e po mL. St rapped w t hin polyethyl ene beads (e g.

M crobl ue Spect r[allielads ﬂﬁ%l&llé@diﬁﬁn%&rpmm Wags a?nodnp&d’we]_ tovvn New

York, Unit i ca) 21] 1n various e ﬁgﬁts t he
col or ant |§gp§%u§§er%¥m§%ﬁ°€arﬁ§ﬁ¥%?5fiweega‘8$ P eé’&?ﬂﬂé@mag@ﬁor qrxaamleamnt of at

| east aboutde§irifg % diter the bglbi ofiks dr e bk ﬁJroﬁé)ém& g&a Q%g/a? al%rmllgcy abgutt
9 abou

0.01%to a %@&ggé about 0.1%to about 20% out

2% to about %&Y‘f Pesepntage %‘%’GE}F“I #ud/orzrew @VQil%etmplmybu Wefgﬁf’/f)olmﬂier about 6%
to about 15%1(3@11861’036811&@ ghbthoatidp@ndt Mstl se gfh&l 2)uSeaform 42022] I'n
vari ous e”‘%i?: e conposi t| ons di scl ose in may ®her i ncl ude

a carrier %8%1%%?}“@%‘ PEHESPase of PRy apdiens bigh avetdge nd);lechlaqwelght pgBimer.sol i d,
tooth tape or Sl[mllm caht wn@bosﬁeﬁfbftﬁ%ﬂe%t AT L Py el § rE"}',l si on, or
any conbi n?gfopa“l Lhese %?rrl er forms. The visScosity of THE &&Prier :
can range from PRAFUHIY sbstaage, mpteriglemidior particle ﬂlagmsmpgrt édlatitel or m&hfyhat of

an ext r enelthe Hvieglia wostt A%t tetmfcolb; as!ReSRAE: & Hgésfl.{'ﬁg% ?w%‘?elB’éot?n‘%ere' d

Vi scosity C ion, at 25C may be at east
milli Pasca%&?eég%gngﬁg é‘ﬁt noy IFP‘EFéitt? %PWyola%cﬂsﬂor@cox@mmwshm theabﬁ‘tli*

100, 000, 00@olbndPaes; colak Gotpised witka-tRe RGBE Pa. about 1
nPa-s to ﬁgﬁm& .E,h ogd Q prge’% , about Qﬁi—'i{aaéé)?%@gbgﬂgac%% OWBEPands
about 10 Ot ™ or pample, war%@mdyq@mlmnabom& 4pHfPorPa- .
[ 0023] The mrtuneethereay T cofoint RXRBEPYRqud, &aﬂﬁﬁéﬂt%ﬁﬁ{uﬂﬁa% oph: 0 ating
conposi tiog Qlt‘r*s eseﬁg gA nyenti on_ can formu Gl afilmon a
tooth surface 1red colosant wall beyeperthas issreeivedes Whlltﬂlilm@/feﬁlva{ﬂuy bei ng
suffi ci entd)tyelaxdtuwmﬁjzbdmc&ﬂt%@frﬁpﬁe@Mszlﬁéﬁ{Hg&lé&t| on of saliva generated
in the oral \QPB¥3 Such formaul tion may 1nc e a pol yner-di ssol ving
sol vent, a vol éIgwgéﬁfumﬁa%gwcﬁmﬁ‘éﬁltmnéﬂgbbﬁemmatedm elydea ¢ sol vent,
or an al c afiginerfteha giveetifeas 8 birceiTaBy Rl c\%?t"[ﬂga&()lot?%t H{a‘g Gk e

fl TS ght of the

ition in an ampunt of | east

t oot h- coat; S
t ot al corrp"lrrg’grt11 %%g@tem} eguclawbﬁﬁnei%nwnmgpamydm n&ﬁéiri;alsamwe Yot 0

about 85%whitraolordDSfviite o8 D% cRRAML boML. 0% 1 0r bOUt 30%to
about 60%‘%)%/ V\ﬁllq?(t of ?e tgt gl 8onposais’t21?!ggn’§2&p%0 ﬁ&?%lﬂ?%ﬂl @?F,W. |1
resul t formation o4 Ppiticles. o whitepqlyoer pasticles has sssidhervin, i"@hlteelimved

considered a color, and a "white"

color may be any color commonly perceived as white, for

example, colors set forth in the Vita Shade Guide scale of whiteness, or colors that are

perceived as whiter than those displayed in the Vita Shade Guide, as further discussed below.

[0014] The whiteness-imparting particulate material may include a non-toxic minera]

or salt, for example, calcium phosphate, tetracalcium phosphate, amorphous calcium
phosphate, alpha-tricalcium phosphate, beta-tricalcium phosphate, and hydroxyapatite

(3Ca3(PO4),.Ca(OH), ). The calcium phosphate may be in any form, e.g., a substantially



[ 0021The tooth coating conposition nmay be in the formof an an adhesive
that adheres to teeth. Wthout being limted by theory, it is asserted that
t he adhesi veness of the conposition of the present invention will vary with
t he amount (percentage) of the acryl ate polynmer conponent and/or the wei ght
average nol ecul ar weight of the filmformng acrylate pol ymer conponent.
Adhesi veness may be neasured using standard adhesion tests known in the
art, for exanple, the adhesive test disclosed in United States Patent
6,613,812 to Bui, the contents of which are incorporated herein by
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[ 0028] The %%%’rﬁnﬁﬂ%@olo@&' xa’tfc:l' system cally or |ocal I%/. Thus, oral

conposi ti ons” of the presemtriPRaderiased inlnikd SiatesPatent 6,66/930re Hotvpthe or

pr event i oncasfentsyf whivheradhaupaaedhercidby fe\fae@e.e@&&gamaiém&ec H%%JOU' in the
i nvention dgkﬁ%i@@ﬁﬂ%’ c(i%?l i\rb)}%jni ted States Patent Nos. 8 , 933 of
Durga et aL, and 8, 685, o8YYBpYiens(Fidy Polymieryions: @hlencipronstenp capblymei,ch ar e

i ncor por atRdythaflaprecthylenePEFENG 0l yhexafluobPRRHe. O her conponents that nay be

included in a teaLh-coall }gﬁ con}%osi,ti on . of the present invention include
flavorants, sweetehers,. IT1TerarPyiasparicyqts waterigppaydgalpaatitssesnt moidener s,

t hi ckener sLeadesatsit bartidlesmagpinchudes 6816 midentl SPERLAGI 2368 Sy LihE,S, and
m xtures tHereaf b mic %0%?}8% F ggﬁ)gﬁnts nmay | nclﬁ%e ésscg(r%tg’?fgf&%%]?@aas wel |
as various flavoring arde b oxycofogide By ['misabis scaninay enenflagroupmifer i al s.
Exanpl es diydiohealaminent silidateqhinsrals ReEthpdes RbipBolBfy AAGRFH: Blsal RRERES | nt,

. cou
Wi nt er gr egih,y .si,ﬁéaras e;#g\ée, age, eucal yptUs, rjoram  cl nnaron, | enon,

lime, grapefruit, Z8PR Xampie, Risef miga, seEpimyira erdflake picat & ebmplifiedeful ar e
ment hol , a@Rusvwte, biatitelorphiddapit€type micas. The pearlescent particles suitable for use in the

mvention include a complex comprising more than one mineral or chemical species, such as,

for example, mica coated with a metal oxide such as titanium oxide. Pearlescent particles
can also be of biological origin, for example, fish scale, mother-of-pearl, calcium carbonate,
pearl, mollusk shell, or nacre.

[0018] White pearlescent particles particle can be obtained from various
commercial suppliers, including those sold under the trade marks TIMIRON® pigments



[ 0031] The additive may be a sweetener such as, for exanple, aspartane,
acesul fane, saccharin, sucrose, |actose, maltose, sorbitol, fructose,
dextrose, |evul ose, sodium cyclamte, and m xtures thereof. [0032] In
vari ous enbodi ments, the present invention provides nethods for altering
the color of a tooth. Such nmethods conprise contacting the tooth with a

t oot h-coating conposition conprising a filmform ng polyner and a col orant
as described herein. In sonme enbodi nents, nmethods for altering the col or of
a tooth conprise contacting the tooth with a tooth-coating conposition
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i nvention




i Si ' | [ de in the designated
sing a m xture of the follow ng substances is ma _
;ﬁonﬁ:lltsl gs shown in Table 1: Table 1 COVPONENT percent by weight 1 2 3 45

hydr OXyapatitC 11.2 20 20.6 22 20 LUVI MER(r) 30E 71.8

about 99%, about 5% to about 85%, about 10% to about 80%, about 20% to about 70%, or
about 30% to about 60% (by weight of the total composition). Such formulation will result
formation of a film on the tooth as the solvent is removed.

[0024] The tooth coating composition may be in the form of an an adhesive that
adheres to teeth. Without being limited by theory, it is asserted that the adhesiveness of the
composition of the present invention will vary with the amount (percentage) of the acrylate
polymer component and/or the weight average molecular weight of the film-forming acrylate
polymer component. Adhesiveness may be measured using standard adhesion tests known in
the art, for example, the adhesive test disclosed in United States Patent 6,613,812 to Bui, the
contents of which are incorporated herein by reference. In certain embodiments, the
adhesiveness between a tooth and a film formed from a composition of the present invention
may be about at least 500 pounds per square inch (PSI), at least 1,000 PSL at least 2,000 PS],
or greater.

[0025] Various other ingredients may be includeed in the tooth-coatuing
compositions, such as one or more non-acrylate polymers such as, for example, a cellulose
such as carboxymethylcellulose acetate butyrate, cellulose acetate butyrate, ethyl cellulose,
marine colloids, chitosan, and/or polyvinylpyrrolidone/vinyl acetate copolymer.

[0026] The tooth-coating composition of the present invention may include an -
abrasive such as silica or perlite, such as, for example, CAB-O-SIL® MS 55 (available from
Cabot Corporation, Boston, Massacheusetts, United States of America). Surfactants such as
cocamidopropyl betaine or dimethicone may be included.

[0027] The tooth-coating composition of the present invention may further include
oral care active agents, i.e., agents operable to treat or prevent a disorder or provide a
cosmetic benefit systematically or within the oral cavity (e.g., to the teeth, gingiva or other
hard or soft tissues of the oral cavity). Active agents include antibacterial agents, anti-caries
agents, anti-tartar agents, anti-plaque agents, anti-adhesion agents, desensitizing agents,
malodor control agents or breath freshening agents, salivary stimulants, periodontal actives,
peroxide whitening materials or other Bleaching agents, natural exiracts and essential oils,
enzymes, anti-inflammatory agents, and/or antibiotics

[0028]  The active agent may act systemically or locally. Thus, oral compositions

of the present invention may be used for the treatment or prevention of systemic disorders.



acetate(r) (LUVISKOL VA 37E)* -- 10

62 60 67 63 pol yvinyl pyrrolidone [Vinyl 8 7.7 9 7 ethyl

10.3 -- 7 carboxynet hyl cel |l ul ose acetate butyrate --
cel l ul ose

Active agents among those useful in the invention are disclosed, e.g., in United States Patent
Nos. 6,290,933 of Durga et al., and 6,685,921 of Lawlor, the contents of each of which are
incorporated herein by reference.

[0029] Other components that may be included in a tooth-coating composition of the
present invention include flavorants, sweeteners, fillers, preservatives, pH regulators,
softeners, thickeners, stabilizers, surfactants, toughening agents, detackifiers, and mixtures
thereof.

[0030] Flavorants may include essential oils as well as various flavoring aldehydes,
esters, alcohols, and similar materials. Examples of the essential oils include oils of
Spearmint, peppermint, wintergreen, sassafras, clove, sage, eucalyptus, matjoram, cinnamon,
lemon, lime, grapefruit, and orange, as well as methyl salicylate. Also useful are menthol],
carvone, and anethole,

[0031} The additive may be a sweetener such as, for example, aspartame, acesulfame,
saccharin, sucrose, lactose, maltose, sorbitol, fructose, dextrose, levulose, sodium cyclamate,
and mixtures thereof,

[0032] In various embodiments, the present invention provides methods for altering
the color of a tooth. Such methods comprise contacting the tooth with a tooth-coating
composition comprising a film-forming polymer and a colorant as described herein. In some
embodiments, methods for altering the color of a tooth comprise contacting the tooth with a
tooth-coating composition comprising a colorant in a color-altering effective total colorant
amount.

[0033]  Application of the tooth-coating composition to a tooth results in a
perceivable alteration of tooth color, for example, an increase in the appearance of tooth
whiteness. For example, the whiteness of a tooth that has been coated with a tooth-coating
composition comprising at least one whiteness-imparting particle may be determined
visually by comparison with the Vita Shade Guide scale of whiteness (in which tooth color is
measured on a scale of standard shades ranging from darkest to lightest of C4, A4, C3, B4,
A3.5,B3,D3, A3, D4, C2, C1,A2,D2, B2, Al, and B1), or measured by a skilled artisan
using a color measurement instrument such as a Minolta CR-321 chromometer., Teeth to
which the fluid has been applied can exhibit an increase in Vita Shade Guide whiteness of at

least one increment, for example, from Al to B1. In addition, the presence of the at least one



1.4 --

1.4 1.5 1 funed silica 1.4 -- 1 ethanol 14.2 -- --

whiteness-imparting particle can result in tooth/teeth that are brighter than B1 on the Vita
Shade Guide scale of whiteness. '

[0034]  Application of the tooth-coating composition of the present invention may
be accomplished using methods known in the art. For example, an applicator such as a brush
may be dipped in a composition described herein, and the composition can then be painted
onto teeth. In addition to brush application, other non-limiting modes of application may
include applying a rinse comprising a composition of the invention, applying a semi-solid
form of a conposition of the invention from a stick resembling a lipstick, applying a semi-
solid form using a crayon-like stick, spraying on the composition, dabbing on the
composition using a towelette, or transferring the composition from a tape or strip.
Adherence of a composition of the invention to teeth may be promoted by allowing the fluid
to dry following application to the teeth. In some embodiments, a film forms as the
composition dries or a solvent component of the composition evaporates.

[0035] In various embodiments, a film, once formed, can remain on the tooth for at
least about one hour, for example, about 1 hour to ébout one year, about one day to about six
months, about one week to about three months, or about two weeks to about two months. In
other embodiments, a film formed on a tooth may be removed through friction, eg.,as
provided by tooth brushing or mechanical scraping, or, in some embodiments, through
application of a solvent, such as, for example, ethanol or a water-ethanol mixture.

[0036] The composition of the invention may be self-applied by an individual user,
or applied by an esthetician. In some embodiments, prior to application to tooth/teeth, the
targeted tooth/teeth may be cleaned, e.g., through brushing, to promote good adhesion
between the composition and the teeth. Alternatively, a dental professional such as a dental
hygienist or a dentist can clean the targeted teeth more thoroughly using professional
equipment and methods prior to application of the composition of the present invention.

[0037]  The tooth coating composition may be prepared by any means known or to
be developed in the art. For example, the tooth-coating composition may be made by
combining an acrylate polymer and a colorant such as a hydroxyapatite particle in an organic
solvent such as ethanol.

[0038]  The following examples are merely illustrative, and do not limit this

disclosure in any way.



Betaine -- -- 0.5 -- Plastigel -- -- 0.5 dinethicone -- -- -- --

EXAMPLES 1-5

[0039] In these examples, preparation of the composition of the invention

comprising a mixture of the following substances is made in the designated amounts, as

shown in Table 1:

Table 1

COMPONENT 1 2 3 4 5
percent by weight

hydroxyapatite 11.2 20 20.6 22 20
LUVIMER® 30E 71.8 62 60 | 67 63
polyvinylpyrrolidone - 10 10.3 - 7
/Vinyl acetate®

(LUVISKOL VA 37E)*

carboxymethylcellulose - 8 7.7 9 7
acetate butyrate

ethyl cellulose 14 - 1.4 1.5 1
fumed silica 1.4 - - - 1
ethanol 14.2 — - -

Betaine - - - - 0.5 -
Plastigel - . - - 0.5
dimethicone - - -- -~ 0.5
TOTAL (percentage) 100 100 100 100 100

[0040] LUVIMER® 30Eisa copolymer of ethyl acrylate,_t—butyl acrylate, and
methacrylic acid and LUVISKOL® VA 37E is composed of 50% ethanol and 50% of a

vinylpyrrolidone vinyl acetate copolymer; ea}ch are available from BASF Corporation,

Ledgewood, New J ersey, United States of America.

10



0.5 TOTAL (percentage) 100 100 100 100 100 [0040] LUWVIVER(r) 30E
is a copolyner of ethyl acrylate, t-butyl acrylate, and nethacrylic acid
and LUVI SKOL(r) VA 37E is conposed of 50% et hanol and 50% of a

vi nyl pyrrolidone vinyl acetate copol ynmer; each are avail abl e from BASF

Cor porati on, Ledgewood, New Jersey, United States of Anmerica. [0041] The
conposi tions of these exanples are made by m Xxing the Luvinmer 30E and the

hydr oxyapat 'gﬁ&%gg&;é@{)g; i & d?és%x?ﬁ@ﬁé’aﬂé‘xﬁfde Nm@ﬂmgﬁmwsommber si on

i s obtainef 1 on e renmai nltggh onent(ils Jh §

conposi ti o ﬁﬁdroiyuphimelparﬂ'dtﬂ m & highy spred Juikes, BRENQTECEEPEU FRTUT Tace as a

pai nt -on Usg&gne@ ?@L S\}J%Edl ion of the Téiﬂa@hsggcmtnpbhms sPeccémpesitians he wor d
a

‘conprise"?®

suc | be
under st ood f6gh inPabje 1 htaylbncdeb%ﬁf%tocﬁ ‘° 3’6%6&5& pé’#é'%mén#[de&? BOMF‘ghst ep, or

group of _elenents, integers or steps, but not the exclusion of any other

el enent, “i nteger or step, .or p. el ene tw eg qurt,&'gse@ﬁch 119 Any
di scussi on of ddbeonghout, ﬁa&@@ﬂﬁ%ﬂ“@ﬁ Q‘Fs ev?%“é rrl‘gtear tglfc aes or

whi ch has "comprises" or “"comprising", will be understood to imply the mclusnon of a 'Stated -
| element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, Or group of elements mtegers or steps.
10

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a
context for the present invention. Itis not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
15 field relevant to the present invention as it existed before the priority date of each claim

of this application.
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been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an
adm ssion that any or all of these matters formpart of the prior art base
or were common general know edge in the 15 field relevant to the present

I nvention as it existed before the priority date of each claimof this
~application. DI E CLAIMS DEFI NING THE | NVENTI ON ARE AS FOLLOAG: 1. A

i tooth-coating conposition conprising: a) a whiteness-inpairing particul ate
material conprising crystalline hydroxyapatite, b) an acryl ate co-pol yner

aait, and IREREAIMSEERENG TR B ENITORAREAY KBGO [ he or oup

consi sting 1of cay Redyssathy baspdsitoasenpeisingt € butyrate, cellul ose acetate

butyrate, ethyl agel I ul“o,hslg&rmrgq &%n%og%ag{iﬂﬁatecﬁét&wnmmpﬁﬁn%h crystalline

pol yvi nyl pyrrol i*doné&/ vinyl acetate-c ynmer, and m xture* ereof. The
conposi tion of cl ai Wydroxyi#peRtei n the acryl ate polyner is anionic. The

conposi tison of ghai g kchflate | RipBlynerWriptisingt menaroery |ofttebiyiyll gorglate sthyl
hydr ophi I'i c. The congq(;' It oa of] ?l ﬁic%iglr erein the anyl ate pol yner
conpri ses appr oxi matt fptee&ﬁ s Propo I 'ons, of rmnotrir;ers of t- butgl
acryl ate, ethyl ¢) oneor more non-acrylate polymers selected from the group consisting of
' carboxymethylcellulose acetate butyrate, :pé].l_}dose acetate butyrate, ethyl
cellulose, marine colloids, chitosan, poljryinylpynolidone/vinyl acetate
10 copolymer, and mixtures thereof. '

2. The composition of claim 1, wherein the acrylate polymer is anionic.

3. The composition of claim 1 or claim 2, wherein the acrylate polymer is
15 hydrophilic.

4, The composition of claim 1 wherein the acrylate polymer comprises
approximately equimolar proportions of monomers of t-butyl acrylate, ethyl
acrylate, and methacrylic acid.

20
5. The composition of claim 1 wherein the acrylate polymer is represented by the

formula (T):

LN ]
\ W |

/ik W

|-CH;
he \\ \ / \

c—C

5 JL® "L i

X y 2

G/,
\
/

25 wherein x, y and z are positive integers, each independently 1 to 10,000.

6. The composition of any one of the preceding claims wherein the acrylate
polymer has & weight average molecular weight of 600 to 10,000,000.

12



acrylate, and nethacrylic acid. The conposition of claim1 wherein the

acrylate polymer is represented by the formula (I):

and z are positive integers, each independently | to I 0,000. 6.The
conposition of any one of the preceding clains wherein the acryl ate pol yner
has a wei ght average nol ecul ar wei ght of 600 to 10, 000,000. 12 7. The
conposition of any one of the preceding clains wherein the acryl ate pol yner

i s present

fromthe group
oxi de, tin oxi
pol ypr opyl ene,
pol yhex#f | uor opr opene, and m xtures thereof. 9. The conposition of any one

., .cal ci um oxide, nagnesi um oxi de, polyethyl ene,
G the tARGRESERe copol ymer, 10pol yt et raf | uor out hyl ene,

of the pregedi nghézlcg]ln sigw%rf% %r#%eof“’fﬂetﬁl@ﬁéﬁns%'&%h&i WHeRH the whitemess-

mat eri al

10

15

20

25

30

has an  aver age

10.

11.

12.

13.

"anetef of 1 Huné% m crons. . . .
imparting particulate material 1s selected from the group consisung of calcium

phosphate, titanium oxide, aluminum oxide, tin oxide, a calcium oxide,

magnesium oxide, polyethylene, polypropylene, ethylene/propylene copolymer,
polytetrafluoroethylene, polyhexafluoropropene, and mixtures thereof.

The composition of any one of the preceding claims, wherein the whiteness-
imparting particulate material has an average diameter of 10 nm to 500 microns.

The composition of any one of the preceding claims, wherein the whiteness-
imparting particulate material is present in the composition in an amount of
0.01% to 50%.

A method of altering the color of a tooth surface in & cosmetic treatment, the
method comprising contacting the surface with a tooth-coating composition
according 1o any one of the preceding claims.

A method of preparing a tooth-coating composition for altering the color of a
tooth, the method comprising mixing a whiteness-imparting particulate material
comprising crystalline hydroxyapatite, an acrylate polymer, and one or more
non-acrylate  polymers  selected from the pgroup consisting of
carboxymethylcellulose acetate butyrate, cellulose acetate butyrate, manne
colloids, chitosan, and mixtures thereof.

A tooth-coating composition according to claim 1 substantially as hereinbefore

described with reference to the examples and excluding, if any, comparative
examples.
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15 10. The conposition of any one of the preceding clains, wherein the

whi teness- inparting particulate material is present in the conposition in
an amount of 0.01%to 50% 11.A nethod of altering the color of a tooth
surface in a cosnetic treatnent, the 20met hod conprising contacting the
surface with a tooth-coating conmposition according to any one of the
preceding clainms. 12..A nmethod of preparing a tooth-coaling conposition for
altering the color of a tooth, the method conprising mxing a

whi teness-inparting particulate material 25 conprising crystalline

hydr oxy titge, cryl at I , ' r: re.ngn-acryl ate

pol ymer 2.B€el é@tr&%ﬂ?q gﬁ]aétﬁ%n%ﬁbeggolégﬁgiasﬁ%ﬁi g@?acgépg%fg%%yﬁc%%cgﬁt ose

acet at e but yrastadinggp Icliimsld subsendtely 186 hote ,OTWH@%mmﬁ@W%M t osan,
and m xtures hhgtRHes B8 etduding, P4, 6aApdrab-GREMpIs.t i on according to claim
1 substantially as hereinbefore described with reference to the exanples
and excluding, if any, conparative exanples. 14. A nethod of altering the
color of a tooth surface in a cosnetic treatnment according to claim1l
substantially as herei nbefore described with reference to the exanples and
excluding, if any, conparative exanples.
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