TITLF OF THE | NVENTION Oral Care Conposition to Reduce or Elim nate Dental
Sensitivity CROSS- REFERENCE TO RELA Ii APPLI CATI ONS [ 0001] This application
cl ai ms prwonniyoosssU. S. Patent Application No. 12/ 356, 8®¢Tfust@d/odmnrary 21,
2009, which is a continuation-in-part of U S. Patent Application No.

12/ 338,598, filed Decenber 18, 2008, which is a continuation-in-part of

U S. Patent Application Serial No. 12/103,919, filed April 16, 2008, which
is a cuntinuation-in-part of U S. Patent Application Serial No. 11/742, 039,
filed April 30, 2007, each of which application is hereby incorporated by
reference inits entirety. BACKGROUND OF THE | NVENTI ON [0002] Dentin is a
portion of the tooth interndiTEBOFHEHTRRANENTHAY cenentum that has a
radially striated appearance owing to a | arge nunber of fine canals or
tubul es known a@r&]@r@@ﬂﬁiﬁ%@%hohqpﬂk@écc oT%%ﬁ@teMH?xtJl%@H&M pul p cavity to
t he periphery of the dentin and are generally about two mcrons in dianeter
at their base and sonewhat narrower at their periphery. Tubules are not
usual |y exposed to ¥ROSeRBEESHMNSH TORELAELDARPLEAT @?NSas they are usually
covered by enanel or cenmentum The cementumin turn is often covered by the
gtims. [00Q@do1ft IThiCHIPRRAidN UREGS vﬁﬁ&ﬁ? tb 02, PRAGE A gghyat%w”y exposed
tubul es can lead to tooth sensiti an irritati pai nful condition.
I n this {IREHOES7 flbfddsrsmfum ”bbfZOQﬁ,legluma d rationplosein-patehtdnPatener osi on. The

Cubutos. couges Voo PR BR esgeos b AEPhifTeat iutlonarpef) """

external opud. PatehfppliR@iGAGEAAITRS ERl/ 203, AT I8M &G 16,r:wnsf\emlci@esteween the
exterior and interior of the tooth I1s accelerated through the tubul es.

Conmon  efvitrsrtentaipagof M- iPaten Mppdisathwdteriabpdl /Eﬁ%ﬂ%%élesi Aprdl Paysi cal

and necha I} oirritate
t he nervé’%ﬁ?%&g%%\?hg{g efrﬁja en{l}”ﬁrﬁbﬁzﬁu?g}g elclil”'fkh%rfe ?CQ%Z%{%Q I%z%t)n The pain
of sensitive teethappears to result fromt hese stimuli, which apparently
cause fluid novements i nBAGKCRENINPDF THEINSENFREN act i vat e pul pal nerve
endi ngs. [0004] Conventionally, two approaches have been taken to treat or
aneliorate [0002]

Dentin is a portion of the tooth internal to the enamel and cementum
that has a radially striated appearance owing to a large number of fine canals or
tubules known as the dentinal tubules. Tubules run from the pulp cavity to the
periphery of the dentin and are generally about two microns in diameter at their
base and somewhat narrower at their periphery. Tubules are not usually exposed to
the environment in the oral cavity, as they are usually covered by enamel or
cementum. The cementum in turn is often covered by the gums.

[0003]  Itis commonly understood that partially or fully exposed tubules can
lead to tooth sensitivity, an irritating and painful condition. In this theory, recession
of the gum line exposes cementum to erosion. The eroded cementum in turn exposes
the hollow dentinal tubules. The exposed tubules cause nerves within the tooth to be
affected excessively by external oral stimuli because material and energy transfer
between the exterior and interior of the tooth is accelerated through the tubules.
Common environmental stimuli, such as heat, cold, chemicals and physical and
mechanical pressure or stimuli, such as brushing, are able to irritate the nerve

through the open dentin tubules and thereby create pain. The pain of sensitive teeth



tooth sensitivity. Under one approach, the chem cal environnent proximal to
the nerve is altered by application of various agents, such that the nerve
i s not stwoubwrmogssor not stinulated as greatly. Known &gemnissomwsefsst| in
this chem cal approach, including potassiumsalts (such as potassium
nitrate, potassium bicarbonate, potassiumchloride) and strontium zinc
salts, and chloride salts. [0005] The second approach invol ves the
mechani cal shield of the nerve by, e.g., blocking of the dentinal tubul es

whol Iy or partially with "tubul e bl ocking agents." Agents that have been
di scl osedPPfi't Wefeﬁﬁ} BpdpeseRET e high PParetly GHe! g Yemends wg?

vat er - soljuiiig fbuMALREr 2WoAte 31 S 1 PRINEIaRIgE 0l Yt es, oxal ates, anorphous

cal ci um phosphate, hydroxyapatite, maieic acid copolyners and pol yet hyl ene

particles. [0@34D6] Jaowenviemallpomtp aprgoadheshaal bean dakehdo trestheringdiorappr oaches,
because gh§y reqgui.re fhe iggongorqtion}pf.o?e ar _nor e additLoqﬁl materials
to the d&MT FYPEE Yy FERUT TPIRAEH RATSEYGh AT FRTRUI P &EMAA Rer t echni cal
or rel at @ervieGs AIRGEEBS BFPIGAGDS of Tlrioushigents aasR thd: iRy Rerv8istndieed in the art

for a dentifrice that, upon use, prevents or reduces tooth sensitivity, yet

i s not as@®elasdear Wwusinyilefar PP gEalY p Koewasigagts srcitb miAeBY i sadvant ages.
BRI EF SU%%X@%J&&%Wé’éﬁﬁﬁ%ﬁ&%@ ad Stan'?ﬁa{‘rﬁlg{ilsr? vi%&%sﬂﬂﬁ? an oral care

conposi ti conprising an adherent nateria a particles, wherein
t he oral brartensenpassisivroahjoriol) aebsteorftium, ctirfd saits, raatlehbifridesalys. eat er t han
about 45% e fluid flow rate of etched dentin. Ln an aspect a

conposi t1 ol WBlpr (106 S SR PER P iT1ES DR RAF R et 1 but i on
(PSD) of .3 Blckifgaf R dehBnANALIRE wARRGGF paRiaBP WAASIthbOB bERER Ses silica
particles having a nedian particle size of 3 mfmto 5 nm In yet another
aspect, ppentsofpoys thab havobgenidisdossil in e piraridndydpeag. rgtianicaver age
particle _size of 3 nmmto 5 N ln an e ct,of the invention, a conposition
conpri segﬁlsniupl‘”(:(gdyﬁ'avrv tlefzf’oelgb eé)\lli%ageras“pg%? gcﬁ”@ esl?ctztrg%(ﬁ'gf) )r('%lﬁéﬁg’i on (FSD) of 2
M to 5 ARorpibudReiiel phsdpdate, had @RPPLSItd, | wRleRMeld sgehyghdrsaad particl es
havi ng a nedi an part[cre size of 2 TfMto 5 nm In yet another aspect, the
conposi t PelyeHwieiPseclesi | i ca particles having an average particle

[0006] However, both the chemical and the mechanical approaches, because
they require the incorporation of one or more additional materials to the dentifrice,
may result in formulation difficulties, either technical or related to increased costs.
For this reason there is a need in the art for a dentifrice that, upon use, prevents or
reduces tooth sensitivity, yet is not associated with significant processing or

formulation disadvantages.

BRIEF SUMMARY OF THE INVENTION

[0007]  The invention includes an oral care composition comprising an
adherent material and silica particles, wherein the oral care composition provides a
fluid flow rate of no greater than about 45% of the fluid flow rate of etched dentin.
In an aspect, a composition comprises silica particles having a particle size
distribution (PSD) of 3 pm to 5 pm. In another aspect, a composition comprises silica
particles having a median particle size of 3 pm to 5 pm. In yet another aspect, the
composition comprises silica particles having an average particle size of 3 pm to 5
pm. In an aspect of the invention, a composition comprises silica particles having a

particle size distribution (PSD) of 2 pm to'5 pm. In another aspect, a composition
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size of 2 nmto 5 mm |n another aspect, a conposition conprises silica
particles having an average particle size of 2.7 nmto 4.0 nmm In anot her
aspect, awvoanpum®igsson conprises a popul ation of silica pamrtuseéies2158yi ng a
particle size selected fromthe group consisting of 2 mMm 2.5 mMm 3 mm 3.5
mm 4 mm 4.5 mm and 5 nm wherein said population of silica particles
conprise at least 20% of the total silica particles in said oral care
conposition. In another aspect, a conposition conprises silica particles
havi ng a i rticle size of 3. mmto.5 nm a dl f 1.oommto 3 nm and
a doo of c%%%?{lgﬁ%i 5 réﬁgnn&lsnmyg}g ‘331?118%[?1'3? dg%%é%‘,oa“ %%‘(r?ﬁgéll i lg]rp C(t:orrpri ses
silica panbthel &pettathergmporiBith admpeités tlicd Ritd@esHaving@n dv@rdgerpirtide dl O of
0.5 mMmmto 2 mm and a d90 of 5 mMmto 10 mm [0008] In an aspect of the
i nvent i ofiz¢ 8 ¢ BAYBS KMo ¥R# AsBECtsl aRRPSHigN GoRITEIes filer RITHClehe
conposi t 'hQUinP%ﬁ a@eﬁgé}ygﬁkle\/ﬁmﬂﬁ@j &L\‘%o §,'()%§1|1.V91| Hﬂﬁlé‘r'}agﬁédt,o‘&oﬁw%si%%ng-rn (AUC

9

3.95) of at least 2 and wherein the oral care conposition provides a

fluid fl ovmpsass agiopudatgmedsdica pheivlabauingdsidrotle size séleapd frohotver al e of
etched dentin. In.another aspect, a conpo iti conprjses silica particles,
wher o n_ ERMESATRUTHALT HEy 23 RESrHIT <6 BMpof Ul 401 BY 20 PhRE et or i
silica pajitigepamtdaf BilicApsitialek abimpAsPANEdsEL®% SF #R Yl sies paraeks gn (AUC
3.95) of at |east 40% wherein the oral care conposition provides a fluid

f 1 ow r at eaigforggagre@arositionadn aperber dpestos carpeositiqn epopprisgs pidite of et ched
dentin. apc? LD, _tghe.' i eticle ositi have a
por osi ty[pg Jg&g@ﬁ%ﬂxﬁg&gg%& cgl;e ?1?14 Jﬁ)fld’r}grglgg? hgbﬁ ﬂﬁg’gg r% qrrlgmc)):?wsnr‘ré‘l?‘]per .
[ 0010] | a d®0 ofs pecio, 11tpie. Bdfe haothenadpect, akompodticoopoptisdseilich S a pol yner
havi ng a nunber average nol ecul ar. weizght bet ween 102 000 and 2, 500, 000,
i ncl usi v@artidesdivaggeaediap partedmhirecliZ rrated ral A0 SLPedtr i § FEntpdl yrers of
pol yvi nyl, d@b%ﬁﬁ’ﬁﬁ‘ﬂ@o@ﬂ%.m poly (1-phosphonopropene) sul fonic acid,
pol y(beta styrene phosphonic acid), alpha styrene phosphonic acid,
synt heti c dA008hi c Ipehyspact of theliycatiboxaydoant msitivel e@imprisahyiticd peticlesl ei ¢ aci d,
and net hyl vi.nyl ether..|n another aspect, the adherent. rr[g le is a '
pol ymer g\fh@ﬁtéfl ﬁ% co\l}rlagﬂﬂm&qwé A cgﬁajlehté\ieerlsaéhék, Siz€ V(a)‘lume tF?‘acttlon < fé:SUum

(AUC 3.95) of at least 20%, and wherein the oral care composition provides a fluid

flow rate of no greater than about 45% of the fluid flow rate of etched dentin. In

another aspect, a composition comprises silica particles, wherein the silica particles

comprise a population of starting material silica particles having a camulative

particle size volume fraction (AUC 3.95) of at least 40%, wherein the oral care

composition provides a fluid flow rate of no greater than about 45% of the fluid flow

rate of etched dentin.

[0009] In an aspect, the silica particles of a composition have a porosity of less
than 0.45 cc/g in pores of 600 Angstroms or smalier.
[0010] In an aspect, the adherent material in a composition is a polymer

having a number average molecular weight between 100,000 and 2,500,000,

inclusive. In an aspect, the adherent material is selected from polymers of polyvinyl

phosphonic acid, poly (I-phosphonopropene) sulfonic acid, poly(beta styrene

phosphonic acid), alpha styrene phosphonic acid, synthetic anionic polymeric

polycarboxylate, maleic anhydride, maleic acid, and methyl vinyl ether. In another

aspect, the adherent molecule is a polymer of methyl vinyl ether and maleic

anhydride.



anhydri de.[0011] In an aspect of the invention, a conposition is fornulated
into a formselected froma rinse, a paste, a gel, a gum a dissolvable

| ozenge, wodow/®d45n | n anot her aspect, the conpositi onPCI/USeeidkE82d i nt o
a formselected froma dissolvable film [0012] In an aspect of the

i nvention, a conposition conprises a non-silica desensitizing agent. In an
aspect, the desensitizing agent is selected fromthe group consisting of a
nitrate salt, an arginine ester, a bicarbonate salt, potassiumnitrate,

pot assium chl ori de, an argi ni ne-bi carbonat e- phyt at e conpl ex, potassi um
citrate, ad@né}giﬁ?ﬁ%?ﬂ¥GgT§?ePﬁ“ﬁﬁ°5§ﬁéwﬂ¥m5“@dﬁﬁﬁ§vﬂq@mhﬁﬁﬁﬁ%@? conpri ses
an antib ' A0eNe. 13 0, : J it L O of C ri ses
NPT o i oA B T R G Lo LN N

conposi t hosthénaspbar the ooppsigsn afoagehtedialec foeth sefeotnddrahendisalvabtei t eni ng
agent, an. opaque whitening agent and an antical cuhis agent. In an aspect, a
conpositpgﬂ'further conprises a surfactant systemthat conprises sodi um

lauryl sul figdig] andn hAdERQAOLE thk v@RtBS REGMpaRitMIchAfIrAR a AYSLGEA CONSi St S
essentially of sodiumlauryl sulfate and tauranol in a ratio of 1:5 to 1:3.

[0015] | HewhsiHgipe@genta e afperict ithndesgnsinang eperprs sedectethiragehe gxwipect ed from
a st ?”F‘O&_?ns?iq% %ggﬂhra_.t—@saﬁl, %{Rﬁxkﬂﬁm%%mg,%% r‘i&%ix'té’é‘é‘nf hﬁ%&éig%m&@{e‘” hexi di ne;
al exi di ne; exBl I ne; sangui nari ne; Benzal koni um ¢Al'oride; salicylanilide;
dom phen pbrasstiglehleileydipyigidhedbiarleink er pldeate CRplext poiash@aycitpte,iachidni um
chloride (TPC); N-tetradecyl- 4-ethyl pyridiniumchloride (TDEPC)

oct eni di A%™M8€i nopi nol ; octapinol; nisin; zinc ion agent; copper ion agent;

essenti al ‘P@)d1§1' f uh RRQERSE, aRBAIRLIBRIMRher bR HsBUS YA AL QHAPE Rnt ekt ract s of
magnolia, a netal ion source, arginine bicarbonate, honokiol,” magonol,

ursol i ¢ achghect hremposibpa funtmricnmpeisey 2& 4 -oichbea2blickvlpdipherylpdreoxi de, an

enzyne, a lia extract, a flavonoid, a flavan, hal nat di phenyl
ethep,_crei@ﬂﬁt, z%anﬁﬂﬁf%PfS?Wrﬁ%Té uﬁwxéﬂnggﬁg%?Ta?ﬁgggﬁsgﬁgpgﬁpprovides
conposi t tigsicaRehif@idslent, 0h JpRGUE WhgeARP baéntSRASINtdntcAlyuluk Agat. aspect, a

met hod of reducing dental sensitivity . .
on further comprises a surfactant system that comprises

an aspect, a compositi
sodium lauryl sulfate and tauranol. In an aspect, a surfactant system consists
essentially of sodium lauryl sulfate and tauranol in a ratio of 1:5 to 1:3.

[0015] In an aspect, a composition { urther comprises an agent selected from a
stannous ion agent; a fluoride compound; sodium fluoride; chlorhexidine; alexidine;
hexetidine; sanguinarine; benzalkonium chloride; salicylanilide; domiphen bromide;
cetylpyridinium chloride (CPC); tetradecylpyridinium chloride (TPC); N-tetradecyl-
4-ethylpyridinium chloride (TDEPC); octenidine; delmopinol; octapinol; nisin; zinc
ion agent; copper ion agent; essential oils; furanones; bacteriocins, ethyllauroyl
arginate, extracts of magnolia, a metal ion source, arginine bicarbonate, honokiol,
magonol, ursolic acid, ursic acid, morin, extract of sea buckthorn, a peroxide, an
enzYme, a Camellia extract, a flavonoid, a flavan, halogenated diphenyl ether,
creatine, and propolis. |

[0016] In an aspect, the invention provides compositions and methods for
reducing dental sensitivity. In an aspect, a method of reducing dental sensitivity
comprises applying to the surface of a mammalian tooth an oral care composition of
provided for herein. In another aspect, a method of reducing dental sensitivity

comprises applying to the surface of a mammalian tooth an oral care composition of
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conprises applying to the surface of a mammalian tooth an oral care
conposition of provided for herein. In another aspect, a nethod of reducing
dent al sewei20iniovgssconpri ses applying to the surface of paTnspomioRzER2 t oot h
an oral care conposition ofclaim1, wherein the adherent material is
sel ected from pol yners of polyvinyl phosphonic acid, poly
(1- phosphonopr opene) sul fonic acid, poly(beta styrcnc phosphonic acid),
aIPha styrene phosphonic acid, synthetic anionic polyneric polycarboxylate,
mal ei ¢ anhydride, male aci d, and net et her an aspect, a

ot hod of AFBdut s TR e SBhiR R Py bt 1ot B BB P S e sur f ace of
a mamel iRBspHReidhcR) pelyal- pﬁ@‘f}ﬂm@t@ hi)i QoS aPﬂaO},éle@QtT QyrdAgrein,. wherein
the particles have a porosity ess than 0.45 cc/§ in pores of 600

Angst r omphesphomid dcist). alleaos_tY]cnlemhaﬂpla)mmd sunthetiharionis pehovérded f or

EL?]E :gtel gw 1\%§rbo>rgr;ﬂg rcr)\n]( mqh%glld%,tl%gllcgg {cﬁq]‘%‘ﬁ menl’w] vm thsblrnrﬂbas}ogleél ?gr to the

herein. [R&RLBk Iﬁmh&notﬂ&auuagpeata,l s@xs[fﬁﬁﬂ%&dni}ﬁma{@wﬁag th ee swmabé &f ni ng or
increasing the systenmic health of a mammal conprising apply
conposi t .ad?ﬁfﬂ@aaw WP ans g Sre comPasiHaRARPToYided) f@é&fmawé‘eéﬁvaggﬁ for a

duration afqddsTBve YWABFRID of 1Ss H%Wﬂ;%'&}’g 9] éi)@%{ig%ngfr@orﬁéraﬁer
conp05|t|on as provided for herein the silica particles are

pr esent |nlﬂﬁmﬂcoﬁp@smmmmhannmandanpmwkkdﬁOBQ&Myhmgﬂghhnbpngmebter and an

agent selected fromtriclosan trlc hosphat e Xi di ne;

S exi o ne AR HrARRork s A ks RE L RER BT REP 2 8 B s Pr Gl o

sal i cyl andiZhiedempdembRAE Prdni@ad g heket.y! pyri di ni um chl oride (CPC);
tetradecylpyrldlnlun1chlor|de (TPC); N-tepadccvl -4et hyl pyridi nium chloride
(TDEPC); odPeHl di e anefdehsipicrloP madk @«hbummldf—chftsrman%rﬁegpbﬁwa@ewe copper

I on agenty, %%&%E}@Jlthodflasmartﬁ {ADGRE ﬁsmg%ﬁfﬁyqlgo &Qﬁ ICar{)liﬁH{‘Q]yl ar gi nat e,

extracts of “nagnolia, a mnet a I on Sour nlnc onat e honoklol
magonol , surfs@ldf@ ranohal atrlsast oadd ﬁdamamtuxMTczfctmmfwhmanbhm kt hor n,
per oxi de, an enzyne, a Canellla extract, a flav flavan, alogenated

di phenyl Cé’t“ﬁ’@?m‘”&F‘é‘BPT‘ﬁ’é an gral Cﬂf‘o‘ﬁﬁ‘l‘l?%smo["oﬁi’é?v’%@& ”Wé‘f‘ﬂd‘éﬁ“e’sf‘ “met hod of

occl udi ngjiR, g@ﬂkle@ d}é*'}bﬂéLﬁlth frhd d@nﬁﬂlﬁlt@wﬁf\ 8k nlinBoMABR v edghtlop Ot h,
conprising applying to the tooth surface a
greater, and an agent selected from triclosan; triclosan monophosphatt,

chlorhexidine; alexidine; hexetidine; sanguinarine; benzalkonium chloride;
salicylanilide; domiphen bromide; cetylpyridinium chloride (CPC);
tetradecylpyridinium chloride (TPC); N-tetradecyl-4ethylpyridinium chloride
(TDEPC); octenidine; delmopinol; octapinol; nisin; zinc ion agent; copper ion agent;
essential oils; furanones; bacteriocins, ethyllauroyl arginate, extracts of magnolia, a
metal ion source, arginine bicarbonate, honokiol, magonol, ursolic acid, ursic acid,
morin, extract of sea buckthorn, a peroxide, an enzyme, a Camellia extract, a
flavonoid, a flavan, halogenated diphenyl ether, creatine, and propolis. |

[0019] Also included is a method of occluding a dentin tubule within the
surface of a mammalian tooth, comprising applying to the tooth surface a
composition comprising an adherent material and a silica particle having a median
particle size of no greater than a dentin tubule. In an aspect, a method of occluding a
dentin tubule within the surface of a mammalian tooth comprises applying to the
tooth surface a composition as provided for herein. In an aspect, the method of

application is a method other than brushing the tooth surface. In another aspect, a
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conposition conprising an adherent material and a silica particle having a
nmedi an particle size of no greater than a dentin tubule. In an aspect, a
met hod ofwocelouddssg a dentin tubule within the surface eCTaSawowaissan t oot h
conprises applying to the tooth surface a conposition as provided for
herein. In an aspect, the nethod of application is a nethod other than
brushing the tooth surface. In another aspect, anmethod of desensitizing a
tooth in less than one day is provided, the nmethod conprising applying to
the tooth surface a conposition as provided for herein. [0020] The

i nvent i ofetsl efdiesengitipingotbodi i leey thar prgdathis peeyidsdi thefathed of a | oot h,

the met h&ﬂgﬁﬂﬁg%& éﬁh@% ABRKY ddh LAl NG cé&ﬁ%%ﬁﬁéﬁ%%??&zi@e&%@g&h lon as

provi ded so included 1S I ncreasi ng the potassium
flux of a ¢aoeepnt iTboabvepaibassiwddsaantthbdvhihcttasidgshé patapguddhixidfai ce, the
met hod conprising applying to the tooth surface a conposition as provided
for her ef9ththe gthed comPrisineARANGRS &¢ t'r*ﬁe?féaqgrfﬁaé%ﬁcéggﬁw%?mm flux of a

convent i gnaliqROLARSIHT £RORIM LGS ISKRRS] b iAlRGsiHE Bt fdth&Rirk ATRGE €S
applying to the tooth surface the conposition as provided for herein,

wher ei n téreveotbomd potasgnm-eordgpingetksensitieng gentdrice, shamsHiogaropgnisgfg t he
conventional .dentifrice to the toot. concom tant . w t | ication of the
convent | ohay iRt Pt Bet Aot Biiton SRESMARE nileld B3RA-E&HOn of the
convent i aahodl&MhérbidigLthePotdreiun® Btk of Nedhvdhidnil powistiint-bhetaiamgent i onal
dentifrice, or by mag of any conbination thereof. BRI EF DESCRI PTI ON OF THE
DRAW NGSIpspositiping;dgafifrice gepipeises apRIpRp e fhedpobrsurfaer Becrawiositiorasi dence
resul ting, £ LD W WGR (RO R Rsi G R i€ o PIROSIH: PRioPfo ddMichiiEHt | ON

ver sus t%8;5@$%%$§ﬁ%hggﬁ¥%%tf@hgﬁﬁﬁggengi??Qﬁng déh?ifrf%égﬂfnlan

aci d- t r egteasnmemtivehal dentifoct fo tHe fridth, conbstitatt evitlGimrigatioh sf thieca- cont ai ni ng

desensitizing denlifrk,es are shown in.colums and 3 d a
siIica-c&ﬁP§§HPW8d88H§FF??§EtS?QTH%mPHW%H{Y anH?ﬁgﬁﬁﬁgﬁzcolunn 2. [0022]
Fi gure 2 8aRhEbsalldRAtFrREWS tHeQBolhNinRYHKELE WatHCORAURT @teaal( Jenditedelisi on)  of
dentin segnents treated wwth an oral care conposition of the invention

ver sus t hpsevtaf eay eeminabon theserfent i onal dentifrice. [0023] Figure 3 is a
schemati c depicting the potassiumflux experinent of

BRIEF DESCRIPTION OF THE DRAWINGS A

[0021]  Figure 1 depicts a comparison of the occlusion incidence resulting from
treating with an oral care composition of the invention versus two different
conventional desensitizing dentifrices in an acid-treated mammalian tooth dentin
substrate. Standard silica-containing desensitizing dentifrices are shown in columns ‘
1 and 3, and a silica-containing dentifrice of the invention is shown in column 2.

[0022] Figure 2 depicts the reduction in hydraulic conductance (% occlusion)
of dentin segments treated with an oral care composition of the invention versus
those treated with a conventional dentifrice.

[0023]  Figure 3 is a schematic depicting the potassium flux experiment of
Example 3.

[0024]  Figure 4 depicts the difference in measured potassium flux with an oral
care composition of the invention versus a conventional dentifrice.

[0025] Figure 5 depicts potassium flux under simulated pulpal pressure of 20

cm Ha0.



Exanpl e 3. [0024] Figure 4 depicts the difference in neasured potassium
flux with an oral care conposition of the invention versus a conventi onal
denti fri o®02p00R6455Fi gure 5 depi cts potassi um fl ux undercCgiusediavesspul pal
pressure of 20 cmH O [0026] Figure 6 depicts the change in potassium fl ux
upon change of pul pal pressure from0O cmH Qo 20 cmH O DETAI LED

DESCRI PTI ON OF THE | NVENTI ON [ 0027] The invention described herein includes
an oral care conposition that contains at |east (a) an adherent nateri al
and (b) a |I|g article § silica particle my have an avera]ge particle
size of no §Y28ht e gHi&A dép ‘Fﬁhfrtﬁ‘fdPé"’t%fmﬁ‘lfi“é’?‘h%‘t‘l@)@l“gePiP‘h‘ﬁ? have a
medi an p?l;gqglg,lcqr&,l, g@ngf;,(ﬁo@)thgso or less. The particles may be present in
an anount of 5% by wei ght or greater. The conpositions nmay contain

addi ti onal therapeutic and non-ther aMtl c conmponents, and may al so be
utilized in the pracPEI@IBEDRESCRIBTIRN KYIEHEANVENTIGN ch are incl uded

within t hede@ﬁveﬁﬁemnkgx%ngdr%%l l{[heqn ?n%mjxpé Iaxt‘xlo(r)ar] cg‘l%dcoglg}ogﬁxﬁn t}% thin the

scope of t on nay be Use
el i m nat kogaineat leasenwwtacmefqnt @lateriaranigh),a gxlmarmvumg/ lemwdﬂhﬂg system c

heal t h, and /or occl udi n% ntl n tubul es. 0 8% Particle size distribution
is measul¥y TH¥E ARRCTREE BEHR Ijgr‘t‘?fé‘Péver%’e‘h ?‘y i tubles oF albereplydy zer 2000

(or conparmb) RaviBdabdiah MRHIEES H2d S MHIBREG less Nhe Opa%%bmaw@%ese%)

wherein a heliumneon gas | aser beamis projecte hr ough” a transparent
cel | whi gharcomeantrs 5% By waight arhreatr. ibrcmmwpﬂs ngdyl qomcnhyddtblg’ebl particles

SUSpendegnelr.ﬂ, e%rt]wagéll Puﬁhg\?\# tthOL%m wongnts i 1§m\\Ma1 IS be utt 17ec in tne particles are
scattere roug nver §81 Vi opor tiofial "t'othe particle

si ze. Therdqehiod adamet aietifrdsayl HB&EMhQSo inble dgdl anthik yheodeopé gihtheat sever al
predeterm ned angl es. Electrical gnal S proportional to the measured |ight
flux val GwENEPR THAPIIRQSHIREEY ‘Byt‘é? rivdthie Bstrrsrofdhe trvgptionyarkde a scatter

pattern pradi ﬁtf%sieurﬁamhfaa%ﬁg &@i,m%rn% GLAR BSiESH &eqdmwm?]ﬁe refractive
i ndi ces of the sanple and aquéous di spe sant to determne the particle size

di st ri buimprovafg/tnfeentgining sy skyndicdgelth, ahdy oeoahplieg dértinfublildse

[0028]  Particle size distribution is measured using a Malvern Particle Size
Analyzer, Model Mastersizer 2000 (or comparable model) (Malvern Instruments,
Inc., Southborough, MA), wherein a helium-neon gas laser beam is projected
through a transparent cell which contains silica, such as, for example, silica hydrogel
particles suspended in an aqueous solution. Light rays which strike the particles are
scattered through angles which are inversely proportional to the particle size. The
photodetector array measures the quantity of light at several predetermined angles.
Electrical signals proportional to the measured lighf flux values are then processed
by a microcomputer system, against a scatter pattern predicted from theoretical
particles as defined by the refractive indices of the sample and aqueous dispersant to
determine the particle size distribution of the silica hydrogel, for example. It will be
understood that other methods of measuring particle size are known in the art, and .
based on the disclosure set forth herein, the skilled artisan will understand how to
calculate median particle size, mean particle size, and/or particle size distribution of
silica particles of the present invention.

[0029] Silicas and silica compositions. In an aspect, suitable silica particles for

oral compositions of the invention include silica particles with, for example, a



under stood that other nmethods of nmeasuring particle size are known in the
art, and based on the disclosure set forth herein, the skilled artisan wll
under st amnsiohlzow/wosssal cul at e medi an particle size, mean pamitiseé1s/03issE,
and/or particle size distribution of silica particles of the present
invention. [0029] Silicas and silica conpositions. In an aspect, suitable
silica particles for oral conpositions of the invention include silica
particles with, for exanple, aparticle size distribution of 3 to 4 mcrons,
or alternati artic ) € distribpution of 5tq 7 m._crons,

o t or nat PowIdF S rBREPR SLE 52l iabhs stelSheGrns arprirsiet e rbation

al t er nat b¥etyz mderPay, alt@henselzel PHr8itTe IsBd i @Rb & ordofla0es Wiced@ns, or
alternatively, a particle size distribution of 2 to 4 microns. [0030|] The
oral conpbgmatioiy anarticlasicadissidipeorotf 2thé minyawt oronteatasivelyne padelpar ti cl es
t hat havglzgd%%mng)qrzttbgln%usdnge that is no greater than the average

di anet er a mamal 1 an dentin tubul e, such that one or nore particles

i s/are capdtn3g] of Theooiticogpbsitigadwidhirhiha stdie df datineentidiedlabinckideect i ng a
reduction or elimnation of perceived tooth sensitivity. [0031] In an

aspect, &8tk I”éaté‘la}"t e PR sigaghat 4320 sregter dhaanipe éverég%‘ép’éfﬁrpar ticle

size of %ﬁhﬁﬂﬂmﬂ"dehﬁﬁ%bﬁbts%Eﬂ?{HtY)ﬁL Mr m%rc_nﬁgltl@i@s ?r;e'&z goigbge of 3 to 4
m crons, alternat|ve|y, a nmedi an partIC e size of crons,

al t er nat bfmlnyng épdgedlvaﬂllpdrq tubble, Bierabyoififegtingn E?dtmmmmmsehraimé@mat ively, a
medi an partic to 5 mcrons, or alternatively, a nedian particle
si ze of ﬂe’icewﬁgﬁ?oé%8‘?1?1“"['%032] In an enbodi ment, a silica particle has a

particle si[@®ipf Zn@n mlﬁkh':@@ﬁntalil@mﬁ(’&fazlﬂ@nﬂe@ﬁh@diaﬂ@ﬂ‘bz ex@dngiltiaGRediant i cl e has
a particle size of 2.5 microns. In another enbodinent, a silica particle
has a paPPftilesiag of § Bicronser [gseradisenativelyamsrein RATEEEPHERE 3 ol si | i ca

particl e fagnd Jgfhtiche, §frr7c81a9f astile 0 {g{)p@& y7 hitr3R0L ﬂ&hﬁ@hﬁd& ment, a

silica particl'e has a particle S|ze 0 m crons. | n anot errbodi nment ,

a sili canpaidn p:dredhama af par 3 ingdrens iakternafivdy 5 medonpsrtidiasianof hers

enmbodi nent,, a siljca particle. has a artlcrl size of 5.0 mcrons. In an
LéRef e

aspect of MtTRES (9% Yely phmedippinaticiaiies i 2 DE% 2 nedi an particl e
size. In anedapr asREEboliiferd] d difiéh Patitle Ghea phARd S0 22/RIRGS. (FEBAN)

particle size. Ln an enbodinent, the silica
another embodiment, a silica partu le has a particle size of 2.5 microns. In another
embodiment, a silica particle has a particle size of 3.0 microns. In another
embodiment, a silica particle has a particle size of 3.5 microns. In another
embodiment, a silica particle has a particle size of 4.0 microns. In another
embodiment, a silica particle has a particle size of 4.5 microns. In another
embodiment, a silica particle has a particle size of 5.0 microns. In an aspect of the
invention, the silica particle size is a median particle'size. In another aspect, the
silica particle size is an average (mean) particle size. In an embodiment, the silica
particle comprises at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at
least 30%, at least 35%, or at least 40% of the total silica particles in a silica particle-
containing composition.

[0033]  Inan aspect of the invention, a silica has a particle size characterized by
the parameters of a median particle size of about 2 pm to about 4 pm, a dip of about
0.5 pm to about 2 pm, and a dey of about 5 pm to about 10 pm. As used herein, dio
refers to particles having a diameter that is 10% of the threshold of the sampled

population (i.e., 10% of the population is equal to or smaller than the dip value), and

8



particle conprises at least 5% at |least 10% at |east 15% at |east 20%
at least 25% at |least 30% at |east 35% or at |east 40% of the total
silica pawbDi2elog®mossa a silica particlecontaini ng conposi PCons2¢100332 1 n an
aspect of the invention, a silica has a particle size characterized by the
paranmeters of a nedian particle size of about 2 mmto about 4 nm a dio of
about 0.5 mmto about 2 mm and a dqo of about 5 mmto about 10 mm As used
herein, dmrefers to particles having a di arreter that is 10% of the

threshol d of the sanpl ed popul ation f‘i Yo of the popul ation_is equal
to or smEPITEE IR %ﬂtﬁva%&/%mu‘@)ﬂeré #hds PLF erf glcttbr%b?lfi <t§|t1@fssaﬁ§v¢4wg a

di anet er ., %%nb&&%o%%foftﬂt&e$ lséms@qeh tb Bﬁb,ﬁga Qnma @agwanh(' , 90%
of the pg lation i s equal }E I'er than t >ova I'n anot her

aspect, ansthkei aspettas 51acqohﬂsta IQﬂrBL]SISYze LhMaclauze&f b\zerheldwepamdn anepérticle
size of a

1 1 1 i t 3 d
o 20 ol AP i B e W o T beie Lo RRY s el é@b%%%ﬁ%ﬁthgm o

i nventi ORim @tabbgaﬂtp,a‘ portion of the silica in a silica-containing
dentifrice has a d do of 3.95 nmm (i.e., 50% of the popul ation of silica
particl es i[803fuallnpaother aspart adithe hmntvcmeauls@st@am@)n ofgbe Bidisy In ACA3 silica

has a d_Quialcoh il Uerlrit®as A aBoft0ds hihilLd, 06, E5AIBLBu1 LS oflSRed S Measured

usi ng partl C S| Z nmeasuri ng tec ues as set ere erein
(e.g., MARMERNiMASRERSIZER)ler tmnahe ég’(fb'@liielmﬁﬁrboﬁl ACH3 ghelontaalsnbng

dentlfrlg has ‘}2, flatlon of artlcle'f1 at ‘and bel‘?w 3.95 mm as determ ned
by the ar épﬂh S WEREH & PR AR <8RR 14 te i msasurq PEing PaTAe sigasur ement

As used ReGLEkThg fhghil &sRs sAUGH B e%%h(ﬁcnﬂrxént(@gtmw}ﬂwﬂqatlve vol une
fraction of pargilcles < 3.95 nmm. By way of a non-limting exanple, a

conposi t MhsmﬁlﬁQREOWofemwupamlt @ siliescant@ng ey demtificedwisd ropukedive a
curul at i przﬂ?klu %t an e%ow%%lo pm as d?tgu?med i) Hce a u)1der the Lurvekg% ] In an

enbodi nen _Cont ai Rt heYi"iVent ron n AUC 3. 95

val ue of obaasld laa%mticme afl@hié@{urembﬁdlmmed h@lfﬁlh lth€ Br@MOMBCBIBY rederdt i frice
of the invention conprises has an AUC 3. 95 val ue of |east 20?-1/4. In
anot her Enthedrmeativeyoljme facianefnaniicles Taft ry iByever ofq pen-limitsig i on

conpri SCRxdMffte nt | 3?‘516\(7% ;g%)%[? vfe tse&?r%lclgg{%‘abﬁ‘m?ﬂ%l?ﬁ&) h%UPQd' ment, a

silica-conta ni ng rice
cumulative particle size volume fraction (AUC 3.95) of 20%.

[0035] In an embodiment, a silica-containing dentifrice of the invention has an
AUC 3.95 value of least 18%. In another embodiment, a silica-containing dentifrice
of the invention comprises has an AUC 3.95 value of least 20%. In ahother
embodiment, a silica-containing dentifrice of the invention comprises has an AUC
3.95 value of least 22%. In another embodiment, a silica-containing dentifrice of the
invention has an AUC 3.95 value of least 24%. In another embodiment, a silica-
containing dentifrice of the invention has an AUC 3.95 value of least 26%. In another
embodiment, a silica-containing dentifrice of the invention has an AUC 3.95 value of
least 30%.

[0036] [n another embodiment, a silica-containing dentifrice of the invention
comprises a silica starting material that has an AUC 3.95 value of at least 40%. In
another embodiment, a silica-containing dentifrice of the invention comprises a silica
starting material that has an AUC 3.95 value of at least 42%. In another embodiment,
a silica-containing dentifrice of the invention comprises a silica starting material that

has an AUC 3.95 value of at least 45%. In another embodiment, a silica-containing
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invention has a AUC 3.95 val ue of |east 2470. In another enbodi nent, a
silicacontaining dentifrice of the invention has an AUC 3. 95 val ue of | east
26% | n amotznmwosessbodi ment, a silica-containing dentifripce/ustomhelssnventi on
has an AUC 3. 95 val ue of l|least 30% [0036] In another enbodinment, a
silica-containing dentifrice of the invention conprises a silica starting
material that has an ALJC 3.95 value of a t |east 40% In another

enbodi nent, a silica- containing dentifrice of the invention conprises a

silica st ar terial.that has an,AUC 3. 95 2% In
oot nar - SR oSl o Bpl R8s £ it i ted il Tt bR am AP o
conpri sesfaalewf ht R&AstSOBI Th BE asRicedf @k uﬁd@:&hoﬂa&ll@& sfldEing nRvervalidie Of a t

| east 45% . | n another enbodinent, a silica-containingdentifrice of the
i nvent i ofmMeBmarideslica si | i ca startlng material that has an AUC 3.95 val ue

of at |east O(Z}r%j/l Cllﬂaﬂ’%r?&PSF:{lm%vﬁlﬂﬁ% (MY 1A ch F%Lé&?m%s E)ngs mat erial

is a snall e Si n"an asp ct 0 nve Ion,
silica pahm1dXBSOhamdganmonasﬂmyommﬂmebswhhanoahmaﬂmo 45 cc/g in pores of

about 600 o] 1 er 38 t sjilicais an
INEOS ( now RSt Eor R SaREOLT M B R SaNS B oo PSR PR3 o 1§ ca
has propexctzesich NGl aléBodibidht, 0t 4d dimdalied ptéper8ds iBVBHAGE bRARItIR RaST Z€ Of
2.7 - 4.0 microns (as det er ni ned by NALVE&N MASTERSI ZER), a sieve residue

of + 45 WA agemet pauicke Sitssy Zat - 40 Fricronplas geBunined, by ALGHRN on | oss at
1000° C %Aﬁ&@ﬁﬁ@mﬁ@%&@ S+ %pm oxsmrqussaﬁo L@B?@@tl/l max, L0039] In

an enbodi e I"I'ca par |cles 12:\Y% itral Ty presen

conposi t aphgitiaw logs 400G bf BHOPaniN, hea fleZcﬁif 5.97. SHiE.yqdi);e;uls Budpeabiby. present
in the conp05|t|on at a larger size, so long as the structure of t he
particles il8%%kch It ﬁﬁfﬂ]bpdfm%t ﬂwoéémamatfwék%dw bt i ithy raessif Bdthparticl e

Size upog oﬁgQ&hGﬁMxQHy tfe cf@f‘rgﬁ?}lﬁﬁhe §igy, Q?nqu’bo%'ugaﬂv by&%ﬂ*&‘{mh when

br ushi ng. The Silica particle nmay be’ prepared any means known or
to be devermppsdom mt & laegeasize, sa;ridngag/tlinetrsxumxfr@cbthmdrﬁcﬂeﬁsdy such tb@siired, to

i ncrease the cap ﬁﬁ%lnttﬁ he particle to adhere to a sugL ce.
Exanpl os Y5 h he ek vdn s Satemultodntn APRFTeRb G o
Nunber 134274, ﬁt@@thb&m, GoRh @9&@1@5. whi ch
[0040]  The silica particle may be prepared by any means known or to be
developed in the art, and may be surface modified, if desired, to increase the
capacity of the particle to adhere to a tooth surface. Examples may be found in, e.g.,
United States Patent Application Serial Number 11/271,306, the contents of which
are incorporated herein by reference. The silica particle is present in the composition
in an amount of 5% or greater by weight of the total composition. Alternatively, the
silica particle may be present in an amount of 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20% or
25% by weight.
[0041] Any abrasive particulates may be used and may be selected from
sodium bicarbonate, calcium phosphate (e.g.,dicalcium phosphate dihydrate),
calcium sulfate, precipitated calcium carbonate, silica (e.g., hydrated silica), iron
oxide, aluminium oxide, perlite, plastic particles, e.g., polyethylene, and
combinations thereof. In particular, the abrasive may be selected from a calcium
phosphate (e.g.,dicalcium phosphate dihydrate), calcium sulfate, precipitated
calcium carbonate, silica (e.g., hydrated silica), calcium pyrophosphate and

combinations. Any type of silica may be used, such as precipitated silicas or silica
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are incorporated herein by reference. The silica particle is present in the
conposition in an anount of 5% or greater by weight of the total

conposi t iwn.20/messnati vely, the silica particle may be pCcedseal0iomsan anount
of 5% 6% 7% 8% 9% 10% 15% 20% or 25% by wei ght. [0041] Any abrasive
particul ates may be used and nmay be sel ected from sodi um bi carbonat e,

cal ci um phosphate (e.g., dical cium phosphate di hydrate), calciumsulfate,
preci pitated cal cium carbonate, silica (e.g., hydrat ed sili ca) i ron oxi de,

al um ni um oxi de, rlite, plastic particles, yet hyl ene, and
conbi nat e8fis! ’t?fé‘r'gg dimegt, ﬁﬁFtni“‘rfEl‘F‘H)r ‘W‘“t’h‘é]ea"bltcéé P’(f-‘é‘%‘?‘éys%lé a§éﬂ@@§ed froma
cal ci um pRaspPRALSbIE Eroth n@b@@t &wwer}m %abﬁn@a Eﬁg fne)as dER Lpbym sul fate,
preci pitated cal ci um carbonate, sil (e.qg., | ca), calcium
pyr ophosphleat belaﬁ\strec@rrbl natmtml;mei-\ny sﬂypélama ns:dhqrqaxrtmly sbe frosedpnsioch as
precipitated s ment, commercially

avai | abl "8Y caS rlgerde ’dsz‘Hl el%%lhtcgge’eNrE(% aﬂﬁﬁ?r “338 At $9%m | neos

Si licas, aMdy disighQontalihg 0chl KbMGEaRbN pSovdESH lbadion) seVbErEplgeei n. 1 n an
enbodi ment, a silica has a nedian particle size from3 nmto 5pm as

descri beé‘an?bﬂéf%ﬁ/f’ oblhg dlmid flewhia ke tched dgpin 1es deggrbodiindpteil a silica

and/ or Lt&ﬂu‘é%k ning oral conposition provides a fluid flowrate of no
greater than about 45% of the fluid flow rale of etched dentin, as

descri bed i[604dpt aiVarieus elmasives ey dienused GOAEdnrtMam with tabpaséntes may be used

in accordance with the <P gsent i nvention, Iass ?o]ff %br asi ves conpri ses
silica paMerBpRs©One clagota thqh"e‘;hmﬂ‘é’f‘éﬁ“‘l“"fférpé‘FW esRsSeEHerthdn deilof  aprasi ves

are powdgrReh SAhbthdSolasdF hbGuhas b pod dek&hsiBal QR tiSulady %tdd%ﬂ)%n U S. Pat.
No. 3,538,230. Additionally, as set forth in U'S. Patent No 4 8, 437,

powder ed a$ definedah LbalFet-ihe.addBapat Adivioaallyals aﬁstlfv@hilbﬂrﬁ Peteanbbher cl ass of
?ﬁrea;sInz:%;)?%%%?’lgwderﬁéﬁans of Ldalkalgln cart ona{mn ana ra%trfﬁ-lf_otnahsee}_né)rt]l er ¢ dfgzlrt“af)nrsmsf
be any kpoxwragited 0 be devel oped in the art that attaches to the surface of

a mamal i an , , o
[0043] Polymers and adherent materials. The oral compositions of the

invention also include an adherent material. The adherent material may be any
known or to be developed i.nAthe art that attaches to the surface of a mammalian
tooth and/or to the heterogenous biofilm which also may be present on a tooth’s
surface. Attachment may occur by any means, such as ionic interaction, van der
Waals forces, hydrophobic-hydrophilic interactions, etc. The adherent material may
be, for example, chitosan, chitin, a gum or a marine colloid. Other contemplated
adherent materials include any homopolymers or copolymers (hereinafter referred
to collectively as a “polymers™) that adhere to the surface of a tooth. Such polymers
may include poly (ethylene oxide) polymers (such as POLYOX from Dow Chemical),
linear PVP and cross-linked PVP, PEG/PPG copolymers (such as BASF Pluracare
L1220), ester gum, shellac, pressure sensitive silicone adhesives (such as BioPSA
from Dow-Corning), methacrylates, or mixtures thereof. In an embodiment, a
copolymer comprises poly(methylvinylether/ maleic anhydride). In another
embodiment, a copolymer comprises poly(methylvinylether/maleic acid). In
another embodiment, a copolymer comprises poly(methylvinylether/maleic acid)
half esters. In another embodiment, a copolymer comprises

poly(methylvinylether/maleic acid) mixed salts.
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tooth and/or to the heterogenous biofilmwhich also may be present on a
tooth's surface Attachnment may occur by any neans, such as ionic

i nt er act iwo,200zm0886r \Waal s forces, hydrophobi c- hydr ophi IrCTiUSR@OACLSSDNS,
etc. The adherent material nmay be, for exanple, chitosan, chitin, a gum or
a marine colloid. Qher contenpl ated adherent materials include any
honmopol ynmers or copol yners (hereinafter referred to collectively as a

"pol yners") that adhere to the surface of a tooth. Such polyners nmay

i ncl ude pol et hyl ene oxi de) pol yner sm&such as POLYOX from Dow Chemi cal),
li near PVPI[GMA] cr Hslymerprbanypyplecpagyeighmag psiupabriaclpdinghfos sxBpgE

Pl uracar : : | &6y 0Bt S inh idd
adhesi vegw S ﬁcﬁwe%gkg?%%&(\%%% 68\/(\)/- %g)ror(l)?rtfg ’?wﬁg{oﬁggﬁyp’gggtso,sid()dr()ﬁ'(r?pgt ures
t her eof . (calrubtedebadiemaninbeaacopgd yimeeighiaverdgel sinpol anfiretitmghy byl et her /

mal ei ¢ anhydride). In apother enbodi nent, a copol ynmer conprjses '

ol y( et RYVITEAJFed Fro-HA &1t er 000 T e HEPS GRAfbch RORFE! Becbpol ymer

conpr i seg @b WRhdhtloy tod,®lon ek ARRI@b&inRGH B pdidnkr RS Lhdlech By ARYUHET _
enbodi nent, a copol yner conprises pol v(nethylVvinyl ether/ maleic acid) m xed

sal ts. 1p{@0449. Poinerebadinfenh pypolyrherchis ammatesudin werglt ¢fd, QWHSR0. It udi ng,
for exanple mol ecul ar weights of )0, 00, 50 , 500, 000 or
2,500, 00B P8 R Thou beie Hh-SuPer 2 Byhel e diiom ASpaalde 3, 2 oh

aver ﬁgezjpollyﬂ\eahaﬂdifhﬁﬁcicﬂﬁdﬂtwei@upﬂh,)@ﬁ@,ﬂ()(haﬁ afotiel @obbddimengiaghidlyaér H:30, 000. I n
an enbodi ment, a pol yner. _has a nol ecul ar wei ght of 200, 000. In an

enbodi meAfmolerug W b 2908 000 [BaGF apotheic Hto%&v%tgm’sky .erﬁﬁsan enbodi nent ,
a pol ymep, iag2 wEigevb abo,8® ght of 1, 000,000. In an enbodi ment, a pol yner
has a nol ecul ar wei ght of 1,250,000. In an enbodi nent, a polynmer has a

nmol ecul ar \RA4ght & anl e@®0 DM, 4 eopahordted Netind dimedsther angdorajeier has a

mol ecul ar _wej ght of 2,500,000, |n yet another, engbodinment Role) r has a
ol ecul aPbEIBHmeY e datn bty FRH Ta oo e Pavshomiier of

net hyl  Viylbe@lsb®hs AltdréralnedteriaIn MedidcdRodtrycibg iHadteatStatesPatenter rati o of
from1l:4 to 4:1. OQher polynmers that may be used as adherent materials

i ncl ude twebeaticadiuhbigation NRi 3086/ R4346sthpsprights of which is incorporated
herein by reference. ' '

[0046] Commercially-available polymers may be used in the present
invention. It is understood that over time, the exact size, weight and/or composition
of a commercially-available polymer may change. Based on the disclosure set forth
herein, the skilled artisan will understand how to determine whether such polymers
are useful in the invention.

[0047] Dentin Conductance Evaluation: Dentin that is treated with the

combination of the invention produce a fluid flow rate of no greater than 45%, 25%,
- 20%, 15% or 10% of the flow rate value of the etched dentin, as determined by the
Dentin Conductance Procedure.

[0048] Dentin Conductance Procedure: The reduction in sensitivity of a tooth

is demonstrated herein by a reduction in the measured fluid flow rate, a measure of
conductance of dentin.

[0049] Extracted human molars are cut at the crown and roots using a
diamond saw. The pulp is removed and the resulting dentin segment is stably
mounted, such as onto an acrylic block. Tubing is connected from a hole in the

acrylic block mounting just below the pulp chamber. The dentin segmentis -
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Application Publication No. 2006/ 0024246, the contents of which is

i ncorporated herein by reference. [0046] Conmerci ally-avail abl e pol yners
may be uswo 20m/b8sspresent invention. It is understood thatusemen2tssre, the
exact size, weight and/or conposition of a conmercially-avail abl e pol yner
may change. Based on the disclosure set forth herein, the skilled artisan
w || understand how to determ ne whet her such polyners are useful in the

i nvention. [0047] Dentin Conductance Evaluation : Dentin that is treated

with the conbination of the invention produce a fluid flow rate of no

great er tRECieddp apspparabythataysastrepdhs tite ehfbuid figwy dudewisl ue of the etched
dentin, asndlghict] Bed ARk DFn DB (i RAYGHARGEIRLGRAN G achRES] Dentin
Conduct ance Procedure : e reduction in‘sensitivity a tooth is

denonst r geedeabdite and bybude padusidn overitime, breviteé sfaned! cffl(]lumd:alf Reowdonéitl,e, a

The- or owndnde Poat e Bt LR bcmmirdaal » itk B mo TERBORY B he.

resul ti ngerel@ptd. n segnent is stably nounted, such as onto an acrylic bl ock.
Tubing is connected froma hole in the acryl i c block nounting just bel ow

the pul p cHEOkr . Thedoplantacs of Bpraamtinjisetehatevitb ditrip agid. dpplrat lewt hat
nmeasur es r ang et al.
""He effi Jiet?:t?.:1 Csrrogstftﬁggltr}}% #g[gmglesgl\é{ﬁa(ssp{?{z%w&%g nt#%lte&%gsﬁ)ﬁ%aﬁﬁﬁed?émand tubul e’
occl usi oRuGNe@ris themereated witlh b ofyry efuhdadal obmpbditiical thPameadontidllited25(11 Pt
1): 884-91 (Nov, 1998), the conten s of which are incorporat f’d herei n by
refer encé‘”W?)B‘"S@qjd(‘f‘ﬁy‘i‘bb’d%ﬁP‘f“é&'é 1d Ry @bip imppe ‘F‘é"ét%ﬁ@d S RN ri ¢ aci d.
The fluidfl omyrdat® RERESid \GrREROZ IRRLT N Pl S0 ORRE Leraqd) umders (€6, cm wat er
pressure. The dentin surface is then treated with a sl urry of the oral
conposi tilgft).of the invention diluted wilLh 3 parts deionized water and the

fluid fl oW (b $HAeasyred-aga Pashley et al., "Effects of
desensi ti zi ng gem |°Ts?qsf,té7§n$ usﬁgu Lt?)?mmmns Periodontal ., 55 (9): 522-525

(Sep, 1984)[0052] In an aspect, silica-containing compositions of the invention can
desensitize a tooth. In another aspect, silica-containing compositions of the
invention provide tooth desensitization that is superior to conventional desensitizing
dentifrices. By way of a non-limiting example, a silica-containing dentifrice of the
invention provides tooth desensitization by providing a greater desensitization than
a conventional dentifrice or a conventional desensitizing dentifrice, by providing
desensitization more rapidly than a conventional dentifrice or a conventional
desensitizing dentifrice, or by a combination of greater desensitization and more
rapid desensitization, among other effects. In an embodiment, a silica-containing
composition of the invention provides desensitization and/or superior
desensitization in the absence of any other desensitizing agent. In another
embodiment, a silica-containing composition of the invention provides
desensitization and /or superior desensitization, and may contain one or more
additional desensitizing agents, as described elsewhere herein.

[0053]  The invention also encompasses methods of use and/or application of
a silica-containing desensitizing composition. In an embodiment, a silica-containing
composition may be applied to the tooth via conventional brushing techniques (e.g.,
use of a toothbrush). In another embodiment, a silica-containing composition may

be applied to the tooth via a method other than conventional brushing techniques.

-
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[ 0051] Desensitizing Silica Conpositions [0052] In an aspect,
silica-containing conpositions of the invention can desensitize a tooth. Ln
anot her a8pPe010/098855i ca- cont ai ni ng conpositions of the i meEAIS2@0/0pr8Yi de
tooth desensitization that is superior to conventional desensitizing
dentifrices. By way of a non-limting exanple, a silica-containing
dentifrice of the invention provides tooth desensitization by providing a
greater desensitization than a conventional dentifrice or a conventi onal

desensitigzing dentifrice, by providing desensitization nore rapidly than a
convent i Sﬁ’é?rqﬂgﬁ?ﬁssr?firaé’é’%fﬁh%‘ lgﬁlﬂg'émai“ ALAPPYSRENS & APRY '8 At i frice, or by a
conbi nat LeRpeditiak RA RbIHIESRNSHE bZAbiOih R - IBNiRy bAR e BRI B@ifddezat i on,

anong ot her effects. Jn an enbodi nent, "a silica-containing conposition of

t he i nvereblong prasirapdar rdetien sict.i)zet dppiicatindy wring apekinorn destehsi ti zation in
the absence.of any ather desensitizing agent. |n another epbodi ment, a
silica-co gﬁFﬁfﬁb%’gﬁﬁggiﬂﬂbﬁQEP“F 5“@%@@%??6“”%?g&fé@%“ﬁ%g255|tization and
/ or supehk®in, @iegang intdtRAal dfimeading anfYh poRitioaion tON Bodk, opBibRalRd@ifg onal
desensiti zing agents, as described el sewhere herein. [0053] The invention
al so encHMpEELLHs N HhYSET RigE Bt coFomppISPEAY thinyentiensi | i ca- cont ai ni ng
desens! t ! 2'16&4130%&&5%@%’:1011 A Q@)(ﬁm&%hcﬁgtto {1 iﬁ%ﬂtﬁﬁﬁﬁ?}]%@hﬁ' Qfed
conposition nay be applied to the tooth vPa conventiona rusﬂlng

t echni qués afre teghniqus eetdbrth heout, vl o kchniqoe &nowheo tlenddlthideensan. dn

silica-containing conposition nmay. be applied to the tooth via a method
other -t hah QUYL OB LSRG S ZeHAR BLe0 RePriae FousoBPosBRr | cat on

i ncl ude BRNGGhvHRBh IS b cér@aiBed b@RRhMIrNG the pOARARH @D ab Qerib&Pt h Usi ng
one or nore fingers, rubbing onto the tooth surface, rubbing in a circular

mot i on, &t detpil elsewhgrplhiersini on usi ng any known dental appliance or

appl i cator. Wi | lenst.00d... n. i SGI orth
herein, th 9&%hy ﬁ%yﬁggﬂgg’é%ﬁgggﬁﬁggggg%%3§1qggﬂhgﬁfgagﬁéggﬁh?toptionalIy
usi ng vaaygmgntilggesemcofy phiysr e@pplpmesisny the desersnizatipasbrthedyusirye

i nventi on. [QOSﬁ%yq§sensiijzation of a tooth according,toﬁghe i nvention may
be nmeasuPelsHyMbAred detsRpitiamacentifries nnady asPRCt HFORAPIERMue known to

the skil Lad,abh is338d td BechiiERATBELe b hthiBXbeRlar@i e asnsikilzat i on of a
tooth according to a composition

the same time allowing inward flux of potassium ions into the tubule. In another
aspect, the invention provides compositions and methods of desensitizing a tooth,
wherein the degree of desensitization is ascertained by measuring potassium flux as
20 cm pulpal pressure, as described in detail elsewhere herein. In an embodiment, a
composition of the invention has a potassium flux value at 20 cm pulpal pressure
that is greater than 20% of the potassium flux value obtained for the composition at
zero pulpal pressure.

[0056]  Surprisingly, it was found that the combination of the small particle
silica/ polymer occlusion composition with a potassium desensitizing agent '
enhanced the delivery of potassium inward through the dentin tubules. In an
embodiment, the invention provides compositions and methods for increasing the
potassium flux value measured upon use of a conventional potassium-containing
dentifrice applied to a tooth. Such a potassium flux change can be measured as
described in detail elsewhere herein. The invention encompasses any increase of the
potassium flux obtained when using a conventional potassium-containing dentifrice,

as mediated by co-application of a conventional potassium-containing dentifrice and

14



of the invention may be ascertai ned by neasuring the potassiumflux, as
described in detail elsewhere herein. [0055] Additionally, the invention
provi des worzpugiotssdsns and met hods for augnenting, enhanecmgSand/ 21582

suppl ementing the desensitization obtained using potassium based
desensitizing dentifrices. In an aspect, a conposition of the invention is
used to occlude a dentin tubule to inhibit outward fluid flow while at the
same tinme allowing inward flux of potassiumions into the tubule. In

anot her aspect, the invention provides conpositions and net hods of

desensi t P2Hlisgreantabvreconipi ook the integHer yrrglisying afiexgpygnional ascert ai ned

by measuri,nd.iRRL&REdiMk _-fdle}’lﬁfrﬂf% sa%gg}ﬂpturl)?ﬁ{)h&'h%ﬁ%'ﬂ5gilicél‘%mQQE%. bed in

detail el sewhere herei n an e ment, a composition of the invention
has a potasgbsitivWikthe idveetiat, Gdyempppicktpal of prreswe eotipaisings: gr eat er t han 20%
of the pqtas§Luanqu.valuetobtai?gd.ioy tpe,ﬁonposLtion at zero pul pal
pr essur e SOTHHERT SQFBFNET NN g IR IR THLE YIRS BIRREIGR °6f ¢ he
smal | pakfid @k entin | cal/ pol ymer occl usi on conposition with a potassi um
desensitizingg?gent enhanced the deliver}' of potassiuminward through the
dentin tubUP@&E] | hannvambodiindndes a methodpé mcressingrtby palessiearfposint i ons and
et hods 1 o} AGFEARIAGubORs BPA ARY Y Flthod @k TRARHNSd, WPAR wise Of
conventional potassiumcontalning ‘dentitrice applied’to d tooth. Such a
pot assi upuffhddxa @hgrgiotan phevited sireeiasAgesaitiobed tharotgiaitlonabsesher e
herein. The invention enconpasses. an gncrease,of_the potassk¥nyflux
obt ai ned t%ﬁ%ﬁ“iﬁ%‘i"rﬁj‘f“étsé‘_bHif‘ia‘ﬁf“PSH%ﬂ"’b%tt BTG B NP dBRE detige, as
medi at ed u%’ul@s‘?’l@@%fn?%&iheﬁ' 19 p RicAWVRNLER MR anh hARSH WHEQRhleR HY
dentifrice anda silica-containing conposition of the invention, by
appl i cat ikopwofin thegohvBret pasassium duasthic urte obpetassmmdludemnd fheicbengribsequent to
application of a siligca-containing conposition of. the inventi.on, or by
appl!capf‘ﬁ(%PoﬁﬁﬁT?gﬁVé”Bgﬁﬁf?gw ﬁﬁfségﬁvghf?8H3H668 assi Uy cont ai ni ng
dentifrice [gop8]a Silkd RhERAtA RidifoCONMP@shdih®theqotdsbiint Awgvtd on. [0057] The
invention includes a nmethod of increasing the potassiumflux in one or nore
dentin t gpavessiopdl petasgignhcontpidined esensibehp ratiftige dpp mething 5 RIS oot h

applying to the tooth surface a composition as provided for herein. In an aspect, a

method of increasing the potassium flux of a conventional potassium-containing

desensitizing dentifrice comprises applying to the tooth surface the composition as

provided for herein, wherein the composition is applied either prior to application of

the conventional dentifrice to the tooth, concomitant with application of the

conventional dentifrice to the tooth, concomitant with application of the

conventional dentifrice to the tooth in a mixture with the conventional dentifrice, or

by way of any combination thereof.

[0059]  Oral Care Compositions: The oral care composition may include any

other therapeutic, cosmetic, and/or aesthetic materials as may be desired. Examples
include non-silica desensitizing agents (E.g., a nitrate salt, an arginine ester, a
bicarbonate salt, potassium nitrate, an arginine-bicarbonate-phytate complex,
potassium citrate, and arginine, among others), a chemical whitening agent (such as
a peroxide releasing compound), an opaque whitening agent (such as
hydroxyapetite) and an anticalculus agent. Other options for inclusion in the oral
care composition of the invention include triclosan; stannous ion agents;

chlorhexidine; alexidine; hexetidine; sanguinarine; benzalkonium chloride;
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surface a conposition as provided for herein. Application of the
conposition to the tooth surface results in the introduction of the

conposi t iwo 201wossne or nore dentin tubul es. The conposipCirars2eis/oaEpti ed to
the teeth by any nethod set forth herein or known in the art. The potassium
flux, the rate of potassiumflux, and the change in rate of potassiumfl ux
can be ascertained as set forth in detail el sewhere herein. [0058] Also
included is a nethod of increasing the potassiumflux of a conventi onal

pot assi um. ¢ in sensitizing dentifric hod conpri sing

appl yi ngSaisy Fﬁg d{;o ‘?H‘F’S‘SP R t%lﬁlﬁéié‘fiﬂl‘blﬁ“gk’lﬁ‘{;dgggg’d for herein. In an
aspect, guHREAFyRlinid ERBFIUBITROR NPREAS S UMbl Xy:Rdinfurk @RMEAE T Onal

pot assi um containi ng desensitizing dentifrice conprises applying to the

tooth s ufTﬂa&%C)t h@cx@dmoéqumommcdsoq@ermwld@dmf oinc heragents; gheeion t he

conpositio r. 1.0 a catl on of th nvent| onal
dentifri c%enttg e?‘ﬁpp‘?lo f?”a(:néwg%maftm A eﬁpapp r?%lar lgﬁteo?)gfﬁgs Tonvent i onal

denti fri aggholid, hendtalabh somaQﬁgantramlcm@m@mphmelat nioabl, thelieaayent i onal
dentifrice to the tooth in a mxture with the conventlonal dentifrice, or

by way ofrsAhaFid Rt aTaH of AR Rikthqrogwopnaya, a E4relliesipesia i ons: The oral
care COMROSi PN fm@ién'l{b%%é‘ﬂgte@gygf?&h@{thtop%k‘%ﬂﬁy,tdng Cprsgéﬂeet' ¢, and/or

aesthetic materials as nd Ired. Exanples In e non-silica
desensi ti zi[o@Ohge riths o(& cgre, compmisttioat degaibtd hariramgy i fiernagbied int@

bi car bonat e ;sal t ssiumnitr i n| ne- bi carbonat e- phyt at e
coml ox. Speaatery e Frbpdm et forin e drB Gt Ea e Retichh ba

Whi t eNi NeheAgBiMsuf HHE hrRex@mPR!, el WehJosltRAs hidg HeIRRWIAMY, indh ABagUe

whi teni ng agent (such as hydroxyapetite) and an antical cul us a%ent O her

options fiope. apebtast gl 4 lozemge (disaplveble e eanydde)ta envapfa gure. 4 It on i ncl ude
triclosan,, StANNOYS,) O&ss?cﬁx (ﬁ{ﬂ 'or ddn?sr( ?fé(?d*rﬂelc?x?xhgé ngl Q%g Da%E! i ne;

sangui nari ne;” nza on| um chl’ori de; sa yl'an hen brom de;
cetyl pyr i-gveintona k@ipiedss drCRG)ers tatthoagletyebpyill ddmidape mhh@mndm (TPC);

Nt et radecyl 4-ethyl pyridiniumchloride (TDEPC); octcnidin del nopi nol ;
oct api noHosagedora O‘ZP‘ﬁé“bl ‘thloé@érﬁ%‘ﬂ‘toﬁﬁ ‘P‘P'ﬁh’réﬂéﬁf*‘s‘:a”ég‘slé #ifa oils:

furanoneg;, rpﬁl@t IAIthQEAMS coRr IS, ARWER, g@yrcgllnﬁ] ait)ﬁ)lf(ﬁ Xiligdl shdr MRgNOl i &, a
metal ion so ar gi ni nc bi car bonat €. "honoki ol , magonol , ‘ursolic acid,

propylene glw.ol water or other solvents, gum bases, thlckemng agents, surfactants,
carrageenan (rich moss), xanthan gum and sodium carboxymethyl cellulose, starch,
polyvinyl pyrrolidone, hydroxyethyl propyl cellulose, hydroxybutyl methyl
cellulose, hydroxypropyl methy! cellulose, and hydroxyl ethyl cellulose and
amorphous silicas.

[0061] Surfactants may be included, if desired. Examples of suitable
surfactants include water-soluble salts of higher fatty acid monoglyceride
monosulfates, such as the sodium salt of monosulfated monoglyceride of
hydrogenated coconut oil fatty acids; higher alkyl sulfates such as sodium lauryl
sulfate; alkyl aryl sulfonates such as sodium dodecyl benzene sulfonate; higher alkyl
sulfoacetates, such as sodium lauryl sulfoacetate; higher fatty acid esters of 1, 2-
dihydroxypropane sulfonate; and the substantially saturated higher aliphatic acyl
amides of lower aliphatic amino carboxylic compounds, such as those having 12-16
carbons in the fatty acid, alkyl or acyl radicals; and the like. Examples of the last
mentioned amides include N-lauryl sarcosine, and the sodium, potassium and

ethanolamine salts of N-lauryl, N-myristoyl, or N-palmitoyl sarcosine. Others
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ursic acid, norin, extract of sea buckthorn, an enzyne, a Canellia extract,
a flavonoid, a flavan, hal ogenated di phenyl ether, creatine, and propolis.
[ 0060J Thwoanwlovessse conpositions described herein may IpeTfuseomoioatsezl i nto
any delivery formthat permts contact of the adherent material and the
particles, to the tooth surface. For exanple, the conpositions may be
formulated into a nouth rinse, a paste, a gel, a | ozenge (dissolvable or
chewabl e), a spray, a gum and a film (wholly or partially dissolvable, or
i ndi ssol ubl et%. The copposition may contai n any conventional excipients or
carri ersincl "'hB’tﬁﬁﬁa’f‘ﬁg}s)'é(’%"l‘?“'?/g%fo Y ‘t’:ﬁ‘%ﬁ‘-réﬁmpﬁ“eS‘b‘%’saédjé’l)f(ﬁf‘Phebr means of
dosage seheetafhth BX FHoRRBIHtOP0, GRH ch&hSoif @ald hAPHBHSiC shPhcGXRMRIR as

hunect ants, colorants,” flavorants, glycerin, sorbitol, xylitol, and/or

pr opy! eneog@inydepropwatedaing (tegnthere) sokivertsidogumybastesie latmvt glenogide;agent s, -

surfactants, carrageenan frich noss), .xanthan m and sodi.um car boxynet hyl
cel | ul osé?m%ef‘éara%w,}gﬁgﬁl‘s@f’éﬁ}hEf)‘r‘ %ﬁ%%ﬁb‘farﬁ’y&A‘gaff’&eﬂﬂmtﬁ%’%I cel | ui ose,
hydr oxybuégboimishtitht € ldadtios gherdiyids @lwpmpmhzj- Apdiyhroeglchathogg,, and hydr oxyl

et hyl cellul ose and anorphous silicas. [0061] Surfactants may be included,
i f desir aliphaticghpinesf Bomdldite 2B carben proed anbish card engatiomp©duss| ubl e salts of

i gher | hdadhd SRARBLYREELAE JIRIASUL BHESroidHE Ml ol AERAHIR Sl ¢ of

monosul f at ed non nat ed coconut ol t aci ds; higher
al kyl subfates poly @hydoaicxidd) atith/fattgabkigtfetty alcklydls datyy asitldsandt es such as

sodi um dodecyl benzene sul fonate, higher alky] sulfoacctates, such as
sodi um | SR 1ot P B aGe et e gRklens Sy aﬁ‘éi’alyé’é‘f%‘f‘%“‘b‘i“ es. 2.

di hydr oxypregeane $nhh eRdb&imandinkbeaisoRebanbh ldodasatsurata: Nisaher

ali phatic acyl am des of |ower aliphatic am no carboxylic conmpounds, such

as t hose thdid segivm largel sutfbedSLE)mndautfaapk \f desitgd, thie B)b apd tawrgnolr adi cal s;

and the Inj‘a%,q’.e Ii—‘,g%gpineas a?:‘; ok tﬂ% hg@st nentioned am des include N-lauryl
sar cosi ne, Yand the sodi um  potassium and et hanol am ne salts of N-lauryl,

N-nyri st oyl[0oed] N-Ipalordlice congrosnminig thQnhbhaitkinahyte prédpatedeinaampl e, _
nonani oni ¢ pol yoxyet hyl ene surfactants, such as Pol y?xa,rrer 407, Steareth
30, Pol ys§6PBakitowdin hRaTc 46f 612 TBP, PraRerHAp RstRAdsdosdtiEtants Weluch as
cocam dOIR{x&QM,' foPELANE A6 RAINRUNE LiniRAD £ QBT ANRSs. $D¥d, 36368 380)% 7L aur y |

gl ucosi de;
4,328,205; and 4,358,437, the contents of which are incorporated herein by reference.

In general, any humectant (e.g., glycerin, sorbitol, propylene glycol, and/or
polyethylene glycol) is dispersed in water in a conventional mixer under agitation.
Into that dispersion are added the thickeners, such as carboxyl methyl cellulose
(CMQ), carrageenan, or xanthan gum; any anionic polycarboxylate; any salts, such as
sodium fluoride anticaries agents; and any sweeteners.

[0064]  The resultant mixture is agitated until a homogeneous gel phase is
formed. Into the gel phase are added any pigments utilized, such as TiO», and
additionally any acid or base required to adjust the pH of the composition. These
ingredients are mixed until a homogeneous phase is obtained.

[0065] The mixture is then transferred to a high speed/vacuum mixer,
wherein the surfactant ingredients are added to the mixture. The silicas utilized are
added subsequently. Any water insoluble agents, such as triclosan, are solubilized
in the flavor oils to be included in the dentifrice, and that solution is added along

with the surfactants to the mixture, which is then mixed at high speed in the range



condensation products of ethylene oxide with various hydrogen contai ni ng
conpounds that are reactive therewth and have | ong hydrocarbon chai ns
(e.g., alwphatomosshai ns of from 12 to 20 carbon atons), pamiuskolomadensat i on
products (ethoxantrs) contain hydrophilic pol yoxyethyl ene noieties, such as
condensati on products of poly (ethylene oxide) with fatty acids, fatty

al cohols, fatty am des and other fatty noieties, and with propyl ene oxide
and pol ypropyl ene oxides. [0062] In an enbodi nent, the oral conposition

i ncludes a surfactant systemthat is sodiumlaurel sulfate (SLS) and

t aur anol fropt S g paytesy Radeglagyagamy f 3P dned mwag! Be: phesesstaptpradidti o of 1:5
to 1:3. [OPRhodhoRd lmEaiif, CARRRML bAR Hgdl Boddayention my be prepared
by any neans known in the art. For exanple,” pteparation methods for |
denti fri cedoeacp weMléthkdowinisef The ewanpdmalsasctiets miithanl its BedpristentalSt at es

Patent Nos. 3,966,863, 3,980,767, 4,328, 205: ang 4,358 437, the contents of
whi ch ar é@slrﬁgm@?‘ﬁ[ i_a* RaPerly B ishpal fdeﬁﬁV*gaﬁéffaﬁPtaﬂéﬂ“ﬂ ctant
(e. 9., ghyAREigandSAEMLEDE odefARYE £a6ntEH NEAle ofaNHi@mabigh YRItRheRsdgl ycol ) is
di spersed in water in a conventional m xer under agitation. Into that

di sper si ehpmtectingdentin fem idkeaddrted degrefatian ead peklyedsataeducing| | ul ose

(Vo) , C%%§é9§§$ﬁg“Vor xanl han gum any ani oni ¢ pol ycarboxyl ate; any salts,
such as sodium fluoride anticaries agents; and any sweeteners. [0064] The
resul tant riDea7Yr e Hash afjihest wdthors inclalds ohogepadupplahy pimasiethes fornmed. Into

the gel phase are added a [ nts utilized, such as TiO, and.

ddi £ onbPrposiy it o Bhsk P HRAP b 1o S R e Tim B iid Bnposi ¢ on.
These i ngy adl @S0 kS IdHPR IhdMidred NATRARAAHS pPRRRS atSplakidahned. [0065]
The m xtufe is then transferred to a high speed}vacuunlnlxer, wherein the

sur f act amentaetgr gl thertpethgnefaed dbpiplicetiph enayibetageanphithed diy bireddngit i | i zed are

added subsequent | v. .Any.water insol ubl e : Such._ as {FlL n, are
o i 11 J2erats Phonfus Ry s e R PSR B0 o LBt PR 8
sol ut i on ahg imddedppli@tign whhdtichfigy, Spfdvacs, painsing Octt. ner dfipticdbe filwhirch is then

m xed at high speed in the rangefrom5 to 30 m nutes, under a vacuum of 20
to 50 nmsBfP-Hg. The resul tant product is a honpbgeneous, seni-solid, .

extrudabl e (Bgwfe Qber@flseRNi@HNChay be reduced according to a method of the

invention by applying a composition of the invention to a tooth surface. A

composition may be applied using a traditional method, as described in detail
elsewhere herein, or by any appliance or applicator, whether or not typically
associated with dental use. In an embodiment, one or more human fingers is used to
apply a dental sensitivity-reducing composition to one or more teeth. A finger can
be used to smear the composition on the surface of a tooth, or to otherwise apply the
composition to the surface of a tooth.

[0069] Alternatively, the invention includes methods to increase or maintain
the systemic health of a mammal by applying a composite to an oral surface (both
hard and soft tissues of the oral cavity). The composition for use in this method may
be any described above, provided that it contains at least one of triclosan; triclosan
monophosphate; chlorhexidine; alexidine; hexetidine; sanguinarine; benzalkonium
chloride; salicylanilide; domiphen bromide; cetylpyridinium chloride (CPC);
tetradecylpyridinium chloride (TPC); N-tetradecyl-4-ethylpyridinium chloride
(TDEPC); octenidine; delmopinol; octapinol; nisin; zinc ion agent; copper ion agent;

essential oils; furanones; bacteriocins, ethyl lauroyl arginate, extracts of magnolia, a
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[ 0066] Met hods of use: The invention also includes within its scope several
rel ated nmet hods. For exanple, the invention includes within its scope

nmet hods oWoredwuw®dss§ and net hods of occl udi ng dentin tubeCe/usko@/omessral i an
tooth, methods of protecting dentin from aci d-nedi at ed degradati on, and

met hods of reducing dental sensitivity. [0067] Each of these nethods

i ncl udes the steps of applying any of the conpositions described above to
the tooth surface. Application may be carried out by any nethod, so |long as

the adherg Ctétd lga eurrfeé,l ar allﬁk?‘l@%?(.%r@(glgE 181(]) (Pi g\ﬁg%f]a(ﬁ,slgrbﬁlﬂtfs ]lcﬂt act \M th the

tooth surface." ion ma 47sif pgdsi ng,

prophyl axiin, bma(gaf seaduckihpiif) @, pekdidé, 3 ebhaM@ACHfelidStraspyi ty) , foam gel
and in-tray application, masticating, spraying, painting, etc., or applied

by film élr“%‘%"r‘ﬁ‘p*ﬂ‘I"@Oéﬁ]IO@é‘ﬂ’t“é*ld'EBﬁ“sﬂ‘H“\Vr't‘y’aﬁﬁﬂ} a5d prepeliedtaccording to a
met nod o, bRGLANER I 18K GRAIMAa 1t AIRASH h QRinkls oGl RYGHI ON | 0 2
tooth sur%ace A conposition nmay be applPied using a tra 10 nmet hod, as
describe@NﬁﬂﬂdbhaHMMMEKWWMmbOMBn&ranunﬁuhyﬁanyzagpbn@wed<@$tappélcator
whet her or_not t% |caJIy ¢ ated with dental use. In an enbodi nent, one
or nore KEHaHP 9 Qﬁ?g“Tkorgéﬂ‘kém%pply a dental sensitivity-reducing
conposi t iEQampbR 10ne or nore teeth. A finger can be used to snear the
conposition on the surface of a tooth, or to otherw se apply the

conposi ti o078 t h@oﬁmcﬂ’a@@l@?"baﬂtp@?f?ﬁomﬁ G@BQIJ’IGAMCérmaIg themateridle i nventi on
I ncl udes aHEEPBQﬁtq sgtckxﬂ(i‘lr\?gglgl 1drmé P¥o%le§} ﬁ ef %Qr%al %E Of a manmmal by
appl ying a conposit oral surrace itk ?lssues of the
or al cavah&y“a&h@ntonﬁp@mﬁmonmf6@5Uﬁmc&ﬂamhhsqﬁﬁﬁh@dﬂﬁaxmhamany descri bed
above, provided that it contains at |east one of triclosan; tp closan
nmonophosphat e; chl or hexi di ne; al exi di ne; hexetidi ne; sangui nari ne;

benzal ko, ¢ Bl ioients Sadh @ AkdbdBsmpamatien bronmi de; cetyl pyri dini um

chloride (CPC)_1eiradecyl pyridiniumchlioride (TPC);

N-t et r adecy! - 4-legtedientr i di ni um chl ori de [ TPEPQ) ;Bodt @i di 2; | del nopi nol ;

oct api nol ; ni siWatezi nc i on_agent; copper iQf dg€®; QS | OS
Saccharin 0.3 0.3 0.3 0.3
NaF 0.243 10.243 10.243 ] 0.243
Glycerin 20 20 20 20
Propvlene Glycol 0.5 0.5 0.5 0.5
Carboxy methyl cellulose (CMQC) 1.1 1.1 1.1 1.1
Jota Carrageenan 04 0.4 0.4 0.4
TiO2 0.5 0.5 0.5 0.5
Sorbitol 20.85 |20.85 | 20.85 | 20.85
PMV/MA Copolymer 13% soln 15 15 15 15
NaQH 1.2 1.2 1.2 1.2
Thickening silicas 1.5 1.5 1.5 1.5
Abrasive silicas 20 17 15 11
Ineos AC43 small particle silica 0 3 5 9
Flavor component 1 1 1 1
triclosan 0.3 03 0.3 0.3
Sodium laureth sulfate 1.5 1.5 1.5 1.5
Total ' 100 100 | 100 | 100

[0071] Sodium saccharin and sodium fluoride was dissolved in water.
Triclosan was dissolved in the flavor component.

[0072]  Glycerin and propylene glycol were mixed together. Sodium CMC
and iota carragenan was dispersed. Titanium dioxide was added to the mixture.

This was followed by the addition of sorbitol. To this sodium saccharin and sodium
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essential oils; furanones; bacteriocins, ethyl |auroyl arginate, extracts
of magnolia, anetal ion source, arginine bicarbonate, honokiol, magonol,
ursol i c awodp1a9esssc aci d, norin, extract of sea buckt hecm/UuSaoipeesr: de, an
enzyne, a Cpniellip extract, a flavonoid, a flavan, hal ogenated di phenyl
ether, creatine, and propolis. The application nmay be al |east once a day,
al though up to five tines per day nay be preferred, and may be carried out
over a duration of tine, e.g., one week, up to one year, up to three years
or for a aste-formwere-

Fou osition
preparedﬂﬂ‘ﬁﬁ‘nfﬁ““ﬁﬁ?g?(gﬂ‘"” “5 ﬁﬁf{m§2§gﬁié“$?f§%$lEPT’gﬁd t he process

descri bedMheINoW.cofSIIR@E hid SBUlidmANAIrbSida (F0H) W@k a£QIPASIT @Pmikiabs does not
contain the specified silica particle. Table 1: Conponents included in

test ed cBWEIBS: tlih6reholq mgrtaes ‘é?ﬁ dWPBf’@:"DOM‘é?”@ oedsSuksegyentarin 0.3 0. 3
0.30.3 b pA3 R . ene d ycol
0.5 0.5 ravhe Bl el PR e e P g 0T
Carrageemahmwumvﬂtmno 4 0.4 T|C2 0.5 0. 5 0.5 0.5 Sorbitol 20.85 20.85 20.85
20. 85 PWI/ 3% so|l n. 15 15 5 1.2 1.2 1.2 Thi ckeni ng
silicas 1. %Zgg “1"‘ KB A \75&’5'7?1‘ FLasee ébmls?‘%_%“el&o‘l‘ gLy Céé"“% mal |
particl el’ths'n@&e@f& 10 n%.nﬁe;a%pfnegﬁ{mQ]E’t%ﬁtunl-ieg-fuh Vachlih€119238c@umd vhs3 0.3 0.3

released and the whole batch was inspected for uniformity.

[0074]  Fluid flow across dentin samples using each composition (A-D) was

measured using the procedure described above.

Table 2: Measured fluid flow values for prepared compositions

% Flow vs.
Composition etched baseline
A (0% AC43 silica) 92+2
B (3% AC43 silica) 77+8
C (5% AC43 silica) 22+4
D (9% AC43 silica) 5+1

[0075]  Dentin treated with compositions C-D (polymer and small particle
silica) produced a fluid flow rate that was % of the fluid flow value of etched
dentin which was significantly lower than that of composition A with polymer
alone. Values for typical commercial dentifrices without the small particle
silica/ polymer would be 50-100% of the value of etched dentin (ref: Pashley DH et
al, Effect of desensitizing dentrifices. |. Periodontol, 1984: 55: 522-525). Thus,
compositions C-D produced significant reductions in fluid flow rate.

[0076] This observed reduction in conductance is a measure of the reduction
in dental sensitivity. While not wishing to be bound by any particular theory, at
least a partial occlusion of dentin tubules by a silica-containing oral care composition

of the invention contributes to this reduction in dental sensitivity.



Sodi um | aureLh sulfate 1.5 1.5 1.5 1.5 Total 100 100 100 100 [0071] Sodi um
saccharin and sodium fluoride was dissolved in water. Triclosan was

di ssol vedwornotomogssavor conponent. [0072] d ycerin and pcopstens28ycol

were m xed together. Sodium CMC and iota carragenan was di spersed. Titanium
di oxi de was added Lo the m xture. This was followed by the addition of
sorbitol. To this sodium saccharin and sodiunfluoride in water was added
and it was mxed for 15 mnutes at 49°C. Then the PW/ MA copol yner and

di hydr 0x| 000 ded at 49°C (5 m 1 xi ng).. The whol
it ur & wadHPbpp S D A RS 87 AP R hBABLH kBl i ve

silicas amd Eh8pdsRISC ARdBes bilrhFRaRaictiusibaBcoNahe ohtibasheatdeftigh speed under
full vacuum [0073] Prem x flavor and triclosan and sodi um sul phate powder
wer e addéathulastwhgascoripasel foortclipdrdangindepated with Campepidies Aineddditign, vacuum
The vacuym. rele W , as..:| cted:f unj formty.
(007 PR e AP ErBRedd VY CORBRR R T R PER R My D) "
measur edbyisélng the procedure described above. Table 2 : Measured fluid flow

val ues for prepared coppositions [0075] Dentin treated with conpositions
CD (pol ymd?078hd Eﬁ@mﬁ%r#f}@a SPerfops COB‘i’%H\ﬁE/e‘%F“i‘ R TR Rt o that was
5-227?7 > gfndehee &b Hdid ofds dalenenof etched dentin which was significantly

| ower than that of conposition A with polyner alone. Values for typical

commer ci al (&AL i f The ebilify phasuerat erampesitidn qearpristdg silica/ pol ymer woul d be
50- 100% of -t he val ue of etched. gen i N ref: Pashl ey et al. Effect of
desensi 1 g el fcaBal Portcetichabidy e fepheRertieisoBiug oty
conposi t gemsn ok defdoshieRd Huin@iH ddrtartilodke g qiTeorh @xfradtedimbolavarndt e. [ 0076]
This observed reduction in conductance is a neasure of the reduction in
dental se&nskad vith pail palisteleaging pnbhibagedlssabeurirsg P eipdamp partiedd ar ¢ heory,
at | east ;A RALth&lsu RAGLMS) A RE bRRRE IvBrcl iRt ]S MRS 49 EfCRRMNAI ng or al
care conposition of the imvention contributes to this reductior in dental
sensi ti viptaged DOMWspBataibliffeieyd, sabonfBSalor finginos opih uitmgescataoen of et ched
dentin t b%%hcea(%e dentin blocks were divided into three groups and treated for one minute

with either PBS, a conventional dentifrice, or the Test Dentifrice set forth herein,

comprising triclosan/copolymer/small particle silica/NaF, wherein the silica

particle size distribution was between 2 pm and 8 pm. Both the conventional

dentifrice and the Test Dentifrice according to the present invention contained 1100

ppm NaF. The dentin blocks were rinsed and incubated in PBS for 30 minutes. The

cycle was repeated for a total of 6 treatments, followed by a 3-minute acid challenge

in 6% citric acid. The citric acid challenge solution was analyzed for soluble calcium

concentration with atomic absorption spectrophotometry.

[0080] All 3 treatment groups of dentin blocks were statistically different
(p<0.05, one-way ANOVA, Tukey’s T-test) for loss in calcium/cm? with dentin
treated with the triclosan/ copolymer/small particle silica/ NaF oral composition of

the invention exhibiting the lowest amount of calcium loss (see Table 3).

Table 3: Calcium loss based on treatment

Calcium

Treatment ppm/cm? (st dev)sie
PBS control 229.0 (3.4)
Conventional dentifrice 215.3 (2.0)
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wi th Conposition C showed significant occlusion/ coating of the open dentin
t ubul es when conpared to etched dentin treated with Conposition A In

addi t i on,woheloamessasi ve coati ng produced by Conpositi onPCT&301088i582 ant t o
acid dissolution by cola. [0078] Exanple 2: Effect of triclosan/ copol yner/
smal | particle silica/NaF dentifrice on acid erosion of dentin. [0079] The
ability of an oral conposition conprising triclosan/ copolyner/ smal
particle silica/ NaF was exam ned for the protection of dentin fromacid
attack. Human dentin-blocks-were cut-fromextracted mlars-and nasked with
nai|l polish IeaV|HQWUHFV‘ﬂﬁ%W@¥é?1§%W"§%ﬁface expb&t20bent i f surface area
was neasured ( d(one mnute,  B6%citric acid)
and placed in phosphate buffered saline (PBS) for 5 mnutes with

ul trasoni cgbpsan- %Iuhq:?eta&m%ltﬁb Rlcsks/ BOR neliry H8H phittcR sﬁmramagr oups and
treated for one mnute with either PBS, a conventlonaF dentifrice, or the
Test Dentordl cpmposition f)btrhtrprqu@néuwen%@mrqvyleﬁgﬂgmﬁlf@msémrtem@wnen/ smal |

Dot vieen 20t and B OB haRaBhbsiRe S Befefrofulbahlt the Test
Denti fri clen@@eer ding to the present invention contained 1100 ppm NaF. The
dentin blocks were rinsed and i ncubated in PBS for 30 minutes. The cycle
was repeat d80br Exempladiof 6 treatnents, followed by a 3-mnute acid

chal'l enge igyddyo CiciiGi %d@ onT}Hﬁp&Lu{sithugrc‘ﬂc@lu@ﬁ@d LRQQ@&%‘ ution was

anal yzed for sol ubl'e cal ciam cohcentration wth atom ¢ absorption
spectropﬁ@mmeVKWPODﬁﬂﬁwﬁmAUWa&umf%atWQWﬂJ@ﬂudpg3of dentin bl ocks were

carctunt om0 n BeRPRE SRar Rl r ot vt Bl etk 0 "

parti cl e sgidyi e/ tblatveoti@lte 6QNEIAGICY I00B dehtifride chitNditd @B exflb&in, 0G t he | onest
anount of calcium !l oss (see Table 3 Table 3: Calciumloss based on

t r eat mentPhTRItR Ry RRsY iRy arfigdric edBVM/NB) apphgnensmyll garticlesiliqar or al
conposi t'lﬂﬂo[ﬂg%agp%ﬂﬁu&h&l J S SEMLD 1 e LGS SRR yrer/ smal |
particle’silical

hypersensitivity.

[0085] Following a baseline hypersensitivity examination, eighty-two
qualifving adults were randomized into two treatment groups balanced for
hypersensitivity scores to tactile and air-blast stimuli: (1) a dentifrice containing 0.3%
triclosan, 2.0% PVM/MA copolymer, small particle silica and 0.243% NaF in a silica
base (Test Dentifrice); and (2) a conventional commercially-available non-
desensitizing dentifrice containing 0.243% NaF in a silica base (Control Dentifrice).
Subjects were instructed to brush their teeth at home for one minute, twice daily
(mornings and evenings), using only their assigned dentifrice product and provided
soft-bristled adult toothbrush. Hypersensitivity examinations were repeated after
four and eight weeks of product use.

[0086] Eighty-two subjects completed all study visits. At both the four-week
and the eight-week examinations, the Test Dentifrice group exhibited statistically
significantly more favorable tactile hypersensitivity scores than did the Control
Dentifrice group, with improvements of 31.6% and 52.1%, respectively. Additiona‘lly,v
at both the four-week and eight-week examinations, the Test Dentifrice group

exhibited statistically significantly more favorable air blast hypersensitivity scores



oral conmposition of the present invention provided significantly better
protection against acid attack conpared to dentin treated with a

convent i omal2ofoogasssde dentifrice. [0082] Exanple 3 : [O0@83jusadionersat St udy
on Hypersensitivity Reduction Efficacy of a Tricl osan/ Copol yner/ Smal |
Particle Silica/NaF Dentifrice. [0084] The objective of this eight-week,
doubl e-blind, parallel-group clinical study was to investigate the efficacy
of a dentifrice containing 0.3%triclosan, 2.0% pol ynethyl vinyl ether/ nal ei c

1 ar§ de 1R G 8 Rt R BT BB G AR Wy Consi 11 vi 1y,

[0085] Fedshemivey. a basel i ne hypersensitivity exam nation, eighty-two
qual i fying adults were random zed into two treatnent groups bal anced for
hyper sensi 19037t y dberesylts of thacglinieal sydy aHPrest g conelusipnp that am ogaldent i fri ce
cont ai ni [ 39 i . 2..00 G MR y b 4 silica and
0. 2430 Nepm o Hcr i it 8RB0 TR FORRITR T b ARELIGELE, S
commer ci ablyopulinl@bineneardeleaiih tihd 01293 W eNH ifiral stlecadard pravideg (0.a243% NaF i n
a silica base (Control ntifrice). %ubj.ects were in tl‘}_JCt ed to brash their
teeth at SIEBIREAtIFARonG RPEseRsii el U I*‘if“r(‘“f’i‘b‘r“‘h&ﬂﬁgj%@‘%ﬁa BPANFHSE) , using
only thehfd BaRiARES) Sahfidadk i RBrdeRIUE! N ARAHRI BYhEREnG @ity & dosipaech adul t
t oot hbrush. Hypersen5|t|V|t?/ exam nations were’'repeated ‘after four and
ei ght webkihc gpmpreodalit-ausleblergpedisemigting fluapde dppEeice alteorfpheansd al | st udy
visits. At both the four-week and the ei ght-week exam nations, the Test
Dentifri Elghkg)‘ﬁégl‘ﬁ ngﬁ?cgultgg%'st atistically significantly nore favorable
tactil e hypesssensiEkhmbleyt: Skertégpdrbanitilig Redacti@mnEffieheyDemt i frice group, with
i nprovenents of 31.6% and 52. 1% respectively, Additionally, at both the
f our - weekMEREAECHRPLRREK SBRHE MRS BHE /TaaumddyorpisPentifrige Mty exhi bi t ed
statistiggl t}{nigglg;@&%%cant |y nore favorable air blast hypersensitivity

e

scoresthan did t ntrol Dentifrice group, with inprovenents of 17.8% and
23. 6% resess] velThe objective of this double-blind, parallel-group clinical study,

conducted at six independent investigational sites was to investigate the efficacy of a
dentifrice containing 0.3% triclosan, 2.0% PVM/MA copolymer, small particle silica
and 0.243% sodium fluoride for the reduction of dentinal hypersensitivity.

{0090} Following a baseline hypersensitivity examination, 366 qualifying
adults were randomized into two treatment groups balanced for hypersensitivity
scores to tactile and airblast stimuli: (1) use of a dentifrice containing 0.3% triclosan,
2.0% PVM/MA copolymer, small particle silica and 0.243% sodium fluoride (Test
Dentifrice); (2) use of a conventional commercially-available dentifrice containing
0.3% triclosan, 2.0% PVM/MA copolymer and 0.243% sodium fluoride (Control
Dentifrice). ‘

[0091]  Subjects were instructed to brush their teeth at home for one minute,
twice daily (mornings and evenings), using only their assigned dentifrice product
and provided soft-bristled toothbrush. Hypersensitivity examinations were repeated
after four and eight weeks of product use.

[0092]  Three hundred and fifty subjects completed all study visits. At both the
four-week and the eight-week examinations, the Test Dentifrice group exhibited
statistically significantly more favorable tactile hypersensitivity scores than did the

Control Dentifrice group, with improvements of 11.5% and 17.9%, respectively.
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[0087] The results of this clinical study support the conclusions that an
oral conposition of the invention, in the formof a dentifrice containing
0. 3% tri cwo=ar/098858% copol yner, small particle silica ardTQS2¢18M188F i a
silica base provides (1) a significant reduction of hypersensitivity after
four and ei ght weeks of product use, and provides (2) significant

i nprovenents in dentinal hypersensitivity as conpared to the

comerci al | y-avai | abl e non-desensiti zi ng quoride dentifrice after four and

eightwe sof ct use. [0088 ) Ie4: Hyper
Reduct | oR BT ey BTt B ROy HR PG foryaire | ML / Sodi um
Fl uori de %’Néxﬁfﬂu‘é& qtaﬁswmlqgr&@e@w@m&b ¢aloraBiel gy bidsPRBHrscBRIVAR] ective of
thi s doubl e-blind, parallel-group clinical study, conducted at 5ix
i ndependaisres theredid HaGostral Dspiiise gean o ithripwseyepaents phks. B5 phdacy of a
dentlfr|g§%§oQg %Bbﬁg 0.3%triclosan, 2.0%PVYM ML copolyner, small
particle”sil'ica and 243% sodi um fl uoride for the reduction of dentinal
hyper sensi {0088} y. Tb@&&ﬂhsEth@Mmﬁgﬂauhgsebpmeuhypﬂbﬁﬁmmsﬂuﬂhty exam nati on,
366 quallfylng adults were zed into two treatnent S balanced
for hypefS&HEF¢ fczntw%b’rfeém‘?aﬂapgé {1 capalienes srtALRATHSE PHigt o 52 fise of a
denti fri ¢&iGRMH R HeRdefbicRYbdd ihProSifihg den®¥}alm eréyﬁsleonf kR Eon SR/
particle silica and 0.243% sodi um fluoride (Test Dentitrice); (2) use of a
convent i osal ovepmperied af fopr avdiel ght Meelier dofrpacet ghe qwmrrmga@ilys% triclosan,
2. 0% PVYM apd. 0.243% sodi um fluoride (Control Dentifrice).
[0091] SagiabeQBﬂg¥£?ﬂng€ructed to brush their teeth at hone for one
m nute, t V\n[m4}ial IExa ity 3| O@SusiditlefGvaRi andshhant@d i@ tBeiuyn dHiicky assi gned
dentifrice product and provided soft-bristled toothbrush. Hypersensitivity
exani nat FORBOWERS A Eolaverfiff ter four and eight weeks of product use.
10092] Thr &Leapndﬁﬁ% c@g@n deht armﬁylbdne,@&ﬁm@ QRRAREEsRLEy Statdy visits. At both
t he four- and t t-week exam nations, the Test Dentifrice group
exhi bi t edospeditiwtsiof ahd ry\vsmtgm for dantal genmuw ay felied brlskeof adentiretubule
hyper Sen%@c 1|1€\1l<|)r¥ '}/vsse%g) {necson%bhuaizll’]hoq'n V\’It}'\ conventional potassium desensitizing agents,

and in particular, an oral composition of the invention comprising a silica having a

particle size characterized by the parameters of a median particle size of about 2 pm

to about 4 pm, a dip of about 0.5 pm to about 2 pm, and a do of about 5 pm to about

10 ym, and a polymethylvinylether/maleic anhydride copolymer having a median

molecular weight of 2,000,000 (” Test Dentifrice”) and the desensitizer potassium

nitrate. For these experiments, “Composition E” (Table 4), was prepared and

assayed.

Table 4: “Composition E”

i ngredient Wit%
Glycerin 19.74
Water QS
Gantrez 13% solution 15.00
Sorbitol 15.00
Sorbosil AC43 silica 10.00
Thickening silica 8.00
Potassium nitrate 5.00
PEG600 3.00
SLS 1.50
Sodium hydroxide 50% 145




Control Dentifrice group, with inprovenents of 11.5% and 17.9%
respectively. Additionally, at both the four-weok and ei ght-week

exani nat iwoo10deessFest Dentifrice group exhibited stati eCiraskon/ 021582
significantly nore favorable air blast hypersensitivity scores than did the
Control Dentifrice group, with inprovenents of 16.1 % and 23. 3%
respectively. [0093] The results of this clinical study support the
conclusions that a dentifrice containing 0.3%triclosan, 2.0% copol yner,

i luoride is efficacious in

h
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D
D
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0
N
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BN

<odi-1um

+h

smal | patpiete—sitica—and—0-2439 QgH-um

prOV|dingiﬁght‘na',F%ﬂgﬂsensitivi y-+edugtion when used over a period of

f our ?nd”hﬁgﬁgﬁm%%%g &% onpared %'che ¢ommercial ly available Contro

Dent i riéyi 00 Exanple--5+—Ce¢ltusion—efficacy and enhanced potassi um
dol i ver y PRS0« one ot the LAUBntioh. [0095] This experiment

denonst r-g1ERTn Fcady? al conpositions of the invention
for denLéﬂigﬁﬁéﬂiLyLLy_LeLLeLJQF‘ 2 dentin tubule occlusion systemin
conbi nat eHWRHYr R nvent i onal pot 8<8 um desensiti zi ng agents, and in

parti cullXAnthaiC¥Ral conposition of1fhe invention conprising a silica having

a particle si e characterized by the paraneters of a nedian particle size

of about 2 m;boﬁ?g%ﬁ)oséa%tc CQB%RF\@&Q%E d néne{/f}i%%) s s?l!lj‘f Eyzlclggn and a d of

about 5 mmto ol ynet hyl'vin cr anhydrlde
copol yneonBairinsgom’ sigdiradymashie chdoay, wiicly pbstofatds, tB&0;00as (st'iﬂieﬁ;tsuaent ifrice")
and the des izer potassiumnitr Far h se e erinen nposi tion
E' (Tabl é5%§ S*wag PESENSr Saﬁas‘%%a@ahﬁrm nt CGQHBB%H f"b’ﬁ“ E'[ 0096] The
most  accept adiyesRhARRAIP R Qiing @R A1k cAYIREE SRS bhip/ideNihSinased on
Brannstr dn1s)ﬁ§d#odynéﬁ1% tﬁggry, Mhlgh pgstu a?égwl a? Vg}lous stimuli,

such as coulinghegnin. ﬂnes«bﬁuﬁeheatﬂi\mﬂcomhsmét«'s> ad spmad*evdtohwdslmm in the

gﬁln:)I/ nglen%*t.}'rl]ﬁlle{c?lhf%ed S efpca&()us ' orvc c(ijoansalllauOFitb Lprem%r;p%t\éqesn{elpxqclnngs at the

hyper sensirbiyh dyntid, \md B’Bll)&fre#[{,ﬁbhﬂdm mgv@ﬁmhwwmblaemnma@nﬁmﬁal ecbuass.
efficacious: 1. Nerve desensiljzalion by deliverjng potassiumions through
dentin, SHEPTBINgedtwasioupd “F?ltdl“ac%%ﬁ%ﬂt offhe sgll partisie dHcad gAMLl t ubul es.

occlusion composition with a potassium desensitizing agent enhanced the delivery
of potassium inward through the dentin tubules.

[0097] 1. Confocal Microscopy

[0098] A dose-response study of the silica of the Test Dentifrice regarding
occlusion efficacy was examined using confocal microscopy, at three different levels
of silica particles, 5%, 7.5% and 10% (w/w). Ten percent silica particles showed
superior occlusion effect after 14 brushing treatments and 2 acid-challenge exposures
in comparison to conventional commercial desensitizing products. Dentin disks
were treated 14 times to mimic a 7-day brushing regimen. Cola challenge was
performed in order to have a clear distinction amongst the tested products. The
confocal microscopy images are displayed in Figure 1 (zoom 50x50 um),
demonstrating superior protective/ desensitizing effect of The Test Dentifrice. The
occlusion effect of The Test Dentifrice is preserved after the cola challenge, as
indicated by no changes on the surface image (see column 2 in Figure 1).

[0099] 2. Hydraulic Conductance

[00100] Hyvdraulic Conductance testing was performed to evaluate the degree

of occlusion taking place on a dentin segment attached to a sensor that measures the
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Surprisingly, it was found that the conbination of the small particle
silical pol ynmer occlusion conposition with a potassium desensitizing agent
enhanced wbeooalodsséry of potassiuminward through the decmius2eamjoedses.
[0097] 1. Confocal M croscopy [0098] A dose-response study of the silica of
the Test Dentifrice regarding occlusion efficacy was exam ned using
confocal mcroscopy, at three different levels of silica particles, 5%
7.5% and 10% (W w). Ten percent silica particles showed superior occl usion
effect after 14 bryshing treatnents and 2 aci d-challenge expostires in
conpar i SGWP[“Ge‘E‘S’h ARG eT EBlembhe pestusipisiedcy isrekgedittidiearanse Betei n di sks
were tregp@dubdcidRink oWl R ’ {5 Bher (R al | enge was
performadgli n order to have at%lIgéfeg?gpﬁgglﬁ?gﬂg%f{rng%égtgﬁ?rhteg%@gﬁgd products.
The conf sdthl demtifniass dbp Pasehing ess anasdied pingydsohtinrse Singuir Ere tiofizly@mhs0x 50 mm) |
dermnstrgot;‘an By erior prot cigi ve nsitizin The ,Test

: / gdesensitiz ef,fect .of.
ST SRR F e e ﬁgufé'élf“‘ﬁéﬁ’iyi(f@f“é’éd}’l%‘oﬁreé\erved af ter

Dentifri ce. he  occCl usi on e

the col adehradskenge, hyadsaulRtopati@anddyafe neAMIGE s G dnfieri®Uhi RERs thwage (see
colum 2 in Figure 1). l[0099] 2. Hydraulic Conductance [00100] Hydraulic

Conduct aftd ¥ @stffasy claslaperindhoaercermiags of nesmealiie rdyetew. dhe del usi on
taki ng PLRAEEHRD wihs SRR R ﬁ@%?%ﬂn%tth%ﬁp&gfekﬁo@al§§£\§r¥l‘;rciglnﬂlse&?@2ﬁ“ es

t hedi spl acenment of water over e occlusion efficacy 1s refated to a
decr easeprmiuctsenhlyidkaul i ¢ conduct ance, or water perneability of dentin
segnents after treatnent. with dentifrice. The baseline was nmeasured on a
dentin segr@ﬂﬂ”p_r g‘b‘iﬁ&l‘y“%tf‘lfﬁ%_ etP&ffﬁaff“@ePE%@H%IW%@?W’W& es and

hi gher pesBadiidd nYeomfAvs08 & S0 bhselifte IEGEEARRH Mistrigyaydurul i c
conductance after treatment with dentifrice indicates the occlusion effect,
cal cul at eehdustange Theéy it ge agfeepenhedbith¢ ¢onfebiodtrpenepy TeralfFest Dentifrice
was shown to be 507/ o better than.conventional .comyercial desensitizing

pr oduct snfwﬂtltyhﬁlé*’ﬁfreosttL %ustoﬂ(f’fé‘l(]nt‘iiitglﬁgbé*? (‘Id| tP{Js erlaetS leg%fth'e“'?jer cent age of

occl usi on ghmez) e onChihpesitibn GO RASIdrawlR dofid CaNERItESNY frocdduse s basel i ne
as determ ned using hydraulic conductance. This result is in agreement with
t he conf 8rosifiasd t@ragggdwl}gég@ptaét,emahve application method for instant relief

which involves rubbing/smearing the toothpaste onto a sensitive tooth with one
finger. The surface of dentin segments was wetted with 10 pl PBS buffer to simulate
a moist tooth in the mouth. Composition E was applied to the dentin segments
undiluted (“neat”) with one finger and rubbed in a circular motion for 1 minute. The
sample was rinsed with distilled, deionized water and the hydraulic conductance
measured at 70 cm water pressure. The procedure was repeated using a -
conventional non-desensitizing dentifrice (Control Dentifrice, Table 5). Statistically
significant (Student’s t-test, p<0.05) lower conductance was observed for dentin
treated with Composition E, indicating superior occlusion after only one treatment
using a different method of application (i.e., other than conventional brushing) of a
dentifrice of the invention. This superior occlusion results in a rapid desensitization

of the tooth in comparison to conventional dentifrices and methods of application.

Table 5: Effect of Composition E on Dental Sensitivity.

%Flow vs.
Composition etched

baseline
Composition E 31+14
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nanel y, hi gher occlusion percentage is observed for the Test Dentifrice.

[ 00102] For Conposition E the hydraulic conductance testing procedure was
nodi fi ed wo 2ald/usssesti ng of an alternative appli cati onPagtuseaofoorss: nst ant
relief which involves rubbing/ snearing the toothpaste onto a sensitive
tooth with one finger. The surface of dentin segnents was wetted with 10 ml
PBS buffer to sinmulate a noist tooth in the nouth. Conposition E was
applied to the dentin ségnents undi luted ("neat”) with one finger and
rubbed in a circul ar not IEH --------- -1 m-nute-—The—sanpl e was rinsed with
distilled, deionized wate BHH the hydr &t ¢ condictance nmeasured at 70 cm
wat er pressure. The procewq repeat ed using a conventi onal
non-desensitizing dentifrice (Control Dentifrice, Table 5). Statistically
significan O(@g]ud?qt,o Seo unt\?ﬁjx p<0. 05) | ower conductance was observed for
dentin tre (% Corposi t1on E, indicating superior occlusion after only
one treatn@nﬂﬂqSIﬂﬁeQodmﬁﬁﬁﬁ@mi(KﬁhhﬁﬁuﬂﬂmﬂﬂnbbQ&hkﬁ@nékdehe ot her than
conventional_brushin of a dentifrice of the invention. This superior

occl usi openedisial ¢ttect ‘&C]r“éb?i“d‘é’»ﬁ’é%é’r’?éi@ Tepsing Sif BiterbIlromAvEReRtWpar i son to
convent i gRaki f8Bh hivafs, AR oAk hecs, @I aRAY] SRk RByIdTREb SadinwdRi f ect of
Conposi tion Dental Sensitivity. Control frice |

[ 00103] 8ow dPotyssi dsnmrﬁlitlmup@@gext] sufhes potaafssnumrhleuA schdnditiicux" )

met hodol rated .t he, benefi.ci al of..occl,usi on agents on

decr easi ﬂgyfrﬁtéorbﬁrf}st&)af’ QRPT ROV ETERE b %[’Bg%’i 'HJ #5856 n tubules. The sane
pressur e- b@aksNg HRIchACE WM kWO R HridgheliRVVRK Sitidr 0¥in@bsifieh ¥ Tastdesensi
zation a ent such as potassiumnitrate. A schematic illustration of the
pot assi uReRtilnige expertvepHenalsomepsreinbdese psifizing FeMBOSI[IPDIORFNREERA dent i n

di sks we br.ushg I oV DPap or a
conventi %ﬁ% f L%rrg%dté%f drﬁgf‘a}%zﬁn?gr?ﬁ'g'%%yr%‘(r})s‘g?l&oﬁs’%gnt a?ﬁn}%?]g%'?he sane | evel
of pot assilas nedisaine jloand wmnantodd coleae Paghbdytésnispd titnedhentrds. t hat al | ows

a constant flow of water to. be coll ed . at red ermpned t t I
Ali quots‘\ﬁiﬂ“%téf’ég‘é'iau"r‘r‘\‘ BsP ’t‘i"&ﬁ“\’/&&agghgjﬁb@‘) ‘E}H‘é‘ “66"5&%%‘3%‘@5"‘@?1?;/%; ed

dentin  gisk The first set of fractions was collected at pressure zero (i.e., lower chamber is

aligned with collector (3a), offering no resistance to the water flow, allowing the ions
to diffuse through the dentin disks). Next, the collector was raised (3b) to simulate a
pulpal pressure of 20cm H20. The opposing pressure created by the height
difference delayed the ion flow, resulting in lower concentration at the collector.
Fractions were analyzed by HPLC for soluble potassium. Concentration values were
converted to flux, as per Fick’s law of diffusion, expressed here as x10-'9 mol/cm?.s.
At the end of the experiment, the potassium flux was calculated to determine the
relative efficacy of brushed disks on delivering potassium under pulpal pressure.
[00106]  Figure 4 shows a comparison of the two products investigated and a
control. Each composition was evaluated in triplicate and one disk was studied per
day. The experiment was carried out as follows: The dentin disk was mounted in
the Pashley’s split chamber and brushed respectively with either the Test Dentifrice,
a conventional commercial dental desensitizing product, or Phosphate butfer (PBS).
After brushing, the disk (in the chamber) was rinsed thoroughly and the chamber

was connected to the experimental system. A constant water flow was provided by



disk. The first set of fractions was collected at pressure zero (i.e.,

| ower chanber is aligned with collector (3a), offering no resistance to the
wat er fl owip 2aldiwvdsag the ions to diffuse through the demCirrusdeishog)ss2 Next ,
the collector was raised (3b) to sinmulate a pul pal pressure of 20cm HzO
The opposing pressure created by the height difference delayed the ion
flow, resulting in | ower concentration at the collector. Fractions were
anal yzed by HPLC for sol uble potassium Concentration values were converted
to flux, as per Fick's law of diffusion, expressed here as xI0-'° nol/cm
2.s. At PHETBERIPHRPELE 2a%/EPiHEhend th?érqﬁsmag@ieamrﬁhmaeﬂeﬁyetyawcu| ated to

det erm ne,ilhjge rel ative efficacy of brushed disks on delivering potassium
under pul pal pressure. [00106] Figure 4 shows a conparison of the two
products idO@%W]gdnﬂmﬂanﬁN&fumﬁbn@WruEaﬁhxmbmmmﬁﬂa@kﬂﬂunmnww&ﬁdﬂaﬂed in

trlpllcaea one di sk v st.udi er d The erinment was carried out
as follo the{}ﬁ% Q@ﬂ?“ir 8\,@& t\/vé’ﬁ‘serr&ﬁﬁ?gﬁm ﬁxf‘}?ef"b‘égﬁpé&}“’% adpiRet " ¥hanber and
brushed po&RaaH dake \wthadeutr@erto&mai@sﬁ;x@aﬂw§tha€ réd BRIk vonal
commer ci al dental desensitizing product, Phosphate buffer (PBS). After

br ushi ng soluken MrdiBS(traatechs nHamsdrMbraand ¢0Al§etar wieor diggisil yo hme: a fimalchamber
was connectedtd tRe LKpeld: 8 gltaghm%xﬁtlgﬁhu& EONAHADhy YL Ilcafl | ow was

provi ded"bya syringe punp a m nut e the on col | ector
changed evmiiyioxiﬂhmwmusm{ aaQY]cah e infedrky by tirgeadsivas difarsonvas @161 | ect ed

after S edt the t cha in order. to rinse the
;ystem ? 'oug‘frﬁ gggfrb”'r‘lte ﬁm ; W\f/‘g‘ﬁbkﬂ‘é"icﬁfﬁ‘éﬂﬁ?'&‘g was added,
I.e., togth@ﬁ&ﬁ CARLUIY Ya®ibnd, Re auaﬂyexpsn@awdswﬁn%lgbmow &ke@Py,f or PBS
treated sanples. Chanber and collector were aligned to have a fi nal

pr essur e sohulaigngacin \th@rhthDBWﬁqha‘qtu pmls)rmsu&ﬂﬂ 2ﬁ1crruﬂe@. At thl&e hmst

hypot het i calo CONMh loByad BF e TLIAEQR S ULk GAGY S0 B LOLEL Lad Y. L e

pot assi urn b 4TSN (V a8 p&fﬁ Frem 2‘“} Ce‘rpé)of‘h prlsﬁ’émt f‘“a'ie Ydi sk
results it dnrfghaaed{fﬁd;%ﬂ cdwxabmt/&oikaﬁkr The @K WihsdHOfreseNts @i safallbgract i ons, the
chanber |s | ownered with respect to the collector, simulating an in vivo

si t uat i oShangetoR ﬂiﬂ}l‘lﬁh‘l‘?r W@%@mﬁﬁ@uwnéer apairal pressyieivallbsimire effp@ivgot assi um

fl by th
ow was oﬁ)&@ﬁﬁ%{ gé] %}é%qleﬁth%hh@xp%g&f)é&ﬂk%%ﬁﬁeﬁrﬁnfotaaglsﬁ y the

difference o rrber/ col l ector e di sk which presents the
smal | est system that dlmmlshes the negative effect of the water pressure on the ion diffusion

will result in higher potassium flux at the end. The results in Figure 4 show clearly
that The Test Dentifrice presents the highest potassium flux under 20 cm H20 in
comparison to conventional commercial desensitizing product and PBS-brushed
disks. A comparison of the average flux under pulpal pressure is plotted for the two
studied products and PBS in Figure 5.

[00108]  Figure 6 illustrates the same trend in terms of percentage of potassium
flux after the simulated pulpal pressure had been applied. These results suggest
faster action of the Test Dentifrice in comparison to convention commercial
desensitizing product.

[00109] The theory of having an efficient occlusion system to impede the
detrimental action of the outward opposed fluid flow to the ion diffusion is
confirmed with this experiment, i.e. the occlusion provided by a composition of the
present invention, the Test Dentifrice, is more effective on aiding potassium to
diffuse across human dentin.

[00110] Example 6: AUC 3.95 values measured for various silicas.
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change or the higher potassiumflux under the pul pal pressure will be nore
effective on delivering potassiumions to a tooth with exposed dentin

t ubul es. w0 20mal908550n syst em t hat di m ni shes t he negati veTafst@on2382 t he

wat er pressure on the ion diffusion will result in higher potassiumflux at
the end. The results in Figure 4 show clearly that The Test Dentifrice
presents the highest potassiumflux under 20 cm H2O in conpari son to
conventional comercial desensitizing product and PBS-brushed di sks A
conpari son e r Jux..un pil pal pressure is plotted for the two
studi ed pr 0@{)11(:1%12 a%é%@gl%lsr’\dff’ bhu'r‘geg: 3.'%‘8‘%68‘]‘“??”&8#@ 6UiqUs§iicRat es t he
same tremdniamib@comBp@itiEsodniage iinaladstlsuAchldxg &lit£EoddiRi mul at ed

pul pal pressure had Feen applied. These results suggest faster action of
the Test ‘DERCTHPRLY NAMYSHIGR prdpilicpstedingamtrons @mﬁ%@r&ﬂﬁ@fm@ié@@ngi tizing
product. HRBIA8InsIdrant BRehYo@f having an efficient occlusion systemto

i npede the detrinental action of the outward opposed fluid flowto the ion
diffusion is confirmed with this experinment, i.e. the occlusion provided:by
a conpositiagn. of -Rpresent Jinventjon, the Test Dentifrice, is nore

ef fecti vé‘%ﬁgaﬁﬁéggﬁyf‘g‘éeé?‘ﬁw FEYiFlgs é“%g'?%%"&"ﬁtﬁmﬁg@émmh%o110]

Exanpl e|6 : AUC 3. SAmrakues neasur €d § aUCVABISAUSASITTT GRS. [00111] Table 6
illustrates the LUC 3.95 val ues nedsured for various silicacontaining
conposi t ilenSertitdcSEkdr@esT akita N0 MELEDT al S, 1 neludi gy ST ca- cont ai ni ng
conposi t iConsol 0lentifice (FAMBRIERPN and §hkiCa starting mgpgriats used in
silica- ¢ Qbh Rl MeRgricOMRASHIE UPNS OF 1RG4 nvention.  Taghg 6 7| AUC 3. 95 Val ues
for Vari ousOShELPABca 3Rk hdt6@n CoNTapRi Ng ComposT tTgrgs- CEAI M5 1. An oral
care conpestehlidn APRILIE L@ - a agherent—materigly;, and b. silica
parti cl egonWRBERI AbkliGe i@ care COMPgsi tTon provi 8% 48 ftuid flow rate of

no great @{,n\tena@ha&ﬁqg;enﬁ\ggﬂgg the figigd—ftowTate ofgghed dentin. 2 . An
oral care conposition COmprising: '




a . an adherent material; and b. silica particles having a particle size
distribution (PSD) of 2 mfmmto 5 nm wherein the oral care conposition
provi des wof2bwmosssow rate of no greater than about 45%pofr/usb@ofdbissd f 1 ow
rate of etched dentin. 3. An oral care conposition conprising: a . an
adherent material; and b. silica particles having a nedian particle size of
2 Mmto 5 nm wherein the oral care conposition provides a fluid flowrate
of no greater than about 45%of the fluid flow rate of etched dentin. 4. An
oral care conposition conprising: a . an adherent material; and b. silica
particles having an average parti ckéAMpe of 2 mnmto 5 nm wherein the oral
care conposition provides a fluid flow rate of no greater than about 45% of
the fluid flow rate of etched dentin. 5. An oral care conposition
conpri si ng:l. aAn aal @dhemngrisitmat @m@aisinggnd b. silica particles having an
average particle si ze of 2.7 n_mbto_]4.0 mm wherein the oral care
conposi ti on provi 4B2BeEPEMateiaid at e of no greater than about 45% of the
fluid flow rate ofRh ?bﬁmg,enti n.6 . An oral care conposition conprising: a
. an adherent material; and b. a population of silica particles having a
particl e sizewbekicthedrdl camcohwogitivnpreodss sfliidfley patepf nogmaty 3 mm 3.5
4 4. AN 5 -1 erei i.d.n [ il [
mm . rmhu n cﬁggQS/«gB&ht{]%gw({P?cl&e?c%g d@&@r’ijl ation of silica particles

conprise a 0 0 al silica particles in said oral care
conposition, wherein the oral care conposition provides a fluid flowrate

of no greater, than about 45% of the fluid flow rate of etched dentin. 7. An

oral care @on‘ﬁ’éé’ﬂqfﬁrﬁCBBWSF‘it’gf‘r‘fSI.“pé‘Smgén adherent material; and

a. an adherent material; and :
b. silica particles having a particle size distribution (PSD) of 2 pm to 5 pm,
wherein the oral care composition provides a fluid flow rate of no greater

than about 45% of the fluid flow rate of etched dentin.

3. An oral care composition comprising:
a. an adherent material; and
b. silica particles having a median particle size of 2 pm to 5 pm,
wherein the oral care composition provides a fluid flow rate of no greater

than about 45% of the fluid flow rate of etched dentin.

4. An oral care composition comprising:
a. an adherent material; and
b. silica particles having an average particle size of 2 pm to 5 pm,
wherein the oral care composition provides a fluid flow rate of no greater

than about 45% of the fluid flow rate of etched dentin.

5. An oral care composition comprising: -
a. an adherent material; and
b. silica particles having an average particle size of 2.7 pm to 4.0 pm,
wherein the oral care composition provides a fluid flow rate of no greater

than about 45% of the fluid flow rate of etched dentin.

0
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b. silica particles having a nedian particle size of 3 nmto 5 mm a d of
1.5 mMto 3 mMmm and a d<;o of 6 Mmmto 1 mm wherein the oral care
conposi t iwo 2proowisdes a fluid flow rate of no greater thaoTalseam/04658s of t he
fluid flowrate of etched dentin. 8 . An oral care conposition conprising:
a . an adherent material; and b. silica particles having a nedian particle
size of 2 mMmMto 4 mMm adof 0.5 MmMto 2 nm and a dgo of 5 M to 10 mMm
wherein the oral care conposition provides a fluid flowrate of no greater
t han about 45%of the fluid flow rate of etched dentin. 9 . An oral care
conposition conprising: a . an adherent material; and b. silica particles,

wher ei n thg_anpgggggg@np@§ﬁ@1gyﬂyhﬁhgve particle size volune (AUC 3.95) of
at | east 20% and wherein the oral care conposition provides a fluid flow

rate of no grreat epn pdbavetypeteriakbondf the fluid flow rate of etched
dentin.10. Ap ora , Lt Lon Comrl Sl ng:.. a . _ rent, materi al ;
and b. siIic%’par%Pgﬁég?gﬁgggg%hﬁ¥E%ﬁ%3¥%%§£gg?F?E?ggﬁkgggrﬁggbg:population
of st art grogprabastingl of 2ifnh, 25 par B inal, 65 fhavi g, 45 puuhdbipns isréincl e si ze

vol ume (AUC 3.95) of at |east 40% wherein the oral care conposition

provi dessaif! P?I&‘i‘la‘)‘?‘} %ﬂﬁﬁfcatpéf%qle%mgvés&@é}eait@&r/f APBatoAsHRBPAIIES Ui d f1 ow
rate of gfehed A80bMPosiddn, The conposition of claim1, wherein the silica
particles have a porosity of less than 0.45 cc/g in pores of 600 Angstrons
or smaller. Mhergihghcompost rompogfiorpaividdas,a Whd flomnragadbforcegreatmat erial is a

pol ynmer havi Qu r ,average nmolecul ar wei ght between 100, 000 and
2,500,006?“FE@T%?FV%§E3§9“§@%9éﬁﬁﬁ%%$#?gﬁJ3"claim |, wherein the adherent

material is selected from polyners of polyvinyl phosphonic acid, poly
(1- phosphonopropcne) sulfonic acid,
7. An oral care composition comprising:
a. an adherent material; and
b. silica particles having a median particle size of 3 pm to 5 pm, a dio of
1.5 pm to 3 pm, and a dgo of 6 pm to 11 pm,

wherein the oral care composition provides a fluid flow rate of no greater

than about 45% of the fluid flow rate of etched dentin.

8. Anoral care composition comprising:
a. an adherent material; and
b. silica particles having a median particle size of 2 pm to 4 pm, a dio of
0.5 pm to 2 pm, and a doo of 5 pm to 10 pm,
wherein the oral care composition provides a fluid flow rate of no greater

than about 45% of the fluid flow rate of etched dentin.

9. An oral care composition comprising:
a. an adherent material; and
b. silica particles, _
wherein the composition has a cumulative particle size volume (AUC 3.95) of
at least 20%, and wherein the oral care compositiuln provides a fluid flow rate of no

greater than about 45% of the fluid flow rate of etched dentin.



pol y(beta styrene phosphonic acid), al pha styrene phosphonic acid,
synthetic anionic polyneric polycarboxylate, maleic anhydride, nmaleic acid,
and met hywoworwdosssher. 14. The conposition of claim 1, paimarseénn/ozise2
adherent nolecule is a polyner of nethyl vinyl ether and nal ei ¢ anhydri de.
15. The conposition of claim 1, wherein the conposition is fornmulated into
a formselected froma rinse, a paste, a gel, a gum a dissolvable | ozenge,
and a film- 16. The conposition of claim1l1, wherein the conposition is
fornul at ed nto al orms froma dissolvable film 17. The

conposi ti o& of NI “ﬁ{el“onf‘ffﬂtﬁ’é]rcoé‘&mﬂ’?%l ng a non-silica desensitizing
agent . 18. Thex. conpasuhéent @bieeilaBlafiil7, wherein the desensitizing agent is
selected fromthe group consisting of a nitrate salt, an arginine ester, a
bi car bonate salt, %ﬁﬁﬁégWhﬁanltrate potaSS|un1chIor|de an

argi nine-bic t o I It r i nine. "19.
The conp03|tﬁgﬁgg?tﬁfgg%§?gﬁmurt bon%%?@?%%pgﬁdgﬁ?%%gggggla gagent. 20.
The conppsnttleshamhgalcahmlatwe pfaumtlheil?e aolmtprei (@ilHg3 aSadenteastelOgéict ed from a

chem cal |te ent, ue, mhl agent and an ntlcalculus
agont - 2o e i i By ORI = P Ry TR oD §fsager toan about

2,4, 4" -t 1356 F MeQrudd floydfefeeinRA QMR lin et her 22. The conposition of claiml
1 further conprising a surfactant systemthat conprises sodium | auryl

sul fate and tauranol. 23. The conposition of claim1, further conprising a

sur fact ant %yﬁg{&%{)@sﬁh@o@s]hﬁhﬂ %ﬁ?&%ﬂh'% xﬁcagjarﬁéigé Ve a@?{{rbgigﬁ&'l Qte and

tauranol inara e cdnposition further
conpri si fignasagenin pakect @0 Angmoasst-amablers | on agent; a f1uori de
conmpound; sodium fluoride; chlorhexidine; alexidine;, hexetidine;
sangxiinarine; benzal konium chl oride; salicylanilide; dom phen brom de;

cetyl pyri diBitHp GRlRkiHER d a1, WRkfeAURMe g ihdthRA1uem pBlyaHdr tavingC) ;
N-tetradecyl - 4-ethylpyridiniumchloride (TDEPC); octenidine; del nopi nol ;

oct api nohumbesaverageimeledwar weight betvepp &0, @Qﬂmné@eqwﬂo%ss@mw(al oi | s;
furanones; bacteriocins, ethyllauroyl

13. The composition of claim 1, wherein the adherent material is selected from
polymers of polyvinyl phosphonic acid, poly (I-phosphonopropene) sulfonic acid,
poly(beta styrene phosphonic acid), alpha styrene phosphonic acid, synthetic anionic

polvmeric polycarboxylate, maleic anhydride, maleic acid, and methyl vinyl ether.

14. The composition of claim 1, wherein the adherent molecule is a polymer of

methyl vinyl ether and maleic anhydride.

15. The composition of claim 1, wherein the composition is formulated into a

form selected from a rinse, a paste, a gel, a gum, a dissolvable lozenge, and a film.

16. The composition of claim 1, wherein the composition is formulated into a

form selected from a dissolvable film.

17. The composition of claim 1, further comprising a non-silica desensitizing

agent.
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argi nate, extracts of magnolia, a netal ion source, arginine bicarbonate,

honoki ol , magonol, ursolic acid, ursic acid, norin, extract of sea

buckt hor mvoaopamesssde, an enzyne, a Cuni el |lipoxtract, aPCirasenoioetssa

fl avan, hal ogenal ed di phenyl ether, creatine, and propolis.25. A method of

reduci ng dental sensitivity conprising applying to the surface of a

manmal i an tooth an oral care conposition of claim1. 26. A nethod of

redvi cing dental sensitivity conprising applying to the surface of a

manmal i an tooth an oral care conposition of claim1, wherein the adherent

material i s8sERERIRPSionR! SR ey wherinpbe pigsansitzyiirssabisiselegted ompol v ( 1-

phosphonawggﬁamﬁw@%%@% @al_t,FAQ'aY%iQﬁ{e%s%,WlﬁE‘aﬁbQﬁ%ﬂ@ 9!992;&)%1599}1@) . al pha
Sp h I I atc,

styrene phosphonic aci’d, synthetic anfonic polyneric polycarboxy

mal ci ¢ anhyede.ipséssimal dileride iad arginherhacanbdnate-plyy tawt dogrplex2 potadsinet hod of
reducing‘,entalisensjtivity conprising applying to the surface of a

manmal i aft PSR 8FU8PS1 care conposition of claim 1, wherein the particles
have a porosity of less than 0.45 cc/g in pores of 600 Angstrons or

smaller. 28. A method of protecting dentin from acid-nedi ated degradati on,
conpri si ng 1dpphegompastiontyd ckipflabuthsy cempapinalerantibadeipl agesr al care
conposition of claiml1l . 29. A nethod of maintaining or increasing the
system c health of a manmal conprising applying a conposition to an ora
surface of 28. TawhpaitionedstaioricBirthedaymposing adugebti soleciefl ftanme, wherein the
conposi tion Qongﬁjses; a . an oral care co osi%ion of FI iml, wherein the
silica paPEMErEEhiENGIEELEAR PRITHY "EEHPESBER G AT A Al f 8Tt 5% by

wei ght or greater, and b. an agent selected fromlriclosan; triclosan
nmonophosphat e; chl or hexi di ne; al exi di ne; hexeti di ne; sangui nari ne;

benzal koni &h e emiphsitionglf ickyndn furthge compnsipaét Hrtoehlaw:-2'cet yl pyri di ni um
chloridehgéﬁg%ai%%t”% ggylpyridiniunlchloride (TPCO); N-tetradecyl -

det hyl pyrt AT UM e ot de (TDEPC) ; octeni di ne; del nopi nol; octapinol;

ni sin; zinc ion agent; copper ion agent; essential oils; furanones;

22. The composition of claim 1, further comprising a surfactant system that

comprises sodium lauryl sulfate and tauranol.

23. The composition of claim 1, further comprising a surfactant system that

consists essentially of sodium lauryl sulfate and tauranol in a ratio of 1:5 to 1:3.

24. The composition of claim 1, further comprising an agent selected from a
stannous ion agent; a fluoride compound; sodium fluoride; chlorhexidine; alexidine;
hexetidine; sanguinarine; benzalkonium chloride; salicylanilide; domiphen bromide;
cetylpyridinium chloride (CPC); tetradecylpyridinium chloride (TPC); N-tetradecyl-
4-ethylpyridinium chloride (TDEPC); octenidine; delmopinol; octapinol; nisin; zinc
ion agent; copper ion agent; essential oils; furanones; bacteriocins, ethyllauroyl

- arginate, extracts of magnolia, a metal ion source, arginine bicarbonate, honokiol,
magonol, ursolic acid, ursic acid, morin, extract of sea buckthorn, a peroxide, an
enzyme, a Camellin extract, a flavonoid, a flavan, halogenaled diphenyl ether,

creatine, and propolis.
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bacteriocins, ethyllauroyl arginate, extracts of magnolia, a netal ion
source, fluoride, stannous ions, arginine bicarbonate, honokiol, magonol,
ursolic awoapiumesss aci d, norin, extract of sea buckt horoT/is2@enesszie, an
enzynme, a Cnnieliiii extract, a flavonoid, a flavan, hal ogenated di phenyl
ether, creatine, and propolis. 30. A nethod of occluding a dentin tubule
within the surface of a mammali an tooth conprising applying to the tooth
surface a con osition corrpri sing an adherent material and a silica particle
havi ng a di z r er than a dentin bIe 31. A
met hod of rr?f:’c@1 ﬁbq?ﬁ‘?j; %fcrﬁgﬁ?l‘ qfhtﬂh’fté“&nquﬁf‘ﬁ"‘?ﬁém&j‘ﬂ’gé‘ég B’fth %8 an t oot h
conpri si RegnaapRhyi@oihart bl deetdmpwifidcef ddig conposi tion of claim 1. 32.
The net hod of claim 31, wherein the nmethod of application is a nethod other
t han brushi ng the tooth surface. 33. A nmethod of desensitizing a tooth in

less t han ho& &eregﬁ&pggeﬁt‘ét n'sﬁ’llvp? ¥1¥111gggi)8'1%é]§) th@gﬁﬂlc% f(f ace the

conposi ti on aiml. 34 I ncreas pot assi um
t hr ough @mearmhalumrteotlentoral ¢dné)ubrap<,>smdneofrmmhoﬁ wdengn itlsd atheagapl yi ng to a

tooth surface, the conposition of 35. A nethod of. i ncreasing the
oot assi UMK ISGEeER W%RPEYB?%?O‘;%‘?HS‘&V SREARRTIY RRESASi L1 2ing

dentifri 9ﬁ@spthbﬁo&%;;&oq sGRORE h&lNGolapRlaydtdnd 91@%05@%#@1)%1{@& rchBe

conmposi tion of cla wherein the conpositionis appli (a) prior to
appl i cat wanbrﬁ"mwéldc@m’efmq agvitlic gelyrericipoly cepoxplatey patdic m(lb)dﬂe enconi t ant

with applj “ﬂa%dlf‘agv]c\gpl nphlonal dentifrice to the tooth, or (c)
concom t ant. applicatio the conventional dentifrice to the tooth in

a mxture wt h the conventional dentifrice, or by way of any conbination of
a)-(C).
(a)-(c) 27. A method of reducing dental sensitivity comprising applving to the surface of
a mammalian tooth an oral care composition of claim 1, wherein the particles have a

porosity of less than 0.45 cc/ g in pores of 600 Angstroms or smaller.

28. A method of protecting dentin from acid-mediated degradation, comprising

applying to the surface of a mammalian tooth an oral care composition of claim 1.

29. A method of maintaining or increasing the systemic health of a mammal
comprising applying a composition to an oral surface of a mammal at least once a
day for a duration of time, wherein the composition comprises:

a. an oral care composition of claim 1, wherein the silica particles are
present in the composition in an amount of 5% by weight or greater,
and

b. an agent selected from triclosan; triclosan monophosphate;
chlorhexidine; alexidine; hexetidine; sanguinarine; benzalkonium
chloride; salicylanilide; domiphen bromide; cetylpyridinium chloride
(CPC); tetradecylpyridinium chloride (TPC); N-tetradecyl-
4ethylpyridinium chloride (TDEPC); octenidine; delmopinol; octapinol;
nisin; zinc ion agent; copper ion agent; essential oils; furanones;
bacteriocins, ethyllauroyl arginate, extracts of magnolia, a metal ion

source, fluoride, stannous ions, arginine bicarbonate; honokiol,
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magonol, ursolic acid, ursic acid, morin, extract of sea buckthorn, a
peroxide, an enzyme, a Camellin extract, a flavonoid, a flavan,

halogenated diphenyl ether, creatine, and propolis.

30. A method of occluding a dentin tubule within the surface of a mammalian
tooth comprising applying to the tooth surface a composition comprising an
adherent material and a silica particle having a median particle size of no greater

than a dentin tubule.

31. A method of occluding a dentin tubule within the surface of a mammalian

tooth comprising applying to the tooth surface the composition of claim 1.

32. The method of claim 31, wherein the method of application is a method other

than brushing the tooth surface.

33. A method of desensitizing a tooth in less than one day, the method

comprising applying to the tooth surface the composition of claim 1.

34. A method of increasing the potassium flux through one or more dentin
tubules, the method comprising applying to a tooth surface the composition of claim

1.

35. A method of increasing the potassium flux of a conventional potassium-
containing desensitizing dentifrice, the method comprising applying to the tooth
surface the composition of claim 1, wherein the composition is applied:

(a)  prior to application of the conventional dentifrice to the tooth,

(b)  concomitant with application of the conventional dentifrice to the
tooth, or

(©) concomitant with application of the conventional dentifrice to the tooth
in a mixture with the conventional dentifrice,

or by way of any combination of (a)-(c).

35



