TITLE OF THE | NVENTION Oral Care Conposition to Reduce or Elim nate Dental
Sensitivity CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s 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 continuation-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 interndilTEBOFHEHRRANENTHAY 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 a out two mcrons in dianmeter
at their base and sonmewhat narrower at their peripher Tubul es are not
usual | y exposed to €R@5§WPM#MT@$EWWél"l’ééfvﬂ N@s they are usual |y
covered by enamel or cementum The cenment=in turn is often covered by the
guns. [000 |51q95ng([)£gn }9@(51 1 P Lol y exposed

t ubul es caﬁé(?(gad to t tﬁ){tslﬁglg{nl It 1&2@2%S??’?%c?ﬂ\kéh@a&mfngg(% nful condition.
I n this tIREDOE7 fikddssiaon ”&fZOQﬁ,leg;lums d rationplosein-patehtdnPatener osi on. The

e CRIRRLIN By AR e L LA L U SB 0

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 teeth appears to result from these stinmuli, which apparently
cause fluid novements i nBAGKCRENINPDF THEINSENR&N act i vat e pul pal nerve
endi ngs. [0004] Conventionally, two approaches have been taken to treat or
amel i or at € (b N SEFL X phiorl BARL | L ARREABGHe oA a1 GRATLABNLERVI T ONITENt
pr oxi mal nerve i s ered by app ication of various agents, such

t hat thethirermea radialdt stﬁbuemmllv@bmdnC(wamcgtto sﬂarguhahﬂzﬂr afsfngar@aa]sy)r Known
agents useful in this chem.c [ assl um salts (such as
pot assi uftiileskoan a5dhg §i"iﬁ‘?ﬁ?l5‘i‘]%'§ gHg‘t‘lésr b}tr sthFhB F33F defhean

Stronti UMerighdl§ of tld dentiRRHdehé éhdfIBMIuS two ml&%%)ﬁl di B&e&@%@ﬂ@nappr oach

i nvol ves 't he nmechani cal shield of tHe nerve by, e.g., blocking of the

dent i nal bt\@dnndesmwhdiall ydUpraattﬁlallr Ipynmutrh Tlﬂu&t&‘le@e bpb‘eﬂuaﬁg expesaddo " Agents
that haV been dl SC e orqcaw k a?‘cr ElS ngetd%\’%l’\am%ﬁ(glj Onl c al Um na,
clays, wibe ‘é(ﬁ’lnﬂw‘e or wat er's F' ap1% él Tolvt es “oxal at es,

anor phouieﬁah@xhumhpla@rs@xktah&n tbyxdrsQXgéa[aathe@bvmm g@ims.aci d copol yners and

pol yet hyl ene J)al’tl

Itis commonlv 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



[ 0006] However, both the chem cal and the mechani cal approaches, because
they require the incorporation of one or nore additional materials to the
dentifrio®p20ep90s8ssult in formulation difficulties, eitlrer/useclhoesat 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 formul ation di sadvant ages.

BRI EF SUMVARY OF THE | NVENTI ON [ 0007] The i nvention includes an oral care
conposi tion conpri si an adherent material and silica particles, wherein
Lhe. or al BB RORBBSIERaHen T e i sRREe P orr et srbienepaiite  t han
about  45%@findl Bfulidstthsk dctioNYe (RIS PErRInARE dentin. I n an aspect, a _
conposition conprises silica particles having a particle size distribution
(PSD) of 3I[§iMl o Sopwentionadpomreapraspics have eonmpdenttd oraloommrdlivesesi | i ca
particle vi ng. ian particl i ze of mto 5 .pm_.ln yet another
Pepect Tt sy TR oRehinbBas i Rl Rty B R %3be age

particl engivegs dferdl PyhpiRlicAtPAOf VaYidls a6MeGuchthdt fiige héiveRticdn, a conposition
conprises silica particles having a particle size distribution (PSD) of 2
pmto.5 pimilated ahaetrtimulaisd és sraatiyofpeyinagents usefibin Sisschspisada particl es
havi ng. a,, BEALAN iRAdihE pBasliafh s SuRMal BoBsllih diftaitShodlialher aspect. the
conposi ti conprises®silica particles having an average particle size of 2
pmto 5 pimrbonaenpgithsiurasplecide) andanposint, izor saispnidsbbrsielsalta parti cl es
havi ng an erage. particle size of 2.7 pmto 4.0 m.Jn another aspect, a
conposi 1 on EBhmr 11Beserapar s v dyesshr rsariginy Per b RO PG Apar t1 61 o

si ze sel ggt %cltmgmamle%gsmuggmmlp@r phrtRIPWit tRbREblckRH 3.5 pm 4
pm 4.5 pm and pm wherein said popul ation of silica particles conprise
at | east ag@9s. oA gertethabhaye kdenjdisrlgrad in Hlegyiararigatld dere., @épeicconposi ti on.

I n anothey aspect. a conposition conprises silica partigl havi ng a. nedi an
parti cl edéﬁn}lgd’o(‘%y@ Vﬁ?ﬁe{ gB ggfﬁr(ﬁl “éat%rl%p%jf‘%%gﬁ)per%c% %@‘%&Xﬁaﬁég a do90 of 6 pm
to 11 m amidr saﬁnemerh@@ma&:; hy@ro&QaRes, ineRiccePidpp8ameat hhda particles
having a nedian particle size of 2 pmto 4 pm a d10 of 0.5 pin to 2 pm
and a d9@°bEtFIgmPAEicles pm [0008] In an aspect of the invention, a

CONMPOSi ti ONoGRIPT iKTeval | HobiRtRANE hilaf fnd WREh& AN B fRERARE, bhORsbas a

cunul ative particle size volune fraction 3.95 pm (AUG 3. 95) of at |east
20% and thdyeeeiire theenmrpdratan ef cunpuspte additpmeVindesgiag tblthe derftifove.rat e of no

greater than ahout 45% of t fluid. flowrate of etched dentin. |n another
aspect, é“aé’dﬁﬁg_%’i“tff) u%Bﬂ’f)Fﬂé‘é‘éﬁlg?’ Iel%%{qﬁc_e{’lnﬁag?rerse}a%\iflEorl_gla_r? a?eﬁiecogtis! i ca
particl egoLMPich&R theRAPHhadd RNhebriFbAL Bbtﬂgriﬁﬁiﬁﬂf,lu?abniisé,lﬁi@ve@ﬁ‘@ & cles

havi ng a cunul ative particle size volune fraction (AUC 3.95) of at |east

40% whereduses vethoreabitiv Hy o et Srsd shtocBredpr Bl pigadicant prigressmgsW rat e of no
greater tf'(Er%ﬂtl out. ARG plei he fluid flow rate of etched dentin [0009]In an
aspect, the silica parti ¢fes of a conposition have a porosity of |ess than

0.45 cc/g in pores of 600 Angstroms or smaller. [0010]In an aspect, the
adherent material in a . ILtion | ROl qlt] i ng a nunber average
nol ecul ar wei ght bet V\eeﬁﬁﬁgﬁéﬁ(&?‘gﬁxi}@g@g%&%& i ﬁz\i usive. In an aspect,
the adher enpogipt erfrlintchtidfliSah&s fv M Rl JWRpSiRn RhpWiRYin phosphonic
acid, poly (I-phosphonopropene) sulfonic acid, poly(beta styrene phosphonic
aci d), alapherestmaierial ptdosidaararticlas ivherey thenarpl carapempesitigopipyidas @
pol ycarb te, maleic anhydri b€ Che i.ﬁ,ﬂ and et h 1}1 Vidayl, ether. In
anot her gﬁs‘%&eg?‘f' r?tﬁé)fgaﬁée%é%ttg% e%uutlr%/i(s&écafglg 'yr(r)er o‘?grre%( e)?l( Vi n]yl et her
and nmal eiis aaaipedt, b dempodi@oR 0dDpOISESDTRGhf tidTAAbO L4 pdB2icle 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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100111l n an aspect of the invention, a conposition is fornmulated into a
formselected froma rinse, a paste, a gel, a gum a dissolvabl e | ozenge,
and a filwo2bm/@osssher aspect, the conposition is fornulpatras2emoiss2 f or m
selected froma dissolvable film [00121ln an aspect of the invention, 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, potassium
chl ori de aragi.ni.ne-bicar te-phyt at econpl ex, patassiumcitrate, and
arg ni netoPBERsRe AR SRRl RIE TR PP 3 T L

ant i bact anothbr agedt thelcomposiaid N @Ginpridestoiiga gai idl@havitig 1edveeRaara€s

2,4,4" -trichloro-2'-hydroxydj phenyl ether. = [0014]In an aspect, a

conposi t PBA OF GFIHEP KBt MURETATPAGYehtOrRRISEIN SR EAS sllehRAFFElss whi t eni ng
agent, . a!ﬂaQipi QH%VWZQ;& gg}tﬂ'_g: ﬁ'/gee\ﬂtQJapnx? t84.0 | ﬁ]azlrﬁ)‘ﬁl\cqsa ﬁ&%%tcon ) S%naSpeCt , a
conposi tion further”conprises a surfactant sy.sten1tﬁat conprises sodi um

| auryl subdatieesanzbpudaticandlsilich pagiviadpentg,a prede biae santted frotetimeconsi st s
essentiallﬁlof stiun? auryl suLfate}and aurgnol in a ratio of 1:5 to 1:3.
(001511 n BEHFAPEENE & ToWb oSG UL HEY * EBrarieRe D BBt ect ed 1 rom
a st annoysidigdpuB@ienlof sificd pa@itied €omPRROANEHst JOM bEMRefbla0silielepartflbOhexi di ne;
al exi di ne; hexetidi ne; sangui narine; benzal koni um chl oride; salicylanilide,
doni phen stidenilgare compasifipni din AneeC4spect deonpBpdjon ¢aanprigee sicpyri di ni um
chloride (TPC).; t et ' | -. 4- Hyridiniu | ori-d TDEPC
octenidiHé?mgéﬁﬁg%gﬁg%g%§§§SVﬁ§ §%£¥gﬁ%?‘gfﬁg”?gﬁﬁégéﬁﬁg“%%%E%?z?%n agent ;
essent i ala d90los6 pirutoanqiresin paahethenadpast, a edmpbdiaoii aythpAsegisitiab e, extracts of
magnolia, a netal ion source, arginine bicarbonate, haonokiol, magonol,
ursol i c Rerfflesdrying agerdan REFaY, Stesehait® o f ek d&ﬁ@&?ﬁd%,fo alPefdki de, an
enzyne, g {9aeb Lihfod¥tgact, a flavonoid, a flavan, hal ogenated di phenyl
ether, creatine, and propolis. [0016]In an aspect, the invention provides
conposi ti orl8008hd rekhaesigect of the éakemiting, demt Eisitserrnpnges gilicd pardinleaspect, a

met hod of ,reduci ng dental sensitivity conpri.ses | ying t e surface of
ol PR G b R v EEHE 7€ o B P a1

anot her aspect 95)af MELAEA0RS arlde@HElcNOihd @Rt @hreS@RFIdsitentptoCiads flers appl yi ng
to the surface of a mammalian tooth an oral care conposition of claimil,
wher ei n ey At merarediat wan aboy isiSdepidhe Bhid fonmrys g pshed dentgolHvi nyl -
phosphoni i o] = +SHFOnL G aethdr: ta styrene
Phosphon o et fipeRoy Kb ol E RIBRRE SR Bl OB iR B SRS

pol yner i coppliveapbpxiytiat ef statinginsateriddysdich gheytiches| havthgarcawonulatide met hyl  vi nyl

ether. In an aspect, a _netho reduci d al. sensitivity conprises
applyingpﬁH“WH%2§ﬂ$?5fé“%?o%g%§§ﬁ5%$aﬁﬂggﬁfﬁﬂéﬁN%?ﬁf‘%5?5“6%" ogPtion as
provi ded chQhofiB6® pbroviddier @iid floRerfd@bt s @steNBVE aBoROITS b the Pluid 86w t han

0.45 cc/g in pores of 600 Angstrons or snaller. [0017] I n an aspect, a
met hod i satgobetichedid¢din. pr ot ecti ng dentin from aci d-
[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.



medi at ed degradation, conprising applying to the surface of a manmalian
tooth an oral care conposition as provided for herein. [0018]1n anot her
aspect, awoebtvadosss provi ded for maintaining or increasiPol/USh@0SYSBEN C
health of a mammal conprising applying a conposition to an oral surface of
a mammal at | east once a day for a duration of tinme, wherein the
conposition conprises an oral care conposition as provided for herein,
wherein the silica particles are present in the conposition in an anmount of
5% by weight or greater, and an agent selected fromtriclosan; triclosan
monophospha?®1l chiorRasaE! plehe rveRbanfeo R digaiinformadated inta piforen

benzal kopi rides eyl anid 488, } 1 de; yipyridi ni um
ol or i de (R o B A o o PGS 86 Rk

N- t et r adesstherdephat] thy comtipnsitiom chioomibiéed MREPOY M eticexd fehme;digdelvablei nol
octapinol.; nisin; zinc ion agent; copper ion agent; essential oils;
furanonegynbacteriocins, et hyl l auroyl arginate, extracts of nagnolia, a
netal ion gguippe, 1ahghéfcdothe #Ranah e cordRitionlcontprEeNPhenilis®! i ¢ aci d,
ursic acid, norin, extract of sea buckthorn, a peroxide, an enzyne, a

Carrel | i adesenpifieing agenty Ay angprkct dh¢ despanitizingRegenatederte] pharihe setuper |
creatine o pr 1.Se catt L SQy.L . i of.. occl udi ng a
dentin tSﬂﬁﬁgngffﬁﬁghﬁﬁa“%%89&%%@%39%kEﬁﬁﬁgﬁﬁgﬁg%ﬁ%gﬁ%gﬁgﬁﬁngﬁhg appl yi ng
to the tpotaksistirchagrlepacamgpose-bicarbohatepphigitngompladhenamimraiasiaakl and a
silica particle having a nedian particle size of no greater than a dentin
tubul e. PY¥"Y4A%aspect, a nmethod of occluding a dentin tubule within the
surface of (G 1BRMRh hRRsHROkRoAPIRILA TS RRRLYIPIZed fh sxh%atc@%haagw.fmce a
conposition as provided, for herein. In am aspect, the method of

appl i cat ronspiest, a comphgtonfihghertchapriseudhit nigichlego-Loby drogydipheny! etheranot her
aspect, a od.of desepsitizing a.tooth in |less than gn S

o v ded 198t ot E5REP R <PhERoR B PRt St L RS rposi ¢ on
as provi degnitaliwliehetdagent, ahQPpaQhd hariteAing AeRANIRE! AdiesicalusrEhad 1of
increasing the potassiumflux of a tooth, the nmethod conprising applying to
t he t oot AN 3tNeFlaa €OmMPeY HPB Sty FORPriseor G ans Y P dha cAMgBiseshcl uded is a
metNod. oLedidfIgA AN EnPRRARII ML MK dfa SrRORKERId M Rbnsists
pot assi um cont ai ni ng desensitizing dentifrice, the ‘net odqconpr|5|ng

appl yi ngegsentidily df sodinnsianfydcelfatecodposiatiolon aastippOld tetd3f or herein. In an

aspect, a d of increasing the patassiumflux of a conventional
potassiun}gﬁhggin?ﬁ§“6§§§h§ﬁfﬁﬂ¥ﬁ Oggﬁ?ﬁ?ﬁfgg“ﬁb%ﬁ}?%%gs"%f Fﬂﬁiﬁo t he
tooth _SU__Elfaﬁﬁ@lstibﬁa%@ﬂﬂpﬁﬂl&ﬂi&ﬂ:cﬁﬁp&fr@/ bSlRgmfioriRf @18shoMIBES bR xidhe:;
conposition is applied either prior to application of the conventional
dent i f ri bexetidinehgangystaninechymeaionam chiptite splilviadakidodostiphenebrendent i onal

dentifrice to.the 1o . B Wk |} i o8, 1§ ent i onal
dentifri &%‘V {Pgr Pﬂﬁu%’éﬁ(ﬂiqeﬁ@m%{r%?é} m’%@lt @dgg%ieeﬁ@ gﬁfal\lt, rE("greefr;#l 1ri ce, or
by way ofi-csiiypytiihiumathloridé ((EDERCE); oBRhidneDESERIpHETI N tapin dlHE s DRAVWE NGS
[0021] Figure 1 q%ﬁjcts a conparLsgn péithe occl usi on bgﬁj ence resulting
from t r e G REPRPEL AR EANT S50 tia b0 e RS R REC AR ISR OX er sus t wo

di f ferent LRV @AELADSE mdESANS hthethiNGn dantd hidif®e tidrbhagChdndiiept ed
mammal i an tooth dentin substrate. Standard silica-containing desensitizing

denti f r i owgoneleursshibowrid, mreio lroidnmotinggrdragt ofzel buckdhping a pevmdas, A ng
dentifrice of t [ hvention i shown | 0 Y LEigure 2 depicts
t he redué?@gwlﬁg? ﬁ'Fbuthggéﬁﬁéggéﬂ%gQ%ﬁkg%@?ﬂé?%% “%%gﬁéﬁgfh segnents
treated wehhngandpabpddar e conposition of the invention versus those treated
wi th a conventjonal dentifrjce. [0023]Fi9ure 3is a scpe tic depicting the
pot assi um Qe exélé AP Ashsct dlre ’BY&%‘P‘@P@_V“ es 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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[ 0024] Figure 4 depicts the difference in nmeasured potassiumflux with an
oral care conposition of the invention versus a conventional dentifrice.

[ 0025] Fi geioeoB/degssct s pot assi um fl ux under sinul ated pecpaiS2aoezssr e of 20
cm H20. WD 2010/ 090855PCT/ US2010/ 021582 100261Fi gure 6 depicts the change
in potassiumflux upon change of pulpal pressure fromO cm H20 to 20 cm

. 1+0. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10027] The i nventi on descri bed
herei n incl udes an oral care conposition that contains at |east (a) an

adher ent t asilica |cI The silic artlcle may have
an averaﬁga fbirv ged ‘i*ﬁ%gL%rﬁnhaa&e@ég lepie o Hehieers ¢ Y EnYlor
alternatkM@hMthﬁﬁﬁVpb@%ﬁpﬁoﬂﬁgh@ﬁnﬂﬁﬁbhﬁ"@n@baﬁ 9&v&mﬂl&9ﬂﬂ§ or lLess. The
particles may be present in an anount of 5% by welght or greater. The

conposi t mbn@hmgp a@tﬂitedplma %tcimn@mbmwhctrmzrcabémtiheuamion@rpdmraqoeut ic

component 0 ize acti ce of vayious methods,
all of \MI{%’I\ Cgrboéﬁg%tﬁ IC 'u‘ﬁwu{rr_lldc, 1{1ﬁfgm auc{ c\]%d 1\] VJrhV\}eeL er. anl_h

conposi t |a@psue,ladném&d10dx$dmlhgldnntam&rs,aﬁzp@ Lﬂfnptrfﬁﬁ: Amﬂgnglt@ﬂxermyfab@ofusef ul in,
for exanmple, reducing or elimnating tooth sensitivity of a mal ,
i Npr ovi n@marﬁ*@a?mmg 1 3y, QHAbFATE fﬂ@amlhﬁn anarstdedder h%reﬁgwd@rﬁq "% ubul es.

[ 0028] Partich& mabés th%it% 'oplé"sé H&n'o%r[‘é H{ M5 4@ Aﬁ1§)¥ﬁla¥%ro'9 skaldd cle Size
Analyzer Model Mast er si co bIe nodel | vern

Instrunentﬂgﬁmmc lnSoamhb@moughodN%pmwuhdﬁ@nmnakhegMununémnlga& | aser beam
IS projectedtt Eoug$ a trans ar ent g W@ fcon ains si tsuch as, for
exanpl e, "49ted dpgadaLy C%‘AP PEpARP V&%% ed"iHea da"‘qali’ég‘ﬂéaréo()}f? Li ght
rays whi ghalghieldstpobiionas pr&li@st Ardcaeat tered through angl es which are
inversely proportional to the particle size. The photodetector array

neasur es t HB0Klhant!P@potber asnght 2 arethed isapviged Hateiaieins SRHICERSING| ectri ca
signal s Qﬂ@ﬁg&%hQHéhﬂ<9 Hﬂ%nﬁﬁﬁ?&&ﬁﬂqhggpﬁg&hﬁﬁ Mﬁt&ﬁﬁo Rl dign processed

by a m croconputer system against ' a s n pre dicted from
theoretl@ﬁha@ﬁﬁhhﬁhﬁﬁmh&ﬂd@ibnada&@vﬁmechmﬁﬁannﬂnnazmddm@eshwf t he sanpl e

and aqueous di spersant to deternlne theépartlclq @ dlstr bution of the
silica hﬁa?ﬁﬁﬁponFﬁPpﬁ%ﬁﬁﬁﬁéa Fre GUMROSHEM RSP e L Dot R E R hods of

measur i NgjRabhitkled a§é }Zl%sé"i{t@n kWM P ditoR8n 8h hmoRREof 5P 8% @ekight rhe di scl osure
set forth herein, the skilled artisan will understand how to cal cul ate

medi an pay@ﬂ@len%#megimﬁaﬁ*@éﬁpnbmehaﬂméﬂdaﬁwWB@nﬁﬁrbphﬁ@ size distribution
of sili Cahf())ahexllc ll'lgsalqudl{:‘lpqlegét?él Qts h{g‘xylﬁfﬂ& € gcnia?\%? #\1 SR, and silica

COfT'pOSI tl ons SUI | Ca par or al COfT'pOSI tions
of the i nme@tlamnma ﬂshwiemsm birGde; palytp)@idmium dHTk;ucfeIXICP@arrpl e, a

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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particle size distribution of 3 to 4 mcrons, or alternatively, a particle
size distribution of 5to 7 mcrons, alternatively, a particle size

di stri butworromiosdssso 5 mcrons, alternatively, a particlPeTaiS2@0082182 1 buti on
of 2 to 5 mcrons, or alternatively, a particle size distribution of 2 to 4
m crons. [00301The oral conpositions within the scope of the invention al so
i nclude particles that have a nmedian particle size that is no greater than
t he average di aneter of a manmalian dentin tubule, such that one or nore
particles is/are capable of becom ng | odged within the tubule, thereby

ef f ect i ngrethadeefutesénsitizorg atdoth hrlessohanprpdacisinreddeddhhnedhed tivity.

[ 00311In | X exanmple, a

medi an pa(ﬁﬁrﬁi'slggq‘gglé%g'l’ft%gmm%g% Jﬁdsr(f:%L B%I“ %Ll%?? %ﬁé&?é\g(g]l fo?ﬂgr(?rlédl an particle
size of 3 tfa2d] m dTh@ﬁwv(.nabhetdllaids\aehg‘/thodiofrﬁdtcﬁﬁmgahé potassisinzBixaff a5 to 7
mcrons, alternatively, a nedian particle size of 3 to 5 mcrons,

al t er nat fQpapythe ﬁ‘elff’é’éﬁ‘&ﬁ‘%}if”t& ‘b‘TFéY‘é’f’i‘étlbft" "SGR EIBRESIIN A% t er nat i vel vy,

a nmedi anpRAKGdCloPhelere Qo cdiQiel 1&1%&&% of lncﬁggggﬂlidbcﬁﬁbsﬁfmqu QERL, a
silica partl cle has a particle size of 2.0 mcrons. In another enbodi nent,

a sili catqua/rwbemfé phmmalmttmire’, @sz@lt@fmad@ﬂﬁn@r éhsmethedagentising

enbodi nment artl cle

anot her é%%ﬂ]%@ﬁ#c toﬁ |a€‘aa58’r“ f)%l Ov‘d“{ tm}c1 reelnm@ amqg{’%‘n? m crons

I n anot hefetiesisrdherestin auqadmsgﬁnpaﬁi beJ @xhaﬁu@w@btdscahm Sint&iniig 4. 0

m crons. |In anot her en%)odl ment, a silica particle has a particle size of 45
m cr ons. des¢naifeMBetentifriss apmpises %P@}‘I“Bé%“bé?‘?‘ihéluéfah%’é‘eéoﬁ‘é’roﬂhepés si ze of
5.0 mcr gﬂﬁnd ldn'fogﬂm%ﬁp%{eran tl?]hc.eorh;;'(ys@cmﬂ lggﬁpltmt}pela{(}ll ptidr Rﬁ&ﬁﬂlﬁ!ﬁ@o§6fze is a
rredlanprtl e size. I'n another aspect e silica particle size is an
aver age (hm@n)'emwnhl dérgifgiez®. the todin conbodditare mtith agdicgfidn elathparticl e

t t, 59 t 20% at |east
250 at - renervaghtearie kPRI teaPpnlRRh aoRl PRl ROt a1 Tca

parti cl esohvenBosdlldeffrRand el tBothaRbah NG waNRe Sbhv@tiondQ0Rdide, &n aspect
of the invention, a silica has a particle size characterized by the

par anmet epg wify téan‘ﬁdwahlf@af’t'ﬂmfé)fm ze of about 2 mto about 4 m a dui of
about .0.5 pmto about 2 pm and a d90 of about 5 pmto about 10 pm As used
herein, dirt refers to particles having a dianeter that is 10% of the

t hreshol d of the sanpl BHIHjprE‘ﬁ@RIRTmONOETHE]IO%\WINCB& popul ation is equal
to or small er than‘the,d o.valu %ré r ef rgart q fhaV| ng a

di anet er t HA92Y s Jogras deRistshe 'PlHI“éP“(.‘ﬁf l%(?;‘fdé‘é‘r?ﬂllgﬂ SUFR TS ™ e. . 90%
of the peRy ﬁ}tv%ah%r@lcﬂd?d cdnPpRhticHGHth@invbR@sh {reud &@dﬁﬂﬁh} I n anot her
aspect, a silica has a particle size characterized by a median particle .

si ze of abmmm@n?imeﬁ@%tbmg dentifriresdn @h agifl-tagadest memengdigntteotilsgtind pm and a
dwof about bou ention,

at | cast SR S Br e SRty Bh AR A el S RO b e
dso of 319:5dl3nh1(da§111;a 6% ding dentfopubfahé oivenfiosislshownparelucire? is equal to
O'I'smallerthanthemsivaltgBE Sor bosi | AC43s%cah a ids of 3.95
pm By way 1823, ndig¥rmdarHs AR ‘é“)“t“ﬁ YYrpEHC FQ é?lﬁ? & °giHg bar ti cl e
Si ze nmeagynkiigh &%ﬁﬁﬁks%t%i Awitheh rArdhh @S ire ﬁiv@ntﬁ& BersudVAL VERN
MASTERSI ZER) . I n~"an enbodi nent, a silica-containing dentifrice has a

popul at i cbhm@ftrepmdtw@h esomenandalbh?mbﬁm@ 95 pm as determined by the area
under the bt ai_ned | As used

her ei n, 2[3{)%& %X%C% Q’l§g'$ aeh?sd% R%E %g%c ﬁ%éﬁ@@%\% o t‘roegctl on of
particl eszxaﬁi x5 pm By way of a non-limting exanple, a corrp05| tion
having 20% of its particles 5 3%& pmis said to have a_cunul atlve particle

si ze vol umd09#ct i BaueAuerictoty dterspes intorpssred P semb Jur meft a0

Si | i ca- CoRtal R iR tid heendRin digus ANA0LH Rhahagn@RcAUC 3. 95 val ue of

| east 18% | n anot her enbodi nent, a silica-containing dentifri ce of the

i nvention cléagsli segrmas dapicts potagsion gl unslepsinidates Padoal Presswiewt 29 er

enbodi ment. & silica-containing dentifrice of the invention conprises has
an AUC 3.85"Val ue of least 22% In another enbodi ment, a silica-containing
dentifrice of the invention has an AUG 3.95 val ue of |east 24% In anot her
enbodi nent, a silica-containing dentifrice of the invention has an AUC 3. 95
val ue of least 26% | n another enbodi dent, a silica-containing dentifrice
of the invention has an AUC 3. 95 val ue of |east 30%



100361i n anot her enbodi nent, a silica-containing dentifrice of the

i nvention conprises a silica starting material that has an A UC 3. 95 val ue
of at | eaw0 24000858 anot her enbodi nent, a silica-cont ai rcmgiSdenoefss: ce of
the invention conprises a silica starting material that has an A UC 3.95
val ue of at |east 42% hi another enbodinent, a silica-containing
dentifrice of the invention conprises a silica starting material that has
an AUC 3.95 value of at |least 45% In another enbodi ment, a
silica-containing _dentifrice of the invention conprises a silica starting
nat eri al I’@E Las Figirapeepicssthy shergedn patastidasiwsgogn thangpotepeet of the

i nventio r(,qau@ﬂdnqgugltg;otﬁ,qg ptggial is a small particle silica. 100371In
an aspect of the invention, the silica particles have a porosity of |ess

t han about 0.45 cc/g_in pores of about 600 Angstrons or smaller. 100381In

an enbodi ment, the sPETEALER RESGREOON fBWIPE Wﬁb OSor bosi | AC43 silica.
I'n an enbodgj t b es._in din but. not. limted to,
an averageqpar i cl@%ﬁvzez%o ‘gﬁ’%ﬂe‘é%ﬁﬁ?‘c"f%“n@?s’ n%m & ree%r?l“ eoaltﬁn tR/?lt\LVERN
MASTERSI Z&iitpins at Bhe\(#) ziheﬁihdtlmt@’iatéﬂa(l?m@mb) aamlﬁnansxtrwle TlﬁkSﬁh(&tpalﬁag C of 8.0%
max, an ignition | oss at 10%0Cof 14. 0% l-PHOf5575In
aqueous Y JINE PBAYETa8a BRYSSIE SFe nerberiry ’f“ dfﬂ%"gf 1687 BUSTPPEYRE may be

initially RierfRta rh&hﬁﬂ?aﬁ?:m)ﬁ% 5 ORidRGV R eds hﬁm";%h(l@éij@rbE lp%s%mS' ze, or
may be |n|t|aIIy present in the conposition at a larger size, so long as

t he struéyremeintdé %oy veighesr graknchhe mpqsnhcftwsammoemouad@m@akls into the
desired particl.e si | i cation of ch a
t 0ot hbr us (ra}mtlc a crilx}g Iléﬁuap([g flﬂ_lOék gtﬂ clméama\ a SO %F Llllil?&’(f;b’l tR%r epar ed by any

means kn@mn@éoﬂ@mbesdﬁt“v}ﬁhﬂpﬂdoﬂWl\kh%rcﬁifnﬂudaﬂdvlfrﬁiytlhescs bage nodified, if
desired, to |ncrease the capacity of the particle to adhere to a tooth
sur f ace. EeAHM eSharaPRRSiGEA Rthods @"th"lﬂietsé‘&’est‘é%“ég‘vpa%“éht“a)ﬁb’ﬁI i cation

Seri al N‘d@?@fmlMgZa]mﬁlQGmdB@iﬁ fe,%mnl}a%mgfm(ym's&&mlﬁ SOCRLRRLAL €d herein by

reference. The silica particl rese he conmposition in an anount
of 5% or igpewingy/ nbynﬁamlgglsysmmtcmaltﬂmtaaﬂ/ compbsling demtindfubeleat i vel y, the

silica part in _an _anmount of 5% 60/ %. 8% 9% 10% 15%
20% or bodPEhel SHiEe BT AR RpPRE R Bk The 81 de e A IHE e and may
be sel ECMI\f/EQM&QﬂMémcbdlféQbaﬂfﬁx Rompatablcuib@1PONIANRE S [nSr@medliscal Ci um
phosphat e di hydr ate) al cium sulfate, precipitated cal ci um carbonate,

silica (&cgSouthparateddMA) ragrein p heliumxiegs gaglaath hertinis exeierded per | it e,
pl astic paphbkh %%bg@iré( Mggnfh cHEnE S t,QééH nf%rfe%w%esmé%&% é1CU' ar,

t he abrasive”my ect rom a cal cium phosphate di cafci um
phosphat @adichey dﬁatca)ig:d cedicaquuosskdlatien. bigh Ctaps t«aucédstn&cb teypargdedamnat e,
silica (

ype of Sttt i e el Mokt e er i Qv G edb e g e

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



gels. In an enbodi nent, commercially available silicas are used, such as

| NFOS AC43, available from:fneos Silicas, Warrington, United Kingdom as
descri bedwel2esvieesse herein. In an enbodi nent, a silica RraS/UGS20m002E582
particle size from3 umto 5um as described in detail elsewhere herein In
anot her enbodi ment, a silica and/or silica-containing oral conposition
provides a fluid flowrate of no greater than about 45% of the fluid flow
rate of etched dentin, as described in detail el sewhere herein.

[ 0042] Vari qus abrasiyes may, be used in accordance with the present

vent i oft kil AREERORBY B4 BES Eatri LSSAET oY Pt e FLF JETREY for th
in detai bf HES Binferod) akdi@h ti€dIAsSpaticiaklza slivasu RirfofRowdanrebsl | 1 cas,
particularly, silica xerogels as defined in U S. Pat. No. 3,538, 230.

Addi t i onalt¢rpatigdy . serarfige pige diptuilntn @z;te ftmikns 40r38@rusivelypowadickd f or s of
cal cium ¢ar, ] asjiye formis another class of abrasives.
100431Po %%%ﬁ%@h&é%g?g%@ﬁ%}éé” als. The oral conpositions of the

i nvention g0630] i ndhadeal aompdhiebanivitdiat gkeisedpe of ik adbeti@dlseimckrideal may be
any known or to be developed in the art that attaches to the surface of a
marmal | aRettslss thakbares ”tt‘g“%’ﬂé"'H@FéFSQ GUR° Biedter ?*?ﬁw\sﬁﬁeherag%@aﬁwrbe
present ap, thah@RAIRnSicBHA k@6Se, Hkh ACHTROLr FRYe RhEHIs RY 1AM pIBERE, Such as
ionic interaction, van der Waal s forces, hydrophoblc-hydrgphlllc

i nt er act beresingiaiged mathan Her wbtlenthtesstiyafeanyg deedufben exeipinetiochi t osan,
chitin, a gum ?:5 gll_‘mar itne colloid. Oher contenpl ated adherent materials

i ncl ude ERYRNES (6) 35/" P copolyners (hereinafter referred to

col I ectivel[gozaap ainpehypRt Sukablaticagheites hdytHaee SuF éae@18fa mediapt h. Such
pol ynmers may include poly (ethylene oxjide) polymers (such as POLYOX from
Dow ChenPasicle site ¢fSapicrsys o frgs lissativelka mepipp papldde preotdpdt yners (such as
BASE 1 UGAGRKE alehlive1f S Rl ParligLats s RERRS, 38 Lt 5111 cone
adhesi ves (such as Bi oPSA ftrom Dow Corning), nethacrylates,” or m xtures

t her eof . niadiaanpetidedizzen? to amiopos, pitematioetprd median particle size of 2to 5

pol y( et hyl Yi nyl e{ he,r/.n;ﬁlyei c anhydr.i qe)'.;‘ | n, anot her enbodi nent, a copol yner
conpri se& NS CRBt AR UY HY PRSP AT ¢ 'é"c?{%t.o R'EABt her enbodi ment, a
copol ymer qeoBR[ i SesaRehwoaBhdM viinyd girhes haph eh&icRCif o2 mido@Stigrs. In
anot her enbodi nent, a copol yner conprises pol y(nethyl vinylether/ maleic

aci d) ni reethepgrmbodimpyy, 29157 POUSHEIRCH Raside 620 21 5B i poa4lPsIoffEr s of any

nmol ecul ar, j .he_ 24 peluding, . 59 SxamRl ¢ geul ar wei ghts of
50, 000 t 8“%3%6’%‘%&6’3‘38?8‘“2‘?@0’3%{%‘6{ 9 B8 tgg&lg’, 000, 000

(cal cul akedobyneittawlicamarticde have pagieleoizewd Bghthicaver dgenothtn an enbodi nent
a polynmer hag a nol ecul ar wejght of 130,000. In an enbodinment, a pol yner
has a m)IeE‘(}:’B. ‘é‘ﬂe‘\ﬁd%ll‘ﬁaﬁ?fm%bgbﬁﬁ?““lck séﬁ?."gﬁﬂdﬂicﬁéﬁt ?“3“ fFymer has a

nol ecul apn el Gint Of sifAG200e hhdla pArtRIIL JTRBmicRMROlY ARthBAS a mol ecul ar
wei ght of 1,000,000. In an enbodi nent, a polynmer has a nol ecul ar wei ght of
1, 250, 00@mbpaingntendilindi pasticle has pppxfickersitead S& misrawullmpan geneghef the 1, 980, 000.
I n anot her., enhodi | al yne 1S ml.acul ar; wei . +R00, 000. In
yet - anot RS OB AL Bk pAPE s NS RLAEH R 1Nk S8 ab00. 000,

[ 0045] | nsiida patdiokdi siverit an avaogo{nydamm) paftichesidey [in wh ayibodinhant, thadilioal ei ¢
anhydride may be used at a_pononmer ratiq of from1l:4 to 4:1. O her polyners
that may PREICRERISeaHHEIEAL ARERY @18‘?253 lsret tade 3 15562 Peat 1594 T ohi o
States PalgM0u\aPleh&abh0B: RUBLsk 6% 100 theNBtal SUOHH DO fPa sﬂiE@F%@fee nts of

whi ch is incorporated herein by reference. 100461Commerci al | y-avail abl e

pol ymer s comtpinieg eesepbsitipnt he present invention. It is understood that over
time, the si;ze i ght..and/ or. co A . 1a.60 -avai |l abl e
pol yrrer eyl hngd spalisP oA Aol RAS I Apaphci B IR EL A | 8
arti san \hd paramderstfandediowphaidietier of abeunh gihterabsuchpmob vioerf sbaute usef ul
in the invention. 047] Dent | n Cgonduct ance Eval uati gn: tin that is
treated @Stm“ﬁh@m“&g%‘?'ﬁa‘t g 8 AME > i”ﬁi/@rﬂbl“ﬂh{d;‘f'é‘dlftqeusgg ?’F{Ti“lj % ow rate of
no great gkfefshaPadAR¥s 3y a didB¥er U6 91091 8PMmethlehieold bPersabgladml ue of the

etched dentin, as determ ned by the Dentin Conductance Procedure.
population (i.e., 10% of the population is equal to or smaller than the dip value), and

8



10048] Denti n Conduct ance Procedure: The reduction in sensitivity of a tooth
is denonstrated herein by a reduction in the neasured fluid flow rate, a
measur e olocorndwessance of dentin. [0049] Extracted humanpPodliaesioaesszut at
the crown and roots using a dianond saw. The pulp is renoved and the
resulting dentin segnent is stably nmounted, such as onto an acrylic bl ock.
Tubing is connected froma hole in the acrylic block nounting just bel ow
the pul p chanber. The dentin segnent is connected | oan apparatus t hat
measures the rate of fluid flow (hydraulic conductance). See, Zhang et al.,
"The ef f erisfesytoparticles huyingea divgratfrAbat ipH0 ‘g ehthertbrosbelded the samplethd t ubul e
occlusio ioth [T 90% e ¥hd H&@ulatiGHis Rak: |, Rih A | yn 25(11 Pt
D: gaa SR REY VTSR P Rulaa e el oy MG harl e RO el n by

r ef er encenoth@O&pedthesitiophaur paticlesfzeicharaderitédby s metiéingehrticle kizebf ri ¢ aci d.
The fluid, flow rate across the etch dentin is_neasured under 70 cm water
pr essur e 2PFH }H’é%ﬁ '?e?lougarw’&@e P QF?1W£?PW&§Oe%’%? Hnaagf‘arwogf‘?mt‘hg or al
conposithgnuﬂﬁmﬁhﬁ1ﬁmyention diluted with 3 parts deionized water and the
fluid flow rate is nmeasured again, See Pashley et al., "Effects of

desensi ti zilAp4lentn prothesaspactiftheinventionpat legd enoation offe idira ingp2- 525 ( Sep,
1.98.4) ' 99152}-}%§§1ﬂ &dn%ilfﬂ léllsla' &at)lcﬁég)'g%gltd,%s)o ot{tﬂgﬁéébﬂhgp Pﬁﬂcea(:t !
silica-contalning conpositions of the 'invention can sensitize a tooth. In
anot her aspibds,is &jual Eeorcandiat thanghe ampakic). | SnbBowlf ACkesilitiessta ddnofor ovi de

t oot h deggnsitization that is superior &o}conventional,desen itizing

dent i fri ces FMByPXAGY Bf 2 BOMGAMI NG YA MR AP e Meas WY PERE PEFHCS $HFhg

dentifri e@a@frifd @cihiiy&aitdsQp: BIALahetotAndes eRp LVERLI on by providing a
greater desensitization than a conventional dentifrice or a conventi onal
desensi t MASERRAER) rlhen enthpdpnovi dsiige-dudeingigdengifiicerhasermepudgiod! y t han a
convent | gnal, denLi Ll £8,05 A SenVENLional wdgsensh Lhalng. dentihtkge, or by a
conbi nat roh™of greater desensitization angynore‘rapld' esensi‘tization,
anong ot bekirebfigatpartididsizmerReEmERNTASs el ihbic@a tRO A MY 30eNpgéist | on of
the invention provides_ desensitization and/or superior desensitization in

t he abseftdespmugativevolime agiag ofipargesaya it by Pyaret plet nenbodtigent , a

Si |1 Ca- CORLALAI NG EATROS! @i, o bifs pARERL L 805 RLPWIdRFdE9ERST i zat i on
and/ or superior desensitizatidbn, an y contaln one or nore additional
desensi t camniptizgpatty]e 9 ddsoeiftaetdor S8UBS5pot2Yei n. [ 0053] The i nventi on

al so enco S thods of use and/or application of a silica-containing
desensi t i zFPEompBer EPERITT e B HERe SRt LR S BRE R g o
conposi t iAQNC BBY vhide aPRhited % AntaR6tHeP BfnBodinfn€ QNYIRALdoR RdhinP dd St Y
techni ques (e.g., use of a toothbrusQ%. | n anot her enbodi nent, a

~app

si | i ca- cohthaiinyangor saposives lov ameyUE e @ppluced least #He bodolh@ia a nethod
other f h%&b%&{?%(e%@,t. s‘?ﬁ&'.co%wx?i_*é\'ggﬁn&ggg{&;f/g{r%gﬁvann NS dTREORLASA@PP! | cati on

i ncl ude manual application a co§p05|t|on to a tooth using
one or mAMeé vhiue@éieast 24bdnnrgotrt embhéintaotasilsurdontaninguebtiftgeiohtte ci r cul ar

motion, etc. .. or | gation using any known dental appliance or

opl § cat givenfioh fsin R HIENURE shie R B h A S eebetr 8 LEr f or t h
herein, thahindYddRiMQLAhe FRANGINHaParCATROSI VD OMNERL 86% 0N MhotREt i onal |y
usi ng varyin egrees of physical pressure, is enconpassed by the

i nvent i oambodipgas4silasensiiningatentfricsfof thetipprrtioadas pliAlgC B&5tvaleiohvent i on
may be n@gﬁﬁﬂﬁp by any technique set forth herein, or any techni que known
to the skilled artisan. In an enbodi nent, the extent of desensitization of
a toot h acdoeadi ng Ih enatheoepbedibican acfilidhheniaimiegticotifrivayf the iasoeohai ned by
measuri ng the(got ssiumflux, a de§Frib%qKEpgﬂetail elsemgg%elherein.

comprises a silica starting material that has an 5 value of at least 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 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

9



100551Addi tionally, the invention provides conpositions and nethods for
augnenti ng, enhanci ng and/ or suppl enenting the desensitization obtained
usi ng potweaniwmmvbEsed desensitizing dentifrices. In an REPAIS2010M21582
conposition of the invention is used to occlude a dentin tubule to inhibit
outward fluid flow while at the sane tine allowing inward flux of potassium
ions into the tubule. In another aspect, the invention provides
conpositions and net hods of desensitizing a tooth, wherein the degree of

desensiti N LS. .ascertaine sur pot.a SS cnlpulpa
pressured% aﬁlé§£§¥6gﬁfhﬁn§e?gwﬁxg §? W@gﬁé?éeﬁatF%hgﬁaBﬁggag%g

conposi t ivafe@f at lagsti50%EMh bABsFRS oA AHAKEHH A diliddstarGhpienaRériad @ £m pul pal
pressure that is_greater than 20% of the potassiumflux val ue obtained for
the conpé&rtliPridtsiieér o pul pal pressure. 100561Surprisingly, it was found
that the an&wpat 'lRQnOnL ctct:'gf ﬁ\q%vuﬂi%ﬁt thE |s§1c§ Im'h%ﬂ/s Wl’l yg@ér(gﬁ\g ' on
conposition w a pot a8si um desensi t i zing agent nc £ der |very of
potaSS|umMMnﬂmndOﬂﬁmuughpbhscdebbunﬂmubu$eemsbnsmaﬂenbodlnent t he

e val e HERL L dn S0 gBITHeBR U8 ish ety Nt (bt By SRl ning

denti fri eeraapplcheth d0edbbdiatdht, AU siRcanb ?&%dﬂﬂ%sthél&dﬁﬁaﬁglen&%ﬁu% measur ed
as described in detail elsewhere herein. The invention enconpasses any

i ncr ease tofanakerage pagisianie M’ obt gli¢reds mﬁénteu@prwgl by MAMVERN onal

pot assi u en a di ate §&9I o n_of a
conventi %ga%%lggggﬂ%eg%n%bg#%i %fg+ ”ﬁ?fﬁo&sgur%% dzti Sl I(il:cgé ggr{?al’ni ng
conposi t iaf ngmfloﬂi lves atoeot € on14.0% g bihd atpiHDer 505-7.8 1 Avs s@sthsion.
potaSS|un}contaln|ng dentifrice subsequent to application of a

si | i ca- contl83W ng '8 srsBEPHiBENtothersHie |Pﬁ’sfé|lﬂ5 IpRY, b"o‘r‘“‘b&‘#"a"ﬁﬁﬂﬁ“&&‘t ten of a

m xture cORBLlifbMAadn mv(?&trwrsahmmo;@éa %9@&1?5(‘\' g% gNhighd 1 ce and a

si l.ica-containing conposition 6f the |nven The 1 nvention
incIudesLampBSh@mabfhqnmse&acﬁgngheﬂp@nassmuuﬁﬁmmMNKhmoﬂsxmnhmnte dentin
tubules of a to t he t onpr.i.si.n he tooth surface a
conpos: t TERE Fra oms: Aua T p BT uBO shp BrbRal CEHHOSELIBHF (o the
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[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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connected to an apparatus that measures the rate of fluid flow (hydraulic
conductance). See, Zhang ¢t al., “The effects of pain free desensitizer on dentine
permeability and tubule occlusion over time, in vitro”, Journal of Clinical Periodontol,
25(11 Pt 1): 884-91 (Nov, 1998), the contents of which are incorporated herein by
reference.

[0050]  The top surface of the dentin is etched with citric acid. The fluid flow
rate across the etched dentin is measured under 70 cm water pressure. The dentin
surface is then treated with a slurry of the oral composition of the invention diluted
with 3 parts deionized water and the fluid flow rate is measured again. Sce Pashley
et al., “Effects of desensitizing dentifrices in vitro,” |. Pertodountol., 55 (9): 522-525 (Sep,
1984).

[0051] Desensitizing Silica Compositions

[0052]  Inan 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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Other methods of application include manual application (e.g., applying a
composition to a tooth using one or more fingers, rubbing onto the tooth surface,
rubbing in a circular motion, etc...), or application using any known dental
appliance or applicator. It will be understood, based on the disclosure set forth
herein, that any method of smearing a composition onto a tooth, optionally using
varying degrees of physical pressure, is encompassed by the invention.

[0054] Desensitization of a tooth according to the invention may be measured
by any technique set forth herein, or any technique known to the skilled artisan. In
an embodiment, the extent of desensitization of a tooth according to a composition
of the invention may be ascertained by measuring the potassium flux, as described
in detail elsewhere herein.

[0055]  Additionally, the invention provides compositions and methods for
augmenting, enhancing and/or supplementing the desensitization obtained using
potassium-based desensitizing dentifrices. In an aspect, a composition of the
invention is used to occlude a dentin tubule to inhibit outward fluid flow while at
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
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a silica-containing composition of the invention, by application of a conventional
potassium-containing dentifrice subsequent to application of a silica-containing
composition of the invention, or by application of a mixture comprising a
conventional potassium-containing dentifrice and a silica-containing composition of
the invention.

[0057]  The invention includes a method of increasing the potassium flux in
one or more dentin tubules of a tooth, the method comprising applying to the tooth
surface a composition as provided for herein. Application of the composition to the
tooth surface results in the introduction of the composition into one or more dentin
tubules. The composition is applied to the teeth by any method set forth herein or
known in the art. The potassium flux, the rate of potassium flux, and the change in
rate of potassium flux can be ascertained as set forth in detail elsewhere herein.

[0058] Also included is a method of inﬁreasing the potassium flux of a
conventional potassium-containing desensitizing dentifrice, the method comprising
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
conven’tional. 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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salicylanilide; domiphen bromide; cetylpyridinium chloride (CPC);
tetradecylpyridinium chloride (TPC); N-tetradecyl-4-ethylpyridinium chloride
(TDEPC); octenidine; delmopinol; octapinol; nisin; zinc ion agents; copper ion
agents; essential oils; furanones; bacteriocins, ethyl lauroyl arginate, extracts of
magnolia, a metal ion source, arginine bicarbonate, honokiol, magonol, ursolic acid,
ursic acid, morin, extract of sea buckthomn, an enzyme, a Camellin extract, a
flavonoid, a flavan, halogenated diphenyl ether, creatine, and propolis.

[0060]  The oral care compositions described herein may be formulated into
émy delivery form that permits contact of the adherent material and the particles, to
the tooth surface. For example, the compositions may be formulated into a mouth
rinse, a paste, a gel, a lozenge (dissolvable or chewable), a spray, a gum, and a film
(wholly or partially dissolvable, or indissoluble). The composition may contain any
conventional excipients or carriers, although these will vary depending on the
dosage form or means of dosage selected. Excipents or carriers can include, for
example, humectants, colorants, flavorants, glycerin, sorbitol, xylitol, and /or
propylene glycol, water or other solvents, gum bases, thickening 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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Total 1001100 100 100 [0071] Sodi um saccharin and sodi um fluori de was

di ssolved in water. Triclosan was dissolved in the flavor conponent.
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and sodium fluoride in water was added and it was m xed for 1.5 m nutes at
49C. Then the PW/ MA copol yner and sodi um hydroxi de (50%9 were added at 49C
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added at b7 gh.asRR 86! NM%defth(b aMéQM@? miLQQZ%;lme%mﬁa sht@vahtsaidn s ¢l osan and
sodi um sul phat e powder were added, was mxe for 10 mnutes at nedium

speed u nd@mﬁl@}brombhmﬁme (Ifhgol\ﬂaWUmimsdmeibeawd batndwtltmmwl/\@lmkwcﬂrat ch was
i nspected_f i fo f‘%}gomlFl uid hl i a dentin. sanpl es using each
conposi t (WY i qﬁ)n g\ Crrég EEMESrILg Wi v%‘r"é‘é 2] F(’@eﬂég%ﬁ’*% above. Table
2: Measu E@dp&bw stthid covrasetivethet@vitiph @PRHRA 0RO AP@SIchibon $hains (¢.g.,
aliphatic chains of from 12 to 20 carbon atoms), which condensation products
(ethoxamers) contain hydrophilic polyoxyethylene moieties, such as condensation
products of poly (ethylene oxide) with fatty acids, fatty alcohols, fatty amides and
other fatty moieties, and with propylene oxide and polypropylene oxides.
[0062] In an embodiment, the oral composition includes a surfactant system
that is sodium laurel sulfate (SLS) and tauranol. If desired, the SLS and tauranol
may be present in a ratio of 1:5 to 1:3.
[0063]  The oral care composition of the invention may be prepared by any
means known in the art. For example, preparation methods for dentifrices are well
known, for example, as described in United States Patent Nos. 3,966,863; 3,980,767;
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
(CMC), 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



Conposition %l ow vs. etched baseline A (0% AC43 silica) 92 + 2 B (3% AC43
silica) 77 8 C (5% AC43 silica) 27 + 4 D (9% AC43 silica) 5 1

[ 00751Derworotovmessed wi t h conpositions CD (pol ymer and gomius2q@antisst e
silica) produced a fluid flow rate that was 5-22% of the fluid fl ow val ue
of etched dentin which was significantly |lower than that of conposition A
with polyner alone. Values for typical commercial dentifrices wthout the
smal | particle silicalpolymer would be 50-100% of the val ue of etched
dentin (ref: Pashley DH et al, Effect of desensitizing dentrifices. 1.

Peri odonfieim 5 %9’6’4!*"%@5' godersomruumpiL0 te 5hiws Pt Hend herpuppiaredact
SN f 1 QY b figled QSerh st b d ML £ Rk or dPPARRIINT s observed reduction in

conduct ance 1S measure of the re |on ental sensitivity. Wiile not
wi shing to [b%q)oumletby ;a@g paffhe mJAeahom hnle@nylucbzs widhas its acqparstveadl occl usi on

of dentin o1 uﬁ t%?f{)ysra X a- ont ai ni n%&ﬁ % are conposi tjon .of the
i nvent i oA®R% F MRS e FUETHER A e M EI FE A “l’\}ﬁ"+ 180
reducing and methods of occludmg a dentin tubule of a mammalian tooth, methods
of protecting dentin from acid-mediated degradation, and methods of reducing
dental sensitivity.

[0067]  Each of these methods includes the steps of applying any of the
compositions described above to the tooth surface. Application may be carried out
by any method, so long as the adherent material and the particles are placed in
contact with the tooth surface. Application may be accomplished by brushing,
flossing, prophylaxis, irrigating, wiping, rinsing (lavage of oral cavity), foam/ gel
and in-tray application, masticating, spraying, painting, ctc., or applied by film or
strip.

[0068] Dental sensitivity may 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 Chlo;ide
(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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WO 2010/ 090855PCT/ US2010/ 021582 [0077] Sim larly, confocal m croscopy inages
taken of etched dentin treated. with Conposition C showed significant

occl usi orwoaatwaegss6f t he open dentin tubul es when conparet/useoienetsezl denti n
treated with Conposition A In addition, the occlusive coating produced by
Conmposition C was resistant to acid dissolution by cola. 100781Exanpl e 2:

Ef fect of tnclosan/copolyner/ small particle silica/Na F dentifrice on acid
erosion of dentin. [0079] The ability of an oral conposition conprising

triclosan/ I maII rtlc cal/ NaF ) d for the
prot ect i on&%l‘q&a%n rlc"{’l% Fom a ﬂagcfz"“ ?a}a'ﬁ‘aﬂ%‘ 19{*’%!“:075 WEr a%idut from

extract egharbl, akﬁacaﬁﬁseﬁﬁﬁtkﬁtﬂiow Jalpef@lidle, RAlehginé, @aVinRYiQRbMct He occl usal
surface exposed. Dentin surface area was nmeasured (cnR) and the bl ocks were
et ched (élﬁém%ﬁ*ﬁinﬁféavaeo)a ﬂ?&%ﬂ?&dabeh*)ﬂ»éﬁa\tpltéf@éamamwdpﬁ@s@lrﬁatléwbuffer ed saline
(PBS) for ak I.,.C n I ks were

di vi ded |h?ll%aﬁggﬁé¥¥o%%§gar{{ 'ts"?j;“figg{()] hu?%é?f%‘éﬁtheg%%?ﬁ e| ngr PBS, a
convent i pnatrrarni fmdycle, caoried et chest dDentoinfof kioe, 8t ofiowkbk, prteione

conpri si ng tri gl gsan/copolf?/ E/srral | particle silica/l NaF, wherein the
silica p&Fdi¢p& By arstPbaffdi vas bet ween 2 pmand 8 pm Both the
conventi gngfhpﬁemti frice and the Test Dentifrice according to the present

i nvention contained 1100 ppm NaF. The dentin bl ocks were rinsed and

i ncubat ed ilPO7PBS fferr gonRYsiienssn PrRe-fee erarrsprisgawiadthe oraterialot al  of 6
treat rrentaﬁd ain%txl ﬁ%tdmi:p{n %d man\ldttﬁe gpdC?SSCC{I%!T [%Hq)%](l n g/%lCI %Ell g aCI d The
citric acid challenge solution was anal'yze tor gacum

concent r ahd 6 aintrol adropositi@bshar Pddsatot S@&ﬁi&\rm@kmfmﬁtsﬁl)ka pho@8a] Al 1 3
treatment groups of dentin blocks were statistically different (p<O0.05,
one-way ANOVA, Tukey's T-test) for loss in calciumcns with dentin treated

wi th therhpiq! eSaNGeReNIRI{EHBkiePashp&iG:sl | | ca/ NaF oral conposition of

the invention exhibiting the Towest anount of calciumloss (see Table 3).
Tabl e 3: Cal ci|Umgtedéentbased on treatnent| Predtn®nt] Gal di Wn (st dev)sig
"ppn cnE Water Q5 | QS | QS | QS

Saccharin 0.3 0.3 0.3 0.3

NaF 0.243 10.243 1 0.243 ] 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

10



PBS control 229.0 (3.4) Conventional dentifrice 215.3 (2.0) |

I cl osan/ copol yner/smal | particle silica/NaE oral conposition 192.9 (2.0)
10081] DerwoOrzotowevetsed wi th the tricl osan/ copol yner/ smal | Pparuseelvom2ssst i ca/ NaF
oral conposition of the present invention provided significantly better
protection against acid attack conpared to dentin treated with a
conventional fluoride dentifrice. [0082] Exanple 3: [0083]Cinical Study on
Hyper sensi t | Vi ty Reduction Efficacy of a Triclosan/ Copol yner/Small Particle

Silical ifrice, 084 T_e/{,o of this eight-week, :
doubl e- b "“n‘ ‘BaratTI‘@?" ‘ﬁl(gtgpf"‘](‘:* ’P‘ﬁl"%ﬁ’x%{f]ﬁﬁl% Wéé“tf’ba‘l@v(g h“dh&‘é the efficacy
of a denbivy/inee c6 ;mlenmgs&na%lt)rdrﬁilag(aam,/o)MG%@@MM@WK%@W@ her/mal ei c
anhydri de (PVM gmco oly smal | particle silica and 0.243% sodi um
f1uori deml"ﬂ“%) dihp %ﬂ%@%Ufeowaft fePped irte P@NX@Taftﬂ‘éﬁﬁeﬁaﬁu?ﬁﬁﬁé?@%s itivity.

the abrasive silicas and the Ineos AC43 silica particles were added at high speed
under full vacuum.

[0073]  Premix flavor and triclosan and sodium sulphate powder were added.
It was mixed for 10 minutes at medium speed under full vacuum. The vacuum was
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.



[ 0085] Fol | owi ng a baseline hypersensitivity exam nation, eighty-two
qualifying adults were random zed into two treatnent groups bal anced for
hyper senswoi2oiooposssores to tactile and air-blast stimnmuliPCT(UBRo1@/ocisstifrice
containing 0.3%triclosan, 2.0% PVM MA copol yner, small particle silica and
0.243% NaF in a silica base (Test Dentifrice); and (2) a conventional
commerci al | y-avai |l abl e non-desensitizing dentifrice containing 0.243% Na F
ina silica base (Control Dentifri ce) Subj ects were i nstructed to brush
their teet hone for one ut e, en| ngs),
using ony REE ¢ Heerghe OTem e rhl st Pi oo R e BT st ot
adul t t oQtiRRIdHSHosiHHPEERORNE bilrMiflcdn¢aAkidA] tRRRE Ve R (ﬁﬂﬂ%’hﬁﬂ af ter four
and ei ght weeks of product use. 100861Ei ghty-two subj ects conpleted all

study vi §lhudes w&nenw@pwaf%tq%chﬂw@hnmm@n@ﬂeﬁgm@@n Aexla‘rﬁdﬁéﬂqrbns t he
Test Dent fri r { IREReL T favorable
tactile ﬁ‘%{g?@g‘ﬁg. #’31 eﬁ)}qgggﬁr@g’ ?éﬁh %&%& :}’sd%)&% toIﬁentl ﬁf‘@’é&group wth
i nprovenmeptsaof 31.6% and 52. 1% respecti veI y. Additionally, at both the

f our - week and elght vveeke tlons t he Tes tifric roup exhi bited
statisti callf4/8ki ghxampigd| OB abpay T R0t afﬂ?péﬁ%@h@?? ivity
scores gmlgégngagcggml{(glde@gnu frice group, with inprovements of 17.8%
and 23.6% respectively. [0087] The results of this clinical study support

t he concl usf.ﬁ’Q?ﬂ]s t e abiitpebdn @@hﬁUBPQSﬁmmmrh@g nvention, in the formof a
dentifri &ont ai n 2+0% particle silica
and 0.24 )‘(ﬁﬁP COpﬁhé‘g%r?Fmégp Bmci Spfl%v des ?ff“’gllsﬂwgﬁf hecp ro{edr‘%?:lﬂéctl on of
hyper sengbdtivirbn aafd @tack oWunaiitd @itgtilocne ekese aft fRirA diGhctetb olanangr ovi des

(2) significant inmprovenents in dentinal hypersensitivity as corrpar ed to
the conmirekesd vith aodpphgl kavigs cabsibasreisl fylaesspryd: SeRtinpriiRe after four

and ei ght\r \é\‘%@ﬁ%& Elng_l)ranﬂsrﬁc b QQQ';S&/LM}&O& mInﬂc,Wpﬁ'Eﬁgeﬂ‘?d)t'ﬁnW Ly

Reduct i on ficacy o I cl osan/ Copol yner/ ‘snmal | particle silica /Sodium
FI uori depleat irf plicsphaté bvlfkteid-sgline(RES) fvir SahinBtesdyith {llﬁ@S@}nﬁt@mbj ective of

| ndepenaipittserbbrtniredl Tideo fats Brae prdeSehy AFERAE' & Pl or o

dentifri GeiCQRAPBS, AGoRvaYadnal &4EAR, oQtl@%avmlmrle@mchr&ermeﬁnal | particle
silica and 0.243% sodi um fluoride for the reduction of denti nal

hyper sensémpusing triclosroﬁgu]c#ﬁhrd\mmg partisdsaliGad N aky pdewan et y
exam nat b o/ jfcﬂa%k,htlmgg%g Gnl BRAPTBARINL R chitndh T eat rent

groups béf‘anc eér sensi IVIt score to tactile and ailrbl ast
stimuli: dédt)fnusencofhoalcdemmtiﬂhreeccofmtw@t(mhng»r@aoa%\tvrnmxbmemmméﬁ 001 NM VA

copol ymer, snall_particl lica and 0 3% so i de (Test
Dentifri 8PN f%)ﬂt.f‘s%“ﬁ‘f"kg ‘gﬁr’f\’)‘éﬁf‘l“b‘ﬁja"f“‘ ‘8%5%’7{%‘?51%%4 é’&% PHB‘I‘% g@ﬁti frice
cont ai ni @&19“§s/ectﬁeh&h<?§la§totaa BTN, W SAROY Bmidl ek Ri2d3esgdi um
fluoride (Control Dentifrice). [00911Subjects viere instructed to brush

their teét th% atmheﬂré Thyrcigivercrd ¢hallengaspiutondeds apatyred forrgiubinerleveni ngs) ,

usi ng onI |tr10 avsvsth% Cganqm%%ncgr E%gg cPJoﬁﬂHt%Ene%“d provi ded soft-bristled
t oot hbr usH’ persensitivity examn \i vvere}repeat ed after four and

ei ght V\BEKS{O@H’O] pr odus trestgent 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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[ 00921Three hundred and fifty subjects conpleted all study visits. At both
the four-week and the ei ght-week exam nations, the Test Dentifrice group
exhi bi t edwetatowmosssal | y significantly nore favorabl e taeCirits2010/021582
hypersensitivity scores than did the Control Dentifrice group, with

i nprovenents of 11.5%and 17.9% respectively. Additionally, at both the
four-week and ei ght-week exam nations, the Test Dentifrice group exhibited
statistically significantly nore favorable air blast hypersensitivity
scores than did-the Control Dentifrice. group,—w-th i ovenents of 16.1%
and 23.3% respect |‘\9lé’F_%P/C m@%wlk@é%ﬁs of th| 497 n@f‘ﬁ cal dtudy support

t he concl usi on STHGA 2. 0%

copol yner, snall particle silica and 0.243% sodium fluoride is efficacious
in providi ngogdgnt Iw@qltmhyda@.ras\enﬁltﬁé Micldsah £SW6 TR/ WhSID paeRE Xy NaFper i od of
four and ei ght weeks as conpared to the comercially avail abl e Contr ol

Denti fri el LP@@QSIPEXaﬁ@l‘»@f@wmwmmmw o fderdsigryficandly detempretecpor assi um
gglrrlo\r/lg'[ ?/a?;" glon}e)doazka (C)Qnsxaale]d th'iengl\/?r‘\tlcgn 11}{ 990% ’n{]ci')r(l)arl]zﬁ(ngelri% LT'SI’];[ nventi on
for dentaknsfesitivity relief by use of a dentl n tubul e occlusion systemin
conbi nation with conventional potassiumdesensitizing .agents, and in

parti cul ar, [06§2] oréﬂ—%‘@ﬂfp%si tion of the invention conprising a silica having
aparticle pigp CRALAGH %a@%  YpdiBERAIBTRLEE Sod EriRalEdAN particl e size
of about 2 pm1to about ? 5 pmto-about 2 pm and a d90
of about T&cpmrt/é?@bt}umerlamplh%amde %zllpa)’l‘yzﬁbft)h}tifmmyl et her/ mal ei ¢ anhydri de

and the dedOHelt: FoFpsERR AR Rt Tty ki BT st i Bonpos ¢ | on
E" (Tabl endy,wavas 11We§@@'t@d\eaélﬂcz@$$)ay€ldmxﬂ-ﬂ@k@1t4mu IR AHEbsN2BY% [ '

Ingredient [ W% 1 dycerin 19.74 ' te
polymethylvinylether/maleic anhydride (PVM / MA) copolymer, small particle silica

and 0.243% sodium fluoride in a silica base for the reduction of dentinal
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



QS Gantrez 13% solution 15.00 Sorbitol 15.00 Sorbosil AC43 silica 10.00
Thi ckening silica 8.00 Potassiumnitrate 5.00 PEG500 3.00 BLS 1.30 LSodi um
hydr oxi dewBQo40/090855 PCT/US2010/021582

than did the Control Dentifrice group, with improvements of 17.8% and 23.6%,
respectively. |

[0087]  The results of this clinical study support the conclusions that an oral
composition of the invention, in the form of a dentifrice containing 0.3% triclosan,
2.0% copolymer, small particle silica and 0.243% NaF in a silica base provides (1) a
significant reduction of hypersensitivity after four and eight weeks of product use,
and provides (2) significant improvements in dentinal hypersensitivity as compared
to the commercially-available non-desensitizing fluoride dentifrice after four and
eight weeks of product use.

[0088]  Example 4: The Hypersensitivity Reduction Efficacy of a
Triclosan/Copolymer/ small particle silica /Sodium Fluoride Dentifrice: A Multi-
Site Clinical Study.

[0089]  The 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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1.45

Fl avor 1.10 Sodi um phosphate tribasic 1.00 Titani um di oxi de 1.00

Fol oxomer 407 1.00 Saccharin 0.40 Sodi um CMC 0.40 Sodi um Fl uori de

WO 2010/090855 : . . PCT/US2010/021582

Additionally, at both the four—wéek and eight-week examinations, the Test Dentifrice
group exhibited statistically significantly more favorable air blast hypersensiﬁvity
scores than did the Control Dentifrice group, with improvements 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% copolymer, small parﬁcle silica and 0.243%
sodium fluoride is efficacious in providing dentinal hypersensitivity reduction when
used over a period of four and eight weeks as compared to the commercially
available Control Dentifrice.

[0094] Example 5: Occlusion efficacy and enhanced potassium delivery of
compositions of the invention.

[0095]  This experiment demonstrated the enhanced efficacy of oral
compositions of the invention for dental sensitivity relief by use of a dentin tubule
occlusion system in combination with 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




0. 243 Xanthan Gum 0. 17 [0096] The nost accepted explanation for denti nal
hypersensitivity is based on Brannstrom s hydrodynam c theory, which

post ul at esotzherodvsssi ous stinuli, such as cold, heat, pressarse)ioaeisds, or
sweets displace the fluid in the dentinal tubules inwardly or outwardly
activating the nerve endings at the pul p/dentine interface, resulting in
pain. In order to treat hypersensitivity, two nmaj or nethodol ogi es have been
identified as efficacious: 1. Nerve desensitization by delivering potassium

i ons thrg-gh denti+n—and—2 Dccr\,ﬂsfﬂ of—f | ui d novenent by occl usi on of
dent i nal—{Bu es—Surprisi-nghy; i*:lf"gvas found that the conbination of the
snal | paﬁ?‘ﬁ&?§?8ﬁﬂhf‘ﬁ%§ﬂ'm&r ocetdlion ¢onposi tion with a potassium
desensi tli‘l-gi"?‘:%“éué’éﬁt enhanced-the 48 i very of pot assi um i nward through the
dentin tﬁB{ﬂ!“;E‘?r W0097] 1. Confocal ;..j.’cr es¢opy [0098] A dose-response study of

y . .
the sil |Emﬂlt—he—lesi——%m4—f-m¢e—ﬁ%gar_m ng occlusion efficacy was exam ned

usi ng ce CN', ; g erent levels of silica particles,
5% 7.5%3HANThEG w)  Ten perceRedkilida particles showed superior

occl usi afeRPdeymatt ar 14 brushi n@-]?rpaf ments and 2 aci d-chall eng'e
exposures in conparison to conventional commercial desensitizing products.
Dentin dis re LAt e 1 C -day brushine regi men. Col a
chal | enge mgﬁerf%%%gég??cﬁ%gégecf( HF' gd %Q/fenrémelg?rgaellzlyg%f%ﬁl@w&%%Swm?ngst t he

t est ed poodudirstrémiehicind peahic therpschipy pbsrabhes thatevdioapktayiet, duah Fi gure 1
(zoom 50x50 , denonstrating superjor protective/desensitjzing effect of
The. Test DRI Teal EEFReA Gt PLEVE Séﬁ?bﬁ? t‘&ffﬁﬁﬁtﬁé“ thestenbatPiFEe | s

pr eser ved, af gl o RRwERIR 2 RN E MBEne1dS e'hdf'iqg§3§tttﬁ€l By /RnGhapGSEEN the
surface image (see colum 2 in Figure 1). 009915. Hydraul i ¢ Conduct ance

[ 00100] Fypditanglin pa@ordvedearte &repdstpengnoigisitparfoonajedmethogebigicstheve he degr ee

of occl u%" on txgb ‘ierg{?dsglf&%giogn 12 entclier‘l;egsqg
I Spl acene

en ide s 17 Nerve '/nz;.%ir(]\'gl ba%%ﬂgpreng tc())ta%iusne\nslgjsr t hat
measur es tHhe neUSE wat er- over 1. The ocdt bt on e i cacy is
rel ated tigoaglleeiteassd tnDédieasbydrlald movanadustatitsion@f deatel weinaeabi | ity
of dentin segnents after treatpent with dentifrice. The baseljne was
measur ed SBIPTEIEEN Y Wassieyrd teatfhecarpbigporepidhe mel PREIAE i@/ REVTMImM open

t ubul es %@&uﬁéaga%pmfmﬁh y ﬂas@.ﬂ&%@%&ﬁﬁggg'gém MANIECHGRS Belivery he

hydraul i ¢ conductance after treatnent wt Ifrice indicates the

occl usi onf péthestim imahcithedugt tha dehten pdndsnt age of perneability reduction.
The Test Dﬁﬁ '7Lri ge V\I/g}s %r&&wn to be 50% better than conventional conmerci al
desensi ti zi @ r oduEPHOFH NHTSPRSt . [00101] Figure 2 illustrates the

per cent age [afospcclAgoReghRsLE VR yWf tie SaGibf CRTPeSs DichBfiick Re@@PPgr i son to its
own baseline as determ ned using hydraulic conductance. This result is in
agr eenenteliition effisacy ovtsoaming ch 3R ePYOTad UTPEcoPRatteh e diffgpRitewdt| usi on
percent age i I £gn, ol Depdd £ &8 silica b 0&q Conposi tion
e hy L P BB D e o™ haa R €1 15 ol ow

t esti ng efipaivraktlesioatifect afippld loashiop tretrhods el 2 anidichnliengelekpdsundsi ch

i nvol ves rubbi n?s/ smear | ngﬂ.t hﬁ toot hﬁa@e\onto a_se sjtst bveﬁ'gﬁ% h with one

finger. ThEERAFRRE GIVEBHLTY CORGHENE S REL TS BEP W th "1™ P *FBS buffer to
si mul at e varémbsibd 198kRs tOmiMR IHEN brUeARAsEnican dolvasliapgd wegd M the dentin
segnents undiluted ("neat") with one finger and rubbed in a circular notion

for 1 ni patfermerhia asdergbdiayiag clerpdistindianarennest thedeptedipiodirfethanat er and t he
hydraul | CoBRANGEARGHy TRAD £ RlpIARIGHTENARET (RBPSHEE un1® DT 0cedure was

repeated using a vent Pona esensitizing dentifri'ce (Control
Denti f ri cemonstedtgSupeSogpriosictice] dapesditgging ff@ndf Tist Taebe Pehbfricet €s¢, p<0. 05)

| ower condyctance was _observed for dentin treated wt “onposi tion E,

i ndi cat i h’@HQﬂﬁ%F‘?ﬁ Oéhlaﬁhﬁessit ﬁﬁ“ﬂ%'{cé’t’s %'ﬁf"ifv%(%%&t'rtg%f(\?l’rv%ﬁ{‘]aldg §°a different
met hod ofin@pfbd Bahb ORar(ges Bn thoduitike ihage @@oRhh anaFidureshi ng) of a
dentifrice of the invention., This superior occlusion results in a rapid
desensi ti zd®99h of? fdrawdistendmc@8fhari son to conventional dentifrices and

met hods  of [@@ﬂlb] qul_\"cg'gulic 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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Table 5: Effect of Conposition E on Dental Sensitivity.

"AFl ow vs. etched baseline Conposition E31 14 Ontrol88 + 10 Dentifricel
[ 00103] 3woOPRotozwessam Fl ux [ 00104] The potassium fl ux @ECEKUSRe/021582

met hodol ogy denonstrated the beneficial effect of occlusion agents on
decreasing the outward fluid novenent by bl ocking dentin tubules. The sane
pressure-bl ocking effect would help the inward fl ow of nerve a

desensi tization agent, such as potassiumnitrate. A schematic illustration

of the pﬁ §S| um fl ux experinent is depicted in Figure 3. [ 00105] Human
dentin dABSRECGHREFRY YAy ERFPY: “tﬁ%l‘“g(‘%‘rﬁﬁfj%‘ict’ ioiglated oredecreaspin i ce or a

convent i QP@aubO PRIk tadke, S8 SRS e AleiElI; f-‘yocrmﬁha's he sanme |evel
of pot ass?ur%unltrate a%d m)untﬁeé in 611 Pashl ev gngﬁg?%ﬁ%rwa%b@g% that all ows

a const amithfdenfifridge. ke bpselipe b\elsamﬂabe@ﬂem\ aaienpmedgmenmme@ushymmﬂt erval s.
Al'i quots um sol ut| \er e adde 0 r.,.on the treated
dent| n dltos}k“’%%gg’fmm‘fm seto t (r’sadéltd]?)l 655 Lr\ﬁéém&%ki F%’ét (Z/d Oé‘feluﬂf)’és)s[}re zero
(i.e., | GW&éds@hraﬂhe’{ydhﬁjl&HO@ﬂﬁ&ﬁMddllteﬁﬂjeiat@r@h@fmlﬁ\&ﬁ}mﬁtﬁﬁeﬁﬁﬂic%sﬂQ’ resi stance
to the water flow, allowing the ions to diffuse through the dentin disks).

Next, thecchustioneeffast colqulafesl 8dhe pasyniper ofinprnatkility rodngin. fhedetire of 20cm
H20. The aRRaRt N BRASRY Be SULBLR. Rin LOR MRLMIL AL SLRNGE gAY ed the Ton

flow, resulting in |lower concentration at e ector. Fi S were
anal yzedphylulelBhfitlﬁmteqsol ubl e potassi um Concent ratl on val ues were converted

to flux, a Fi w of diffusion, ssed here as x10-10

mol / cn®. s. T%&Si]he éﬁ‘(’jrcc?f‘ﬂ %‘tg&'ﬁ‘éﬂcwﬁf‘“i’ef’h‘g‘c SO QrsareA D 658 cal cul at ed
to determ,nﬁoglmh rnedoa{pavlgmetcfitmw b@delift HShaErHinsl s 1Rk MRN | NG pot assi um
under pul pal pressure. [00106] Figure 4 shows a conparison of the two

pr oduct sc¢tmwtgéﬂweaﬁdlqan@grwmht“Ehcﬁhc covipes inifrosropsiseseltal uat ed i n
triplicate a Kinas, st udied l.ment was carried out

name dhl (.-L u51 ) eru—:n [AZEe ‘a O S@F\’("%afx Thle e I\e[rﬁ "1C e
eedentin di sk wa the

as foll ows: ey s ‘'split chanber and
brushed r ESWIﬁOR] ve,“bycmmpbsmbh PEefhctHielraiﬂ&tcoﬁEﬁﬁtmﬁcroi teginggprocaves viapnal
commerci al dental desensiti ZI glgtbproduct or. Phosphat e buffer (fPBS) After
br ushi ngmodifieddoallop] tastinget @p é?“)‘“’@vagplﬂ‘iaﬁg'éﬂ“it%}%g‘?ﬁ%’“éﬁl& t he chanber

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




was connected to the experinental system A constant water flow was
provided by a syringe punp at 0.2 niL/mnute and. the fraction collector
changed ewer9101®osssnut e. [00107] Initially, three fr&cTiusaclonerss2

coll ected after MCl solution was added to the top chanber in order to rinse
the system In the fourth fraction, a respective potassium source was
added, i.e., toothpaste slurry of the study products and KNG sol ution for
PBS treated sanpl es. Chanber and collector were aligned to have a final
pressure of zero cm 1110 {er--—‘-—-lﬁ--fr-acti As-—-6f—+80—fi nutes. In this

hypot hetical condition, th&"8etlusion ef¥+¥Ehcy can be inferred by the

pot assi um di ffusi on (as xPeABINUENP $) [where the PBS-treated di sk results
in higher Kflux due its lack of occlusion. After 18 fractions, the chanber
is | owered r . the collector, sinmulating an in vivo situation,
with a pul ;B%qlb%r e§§‘5"$‘§“%‘#“%‘&cm Elk). At this point, the potassiumflow was
expect ed t goodedir eate pduesitih e 8FROS pohefHoAB R eleaiomatrewddhe t he di fference
of height chanber/collector. The di sk which presents the snall est change or
the hi ghBinehsrhefischoh ariRionigenrtsonelesimpag thy @uugrdiigid mopemeRyy ef fecti ve
on deli VBol il BOAGS AlbALS! M8 s%}xge?bre%]s%tehﬂwkth\t}zé aze%gg@%qkﬂﬁa i g es.  An

occl usi on systemthat dim nishes the negati ect of the water pressure
on t he i Bowdif henysiackesemsitizatios aptnti suchiagipetaspomasseienifskiwmatic t he end. The
results in Figure 4 show.clearly that The Test Dentifrice presents the
hi ghest BE‘P%@%‘?W%%’ ARMEHERY %*&’H‘ﬁ%?b’”idﬁp&gr‘?dgﬁ?&‘gﬁ o conventi onal
comer ci al [AsSNS HudN@edtiPAYES waRbritied s gt dbsiessitibn EQMEAr i son of the
average flux under pul pal pressure is plotted for the hvo studied products
and PBS Panffirigepea 5onvpoiood FRngurelabesensidting reaperiion sprtainintgifici n terns of
per cent age, Ofov A% BRRLUIM bt B LhE ndie b RhRY RYLiPA nRILBR! € had been
appl i ed. ese results sugges aster action of“th est Dentifrice in
conpar i seivvwoa conteenflbernfoaraendeablldesbagirtdaemgnpd ddwdhtervals.[ 00109] The
theory of having an efficjent occlysion systemtaq inpede the detrinenta
action pﬁ“ﬂH@SBEPWQ?H”ﬁﬁﬁhgﬁﬁ‘??EPHS??BW%FSW%_“"ﬁBﬁggF ?Hgyﬁﬁgan%onfirned
Wi th thi §iRXARS LBRE of fra®iont RGis OEHI ARk ﬁﬂg?.l@)(l(ﬁy&m%bf ison of the
present invention, the Test Dentifrice, is nore effective on aiding
pot assi unligreddiith agdkectae (g offenimgmodesistence to Qo woler Eranplievag theong, 95
val ues neasuyred.for various silicas. , ... 111]. T il tes the
ALC 3. 95 A act ek P g opp Ainket Necghe i’%%-gg’é ﬁ‘t“]éi“r‘f?%lg%é’ Wp%g!d?a}téﬁs and
si lica sharda p@ssmt of 2@hsH-0. Meudipogingigréarcaoadtad by fg: leogrosi tions of the
invention and silica starting materials used in siJica-copﬁa[ning
conposi;ﬂéﬁ%mﬁﬁdfﬁé?¢HV@HPﬂBh?Y#EBFQ‘Bﬁ“ﬂ060§9§§”W@Pﬁé§“?81“W%¥ious Silicas
and .SI ! ' %Q\‘c?&%x@h‘ela‘nggzgﬁ)g})@ﬁj{kf QJ?§olu§l%'¥4%lh§s{)@xrﬁlé%léera5at@nl-\}a%sdaglz Test
Dentifrice anpl es and 4) 24,0

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



8.2 Control Dentifrice (Exanple 3) 16.4 10.6 Control Dentifrice (Exanple 4)
16.6 11.0 INFOS AC43 Silica starting material 49.4 3.95 Conventi onal
Hi gh- O eamongio8iohgssa 29. 0 8. 27 Conventi onal Abrasive Si IPCTAIS2010421582

a syringe pump at 0.2 mL/minute and the fraction collector changed every 10
minute.

[00107] Initially, three fractions were collected after NaCl solution was added
to the top chamber in order to rinse the system. In the fourth fraction, a respective
potassium source was added, i.e., toothpaste slurry of the study products and KNO3
solution for PBS treated samples. Chamber and collector were aligned to have a final
pressure of zero cm H»0 for 18 fractions or 180 minutes. In this hypothetical
condition, the occlusion efficacy can be inferred by the potassium diffusion (as x10-10
mol/cm?.s), where the PBS-treated disk results in higher K flux due its lack of
occlusion. After 18 fractions, the chamber is lowered with respect to the collector,
simulating an in vivo situation, with a pulpal pressure of 20 cm H>O. At this point,
the potassium flow was expected to decrease due to the opposed pressure created by
the difference of height chamber/collector. The disk which presents the smallest
change or the higher potassium flux under the pulpal pressure will be more effective
on delivering potassium ions to a tooth with exposed dentin tubules. An occlusion
system that diminishes 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 bentifrice 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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11.46 1 Conventional 'Thickening Silica 2.8 14.97 CLAIMS I.An oral care
conposition conprising: a. an adherent material; and b. silica particles,
wher ei n tWe 20r041908sar e conposition provides a fluid flowPCcatuS2an/02s82 i n of
no greater than 45%of the fluid flow rate of etched dentin, and wherein
the silica particles have a particle size distribution (PSD) of 2 pmto 5
km a nedian particle size of 2 pmto 5 gm or an average particle size of

2 gmto 5 gm the oral

care conposition further conprising a desensitizing

agent sele r o) Jum nitJ ,ozPOt assi um chl ori de and potassi um
citrate. glbﬁﬁﬁle gfrtggf © %:’glr%%{"(‘:%:?rp Osé@kg%n%o‘f“thbqsé’i‘%‘“ﬂe BYHIHSSHEs | i ca

par ti cl esoh@irdn@romp@itags apdrsilicalsear&hg ta@irials, ihcRMih

care compositi.on of claim1, wherei

popul at i SRMEPSIEPTY

n the silica par

g?

%fa‘ﬁi)%ﬂ"tef‘@?’één%@#F%ﬁf*ﬁilwamti?@lﬂe us¢d i sikidaegontsanihgom t he

icles

._Si'ﬂic;gccﬂmain%g The oral

conprise a

group CoRrsmnpbiiAEnLf the B¥endory 9M 3 gm 3.5 pm 4 pm 4.5 gin, and 5 gm

wherein said population of silica particles conprise at |east 20% of the
total silica particles in said oral care conposition. 4. The oral care
conposi ti of Gl ai Wherein.the silica particles have a median particle
si ze of glre (r%) t’%@%%r&“&“&%b‘ Friss dﬂfﬁls f”bgé&ﬁ%oﬁrﬂﬂnlﬁfzmwl@lﬁi nto 11

gm 5. |The oral

CAARIFLANPOSI t1 0N g % hakT8 b SIMBAT & M LiTe
have a nedi an particle size of 2 pmto 4 gin,

a d10 of 0.5

silica particles
gmto 2 pm and

a d90 of Thst @entifbicel@xghples TandBME OT dlo4@ar e conposSiTigyy of ¢l aim |1, wherein
t he conpashtrdlORnfRSe @x&HPUBAT I VE pAnECle Size vol unge(A0g 3. 95) of at
| east 20%ontfol DEREfricd @hkakiplt @) COMPOSIfip@n of claim L wigerern the silica
parti cl esNQONRCIDEIA sPORHE ALQGR Of (9531 tTNg mater| i3.93i ticia particl es
havi ng aceswalialal MgnRatddif &1 Ze vobgme (AUC3-95) gof;at—| east 40%
Conventional Abrasive Silica 144 11.46
Conventional Thickening Silica 2.8 14.97




8. The conposition of any one of the preceding clains, wherein the silica
particles have a porosity of less than 0.45 cc/g in pores of 600 Angstrons
or smaller. 9. The conposition of any one of the preceding clains,
wherein adherent material is a polyner having a nunber average nol ecul ar
wei ght between 100, 000 and 2, 500, 000, inclusive. 10. The conposition of
any one of the preceding clains, wherein the adherent material is selected
from pol yners of pol yvinyl phosphonic acid, poly (1-phosphonopropene)

sul fonic acid, poly(beta styrene ph@FRﬂggic acid), al pha styrene phosphonic
acid, synthetic anionic polyneric polycarboxylate, maleic anhydride, nmaleic
acid, and nethyl vinyl ether. 11. The conposition of claim10, wherein the

adherent naAgbh@kmbeogp@g@ynﬁmugﬁm@ethyI vinyl ether and mal ei ¢ anhydri de.
12. The comnposit ny %ne of the preceding clains, wherein the
conmposi tion%is ?b Fgfgﬁ'ﬁ U@ formselected froma rinse, a paste, a
gel, a gum ba diissglaviatidse | ozenge, and a film 13. The conposition of

claim 12, V\@ﬂ&%ﬁﬂhe be, %8%91%%&19&1 tn%v?cdgg glﬂluﬁf gy 'rzﬁ& @n @el@tﬁrﬁ&oﬂld/ gk fHahm

14. The conposition o recedi g ai ns, rther cghpr|5|ng
a non- $i°t4 elathadeehdew irgte g chehdenting apd ‘Th%e‘é‘dﬁ‘i)ﬁ & P%HdS‘f Bich M4 Slifer ei n
t hf deSﬁﬂﬁbdtiﬁal(ﬂsDweat whSo ssehleptaededimpamhe seqif2 ponsi St gradn a«emgtelr ate
sal't other than potassi.um nitrat an_argini te.salt,

an ar gi rzﬂ't}%e NrAX %IHE g %%yfe a?lg ca’ée C(f%g(os 0n &ﬂgheef\ sc%x%hnslﬁg ? él%?ﬁ{fxgggg%ﬁdﬁg@l t1on
of any S@heteéfmtrh@tqssxecedtmtg ritasbing), Chﬂmdtehed p@@mmil sitits- an anti bacteri al

agent. 17. The conposition of any one of the precedi ng clainms, further
conprising an agent selected from a chenlc whi t eni ent, an o e

whi t enilng ad8hPahAde SABRR 0T é{fﬁ“l}sl é{@é‘rﬂn g fiica ?W@C@g% At qVSHEe P Q%%EI m

16, f urdikerf2commrd $0ngh.t he antibacterial agent

2,4,4" -trichloro2' - hydroxydi phenyl ether. 19. The conposition of any one
of the preceding clains, further conprising a surfactant system that

conpri ses sadk ol lcatgrapmpesitiproé claiv 1t shersivothe silipg parfigles COMPEST & PERUIBEOL | ai m

19, Cormwn%darlﬁntdi@ 1@&&&@&5@{1&1&%&@&&@ Fhont MRSAr 665 c@BBENE baDI pm,of.5 3eeium
| auryl sulf uranol n a ratio s%£|on

of any ke géﬂbr CEB g dF&ﬂWﬁ“mPﬁwgﬁ@Pmﬁ%ﬂhwég(ﬁaaéﬁkgﬁgﬁ nsmﬁqzied

20% of the total silica particles in said oral care composition.

4. The oral care composition of claim 1, wherein the silica particles have a median particle

size of 3 um to 5 um, a djp of 1.5 pm to 3 pum, and a dgo of 6 um to 11 pm.

5. The oral care composition of claim 1, wherein the silica particles have a median particle

size of 2 um to 4 um, a dp of 0.5 pm to 2 pum, and a dgp of 5 um to 10 pm.

6. The oral care composition of claim 1, wherein the composition has a cumulative particle
size volume (AUC 3.95) of at least 20%.

7. The oral care composition of claim 1, wherein the silica particles comprise a population
of starting material silica particles having a cumulative particle size volume (AUC 3.95) of at

least 40%.

8. The composition of any one of the preceding claims, wherein the silica particles have a

porosity of less than 0.45 cc/g in pores of 600 Angstroms or smaller.
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froma stannous ion agent; a fluoride conmpound; sodiumfluoride;

chl or hexi di ne; al exi di ne; hexetidi ne; sangui narine; benzal koni um chl ori de;
salicylanilide; domplien brom de; cetyl pyridiniumchloride (CPC
tetradecyl pyridiniumchloride (TPC); N tetradecyl-4- ethyl pyridinium

chl oride (TDEPC); octenidine; del nopinol; octapinol; nisin; zinc ion agent;
copper ion agent; essential oils; furanones; bacteriocins, ethyllauroyl
argi nate, extracts of magnolia, a netal ion source, arginine bicarbonate,

bonoki gl , ”?Qeo @(9{1%)(05&[0%%1} gne}ﬁghéj of %35@ c%?x}gd clafRY IPher&X taﬁ@&Entoxfrxat%ﬁﬁl 1s a

buckthorn ia extract, fIavonolg
f1 avan PO}Ym%Qé\h@g eoubg EergEe @W@Flar weiabitheeen AR ORY 6}5‘0% 2,000, clusig. of an
oral care conposition of any one of the precedlng clalns in the nanufacture

of a i canent for.reducing de sensiti Xlnglt QLal care
corrposnﬁgl on ' 1 “VHROSE R AcHEY oL n@ﬁﬁlﬁ?% 1IN a&n% %%m Eg adly én Sedn car e
corrpos istlieand Gbmagmyoere of baliymisylipltosplRbid avid, melmﬁmhbﬁbommmehsuh%di%@ﬁ nt

for S);d&,(&ga g?&%%%ép&ﬁ& 'a&'d %;va\% ?fe%ﬂg%klﬂgmk%lcp rs%th@tﬁsr eﬁn&f?@?@l@iﬁe‘x en to

t he su adherent material IS selected
from pd’lolbi%rbﬁxbdﬂeﬁmlw|aﬁwdr1§ﬁd§ﬁ)‘ﬁ’6 e and methylogy! €diehhosphonopr opene)
sul fonic acid, poly(beta styrene phosphonlc aC|d) al pha styrene phosphonic

id, th b s/ I
acid 20 merhoreRiAg oIPRTE e RE BRd pPli, I S BN AR T 1 €

one of etheapmbmiletcanBYdride. t he manufacture of a nedlcanent for reducing
dental sensitivity when applying the oral care conposition to the surface
of a mammal i an tooth, wherein the particles have a or05|%¥ of |ess than
0.45 ccg i AbpgrBRostionad Mg SPe &#stllerprg?ﬁérqgeﬁalm%5 hagia OF GHmResgione
conposifhimiated irany fomesdéctel fRbME AnstOa gdstd, A dehe duan mfchssblylabledbzeagnmhdcaarre nt
for prq;ectlng dentin from aci d- medi at ed degradati on when applying the oral
care conposition to the surface of a manmmali an tooth.

13.  The composition of claim 12, wherein the composition is formulated into a dissolvable
film.

14.  The composition of any one of the preceding claims, further comprising a non-silica

desensitizing agent.

15.  The composition of claim 14, wherein the desensitizing agent is selected from the group
consisting of a nitrate salt other than potassium nitrate, an arginine ester, a bicarbonate salt, an

arginine-bicarbonate-phytate complex, and arginine.

16.  The composition of any one of the preceding claims, further comprising an antibacterial

agent.

17.  The composition of any one of the preceding claims, further comprising an agent selected

from a chemical whitening agent, an opaque whitening agent and an anticalculus agent.

18.  The composition of claim 16, further comprising the antibacterial agent 2,4,4’-trichloro-

2’-hydroxydiphenyl ether.

19.  The composition of any one of the preceding claims, further comprising a surfactant

system that comprises sodium lauryl sulfate and tauranol.
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20.  The composition of claim 19, comprising the surfactant system that consists essentially of
sodium lauryl sulfate and tauranol in a ratio of 1:5 to 1:3.

21.  The composition of any one of the preceding claims, 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 Camellia extract, a flavonoid, a flavan,

halogenated diphenyl ether, creatine, and propolis.

22.  Use of an oral care composition of any one of the preceding claims in the manufacture of

a medicament for reducing dental sensitivity when applying the oral care composition to the
surface of a mammalian tooth.

23.  Use of an oral care composition of any one claims 1 to 21 in the manufacture of a
medicament for reducing dental sensitivity when applying the oral care composition to the
surface of a mammalian tooth, 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 polymeric polycarboxylate,
maleic anhydride, maleic acid, and methyl vinyl ether.

24.  Use of an oral care composition of any one of claims 1 to 21 in the manufacture of a
medicament for reducing dental sensitivity when applying the oral care composition to the
surface of a mammalian tooth, wherein the particles have a porosity of less than 0.45 cc/g in

pores of 600 Angstroms or smaller.

25.  Use of an oral care composition of any one of claims 1 to 21 in the manufacture of a
medicament for protecting dentin from acid-mediated degradation when applying the oral care

composition to the surface of a mammalian tooth.
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