TI TLE OF THE | NVENTI ON DUAL ACTI ON DENTI FRI CE COVPCSI TI ONS TO PREVENT
HYPERSENSI TI VI TY AND PROMOTE REM NERALI ZATI ON FI ELD OF THE | NVENTI ON [ 001]
The i nverwOanigns@apasses conbi nati ons of bioactive gl agsTaseposeds8on and
potassium salts that are useful in oral care conpositions, for exanple,

t oot hpast es, nout hwashes, and oral gels. In certain enbodi nents, the
conpositions of the invention forma rapid and continuous reaction with
body fluids (e.g., saliva) to pronote the i medi ate and | ong-termrel ease
of cal ci um and phosphorus ions to produce a stable crystalline |ayer

deposited onto and into thqgIde/E OF THEUNMENTIONhe | mredi ate and | ong term
reduction of dentin hypersensitivity and tooth surface rem neralization.

BACKGROUNYDA BT 10N ENYERTCENC-OROZDSTHEORS 1O PREVGNaME] Y Pt SRS ITY vendengoes a

process of dem neralization. Exposure of enanel to saliva and food slowy
| eaches minerals from teePROMATERENMIEERALISHNEEI N0 i ncreased
susceptibility to decay. This process of dem neralization results in

i nci pient caries, which are typically very snall defects in the enanel
surface. Carious dentin dem neralization also may occur in patients that

have exposed regi ons of demdiElr.D 6FUTHEINVENTIOaCay bel ow t he
cement unmenamel junction. Accordingly, there has been nuch work associated

with g Pb r§1oﬂ%h%rﬁf)asgés%%§o?n£fon§l@Fbl@%tﬁle' A&k lceﬁpbaﬁw%m@otmﬁlm
appl i cat on o | uoride and other topical treatnents. [003] The current

i nvendatts thah amelseﬁdémt orﬁli @ cowpdsitgmspios exdngpls, taotipasteshowsthysehes, andomakduci ng
dentin_h ersenS| \éﬁand r onnot.i n%?ftéﬁm h surf ce rem.ner,al i zati on.

SUMVRSRY PSHPTREOT YT ISR YR SPdreo paddioss o o
care &QHR}‘H%&H 96113/ flingd Bdi NG 1ida)8 PRéMGk itRNindhediate and long-term release of

calcium and phosphorus ions to produce a stable crystalline layer deposited onto and into the
dentin tubules for the immediate and long term reduction of dentin hypersensitivity and tooth

surface remineralization.

BACKGROUND OF THE INVENTION

[002] Human tooth enamel naturally undergoes a process of demineralization. Exposure of
enamel to saliva and food slowly leaches minerals from teeth and eventually leads to increased
susceptibility to decay. This process of demineralization results in incipient caries, which are
typically very small defects in the enamel surface. Carious dentin demineralization also may
occur in patients that have exposed regions of dentin resulting from decay below the cementum-
enamel junction. Accordingly, there has been much work associated with slowing this natural

process of demineralization including the application of fluoride and other topical treatments.

[003] The current inventors have identified novel compositions and methods useful in reducing

dentin hypersensitivity and promoting tooth surface remineralization.

SUMMARY OF THE INVENTION

[004] The invention generally encompasses oral care compositions including a combination of

potassium salts and bioactive glass. Other embodiments of the invention encompass oral care



potassium salts and bioactive glass. O her enbodi nents of the invention
enconpass oral careconpositions including a conbination of potassiumsalts
and cal ciwmm2oro/pphgphat e salts. The potassi um salts ar e POTASRIN/029684 he
conpositions of the invention in an anount effective to desensitize the
nerves in the oral cavity, for exanple, nerves in the teeth, and the

bi oactive glass or the cal cium and phosphate salts are present in the
conposi tions of Ehe invenfjon in_an anDunH effectjve tg block dentin

t ubul EXMPYSHIRE FIHRG & PP RGaHYh e RURSIUR vAltsyind celgsm prphosehalatiddi MBAt, the
;)][Wg“{%&%i&ﬂQQMﬁ%en%mnefcb%@%siﬁe@&ﬁhé | RB R bl i dinRhinPBrrdif 8 ¢4 | ve anount

I oactive and bioconpatibl'e gl ass and a desensitizing effective anpunt
of a potassicuthe saives in[tho6i1al bavign turlkaameltbodivesintthe tekhth, amd/ thetbicrtienglespasses

met hods for treat) ental hypersensitivity conprisjng contacting one or
Tor o PBE PTG CoRa 1 A BORLG: U HOMURHCORG Lt TOPRIPTAA SBARSCE ve.
a”DUnEﬁ&iw@upbB@@H&Mﬁnﬁ&ﬂeQ&H&&gpﬁ%b@hﬁg%.ﬁ&%mﬁﬁﬂﬂ&.desenS't'?'ng effective
anount of a potassiumsalt. [007] In another enbodinent, the invention

f
encor@;ﬁﬁeﬁl SR AR, tﬁé 11%\%§E{m QQJoH&LJeX gQ&fﬂiUQ i:&g%(gsgtﬂilﬁ'?nél{f Hgﬂﬁr[? h an

conp g contacting sai es of ‘a subject Tnn ereo

ef f ectfifaceivammoniit «dfa thodetioaahd viecamngdatiiile glaspaid bdaegfithdsg affettiae demantsifta zi ng
effective, anoynt of a potassiumsalt. [008] In another enbodinent, the
invenPW%W“Eﬁﬁghpasses net hods for preventing tooth decay conprising
contacting a tooth structure in a subject in need thereof with an effective
anount006} kn asiodwe embedisneat. Bhowyapian wicempissesmabadaiod ésating dintdlng ef f ecti ve

amung, Oefrse%siﬁg%ﬁg%éﬁ@iggégﬂta&%g ?)]rrlla lolrf' rnn%?eg iliy(:bﬁe%seﬁﬁﬁ% fBMva & B%cé MvRRY on

S .
enco SSEeSs or- preven carries COITpIuI I'ng contacti ng

a t ootheredf kithtatilegfettivetarsoilit 8€ 4 bidactieeshdttiedoaatibict dlasdrng bidesdnsitigingmount  of
a bioactive and bi oconpati ble glass and a desensitizing effective anount of
a pot aldeqtiyaamgqpat of a potassium salt.

[007] In another embodiment, the invention encompasses methods for at least partially
occluding dentin tubules comprising contacting said tubules of a subject in need thereof with an
effective amount of a bioactive and biocompatible glass and a desensitizing effective amount of a

potassium salt.

[008] In another embodiment, the invention encompasses methods for preventing tooth decay
comprising contacting a tooth structure in a subject in need thereof with an effective amount of a

bioactive and biocompatible glass and a desensitizing effective amount of a potassium salt.

[009] In another embodiment, the invention encompasses methods for preventing incipient
carries comprising contacting a tooth structure in a subject in need thereof with an effective
amount of a bioactive and biocompatible glass and a desensitizing effective amount of a

potassium salt.

[0010] In another embodiment, the invention encompasses methods for remineralizing enamel
comprising contacting a tooth structure in a subject in need thereof with an effective amount of a

bioactive and biocompatible glass and a desensitizing effective amount of a potassium salt.

[0011] In another embodiment, the invention encompasses methods for sealing fissures in tooth

structure comprising contacting a tooth structure in a subject in need thereof with an effective



[ 0010] In another enbodi nent, the invention enconpasses nethods for

rem neralizing enanel conprising contacting a tooth structure in a subject
in need twenenf11943dh an effective anmount of a bi oacti vepramaskiiooesspati bl e
gl ass and a desensitizing effective amount of a potassiumsalt. [0011] In
anot her enbodi nent, the invention enconpasses nmethods for sealing fissures
in tooth structure conprising contacting a tooth structure in a subject in
need thereog jth. an effective nt of bi oactive.and bi oconpati bl e gl ass
and RTHUEER ?ﬁh?ﬁﬁﬁ fé&??ﬂ@“gggﬂﬁFaBé g€ﬁﬁ¥%§§@ f@%ﬁqmnTﬁﬁng? I n anot her
enboq?ﬁggﬁmigpp invention enconpasses nethods for sealing pits in a tooth
structure conprising contacting a tooth structure in a subject in need

ther e@h 13y ﬁx%@&e?%ﬁ& ¥, %}{E‘%HO‘—’Entf&}l cAcdth e%gés' r}{&h&ﬁﬁdftopké[%g@%f% }IPA foof] ass and

a desensitizing e I've’amoun a po assi um sa n anot her
enboditivenire cdrhjeridimy eniticting @ancathpasses imatshb@st ihaked thereod withainreffectivet ur e
conprising contacting a.tooth structur in a supject i.n need thereof with
an efdmeunt oba Kipaethte a9d bigcompatiplegriess g 86‘?1‘%“&% e ynERPYéagl ass and a
desegéhgﬁﬁﬁpg%pffectlve anount of a potassiumsalt. [0014] In another

enbodi ment e invention enconpasses met hods for capplng pulp conpri sing

cont a@b ,ﬂgln nOﬁlOt h g(t)(i’IUCtPI{heG 1'11{/]en 10{1 e gn%tz}slseps IHC S ka])I’ 1n1n tO Bstrucntuef f ect I ve
anoun PoactTVEANa" b0t i % 2SS and A CUeSeRsT ¢ rZrng Sffective

anmundoniyiristhgdh&shd Mtsoah btrudi®e 115]a shje@n@hb&r theRboditiRAteffet e dnfi@0bf &N
enconpasses nethods for treating tooth structure in a subject in need

t her elgfist ane bioagisici a@émcamp@ublgg?a,ss andrp dpsenpigizing eiigeti yenamennt bt ROWSSWRL ur e
W th ef fective anmount of a bioactive and bi oconpatible glass and a
desensitizing effective anpbunt of a potassiumsalt. [0016] In another

enbodj n on sses net hods f eventi ng .t oot h .decay
c oy 1R et SRR iR, SR LR R AP P ebor b b Remar e 1
an ef §Redcting a MM Bru@fredn a subject in need thereof with an effective amount of a bioactive

and biocompatible glass and a desensitizing effective amount of a potassium salt.

[0015] In another embodiment, the invention encompasses methods for treating tooth structure in
a subject in need thereof after periodontal surgery comprising contacting a tooth structure with
an effective amount of a bioactive and biocompatible glass and a desensitizing effective amount

of a potassium salt.

[0016] In another embodiment, the invention encompasses methods for preventing tooth decay
comprising contacting a tooth structure in a subject in need thereof with an effective amount of a

bioactive and biocompatible glass and a desensitizing effective amount of a potassium salt.

[0017] In another embodiment, the invention encompasses methods for treating tooth decay
comprising contacting a tooth structure in a subject in need thereof with an effective amount of a

bioactive and biocompatible glass and a desensitizing effective amount of a potassium salt.

[0018] In another embodiment, the invention encompasses methods for remineralizing enamel
comprising contacting a tooth structure in a subject in need thereof with an effective amount of a

bioactive and biocompatible glass and a desensitizing effective amount of a potassium salt.

[0019] In another embodiment, the invention encompasses methods for incipient caries

remineralization comprising contacting a tooth structure in a subject in need thereof with an



bi oacti ve and bi oconpati ble glass and a desensitizing effective anount of a
potassiumsalt. [0017] In another enbodi nent, the invention enconpasses

met hods fwoO 2010e:d5030g t oot h decay conprising contacting &CTaskeooLye8€t ure in
a subject in need thereof with an effective anobunt of a bioactive and

bi oconpati bl e gl ass and a desensitizing effective anount of a potassium
salt. [0018] In another enbodinent the i nvention enconpasses nethods for

rem neralizin | co r ontactin tooth structure in a s bj ect
T 2L 0, SPLEl L COPLL NG, COM AL 00,2 Lot SLLUGHULS, L, 2508] o0
gIaSﬁx@ﬁguﬁlgﬁsenS|t|Z|ng effectlve amount of a potassiumsalt. [0019] In
anot enbodi ment, the invention enconpasses nethods for incipient caries

rem qsgfdr] emghbﬁg%&%@g@mn&eq%ﬁ% 1o aafsgeqtnbetﬁéds%; SEBJ% ﬁs&lressqmtﬁcfifl in

need aneffective anount o oactive an oconpati bl e gl ass
and atgesenciniprsincontdceaag aveothsmudttiredh agulpettds sieetmhsslof with@2fffecdive anot her
enbodi nent, the invention encqonpasses nethods for sealing flssyres in tooth
st r ucknpust e%%blroa%tlvregmé@mca&naﬂble 359 80ha desenitizing effﬁctavesq&m@ép #n need
therg% gn effective amount of a bioactive and bioconpatible glass and
a de n5|t|2|ng effective amount of a potassiumsalt. [0021] In one

enbocci[ Iﬁ};gtln onQ% gl?r{%tht(?h IR gﬂ%a%%g%ﬁas[%&t 4 1?86%c %.EB%@OBE ‘f}{}ﬁdlﬁzgcgnudl ng an

ef f ect aount cium an esensi

ef f ecdfiev@vadrount oﬁf:alaluﬁﬂérﬁlslﬂio@plheﬁ@édlts ah@@ﬂ&]enlsﬂtlzﬁﬂg@ff&éﬂiv@eﬁh@dit oent, the

i nvention enconpasses nethods for treating dental hypersensitivity
conpﬂﬂﬁﬁﬁgnb%ﬁiactlng one or nore hypersensitive teeth in a subject in need
thereof with an effective anmount cal ci um and phosphate salts and a

des eriQDZZ]zInraQO@fmf gubédimentrtherinvention epmmsa;m@m fof G@EBIE dentahnot her

enbodi f nvention n§asses ods or aly,least g%rt al

occl pﬁfde‘bséth‘fl yncof%ﬁl“e%scoé‘gaﬁ%?% I'ng" QBT 8?55%’&?‘ i SC%’BGF hehin néed ject in
need thxebeRfth wh tffe@lve amount calcium and phosphate salts and a desensitizing effective

amount of a potassium salt.

[0023] In another embodiment, the invention encompasses methods for at least partially
occluding dentin tubules comprising contacting said tubules in a subject in need thereof with an
effective amount of calcium and phosphate salts and a desensitizing effective amount of a

potassium salt.

[0024] In another embodiment, the invention encompasses methods for preventing tooth decay
comprising contacting a tooth structure in a subject in need thereof with an effective amount of

calcium and phosphate salts and a desensitizing effective amount of a potassium salt.

[0025] In another embodiment, the invention encompasses methods for preventing incipient
carries comprising contacting a tooth structure in a subject in need thereof with an effective

amount of calcium and phosphate salts and a desensitizing effective amount of a potassium salt.

[0026] In another embodiment, the invention encompasses methods for remineralizing enamel
comprising contacting a tooth structure in a subject in need thereof with an effective amount of

calcium and phosphate salts and a desensitizing effective amount of a potassium salt.

[0027] In another embodiment, the invention encompasses methods for sealing fissures in tooth
structure comprising contacting a tooth structure in a subject in need thereof with an effective

amount of calcium and phosphate salts and a desensitizing effective amount of a potassium salt.
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effective amount of cal cium and phosphate salts and a desensiti zing
effective anount of a potassiumsalt. [0024] I n another enbodi nent, the

i nventi orwenowvmpasses net hods for preventing tooth decapCrarspriodreegs
contacting a tooth structure in a subject in need thereof with an effective
anount of cal cium and phosphate salts and a desensitizing effective anount
of a potassiumsalt. [0025] In another enbodi nent, the invention

enco net.hods. f or ‘event | i ncipient capries conprisjng, caontacting
"t ool28f P dble Shhodime BB o PREPey FoloHh s el O hount | of
cal ci ycand c&h@ﬁﬁh%b&t&@iﬂgsa 1@6th strud@seinsd dubfdchbh el @edréofaviamiiéttecaife a
potassiumsalt. [0026] |n another enbodi nent, the invention enconpasses

met hoarwopmof cagivmeans Phosphptesmirend eseprniskizing dbativcaneyntaf e potapsismsalét ur e
in a subject in need thereof wth an effective anmount of cal ci um and
phospHH¥R28] brdrtotheanmhbadidesgrikd inventng ekbmptdisvematods for dinirg tpothatwiwm sal t .

[0027] In.anot her .enbodi t,. the invent.ion conpasses t hods for sealing
[ ooubauPTRg HORaSE Ader b B sl st HEe CB st IR & POt eEU P AT oF -
subj egdiciufh MAGMosEMRILA s Whd B deRngiikiag ke RNt 6f a pethsiumsand phosphat e
salts and a desensitizing effective amount of a potassiumsalt.[0028] In

anot hyosGTROMHIRY EmbBH‘i%ein'E!%ﬁ@%@&i&%@%@é&@im@&%ﬁ?ﬂa? cafffing g@li)ic'agl Pistg 1 0
tooth structure conprising contacting a tooth structure in ubject Tn
need thedeinf avbdth sanctefefieatsubecainogeed thefeod aliti amffetdveirosphiat ealsaht andand a

desensj tizing effectjve amunt of a potassiumsalt. [0029] In another
erbodPhRBat BHs A S HIZE RS HYS OHRR ARSI 12 ing tooth structure
conprising contacting a tooth structure in a subject in need thereof with
an ef {(E'étl?kbarmﬂm ambegdimeat.dhevanippgnsspRatses Bgthods fdreatingesstriciira it
effecti tﬁe&%’ﬁé‘etd Rlredy ﬁ%% ﬁé@b&b@taﬁ%} -esl Q95Hsid ”co%?a%hﬁgﬁt%i??ﬁ"f&ﬁﬂémtﬁ he

i nventi of enconpasses net hods T or c§p i hg pul1|§ conprising contacting a

t oot hastffertive amoufit ¢f calehjreahd phospasd shlweandaf desenshtiAumg efféctivt ameumraiunt of
cal ci um and phosphate salts and a desensitizing effective anount of a

pot asBPEHWASAUL [ 0031] In another enbodi ment, the invention enconpasses

met hods for treating tooth structure in ]
[0032] In another embodiment, the invention encompasses methods for preventing tooth decay

comprising contacting a tooth structure in a subject in need thereof with an effective amount of

calcium and phosphate salts and a desensitizing effective amount of a potassium salt.

[0033] In another embodiment, the invention encompasses methods for treating tooth decay
comprising contacting a tooth structure in a subject in need thereof with an effective amount of

calcium and phosphate salts and a desensitizing effective amount of a potassium salt.

[0034] In another embodiment, the invention encompasses methods for remineralizing enamel
comprising contacting a tooth structure in a subject in need thereof with an effective amount of

calcium and phosphate salts and a desensitizing effective amount of a potassium salt.

[0035] In another embodiment, the invention encompasses methods for incipient caries
remineralization comprising contacting a tooth structure in a subject in need thereof with an
effective amount of calcium and phosphate salts and a desensitizing effective amount of a

potassium salt.

[0036] In another embodiment, the invention encompasses methods for sealing fissures in tooth
structure comprising contacting a tooth structure in a subject in need thereof with an effective

amount of calcium and phosphate salts and a desensitizing effective amount of a potassium salt.

-5-



a subject in need thereof after periodontal surgery conprising contacting a
tooth structure wth an effective anount of cal cium and phosphate salts and
a desensiwpzorglied3becti ve anount of a potassiumsalt. [©®032]S2010/029%84 her
enbodi ment, the invention enconpasses nethods for preventing tooth decay
conprising contacting a tooth structure in a subject in need thereof with
an effective anount of cal cium and phosphate salts and a desensiti zi ng
effective anmount of a potassiumsalt. [0033] In another enbodi nent, the
i nventi on enconpasses nethods for treating tooth decay conpri sing
contacting a tooth structure in a s&)\;ect in need thereof with an effective
Xkl

anount of cal ci um an@RIKISBESCRIFI HERBAWINGS| ng ef fective anount

of a potassiumsalt. [0034] In another enbodi nent, the invention
encorffe¥H dsguretl hi@;i@tﬁtbc rgsglis n%xcanmmg n@mmmroww of denigpat smpdet tresgeda t oot h

structure in a. S t% ntneed herrg w th an effective anount of cal cium
and phGSPEHARE! koéllsf’ AgVAUGRIERET £F forkéarg?LF%ctl ve amount of a potassium

salt 35] In not h ment , e invention enconpasses nethods for
i nci dpé:ﬁﬂ Fd&ﬁ“?é Pt tﬁ%f%?”ﬁ%a o Vé’é PIIEFRPIEDHT L1 qpféergn%%‘ﬁ RPEmALct ur e
In aplﬁbﬁ%h%% d&o%@é}»téﬂ?@%ﬁ@s‘f 1eVeIBr %Bl@éécﬁﬁidnvﬁt%mwt of cal ci um and

phosphate sa tS and enS|t|Z|ng ef ect|ve anount of a potassiumsalt.

003501l ARG ST BINALIR L o hle SAENL BB SRCOTRARSERITT RATS Lot 2ol T g

fissures'in truc ure conprising a toot tructure In

bj . h f t t d_phosph t
ool 0 LGRS BRI rulef ?ﬁ%%%v&tgﬁ%%ﬁ?%”?g@ Witk BN D BouRAgRR " ©
DESCRIsPId bhdnall ikn -G8 M1 ELR3thpadik 06t 1 ICSIEBER et H@créfe%yi{ iMaRE scanning

electron m crosco% of dentinal sanples treated with conmpositions of the
i nventligrate/Npwangin mre@pormﬁmiésrbqom%ﬁ]ff@i glAE42 sdispi Thestop lige rapsesents of an

d h | bi [ d
bi o- ALEAL A GARARF s ARG it on bf Tubures o

DETAILED DESCRIPTION OF THE INVENTION
General Description

[0041] The invention generally encompasses dentifrice compositions including an effective
amount of a bioactive and biocompatible glass or a combination of a calcium and phosphate salt;

and a desensitizing effective amount of a potassium salt.

[0042] In certain embodiments, the potassium salt is potassium bicarbonate, potassium citrate,

potassium chloride, or potassium nitrate.
[0043] In certain embodiments, the bioactive glass is calcium sodium phosphosilicate.

[0044] In certain embodiments, the bioactive and biocompatible glass has a particle size range of

less than 90 um.

[0045] In certain embodiments, the bioactive and biocompatible glass has a particle size range of

less than 70 um.

[0046] In certain embodiments, the bioactive and biocompatible glass has a particle size range of

less than 50 pum.



[0039] Figure 3 depicts the acid resistance of the two systens set forth
herein, as tested in vitro. [0040] Figure 4 depicts the results of
conduct arwe 2expsiaent s wi th 10% Novam n t oot hpast e vs. PCOMS0i02ead
non-occl usi on silica toothpaste control. Confocal |aser mcroscopy inages
illustrate Novam n dose response and the boosting effect of AC43 silica.
The top line represents Novam n, the bottomline represents the control

sanpl e. DETAI LED DESCRI PTI ON OF THE INVENTICN g Descr.i tjon 00%1]
The' | 0T Inserge semaing i dspaasie A RCPPPERTE SRERS A BHLCF At
effeqt|Vﬁ? %?unt of a bioactive and bi oconpatible glass or a conblnatlon of
a cal &L 5hosphate salt; and a desenS|t|Z|ng effective anount of a

pot assi um sal t . n certal i ment s ptass

pot as@p% IlS‘l ‘385?18(? élm%’& HSHIgas ’cvetapggbo COWB?%%@ |g ?‘ﬁ ao}?arya]e §lze T (%%asm um
n|trq%& ﬁéhlln certain enbodi nents, the bioactive glass is caIC|um
sodlun1p osphosilicate. [0044] In certain enmbodinents, the bioactive and

o oo U LR TR SRR el D00 R Pl RES]

si ze Langen 86 hpss than 70 mm [0046] In certaln enbodi ments, the bioactive
and bloconpatlble gl ass has a particle size range of |ess than 50 mm [ 0047]

In Ce@bgb Neped mtdﬁn?&tb%h@ha%mrﬂ@m@fgq;r@e%grmaaamo%eom 298, a8 18 wt.

parti I'ze range o ess I'n certain enbodi nents, the
bi oac%baeecﬁdildthbltmabwnghtdiﬂthe gbrapssitias a part| cI e size range of |ess than 30
mm [0049] In certain enbodi nents, the bioactive and bi oconpati bl e gl ass

has ajgs1f Itdeframl chfbddan&es,ahe potassium salt is present in an amount of 1 wt. % to 5 wt. %

based on the total weight of the composition.

[0052] In certain embodiments, the potassium salt is present in an amount of 2 wt. % to 4 wt. %

based on the total weight of the composition.

[0053] In certain embodiments, the potassium salt is present in an amount of 3.75 wt. % based

on the total weight of the composition.

[0054] In certain embodiments, the bioactive and biocompatible glass includes the following

composition by weight percentage:

Ingred. wt. %
Si0, 40-60
Ca0; 10-30
Na,O 10-35
P,0s 2-8
Cal, 0-25
B,0s 0-10
K,O 0-8




| ess than 20 nm [0050] In certain enbodi nents, the potassiumsalt is
present in an anmount of 0.1 wt. %to 10 wt. % based on the total weight of
t he conposO20LI5E30051] I n certain enbodi nents, the pot ETiUs019mb9684 S
present in an anmount of 1 wt. %to 5 w. % based on the total weight of the
conposition. [0052] In certain enbodinents, the potassiumsalt is present
in an anount of 2 wt. %to 4 wt. % based on the total weight of the
conposition. [0053] |In certain—enbodients,—the potassiumsalt is present
in an amount of 3.75 wt.| Y9hasad on twe %otal weight of the conposition
[0054] In certain enmbodijments,_1he bioactive and bi oconpati bl e gl ass

i ncl udes the foll ow ng cqqg95|t|on @y wei ght| percentage: [0055] In certain
enbodi nents, the conposiltion is a fincorporatjed in toothpaste, glycerin gel
or nout hwash. [0056] In certain enbodi nents, the bioactive and

bi oconpati bl e gl ass incl udes an effective dentin t ubul e occl udi ng anount of
parti ess tha In.certain enbodi.nents, the bioactive and
D bcoMIERI BT eIt RiBrUaEe Smas PUH 1 yan AR BB BPestee BB GE S Rbunt | of
parti gloagwLgsS than 2 nm [0058] In certain enbodi nents, the conpositions
further conprise one or nore sources of fluoride. [0059] In certain

enbodj e i terial
agentL‘mg ngé?gﬁl certa%ﬁkgngb{%ﬁ%ﬁugmqgﬁR%g%ﬁ Qﬁtlons 4 ?%@%agﬁnprlse
one odaﬂnnﬁbMabtanmﬁQaﬁmQMxﬁgﬁmmﬂmﬂEQQE&i5uﬁLcertaln enbodi nents, the
conpositions further conprise one or nore structure

[0057] In certain embodiments, the bioactive and biocompatible glass includes an effective

dentin tubule occluding amount of particles less than 2 pm.

[0058] In certain embodiments, the compositions further comprise one or more sources of

fluoride.

[0059] In certain embodiments, the compositions further comprise one or more antibacterial

agents.

[0060] In certain embodiments, the compositions further comprise one or more tartar control

agents.

[0061] In certain embodiments, the compositions further comprise one or more structure

building agents.

[0062] In certain embodiments, the bioactive and biocompatible glass is present in an amount of

0.1 wt. % to 20 wt. % based on the total weight of the composition.

[0063] In certain embodiments, the bioactive and biocompatible glass is present in an amount of

0.5 wt. % to 15 wt. % based on the total weight of the composition.

[0064] In certain embodiments, the bioactive and biocompatible glass is present in an amount of

1 wt. % to 10 wt. % based on the total weight of the composition.

[0065] In certain embodiments, the bioactive and biocompatible glass is present in an amount of

3 wt. % to 7 wt. % based on the total weight of the composition.

[0066] In certain embodiments, the bioactive and biocompatible glass is present in an amount of

5 wt. % based on the total weight of the composition.
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bui |l di ng agents. [0062] In certain enbodi nents, the bioactive and

bi oconpatible glass is present in an anmount of 0.1 w. %to 20 w. % based
on the toveal2oweilgisy of the conposition. [0063] In certaPoTArsR@adionsss s, the
bi oacti ve and bi oconpatible glass is present in an anmount of 0.5 wt. %to
15 wt. % based on the total weight of the conposition. [0064] In certain
enbodi nents, the bioactive and bi ocorrpati bI e glass is present in an anount
of 1 b&) (Vfto 10 wt. %based on the t g]gl f the conposition. [0065]
' celtbiThinaspamcRtindinenin dhe bigagtied frﬂfompa ﬁbwe%jrlaglsam AnQykgent in

an ampyrd;, ‘%fbag'ed’\énthe/ot&tgl \Zep@zt ofhO8SRFoRod Ne t ot aI wei ght of the

composi tion. In certain enbodi nents, the bioactive and bi oconpati bl e

gl ass@bﬁsﬂn cﬁggéﬁﬂhoﬁﬂr&%{{g‘fﬂé c n%& JY&S dégct?%?,%ﬂex%ﬂl &r?‘ﬁséﬁﬁf fﬁ'naéfiﬁéc%% of the

conposi tion ain e I ment e Dbroacti |oconpat|ble

gl asstréasinpidestahtiypersengitiaingundth@fs fér &t ledst paftibids ectlading Hﬁlttrﬁhbulem@hkﬁdsOf t he
conposi tion [0068] In certain enbodi nents, the conpositions described
her ei §or RreyeRisngrtapthidecays mpshrdsrer PreyeMing iBCipieAt C@Hl?ﬁyﬁ@ﬁ@éﬁ&rﬁwqeyahm hods

for at H%?%etﬂ@dstfb%é iyl 19%(91[3 el U RS fSFRER [s Vent ing

n& arlng ?1
t oot h decdy; net hods preventing I ncipient carries;
rem nﬁmturz;lmgh@d\ﬁxrrﬁhmgrtebt&n@dmmm nseladdsrigr dappsigrpadp; |nmeth<mstfbr Séatmgttwtb'

met hods for fng pits in th structur met hod for lining tooth

st r uctiTHeRIre: r%?tﬁwlfsfglf BreVeU s tﬁ%‘%FSEF KRS P et CRY PEARMISLOT uct ur e;
met h ﬁn{)é?ﬁhi?ﬁ%é’ il Qﬁet&l@&g for AR ¥nt C%%%%ll?é?glliaEIGH’tlh%O&%} RefiGEaY;

met ho nerali zi ng ena |nC|p|ent cari es

r em nssatds zmtdodnstrurirércohs chomistiahs thgrdoif.ssures in tooth structure; and
conbi nati ons thereof. [0069] | . Conpositions of the Invention [0070] The

pr es eyl eDdripositine O desinagntdhal care conposition and net hods for
adm nistration or application to, or use with, a human or other ani nal

subj em070]TE: SREER0fiveh@RSprelide 8 oral care composition and methods for administration
or application to, or use with, a human or other animal subject. The compositions of the
invention include a biocompatible and bioactive glass and a desensitizing effective amount of a
potassium salt, which compositions are useful in, for example, enamel remineralization, incipient
caries remineralization, carious dentin remineralization, caries prevention, arresting decay,
reversing decay, anti-caries, pit and fissure sealants, prophylactic pastes, fluoride treatments,
dentinal sealants, and combinations thereof. Without being limited by theory, it is believed that
the compositions of the invention are capable of providing a bioactive layer that will form a new
structural layer, which is a lasting remineralization of tooth structure. This can be verified by the
reformation of a hydroxycarbonate apatite layer on dentin surfaces after treatment with
compositions in accordance with the present invention with Fourier Transform Infrared

spectroscopy (FTIR).

[0071] The oral care compositions of the invention can also be included, for example, in
toothpastes, mouthwashes, liners, bases, gels, and restorative material, for example, packing or
indirect pulp capping agent. If the compositions are toothpastes, the composition can be
delivered from a single or dual tube. The single tube option utilizes non-aqueous technology to
deliver the occlusive ingredients so that they will precipitate on the tooth surface upon exposure

to water/saliva in the mouth.



invention include a bioconpatible and bioactive gl ass and a desensiti zing
effective anobunt of a potassiumsalt, which conpositions are useful in, for
exanpl e, woansl116@mi neral i zati on, incipient caries renm RETAIS2OANRBRY
carious dentin rem neralization, caries prevention, arresting decay,
reversing decay, anti-caries, pit and fissure sealants, prophylactic
pastes, fluoride treatnents, dentinal sealants, and conbinations thereof.

Wt hot!:)bg?f AQ gefclerirég t%%%reg%, eatngf)(r)ag)éarei ctgln{r?émglgh’l’ Fsva%d.c%rr}l%%)siﬁgg t}faﬁ gSPS(l)lls[Iat%llF ns of

. . Iy
the i 1on are capa rovi loactive | ayer W ?OI’ ma

new sidmigistt@dn dregp@licatitfite thd GraBedvars off Aumaiion efiadal Zeljé@for@nhb@hhithe
structure. This can be verified by the reformation of a hydroxycarbonate
apat i haalthaixgiensor geprarance of thecabiegt farexamales piontding benedisnivel pt:itbhs i n

accor - W <t nvent | i ri f ed

spect os%glgﬁnoi Eﬁt%%.npf%%%ﬁdl e&dm;1 éa?l?(li!ecr \grftéﬂctg%g’o Lﬁlsl’ %@B% &{ﬁ}éérirhr? \F/cg(llilrt ion can
al so fft tig’ad olihd ord] 0fiviey @pbrevention od Gtitprat €8 syRRuiibvasdiesn of disats:; tHeases,
gels, and restorative material, for exanple, packing or indirect pulp

cappi PrgVisiparaf senspryt. Hecaralisoicopmpdc benetits anchermbiaationsiberedfposi ti on can be
delivered froma single or dual tube. The single tube option utilizes

non- al§ld3lusompesitiwisdgypcaosdansk wi@rthe nvenide! arsialse Uselgh dthe frestment ohat  t hey

will precipidate.o he tooth surfac n_exposure to water/saliyva in the
rout rF RGP AR Sul Sk PR bt Ept PRI il Rl ekl
conpothd ¢dpdshvhs b aetivé abﬂr@tﬂ‘ng lvaAEhil dHfEdiy &kbQfte@fvigRPVdrieat dfdent0 abdne or al
cavity of a human or ani mal subject for enhanC|n§lthe heal t h, hygi ene or

appearthercengitionh andsagjadlytchemigallyaadphisicably dwnditn Gieiepibftherebisigannesalizipge
preveptjon.ar treatment of a condition or disorder of the teeth, guns,
mucosa or other hard or soft tissue of the oral cavity; the prevention or

t t f tem i ti, i der; th I.Si f ,
decor I e Ror e Eth it h e R s P Rerftiat e Teisnasmy datmsic o ¥
Conpogbil Rificd. MIRCRANMSBRCES Widtdkyapaitt BYERS Wah e’p&udd S Bisafiik gldist he
treatment of surfaces after periodontal surgery to decrease dentina

sensi eampasitioarid aqureusnsdutionss Mitheutbeingdimited by theory, it is believed that the
sodium ions (Na") in the bioactive glass exchanges with H" ions in body fluids causing pH to
increase. Calcium and phosphorus then migrate from the bioactive glass forming a calcium-
phosphorous rich surface layer. An underlying silica rich zone slowly increases as the sodium
ion in the bioactive glass continues to exchange with the hydrogen ion of the solution. After
time, the calcium-phosphorous rich layer crystallizes into a hydroxyapatite material. Collagen
can become structurally integrated with the apatite agglomerates. As hereinafter referred to, an

effective remineralizing amount is any amount capable of forming hydroxyapatite.

[0075] The term “remineralizing effective amount” is an amount of hydroxyapatite effective to

cause remineralization on a tooth surface.

[0076] As used herein, the term “a tooth structure” refers to any feature or features of a tooth
including but not limited to enamel, dentin, pulp, tooth root structure, cementum, root dentin,
coronal dentin, and any dental manufacture or combinations thereof. As referred to herein,
“tooth” or “teeth” refers to natural teeth, dentures, dental plates, fillings, caps, crowns, bridges.
dental implants, and the like, and any other hard surfaced dental prosthesis either permanently or

temporarily fixed within the oral cavity.

[0077] 1. Bio-acceptable and Bioactive Glass
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The conpositions are active in treating various defects associated with a
variety of dental and other conditions and actually chemcally and

physi cal Iwokor 15639t he t oot h t hereby rem nerali zi ng toorhTAtSemo0eye84 [ 0074]
As referred to herein, the term"remneralization” is the formation of

hydr oxyapatite on a tooth surface. The formati on of hydroxyapatite begins
w th exposure of a bioactive gl ass corrposi tion to aqueous sol utions.

Wth i lim ed t heor bel.i eved t hat the sod i ons ( Na+)
i ¢ a] o R R AR B TR SFs Bty B AT e Rus ng b 1 &
I NCr e3sRtivEplasiedm and phosphorus then mgrate fromthe bioactive glass
form ng a cal ci unphosphorous rich surface |layer. An underlying silica rich
zone (908l y Bnicshdabiescegptablecand dvagtive slassen erh’éeBﬁWGBYWOQF%@chﬁt&Tmues to
exchan t he h dr.ogen i g l.ut i-on f 1 t
cal U BHG naranaeRie AR pBRrEl cherBi R SRR 105t f b oo s amtiter i
Col | 38 @bcdzddhch f5ONRe ﬁie%éfﬁﬁnWeﬂhblY Ilﬂér%garnﬂioﬂﬁn&htt the tdh@tlfa:pabbmgosa@@i ofhae at es.
As hereinafter referred to, an effective rem neralizi ng anount is any

14

armumresgammréw@flncflad%adgowcrﬁ 8RY hipacsopkablg gasss In e embedimepb fither al i zi ng

ffectiy g
oL SRSt SaPRar RN LAV SRALLS BRI U SRERNSE .
t oot hindludesadaleien sodifi@rphobghoailicafedatnamoont ra@atiuy es %to 20 twc%h In ogd udi ng but

not Ilmted to enanel, .dentin, pulp, tooth root structure, ntu r oot
dent  §badypeiHathe a@ﬁp?w%mh&ﬁw%@ﬁmaﬂo Heh phosphet cass mcaélr?élal 18Rs>-P her eof .

AS re%es ngt‘gt @er '(Ql'e en{b%(afria'ent%e cgﬁggs}tlor{ ﬁl fldes %2901 ﬁ{[sl(')'aﬂl teeth,
dentures nt al ates I ngs, caps, crowns, r| ent al |an ants,
and tﬂi@s;bholsmcatanniaraamoomthﬁ”rlor\atr. th.surfaced dental pr ost heS| s either
per manently or terrporari ly fixed within the oral cavity. [0077] 1.

Bi o- t abl.e. and, Bi oact e ass .007 The conpositions the invention
Comer IR o SHiveHE BiRaCalablsandyor det £ dtssn e T B sappogigrdigdie’ fOr

40 wt. % to 86 wt. % of silicon d10x1de (8i0y); from 0 wt. % to 35 wt. % of sodium oxide
(Nay0); from 4 wt. % to 46 wt. % of calcium oxide (CaO); and from 1 wt. % to 15 wt. % of
phosphorus oxide (P,Os). Preferably, the bioacceptable and bioactive glass includes: from 40 wt.
% to 60 wt. % of silicon dioxide (SiO,); from 10 wt. % to 30 wt. % of sodium oxide (Na,0);
from 10 wt. % to 30 wt. % of calcium oxide (CaO); and from 2 wt. % to 8 wt. % of phosphorus
oxide (P,0s). The oxides may be present as solid solutions or mixed oxides, or as mixtures of
oxides. Exemplary bioacceptable and bioactive glass suitable for use in the present invention
include NovaMin®, which has a composition including 45 wt. % of silicon dioxide, 24.5 wt. % of

sodium oxide, 6 wt. % of phosphorus oxide, and 24.5 wt. % of calcium oxide.

[0081] In one embodiment, the composition of suitable bioacceptable and bioactive glass
may also include: CaF,, B,Os, Al,03, MgO and K,O, in addition to silicon, sodium, phosphorus
and calcium oxides. In certain embodiments, the range of CaF, is from 0 wt. % to 25 wt. %.

The preferred range for B,Os3 is from 0 wt. % to 10 wt. %. The preferred range for Al,Os is from
0 wt. % to 4 wt. %. The preferred range for MgO is from 0 wt. % to 5 wt. %. The preferred
range for K,0 is from 0 wt. % to 8 wt. %.

[0082] In certain embodiments, small-particle silica boosts efficacy and is a useful pH adjuster to

bring down alkalinity caused by, for example, Novamin.
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[ 0079] Suitable bioacceptable and bioactive glasses for use in the

i nvention include, but are not limted to, an inorganic glass materi al
capabl e ovoforomiisggoa | ayer of hydroxycarbonate apatite POTASCca0M29%8€ W t h
the present invention. In one enbodinent, the dentifrice conposition of the
present invention includes a bioactive and bi oacceptable glass. In one
enbodi nent, the conposition includes cal cium sodi um phosphosilicate. In one

enbodi t, t onposi tion .includes | ciym sodiu hosphosi ljcate in an
ORI TelGREm Gt OB e o 9 cepigt A B A e d A eT it o

i ncl ugescieithé€ ha thO désied RRISRAS bt pfophlattic éfecaiPBBhufaf®t RHvikrWhimdo to 15
w. % In one enbodinent, the conposition includes cal ci um sodi um

phos phibiset fogehaen the aghvaissdntinigfereto withoutosndpe adeysesida efbicts (sideasdepciabl e and
bi oacti.ve gl asses. nay have compositi ons .incl udi,ng: f 40. W, %1t0.86 wt.
o of itiaf o A0S Sic TR HRAPREA SR o LM Sendf Tk #iciney s il

(Na2Ghe nfabhfen of thik inviéntiéh. AGieWpecifie offedtiak aindihowilDear{ Ga@sucf@tdrs @Mhe Wt . %
to 15 wt. % of phosphorus oxide (P205). Preferably, the bioacceptable and

bi oadtartalagicasditipnbeing digatedy thenphpsical conditien glthgsubjggtothe sipture incoacwxit e

30 whegpb ARt B spc actiellye oIS ARIOAE, SRk BT dnblee, of L

oxi dedesired)sage Eamaxi des may be present as solid solutions or m xed
oxi des, or as m xtures of oxides. Exenplary bioacceptable and bioactive

gl assjoasu|t B! Bod@ive g&@sésr@>ftﬁbeinp&%ﬁg;mdiae/@fnéfiﬁ@aciblﬁscﬂnu@ﬁaﬂ\i@vﬁi\éra&tr&n, wigpi ch
0

has a conposition including 45 wt. of silicon dioxide, 24.5 wt. % of

sodi uhe totlsirucgiret A Bipempsiibiptlatsus aesordince aidh the inyengion Boooe thaale¢sunot oxi de.
nbodi ment, the conposition of suitable bioacceptable and

bi oadtebd B asE Rt ude Car2, B O, Al 20, MO and K20, in
R W W TR P T R LN AL
ir Sn?repgfxni?éle B2&Bark PadicOHY udbful 1 ikatin® thidabo¥e-mbRBoRIdedontiRs.'peeigichipy, Al 203

surprising results are obtained by the compositions of the invention where small and very small

particles are combined. In certain embodiments, for example, the bioactive glass portion of the

compositions include small particles that are capable of bonding with tooth structure (e.g., less

than 90 microns) as well smaller particles (e.g.. less than 10) are used in combination, the larger

of these particles adhere to tooth structure and act as ionic reservoirs while the smaller are

capable of entering and lodging inside of various tooth structure surface irregularities.

[0086] In one embodiment, bioacceptable and bioactive glass suitable for use in the present

invention is particulate, non-interlinked bioactive glass. In one embodiment, the glass has a

particle size range of less than 90 um. In one embodiment, the glass has a particle size range of

less than 70 pm. In one embodiment, the glass has a particle size range of less than 50 um. In

one embodiment, the glass has a particle size range of less than 40 um. In one embodiment, the

glass has a particle size range of less than 30 um. In one embodiment, the glass has a particle

size range of less than 20 pm. In certain embodiments, the particle size of the bioactive glass

portion of the compositions is less than 20, 10, 5, 4, 3, 2, 1 micron.

[0087] In an embodiment, a glass has a median particle size between 0.5 pm and 90 um. In

another embodiment, a glass has median a particle size between 0.5 um and 70 pum. In another
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Owm. %to 4 w. % The preferred range for MJOis fromO w. %to 5 wt. %
The preferred range for K2ZOis fromO w. %to 8 wt. % [0082] In certain
enbodi merwe,20ewmmabi39particle silica boosts efficacy and PSTAISaGIOHd68pH
adjuster to bring down alkalinity caused by, for exanple, Novam n.[0083] An
"effective" anmount of the bio-acceptable and bioactive glass is an anount
that is sufficient to have the desired therapeutic or prophylactic effect

in the h I i mal ject . to wh th i i i ni st d,
it h GO el 06 2 SR b S 7 SO0 S KR e ) KPR aBPon. or
al | er&ﬁ%dhﬁéﬁ%‘%lg%s’ha AHR gﬁﬁﬁﬁaemzme%reﬁ@%om%a Bepeihthbigk ratio when

used 1 n the nman 0 venti on. e specific effective anount w |

vary embodirBért/a flagtior a ealidlgarpée kize beavees Oridjihiaad 30ginmdntahe@ted, the
physi cal condition of the subject, the nature of concurrent therapy (if
any) ,embodingicd glass hue rinedianseatticle sze dpeicn 06 wosagdaOfton.nn anptbecar ri er

enpl oyed, .. and t ired.d i . [.0084 bi ti I f
S, ST ON, Gy TS AR ATy PRte 517e bRRRER 0 Land Ttk dBEREReuct bt he
t oot r r i .l i i i ti i
b, ot Eelodt 1 ATOTRA b ATl B 3Bddln BUCIRAT M ifhubltey MVENLT A7 1S

Wi t h dnitedimsted glags has b thatabgaticlt elzp betvitrh 0 Eacihtivieud) mssothedf specifi ed
particle sizes are particularly useful in treating the above-nentioned
condiembedgnergpeglass hea linyedianpasti¢lsisirg bevggh s> ameand Bt i nlacinbihet he

conposi.ti,ons of the invention where small very .smal articles are
combi PP HHIA S &8 %V?@F SEEPCRYES nSS&mtaﬁ meaa"mpw@em ass portion
of t it i Kt t,.ar a ondi ng

it EASRIRER, 4 B ATk BB e B G e o T el e
(€. 9.emodgBerth@gladshas anedi@ephrticle sREReBaLd 00m thBgrdud @akiseig sth®sanparticl es
adhere to tooth structure and act as ionic reservoirs while the smaller are
capahire, DRmedar drignandm ddgimgnd A8ikge of various tooth structure surface
irregularities. [0086] In one enbodi nent, bioacceptable and bioactive gl ass

sui t a[Bb§8]f18rceH§ig eimrl])oghhmeen sr, Seelggger of these particles (e.g., less than 90 microns to less
than 20 microns) provide a reservoir of additional calcium and phosphorous so that the
mineralization, or depositing of the calcium phosphate layer begun by the small particles (e.g.,
less than 20 microns to less than 1 micron) can continue. In certain embodiments of the
invention, additional calcium and phosphorous can be leached to all tooth structure as well as to
particles, which have become attached to the inside or at the openings of surface irregularities of
tooth structure such as dentinal tubules. This in turn provides for continuation of the entire
reaction and continued growth of the smaller of these particles, which have lodged inside or over
the openings of such surface irregularities and can result in effectively coating or filling the
surface irregularity. This excess concentration of ions of calcium and phosphorous allows
reaction of the smaller of these particles to take place because the smaller particles quickly
exhaust their ions because of their relatively high surface area. The larger of these particles will
react and release their ions more slowly as a longer term effect. Furthermore, the larger of these
particles will mechanically abrade the tooth surface opening various surface irregularities

allowing small particles to enter and react with the surface irregularity.

[0089] This effect is very beneficial in a variety of applications. For example, in preventing

caries or decay, the compositions of the invention are capable of penetrating into the depths of
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invention is particulate, non-interlinked bioactive glass. In one

enbodi nent, the glass has a particle size range of less than 90 nm In one
enbodi nerwp 20tee11§03ass has a particle size range of | essPCmAS2x0/029684 | n one
enbodi ment, the glass has a particle size range of less than 50 mm 1In one
enbodi nment, the glass has a particle size range of less than 40 mm In one
enbodi nent, the glass has a particle size range of less than 30 nm In one

enbodi ment, the glass has.a panticl i | n

cort diss e s d el b PR R Mgk S RO S P BRs EREDeAR BL"
the ooRRRSIS HRARS i§ SHik &S groweer lhautling Bs stéred3on Rypply. Mikéy iealso[VeHBBKERUlN an
enbodi nent, a glass has a nedian particle sjize bet,vveenlgséqsbmr}’m nd 90 nm In

anot hrescaling pids anshiissusgs gindgsmpehsmarektstine pagd long lastiag s& 8%-0.5 nm and
70 mm | n anot herenbodi ment, a glass has a nedian particle size between 0.5
nm af@h9sP Theocdinsiomof these whilosileasnto, 2 Bignjfieans refhustion irelhie amopat efiserstivfy e

bet we

.5 d_40 | t her . di. gl : '
B e o i o N

a meivamiBdhs hfd 1Breet 2RnPStMRATHsGn GiaiTatange 2RdMM hak beanfuhéthaedtiodi ment, a
gl ass has a nmedian particle size between 0.5 nmmand 10 mm | n anot her
enbodbmbinationyigldsepantzelalynefficie parpeLtien. si ze between 0.5 mMmmand 5 nm In
anot her enbodi nent, a glass has a nmedian particle size between 0.5 nmand 4
nm  1[60%hdt betaieainbadiments, the big-asesptabls andrbietictive plast ¢ncoapassgeghiet ween 0.5
mmand 3 nm |.n anot her (ﬁﬂbodi nment atrsr%l ass Qas a nedian particle size

bet weamPESIEORRHCIHAIng thfollpping cqipgneRishy Weighls 4 gl ass has a nedian
particle size between 0.5 mMmmand 1 mm |n yet another enbodi nent, a gl ass
has a medi an particle size selected fromthe group consisting of 0.5 mMm 1

m 2 mm 3 mm 4rm1an 7.5 mmand 10 m [0088] In certain
embodi nents, the |arger| oflnghedse parmitcVes (e.g., | ess than 90 nmicrons to
| ess than 20 microns) previde—a—reservorr—of additional calcium and
phosphorous so that the|B8iMeralizad)dol, or depositing of the cal cium
phosphat e | ayer begun by—the-swall—partieles (e.g.,

Ca0, 10-30

Na,O 10-35

P,0s 2-8

CaF, 0-25

B,0; 0-10

[0092] In certain embodiments, the following composition by weight percentage encompasses a

bioactive glass:

Ingred. wt. %
S10, 40-60
Ca0O, 10-30
Na,O 10-35
P,0s 2-8
Cal> 0-25
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| ess than 20 mcrons to less than 1 micron) can continue. In certain

enbodi nents of the invention, additional calciumand phosphorous can be

| eached twoabio/tiemph structure as well as to particles, pamiusholoarssbecone
attached to the inside or at the openings of surface irregularities of
tooth structure such as dentinal tubules. This in turn provides for
continuation of the entire reaction and continued growh of the smaller of
t hese particles, which havetoedgedi+nside—or over the openings of such
surface irregularities armgogan resud-toi n efflectively coating or filling the
surface irregularity. This excess {concentratli on of ions of cal cium and
phosphorous al | ows reactlijgy of the ggaller of these particles to take place
because the smaller partlicles quickly exhaust their ions because of their
relatively high surface qﬁgé. The uﬁFger of {these particles will react and
release their ions nore|sltwWwy as |a Ionger tlermeffect. Furthernore, the

| arger of these particles wll nechanically abrade the tooth surface
opening various surface irregularities allowing snmall particles to enter
and react with the surface irregularity. [0089] This effect is very

benef [4093] i n a2vBpiretiymorltaphiicdaysnéf. For exanple, in preventing caries
or decay, the conpositions of the invention are capable of penetrating into
t he dEWOALThY potassyumpsalissif th inyemticaciaclude wgigr-aplublesoureasiof pyeisitinnipna

conti hued. suppl f .igns froml ar.ger nearh rticles.so,that i is able to
o MR BRI B8 Tl R NifE. BRI Bk, BhES R 4l Gty ot
seal i egnBinktsordMkrédfs SMitiasut baingd |Rnifaddy thesre, @b fv@ftérls%mb@é(}gbtmngn kast wAghseal

i s obtained. [0090] The occlusion of these tubules |eads to a significant

r educPioghcd prtassimpiens At difecd e AB expaspd (oodlf dentin. f or exanpl e, peri odont al
surgery. In certain enbodinents, a mxture of particles |less than two

m cr of¥998hth ¢estagegmbpddaments, pritassionssalts hdveatine tserpriaing efisetchf buildings been f ound
t hat %hi§ gpnbin€tig$ %jelds a particularly effective conposition. [0091]
In ceP THIHYEREOUYHRASSYSERL bi 0- accept abl e and bi oacti ve gl ass enconpasses

gl ass sitions including the follow ng copponents by weight: [0092] In
cert a[@ggﬁﬁb“cﬁ“ﬁﬂ‘rﬁn&?o ‘H%mFdE? BURPHY A SRIFSUF; S8 Wgﬁé?@ﬁ?s%‘é‘}ség fRge

ENCONRReRon i€ an amount effective for desensitizing sensitive teeth. For example, the potassium

salt is used in an amount, calculated as potassium, of 0.1 wt. % to 10 wt. %, 0.7 wt. % to 3 wt.
%, 1.5 wt. % to 2.3 wt. %, by weight of the composition.

[0097] 3. Calcium Salts of the Invention

[0098] The calcium salts of the invention include water-soluble sources of calcium ions
including, but not limited to, calcium chloride, calcium carbonate, or combinations thereof.
Without being limited by theory, the water-soluble calcium salts, which produce calcium ions act

directly on exposed tooth dentin

[0099] In certain embodiments, the amount of calcium salts in the compositions of the invention
is an amount effective for mineralizing teeth and/or blocking dentin tubules. For example, the
calcium salt is used in an amount of 0.1 wt. % to 10 wt. %, 0.7 wt. % to 5 wt. %, 1.5 wt. % to 4

wt. %, or 3 wt. % by weight of the composition.
[00100] 4. Phosphate Salts of the Invention

[00101] The phosphate salts of the invention include water-soluble sources of phosphate

ions including, but not limited to, sodium phosphate dibasic, calcium phosphate, or combinations
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bi oactive glass:[0093] 2. Potassium Salts of the Invention [0094] The
potassium salts of the invention include water-sol uble sources of potassium
ions inclwoizog/11603® not limted to, potassiumnitrate, [POTAS3IMRGBL T ate,
pot assi um bi carbonate, or conbinations thereof. Wthout being imted by

t heory, the water-soluble potassiumsalts, which produce potassiumions act
di rectly on exposed tooth dentin. [0095] In certain embodi nents, potassium

Syst diteyogboR ReBe PR SrbRtveBhe e Rt SRy F WEERE et (s ¢ e

CONMPQhvépHafrSiofd adt BRedtRVEdNpBEed BofieatiBunt ef fective for desen5| tizing
sensitive teeth. For exanple, the potassiumsalt is used in an anount,

cal cybgfeag as QQE@&aﬁh Hmbo@ifme%tsl tH¥amotnt Of ﬂ&ngﬁate AltsGn ?}[e"@omﬂé’sfti%négo

1.5 w. %t % by wei ght of the conposition. |um
Sal tsnv:ﬁfntlt)tn@ anrammt offec{tﬁe%q mifteeal zalgateermasddot blooklngtdenmmwmesoﬁor ncl ude

wat er - sol ources of calciumions i cludln imied t
cal ciUATER} |p§85ph8tﬁlS&FMS@QF%%Q’FlBum&f CIOW{'JI%I% @ O/Qﬁ@jel m) gﬁ Wgu{" bei ng

lim tl@w@)%*t@?%)/% @J@S‘O@t%rby&%l#m & thabsthpbigal. ts, which produce cal cium
ions act directly on exposed tooth dentin [0099] In certain enbodi nents,

the 36@%@? of gplci ‘!ﬂh&%?&dieﬂtsﬂﬂ%&@%&%&élg x%rlﬁt n{g@ﬁndrﬁve”“ on is an

anourit ective for mneralizing tee I'ng dentin tubules. For
ex arrﬂ()@l,(Mt] helncatainamisaliments, ths acn- aquea;us demlfnte afmlﬁ)asinomtof thé inwedtibrnwhay %

0.7 w ot05 1.5 wt. % % by wei of the
conpd&st deamy T‘@gfwﬁl% ve W@&W@y saide dopURE oo A[rwmg%tle The
phosphatige %@&ﬁyssu%bﬁe R JuRVEOHR Tyt e Yake SRIitNsGoSQUNiR &R iRfedtiagsPhat e
ions including, but not Timted to, sodi um phosphate di basic, calcium
phosphduds, botrare oaﬂiummd onsurfietanty, desthsitiong ageltﬂglcuudmmg miadsylrm kEtry, the

vat erﬂ-u%%lng E(l)uefc S, ﬁRQn%}lg age%lts:[ %artamor(l:tpol%rggrg

§'Gtibacterial agents, abrasives including
silica, binders and thickening agents, detergents, adhesion agents, foam modulators, pH
modifying agents, mouth-feel agents, sweeteners, flavorants, colorants, preservatives,
combinations thereof, and the like. It is to be understood that these additives are optional
components and can be, individually or collectively, excluded from the automatic dishwashing
composition of the present invention. It is further understood that while general attributes of
each of the above categories of materials may differ, there may be some common attributes and
any given material may serve multiple purposes within two or more of such categories of

materials. In certain embodiments, such additives are selected for compatibility with the

bioactive glass and with other ingredients of the composition.
[00105] 1. Surfactants

[00106] Surfactants suitable for use in the invention include but are not limited to: anionic
surfactants, nonionic surfactants, cationic surfactants, amphoteric surfactants, ampholytic
surfactants, zwitterionic surfactants, and mixtures thereof, as known to one of ordinary skill in
the art. Suitable surfactants may be added in any suitable amount or form, may optionally be in a
surfactant system, and may be added to provide any desired properties including, but not limited
to, cleaning and/or foaming properties. Suitable surfactants may include anionic, cationic,

nonionic and amphoteric surfactants.
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phosphate ions act directly on exposed tooth dentin [00102] In certain
enbodi nents, the anount of phosphate salts in the conpositions of the

i nventi orwD20mm1ais®unt effective for mneralizing teethprama/Ser1olokwski ng
dentin tubul es. For exanple, the phosphate salt is used in an anmpbunt of 0.1
w. %to 10 wm. % 0.7 wt. %to5w. % 1.5w. %to 3 w. % or 2.5 wm. %
by wei ght of the conposition. [00103] Il. Oher Ingredients in the
Compositions of the Inventign [00104] In. certain enbodi nents, the

non- d80HYLs Heens Wb@gn%nﬁggqttfrl%cwp%ﬁm Hespressnt mrgniiorIngdesseashot her

addi t§ ¥Q,GANRNTH &E@édl?fodﬁ%&, 5@01%?9%1565 ineﬁldir%rméagt &&%ﬂa@t’é?ﬁeﬁ%\g@@ e

additive 1n any suitable anount o ormnmay be used. Suita Itives for

use isadtuhelaury ewltatenin onelendwdirherit, acenpaitidn intludes sodiuns laufyd ctldate $n an

desensitizin ents ingcludjng potassiumsalts, fluorine sources, whitening
agent@nownl o 05t e 10 5entes,n Rit PRBRIEIRLR calpenebion it sed e ng

si | i GRlfaliiNFehSoaRdrdddi GEN S REOHT Sn oAELADSBRTcH:, a28RHoLi00n ARERfes. foam
nmodul ators, pH nodifying agents, nouth-feel agents, sweeteners, flavorants,
col orsadiug) lapryé sdfaiain anesmownd filom &bivan%o tolkewedb., and the like. It is to be
understood that these additives are optional conponents and can be,

i ndi v ly.or col.lectivel cluded fromthe. automati.c .di shwashi ng
compdUf R B oncnaeRibete® e if S O p R R P PR S0 R o 1 ¢
genersatfaghitih@lid s @ogath. bf oid@nbdlivent ateapsdiesn Ritludiiged pebsaniay differ,
t here nag be sonme common attributes and any given material may serve

mul t iip¢ledgsnpsdudencgxids/propenoexifge eepodymern dh opa eagodimest, gfcommogitival s. | n

b1 oadt BTG REIRaNE: (RN ARERMHER AL BITIGR R BoofREFRI bbbl "1 "

Sur f ach ants ¢ 39.006] %SUhfoas tambaingt, taadehg ok dion Wisdudifg b peloxavenintRided &l ude
but are not limted to: anionic surfactants, nonionic surfactants, cationic
sur f didenesoxidaiprnpylens exidecanady aer 8 an amaet femd.0 wi. % to 35.0 wt. %. In'one

embodiment, a composition including a poloxamer includes an ethylene oxide/propylene oxide

copolymer in an amount from 10.0 wt. % to 25.0 wt. %.
[00109] 2. Tartar Control Agent

[00110] In some embodiments, compositions of the invention may optionally comprise a tartar
control (anti-calculus) agent formulated to not interfere with the efficacy of the bioactive glass
and/or potassium salts described in detail herein. Tartar control agents among those useful
herein include salts of any of these agents, for example their alkali metal and ammonium salts:
phosphates and polyphosphates (for example pyrophosphates), polyaminopropanesulfonic acid
(AMPS), polyolefin sulfonates, polyolefin phosphates, diphosphonates such as azacycloalkane-
2,2-diphosphonates (e.g., azacycloheptane-2,2-diphosphonic acid), N-methyl azacyclo-pentane-
2,3-diphosphonic acid, ethane-1-hydroxy-1,1-diphosphonic acid (EHDP) and ethane-1-amino-
1,1-diphosphonate, phosphonoalkane carboxylic acids and. Useful inorganic phosphate and
polyphosphate salts include monobasic, dibasic and tribasic sodium phosphates, sodium
tripolyphosphate, tetrapolyphosphate, mono-, di-, tri- and tetrasodium pyrophosphates, sodium

trimetaphosphate, sodium hexametaphosphate and mixtures thereof.

[00111] 3. Fluoride Sources
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surfactants, zwitterionic surfactants, and m xtures thereof, as known to
one of ordinary skill in the art. Suitable surfactants nmay be added in any
sui t abl e woronm118039f orm may optionally be in a surfact aot/usgeieryesand may
be added to provide any desired properties including, but not limted to,
cl eaning and/or foam ng properties. Suitable surfactants may include
anionic, cationic, nonionic and anphoteric surfactants.[00107] In one

nionic, o nonioni ¢ and arphot ¢ ts. [00107] 1 n ‘on
et BT o F PATEE o SRR, KRt ort % AR ERER i YRl Bl BT T2

one satcémeblaphrticoiateddR®rigdedorucordtsibinglagent] fhahwated fo ﬁ(ﬁkﬁn’%ﬂf@fbd\ivmﬁﬂie,efﬂcacg
conposition i1 ncludes sodium |l auryl sulfate in an anmount from0.5 wt. %to

10 wtof the bioacthiseelassirndithitinay be wshiolor exasmplemsiandaY -capes went- atitigblesul f at e

in angam, . % 9 n &;}r}&g' : ition

i ncl B%Ies g gg?%%nyﬁ%g%}ﬁﬁudg u l1Stg'ltr egnel{Ytr\lIrrélr{@ datrk%blt?ﬁ[l ef} rom gl%ng @k@g@%\?\ﬁ . %

[ 0010@Joridaes;amtine fihoddasBnth asolaftint (N ot adehrpRsh il ¢roitargihe NS N'nyig2t | on

i ncludj ng_at. | east one surfactant includes a poloxaner. In one enbodi nent,

a conPbaioD-Ghyqragrerlengtapness Buenmds: idiwn jesdemnduprie an@olnereahespb#ygs ene
o0 | ; . ot SUH . iy
oxI1 ﬁgeﬁﬁﬁﬁkgﬁwé@ rﬂgﬁofgjg?%?igg@fytes stclf QJJPcR&és}dnf,&ﬁ%lpﬁl A6 B9nBniagl oxamer

i ncl udes a ene oxl ene oxlI de copo In an anount from1.0
w . 9Htidé5afd mbnoftaordphosplieatesybodmisntes tleeresdimposi ti on i ncl udi ng a pol oxaner

i ncl udes an et hyl ene oxi de/ propyl ene oxi de copol yner in an anount from5.0

w. % 5.0 wt. % 1n one enbodi nent, .a conmposition including a pol oxanmer
R g‘iﬂ’%@ﬂ O%W%PGP 6 ARMBATIRR lgPo PR TRYFIEAR SIS 10, 0
W % hQordR Budk: 1Vond QREQRheR: a TambasitiGPRIHR! ARt 2 hABAdOar! N SQL®

enbodi ments, conpositions of the invention may optionally conprise a tartar
cont rahbqdament; € ebropdsitsin fagbert intlodimg| 2ol edtide salt otcludes eodieme with t he ef fi cacy

of the bi actihve | ass and/ or .pot SSL#mS | ts espﬁlri beg. bqu t ai Ih her ei n.

Tar t PORHOATORIBI 41 46 EPeABR el ehspipRoeicutBicbdet Bedkshany 13

t heseermgfitithe adtRityfasH¢ faohBRLGrophdsPhited R beaspioAAMPAIddWaRh 1 fluoride
source is an ionic monofluorophosphate. In one embodiment, a composition may include a

fluorine source providing between 100 and 3000 ppm of fluoride. In one embodiment, a

composition may include a fluorine source providing between 500 and 2000 ppm of fluoride.
[00114] 4, Whitening Agents

[00115] Whitening agents suitable for use in the present invention may include any
therapeutically effective agent suitable for use in an oral cavity. Suitable whitening agents
include, but are not limited to: titanium dioxide, hydrogen peroxide, sodium tripolyphosphate,
and the like. In one embodiment, a dentifrice composition of the present invention further
includes a whitening agent. In one embodiment, a composition of the present invention further
includes titanium dioxide. In one embodiment, titanium dioxide may be included at appropriate

levels.
[00116] 5. Abrasives

[00117]  Abrasives suitable for use in the present invention may include any orally acceptable
particulated agent formulated to not interfere with the efficacy of the bioactive glass. Suitable

abrasives for use in the present invention may include, but are not limited to: silica, zinc
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phosphat es and pol yphosphates (for exanpl e pyrophosphates),

pol yam nopr opanesul fonic acid (AMPS), pol yol efin sulfonates, polyolefin
phosphat e®Q 2digphsmsphonat es such as azacycl oal kane- 2, 2- #cphussphorsses
(e.g., azacycl ohept ane- 2, 2-di phosphoni c acid), N-nethyl azacycl o-pentane-
2, 3-di phosphoni ¢ acid, ethane- |-hydroxy-I,!|-diphosphonic acid (EHDP) and
et hane- 1-am no- 1, 1-di phosphonate, phosphonoal kane carboxylic acids and.

Usef ul i norgani c phosphate an ol osphat.e salts includ nobasi.c,

di s BRI R (Bt BaHaR NGB HLIRS). PEOt BRI UMD HoCphaFR B,

t et r 3R MRARASBAAL SaldFRAQyroplbsphate! hnd AMHules HASTATRISME QBRSSP AL aR.4 SOdi UM
tri met aphosphat e, sodi um héxanet aphosphate and m xtures thereof. "[00111] 3.

Fl uoratigalSorrpes{sédicadijclming diatemamsancensths ai 2 sitketicaymarglkoussilidasugr assent
i nvention. J.nclude..any orally acceptable partjculated.fluoride-ion
cont AR CHUHE PER SCALEN I R TR gasT o B HESERE  cacy of the

bi oactive glass, and that may be useful, for exanple, as an anti-caries

agent[00 18]t albleferhily Qi aieouROUS SR GsiVEYLitabIe! fUigse iR e dhéifi@tcohipdhitiod of @ie | oni ¢
fluorides including alkali nmetal fluorides; am ne fluorides such as ol aflur

(N - oevendieayyitl be weirdadly dicternined \p Rravide anj ageentatde frygbef) cleAningngs | uor i de) ;
st annoys, fl uaride: i ndi. i de. i.ont c of, S

ol U g g B e RPN 1B TR SR RS 1h H8¢ QRBSTRIRLES: um anc
anmondetifride wonipdsisioanfithepaakhiiarapioadpdiaddsn abrmdivel Xh uhesmbbdimenf, a [ 00113]
In one enbodi nent, a dentifrjce conposjtion of the present invention

f ur t H@MRosiop desdudes pisilispiahErsysy dr ane sHbRiBCRA SHICABRIASIV ITRINHES Mt 3on

furt ' b | de osa i : jtion further
ol U ousPE RS &y ob HERG B8 B3 ond G e e RS TR B e RTRRR I A
enbodinmanmit of framc wim’gty tewapho spbt enbodimeit, hadich elemsist aypresent erdmance t he

activity of jonic mnof|uorqgphosphates, nay be optionally added when the
fl uorqn&‘é‘né%#‘e‘é"f]‘é’t'a(gtq L%W& /’tih)nofl uor ophosphate. In one enbodinent, a

conposi tion nmay include a fluorine source providing between 100 and 3000
ppm ofppfigjori des I n VBEmeRPOMEIRNT, @

[00120] Mouth-feel agents suitable for use in the present invention may include any orally
acceptable materials imparting a desirable texture or other feeling during use of the dentifrice
composition, in any form or amount. Suitable mouth-feel agents may include, but are not limited

to: dispersed flavorants, sweeteners, saliva-stimulating agents, and the like.

[00121] Flavorants among those useful herein include any material or mixture of materials
operable to enhance the taste of the composition. Any orally acceptable natural or synthetic
flavorant can be used, such as flavoring oils, flavoring aldehydes, esters, alcohols, similar
materials, and combinations thereof. Flavorants include vanillin, sage, marjoram, parsley oil,
spearmint oil, cinnamon oil, oil of wintergreen (methylsalicylate), peppermint oil, clove oil, bay
oil, anise oil, eucalyptus oil, citrus oils, fruit oils and essences including those derived from
lemon, orange, lime, grapefruit, apricot, banana, grape, apple, strawberry, cherry, pineapple, etc.,
bean- and nut-derived flavors such as coffee, cocoa, cola, peanut, almond, etc., adsorbed and
encapsulated flavorants, and mixtures thereof. Also encompassed within flavorants herein are
ingredients that provide fragrance and/or other sensory effect in the mouth, including cooling or
warming effects. Such ingredients include menthol, menthyl acetate, menthyl lactate, camphor,

eucalyptus oil, eucalyptol, anethole, eugenol, cassia, oxanone, alpha-irisone, propenyl guaiethol,
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conposition may include a fluorine source providing between 500 and 2000
ppm of fluoride. [00114] 4. Wi tening Agents [00115] Whitening agents

sui t abl e WorougEs030 t he present invention may include amgTiusesiapeasss cal |y
effective agent suitable for use in an oral cavity. Suitable whitening
agents include, but are not limted to: titanium dioxide, hydrogen

peroxi de, sodiumtripol yphosphate, and the like. In one enbodinment, a
dentifrice conmposition of the presg&g i nvention further includes_a

whi t RV RgL dgalael. benraldshydsrsapmaldehyds. NostBysp-mesthap s -¢akoxsaeMN-28nvent i on
be | riedds 2eeonib AR A o g ane T Ml B L v e
sui t adekrl (QﬁAMsmethmnetgiﬁcemlesenat (MG%e)mIidonixnm‘ys fhasofid®nanymorafldvwratcapt abl e

parti cul at ent for at ed t i.pterfere with the fflcac of the
by oaciityas bl Pilraribt o PO Be s o GEESTvih B Eamod OB EBh nay
i ncl ugles s, 6B 010k té DAbE &Hd 1m 611lth 989,21 ncor t hophosphat e, sodi um

bi carbonate {baki ng soda), plastic particles, alumna, hydrated al um na,

cal cium car bonate, cal ci um pyrophosphate, and m xtures thereof. The silica
abr asi00E22tay Sb@etanmtampag thase uﬁﬁf@h}@r@n fincbede; m@ulwmmgtabieatabwdcﬁ@asﬁ@dr t h or

a synt hetl C anor ous. siljica such recipitated si
el Y HRGRIRAT Scelsi i RFs Rtk B0t el Bodbng

armunhamfseadmm dgies tiveaklLgarf mramtme kyodehabekRNirhiétbées G vaIpasidctdas, @kn t he
i nvention will be eqplrlcally determned to provi de_an acceptable | evel of

cl earﬁymy @rduding highifrigtosp soBc B YTHD spleds).axaptial ywerelezad skasefun in t he
art. g;ﬁat%g?aﬂahf@mql (ISDL b6 fOMROREL LML i{APLAERR e NV ENt | On

|nclu n a ne e conmposition 1 nc es a silica

abr asne«beamd @acahaneaiﬂmsiitm&eofﬁsu‘ardl(bseadlpmambaeed mtqpse SeddtericRs, 3nclampent of
froml w. %to Ww. % In one enbodinent, a silica abrasive is present

in arﬂlh)‘ﬂfe?hal%’fle?p @Bmxwes thereef- {3nafr mags SPRCERES BRARNPRRAL Pregensn 3 tolal
abr asj V& aeﬁéﬁﬁﬁl‘é@hoh@y%ﬂ the particular sweetener(s) selected, but typically at levels of from

0.005% to 5%, optionally from 0.01% to 1%.

[00123] The compositions of the present invention may optionally comprise a saliva
stimulating agent formulated to not interfere with the efficacy of the bioactive glass and/or
potassium salts described in detail herein and useful, for example, in amelioration of dry mouth.
One or more saliva stimulating agents are optionally present in saliva stimulating effective total

amount.
[00124] 7. Other Actives

[00125] In some embodiments, compositions of the invention may optionally include other
active materials, operable for the prevention or treatment of a condition or disorder of hard or
soft tissue of the oral cavity, or the prevention or treatment of a physiological disorder or
condition. In some embodiments, the active is a “systemic active” which is operable to treat or
prevent a disorder that, in whole or in part, is not a disorder of the oral cavity. In some
embodiments, the active is an "oral care active" operable to treat or prevent a disorder or provide
a cosmetic benefit within the oral cavity (e.g.. to the teeth, gingiva or other hard or soft tissue of

the oral cavity). Oral care actives among those useful herein include whitening agents, anticaries
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amount of from7 w. %to 10 wt. % [00119] 6. Mouth-feel Agents [00120]
Mout h-feel agents suitable for use in the present invention nmay include any
orally acwepvabiisospat erials inparting a desirabl e textureTars2abheysss eel i ng
during use of the dentifrice conmposition, in any formor anpunt. Suitable
nout h-feel agents may include, but are not limted to: dispersed
flavorants, sweeteners, saliva-stinulating agents, and the |ike. [00121]

Fl avorants anong those useful herein include any material or m xture of
mat erdsants, tép%,rrc&mr@l 3EENSnHUPEAUE Recin PedodANtal Reti Kesnifyasiveso hreathiyesbening v

ac CenLBIL QoI Al DL SYVAS difniARY ARARS Bﬁ@n&%tp&%gf such as flavoring

oils, avori ng yde sters, dlcohol's, sim materials, and
conbi nati ons thereof. Fl avorant s include vanillin, sage, marjoram parsley
oi |, [8pE%] m ht sovid c;mlnxidimamm,rcompo,sitmhk obﬂle\i\mméommagm)p(inmlwmlaﬂé ayl at e),

pepper nt oil Iove 0|I ani al yptus oil, citrus oils,
frui t2% Tcéeféﬁ%a 33 Ch? ﬁﬁerteﬁ’f)‘gbt?l ﬁlfc\?%ogﬁlﬁrﬁl aSHymela ﬁﬁaé}%g i e,
gr apgfokddsitim @ng H@s‘éhbe@ﬁﬂ&%b h&élﬁp%xaﬁ\BR:ls & f astitaRipal £@éntsqﬁ'€lﬁﬂé’ buPAe@app! e,
etc., bean- nut -derived flavors such as coffee, cocoa, cdla, peanut,

al noriimitestto. t,rIClaDd@tDwb@tpyallddllem@élpgmea@mbbmkaWIoaﬁﬂweqafnd m xtures thereof.

Al so enconpassed within flavorants herein are ingredients that provide

fragr[%l 1]an [ or._ ot her sory effect udi n cool ng or
ge

.h h, i
war min feCt . °S0¢ Odlmr?arrl &di rﬁOSItLOH%P &3tl??§eﬁfvlg%n01'+§f§r?f’ﬁ§prls%gBPté'teE ment hyl

| act abﬁnulata&wlﬂcst 1ntei:f61%| Wilﬁﬁ e eBfidacy @ €l BiPdctive gRRELMDbEpot@WTENSIs Cassi a,
oxanone, _al pha-irisone, h@enylﬁgual et hol , thynol, |inalool, benzal dehyde,
ci nnalesgriher yrdetahereiy | Spta Bingkilp SN eminrals, amino acids, and

E:lr Innarra?/dée%thglggg[g@%ﬁ%&@%ﬁﬁﬁ%@&b %rt?’:\}gfr%ﬁg %jgpﬂg%ha%ag‘%laﬁn (M), and

M Xt yaestidnetenbcinotic acidmicetitdnade Bmidsxiae ecyansdodbpiahliy, faresaitobenyo t ot al
anount . of . Q. 01%,t o %" opt i onal Ify in varlous enbodi ments from0.05 to 2%
f r omagidy dioflgven alwtwmt@rao Yubitisogl supplepsnisaneladesnaing agids feychRdse

usef LL-trpﬁlroﬁheﬂle! Dﬁirﬁll%e, n%rtlﬂL)hl}'le,atﬁfe%ﬂhl%pfego&‘?ﬁlﬂfl@lancPL-cﬁfrﬁﬁl];é)Pllu?cJtroplcs (such

as choline, inositol, betaine, and linoleic acid), and mixtures thereof.

[00128] In some embodiments, compositions of the invention may also contain an antistain
agent. Suitable antistain agents may include, but are not limited to: carboxylic acids, amino
carboxylate compounds, phosphonoacetic acid, polyvinylpyrrolidone, and the like. The antistain
agent may be incorporated into the dentifrice composition or may be provided as a separate

composition, for use after the dentifrice.

[00129] In some embodiments, compositions of the invention may also include an agent to
enhance surface deposition/retention of the bioglass and any resulting HAP deposits including,
but not limited to, Gantrez, amelogenin, milk proteins (casein), chitosan, pluracare L1220
(ethylene oxide/propylene oxide copolymer), polyox, PVP, methacrylates, shellac, arginine, and

combination thereof.
[00130] III. Methods of Treating and Preventing Disorders of the Oral Cavity

[00131] The dentifrice compositions of the invention include, in part, compositions including
a bioacceptable and bioactive glass and one or more potassium salts that are useful in treating or

preventing various disorders of the oral cavity in a subject in need thereof, for example, enamel
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nutritive or non-nutritive sweeteners. Such sweeteners include dextrose,
pol ydextrose, sucrose, maltose, dextrin, dried invert sugar, nannose,

xyl ose, rwbaswy/11f03act ose, | evul ose, gal act ose, corn syr epT(Usealbweldényg hi gh
fructose corn syrup and corn syrup solids), partially hydrolyzed starch,
hydr ogenat ed starch hydrol ysate, sorbitol, mannitol, xylitol, maltitol

I somal t, aspartane, neotane, saccharin and salts thereof, sucral ose,

di pept.i.de- Myl CVC . di rqchal cones, and

m it e naREIZERd, IR S e R S R S T AR ZRES 172 ot
anourprevdefiendirestirgt deoag Iryversing Hecagasriti-catedr pisarefisues sealnseprophgasticout
typical | t levels of from0.005%to 5% .optionally fromO0.01%to 1%
[001P8 te??ﬁ@loeéﬁﬁs@wpﬁn%e%mk Falapisedidrombinations drerefy Aspredheiringthedemst i se a
sal i v e ' g8 | A cacy of

t he b?% %??y%ﬂ%%gg? and%g§p%%¥ls§?ﬂgggzﬁggxg@%ggkggﬁn%%Hﬂ%%ﬁﬁ%8%%?%?n and
usef Wlogs.f or exanple, in anelioration of dry mouth. One or nore saliva
stinmulating agents are optionally present in saliva stinulating effective

t ot al nt 0124] 7. her (Acti.ves [ 00125 sone .enbodi pent s,

cormd TN rgeheisa o st R L U St s Ab s aRv G B CBiels Pt

mat erchapdsitioRenaltiRgfaaldile aRA PHEPhhRRARS add GRIIFR e BbtadsiGARTHtd iharOT

di sorder of hard or soft tissue of the oral cavity, or the prevention or
t r eatusefht ingfeaging py piew¢rdgigoariods diserders of thecoraliavity mn a swbjedme nesdbelicnfnt s,

' 0 Ireat or prevent a

. LIRS ARG AR 5o o S Rl Gl ol P ST

di sor defr a [r&T ¥

I N sosminerAdiost 7B Birses pr&@nfl6d, | ¥R stisy ddtay,abddrsiagdecayChntiearie@Psit akl Bssue treat
or prevent a disorder or provide a cosnetic benefit within the oral cavity

(e. g.sealgms,imephydastip pagies dluordoreameats, dratigalgealgpist and companasions fherestal
cavity). Oral care actives anong those useful herein include whitening

agengéms%gt | ﬁﬁ{iﬂti‘éﬁé}gﬁ& Gds c}fq{eﬁﬁ‘ﬁ%firg&%f]é%'rting%ﬁs%}&e’rs Btk Bka"i“ah\ﬂgﬁz{qg 0t

peri odontal actives, abrasives, Dreat résheni ng agents, (o]

desensdludederishin stad dcupd of the inmehdoi. Sin arentodbhaatd mathot b€ aeledst partially
occluding dentin tubules includes contacting the teeth or a tooth surface in a subject in need
thereof with a non-aqueous dentifrice composition in accordance with the present invention. In
one embodiment, a method of preventing tooth decay includes contacting the teeth or a tooth
surface in a subject in need thereof with a non-aqueous dentifrice composition in accordance
with the present invention. In one embodiment, a method of treating tooth decay includes
contacting the teeth or a tooth surface in a subject in need thereof with a non-aqueous dentifrice
composition in accordance with the present invention. In one embodiment, a method of
preventing incipient carries includes contacting the teeth or a tooth surface in a subject in need
thereof with a non-aqueous dentifrice composition in accordance with the present invention. In
one embodiment, a method of remineralizing enamel includes contacting the teeth or a tooth
surface in a subject in need thereof with a non-aqueous dentifrice composition in accordance
with the present invention. In one embodiment, a method of sealing fissures includes contacting
the teeth or a tooth surface in a subject in need thereof with a non-aqueous dentifrice
composition in accordance with the present invention. In one embodiment, a method of sealing
pits includes contacting the teeth or a tooth surface with a non-aqueous dentifrice composition in
accordance with the present invention. In one embodiment, a method of lining tooth structure

includes contacting the teeth or a tooth surface in a subject in need thereof with a non-aqueous
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[00126] In sonme enbodi ments, conpositions of the invention may optionally

i nclude an antibacterial agent fornulated to not interfere with the

ef fi cacy wbD 20tve11bi3gact i ve gl ass and/ or potassi um sal ts @esarsede29684 det ai |
herei n. Exanples of antibacterial agents include, but are not limted to,
triclosan, cetyl pyridiniumchloride, and conbi nations thereof. [00127] In
sone enbodi nents, conpositions of the invention include conprise a nutrient
fornul at.ed to not..inter efficacy.of the bi 1iv | ass,and/ or
ot acdiPliffiesronubR T red i M pEieal RS Jdpitde SRR Hhifiue

VI t anfop §ap8mg1@n% irtludREtitadiigdhie tc@tor tobrRSfabd iRl LibiecMint e MerddTGhitde

Vi tam ns and t hi am ne, riboflavin, calcium pantothenate, niacin, folic

acid,a mrcmqeﬂwd@efnwmmﬂwe in ageardsned iithrihaprepent snveriiplblransi ¢ aci d,
bi of | e"’}}e’l?o’h? %’éﬁ,oﬁ'f)?(} éﬂ%a%%gtt&?e_tfl%gﬂctullg%f{& E)%?(ﬂl%lnta? Q&:@h&‘iﬁ %tsﬁtéfe& ihydg am no

aci ds (suc i oni ne

| evociaerebt inBRldafn@bnltacﬁﬁg It’hdﬂeétﬁ)ox alwcﬁbkmcﬂwemt}(sucﬂna@@eoohdéntifﬁce i nositol,
betai ne, and linoleic acid), and m xtures thereof. [00128] In sone
enbod‘i%?tsgloné’eﬁ‘h‘@ﬂaﬁl%%théhe PISEeHt fMSALPN nay al so contain an antistain
agent. Suitable antistain agents may include, but are not linmted to:

carbo.higg a?V@@'ﬂ@Hb@@nﬁ? i$@h%& HR@B&&%thhB oRBAGSEH ¢ acid,
pol yvi n yrroIB g&%BmB lke.q e antlstaln ent may be |ncorporated

into the dentifri osi't |on or rOV|ded as a separate

COWpO@hHsg }%rftonév%mgptrg redtupeew S t%ﬁll f r %1 ?or [31(1)9 12r9]alara/ de{\P f'r?ce co 051 1ont S,

conposli ron may a SO |nc nce surface

dep0S¢dntamh%@tceeédpwmmndtMeadwve@la%5ncaﬁtdas%nyn sgsul ting HAP depOSl ts
including, but not limted to, Gantrez, anelogenin, mlk proteins (casein),

chltosan pIuracare L1220 (et hyl ene oxi de/ propyl ene oxi de copol yner),
pol yol00138)p  net-hacr 4y farmuya asnant of glycsrigiwas headed fia swiabimbaaken Saehans |

[Cgsllft)?t]amlulr} d10%&,@%ﬁ§)09& Ssi ﬁqed’fltlérf& \9&9 s om}\/ %ﬁédrﬁgld Qu)ct% gﬁ‘tﬁﬁw&f—d&ﬁ'&seq al

The beaker and contents were heated to 150° F and mixed for fifteen (15) minutes.

[00137] 2. Pluracare® L1220 PEG/PPG co-polymer was added to the ross mixer pot.
The contents of the beaker in Step 1 were transferred to the ross pot and mixed for five (5)
minutes with vacuum. After that time, the ross cover was opened and the temperature was
checked. If the temperature was over 120° F, Step 2 was repeated. When the temperature cools
to 120° F or below, the sodium monofluorophosphate (MFP), bioactive glass (NovaMin®), silica
thickener (Zeodent® 165) and silica abrasive (Zeodent® 114) were added, then mixed until the
powders were wet. The vacuum was pulled, and the contents in the ross pot mixed for twenty

(20) minutes on high speed.

[00138] 3. The temperature was checked. The temperature should be 110° F or
below. Flavor and sodium lauryl sulfate powder was added, and then the composition mixed on

ten (10) minutes on high speed under full vacuum.

EXAMPLES

[00139] The following examples illustrate illustrative compositions of the invention.
Unless otherwise specified, all percentages are by weight. The exemplified compositions are

illustrative only and do no limit the scope of the invention. It will be understood by those of
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[00131] The dentifrice conpositions of the invention include, in part,
conpositions including a bioacceptable and bioactive glass and one or nore
pot assi urweabtwl1sdsat are useful in treating or preventi RGTIBRI10029684 SOr der s
of the oral cavity in a subject in need thereof, for exanple,

enanel rem neral i zation, incipient caries remneralization, carious dentin
rem neralization, caries prevention, arresting decay, reversing decay,

anti - ies, pit and fissure seal ants, prophylactic pastes, fluaride

£ ear HOhirEine Al hat AHowes P 8o AU DI A CH UM P RGP EBPU! deBarise doRelne n,
the t@imnorshdpresent ivBftiH ePhIBBFRE S hof8Me RUAND Lfiderdi Lon
aninﬁﬁi inpyﬁ%ing Eggs and dogs.’[00332]eln 0 Héreengggﬁﬁgﬁﬂgﬁ8¥ﬁgﬁg

dent i fresepeinyontposiesérdred hefein he illnsteuive onlyiand lavdegt intengielrtb lindotheasdgiel afns
inclqgiqg]afgglciun1and phosphate salts and one or nore potassiumsalts
that arée geetll in treating or preventing various disorders of the oral
cavit% hﬂ)a sugéect in need thereof, for exanple, enanel rem neralization,
incidlg lcari dexample eralization, carious dentin rem neralization, caries
prevention, arresting decay, reversing decay, anti-caries, pit and fissure
seal dff41lpr ophlhose of erdymsy skl in theort Wil anpeeeiate Htas thedlentifrivalconpasitiots, and
conbi i e i Addi L onal nmet hgds of treating or preventing
disofggéiRﬁgm%ﬂgﬁgﬁgﬁmgggéggth ngﬁgbsiﬁ8WB&%gmﬁf&hin t he scope of the

i nventi In emjodi.nent . a pet hod of at |east partially occluding
dent in[hbf‘_{h!ul es Ofa?l?!ﬁ EB%“E%‘& 13"6’9%“%3‘(’{‘ Frathy aelé'PﬁCtWF_ 5 684 ROt chlorifealn

subj effs illikstageetAei € af noM ddheSus RN AAURR W HARIL i Which t&@ﬁBQéivte'gﬁzﬁs hﬁ‘?
accordance Wi th the present invention. In one enbodinent, a nethod o

pr ev drotaspign gierideduera yuspeadestd W hem hedotmulg cottacts satd/salivaantisombuthuteace in

a subject. in,need thereof. with non- aguepus, dentifrice, co sition in
accorﬂé) gans Es:lél m T ehaélggjﬁ%as?éﬁ? g{amiﬁo?\é% .aﬂTend)lﬁfmaveg r?Bf&m%WE ?h(ggﬁ@f: HYEe of

t r eatHiog@tivoolabs flegRycah MEdnUdLs 16 WAL plcbBpithidehdtReh BlRk dendRPtbufd! frage in a
subject in need thereof with a non-aqueous dentifrice conposition in

accorkpiaseismyghleridersalt sp be disselmedin the glycenn tribe Eerbudatioanvith slight hertidgof
preventing incipient carries includes contacting the teeth or a tooth
surface in a subject in need

Table 1: Non-aqueous Toothpaste with Bioactive Glass (Formula A)

Ingredients Wt. %
Glycerin 58.8
Bioactive Glass (Novamin®) |5
Pluracare L1220 5
Saccharin 0.3
Zeodent 115 Silica 20
Zeodent 165 Silica 3
KCl 3.7
MFP 1.1
SLS Powder 1.2
Titanium Dioxide 1
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t hereof with a non-aqueous dentifrice conposition in accordance with the
present invention. In one enbodi nent, a nethod of rem neralizing enanel

i ncl udes wonbaxitisesg the teeth or a tooth surface in a sebjrastoion2seed

t hereof with a non-aqueous dentifrice conposition in accordance with the
present invention. In one enbodinent, a nethod of sealing fissures includes
contacting the teeth or a tooth surface in a subject in need thereof with a
non- aqueous dent i frice conpositionin—maccordance—wth—thepresent

invention. In ong enbodilgefddierds Met hod| of sealwmgpits ingludes contacting
the teeth or a tagoth surgarp With a non-aqueous dentifrice conposition in
accordance w th thg,pjesent invention.|pg one enbodi ment, a method of
lining tooth structure includes contacting the teeth or alftooth surface in
a subject in need Q%Q ﬁy th a non- aq? geusdentifrice conposition in
accordance with tjh O% sent invention.|In one enbodi nent, ja nethod for
capping pulp includes contacting the teeth or a tooth surface in a subject
in need thereof with a non-aqueous dentifrice conmposition in accordance
with the present invention. In one enbodinment, a nethod for treating tooth
st rud0ok43] af t erExsarpledont al surgery in a subject in need thereof includes
contacting the teeth or a tooth surface with a non-aqueous dentifrice
corrpdﬂi)144(])n i n Ansiotled apeadki ¢an h€h§e<|bwé1€@r¢talcillméhll0iﬂéﬁ ang mgn]phpw afget hod of

51 oncey e ol Hag P B HiRE b st e PR3t PR flskly D RRFEGRA NG, 0

eXGWRLﬁérYsaﬁ%‘iri thé Rt AE@Sditin@hl G RIRtaad BbdIgmhossieepicatt efndmmtl}btamact i ve
gl ass and potaSS|un1saIts [00136] 1. A formula anoun} gf %
| oadedlciwn gheyphatgiondhdwaketo. bl@d‘c@ﬂrﬁl&ﬂiﬂﬁ‘lb‘ilﬁ 2 GRATERIE RF AdOT RIS ;5%

chl ori de, wey e, s| ow 5 efioribg IQQ%%E “and
cont éft'é bt%gbel%\gat eq° %gﬂﬁbﬂﬁ%@d ha%%d &?&5 m nut es. | 00137]
2. P'di§s@ﬁx’éﬂ¢1(g cérix?&&h?&ﬁrﬂl?ﬁvﬁﬁsb@ﬁtymngzvas added to the ross mxer pot.

The contents the beaker in Step 1 were transferred to the ross pot and

m xed for f '"I“ﬂ)le( $) Non-aqueous Toothpaste with Calcium Phosphate (Formula B)

Ingredients Wt. %
Glycerin 60
Calcium chloride 3
Na" phosphate dibasic 2.5
Pluracare L1220 5
Saccharin 0.3
Zeodent 115 Silica 18.3
Zeodent 165 Silica 3
KCl 3.7
MFP 1.1
SLS Powder 1.2
Titanium Dioxide 1
Flavor 0.8
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mnutes with vacuum After that tinme, the ross cover was opened and the
tenperature was checked. If the tenperature was over 120 F, Step 2 was
repeat ed. wlrer/tibes9t enperat ure cools to 120 F or bel ow, PCinaSe@diogges4

nonof | uor ophosphate (MFP), bioactive glass (NovaMn(r)), silica thickener
(Zeodent (r) 165) and silica abrasive (Zeodent(r) 114) were added, then

m xed until the powders were wet. The vacuum was pul |l ed, and the contents
in the ross pot mxed—for—twenty (20 mnutes—on high—speed. [00138] 3. The
t enper ature was checked.Ingheli¢msper at ure shoul Wth 110 F ar bel ow. Fl avor
and sodi um | auryl—sul-fat e powder—was—atded—and—thenthe—gqonpositi on m xed
on ten (10) m nutlegot@Nwhigh speed undef 1@l | vacuum EXAMPLES [00139] The
following exanples illustrate illustrative conpositions t he i nventi on.
Unl ess otherw se specified, all percentages are by weight. The exenplified
conpositions are illustrative only and do no |limt the scope of the
inveug¢ﬁ§ It 'Ikgﬂe understood by those ofskill in the art that nunerous
and &s f?ons can be nmade without departing fromthe spirit of

th t i tion. . T f , .t | d I d d that th
for m0BFT e priaduicieiiv RS bR dutietJaqnS 8F 45 Eahes RIS IOBRBRIS and
ar e rb?]tB Arﬁts%aﬁ&ﬁngﬂo,ﬂhmetbm? lbét%eﬁ rhtndeR®. | AR isebr iR WAQbrisked it 1

[00141] Those of ordinary skill in the art will appreciate that the
dent ighosphateccuffeo snlyi (omsradf. Dises weneanvaiuoted odth dneelégsromapattessceryi fog et hods

known in.the art. . 42] Table 1 describes a forqulation with.a bioactive
gl as schﬁlﬁ‘H:aE%‘iaZ)é%ﬁ (uhgg%‘i g%’?ddg.an‘i“ﬂgte CHOR PRUSEFORE g\l%%ké?)atﬁﬁigée,r mépeﬁﬁﬁq aqueous
for mycauRe dBpRRALAR. | A WAETLARR iDTARE Bibseh DRt ANMdIDIRSRIUBNENaf | de
wer e suspended. When the fornula contacts water/saliva in the nouth, the

pot as&positiahéral clem phdsbatedo tESEA (higls €adP.sad |0/ levelFhanddivbsiehtiad dentaati um and

phospoféc u(saiolnrlln EEE/I Figure 1 illustrates the SEM results.

Table 3: ESCA Results

Atomic Percent
Sample Ca P Q)
Buffer Control 0.9 0.7 22.4
Formula A 8.0 6.3 40.3
Formula B 7.4 5.6 39.3
[00147] It is noteworthy that fluoride was stable and recoverable in Formulas A and B

after aging them at elevated temperatures. After aging for 4 weeks at 40 °C, 95% and 82% of the
initial fluoride was recovered in Formulas A and B, respectively. The non-aqueous formulations
prevent fluoride from dissolving and reacting with calcium and precipitating insoluble CaF;

while the formula is on the shelf.
[00148] Example 4

[00149] In addition to potential anti-sensitivity benefits from potassium salts, the
potassium unexpectedly helps thicken the non-aqueous bioactive glass formula. Below is a

comparison of illustrative embodiments of compositions and viscosities of formulas prepared
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bi oactive glass matrix can then react to forma precipitate that can bl ock
dentinal tubules. The potassiumchloride salt can be dissolved in the

gl ycerin wo2oteet1b@pnul ati on with slight heating: Tabl e PCTNSRo1amge®ssus

Toot hpaste with Bioactive dass (Fornula A)[00143] Exanple 2 [00144] A
sim |l ar approach can be used where cal cium chl oride and sodi um phosphat e
salts are used in place of the bioactive glass in the non-aqueous fornmula.
Upon - M er/ jvadn the nmouth, the cal ciumchloride and
sodi e paEdbd Do B RIS LB b R S Ehhe oot h o
bl ockacdgnibilaadscdsithuHrsvevAn wehah® betagfiu chRiidk lidreh®vE@ $oh M6 Fodd abl e 2

bel ow,_ The cal ci um chl ori de, sodi um phosphate, and potassiumchloride salts
can H&ounda &g visposityyEers gramatieally and inwnagcepitatie.sIn aylditidneaticagng thabl e 2:
Non- ] .Cl e (Formul a B)[00145] Exanple 3
[ 00146 Eﬁhﬁpggﬁf}ﬁ%ﬁgﬂgggt}%@ogi%?hogﬁﬁ%fﬁ}.i mes for 45 seconds with
either Formula A or B and soaked in phosphate buffer between treatnents.
Anot her set of discs was brushed with phosphate buffer only (control).

Di scs were eval uahieﬁ Wi th an el ectron spectroscopy for chem cal analysis

("ESCA") and scanriable & g@{‘rWeHP&IBQ@@BéteMiQEW‘)aCtiMG fdassrmine if an

occl ugive deposit_formed. showT betow i Tablte—3—pottr—Formnta A and B
showed si gni endeposi ti on Kefrmpda & um pEosphkB i h BS@Mdlhigh (Ca, P, and
O | eve i Att+hrat—oectystor—+n—SEMFigure 11}l Hustrat es
the SHEMilyesin ts. Table 3: EHSE38Results [[@R¥7] It is|pppeworthy tihat
fl uoride—was—stable-and recoverable in Formulas A and B after agijng them at
el evat Q_J,joacgwpe}]ggsm@samiﬁ@;ew aging for 4sweeks at 40| 9C, 95% and |82% of the
initial fluoride was recovered in Formullas A and B, respectively.| The
non- aqygeYs, £ o4 ations prieyent fluoridg fromdisso|ying and regcting with
cal ci Um an rpre{z:?dpi tating ijnsol ubl e CaFZ!%Wni le the f ogrml a is onlthe shelf.

Saccharin 0.3 0.3 0.3

Zeodent 115 Silica 20 20 20

Zeodent 165 Silica 3 3 10

(thickener)

KCl 3.7 0 0

MFP 1.1 1.1 1.1

SLS Powder 1.2 1.2 1.2

Titanium Dioxide 1 1 1

Flavor 0.8 0.8 0.8

Total (wt. %) 100 100 100

Brookfield Viscosity 26 4 6

(>1wk)

[00150] Example S - Single-tube Toothpaste Product Including Occlusion Agent(s)

and Potassium salt(s) That Offers Superior Tooth Sensitivity Relief
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[00148] Exanple 4 [00149] In addition to potential anti-sensitivity
benefits from potassiumsalts, the potassi um unexpectedly hel ps thicken the
non- aqueow® 2biooEasi3Pve gl ass fornula. Bel ow is a conpari #om/uskotiolokesst rati ve
enbodi nents of conpositions and viscosities of fornmulas preparedw th and

wi t hout potassiumchloride. Fornula A with 3.7% potassi um chl ori de shows
acceptabl e viscosity. However, with the potassiumchloride is renoved from

the f a (Fornul , the viscosity drops dramatically and is
unacég@iﬂ e. ﬁ?@&%ﬁ%‘@ﬁn} Hé%@gpﬁgletlﬂ\éenygp FE%PW%SW&%%’Q%B’% kPastepr ove
the yr&R@intMdintOnBldk toke inchallnfaglntsNAR oRAVERYR JRALRRASHE, \]\‘r bik Bi oactive
A ass [00150] Exanple 5 - Single-tube Toot hpaste Product I ncludi ng

Qcel wdystatiygembgdinentnth dditvastisenradiaf, ta(si)glda it thhelogy Sup eomnbineTmpich
Sensi tivi.ty Relief[0015 n illustrative odi nent t he i nvention
enco %%’5‘%‘8 agenty ﬁ(ﬁleé‘a?lﬂée]ea@bogfﬂﬁea%ntdeblﬁia%e&’&%?q gl@?ﬁfgigna\tl‘bvﬁ@@rw%r e

i ncl ysiagdiuadetade. ahd OARGAECUXYIGachOé ASBbiBMcEHdie olals RRGuikbHSHIRL i ve
enbodi ment, to deliver faster relief, a single tu%e t echnol ogy t hat

conbiPABssivEpyade wed e prryidegpgniScarf ¢t vigwasplusiona bi oactive and
bi o-acceptabl e glass (e.g., Novamin) with potassiumis nade. The
non- §S3ls bi daetathe iAudrakive embodipteabltiee gbassefand id-adcepiablewildsh (©F assi um

were found to provide significant in vitro qcclusion. [00152] |n another
T v ¢St o ko st Gdigng coc e geatiney gudise (o g,

Nova%ﬂhleff&mgsuémhae SHERPhR{NGsifioHRd, IR PAsSeEs3qddi tional occl usion
benefit by adding comrercially available small particle silica (e.qg.,

Sor begila2 AC 434 | i n.Vi . . ed to
sor TBSaF ol O AU E P HORE AR BRI BRI GRS
| eveland bio-acagitable gkt © NG ¥ingiu) ve) for Ripidioedssion (Figurbe).bPodadts wethane

bi o- accept abl e gl ass age.g. , Novam n)  at % 7. 5% ando 10% wer e prepared.

Pr od BeRst e H-asseRiadle $9ssdest oYvminat e dpye ard &9706VeIA@reperer ushi ngs.

Al t e'i)réciu@s%&é’r@%@ﬁ%%d by Q&qf&&?}xﬁ%@%{&p&"a‘i’te?@ dndh G pAKARRE ARG AL ARFinf - -

Novam n ornmula wed si gni
the 10% bioactive and bio-acceptable glass (e.g.. Novamin) formula showed significant

occlusion while all bioactive and bio-acceptable glass (e.g.. Novamin) levels provided significant

occlusion after 10 treatments.

[00154] To boost the 5% bioactive and bio-acceptable glass (e.g.. Novamin) occlusion at
six treatments, the effect of addition of silica (e.g., Ineos AC43 silica) was studied in vitro. As
shown in the confocal microscopy images below, the addition of 9% silica (e.g.. Ineos AC43

silica) significantly improved occlusion at six treatments.

[00155] The acid resistance of the two leading systems was evaluated in vitro. The 6-
treatment dentin disks were soaked for 1 minute in Coke Classic. Images are shown in Figure 3.

Both systems showed significant resistance to acid challenge.

[00156] To add body and prevent separation, various gums were added to the non-aqueous
glycerin based formulas. In certain embodiments, carboxymethylcellulose provided the best
overall mouthfeel. Carbopol provided body, but in certain embodiments imparted a sticky feel.

The formulas were optimized. All lead formulas were stabile at 4 weeks at 40 °C.
[00157] 10% Novamin/20% Pluraflo/CMC (no KCl)

[00158] 10% Novamin/3.75% KCL/CMC
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occlusion while all bioactive and bi o-acceptable glass (e.g. Novamni n)
| evel s provided significant occlusion after 10 treatnents. [00154] To boost
t he 5% biweaabivkasend bi o- acceptabl e glass (e.g., Novam RLTASCINSWR4 at  Si X

treatments, the effect of addition of silica (e.g., Ineos AC43 silica) was
studied in vitro. As shown in the confocal m croscopy inmages below, the
addition of 9%silica (e.g., Ineos ACA3 silica) significantly inproved

occl ysjion. at si eat . 1 T idresistance of the two | eading
systlet 130 s evéfé/aﬁ@wnw%%ﬁ%&%%&@é ment dentin di sks were soaked
for 1 mnute in Coke Classic. Images are shown in Figure 3. Both systens
showd®0Ki0gni f i daatpke®i st ance to acid chal | enge. [00156] To add body and
prevent separation, various guns were added to the non-aqueous glycerin
based08ilirul as Illnstratedrin diigure Ao dinventasce data bitkyl0es Nyvaein tadtbpastgvovi ded t he
best oaveral | mouthfeel . rl%o I rov'{d d bod t in certai.n enbodi nents
i rrparcf’ré‘éenglog?lingﬂifcflé@mS 178 ?(gﬁ?ﬁﬁ%acémv@f@do ﬁ?ﬁ féae.f IRCTOSFINI™36F hul as wer e
st abishgwitle NovaR ek BoRtredfdnSCand BYLEIE eFQYONAARISNIR0YME e Bid Rbfbat no KA )
[00158] 10% Novami n/ 3. 75% KCL/ CIVC[C} 159] 5% Novami n/ 3. 75% KCL/ 9% AC43/ CMC
[OOOIGYHV&B@WW@’@P@MBQPC isthasertenled in Figure 4 is conductance data with
10% Novami n toot hpaste vs. conyentional non-acclusion silica toothpaste
control and confocal |aserym cgg,quy I'MBges, Novami n dose response

and boosting ef fRGaimdlts AChdvathin16% G OP | bgﬁtréilepr esefihs, Novam n, while
the bottomline is theycontrol. AwgraggConductance, §g eductijon % eduction

ts Novam n 10% stdev Cpntrol std@ws 2g0s 26.05 16.87
2 55.17 17.74 44.64 38.75

3 60.63 15.21 41.19 34.54

4 61.67 14.19 36.92 20.45

5 63.33 13.41 38.35 16.8

6 71.94 8.19 41.73 16.54

7 7295 919 36.63 16.77

8 76.02 11.07 41.40 14.13

9 81.57 11.90 37.63 12.44

10 8430 11.21 37.17 15.99

[00162] The invention is not to be limited in scope by the specific embodiments disclosed

in the examples, which are intended as illustrations of a few aspects of the invention, and any
embodiments, which are functionally equivalent, are within the scope of this invention. Indeed,
various modifications of the invention in addition to those shown and described herein will

become apparent to those skilled in the art and are intended to fall within the appended claims.

[00163] For any references that have been cited, the entire disclosures of which are

incorporated herein by reference.
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0000 O0O00OO0OT144 03280826 0516 87 255 17 17 74 44 64 38 75 3 60
63 15 2 54 4 6 1 67 14 19 36 92 20 45 5 63 4 35 16 8
671 94]‘§6fé1°z}11%i£§3 16 54 7 72 95 9 19 36 63 16 77 8 73%@%??0@%936 t1 40 14
13 9 8157 11 90 37 63 12 44 10 84 30 1 1 2 1 37 17 15 99 [00162] The
invention is not to be limted in scope by the specific enbodi nents

di sclosed in the exanples, which are intended as illustrations of a few
aspects of the invention, and any enbodi ments, which are functionally
equi val ent, are within the scope ofCltAIMSi nvention. |ndeed, various

nodi fications of the invention in addition to those shown and descri bed

her ei WHWTIIS tddiEERpPar ent to those skilled in the art and are intended to
fall within the appended clains. [00163] For any references that have been
ci tedj, theaeqthiifrfe@ofpbaisibh eSmpfisink b BffadtRciafRhPOr abiegetRRral bidy o
reference. CLAIMS WHAT IS CLAIMED |S: 1. A dentifrice conposition conprising
an ef pesepiable chaspand a deseasibringctlievievesangousit obe pejgssabnesalyl ass and a
desensitizing effective anobunt of a potassiumsalt. 2. The conposition of
claim1l1, wherein the bioactive glass is cal cium sodi um phosphosilicate.

2. The composition of claim 1, wherein the bioactive glass is calcium sodium
phosphosilicate.
3. The composition of claim 2, wherein the bio-acceptable and bioactive glass comprises the

following components by weight percentage:

Ingred. wt. %
Si0; 40-60
Ca0; 10-30 |
Na,O 10-35
P,0s 2-8
CaF; 0-25
B,0;3 0-10
4. The composition of claim 1, wherein the potassium salt is potassium bicarbonate,

potassium citrate, potassium chloride, or potassium nitrate.

5. The composition of claim 1, wherein the bioactive and biocompatible glass has a particle

size range of less than 90 pm.
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3. The conmposition of claim2, wherein the bio-acceptable and bioactive

domost 18R B 4H8m 1. whergin the pot assi um salt | s paLadetiies

bi carbonate, potassiumcitrate, potassiumchloride, or potassiumnitrate.

5. The conposition of claim1, wherein the bioactive and bioconpatible
glass has a particle size range of |less than 90 mm 6. The conposition of
claim1l, rein the bioactive ., and hi qconpati bl e. gl ass..has, a particle size
angebor | 6 CarmetitRg Ghan 1 BRI s Urer oh 5 PioPufRmiote Be AR efute

bi oacgi'k%ﬁdng@gfgg%m@hhpl e glass has a particle size range of less than 50
nm 8. e conposition of claiml, wherein the bioactive and bioconpati bl e

gl ass has a particle size range of less than 40 mm 9. The conposition of
claim1l1, wherein the bioactive and bi oconpatible glass has a particle size

range_of |ess than.30 .10 he .c 0Si t.ion . claim efein th

bi oacti ve EEQCWB%S&HP&?%@ b §elﬂ§%°$°ilr‘/? Fﬁ(ﬁ)glogf”?gat?béﬁéggso}%aslaepsasrt “ﬁ?’uan 20
mm 1L Th egp&p@ﬁliaﬁisgrﬂmp_f claim1, wherein the potassiumsalt is present
in an anount of 0.1 wt. %to 10 wt. % based on the total weight of the

conposition. 12. The conposition of claim1l, wherein the potassiumsalt is
present in an amount of 1 w. %to 5 w. % based on the total weight of the
conpositio 13. The conposi n_of cl.ai

[ m.1. _wherei : iu t is
pr esefit inl%gﬁc%f%‘ifﬁ?ono‘? Tt f.’Woelr%n&hevﬁpa%vggg%glogﬂgp %tgoq?gt% tgl?}?%\seal grﬁé}%f t he
CONMPOgit |Ae offbss '[Tlggm%gposi tion of claim1, wherein the potassiumsalt is
present 1n-an anmount of 3.75 wt. % based on the total weight of the

conposition.15. The conposition of claiml1l, wherein the conposition is
i ncorporated in toothpaste,

9. The composition of claim 1, wherein the bioactive and biocompatible glass has a particle

size range of less than 30 pm.

10.  The composition of claim 1, wherein the bioactive and biocompatible glass has a particle

size range of less than 20 pm.

11.  The composition of claim 1, wherein the potassium salt is present in an amount of 0.1 wt.

% to 10 wt. % based on the total weight of the composition.

12.  The composition of claim 1, wherein the potassium salt is present in an amount of 1 wt.

% to 5 wt. % based on the total weight of the composition.

13.  The composition of claim 1, wherein the potassium salt is present in an amount of 2 wi.

% to 4 wt. % based on the total weight of the composition.

14.  The composition of claim 1, wherein the potassium salt is present in an amount of 3.75

wt. % based on the total weight of the composition.
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gl ycerin gel or nouthwash. 16. The conposition of claim1, wherein the

bi oactive and bi oconpati bl e glass includes an effective dentin tubule

occl udi ngverrownt1s@h particles less than 5 mm 17. The cecpaskeinoewess cl ai m
1, wherein the bioactive and bi oconpati bl e glass includes an effective
dentin tubul e occluding anobunt of particles less than 2 nm 18. The
conposition of claim1, further conprising one or nore sources of fluoride.
19. The conposition of claim1, further conprising one or nore

anti bacterial agents. 20. The conposition of claiml1, further conprising
one or nore tartar control agents. 21. The conp05|t|on f claiml1, further
conprlissi nd"l@merrxppsmgm éfélﬂmétwh@emh? EBPTAROSHdINiE dncopporated én (OSHPEEEL | on of
claim1, e| tF oactlve and bi oconpatible glass is present in an
annuﬁ¥y Pnfe I mee e % based on the total weight of the conposition
23. The conposition of cIa|n11, wherein the bioactive and bi oconpati bl e
glass is present in an anount of 3 wt. %to 7 w. % based on the total
melght of the conposition, [ of cl ai mher n the

0 os[tlo 1, e
bi oacks ve Hi¢opresisapaf Figin 1gWQ§r§”ﬁ'§ AERYft 2 *‘%W%m‘h glgp i Wies B based
on t h?fect% fen) Itl.gfmle ggclﬁcﬁ &rﬂmﬁ%f:phﬂﬂle%‘rl’essﬁlm figd for treating dental
hypersen3| S|n contacting one or nore hypersensitive teeth
with an effectlve anDunt of a bioactive and bi oconpatible glass; and a
desensitizing effective anount of a potassiun1sa|t 26. A nethod for at

| east partially occludlng dentin tu es conprj.sin tln sai d _tubul es
£ Eh e TieaOmReSiHb GhEn | a bR GHLE DORSITE B BBl S frate ity
desensit j.zi f 27. A nmethod for
preveﬁf { g“s' §§%g§§%§ﬁ%??%Fﬁg aﬁ?%%?%%gﬁgﬁ?ggkh structure with an

effectlve anount of a bioactive and bi oconpatible glass; and a
desensitizing effective anount of a potassiumsalt.

18.  The composition of claim 1, further comprising one or more sources of fluoride.

19.  The composition of claim 1, further comprising one or more antibacterial agents.

20.  The composition of claim 1, further comprising one or more tartar control agents.

21.  The composition of claim 1, further comprising one or more structure building agents.
22.  The composition of claim 1, wherein the bioactive and biocompatible glass is present in

an amount of 1 wt. % to 10 wt. % based on the total weight of the composition.

23.  The composition of claim 1, wherein the bioactive and biocompatible glass is present in

an amount of 3 wt. % to 7 wt. % based on the total weight of the composition.

24.  The composition of claim 1, wherein the bioactive and biocompatible glass is present in

an amount of 5 wt. % based on the total weight of the composition. '
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28. A nethod for preventing incipient carries conprising contacting a tooth
structure with an effective anobunt of a bioactive and bioconpati bl e gl ass;
and a desWAKMYLPNY ef fective ampunt of a potassi um sal FCTAG20IR02968404 f or
rem neralizing enanel conprising contacting a tooth structure with an
effective anount of a bioactive and bioconpatible glass; and a
desensitizing effective anount of a potassiumsalt. 30. A nethod for
sealing fissures in tooth structure conprising contacting a tooth structure
with an effective anobunt of a bioactive and bi oconpatible glass; and a

desensiti zin ffective anount. of a pot.assiumsalt.31,. A nethod for sealin
oits B t odvHEGPR HRitireRnE Brik PR R RS G SO EE PUCPLPE S th an

effe%ﬁ!&s&%\&me&{ whth Bh @fetdweindiith: Bf P6RAPAL A@lh%i&oagﬁﬁb@rgﬂas@; anda
desensitizing effective anount of a potassiumsalt. 32. A nethod for |ining
t oot h detensitizing effegimsransiungotopetastiumgala tooth structure with an effective
anmount of a bioactive and bi oconpati ble glass; and a desensitizing
effective anount of a potassiumsalt. 33. A nmethod for capping pulp
conprising contacting a tooth structure with an effective anount of a

bi oacbkve Me&b@@&ra@aetaistbéaetiﬂgas&ludarrgdd@tid%@n@g donZpridhgedonectihy sai@amount  of
a potassiumsalt. 34. A nethod for treating tooth structure after.

per i otdnieswiduangifertive apeirli i tieastize endbiogompaitie glapy éndip desintibziag

effeCteH*g’&i\%r%%’oglﬁgtf:atfotg’ésﬂi?ﬁ'éilt{e and bi oconpati bl e glass; and a

desensitizin ve anount of a potassiumsalt. 35. A nethod for
preventing tooth decay conprising contacting a tooth structure with an
ef fective anount of a bioactive and bioconpatible glass; and a
desensitizing effective anount 8f a potassium salt. _
27. A method for preventing tooth decay comprising contacting a tooth structure with an
effective amount of a bioactive and biocompatible glass; and a desensitizing effective amount of

a potassium salt.

28. A method for preventing incipient carries comprising contacting a tooth structure with an
effective amount of a bioactive and biocompatible glass; and a desensitizing effective amount of

a potassium salt.

29. A method for remineralizing enamel comprising contacting a tooth structure with an
effective amount of a bioactive and biocompatible glass; and a desensitizing effective amount of

a potassium salt.

30. A method for sealing fissures in tooth structure comprising contacting a tooth structure
with an effective amount of a bioactive and biocompatible glass; and a desensitizing effective

amount of a potassium salt.
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36. A nethod for treating tooth decay conprising contacting a tooth
structure with an effective anobunt of a bioactive and bi oconpati bl e gl ass;
and a deswo2ptoasisg ef fecti ve amount of a potassi um sal PCTAB20102985Hod f or
rem neralizing enanel conprising contacting a tooth structure with an
effective anount of a bioactive and bioconpatible glass; and a
desensitizing effective anount of a potassiumsalt.38. A nethod for

incipient caries rem neralizatign conprising.contacting.a toot t ture
with Hn ef4 é‘ﬁh‘\&‘efroéﬁfﬁﬂﬂg Py gl fee FeRuTan s tgotélsggés}}llsea‘&fgﬁa
desengi dffefliOarRbd B OF h bR a@RUMd BbcanRRtbRSS hdshusPa HesedStiziAg BHEADE ah@iunt
sealing fissures in tooth structure conprising contacting a tooth structure

wi t h cfra pitdseiot saff. anount of a bi oactive and bioconpatible glass; and a
desensitizing effective anobunt of a potassiumsalt. 40. The conposition of
cl ai 21, whetethod fohbningoaathistrectareccomppsorgrantabtieg g kel sthepturg Widdinan
particle size of |le than 90 .nm 4 The co siti.on of .claiml rein
Phe bBRETS FEOMH 4T B PGP IO Bl 6% Sbana g ergedle Ayt P
than 70,0 unf it The conposition of claim1, wherein the bioactive and

bi oconpati bl e gl ass has a nedian particle size of less than 50 mm 43. The
conposition of claim1, wherein the bioactive and bi oconpati ble gl ass has a
medi an particle size of |ess than 40 nm 44. The conposition of claiml,

whereinh the bipactive and hi i i L& i ze of
oot Hhan Sauifne e i SSAPRRbE Bl oo AP BOLAR BRILEE, ° 20 0
bi ocosRait bF & biphase dhdbiccomgdiial gast arel £dsbrsitiohg tfssive haugOofim

potassium salt.

34. A method for treating tooth structure after periodontal surgery comprising contacting a
tooth structure with an effective amount of a bioactive and biocompatible glass; and a

desensitizing effective amount of a potassium salt.

35. A method for preventing tooth decay comprising contacting a tooth structure with an
effective amount of a bioactive and biocompatible glass; and a desensitizing effective amount of

a potassium salt.

36. A method for treating tooth decay comprising contacting a tooth structure with an
effective amount of a bioactive and biocompatible glass; and a desensitizing effective amount of

a potassium salt.

37. A method for remineralizing enamel comprising contacting a tooth structure with an
effective amount of a bioactive and biocompatible glass; and a desensitizing effective amount of

a potassium salt.
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38. A method for incipient caries remineralization comprising contacting a tooth structure
with an effective amount of a bioactive and biocompatible glass; and a desensitizing effective

amount of a potassium salt.

39. A method for sealing fissures in tooth structure comprising contacting a tooth structure
with an effective amount of a bioactive and biocompatible glass; and a desensitizing effective

amount of a potassium salt.

40.  The composition of claim 1, wherein the bioactive and biocompatible glass has a median

particle size of less than 90 pm.

41.  The composition of claim 1, wherein the bioactive and biocompatible glass has a median

particle size of less than 70 um.

42.  The composition of claim 1, wherein the bioactive and biocompatible glass has a median

particle size of less than 50 um.

43.  The composition of claim 1, wherein the bioactive and biocompatible glass has a median

particle size of less than 40 pm.

44,  The composition of claim 1, wherein the bioactive and biocompatible glass has a median

particle size of less than 30 um.

45. The composition of claim 1, wherein the bioactive and biocompatible glass has a median

particle size of less than 20 pm.

=35 -



