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(57) Abstract: Disclosed herein are tooth whitening compositions comprising at least one hydrophobic polymer carrier; fumed
silica; sorbitan sebacate behenate polymer; and at least one whitening agent, wherein the tooth whitening composition has a structur -
al parameter such that G'/G" is greater than or equal to about 1. Also disclosed herein are methods of making a tooth whitening com -

position and methods of whitening the surface of a tooth.
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WHITENING SYSTEMS FOR BYDROPHOBIC WHITENING GELS

BACKGROUND

{8061} Disclosed herein are thickening systems for use in hydrophobic compositions, such as
hydrophobic tooth whitening compositions. In certain embodiments, the tooth whitening
compositions disclosed herein may be in the form of gels.

{#682] It has become desirable for a person's teeth to appear bright or "white.” Society places a
high value ou the "whiteness” of one's teeth. Oue whose teeth are white may enjoy roore personal
confidence and satisfaction and may cven enjoy greater social acceptance.

[G0383] In a maromal, a tooth 13 comprised of an nner dentin layer and an outer hard enamel
layer that is the protective layer of the tooth. The enamel layer of a tooth 18 naturally an opaque
white or slightly off-white color. It 1s the enamel layer that can become stained or discolored.
The enamel layer of a tooth is composed of hydroxyapatite mineral crystals that create a
somewhat porous surface. These hydroxyapatite crystals form microscopic hexagonal rods or
prisms that make up the enamel surface. As a result, the surface of the enamel layer presents
IMICTOSCOPIC spaces or pores between the prisms. It is believed that this porous nature of the
coamel layer is what allows staining agents and discoloring substances to perroeate the enamel
and discolor the tooth. These remaining substances can occupy the microscopic spaces and
eventually alter the color of the tooth,

{6084] Many substances that a person confronts or comes in contact with on a daily basis can
stain or reduce the whiteness of onc's tecth, In particular, the foods, tobacco products, and fluids
that one consumes tend to stain one's teeth. These products or substances tend to accurmiiate on
the enamel layer of the tooth and form a pellicle film over the tecth.

[B005] These stamning aund discoloting substances can then permeate the evamel layer. This
problem occurs gradually over many years, but imparts a noticeable discoloration of the enamel
of one's teeth. So long as the discolored teeth are still healthy and do oot pose any health risk or
problem, a product or substance that would whiten the discolored teeth would be advantageous.
1t 18 also essential that @ tooth whitening product that is to be used at horae or 1o private by the
consumer be safe and easy to use and be stable and retain its whitening efficacy during its

storage on retatl store shelves as well as over the perioed of use by the consumer,
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{#686] Products and substances that are presently available to whiten tecth may inchude a variety
of different ingredients, but the primary active ingredicut 15 a peroxide agent formulated nto a
liquid, paste or gel carrier. There is a need to assist peroxide retention on the tooth surface to
achieve the maximum bleaching performance. This may be achicved by incorporating the
peroxide agent into an adhesive, for example a pressure sensitive adhesive that can adhere o the
tooth surface. Currently, tooth whitening compositions may comprise at least one pressure
senstiive adhesive, such as a silicone pressure sensitive adhesive, as well as at least one adhesion
enhancing agent.

16687} Koown adhesion enhavcing agents include plastics, such as, for example, a dispersion of
polyethylene in mineral oil, to form a viscoelastic structure. The viscoelastic structure created in
part through the use of polyethylione cusures that solid materials remain homogenously
distributed in the tooth whitening composition, thereby increasing the product’s shelf life and
stability. Recently, however, there has been heightoned consumer awarencss of the use of
plastics such as polyethylene in personal care products, resulting in a demand for alternative
materials. Disclosed herein are suitable alternatives for polyethylene, which may be used to
provide viscoelastic structare n persouval care formulations, sach as tooth whitening
compositions.

G008} There is a need m the art for iraproved tooth whitening comwpositions that can provide
good peroxide retention on the tooth surface, whitening efficacy, and a stable formulation, while

incorporating ingredicnts that are appealing to consumers.

BRIEF SUMMARY
{#83809] Disclosed herein are tooth whitening compositions comprising at least one hydrophobic
polymer carrier, fured silica, sorbitan scbacate behenate polymer, and at least one whitening
agent, wherein the tooth whitening composition has a structural parameter such that G7/G” 13
greater than or equal to about 1, such as about 1.5 or about 2. The tooth whitening compositions
disclosed herein ensure that the sohd ingredients stay homogenously suspended 1o the
hydrophobic fluid base, vielding a shelf-stable composition that is acceptable to consumers.
{30010] In various embodiments disclosed herein, the hydrophobic polymer carricr is a

siltcone pressure sensitive adhesive, such as a polydiorganosiloxane. The hydrophebic polymer
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carrier may be present in the tooth whitening composition in an armount ranging from about 20%
to about 80%, for exaruple, by weight relative to the total weight of the composition.

100611} In erabodiments disclosed herein, the at least one whitening agent may be
hydrogen peroxide, and in certain excroplary embodirnents, the hydrogen peroxide may be
present in the tooth whitening composition in an amount ranging from about 8.1% to about 10%
by weight, relative to the total weight of the coraposition.

[66612] According to certain embodiments disclosed herein, the tooth whitening
composition may be anhydrous, and in certain embodiments the tooth whitening composition
may be substantially free of polyethylene, for example substantially free of plastigel (a biend of
mineral o1l and polyethylene).

{68813 In certain embodiments disclosed herein, the fumed silica may be present in the
tooth whitening composition in an amount ranging from about 1.5% to about 3%, by weight
relative to the total weight of the composition. Likewise, in certain embodiments the sorbitan
sebacate behenate polymer may be present in the tooth whitening composition in an amount
ranging from about 1.5% to about 3%, by weight relative to the total weight of the composition.
In various exemplary embodiments, the tooth whitening compositions disclosed herein may
further comprise additional ingredients such as mineral oil, polyvinylpyrrolidone, flavoring
agents, sweeteners, desensitizing agents, anti-toicrobial agents, anti-caries ageuots, anti-calculus
agents, anti-inflammatory agents, vitamins, pigments and coloring agents, and preservatives.
[68814] Embodiments disclosed herein also include methods for whitening a surtace of a
tooth comprising contacting the surface of the tooth with a tooth whitening composition for a
duration of timne sutficient to cffoct whitening of the surface of the tooth, wherein the tooth
whitening composition comprises at least one hydrophobic polymer carrier, fumed silica,
sorbitan scbacate behenate polymer, and at least one whitening agent, and wherein the tooth
whitening composition has a stractural parameter such that G7/G” 18 greater than or equal to
about 1. In certain embodiments, the duration of time ranges from about 1 minute to about 45
minutes.

{(63015] Embodiments disclosed herein also include methods for making a tooth whitening
composition comprising cornbining at least one hydrophobic polymer carrier, fumed silica,
sorbitan sebacate behenate polymer, and at least one whitening agent; and mixing the at least one

hydrophobic polymer carrier, fumed silica, sorbitan sebacate behenate polymer, and at least one
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whitening agent to form a homogenous dispersion, wherein the tooth whitening composition has
a structural parameter such that G7/G” 1s greater than or equal to about 1. According to certain
embodiments, the method of making a tooth whitening composition may further comprise
mixing at least one of flavoring agents, sweetencrs, desensitizing agents, anti-microbial agents,
anti-caries agents, anti-calculus agents, anti-inflammatory agents, vitamins, pigments and
coloring agents, and preservatives.

{30016} Further arcas of applicability of the present inveuntion will become apparent frow
the detailed description provided heremafter. It should be understood that the detailed
description and specific examples, while indicating the preferred embodiment of the invention,

are intended for purposes of itlustration only and are not intended to limit the scope of the

nvention.
BRIEF DESCRIPTION OF THE DRAWINGS
166617] The present mmvention will become more fully understood from the detailed

description and the accormpanying drawings, wherein:

[60818] FIG. 1 1s a graph plotting the strain sweep of G and G for saropie corupositions
comprising 1.5% polyethylene, 3% sorbitan scbacate behenate polymer, and 5% sorbitan
sebacate behenate polymer.

{00619} FI1G. 2 1s a graph plotting the strain sweep of G and 37 for sample compositions
comprising 1.5% polyethylene, 3% fumed silica, and 3% fumed silica.

{(3020] FI3. 3 is a graph plotting the strain sweep of G7 and G” for saraple compositions
comprising 1.5% polyethylenc; 2.5% fumed silica plus 2.5% sorbitan sehacate behenate

polymer; and 1.5% fumed silica plus 1.5% sorbitan sebacate behenate polymer.
DETAILED DESCRIPTION

160021 The following description of the preferred embodiments is merely exemplary in
nature and is 10 no way intended to lirait the mvention, its application, or uses.

{(6022] As used throughout, ranges are used as shorthand for describing each and every
value that 1s within the range. Any value within the range can be selected as the terroinus of the
range. In addition, all references cited herein are hereby incorporated by reference in their
entireties. In the event of a conflict in a definition in the present disclosure and that of a cited

reference, the present disclosure controls.
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[06023] As used herein, the term “one or more of” with respect to a listing of items such
as, for exarople, A and B, meauns A alone, B alone, or A and B, The term “at least one of” is
used to mean one or more of the histed items can be selected.

{00824] Unless otherwise specified, all percentages and amounts expressed herein and
elsewhere in the specification should be understoed to refer to percentages by weight. The
amounts given are based on the active weight of the material.

[86025] Disclosed herein are tooth whitening corapositions coraprising at least oue
hydrophobic polymer carrier, such as at least one stlicone adhesive; fumed silica; sorbitan
sebacate behenate polymer; aud at least one whitening agent, wherein the tooth whiteoing
composition has a structural parameter such that G'/G” is greater than or equal to about 1, such
as about 1.5 or about 2. In certain embodiments, the hydrophobic polymer carrier for adhering
the tooth whitening composition to the tooth surface may be, for example, a silicone pressure
sensitive adhesive,

{(3026] The tooth whitening compositions disclosed herein may further comprise other
additional ingredicnts that inchude those known to one of skill in the art, including one or more of
the following coraponents: fluoride 1ov sources, surfactants, flavoring agents, sweeteners,
desensitizing agents, antimicrobial agents, anti-carics agents, anti-calculus agents, tartar control
agents, anti-inflammatory agents, vitarins, pigments and coloring agents, preservatives, and
enrymes, as will be discussed in greater detail below.

[66027] In some embodiments, the tooth whitening compositions disclosed herein are
viscous Hauids, such as gels, which matntain their consistency during storage, thereby enabling
the product to be applied to the tooth surface, such as with a soft applicator pen or brush.
{BGO28] The viscosity of the tooth whitening composition disclosed herein may be greater
than about 1,000 centipoise (cPs) and less than about 900,000 cPs, such as ranging from about
16,0600 ¢Ps to about 100,000 ¢Ps; frora about 58,000 to about 904,000 ¢Ps, or ranging from about
200,000 cPs to about 600,000 cPs.

[G0029] In certain embodiments, the tooth whitening compositions disclosed herein may
be in the form of a viscoelastic fluid. As used herein, the term “viscoelastic thud” refers to a
complex fluid that exhibits mechanical properties that arc both clastic (solid-like, ¢.g., rubber)
and viscous {liquid-like or flowable, e.g., water). A viscoelastic fluid composition may deform

and flow under the influcnce of an applied shear stress (e.g. shaking or swishing in the mouth),
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but when the stress is removed, the composition will recover from the deformation. The clastic
portion of the viscoelastic behavior may be quantified by the elastic roodulus (GY), while the
viscous portion may be quantified by the viscous modulus (G").

100830] As used herein, “structured fluid” and “structured composition” may be used
interchangeably, and refer to a fluid that exhibits a (' value greater than or equal to the G" value
{(i.c., the ratio of Q7 to G” 18 > about 1) within the hinear viscoclastic region of a strain sweep
raeasurement, discussed below.

{00831} {n some embodiments, fluid compositions are provided that comprise at icast one
structuring ageunt that forms a viscoelastic network with specific rheological characteristics.
{(6032] As used herein, the term “structuring agent” refers to a substance that is able to
form by itself, or in combination with another substance or substances, a structured network that

SIS

provides a G737 > about 1. In certain embodiments, the structuring agents may comprise a
combination of fumed silica and sorbitan scbacate behenate polymer. In certain exemplary
embodiments, the tooth whitening composition is free of polyethylene as a structuring agent.
(6033 Vartous tests may be used to obtain the rheology profile of viscoelastic flnid
compositions. One such test is a strain sweep test. The strain sweep test indicates whether a
composition 1s structured or not. A strain sweep test measures G and G7, respectively. Taking
the ratio of the G value to the G" value within a hnear viscoelastic region gives what is known as
the “Structural Parameter.” In some embodiments, the tooth whitening compositions disclosed
hercin have a 7 to G7 ratio of greater than or cqual to about 1, such as greater than or cqual to
about 1.5, greater than or equal to abowut 1.75, or greater than or equal to about 2.0.

{00834] In a strain sweep test, the amplitude of the apphied strain varies in the range

(. 1%<y<100% while the frequency of oscillations s kept constant. The viscoelastic response of
the material to the applied oscillatory strain is measured in terms of G and G", the viscous and
loss modali, and valuable information may be obtained this way. In general, G represents energy
storage within the viscoclastic structure, and (" represents dissipation of this energy through
flow. The huear viscoelastic region (LVR) s determined by the region of the strain sweep in
which " and G” remain constant with respect to the applied strain, and the ratio of elastic to
viscous contribution (GG} can be calculated based on the G and G values within the LVR.
This ratio provides a good indication of how structured a composition is, with a higher G/G"

ratio indicating that a more robust stracture s present within the systern. The vield stress value
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may also be determined from a strain sweep experiment, by plotting the elastic stress {G' x
Strain) vs. Strain. With this information at hand, one can determine whether a certain viscoelastic
material exhibits more solid-ltke or more fhuid-like properties, and in this particular case the data
can be utilized effectively to determine whether various aesthetics and solid materials can be
successfully suspended within the composition.

{B0035] In sorac embodiments, the tooth whiterung coraposition disclosed herein is
substantially anhydrous, meaning that no water is added. The tooth whitening composition roay
comprisc trace levels of water from ingredients or from product manufacture; however, such
trace levels are insubstantial and do not wnterfere with the hydrophobic character of the tooth
whitening composition.

Hydrophobic Polymer Component

{80036] The tooth whitening compositions disclosed herein may comprise a carrier that
compriscs a hydrophobic polyracr. The term "hydrophobic” or "water-insoluble” as applicd to
polymers and as employed herein refers to an organic polymer which is substantially non-
aqueous having a water solubility of less than one gram per 100 grams of water at 25 °C. In
various embodiments, a hydrophobic polymer is compatible with the at least one whitening agent
described herein. In certain embodiments, a hydrophobic polymer is selected for the carrier to
produce a tooth whitening composttion haviog a viscosity ranging from about 1,000 ¢Ps to about
300,000 cPs, such as from about 10,000 cPs to about 900,000 cPs or from about 10,000 cPs to
about 100,000 ¢Ps.

{30637} {Une class of hydrophobic polymers that may be used according to certain
exemplary embodiments comprise siloxane polymers, which are also generally known in the art
as "silicone” polymers, such as silicone pressure sensitive adhesives (PSA). In certain
embodiments disclosed herein, the hydrophobic polymers in the carrier are those in which a
whitening agent can be dispersed and are well known in the art. Many such silicone polymers are
commercially available. In various embodiments, a silicone-based hydrophobic polymer is a
polyorganosiloxane, such as polydimethylsiloxane.

{(G3038] Exemplary polyorganosiloxanes may be produced by condensing a silicone resin
and an organostloxane, such as a polydiorganosiloxanc, Such hydrophobic polymers arc an
clastomeric, tacky material, adhesion of which to dental enamel surfaces can be varied by

altering the ratio of silicone resin to polydiorganosiloxanc in the copolymer molecule. In certain
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embodiments, the polymers are pressure sensitive hydrophobic polymers specifically designed
for pharroaceutical use and are permeable to many drug compounds and find application for the
transdermal application of various compounds. In one such embodiment, the silicone polymers
are the copolymer product of mixing a silanol terromated polydiorganosiloxane, such as
polydimethy! stloxane, with a stlanol-containing silicone resin whereby the silanol groups of the
polydiorganosiloxane undergo a condensation reaction with the silanol groups of the silicone
resin so that the polydiorganosiloxane s lightly crosshnked by the silicone resin (that 1s, the
polydiorganosiloxanc chains are bonded together through the resin molecules to give chain
branching and entanglement and/or a small amount of network character) to form the silicone
hydrophobic polymers. A catalyst, for example, an alkaline material, such as ammonia,
ammonium hydroxide or ammonium carbonate, can be mixed with the silanol-termunated
polydiorganosiloxane and the stlicone resin to promote this crosslinking reaction. By
copolymerizing the silicone resin with the silanol terminated polydiorganosiloxane, there results
a polymer with self-adbering properties and the cohesive properties of a soft ¢lastomer matrix
characteristic of pressure sensitive polymers being distinguished from the hard, non-elastomeric
propertics of other siticone resins. In one embodiment, hydrophobic polymers used in the carrier
are avatlable from the Dow-Corning Company under the brand name BIO-PSA.

[606839] The modification of a ratio of silicone resin to polydiorganosiloxane modifies the
tackiness of the hydrophilic polymer. This ratio may, for example, be in the range of 70:30 to
50:50. For cxample, the BIO-PSA silicone sold by Dow-Corning is avatlable in three silicone
resin to silicone polymer ratios: namely, 65/35 (low tack), 60/40 {medium tack}, and 55/45 (high
tack), as modifying the silicone resin to polydiorganosiloxane ratio of the PSA will modity the
tackiness of the PSA. Such a polyorganosiloxane pressure sensitive adhestve is available
dissolved in either ethyl acctate solvent or dimethicone. An exemplary suitable silicone PSA is
Silicone Adhesive 8-7016, coramercially available from Dow Corniog.

166040 in some embodiments, the siloxane polymers that can function as part of the
hydrophobic component are 1o the form of a fluid. Polysiloxane fluids useful heren for the
hydrophebic siticone material component include those with a viscosity, at 25° C, of about 1
railliPascal-see (mPa-s) to about 1000 mPa-s, or about 2 mPa-s to about 560 mPa-s, or about 20
mPa-s 1o about 400 mPa-s. Polysiloxane fluids for use herein can be linear or cyclic, and can be

substituted with a wide variety of substituents. In certain embodiments, substituents melude
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methyl, ethyl and pheny! substituents. Suitable polysiloxane fluids include linear polysiloxane
polyraers such as dimethicone and other low viscosity analogues of the polysiloxane waterials, in
certain embodiments having a viscosity, at 25° C, of 200 mPa-s or less and cyclomethicone, and
other cyclic siloxanes having for example a viscosity, at 25° C, of 200 mPa-s or less. Other fluids
include polysiloxane polyether copolymers and hydroxy terminated polydimethyl-siloxane fhid
{¢.g., Dow Corning ST-DIMETHICONOL ™ 40, Dow Corning SGM 36, SGM3). Commercial
examples of waterials that are suitable for use herein include the DC200 series thuids marketed
by Dow-Corning Corporation and the AK Fluid series marketed by Wacker-Chemie GmbH,
Munchen, Germany. High molecular silicone resins with a polysiloxane blend may also be used
including powdered trimethylsiioxysilicate, for example, Dow Corning 593 fluid, Wacker Belsil
TMS 803, Another suitable silicone fluid from Dow Corning 18 37-9210.

{80041 While not intending on being bound by any theory of operability, it is believed
that hydrophobic adhesives (such as silicone resin, silicone adhesives, cte.) which are substantive
to, and can be readily adhered to, the tooth surface, surprisingly can be combined with a
peroxide, such as hydrogen peroxide, and adhesion enhancing agents that act as structuring
agents, including fumed silica and sorbitan sebacate behenate polymer, to forro a stable, highly
retentive and efficacious tooth whitening gel. This was despite the expectation that the
combination of fumed silica and sorbitan sebacate behenate polymer would vot yvield a stable
composition with an adequate viscoelastic structure for maintaining the solids homogenously
dispersed in the tooth whitening composition.

100642} In certain embodiments disclosed herein, the hydrophebic polymer carrier, such
as the polydiorganosiloxane, may coraprises from about 205 to about 80% by weight of the
tooth whitening composition, such as, for example about 40% to about 80%, from about 60% to
about 80%, from about 70% to about 80%, or about 75%.

Adhesion Enhancing Agents

160643] in varipus embodiments, the tooth whitening compositions disclosed herein
comprise at least two adhesion enhancing agents that act as structuring agents in the
compositions and augrent adhesion of the whitening composttion to the surface of the tooth, 1.,
adhesion to the enamcl. In ermbodiments disclosed herein, the at least two adhesion enhancing
agents comprise a combination of fumed silica and sorbitan sebacate behenate polymer. The

combination of the fumed stlica and sorbitan sebacate behenate polymer act as structuring
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agents, creating a viscoelastic structure together with the hydrophobic polymer carrier, such that
G7/G” is greater than or equal to 1. This viscoelastic structure ensures that the solid ingredients
remain homogenousty suspended in the tooth whitening composttion, such that the composition
remains stable and has an adequate shelf lite after formulation.

{(0844] Fumed silica, also known as pyrogenic silica, is an inorganic material comprising
amorphous silica. The mdividual silica particies may agglomerate into a three-dimensional
structure having a low bolk density and high surface arca. Excmplary fumed silicas may melode
CAB-O-5IL fumed silica manufactured by Cabot Corporation and AEROSIL fumed silica
manufactured by Evonik Industries. To certain embodiments disclosed herewn, the fumed silica
may be present in the tooth whitening composition in an amount ranging from about 1% to about
5%, such as about 1.5% to about 3%, by weight relative to the total weight of the coraposition.
{80045] Sorbitan sebacate behenate polymer is also known as sorbitol sebacic acid
copolymer behenate, and 1s copolymer of sorbitol and scbacic acid esterified with behenic acid.
{t is known for use in controlling viscosity. In certain embodiments disclosed herein, the sorbitan
scbacate behenate polymer may be present in the tooth whitening composition in an amount
ranging fror about 1% to about 5%, such as about 1.5% to about 3%, by weight relative to the
total weight of the composition.

[30046] Additional adhesion enhauncing agents way be used in accordance with various
embodiments of the tooth whitening composition disclosed herein. Exemplary adhesion
cuhancing agents disclosed herein include inorganic materials as well as organic natural and
synthetic polymers. In certain exemplary embodiments, the inorganic adhesion enhancing
material, such as silica, may be surface treated to compatibilize the adhesion enhancing agent
with the hydrophobic components in the tooth whitening composition.

{60847} Organic materials which may be included in the tooth whitening compositions
disclosed herein to enhance the properties of the hydrophobic polymers may include adhesion
enhancing agents such as waxes, inclusive of beeswax, mineral oil, plastigel (a blend of mineral
oil and polyethylene), petrolaturn, white petrolatam, shellac, versagel (blend of liguid parathin,
butene/ethylene/styrene hydrogenated copolymer), polyethylene waxes, microcrystailine waxes,
polyisobutene, polyvinylpyrrolidone/vinyl acetate copolymers, and insoluble polyacrylate

copolymers.

10
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{G0048] The tooth whitening compositions disclosed herein may further comprise
crospovidone (poly[N-vinyl-2-pyrrolidone]) as an adhesion enhancing agent. Crospovidone may
be present in the composition in an amount ranging from about 10% to about 30%, by weight
relative to the total weight of the tooth whitening composition, such as ranging from about 15%
to about 25%, or ranging from about 18% to about 25%.

166049] Also effective as adhesion enhancing agents are liguid hydrophilic polymers
including polyethylene glycols, nonionic polymers of ethylene oxide having the general formula:
HOCH(CHOCH; 3, CH,OH, wherein n represents the average number of oxycethylene groups.
Polyethylene glycols available from Dow Cheroical are desigoated by a number such as 200,
300, 400, 600, and 2000, which represents the approximate average molecular weight of the
polyracr, as well as nonionic block copolymer of cthylene oxide and propylence oxide of the
formulas: HO{CH4O L,(CsHO CHO L H.

[B0056] The block copolymer may be chosen (with respect to a, b and ¢) such that the
ethylene oxide constituent comprises from about 65% to about 75% by weight, of the copolymer
molecule and the copolymer has an average molecular weight of from about 2,000 to about
15,000 with the copolymer being present 1o the tooth whitening composition 1o such
concentration that the composition is a gel at room temperature {about 23 °C).

[00851] One block copolymer for use herein is available commercially from BASF and
designated PLURAFLO L1220, which has an average molecular weight of 9,800, The
hiydrophilic poly {cthylene oxide) block averages 65% by weight of the polymer.

106652} At least one additional adhesion enhancing agent in addition to the fumed silica
and sorbitan scbacate behenate polymer that may be employed in cornpositions of various
embodiments disclosed herein may present in an amount ranging from 1% to 80% by weight,
relative to the total weight of the tooth whitening composition, such as, for example, ranging
from about 1.5% to 75% by weight.

Wihitening Agenis

[60853] In various embodiments, the tooth whitening compositions disclosed herein
comprise at least one whitening ageunt as a main active ingredient. In certain embodiments, the at
icast one whitening agent 18 a peroxide compound. As further discussed below, a "whitening

agent” is a material which effects whitening of a tooth surface to which it is applied.
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(0054 As referred to herein, a "peroxide compound” is an oxidizing compound
comprising a bivalent oxygen-oxygen group. Peroxide compounds nclude peroxides and
hydroperoxides, such as hydrogen peroxide, peroxides of alkali and alkaline earth metals,
organic peroxy compounds, peroxy acids, pharmaccutically-aceeptable salis thereof, and
mixftures thereof, Peroxides of alkalt and alkaline carth metals include lithium peroxide,
potassium peroxide, sodium peroxide, magnesium peroxide, caleiurm peroxide, bartum peroxide,
and mixtures thercof, Organic peroxy compounds include carbamide peroxide (also known as
urca hydrogen peroxide), glyceryl hydrogen peroxide, alkyl hydrogen peroxides, dialkyl
peroxides, atkyl peroxy acids, peroxy esters, diacyl peroxides, benzoyl peroxide, and
monoperoxy phthalate, and mixtures thereof. Peroxy acids and their salts include organic peroxy
acids such as alkyl peroxy acids, and monoperoxyphthalate and nmuxtures thereof, as well as
inorganic peroxy acid salts such as persuifate, dipersulfate, percarbonate, perphosphate,
perborate and persilicate salts of alkali and alkaline earth metals such as hithium, potassium,
sodium, magnesium, calcium and bartum, and mixtures thereof. In various embodiments, the
peroxide compound comprises hydrogen peroxide, urea peroxide, sodium percarbonate and
roixtares thereof.

180055] Peroxide releasing compounds that may be mentioned for use in the tooth
whitening corapositions disclosed hercin include peroxide contaiming corapounds such as urea
peroxide, sodinm percarbonate, sodium perborate and polyvinylpyrrolidone-H,(O, complexes
{(heremnafter "PVP-H,(0,"). Polyvinylpyrrolidone s also known as poly-N-vinyl-poly-2-
pyrrelidone and commonly abbreviated to "PVP". PVP generally refers to a polymer containing
vinylpyrrolidone {also referred to as N-vinylpyrrolidone, N-vinyl-2-pyrrolidione and N-vinyl-2-
pyrrolidinone) as a monomeric unit. The monomeric unit consists of a polar imide group, four
non-polar methylene groups and a non-polar methane group.

136656} Both linear and cross-linked complexes of PVP-H,0; are known in the art, and
PVP-H,0; is considered to be stable in an anhydrous environment. Upon exposure to highly
agueous environments, such as in the oral cavity, the PVP-H,0; dissociates into imdividual
species (PVP polymer and Hy(3). In one embodiment, the PVP-Ha(h complex ts 80% by weight
polyvinylpyrrolidone and 20% by weight H,O,.

[ B6657| in alternate embodiments disclosed herein, the at least one whitening agent

compriscs a liquid peroxide solution. The hydrophobic polymer carrier of the whitening
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composition provides sufficient stability to permit the use of a Hguid hydrogen peroxide. The
liguid hydrogen peroxide comprises Hh O, generally contained 1u an aqueous water-based
solution. In some embodiments, the liquid bydrogen peroxide has a concentration of peroxide to
the total solution ranging frorn shout 0.035% to about 17.5%, such as from about 3% to about
10% by weight, which for example may be achieved by adding a 35 wt % aqueous H,O; solution
at a concentration of from about §.1 wt % to about 50 wit %, such as gbout 8 wt % to about 29 wt
Y, or from about 15 wit % to about 25 wt %. Additionally, at least one stabilizer may be present.
For example, a 3% hydrogen peroxide solution with about 0.1% to about 0.5% of at least one
stabilizer roay be used. Acetanilide or a sivoilar organic material can also be used with a
pyrophosphate stabilizer such as soedium acid pyrophosphate, present in an amount ranging from
about 0.1% to gbout 1.0%, such as about 8.5%.

[ B0058] In certain embodiments, the tooth whitening compesition may further comprise at
icast one agent to enhance relcase of the peroxade i the oral cavity as a part of the peroxide
component whitening agent. POLY-PORE, which is an allyl methacrylate crosspolymer,
available from Amcol health & Beauty Solutions, Inc., is an exemplary enhancing agent.

{B0059] In various erobodiments, the at least one whiteoing agent s present in the tooth
whitening composition in an amount ranging from about 0.035% to 17.5%, such as from about
0.1% to about 10%, or from about 0.1% to about 6%, by weight relative to the total weight of the
tooth whitening composition.

Additional components

{306606] As previgusly described, many other components may further be included in the
whitening corapositions of the present invention, and mchude surfactants, flavoring agents,
sweetening ageuts, desensitizing agents, anti-microbial agents, anti-caries agents, anti-calculus
agents, anti-inflammatory agents, vitamins, pigments and coloring agents, enzymes,
preservatives, and tartar conirol agents, for example.

160661 in certain embodiments disclosed herein, the tooth whitening composition may
further coroprise at least oue flavoring agent. The at least one flavoring agent, may, for exaraple,
be selected from essential oils, as well as various flavoring aldehvdes, esters, alcohols, and
strnilar materials, Examples of the essential oils inchude oils of spearmint, peppermmint,
wintergreen, sassafras, clove, sage, eucalyptus, marjoram, cinnamon, lemon, lime, grapefruit,

and orange. Also useful are such chemicals as renthol, carvone, and ancthole. Of these, the most
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commonly employed are the oils of peppermint, spearmint and wintergreen. The flavoring agent
raay be incorporated in the tooth whitening compaositions disclosed herein at a conceniration
ranging from 0.01% to about 2% by weight, such as about 8.1% to about .6% by weight.
[86062] In embodiments where the tooth whitening coraposition is sweetened, at least one
sweetening agent may be used as an alternative or as a complement to the at least one flavoring
agent. Suitable sweetening agents roay be water-soluble and mclude, for exarple, sodium
saccharin, sodium cyclamate, xylitol, peritiartien, D-tryptophav, aspartame, dihydrochalcones
and the like. The at least one sweetening agent may be present in the tooth whitening
composition 1 an amount ranging frove about §.01% to about 19 by weight, such as about 0.3%.
{60863} Exemplary antimicrobial agents may include those typically used in oral care
compositions, such as Triclosan, chlorhexidine, copper-, zing-and stannous salts such as zine
citrate, zinc sulfate, zine glycinate, sodium zine citrate and stannous pyrophosphate, sanguinarine
extract, metronidazole, quaternary ammonium compounds, such as cetylpyridinium chlonde; bis-
guanides, such as chiorhexidine digluconate, hexetidine, octenidine, alexidine; and halogenated
bisphenolic compounds, such as 2,2'methylenebis-(4-chloro-6-bromophenol).

136064 Exemplary anti-inflammatory agents roay include those typically used in oral care
compositions, such as tbuprofen, flurbiprofen, aspirin, indomethacine. Exemplary anti-caries
agents may include mgredicuts such as sodium-, calciuro-, magnesiuro-and stannous fluoride,
aminefluorides, disodium monofluorophosphate and sedium trimetaphosphate. Exemiplary
vitamins may ineclude mgredicuts such as Vitamin C. Exemplary desensitizing agents may
include ingredients such as potasstum citrate, potassium chloride, potassium tartrate, potassium
bicarbonate, potassium oxalate, potassium nitrate and strontiuro salts. Exemplary anti-calculus
agents may include ingredients such as pyrophosphate salts including the mono, di, tri and tetra
alkali metal and ammonium pyrophosphate and tripolyphosphate salts. Exemplary enzymes may
include papain and glucoamylase.

180065] Some embodiments provide compositions wherein at least one of ingredients is a
fluoride 1on source selected from stannous fhuoride, sodium fluoride, potassiom fluonide, sodium
monofiuorophosphate, sodium fluorosilicate, ammonium fluorosilicate, amine fluoride, and
ammonium fluoride.

186066 Also disclosed herein are methods for whitening a surface of a tooth in an oral

cavity of a human or other amimal subject which comprises (a) applying a tooth whitening
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composition as disclosed herein to the tooth surface to be whitened for a plurality of minutes per
day; and (b) repeating step (a) for multiple days to thereby whiten the tecth. Also disclosed
herein is a method for whitening a surface of a tooth comprising applying to the surface of the
tooth a composition comprising at least one hydrophobic polymer carrier, fumed silica, sorbitan
sebacate behenate polymer, and at least one whitening agent.

166067] Exemplary methods disclosed herein coraprise contacting the tooth whitening
composition with the surface of the tooth. The contacting may occur for a duration of time
sufficient to satisfactorily effect whitening of the tecth. Thus, the contacting occurs for a
sufficient period of time to at least partially whiten teeth. This can be a period of timoe ranging
from about I minute to about 2 hours or longer. In certain embodiments, the contacting is fora
period of time ranging trora about I minute to about 5 minutes, fror about | minunte to about 45
minutes, from about 5 minutes to about 45 minutes, or from about 3 minutes to about 30 minutes.
[86068] In certain embodiments disclosed herein, a substantially non-agueous tooth
whitening composition may be effective over a longer period of time, since it is not significantly
diluted or washed away in the oral cavity during the treatment time. The tooth whitening
composition can be rerooved as and when requived, at will, by an eroployrent of standard oral
hygiene procedures such as brushing or by rinsing with an alcoholic mouthwash. While in place,
the composition may release agents contained therern at a slow, relatively constant rate and in
concentration sufficient to effect stain removal from the tecth.

{00069] Further disclosed herein are methods of uaking a tooth whitening composition as
disclosed herein. The tooth whitening compositions disclosed herein may, in certain
embodiments, be prepared by adding and mixing the ingredients of the coraposition in a suttable
vessel, such as a stainless steel tank provided with a mixer. In the preparation of the tooth
whitening composition, the ingredients may be added to the mixer in the following order:
hydrophobic polymer component, such as the silicone based pressure seusitive polymer;
peroxide whitening agent; adhesion enhancing agents, including fumed silica and sorbitan
sebacate behenate polymer; and any desired flavoring or sweetener. The ingredients way theo be
mixed to form a homogenous dispersion/solution.

1B6076] The tooth whitening composition disclosed hercin may be prepared m the form of
a flowable viscous liquid dispersion, such as a gel, comprising at least one whitening agent and is

applicd as such to the user’s tecth as by painting the teeth with a soft applicator brush.
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Application by the user leaves a coating of the compeosition on the teeth. Contact with saliva

causes the slow release of Hy0, from the hydrophobic roaterial matrix to the applied tooth site

from the composition, providing prolonged whitening treatiment of the tooth sites.

Comparative Example 1

186071

EXAMPLES

Fured stlica and sorbitan scbacate behenate polyruer were evaluated individually

as potential rheology modifiers/structuring agents that may be utilized as a replacement for

polyethylene in a tooth whitening coroposition. Although both fumed silica and sorbitan scbacate

behenate polymer individually provided thickening as a result of increased viscosity, neither

rnaterial provided the preferred viscoclastic structure. The preferred viscoelastic structure can be

described as a structural parameter {(G°/3Y equal to or greater than 1. Three formulations were
i é:‘

prepared as disclosed below m Table 1

Table 1
Ingredient Sample with sample with Sample with

soerbitan fumed silica poivethviene
sebacate
behenate
polymer

Trimethylsiloxysilicate/dircthiconol 12.0% 12.0% 12.0%

crosspolymer

Dimethicone Q5 28 5

VP 18.0% - 25.0% 18.0% - 25.0% 18.0% - 25.0%

Hydrogen peroxide

0.1% - 6.0%

0.1% - 6.0%

0.1% - 6.0%

Sodium saccharin

3.3%

0.3%

0.3%

Sorbitan sebacate behenate polymer

3.0% - 5.0%

Fumed stlica

Polyethylene - -~ 1.5% - 2.0%
Mineral ol 25.0% - 35.0% 0 - 35% 25.0% - 35.0%
Flavor 0.6% (.6% 0.6%
Total 100.0% 160.0% 100.0%
[606872] A strain sweep experiment was then performed oun a 3% sorbitan sebacate

behenate polymer sample, a 5% sorbitan sebacate behenate polymer sample, and a 1.5%
3 , ¥

polyethylene control sample. The experiment was performed at 25 °C. Figure 1 is a graph

itfustrating the results of the strain sweep experiment, and Table 2 below lists the viscoelastic
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and (G values for the 3% sorbitan scbacate behenate polymer sample, 5% sorbitan scbacate

behcoate polymer sample, and 1.5% polyethylene control at various strain percentages.

Table 2
Strain 3% SSB Polymer 5% SSB Polymer 1.5% Polyethviene
(V) G’ G GG G’ b SHASH G G GG
0.10 630,48 | 1301.44 | 0.48 329593 13752.64 | (.88 8141.14 1 5269.11 | 1.55
0.13 618.56 | 1320.36 | 0.47 325446 1 375502 { 0.87 7949.57 1 5262.37 | 1.51
0.16 614.48 | 1294.65 | 0.47 3129.04 | 3685.78 { 0.85 776924 | 5222.52 | 1.49
0.20 598.85 | 1285.03 | 6.47 2089.74 13614.90 1 0.83 750613 | S182.88 | 1.45
0.25 S89.74 1127702 | 046 2880.10 1 3559.09 | 0.81 722217 1 S110.23 | 141
0.31 572.81 | 1260.59 | 0.45 271922 1346130 1079 6935.88 | 5035.59 1 138
0.40 55224 1124934 1044 2552.35 1335897 107 6618.00 | 493744 | 1.34
3.50 530.59 1123255 10.43 236773 1322064 1073 6284.38 1 4826.65 | 1.30
(.63 511.90 1 1215.01 | 0.42 2184.14 { 309581 1 0.71 594241 1 4700.55 | 1.26
0.79 489.76 1 1190.79 | 0.41 1999.76 | 2958.45 | 0.68 5592.05 1456539 1 1.22
1.00 466.63 | 1167.38 | 0.40 182112 1 281745 1 0.65 524527 1 4422.57 1 1.19
1.25 441.68 1 114333 1 0.39 1647.46 | 2674.75 | 0.62 489896 | 427430 1 115
1.58 418,18 | 111893 1 0.37 147376 1 2527.16 | 0.58 454748 | 4115.86 | 1.10
1.99 394.19 | 1093.65 | 0.36 1312.36 | 2380.68 | 0.55 4203.40 | 395520 | 1.06
2.50 359.81 | 1056.43 | 0.34 1157.84 1223160 {1 0.52 387093 1 3801.17 1 1.02
3.15 346,93 11037751 0.33 102856 1 2101.97 1 049 354347 | 364146 1 097
3.96 32795 1181274 1 0.32 902.09 1196821 1046 322086 | 3482.88 | .93
4.99 J0R.72 | 986.59 | 0.31 792,77 1184452 1043 292197 13317.46 | 0.88
6.28 290.80 1 960.31 | 0.30 694.93 1172611 1 0.40 2633.65 | 3164.85 1 0.83
7.91 274.05 193392 10.29 609.14 11622.15 10.38 2357.33 | 3003.88 | 0.78
9.96 259.07 190848 1 0.29 53485 1152283 1035 2(96.82 | 2842.24 |1 0.74
253 124628 | 88425 | 0.28 473.34 1143306 1033 1855.43 | 2680.33 | 0.69
1578 123611 | 861.93 27 423.53 1135397 1031 1635.64 | 2519.77 | 0.65
19.86 1213.48 | 82647 | 0.26 385.35 1128593 10.30 1438.62 | 2362.61 | 0.61
25,01 122584 182451 1027 358.86 1 1230.67 1 0.20 1265.03 | 221033 | 0.57
3148 122538 | 81400 | .28 343.33 1118938 1029 1114.98 | 2065.09 | 0.54
39.64 1231.39 180897 |1 0.29 33849 1116455 10.20 K044 | 1930.10 | 8.51
48090 122151 | 78710 | 0.28 33532 11150551029 879.63 1181042 | (.49
6282 124791 181556 1 0.30 362.89 1117524 10.31 79196 1 1711.83 | 0.46
79.08 126130 | 840.00 | 0.31 371.69 11208.51 1 031 719.82 |1 1640.26 | 0.44
9957 126682 | B6ROS | 0.31 385.66 11264111031 658.18 | 1596.62 | 0.41
{66073 As shown in Table 2, none of the strain percentages for either the 3% sorbitan

sebacate behenate polymer sample or the 5% sorbitan sebacate behenate polymer sample yielded

a structural parameter (G'/G7) of greater than or equal to 1. Based ou this, it can be inferred that

the solid powder ingredients will not stay homogenously suspended in the hydrophobic matrix,
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and therefore both the 3% and 5% sorbitan sebacate behenate polymer formulations will fack

sufficicot shelf stability.

186074

Similarly, a strain sweep experiment was also performed on a 3% fumed silica

sample, a 5% fumed silica sample, and a 1.5% polyethylene control sample. The experirnent was

performed at 25 °C. Figure 2 is a graph illustrating the results of the strain sweep experiment,

and Table 3 below lists the viscoclastic G and G” values for the 3% fumed silica sample, 5%

fumed silica sample, and 1.5% polyethylene control at various strain percentages.

Table 3
Strain 3% Fumed silica 5% Fumed silica 1.5% Polycthylene
(%) g’ G G /G” G’ 3 G /G” o’ G” 3/G”

0.10 377.697 | 1081.29 1 0.35 66865 1 1521.45 | 0.44 8i41.14 | 526911 1 1.55
0.13 368.386 1 1077.36 1 0.34 670301 |1 15173 1044 7949.57 | 526237 | 1.51
0.16 366.001 § 1084.96 1 .34 665001 | 15141 1044 7769.24 | 5222.52 1 1.49
0.20 358.302 | 1087.96 1 0.33 664.766 | 1513.05 1 0.44 7506.13 | S1B2.8R | 145
0.25 351.803 {1 1078.04 { 0.33 656.625 | 1512.26 1 0.43 722217 15110.23 | 1.41
0.31 347052 1107643 1 0.32 655.018 | 1507.53 1 .43 633588 | 5035.59 | 1.38
(.40 340.798 | 1067.06 | 0.32 642.074 | 1497.76 1 0.43 6618.90 1493744 1 1.34
0.50 333.961 1 1065.24 1 §.31 635.042 | 149034 |1 0.43 6284.38 | 4826.65 | 1.30
0.63 326,765 {1 105384 1 031 628.554 | 1485.02 | 0.42 394241 14700.55 1 1.26
0.79 318.737 1 1044.94 : .31 619.721 1 1476.64 | 0.42 5592.05 1456539 1122
1.00 310.58 11036.42 1 0.30 610.089 | 1467.42 | 0.42 524527 14422.57 1 1.19
1.25 2094711 10284 1029 599.586 | 1458.38 | 0.41 4898.96 | 4274.30 | 115
1.58 250.364 | 101535 1 0.29 588.077 | 1446.67 | 0.41 454748 | 4115.86 | 1.10
1.99 79371 1 1003.47 1 0.28 575.606 | 143436 | 0.40 4203.40 | 3955.20 | 1.06
2.50 208.0660 1 990.337 1 0.27 561.633 1141998 | (.40 3R70.93 | 3801.17 1 1.02
3.15 256.617 1 975.866 1 0.26 546.459 | 1403.32 | 8.39 354347 1 3641.46 | 0.97
3.96 244 981 1 960.642 | 0.26 530.162 | 1385.58 | .38 322986 | 348288 1 0.93
4.99 232.886 1 943.899 1 0.25 512,528 1 1365.77 1 0.38 292197 1 3317.46 | 0.88
6.28 217.964 1 922.964 | .24 494.368 | 1345.66 | 0.37 2633.65 | 3164.85 | 0.83
7.91 207.467 1 905,138 1 0.23 475.061 | 1323.95 1 0.36 2357.33 | 3003.88 | 0.78
9.96 195541 1 884.319 1 0.22 454.18 | 129818 1 0.35 2096.82 | 2842.24 1 0.74
12,53 1183461 | 861,445 1 0.21 433.806 1 1271.74 1 0.34 185543 | 2680.33 | 0.69
1578 1171417 1837478 1 020 413.917 | 124446 1 0.33 1635.64 | 2519.77 | 0.65
19.86 1 159.894 1 812.776 1 0.20 394952 112163 1032 143K8.62 | 2362.61 | 0.61
25.01 11489131 787.388 | (.19 378001 | 11RKR.R3 1032 1265.03 | 2210.33 | 0.57
3148 1138737176216 1018 363.955 1 1163.81 | 031 111498 | 2065.09 | 0.34
39.64 1120586 1 737.952 1 018 353337 1 1142.28 1 0.31 986.44 1 1930.10 | 0.51
4990 11218091 71573 1017 346836 | 112627 1 0.31 879.63 | 1810.42 | 0.49
6282 11159261 697.287 1 0.17 345.268 | 1119 0.31 79196 1 1711.83 1046
79.08 1 113.563 { 686.375 1 0.17 349855 | 112513 | 031 71982 1 1640.26 | 0.44
99.57 1119.055 1692426 0.17 36591 | 1157.21 1032 65818 | 1596.62 | 0.41

¥




WO 2016/167755 PCT/US2015/025840

[B6075] As shown in Table 3, none of the strain percentages for either the 3% fumed silica
sample or the 5% fumed silica sample vielded a structural parameter (G7/G7) of greater than or
equal to 1. Based on this, it can be inferred that the solid powder ingredicuts will not stay

homogenously suspended in the hydrophobic matrix, and therefore both the 3% and 5% fumed

stlica forrulations will lack sufficient shelf stability.

Exampie 2

[80076]

stlica and sorbitan scbacate behenate polymer, but not containing polyethylene. The formoulation

A fornmlation was prepared according to Table 4, below, comprising both fumed

was compared to a sample comprising polyethylene but not containing either fumed silica or

sorbitan scbacate behenate polymer.

Table 4

Fagredient Sample with sorbitan sample with
sebacate behenate poelyethyiene
polviner and fumed silica
Trimethylsiloxysilicate/dimethiconol 12.0% 12.0%
crosspolymer
Dimethicone ) Q5
VP 18.0% - 25.0% 18.0% - 25.0%

Hydrogen peroxide

0.1% - 6.0%

0.1% - 6.0%

Sodium saccharin

0.3%

0.3%

Sorbitan sebacate behenate polymer

Fumed silica

Polvethylene - 1.5% ~ 2.0%
Miveral il 25.0% ~ 35.0% 25.0% - 35.0%
Flavor (.6% 3.6%

Total 100.0% 100.0%

{60877} A strain sweep experiment was then performed on the following three samples:

formulation comprising 1.5% fumed silica and 1.5% sorbitan sebacate behenate polymer;

formulation comprising 2.5% fumed silica and 2.5% sorbitan scbacate behenate polymer; and

formulation coraprising 1.5% polyethylene. The experiment was performed at 25 °C. Figure 3 is

a graph illustrating the results of the strain sweep experiment, and Table 5 below lists the

viscoelastic G and &7 values for the gbove-listed three formulations at various strain

percentages.
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Table 5
Strain 1.5% FS and 1.5% SSBP 2.5% FS and 2.5% SSRBP 1.5% Polyethylene
(%0} G G” G767 G’ 7 G /G” G’ G GG

0.10 126456 1 639841 | 1,9¥ 696239 | 24283.8 | 2.87 Ri41.14 | 526911 | 1.55
(.13 12434 8 1 63873 | 1.95 6R049 K8 12429021 280 7949 37 | 5262.37 | 1.51
0.16 121217 1634292 1 1,91 637561 | 2418621 2.72 TI6924 1 5222521 1.49
(.20 116745 1 6267451 1.86 630083 | 239782 1 2.63 750613 | 5182.88 | 145
0.25 1122351 61809 | 1.82 S9808.4 | 235987 1 2.53 722247 1 5110.23 | 141
0.31 107149 1 6076351 1.76 5364961 | 230984 2.45 6935 88 | 503559 | 1.38
.40 131304 |1 5935591 1.71 S$2962.3 | 2246461 2.36 6618.90 | 403744 | 134
0.50 953212 1 5773.62 | 1.65 493486 | 21761 226 6284 38 | 482665 | 1.30
.63 8918.36 | 5509851 1.59 456214 | 209522 | 2,18 594241 1 4700.35 1 1.26
0.79 831043 15413931 1.54 418868 | 200352 | 2.09 559205 { 456539 | 1.22
1.00 768044 1 5211311 148 3R156.5 | 190249 2.01 524527 1442257 1 1.19

1.25 7061.61 1 498671 1 1.42 34477 11794311 1.92 1 4R9806 1427430 1 1.15

1.5% 644795 1475453 1 136 1309207 1 1679451 1.84 1454748 14115861 1.10

1.99 SR2938 14503.61 1 1.29 1274808 | 156101 1 176 14203.40 | 3955.20 | 1.06

2.50 523215 14245341 1.23 242184 | 143951 | 1.68 387093 13801.17 1 1.02

3.15 4061.801 39851 | 1.17 1211453 11318611 1.60 1354347 | 3641.46 | 0.97

3.96 4122.36 1372259 ¢ 1.11 182919 1 120027 | 1.52 | 3229.86 | 3482.88 | .93

4.99 361583 13462121 1.04 157252 1 108918 | 1.44 1292197 13317.46 | 0.88

6.28 314525 1 3204.88 1 0.98 134177 1984215 | 1.36 | 2633.65 | 316485 | 0.83

7.91 271273 129582372 1 9.92 113806 | 836065 | 128 1 2357.33 1 3003.88 1 0.78

8.96 232222 1270903 1 0.6 1939387 1 783029 1 120 1209082 | 2842.24 | 0.74

12.53 1 197647 1 248043 1 080 1 R041.68 1 7092.16 ) 1.13 1855.43 1 2680.33 | 0.69

1578 | 167600 12270451 .74 1 6800.04 | 638871 1 1.06 1635.64 | 251977 1 0.65

19.86 | 142246 1 208533 | 068 1 5718.69 1 574378 | 1.00 1438.62 | 2362.61 | 0.61

2501 1121193 11925181 .63 | 46098.83 1 50829 | 092 1265.03 1 2210.33 | 0.57

3148 | 104153 1179273 1 0.58 1404941 1 4660.93 | 0.87 111498 | 2065.09 | 0.54

39.64 | 906333 | 1688.18 1 0.54 1335094 1421629 0.79 98644 11930.10 ] 0.51

4990 | 799303 1 161022 1 050 1 282747 1 388162 | 0.73 879.63 | 181042 0.49

62,82 | 712,601 1 1553.63 1 046 1240263 13631711 066 179196 11711831046

7908 | 638076 1 1511661 042 120306 | 3453.8510.59 71982 1164026 | 0.44

99.57 | 569.146 | 147647 1 0.39 17622 133624 | 0.52 058,18 | 1396.62 | 041

{60878] As shown in Table 5 and illustrated mn Fig. 3, scveral of the strain percentages for
both the 1.5% fumed silica + 1.5% sorbitan scbacate behenate polymer and the 2.5% fumed
stlica + 2.5% sorbitan scbacate behenate polymer fornmulations yielded a structural parameter

{(G’/G7) of greater than or equal to 1. Based on this, it can be inferred that the sohd powder
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ingredients will stay homogenously suspended in the hydrophobic matrix, and therefore both of

the tested formulations will have enhanced shelf stability,
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CLAIMS
WHAT IS CLAIMED IS:

I A tooth whitening composition comprising:
at least one hydrophobic polymer carrier;
fumed silica;
sorbitan sebacate behenate polymer; and
at least one whitening agent;
wherein the tooth whitening coroposition has a structural parameter such that /(G is

greater than or equal to about 1.

2. The tooth whitening composition according to claim 1, wherein the hydrophobic polymer

carricr 18 a stlicone pressure sensitive adhesive.

3. The tooth whitening composition according to claims 1 or 2, wherein the

hydrophobic polymer carrier is a polydiorganosiloxane.
) 3 Yy

4. The tooth whiteoing composttion according to any of the preceding claims, wherein the
hydrophobic polymer carrier is present in the tooth whitening composition in an amount ranging

from about 20% to about 80% by weight relative to the total weicht of the composition.
S ) o) i

3. The tooth whitcning composition according to claim any of the preceding clairas,

wherein the at least one whitening agent is hydrogen peroxide.

6. The tooth whitening composition according to claim 5, wherein the hvdrogen peroxide is
o = v o
present in the tooth whitening composition in an amount ranging from about 0.1% to about 10 %

by weight relative to the total weight of the coraposition.
7. The tooth whitening composition according to any of the preceding clairas, wherein the

composition is anhydrous.

s Te]

Lo ki
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&. The tooth whitening composition according to any of the preceding claims, wherein the

composition is substantially free of polyethylene.

9. The tooth whitening compostition according to any of the preceding claims, wherein the
fumed silica is present in the tooth whitening composition in an amount ranging from about 1.5%

to about 3% by weight relative to the total weight of the composttion.

18.  The tooth whitening composition according to any of the preceding claims, wherein the
sorbitan sebacate behenate polymer 18 present m the tooth whitening composition i an amount

ranging from about 1.5% to about 3% by weight relative to the total weight of the composition.

1. The tooth whitening composition according to any of the preceding claims, further

comprising mineral oil.

12, The tooth whitening composition according to any one of the preceding claims, further

comprising polyvinylpyrrohdone.

13 A method for whitening a surface of a tooth comprising:

contacting the surface of a tooth with a tooth whitening composition for a duration of
time sufficient to effect whitening of the surface of the tooth,

wherein the tooth whitening composition comprises at least one hydrophobic polymer
carrier, fumed stlica, sorbitan scbacate behenate polymer, and at least one whitening agent, and

wherein the tooth whitening composition has a structural parameter such that G°/(G” is

greater than or equal to about 1.

14, The method according to claim 13, wherein the duration of time ranges from about 1

minute to about 45 minutes.

1S. The method according to claim 13 or 14, wherein the tooth whitening composition is

substantially free of polyethylene.
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16.  The method according to any one of claims 13 to 15, wherein the tooth whitening

composition further coraprises rowneral oil.

17.  The method according to any one of claims 13 to 16, wherein the tooth whitening

composition further comprises polyvinylpyrrolidone.

IR, A wethod for making a tooth whiteriog composition coraprising:
combining at least one hydrophobic polymer carrier, fumed silica, sorbitan scbacate
behenate polymer, and at least one whitening agent; and
mixing the at least one hydrophobic polymer carrier, fumed silica, sorbitan scbacate
behenate polymer, and at least one whitening agent to form a homogenous dispersion,
YT

wherein the tooth whitening composition has a structural parameter such that GY/G” is

greater than or equal to about 1.

19 The method according to claim 18, wherein the at least one whitening agent is hydrogen
peroxide.
26, The method according to claim 18 or 19, further comprising maxing at least one of

flavoring agents, sweeteners, desensitizing agents, anti-microbial agents, anti-caries agents, anti-
calculus agents, anti-inflaramatory agents, vitamuns, pigments and coloring agents, and

preservatives.
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