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» ©Specially a cross~linked methyl vinyl

ether/maleic anhydride copolymer,

» and a method of pPromoting orail
hygiene by applying an effective amount of the composition to
dental surface.



<HE UNITED STATES PATENT AND TRADEMARK OFFICE
Atty's “ISCCELASTIC DENTIFRICE COMPOSITTION
Docket

IT.R. 4825

This invent]
wsSpecially to ¢

properties.

A thickening agent (binding

Or gelling agent) is commonly
employed

in dentifrice compositions to prevent Separation of

ingredients in storage, promote dispensability and retention in

US& as on a toothbrusnh, lmprove cosmetic Properties and the like.

Such thickeners are generally hydrophilic colloids which disperse

ln aqueous media. The most widely used thickeners are cellulose

derivatives because they are cheap and their quality can be

closely controlled. Sodium.carboxymethyl cellulose (NaCMC) is
thickener in dentifrices but such thickened

dentifrices are often subject to Syneresis, i.e. severe loss of

» 1n damp conditions which

SUPpPOrt growth, or from other sources of contamination. Killing

the organism responsible does not,

of course, remove the enzyme
already produced.

dydrexyethyl Cellulose is a thickener with g better

resistance to cellulytic attack than NaCMcC, pPOssibly due to its

more uniform substitution pattern along the molecule compared

with NaCMC, but in dentifrice tformulations, it often produces a

product with an unacceptably "long' or "stringy" texture.

U.S. Patent No. 4,254,101 to Denny proposes the use of

carboxyvinyl

materials to provide 'excellent texture" and improved fluoride

lon availability to dental enamel. The carboxyyinyl polymers are

disclosed as colloidally water soluble polymers of acrylic

1



B. F. Goodrich Suggests the use of

an eductor and other Speclalized procedures to get good

dispersions. The Problem arises because Carbopol

hydrophilic that the

18 so

individual particles swell and the particles

clump to form aggregates. When dispersion is attempted, the :

Outside of the aggregate hydrates and swells. The inside is no

longer readily contacted with water.

regions of

particles under high and low temperature conditions,

l-caries effects. A further object

of this invention is the provision of a method for promoting oral

hygiene by applying to dental surface, including teeth,

pPreferably im the oral cavity an effective amount of the

Other objects and advantages
will appear as the description proceeds.
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In accordance with certain of 1ts aspects the
attainment of the objects of this invention 1s realized by
the provision of a linear viscoelastic dentifrice
composition in the form of a toothpaste or dental gel with a

pH of about 4 to about 9 comprising an orally acceptable

water/humectant vehicle, an orally acceptable dental

polishing agent and, in an amount effective to render the
composition linearly viscoelastic, a synthetic linearly
viscoelastic cross-linked polymeric thickening agent having
in a 1 wt. % aqueous solution an elastic or storage modulus
G’ and a viscous or loss modulus G” substantially
independent of frequency in an applied frequency range of
0.1 to 100 radians/sec, a G’ minimum value of 1,000
dynes/sq.cm which varies less than 1 order of magnitude ot
its original value, and a ratio of G’/G’ ranging from more

than 0.05 to less than 1. Generally the thickening agent 1s

-

contained in the dentifrice composition 1n an amount O:

0.02% to 5% by weight.

The linear viscoelastic aqueous dentifrice

compositions of this invention will at least in the

preferred embodiments, satisfy each of the following

stability criteria over the aging temperature-time schedule

shown by the following Table A:

Table A
Aging Temperature ("F) Minimum Duration (Weeks)
120 9
100 >12
777 >52
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More specifically, the compositions are considered

stable if each of the following stability criteria 1s

“or at least the minimum number of weeks for each

Bd

satlisfiled

aging temperature shown 1n Table I.

5 a . no significant visible phase separation

(i.e. no solid/liquid separation)

b. no significant change in viscosities,

vield stress or other dynamic-mechanical properties,

C. no discolorization or significant color

10 change.

As used herein, “linear viscoelastic” means that

the elastic (storage) modulus (G’) and the viscous (loss)

modulus (G”) of the dentifrice are both substantially

independent of strain, at least 1n an applied strain range

15 of from 0.1%-10%. Dynamic oscillatory measurements are

performed using the Rheometrics System Four* instrument. In
this experiment an oscillatory shear field 1is imposed on the
material, and the corresponding shear stress response 1s

measured. The stress is defined by a component 1n phase

20 with the displacement (elastic modulus, G’) and a component

90° out of phase (loss modulus, G”). The value of G’

i

indicates the degree of elasticity and network formation in

the system; see

1. Menjivar, J.A., “Water Soluble Polymers;

25 Beauty with Performance”; Glass, J.E., Ed; Advances in

Chemistry 213; American Chemical Society, Washington, D.C.

1986, pp. 209-226; and

*Trade Mark

2. Sinton, S.; Maerker, J.; J. Rheol. (NY) 1986
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More specifically, a dentifrice composition 1is

considered to be linear viscoelastic for purposes of this

invention, 1f over the strain range of 0.1%-50% the elastic
modules G’ has a minimum value of 1,000 dynes/sg.cm., and
varies less than about 1 order of magnitude of 1i1its original

value. Preferably, the minimum value of G’ and maximum

variation of G’ applies over the strain range of 0.1% to

50%.

As a further characteristic of the preferred

linear viscoelastic dentifrice compositions the ratio of

G’/G’ (Tan d) is less than 1, preferably less than 0.8, but

more than 0.05, preferably more than 0.2, at least over the

strain range of 0.1% to 50%. It should be noted in this

regard that % strain is shear strain x 100%.

With respect to 1 wt.% aqueous solutions of the
required cross-linked polymer, elastic moduli G’
substantially independent of frequency and higher than the

corresponding loss moduli G” indicate solid-like behaviour

characteristics of gel structure: see

3. Prud’homme, R. K.; Constien, V., and Knoll,

S.; “Polymers in Aqueous Media”; Glass, J. E., Ed; Advances
in Chemistry 223; American Chemical Society, Washington,

D.C., 1989, pp. 89-112. 1In such solutions, more

specifically, G’ and G” are substantially i1ndependent ot

frequency in an applied frequency range of 0.1 to 100

F

radians/sec, G’ has a minimum value of 1,000 dynes/sqg.cm.

which varies less than 1 order of magnitude of 1ts original

value, and the ratio G” /G’ ranges from more than 0.05 to

less than 1.

By way of further explanation, the elastic

(storage) modulus G’ is a measure of the energy stored and

. v *ars swb e maradtd st fibtn wheline rral®b rdve — e o s b o o b S s s e e AU e e e e e et - o e Db iy it s b s Lo wh L o i A s 0 o A U AN B AL A 13 - AR ¢ O Ay PO R i) = 4 ¢ T AR AR A T T M A R T AT TR S L e by e S A A oy . "
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retrieved when a strain is applied to the composition, while
viscous (loss) modulus G” is a measure of the amount of
energy dissipated as heat when strain 1is applied.

Therefore, a value of Tan & corresponding to:

0.05< Tan 0o <1,

preferably
0.2< Tan & <0.8

means that the compositions will retain sufficient energy

when a stress or strain is applied, at least over the extent

expected to be encountered for products of this type, for
example, when squeezed out of a toothpaste tube or pump to
return to its previous condition and exhibit excellent
stand-up when the stress or strain is removed. The
compositions with Tan & values 1n these ranges, therefore,

will also have a high cohesive property, namely, when a

shear or strain is applied to a portion of the compositions

| -

"low, the surrounding portions will follow.

to cause 1t to

As a result of this cohesiveness of the linear viscoelastic

characteristic, the compositions will readily flow uniformly
and homogeneously from a pump or tube when 1t 1is squeezed
thereby contributing to the stand-up and ease of extrusion
properties which characterize the compositions of this
invention. The linear viscoelastic property also
contributes to improved physical stability against phase
separation of suspended particles Dby providing a resistance
to movement of the particles due to the strain exerted by a

particle on the surrounding fluid medium.

From another aspect, a desirable rheological
propertv which the cross-linked polymers employed herein

display in solution which indicates gel network formation 1s

the presence of a yield point. Yield point 1is defined as the

S
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amount of shear stresses needed to initiate flow; see

4. Goodwin, J.W., “Solid/Liquid Dispersions”;
Tadros, Th. F., Ed; Academic Press, N.Y., 1987, pp. 199-224.

At shear stress values lower than the yield point, no flow

occurs. This plastic rheology is desirable because when the

gel displays a sufficiently high yield value 1t allows

permanent suspensions of particles that are formulated 1in

the gel. This is especially important in dentifrices, where

suspension of abrasive particles 1s necessary. See

5. Lockhead, R. Y., Davidson, J. A., and Thomas,
G. M.; “Polymers in Aqueous Media: Performance Through

Association”; Glass J. E., Ed; Advances in Chemistry 223;

american Chemical society, Washington, D.C., 1989, pp. 113-
147 .

The above-described linear viscoelastic properties

of the dentifrice compositions of this invention are

fundamentally provided by the defined synthetic linearly

viscoelastic cross-linked polymeric thickening agents which

generally have a molecular weight (M.W.) of about 1,000 to
about 5,000,000. The homopolymers and copolymers (from 2,3
or more monomers) to be cross-linked are generally anionic
comprising a chain or backbone containing repeating unilts
each preferably containing at least one carbon atom

(typically only carbon atoms 1in the chain or backbone) and

preferably at least one directly or indirectly pendant

monovalent acidic group, e.g. sulfonic, phosphinic, Or
preferably phosphonic or carboxylic, or salt thereof, e.g.

21kali metal or ammonium. It is ordinarily desirable that

the repeating units constitute at least about 10%,

preferably at least about 50%, more preferably at least

about 80% up to 95% or 100% by

ca




U.S. Patent No. 3,956,

4,138,477 to Gaffar;
al.

These synthetic anionic polymeric pPolycarboxylates are often
PeX se emploved j

partially or more Preferably fully neutralized water soluble or
water swellable

for example, as Gantrez e. g. AN

, AN 119 (M.w. 250,000); and s-97
Pharmaceutical Grade (M.w. 70,000),

139 (M.w. >00,000)

of GAF Corporation. Also

useful are terpolymers such as

1.0 MA/0.4 MVE/0D.1 dodecane,

tetradecene, 1 MA/0.9MVE/0.1 acrylic aciqd, vinylpyrrolidone or
isobutane.
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acid with mechyl or hydroxyethyl methacrylate, methyl or ethyl

acrylate, lsobutyl vinyl ether or N~vinyl-2-pyrollidone.

Additional Operative polymeric Polycarboxvlates disclosed in

above referred Lo U.S. Patent No. 4,138,477 and 4,183,914,

either in the alpha-beta
POsition with respect to a carboxyl group or as part of a

terminal methylene grouping. Illustrative of Such acids are

acrylic, methacrylic, ethacrylic, crotonic,

» Sorbic, alpha-chlorosorbic, cinnamic,

» MUcCoONnic, ltaconic, citraconic, mesaconic,

glutaconic, aconitic, alphanphenylacrylic, 2-benzyl acrylic, 2-

cyclohexylacrylic, angelic, umbellic, fumaric,

anhydrides. Other different olefinic monomers co

Polymerizable
with such carboxylic monomers include

vinylacetate, vinyl
Chloride, dimethyl maleate and the like.

containing

for €Xample, ester,

the polymer
Examples of such polymers are poly (vinyl phosphonic

acid) containing units of the formula:



I -1CH, ~ CH]-
403}12 ?

4 copolymer having units of

alternating or in random association with units of vinyl

Phosphonyl fluoride, poly(l~phosphonopropene) with units of the

formula:
11X -{CH =~ CH] -
l {
CHs PO,H,,

30,000, preferably abourt 2,300 to about 10,000. Such "inertc"

Other phosphonic~cOntaining Polymers include, for example,

phosphonated ethylene having units of the formula.

\'" “[CH2)14CHP03H2]n”

where n may, for example, be an lnteger or have a value giving

the polymer a molecular weight of about 3,000; sodium poly (1,2

butene~4,4~diphosphonate) having units of the formula:

VI -[CH, - CH----]-

\

CH, -~ CH, < (PO3H, ). , and

poly (allyl bis (phosphonoethyl amine) having units of the

formula:



the
Polymerization of vinyl or allyl pPhosphinic and/or sulfonic
acids. Mixtures Of these monomers may be emploved, ang

AS will be noted,

in these andg other cross-
linkable polymers for

use herein, usually only one acidic group

is bonded to any given carbon or other atom in the polymer

backbone or branch thereon.

third edition,
Sons, Inc. copyright'1984,

reference. Also

such as collagen,

acids.

Polymerization is conducted in known manner,

in the presence of an lnitiator, and Prerterably by slurry

10



1, 9-decadiene, 1, S~hexadiene, divinyl glycol,

butanediol divinyl ether, N,N'
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polyallyl sucrose and Peéntaerythritol, and divinylethylene

drea and mixtures thereof.

and octadecane diols,

polyethylene glycol, glycerol, sucrose and

pentaerythritol,

It will be understood that for Post-polymerization cross-

the free -CoOOH groups needed for reaction with the Cross-linking

agent.

and about 20 to about 70% of humectant (or mixture thereof) by

weight of the dentifrice composition. The humectants content

preferably ranges from about 25 to about 60% on a pure basis and

the water content pPreferably ranges from about 15 to about 30%5

12
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, for €Xamplile, sorbitol

glycerine,
pPolypropvlene glycol and/or

calcium PYrophosphate,
trimagnesium Phosphate,

calcium
carbonate, aluminum sllicate,

Zirconium silicate, Silica,
bentonite, ang miXtures thereof.

Phenolic-, and urea-formaldehydes,

and polyesters.

and cross-linked pPolyepoxides

and complex amorphous alkali metal alumino-

These polishing agents are

13



Many of the SO-called "water—insoluble“

r and therefore are commonly

referred to as
insoluble metaphosphates (IMP).

There is present therein ga minor
amount of solubile Phosphate material as impurities, usually a few

percent such as 4P to 4% by weight. The amount of solubile



fluoride, sodium fluorsilicate,

ammonium fluorosilicate,

fluorozirconate, sodium monofluoro

~Phosphate,

In a
» AN amount of

5,000 PPm of F ion

about 2,000 ppm, more Preferably

fluoride ion. Typically,

and stannous fluoride,



Sllicate, veegum or finely divided sllica.can

thickening agent system.
Xanthan gum,

the

Carrageenan,

Laponite D
+ dPProximately

by'weight, 58.00% S10,,
3.05% Na,O, 0.98%

25.40% MgoO,
L1.0, and some water

and trace metals. Its
true specific gravity

is 2.53 and

1t has an apparent bulk density
(g./ml. at 8% moisture) of 1.0,

Other Sulitable thickeners include starch

’ pOlYVInYl -
PYrrolidone,

hydroxybutyl methyl cellulose, hydroxypropyl methyl

alginates, gum ghatti, locust bean
tamarind gum and the like.

cellulose,

gum, pectens, and

, 48 1is Conventional,

Preparations are Lo be sold or Otherwise distributegd
labelled Packages,

Thus toothpaste,
in a Collapsibie tube,

Or other Sgueeze,

the contents,

toothpaste, gel or dentai Cream.

and render the

dCCeptable.

The organic
Surface-active material is Preferably anionic,

ampholytic in Nature,

sSurface-active
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,» Nigher fatty acigd esters of 1

)2 dihydroxy
Propane Sulfonate, ang

«J. SOorbitan

Pluronic materials).

various other materials may be incorporated in the oral

Preparations of this invention such dS whitening agents,

Preservatives, Silicones,

chlorophyill compounds,

Calculus dgents, and/or ammoniated material such as urea,

diammonium Phosphate, ang mixtures thereof.

17



» Majaram, clnnamon, lemon, ang

Sultable Sweetening

agents

lactose, maltose, SOrbitol, Xylitol,

Cyclamate, perillartine, APM (aspartyl phenyl alanine,

Sulitably,
agents may together comprise from about 0.1%
Preparation.

In the Preferred Practice of this invention, these

dentifrice COmpositions are Preferably applied to dental surface,

€.9. tooth enamel, Preferably by brushing, regularly

operative Synthetic Cross-linked polymers 3
All parts,

PVM/MA * 0.33330 Moles 0.33001 Moles
PEG 600 *x 0.00166 0.00249 't
MEK * % & 5.6 5.6

*

Gantrez AN139, vinylmethyl ether/maleic anhydride 1/}

Copoliymer

M.W. 500,000 ( GAF Corp. ).

X K

Polyethylene glycol, M.W 600 (13-14 E.0.)

* % % Methyl ethyl Ketone
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devolacized under vacuum at 60°~70=C overnight.

SOluble and water-solubie to a high degree,

the Products of both
Examples 1 and 2

are pink, very hard solids,

soluble in Ketones,

to form gels, 1.R. s

oduct
COntaining about 0.75 mole% or about 3 wt.2 of PEG crosg-
linkages.
Concurrent Cross-Linking Polymerization
Example C

The procedure Of Example ¢ is I'€peated using 5 parts of 1,9-
» /-OCtadiene., The product,

Of a white pPowder, has the following Viscosity



Concentration Viscosity
0.25% 30,800 cps
0.50% 03,500 cps
1.00% 90,000 cps

Table 2
RPM Viscosity
1 376 X 10*
2.5 180 X »
5 105 x ~»
10 29 X v

Table 3
Concentration Yield Point (Pascals)
0.125 37
0.250 64
U.500 180
These nigh-vield points

r COrresponding to the amount of

shear stress needed to initiate flow, indicate gel network

formation enabling Permanent stabilization of Suspensions of

pParticles such as insoluble Polishing materials in dentifrice
compositions.-

20
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Table 4
Wt.% Cross~Linking Agent Gelling Results

0.1 No gel
0.5 " "

1.0 " '

2.5 " "

5.0 Gelled

7.5 "

10.0

"

- The system

PH of about 7. The
resultant gel has 4 solids content of 1%.

21
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Opacified Dental Gel Formulations

Welght Percent

————
Fxample 1 2 3 4
AL Polymer ax J.5 -~ ~ -
AL Polymer B*x* - 0.5 0.7 -
AL Polymer C*xx - - - 1.3
Glycerine 25.0 - 25.0 25.0
Polyethylene 3.0 - 3.0 3.0
Glycol 600
S50rbitol 31.7 62.8 34.8 35.2
(70% Aqgueous
Solution)
Sodium Hydro- 0.20 0.40 0.40 0.50
Xide (50%)
NaF 0.242 0.242 0.242 0.242
Tetrasodium 0.50 0.590 0.50 0.50
Pyrophosphate
Na Saccharin 0.20 0.20 0.20 0.20
Tioz 0.30 0.30 0.30 0.30
Na Benzoate 0.50 0.50 0.50 0.50
Zeodent 113 18.0 23.0 23.0 23.0
Sylodent 700 5.5 ~ - -
(Si02 )
Flavor 0.89 0.89 0.89 0.89
Sodium Lauryl 1.20 1.20 1.20 1.20
Sulfate (SLS)
Water, g.s. to 100 100 100 100

* Cross~-linked PVM/MA of Exam
about 0.5 mole % of PEG 6

- 22 _
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vental Cream Formulations

—_—
welght Percent
———
EXample 5 6 7
XL Polymer B 0.75 1.0 0.25
CArboxymethyl - 1.3 0.5
Cellulgge (CMC)
Glycerine 19.9 10.2 25.0
Polyethylene 3.0 3.0 3.0
Glycol 600
Sorbitol 33.8 22.5 35.0
(70% Aqueous
Solution)
NaOH (50%) 0.3 ~ 0.3
Tetrasodium 0.5 1.5 0.5
Pyrophosphate
Tetrapotassium ~ 4.5 -
Pyrophosphate
Na Saccharin 0.2 0.4 Q.2
Ti02 0.3 - 0.3
FD&C Blue #1 ~ 0.4 -
Zeodent 113 25.0 23.0 25.0
(Si0o )
Flavor 0.89 0.95 0.89
Sodium Lauryl 1.2 1.2 1.2
Sulfate
water, g.s. to 100 100 109

- 23 -



“Pacliied Dental Gel Formulations

2075039

——— e

Example 3 3 Control 2
Glycerine 25.0 25.0 25.0
S0rbitcol 36.2 36.2 38.1
(70% Aqueous

Solution)

Polyethylene 3.0 3.0 3.0
Glycol 600

Carboxymethyl 0.5 - 0.4
Cellulose ({CMC)

Aanthan Gum - 0.4 -
X1 Polymer B 0.3 0.3 -
rTetrasodium 0.5 0.5 0.5
Pyrophosphate

Saccharin 0,2 0.2 0.2
NaF 0.243 0.243 0.243
Tio, 0.2 0.3 0.5
Flavor 0.89 0.89 - 0.89
Sllica Thickener - ~ 5.3
(Sylodent 15)
Silica Abrasive 20.0 20.0 18.0
(Zeodent 113)
Sodium Lauryl 1.2 1.2 1.2
Sulfate (SLS)

- Water, g.s. to 100 100 100

Viscosity Profiles

Brookfield Units

Formulation XL Polymer B % Gum 3 Days 30 Days 990 Days
Example 8 | 0.3 0.5 CMC 235 25.0 28.5
Examnple 9 0.3 0.4 Xanthan 20.0 21.0 22.5
Control A - J.4 CMC 29.0 38.0 41.5
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The above results indicate Substantially less pProgressive

thickening with Cross-linked polymer-containing formulations

compared to a control Containing CMC and silica thickener.

Stress Growth Test to Determine Disgensibilitz

Stress growth neasurements

dentifrice are performed UsSing Rheometrics System Four instrument

at constant shear rate of 10 sec-- and as function of time, with
the following results.

Formulation Stress (Dynes/cm?)
Example § 7,500
Example 9 6,000
Control A 9,500

The above results

indicate that Cross-linked polymer~containing formulations are

substantially easier Lo dispense than the controi.

25
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CLAIMS:

1. A linear viscoelastic dentifrice composition 1n

the form of a toothpaste or dental gel with a pH of about 4

to about 9 comprising:

an orally acceptable water/humectant vehicle;

an orally acceptable dental polishing agent and,

in an amount effective to render the composition
linearly viscoelastic, a synthetic linearly viscoelastic
cross—-linked polymeric thickenlng agent having in a 1 wt.%
agqueous solution an elastic or storage modulus G’ and a
viscous or loss modulus G” substantially independent of

P

frequency in an applied frequency range Ol 0.1 to 100

o d

radians/sec, a G’ minimum value of 1,000 dynes/sg.cm which

varies less than 1 order of magnitude of its original value,

and a ratio of G” /G’ ranging from more than 0.05 to less

than 1.

2 . A composition according to Claim 1 containing

1

approximately by weight, 6% toO 50% of water, 20% to 70% ot
fhe humectant, 5% to 70% of the dental polishing agent, and

0.02% to 5% of the polymeric thickening agent contalning at

least about 3% of a cross-linking agent.

3. A composition according to Claim 1, Or 2,

wherein the polymeric thickening agent contains a plurality

of carboxylic, phosphonic, phosphinic or sulfonic acld or

-
p—

acid salt groups or mixtures thereorl.

4 . A composition according to Claim 3, wherein the
polymeric thickening agent 1s made with a cross-linking
agent containing at least two ethylenically unsaturated

groups or at least two groups reactive with pendant reactive

20
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pa—

groups along the polymer chain of the polymeric thickening

agent.

5. A composition according to any one of Claims 1

to 4, wherein the polymeric thickening agent comprises a
copolymer of maleic acid or anhydride with another

ethylenically unsaturated monomer.

0. A composition according to Claim 5, wherein the

other monomer comprises methyl vinyl ether.

7. A composition according to Claim 6, wherein the
copolymer is made with 1,7-octadiene, 1, 9-decadiene, oOr

polyethylene glycol as a cross-linking agent.

P

3 . A composition according to any one of Claims 1

to 4 wherein the polymeric thickening agent comprises units

of styrene phosphonic acid, vinyl phosphonic acid and/or

vinyl phosphonyl fluoride.

9. A composition according to any one of Claims 1
to 5 wherein the polymeric thickening agent has a molecular

weight of about 1,000 to about 5,000, 000.

10. A composition according to Claim o, or 7/,
wherein the polymeric thickening agent has a molecular

weight of about 1,000 to about 5,000,000.

11. A composition according to Claim 8, wherein the

polymeric thickening agent has a molecular welght of about

1,000 to about 5,000,000.

12. A composition according to any one of Claims 1

to 5, further containing an amount of a fluoride 1on source

sufficient to supply about 25 ppm to about 5,000 ppm of

fluoride ions.
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13. A composition according to Claim o, /, or 10,

further containing an amount of a fluoride 1on source

sufficient to supply about 25 ppm to about 5,000 ppm of

fluoride 1ons.

14. A composition according to Claim 8, or 11,

further containing an amount of a fluoride 1on source

1}

sufficient to supply about 25 ppm to about 5,000 ppm of

fluoride 1ons.

15. A composition according to Claim 9 further
containing an amount of a fluoride ion source sufficient to

supply about 25 ppm to about 5,000 ppm of fluoride 1ions.

16. A composition according to any of Claims 1 to 5,

or Claim 12, further containing about 0.4 to about 3 parts

of xanthan gum or carboxymethyl cellulose per part of the

cross-linked polymeric thickening agent.

17. A composition according to Claim 6 further

y—

containing about 0.4 to about 3 parts of xanthan gum or

carboxymethyl cellulose per part of the cross-linked

polymeric thickening agent.

18. A composition according to Claim 8 further

containing about 0.4 to about 3 parts of xanthan gum or

carboxymethyl cellulose per part of the cross-linked

polymeric thickening agent.

19. A composition according to Claim 9 further
containing about 0.4 to about 3 parts of xanthan gum or

carboxymethyl cellulose per part of the cross-linked

polymeric thickening agent.

20. A composition according to Claim 12 further

containing about 0.4 to about 3 parts of xanthan gum oOr
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carboxymethyl cellulose per part of the cross-linked

polymeric thickening agent.

21. A method of promoting oral hygiene, which

comprises applying to a dental surface an effective amount

of the composition as defined in any one of Claims 1 to o>.

22 . A method of promoting oral hygiene, which

comprises applying to a dental surface an effectlive amount

of the composition as defined in Claim 6 or 7.

—

23. A method of promoting oral hygiene, which

comprises applying to a dental surface an effective amount

of the composition as defined in Claim 8.

24 . A method of promoting oral hygiene, which

comprises applying to a dental surface an effective amount

of the composition as defined in Claim 9, 10 or 1l.

25. A method of promoting oral hygiene, which

comprises applying to a dental surface an effective amount

F

of the composition as defined in any one of Claims 12 to 15.

20. A method of promoting oral hygiene, which

comprises applying to a dental surface an effective amount

of the composition as defined in any one of Claims 16 to 20.

27 . Use of a synthetic linearly viscoelastic cross-

"

linked thickening agent in the manufacture of a dentifrice

p—

composition in the form of a toothpaste or dental gel with a

pH of about 4 to about 9 comprising an orally acceptable
water/humectant vehicle and an orally acceptable dental
polishing agent, said polymeric thickening agent being
present in an amount effective to render the composition

linearly viscoelastic and having in a 1 wt.%s agqueous

solution an elastic or storage modulus G’ and a vliscous Or

e Y

loss modulus G’ substantially independent of frequency at an

29
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applied frequency range of 0.1 to 100 radians/sec., a G’
minimum value of 1,000 dynes/sg.cm. which varies less than 1

order of magnitude of its original value, and a ratio of

G” /G’ ranging from more than 0.05 to less than 1.

28. Use according to Claim 27 whereiln the polymeric
thickening agent comprises a copolymer of maleic acid or

anhydride with methyl vinyl ether.

29. Use according to Claim 28 wherein the copolymer

is made with 1, 7-octadiene, 1,9-decadiene, or polyethylene

glycol as cross-linking agent.
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