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&) ABSTRACT

A thin, flexible, bilayer or multi-laver, film which when
applied to teeth surfaces adheres and delivers an active
compound to the underlying surface and erodes at a prede-
termined rate. The amount of time that the active agent
remains in contact with the teeth surfaces is controlled by the
composition of backing layer of the composite film. This
erosion or residence time can be regulated one half hour 1o
three hours, depending upon the desired therapeutic or
cosmetic application,
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ERODIBLE FILM FOR TREATING THE -
.SURFACES OF TEETH -
-{0001] This appl_i-cation is a coutinuation-in-part and is
based on and clajms priority from U.S. patent application

. Set. No. 09/931,319, filed Aug. 16, 2001 andxsmcorporated
~y herein by reference.

FIELD OF THE INVENTION

[0002] ‘This invention relates to the cosmetic or therapeu-
tic treatment of teeth, and more specxﬁcally to an adberent,

grodible film that provides an active ingredient agent to teeth .

surfaces for a prolonged and controlled period of time.
" BACKGROUND OF THE INVENTION

[0003] A toothis composed of a protective, hard enamel_

outer layer and an inner dentin layer. The enamel layer is
typically opaque white or slightly off-white. in color. This
layer is composéd of - hydroxyapatxte rmineral crystals and is
somewhat porous, allowing staining agents-and discoloring
substances to permeate the enamel and discolor teeth. In
particular, certain foods, tobacco products and liquids such
as tea and coffee tend to stain tecth. These substances
accumulate on the surface and form a film on the teeth, and
will then permeate into the enamel layer. This. problem
oceurs over many ‘years, imparting a notlceable discolora-
tion ‘of the enamel layer. -

[0004] ‘I'here have been mumerous methods in the pnor ast »

relatmg to teeth whitening, including brushing the teeth

using dentifrices containing an effective oxidizing agent
suc_h as poroxidle. These types of compositions are disclosed.

“in-LL.8. Pat. No. 5,256,402, More recently, several over-the-

counter teeth whnemng systems have become available and -
have_gained in popularity as an alternative cosmetic treat- -

ment to teeth whitening procedureb conducted by a profes-
sional. ‘One such product is comprised of a thin strip of
plastic film that has a tooth wmtemng composition applied
10 the surface ‘as described in U.S,-Pat, Nos. 5,894,017,

© 5,891,453 and 6,045,811, In addition, U.S. Pat No. 6,419,
" 906 Bl describes ‘2 flexible film which when apphed to- -

. w a tooth—whmening ageng, -at least- one water-

“soluble film-forming polymer in combination with 4t least

stained teeth is hydrated by saliva and is effective in such
form to whiten teeth. The film com nses _
hydratable cthylene oXide polymer matriz containing a
eFoRIdE Whitening agent whereby, upon. placmg ‘and posi-
“HoTing on staioed: teeth, the peroxide is solubilized and
activated by the saliva present in the oral cavity, These
aforementioned systems produce a whnemng effect when

* applied to stained teeth; however, the strips must be removed

after a specified period of time. U.S. patent application Ser,
No. 09/931,319 teaches the administration of phermaceuti-
cally active compounds using a multi-layered mucoadhesive
_erodible drug delivery  device. Although this reference
telates 10 an-oral pharmaceutical application unrelated to

" weth whitening, one important leaching is that the lengtli of

time the device remains on the mucosal surface before
complete erosion, the “residence tlma", is easily modified by
aligrations of the backing layer. It is this teachmg that will

be utilized and adapted to the present invention relatmg toan

erodible tooth-whnemng strip. In the area of cosmetic den-

“tistry, there is an ongoing need to.improve the whitening,
efficiency and to' provide more user-fnendly over-the-
counter products.

SUMMARY OF THE INVENTION

+[6008] One object of the present invention is to proﬁde a
nove], cost-effective, erodible, layered device that adheresto

' ‘the moist surfaces of to

. Apr. 1, 2004

- conirolled peniod of time. Another object of the present .
invention is to provide a convenient, uscr-friendly, erodible,

" layered device that adheres to-the moist teeth surfaces and

delivers.a tooth whitening agent o the underlyxng stained
surfaces. A further object of this invention is to provide a
tooth whitening device that is easily applied without break~
ing or leaving any unwanted residue on the hands. A further
object of the present invention is to provide a flexible,
layered device: that .conforms and-adheres intimately and
securely to the entire tooth surface, minimizing the exposure
of any excess whitening agent to the surrounding gurns. as

. found with other oompetxtlve products

{0006] .The composition of the bi-layered and mulu-lay-
soluble,

ered devices consisis Qf an enamel adheront, Wa
*“"polymeric layer containing a tooth whitening agent.or other

active compound and a coated, erodible backing layer that
controls the desired residence time. Since the devices of the
current. invention can provide 4 longer contact time with a
stained tooth surface before ereding, it is expected that lower
and safer amounts of wh1ten1ng agents’ can .be used to

“accomplist similar or superior results than attamed by other

oommerclal products.

- [0007] An important aspect of the present mvennon is an

erodible multilayered strip comprising at least two layers, a
first layer comprises 2 water soluble polymer or combination
of polymers that adheres to moist enamel surfaces, A second
layer is water erodible and controls the residence fime that
the stnp remains adhere to the enamel surface. This erodible
strip is preferably shaped to conform to an individual tooth
or.a row of teeth, ’ :

[0008} Au important embodiment of the present-invention
involves erodible adhesive a mucoadhesive, erodible multi- 4

layered device comprising a first; water<soluble adhesive .|

layer to be placed in contact-with a mucosal surface and a

second, water-erodible non-adhesive backing layer that con-"-
bl

frols residence time of the device. The firs

one mucoadhesive ponr.ner, and s_g:.d.afzmnd water-erodible
non-adhesive backing layer comprises a precast film ¢on-
taining at lcast one of hydroxypropyl methyleeliulose,
hydroxyethyl cellulose, hydroxypropyl cellulose, polyvinyl

.alcohol, polyethylens glycol, polyethylene oxide, and eth-

ylene oxide-propylene oxide co-polymer, said baclung layer -

being coated with at least one hydrophobic polymer, alone -
-or in combination with at least one hydra luhc polymer,
- such that the backing layer is bioerodible.

" [0009] An important aspect of the prescnt mvenuou is a

miucoadhesive, erodible multi-layered device compnsmg a.
first, water-soluble adhesive layer to be placed in contact

- with a mucosal surface and-a second, water-érodible. non-

adhesive backing layer that controls residence time of the

- device. The first layer comprisés a tooth-whitening agent
(most preferably. carbamide peroids), at least one water-*]
soluble film-forming polymer in combination with at least

ome mucoadhesive polymer. Said second, water-erodible-

“non-adhesive backing layer comprises a precast film con-
-taining at ‘least- one of hydroxypropyl methylcellulose,

hydroxyethyl cellulose, hydroxypropyl cellulose, polyviayl

-alechol, polyethylene glycol, polyethylene oxide, and eth-
: ylene ox1de-propylene oxide co~polymer 'I‘l-us baclqng layer

1 and delivers an active agent for |
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is coated with at least one hydrophobic polymer, alone or in
combination with at least one hydrophilic polymer, such that
the backing layer is biverodible. The second water-erodible
non-adhesive backing layer acts as a casting and support
surface on which the adhesive layer is prepared. It prefer-
ably, and comprises a premade film' of hydroxypropyl
methyl cellulose in combination with a coating consisting of
at least-one hydrophobic polymer selected from the family

of quaternary ammonium acrylate/methacrylate co-poly-

mers, (Eudragit RS) ethyl cellulose and methyl cellulose,
alone or in combination with at least one hydrophilic poly-
mer, selected from the group consisting of polyvinyl pyr-
rolidone, hydroxypropyl methylesiulose, hydroxyethyl cel-
lulose, hydroxypropy! cellulose, and polyvinyl alcohol.

_ DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0010] In the present invention, a unique, erodible, layered
device that adheres to tooth enamel surfaces is provided. The
device is most applicable for the cosmetic treatment of
stained teeth, by delivering a whitening agent or combina-
tion of agents thereof for a controfled period of time. The
device can also be used for the delivery of fluoride ions and

_ phosphates for the preventative treatment of caries and tartar

accumulation, respectively.

" [0011] The device initially adheres to a moist tooth surface

due to the hydration and partial solubilization of the water
soluble polymer layer. The whitening agent that is dispersed
throughout this polymeric layer is then activated as it comes
in contact with saliva and is released to the underlying
surface. The erosion rate of the device is controlled by the

‘coated backing layer, which affects the amount of time the
‘whitening agent remains in contact with the enamel surface.

The main purpose of the backing layer is to slow down the
dissolution of the water-soluble polymeric layer containing
a whitening agent, and therefore maximizing the direct
contact time and unidirectional delivery to the tooth surface.
The composition of the backing layer is easily adjusted to
provide variable erosion rates from one half hour to-several
hours. The layered device is essentially totally erodible, and
therefore does not require removal after the appropriate
tieatrnent time.

[0012] The Residence Time as defined above is difficult to
quantitatively ascertain. One visual method is to apply the

" layered device to the tecth surface and periodically observe

the covered surface using a mirror aud assess approximately
how much residue remains on the surface. Typically, as the
backing layer crodes away at a predetermined rate, the
adhesive swells and starts to dissolve and fall off the teeth
surface. The actual residence time on each surface is con-

‘trolled primarily by the flow of saliva to the surface and any

friction created by interaction with the internal surface of the
lips.

[0013] The polymeric coating layer that adheres to the
tooth enamel is composed of one or more adhesive poly-
mers, an appropriate whitening agent and a plasticizer. This
coating may also contain an antioxidant, a preservative and
a taste-masking flavor.

[0014] The adhesive polymers can be any water soluble,
FDA approved polymer for oral applications that sticks to an
enamel surface when in contact with a moist tooth surface.
The adhesive polymers may comprise hydroxyethyl cellu-

[
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lose, hydroxypropyl cellulose, hydroxypropylmethyl cellu-
lose, hydroxyethylmethyl cellulose, sodium carboxymethyl
cellulose, polyvinyl pyrrolidone, polyvinyl aleohol, polyeth-
ylene glycol, polyacrylic acid, polyeth ide, alone or
in combination thereof. The preferred adhesive polymers are
hydroxyethy! cellulose and polyvinyl pyrrolidone since they
exhibit rapid and effective adhesion to enamel when in
contact with a moist tooth surface,

[0015] . The molecular weight of the adhesive polymer is
also important, since it must be large enough so that an
integral film can form, but not so large that immediate
interfacial solubilization and adhesion to the enamel surface
is impaired. Typical average molecular weights range
between 50,000 and 1,500,000 Daltons, and preferably
between 50,000 and 500,000,

[0016]  The whitening agents suitable for the practice of
the present mvention include per

s, metal chlorites
erborates, percarbonates, pgraxyacids, persaliates, alone or

in_combination thereof. Swuitable peroxide compounds |
include hydrogen peroxide, carbamide peroxide, calcium..

eroxiderand mixtures.theseaf, The preferred peroxide is
carbamide peroxide. Suitable metal chlorites include cal-
cium chlorite, barium chlorite, magnesium chlorite, lithium
chlorite, sodium chlorite, and potassium chlorite. The pre-
ferred chlorite is sodium chlorite. A preferred percarbogate
is sodium percachonate, and the preferred persulfates are
oxones.

[0017] The rate at which the whitening agent is solubilized
and subsequently released to a tooth surface is controlled by
varying the film thickness, polymer properties such as
structure and molecular weight, type and properties of
whitening agent and the concentration of the whitening
agent. The concentration of the whitening agent typically
varies from about 0.1% to about 30% by weight of the total
layered device, and preferably from about 0.5% to about
20% by weight.

[0018] A plasticizer useful for purposes of the present
invention is selected from glycols such as propylene glycol,
polyethylone glycol, polyhydric alcohols such as j
and sorbitol and glycerol esters such as glycerol triacetate.
The plasticizer comprises about 0.2% to about 30% by
weight of the film of the present invention and preferably
about 0.5% to about 10% by weight.

[0019] Glycerin and propylene glycol are the preferred
plasticizers for use in the present invention as well as
polyethylene glycol. The preferred molecular weights for
polysthylene glycol are in the range of 200-600 Dalions.

{00207 A colorant or opacifier can be incorporated in the
adhesive layer or any of the layers of this device for use as
an appearance enhancer. The colorant or opacifier comprises
about 0.01% to about 10% by weight of the film of the
present invention and preferably about 0.03% to about 1%
by weight, Colors and opacifiers may also be used to help
distinguish the non-adhesive backing layer from the enamel
adhering layer. Some opacifiers include titanium dioxide,
zinc oxide, zirconium silicate and others.

[0021] In addition to the incorporation of whitening
agents, a plasticizer, and colorants, there may also be
included in the adhesive film matrix a minor amount, ¢.g.,
0.01 to 2% by weight, of ingredients such as préservatives,
antioxidants, and flavors, =

——————

W




US 2004/0062724 Al

[0022] The backing layer solution is composed of a mix-
ture of a Jivdrophobic polymer, such as ethyl_cellulose,
methy! cellulose, propyl celluiose or other related polymers
and copolymers; anionic, cationic and neutral polymers and
copolymers of methyl methacrylate under the trade name
EUDRAGIT®, and a water soluble polymer such as poly-
vinyl pyrrolidone, hydroxypropylmethyl cellulose, bydroxy-
ethyl ‘cellulose, hydroxypropyl cellulose, polyvinyl alcohol
or any other water soluble polymer that can be completely
commixed with the hydrophobic polymer(s), dissolved in
ethanol or other suitable orgenic solvent, The ratio of the
hydrophobic to the hydrophilic polymer is. adjusted to
increase or decrease the desired residence time that the
device remains on the teeth before complete erosion. The
ratio of hydrophobic to hydrophilic polymer ranges from
0.5:1 to 10:1 by weight, and more preferably 1.5:1 to 3:1 by
weight, : .

[0023] The backing layer solution may also contain a.

plasticizing agent, such as propylene glycol, polyethylene
glycol, or glycerin, in a small amount, 0.1 to 2.0% by
weight, in order to improve the flexibility and conformabil-
ity of the resultant layered film and to adjust the erosion rate
of the device. Colors and opacifiers may also be added to
help distinguish the non-adhesive backing layer from the
enamel adhering layer.

'[0024] Once dissolved, these solutions (adhesive and

backing) are cast and processed into & thin film by tech-
niques known in the art, such es by film dipping, film
coating, film casting, spin codting, or spray drying. These
films arc produced on an appropriate support at the desired
thickness and dried using an oven, The primary support can
be & polymer-coated paper, Mylar or any other appropriate
non-deformable and impervious surface. The preferable
primary support is coated paper. The primary support’s
casting surface must. hold the film dimensionally stable
during the coating and drying processes, but allow the
resulting composite fllm to release when desired. The actual
casting surface for these solutions may be the primary
support or another layer of the device being produced, such
as the precast film layer or a freshly cast adhesive or backing
layer. The amount of coating solutions applied, using a
suitable doctor blade or lab coater apparatus, ranges between
0.01 to 1.5 mm, and most preferably between 0.05 and 0.4
mm for the backing layer and between 0.8 and 1.3 mm for

‘the adhesive layer. The amount of solids present in the
" coating solutions, the resulting solution viscosity and coat-

ing thickness applied determine the amount of coating film
to be deposited on the casting surface.

[0025] The final layered device will consist of an adhesive

layer and a hydrophobic layer with or without a precast
" hydroxypropylmethy! cellulose (HPMC) film in-between. A

precast water soluble film between the adhesive and backing
layers will typically provide a longer residence time on the
tecth. Several methods of forming this device are now
provided herein.

[0026] In one embodiment, the adhesive layer is formed
on an appropriate primary support. In a separate operation,
the backing layer is formed on a water solible, polymeric
precast film of HPMC. The two films are then laminated,
with the hydrophobic layer either on the outside or in the
middle of the final composite film, using an appropriate

binding solution such as s polyvinvipyrrolidone dissolved in a
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water/ethanol mixture. This multi-layered film can be either
peeled away from the primary support and cut into-the
desired shaps or cut with the primary support still attached.

[0027] In another cmbodiment, the backing layer is
formed on an appropriate primary support. A precast film of
FPMC is then laminated to the backing layer using binding
solution consisting of polyvinylpyrrolidone dissolved in 2
water/cthanol mixture. Then a distinct binding layer, typi-
cally composed of polyvinylpyrrolidone is formed on top of
the HPMC precast film. Finally, the adhesive layer is formed
on top of the binding layer. This resulting multi-layer film is
then further processed as outlined above.

[0028] In a preferred embodiment, the adhesive layer is

formed on an appropriate primary support by the casting
methods previously described. The backing layer is then

formed directly on top of the adhesive layer. This two-layer |-

fitm is then further processed as outlined above,

{0029] Inanother preferred embodiment, the backing layer
is formed on an appropriate primary support by the casting
methods previously described The adhesive layer is then
formed directly on top of the backing layer and the resulting
bilayered product is further processed as outlined above.

[06030] The thicknesses of each layer will affect the resi-
dence time of the device. The hydrophobic layer composi-
tion' and thickness are the most important parameters in
controlling the residence time. However, inclusion of the
water soluble, polymeric precast film as one of the layers of
the device will also increase the residence time, since the
overall thickness of the device is increased.

[0031] The total thickness of the device is also an impor-
tant consideration in regards to user acceptance. A very thick
device becomes more noticeable with respect to “mouth
feel”, and may cause the user to discontinue its use prema-~
turely, thus compromising efficacy.

[0032] ' The total thickness of the device will also affect its
ability to conform and adhere to teeth in an efficient manner.
Typically, thin films are preferred since they can be easily
applied and bent around the teeth, minimizing the amount of
unattached area in the form of edges and comers that could
cause the film to be accidentally pulled off the teeth.
However, if the film is too thin, it will begin to lose tensile
strength and rip during its application.

[0033] -With respect to the individual layers of the com-
posite film, the thickness of the adhesive layer is between
50z and 300y, and more preferably between 60u and 140u.
The thickness of the backing layer is between 50u and 3004,
and more preferably between 60u and 100z, The thickness
of the precast layer if used to produce a multilayered device
is between 25y and 200y, and more preferably between 50u

and 100u. The overall thickness of the device is between 754 -

and 500, aud more preferably between 1254 and 300u.

EXAMPLE 1

[0_034] A 180.0 gram batch of placebo adhesive solution
was. prepared. using 10.0 grams hydroxyethyl cellulose

(Natrosol 2501 NF; Hercules), 10.0. grams polyvinyl pyr-

rolidone (PVP; Povidone P-1416; Spectrum), 0.65 grams
sodinm benzoate (Spectrum), 0.65 grams propylene glycol
(Spectrum), and 158.7 grams deionized and 0.22u-filtered
water. This solution was used in Example 11 below.

!
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- 1.3. Prioridad: 10/05/2004, US,10/842,152

Titulo de la invencion: BANDAS MULTIPLACAS BLANQUEADORAS DE
<DIEN_TES. '

Problema Técnico Planteado: Necesidad de nuevos sistema_é para aplicar a los
~ dientes productos blanqueadores basados en peréxidos (folio 35, pg1)

Solucién: una pelicula blanqueadora para recubrir dientes, caracterizada porque

comprende: polimero formador de pelicula, agente blanqueador, cubierta
hidrofébica, cubierta adherente (reiv 1, folio 58, pg 24).
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' 'La relvmdica_ n v1_6 depende de una reuvmdxcacrén de: método de- tratami :
| ') la dependencia deberia ser con la relvindicacié 1___4'- ero de
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US2034/0062724 urfaces of teeth - Abﬂl 1 de 2004 A

5 '1' Novedad (artfculo 16 D486)

: \La relvmdrcacrén 1 se reﬁere a una pelinula blanqueadora para recubnrdtentes
‘ caractenzada porque comprende P ._ Lo
a) polimero formador de- pelicula '
b) Agente blanqueador
- '¢) - Cubierta hidrofébica.
d) Cubl rta ad*erente'“"

‘-_-'_._;Las caracteristlcas esencia}es de Ia 'compusxclén fde la rewmdicaclén 1" 'es {dec:r .
f:-'polimero formador de pelicula;: agente blanqueador, ‘clbierta:hidrofébica, cublena S

_;_adherente, ya se divulgan en D1, que da conoger un dispositivo multicapas que | "
.se adhiere a la superficie de’ los dlentes (abstract foho 101 y folio 102, parrafos. 5| -

y 8),. que. comprende un. poﬂmero formador de. pelicula (fOllO 103, pg‘~2 parrafo| -

--14), un agente blanqueador (folio 103, pg 2, parrafo 16), una cubierta hidrofébica’

.-‘_(foh@ 104, pg 3; pérrafo 22) y una cublerta adherente (follo 104 pg 3; pérrafo 26)
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Por lo cual, la presente reivindicacion, nose'cons'idera nueva, como tampoco sus

dependientes 2-11.
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