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TOOTH WHITENING PRODUCTS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. applica-
tion Ser. No. 11/199,976, filed Aug. 9, 2005, which is a
continuation of application Ser. No. 10/154,020, filed, May
23, 2002, now U.S. Pat. No. 6,949,240, the substances of
which are incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to products for whit-
ening teeth, and, more particularly, to tooth whitening prod-
ucts having improved whitening efficacy.

BACKGROUND OF THE INVENTION

[0003] Many approaches are used to whiten teeth. Two of
the most common approaches use abrasives or chemical
whiteners, such as peroxides. Abrasives in combination with
a polishing action are used to polish discolorations and
stains off of the surface of the teeth. Thus, light reflected
from the teeth represents the true intrinsic color of the teeth.
Abrasives are a major element of most consumer toothpastes
and prophyaxis pastes used by dentists. Because abrasives
only work on the surface of the teeth, the intrinsic color of
the tooth is largely unchanged. As such, abrasives only offer
limited effectiveness in whitening of the teeth.

[0004] The second approach is the use of chemical whit-
ening actives in a composition to intrinsically and extrinsi-
cally whiten teeth. Chemical whitening actives are applied
to the teeth for period of time to allow the active to act upon
the tooth and provide an improvement in the whiteness of
the teeth. Whiteners are commonly applied to the teeth using
toothpastes, rinses, gums, floss, tablets, strips and trays. A
common chemical whitening active is peroxide. Often, strips
and trays are used to apply peroxide for contact times
beyond that achievable with typical toothbrushing. Concen-
tration of the whitening active, contact time and number of
applications are some of the primary parameters which
dictate the rate and amount of whitening achieved with
peroxide based tooth whitening compositions. Whitening
products using a strip of material in combination with a
chemical whitening active are known in the art. For
example, U.S. Pat. Nos. 5,891,453 and 5,879,691, the sub-
stances of which are incorporated herein by reference,
describe a whitening product comprising a flexible strip of
material and a whitening composition. The whitening com-
position can include a peroxide active.

[0005] Tt is commercially desirable to increase the whit-
ening efficacy of products in order to deliver a more satis-
fying product experience. Increasing the concentration of
peroxide, holding all other parameters essentially constant,
generally results in faster whitening per time of use. Simi-
larly, longer contact times produce more whitening provided
the peroxide is maintained on the tooth surface. Thus,
increasing concentration, increasing wear time and increas-
ing number of applications can be effective methods of
achieving higher degrees of tooth whitening from a tooth
whitening product. Each of these parameters also may have
a negative impact on the consumer’s experience. Increasing
the concentration of the peroxide in the whitening compo-
sition, holding all other parameters essentially constant, can
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produce more tooth sensitivity and cause more soft tissue
irritation. Sufficiently high concentrations of peroxide may
require a physical barrier, such as a rubber dam, to prevent
the peroxide from contacting and burning the soft tissue
thereby making the use of the high peroxide concentrations
inconvenient and impractical for unsupervised at home and
repeated use. In fact, even conventional chair side tooth
whitening compositions having a peroxide concentration
equivalent to 13% hydrogen peroxide often utilize a rubber
dam to protect the soft tissue during the bleaching process.
Increasing the use time will increase the amount of tooth
sensitivity and gingival irritation as well as make the product
more inconvenient to use. Similarly, increasing the number
of uses also makes the product less convenient to use.

[0006] Thus, there is a desire to provide whitening prod-
ucts that achieve the increased whitening efficacy associated
with increased peroxide concentrations while avoiding
attendant soft tissue irritation so often associated with these
higher peroxide levels. Still further, there is a desire to
provide convenient tooth whitening products that utilize
higher peroxide concentrations without the need for artificial
barriers, such as rubber dams or other gingival protectants.

SUMMARY OF THE INVENTION

[0007] A tooth whitening product is provided. The tooth
whitening product includes a strip of material sized to cover
the front surface of one or more teeth and soft tissue adjacent
the front surface of the teeth. A thin layer of a tooth
whitening composition is disposed on the strip of material.
The tooth whitening composition contains a peroxide active
with a concentration greater than about 7.5% by weight of
the whitening composition, and the tooth whitening com-
position has a peroxide density less than about 1.3 mg/cm?.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] While the specification concludes with claims par-
ticularly pointing out and distinctly claiming the invention,
it is believed that the present invention will be better
understood from the following description taken in conjunc-
tion with the accompanying drawings in which:

[0009] FIG. 1 is a perspective view of one embodiment of
a tooth whitening product of the present invention compris-
ing a substantially flat strip of material having a tooth
whitening composition coated thereon;

[0010] FIG. 2 is cross-sectional side elevation view of the
tooth whitening product of FIG. 1 taken along line 2-2
thereof;

[0011] FIG. 3 is a cross-sectional side elevation view
showing an alternative embodiment of the present invention,
wherein the strip of material has a plurality of shallow
pockets;

[0012] FIG. 4 is a cross-sectional plan view of human
dentition, illustrating application of a tooth whitening prod-
uct of the present invention to the front surface of a plurality
of teeth;

[0013] FIG. 5 is a cross-sectional side elevation view of a
tooth of FIG. 4 taken along line 5-5 thereof;

[0014] FIG. 6 is a cross-sectional plan view, similar to
FIG. 4, showing a tooth whitening product of the present
invention applied to front and back surfaces of a plurality of
teeth;
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[0015] FIG. 7 is a cross-sectional side elevation view of
FIG. 6 taken along line 7-7 thereof, showing a tooth whit-
ening product of the present invention conforming to front
and back tooth surfaces of a plurality of teeth and adjoining
soft tissue;

[0016] FIG. 8 is a perspective view of an alternative
embodiment of the tooth whitening product of the present
invention, wherein the tooth whitening product includes a
release liner;

[0017] FIG.9 is a graph illustrating the interplay between
whitening efficacy, soft tissue tolerability, peroxide concen-
tration, composition loading and peroxide dosing;

[0018] FIG. 10 is a schematic illustration of the 1976 CIE
LAB color space;

[0019] FIG. 11 is a cross sectional side elevational view of
a tooth whitening product of the present invention disposed
within a package;

[0020] FIG. 12 is a perspective view of another embodi-
ment of the present invention, wherein the tooth whitening
product includes a sacrificial border;

[0021] FIG. 13 is a cross-sectional side elevation view of
the tooth whitening product of FIG. 12, taken along line
13-13 thereof;

[0022] FIG. 14 is a perspective view of the tooth whiten-
ing product of FIG. 12, wherein a portion of the strip of
material has been removed for application to an oral cavity;
and

[0023] FIG. 15 is a schematic illustration of a manufac-
turing line for making the tooth whitening product of FIG.
1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0024] Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings wherein like
numerals indicate the same elements throughout the views
and wherein elements having the same two last digits (e.g.,
20 and 120) connote similar elements. All percentages
herein are expressed as percent weight of the tooth whiten-
ing composition unless stated otherwise. Referring to FIGS.
1 to 8, several exemplary embodiments of the present
invention will now be described. The tooth whitening prod-
uct 10 comprises a strip of flexible material 12, a thin layer
14 of a tooth whitening composition having a peroxide
active, and optionally a release liner 27 (FIG. 8). The strip
of material 12 is used to apply the tooth whitening compo-
sition to the teeth and serves as a protective barrier to
substantially prevent saliva from contacting the tooth whit-
ening composition as well as preventing erosion of the tooth
whitening composition from the surface of the teeth by the
wearer’s lips, tongue, and other soft tissue. The release liner
27 also serves as a protective barrier, but the strip of material
12 and the thin layer 14 are separated from the release liner
27 prior to application of the tooth whitening composition to
the teeth, thereby exposing the thin layer 14 for use.

[0025] The strip of material 12 is sized to cover the front
or labial/buccal surface of one or more teeth, as best seen in
FIGS. 4 and 6. In another embodiment, the strip of material
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is sized to cover the front surface of a plurality of teeth as
well as at least some of the soft tissue adjacent those teeth.
As used herein, the phrase “soft tissue” is intended to refer
to one of the gingival margins. In another embodiment, the
strip of material is sized to cover the front surface of a
plurality of teeth, at least some soft tissue adjacent the
plurality of teeth, and at least some of the back or lingual
surface of the plurality to teeth, as best seen in FIG. 7.
Generally, the strip of material is sized to cover the front, six
to eight teeth of the upper or lower rows of teeth that are
visible when the wearer is smiling or either the maxillary
dentition or the mandibular dentition. Optionally, the strip of
material 12 may fit the entire upper or lower rows of teeth
when positioned against the teeth. Most preferably, the strip
of' material 12 is sized to overlap with and is further sized to
cover at least the central six anterior teeth (cuspid to cuspid).
The strip of material 12 can be a maxillary strip which is
rectangular with rounded corners and measures approxi-
mately 6.5 cm longx1.5 cm wide and/or the strip of material
12 can be a mandibular strip which is trapezoidal with
rounded corners and measures 5 cm longx2 cm wide.
Further description of the size and shape of the strip of
material 12 in a tooth whitening application is disclosed in
U.S. patent application Ser. No. 09/278,185 filed Mar. 15,
1999, the substance of which is fully incorporated herein by
reference. Other shapes and sizes for the strip of material
would also be suitable. Further, it is contemplated that the
present invention could be applied to other tooth whitening
applicators such as bleaching trays (e.g., such as described
in U.S. Pat. Nos. 5,846,058, 5,816,802; and 5,895,218),
permanently deformable strips (e.g., such as that described
in U.S. Pat. No. 6,045,811), and other pre-loaded devices
(e.g., such as that described in U.S. Pat. No. 5,310,563), the
substances of which are incorporated herein by reference.
The strip of material can include a plurality of pockets 18
(FIG. 3) which are filled with the tooth whitening compo-
sition.

[0026] Referring to FIG. 9 and in accordance with one
aspect of the present invention, it is has been found that
relatively high peroxide concentrations can be used to
provide improved whitening efficacy over current flexible,
strip-based whitening products, such as Crest Whitestrips®
manufactured by the Procter & Gamble Company, Cincin-
nati, Ohio, while still maintaining acceptable soft tissue
tolerability without the need for cumbersome rubber dams or
other artificial soft tissue barriers. As used herein, the phrase
“artificial barrier” is intended to refer to any physical means
that prevents or is intended to prevent a whitening compo-
sition from migrating onto the soft tissue adjacent the teeth
during a bleaching operation. Other artificial barriers can
include light cured resins.

[0027] As used herein, the phrase “soft tissue tolerability”
is intended to refer to the degree to which a product user
experiences a sensation often described as burning or sting-
ing or experiences irritation of the gingival tissues. This
sensation can range from minor to severe. While a minor
sensation is noticeable, a user is able to complete a con-
secutive two week, twice a day for thirty minutes, regimen
using the subject whitening product without difficulty. A
severe sensation often causes a user to discontinue the
regimen prior to its completion due to the discomfort. Soft
tissue tolerability for a whitening product can be determined
by surveying a representative sample of users, such as one
hundred individuals, for such sensations following comple-
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tion or attempted completion of the specified regimen.
Alternatively, direct observation of the soft tissue can be
performed to detect any instances of soft tissue irritation.
While it is desirable to minimize the number of individuals
which experience any of the above-described sensations,
their complete elimination can be difficult to achieve due to
the subjectivity involved in their assessment and the sus-
ceptibility of some individuals to these sensations even with
nominal peroxide active concentrations.

[0028] As used herein the phrase “whitening efficacy” is
intended to refer to the amount of change in tooth color. The
color change can be measured according to the LAB color
scale. FIG. 10 illustrates a model of the 1976 CIE LAB color
space. The L* value measures brightness and varies from a
value of one hundred for perfect white to zero for black
assuming a* and b* are zero. The a* value is a measure
redness when positive, gray when zero and greenness when
negative. The b* value is a measure of yellowness when
positive, gray when zero and blueness when negative. Gen-
erally, teeth appear whiter as: the L value increases meaning
they become brighter, the a* value increases or decreases
depending upon whether the stained teeth have a green or
red tint prior to whitening, and the b* value decreases
meaning they become less yellow. While this is the general
relationship for perceived whitening, the b* value might also
slightly increase if the magnitude of the increase of the L*
value is large enough. Similarly, the [ value might also
decrease if the magnitude of the decrease of the b* value is
large enough to overshadow the less significant change in
L*. Because the color of actual stained teeth varies by
different geographies, whether the a* value increases or
decreases for whitening can be geography dependent. For
instance, stained teeth have a brown or red tint in the United
States while stained teeth have a green tint in China.

[0029] The overall color change can be determined by the
following equation for delta E (AE):

AE=(AL*+Aa**+Ab*?)2

[0030] When AL is positive, Ab* is negative and a* is
moving towards zero, AE represents an improvement in
tooth whiteness. AE is a scalar value, and therefore it
represents the magnitude of the color change, but not the
direction. For that reason, the direction of the changes in the
individual color components L*, a* and b* must be evalu-
ated to determine whether the AE value represents an
improvement in tooth whiteness. A method for measuring
whitening efficacy, as expressed by AE, is discussed more
fully hereafter.

[0031] Referring again to FIG. 9 and while not intending
to be bound by any theory, there is illustrated a relationship
between whitening efficacy, soft tissue tolerability, peroxide
concentration, and whitening composition loading. Gener-
ally, as peroxide concentration increases, whitening efficacy
increases as shown by the upward slope of the efficacy lines
of the graph of FIG. 9. Each efficacy line represents a line
of iso-composition loading (i.e., a line of constant compo-
sition loading). Efficacy lines are shown for composition
loadings of 0.0025 gm/cm?, 0.005 gm/cm?, 0.0075 gm/cm?,
0.01 gm/cm?, and 0.02 gm/cm?. The phrase “composition
loading” is intended to refer to the ratio of the amount of
tooth whitening composition (gm) to the surface area (cm?)
of the thin layer 14 that is applied to the tooth surfaces and
adjacent soft tissue of the oral cavity. This surface area may
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be different than the “exposed surface area” and/or “unex-
posed surface area” which are discussed hereafter. Gener-
ally, soft tissue tolerability decreases as peroxide concen-
tration increases, as shown by the downward slope of the
tolerability lines of the graph of FIG. 9. Each tolerability line
also represents a line of iso-composition loading (i.e., a line
of constant composition loading). Tolerability lines are
shown for composition loadings of 0.0025 gm/cm?, 0.005
gm/cm?®, 0.0075 gm/cm?, 0.01 gm/cm?, and 0.02 gm/cm?.
From this family of curves, it will be appreciated that it is
possible to maintain acceptable soft tissue tolerability while
increasing whitening efficacy by increasing the peroxide
concentration to relatively high levels if there is an appro-
priate decrease in composition loading. Stated another way,
it is possible to increase the concentration of the peroxide
active to achieve improved whitening efficiency while main-
taining acceptable soft tissue tolerability, without the use of
artificial barriers, by properly selecting the composition
loading.

[0032] This relationship can also be characterized by a
parameter, peroxide density, which is the ratio of the amount
of peroxide active (mg) or peroxide dose to the surface area
(cm?) of the thin layer that is applied to the tooth surfaces
and adjacent soft tissue of the oral cavity. This surface area
may be different than the “exposed surface area” and/or
“unexposed surface area” which are discussed hereafter.
Several lines of constant peroxide density are shown in FIG.
9, including 0.5 mg/cm?®, 0.1 mg/cm®, 1 mg/cm?®, and 1.3
mg/cm® There is one family of peroxide density lines
plotted with respect to the tolerability lines and there is one
family of peroxide density lines plotted with respect to the
efficacy lines. In most instances, the surface area of the thin
layer can be approximated by the surface of the strip of
material if the entire strip of material is applied to the oral
cavity and if the entire strip of material is coated with the
thin layer of the tooth whitening composition. For example,
if the strip of material is rectangular and has a length of 6.5
cm and width of 1.54 cm and the thin layer of tooth
whitening composition is coated over an entire side of the
strip of material, the total surface area is 10 cm?. If the tooth
whitening composition contains 6.5% hydrogen peroxide
and the strip of material contains 0.2 gm of the tooth
whitening composition, then the hydrogen peroxide dose is
13 mg. The corresponding peroxide density is 1.3 mg/cm?.

[0033] Thus, for a given peroxide concentration and whit-
ening composition loading, there is a given efficacy and
tolerability shown in FIG. 9. For example, at a peroxide
concentration of 20% and a whitening composition loading
of 0.0025 gm/cm?, the peroxide density is 0.5 mg/cm?, the
tolerability is about 70% (meaning that, on average, 70% of
individuals may report no burning or stinging sensations),
and the efficacy is about 3 units (delta E). Both peroxide
density points (i.e., on both the efficacy and tolerability
curves) are shown in FIG. 9.

[0034] Inoneembodiment, so long as the peroxide density
is less than about 1.3 mg peroxide/cm?, there can be an
acceptable tradeoff between soft tissue tolerability and whit-
ening efficacy for peroxide concentrations greater than at
least about 7.5%. While extremely high peroxide concen-
trations can be surprisingly utilized with the present inven-
tion, generally it is desirable to utilize peroxide concentra-
tions less than 60% and, even more desirable to have a
peroxide density (with respect to the tolerability lines) in the
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upper two quadrants [ and II of FIG. 9 for tooth whitening
applications, because the soft tissue tolerability is acceptable
to very good. For peroxide densities in quadrant I (as plotted
on the tolerability curves), generally the whitening efficacy
will be less than peroxide densities in quadrant II, because,
while the composition loading is low enough in quadrant I
that soft tissue tolerability is acceptable, the composition
loading is so low that whitening efficacy may drop off
substantially, as shown by the corresponding peroxide den-
sity points plotted on the efficacy curves. The peroxide
density line of 1.3 mg/cm® represents one boundary where
meaningful to very good whitening efficacy occurs with
acceptable to very good soft tissue tolerability.

[0035] In other embodiments, the peroxide density is less
than about 1.2 mg/cm?, or less than about 1.1 mg/cm?, or
less than about 1 mg/cm?, or less than about 0.75 mg/cm?,
or less than about 0.5 mg/cm?, and/or greater than about 0.01
mg/cm? or greater than about 0.1 mg/cm?, or greater than
about 0.25 mg/cm?, or greater than about 0.5 mg/cm® in
combination with a peroxide concentration greater than
about 7.5%, or greater than about 8%, or greater than about
10%, or greater than about 12%, or greater than about 16%,
or greater than about 20%, and/or less than about 40%, or
less than about 35%, or less than about 30%, or less than
about 20%. The peroxide active can be any form that
liberates peroxide either by soluabilization or hydration. All
peroxide active concentrations expressed herein are for
hydrogen peroxide and appropriate conversions must be
made for other peroxide liberating molecules such as car-
bamide peroxide, calcium peroxide and sodium percarbon-
ate, etc. Some other peroxide actives suitable for use with
the present invention include calcium peroxide, carbamide
peroxide, sodium percarbonate, benzoyl peroxide and mix-
tures thereof. A method for determining the concentration of
the peroxide active is set forth hereafter. The above-de-
scribed peroxide concentrations and peroxide densities are
the concentrations and densities at the time of application of
the tooth whitening product to the oral cavity.

[0036] In another embodiment, characterized by a portion
of quadrant III of FIG. 9, the peroxide density is between
about 1.3 mg/cm” and about 2.4 mg/cm? in combination with
a peroxide concentration greater than about 7.5%, or greater
than about 8%, and less than about 16% or less than about
12%. In this embodiment, there can be an acceptable, albeit
not as preferred, balance of whitening efficacy and soft
tissue tolerability.

[0037] The total amount of the tooth whitening composi-
tion that is delivered to the oral cavity will vary depending
upon the size of the strip of material 12 and the concentra-
tion of the peroxide active. Generally, greater than about
0.0002 gram of tooth whitening composition is provided
with the present invention, or greater than about 0.005 gm,
or greater than about 0.01 gm, or greater than about 0.015
gm, or greater than about 0.02 gm, or greater than about
0.025 gm, or greater than about 0.05 gm, or greater than
about 0.075 gm, or greater than about 0.1 gm, or greater than
about 0.15 gm, or greater than about 0.2 gm and/or less than
about 0.3 gm, or less than about 0.2 gm, or less than about
0.15 gm, or less than about 0.1 gm, or less than about 0.05
gm, or less than about 0.025 gm, or less than about 0.001
gm.

[0038] The tooth whitening composition loading is greater
than about 0.0005 gm/cm? or greater than about 0.001
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gm/cm?, or greater than about 0.002 gm/cm?, or greater than
about 0.0025 gm/cm?, or greater than about 0.005 gm/cm?,
or greater than about 0.0075 gm/cm?®, or greater than about
0.01 gm/cm?, or greater than about 0.015 gm/cm?, and/or
less than about 0.03 gm/cm®, or less than about 0.02
gm/cm?, or less than about 0.015 gm/cm?, or less than about
0.01 gm/cm?, or less than about 0.005 gm/cm?, or less than
about 0.001 gm/cm?>.

[0039] As previously discussed, the tooth whitening com-
position contains a peroxide active and is provided in the
thin layer 14 between the release liner 27 and the strip of
material 12. The thin layer 14 of tooth whitening composi-
tion is generally on or in contact with the strip of material 12
and release liner 27. In order to achieve the previously
described composition loadings at the higher peroxide con-
centrations, the thin layer 14 of tooth whitening composition
that is applied to the oral cavity may have a thickness less
than about 0.3 mm, or less than about 0.2 mm, or less than
about 0.15 mm, or less than about 0.1 mm, or less than about
0.06 mm, or less than about 0.03 mm, or less than about
0.001 mm and/or greater than about 0.0002 mm, or greater
than about 0.004 mm, or greater than about 0.008 mm, or
greater than about 0.016 mm, or greater than about 0.018
mm, or greater than about 0.02 mm, or greater than about 0.1
mm, or greater than about 0.15 mm. These measurements
are taken by measuring from the surface 28 (FIG. 2) of the
strip of material 12 and up through the thin layer 14 of tooth
whitening composition.

[0040] The peroxide dose, which is the total amount of the
peroxide active within the thin layer of the tooth whitening
composition that is applied to the oral cavity, is less than
about 100 mg, or less than about 95 mg, or less than about
85 mg, or less than about 80 mg, or less than about 40 mg,
or less than about 20 mg, or less than about 15 mg, or less
than about 12 mg, or less than about 10 mg, or less than
about 5 mg, or less than about 1 mg, and/or greater than
about 0.1 mg, or greater than about 0.3 mg, or greater than
about 0.6 mg, or greater than about 1 mg, or greater than
about 1.5 mg, or greater than about 2 mg, or greater than
about 10 mg.

[0041] While it is desirable for the thin layer of the tooth
whitening composition to be a homogeneous, uniform and
continuous layer, the thin layer 14 may also be non-uniform,
non-continuous, and/or heterogeneous. For example, the
thin layer 14 can be a laminate or separated layers of
components, an amorphous mixture of components, separate
stripes or spots or other patterns of different components, or
a combination of these structures.

[0042] The tooth whitening composition of the present
invention can be provided in the form of a viscous liquid,
paste, gel, solution, or any other state or phase that can form
a thin layer. The tooth whitening composition can be pro-
vided in the form of a gel with a viscosity between about 200
and about 1,000,000 cps at low shear rates (approximately
one seconds™). In another embodiment, the viscosity is
between about 100,000 and about 800,000 cps or between
about 150,000 and about 700,000 cps. In yet another
embodiment, the viscosity is between about 300,000 and
about 700,000 cps.

[0043] As known in the art, the tooth whitening compo-
sition also has a yield stress. Yield stress is the amount of
force on a material before the material begins to move. The
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yield stress must be high enough so that the tooth whitening
composition is able to form a thin layer and also to handle
the disturbances caused by manufacturing, handling, and
storage. The yield stress of the tooth whitening composition
is between about 2 Pascals and about 3000 Pascals, prefer-
ably between about 20 Pascals and about 2000 Pascals, more
preferably between about 200 Pascals and about 1500 Pas-
cals, and most preferably between about 400 Pascals and
about 200 Pascals.

[0044] Additional constituents of the tooth whitening
composition can include, but are not limited to, water,
gelling agents, humectants, pH adjusting agents, stabilizing
agents, desensitizing agents, and accelerating agents or
bleach activators. In addition to the above materials, a
number of other materials can also be added to the sub-
stance. Additional materials include, but are not limited to,
flavoring agents, sweetening agents such as saccharin, xyli-
tol, opacifiers, coloring agents, and chelants such as ethyl-
enediaminetetraacetic acid. These additional ingredients can
also be used in place of the compounds disclosed above.

[0045] Gelling agents suitable for use do not react with or
inactivate the constituents of the oral care composition. A
common gelling agent is a swellable polymer. An effective
concentration of a gelling agent to enable the tooth whiten-
ing composition to form a thin layer will vary with each type
of gelling agent. The thin layer will have a viscosity and
yield stress enabling the tooth whitening composition to
form the thin layer on a release liner. The tooth whitening
composition formed with these agents may also provide
sufficient adhesive attachment of the film material to the
targeted area of the mouth. For example, the level of gelling
agent to form the tooth whitening composition with a
carboxypolymethylene is between about 0.1% and about
15%, preferably between about 1% and about 10%, more
preferably between about 2% and about 8%, and most
preferably between about 3% and about 6%, by weight of
the tooth whitening composition. An effective concentration
of a poloxamer gelling agent is between about 10% and
about 40%, preferably between about 20% and about 35%,
and more preferably between about 25% and about 30%, by
weight of the tooth whitening composition.

[0046] Suitable gelling agents useful in the present inven-
tion include “Pemulen” made by B. F. Goodrich Company,
carboxypolymethylene, carboxymethyl cellulose, carbox-
ypropyl cellulose, hydroxyethyl cellulose, poloxamer, Lapo-
nite, carrageenan, Veegum, carboxyvinyl polymers, and
natural gums such as gum karaya, xanthan gum, Guar gum,
gum arabic, gum tragacanth, and mixtures thereof. The
preferable gelling agent for use in the present invention is
carboxypolymethylene, obtained from B. F. Goodrich Com-
pany under the tradename “Carbopol”. Particularly prefer-
able Carbopols include Carbopol 934, 940, 941, 956, 971,
974, 980, and mixtures thereof. Particularly preferred is
Carbopol 956. Carboxypolymethylene is a slightly acidic
vinyl polymer with active carboxyl groups.

[0047] Other suitable gelling agents include both poly-
mers with limited water solubility as well as polymers
lacking water solubility. Suitable limited water solubility
adhesives include: hydroxy ethyl or propyl cellulose. Adhe-
sives lacking water solubility include: ethyl cellulose and
polyox resins. Another possible adhesive suitable for use in
the instant composition is polyvinylpyrrolidone with a
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molecular weight of about 50,000 to about 300,000. Still
another possible adhesive suitable for use in the instant
composition is a combination of Gantrez and the semisyn-
thetic, water-soluble polymer carboxymethyl cellulose.

[0048] A pH adjusting agent may also be added to make
the composition safe for oral tissues. These pH adjusting
agents, or buffers, can be any material that is suitable to
adjust the pH of the composition. Suitable materials include
sodium bicarbonate, sodium phosphate, sodium hydroxide,
ammonium hydroxide, potassium hydroxide, sodium stan-
nate, triethanolamine, citric acid, hydrochloric acid, sodium
citrate, and combinations thereof. The pH adjusting agents
are added in sufficient concentrations so as to adjust the pH
of the composition to between about 3 and about 10,
preferably between about 4 and about 8.5, and more pref-
erably between about 4.5 and about 8. The pH adjusting
agents are generally present in an concentration between
about 0.01% and about 15% and preferably between about
0.05% and about 5%, by weight of the composition.

[0049] Suitable stabilizing agents include benzoic acid,
salicylic acid, butylated hydroxytoluene, tin salts, phos-
phates, and others. Suitable bleach activators include
trichloroisocyanuric acid and the phosphates, such as tetra-
sodium pyrophosphate.

[0050] Desensitizing agents may also be used in the tooth
whitening composition. These agents may be preferred for
consumers who have sensitive teeth. Desensitizing agents
include potassium nitrate, citric acid, citric acid salts, stron-
tium chloride, and combinations thereof. Potassium nitrate is
a preferred desensitizing agent. Other agents which provide
the benefit of reduced tooth sensitivity are also included in
the present invention. Typically, the concentration of a
desensitizing agent is between about 0.01% and about 10%,
preferably between about 0.1% and about 8%, and more
preferably between about 1% and about 7% by weight of the
tooth whitening composition.

[0051] The strip of material 12 may be formed from
materials such as polymers, natural and synthetic wovens,
non-wovens, foil, paper, rubber, and combinations thereof.
The strip of material 12 (as well as the release liner 27) may
be a single layer of material or a laminate of more than one
layer. Suitable polymers include, but are not limited to,
ethylvinylacetate, ethylvinyl alcohol, polyesters such as
MYLAR® manufactured by DuPont, and combinations
thereof.

[0052] The release liner can be formed from any material
that exhibits less affinity for the tooth whitening composition
than the tooth whitening composition exhibits for itself and
for the strip of material 12. For example, the release liner 27
can be formed from paper or a polyester, such as SCOTCH-
PAK® which is manufactured by the 3M Corp. of Minne-
apolis, Minn., which are coated with a non-stick material in
order to aid release of the tooth whitening composition from
the release liner 27 when the strip of material 12 is pulled
away from the release liner 27. Exemplary coatings can
include wax, silicone, fluoropolymers such as Teflon®,
fluorosilicones, or other non-stick type materials. Also,
suitable coatings might include one of the coatings described
in U.S. Pat. Nos. 3,810,874; 4,472,480; 4,567,073; 4,614,
667; 4,830,910, and 5,306,758, the substances of which are
incorporated herein by reference. A further description of
materials suitable which might be suitable as release agents
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is found in Kirk-Othmer Encyclopedia of Chemical Tech-
nology, Fourth Edition, Volume 21, pp. 207-218, incorpo-
rated herein by reference. The release liner 27 should be at
least the same size and shape as the strip of material 12 as
shown in FIG. 1. However, the release liner 27 can extend
beyond the strip of material so that it is easier to the release
liner 27 and remove the strip of material 12 and the thin layer
14 from the release liner 27.

[0053] While the tooth whitening product 10 is described
herein as comprising both the strip of material 12 and the
release liner 27, it is contemplated that the tooth whitening
product 10 may comprise only the strip of material 12 and
the thin layer 14. For example, the interior of a package
storing the strip of material 12 and the thin layer 14 might
be coated in a manner similar to that described above with
respect to the release liner 27 to facilitate removal of the
strip of material 12 and the thin layer from the package
during use. Further, it is contemplated that the tooth whit-
ening product 10 could be provided in the form of a roll
rather than planar as shown herein and could comprise a
plurality of strip of materials and/or release liners. Alterna-
tively, it is contemplated that the strip of material 12 and/or
release liner 27 might include other non-planar shapes such
as preformed dental trays or flexible dental trays. The strip
of material and/or release liner can also be formed from
permanently deformable strips of material, wax, or any other
material suitable for use as a barrier for the tooth whitening
composition and for applying the tooth whitening compo-
sition to the teeth.

[0054] While the above-described materials for the strip of
material 12 and release liner 27 are suitable for use with the
present invention, the stability of the peroxide active of the
thin layer 14 of the tooth whitening composition can be
improved when the release liner 27 and/or the strip of
material 12 (or at least the surfaces in contact with the
peroxide active) are formed from a polyolefin and, prefer-
ably, from polyethylene or polypropylene. Even small to
moderate increases in the stability of a peroxide active can
have a significant impact on the shelf life of a tooth
whitening product. As used herein, the term “stability” is
intended to refer to the propensity of a peroxide active to
maintain its original concentration over a specified period of
time (e.g., 3 months, 6 months, 12 months), wherein the
specified period of time is measured beginning from the
point at which the tooth whitening composition is manufac-
tured and formed as a thin layer. Other polyolefin blends,
polyethylene blends, polypropylene blends, and combina-
tions thereof would also be suitable for use as the strip of
material 12 and/or the release liner 27 in the present inven-
tion. As discussed above, the release liner 27 can also be
coated to aid release of the tooth whitening composition
from the release liner 27 during manufacture and/or use.
However, these coatings generally do not act as barriers
between the peroxide active and underlying material such
that proper selection of the underlying material is still
desirable. Any coating should be inert, however, relative to
the peroxide active.

[0055] The strip of material 12 and/or release liner 27 are
generally less than about 1 mm thick, preferably less than
about 0.05 mm thick, and more preferably from about 0.001
to about 0.03 mm thick. Still more preferably, the strip of
material 12 and/or release liner 27 are less than about 0.1
mm thick and yet more preferably from about 0.005 to about
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0.02 mm thick. The thickness and the permeability of the
strip of material 12 and/or release liner 27 may have an
effect on the stability of the tooth whitening composition. In
general, a thicker strip may provide more stability for the
tooth whitening composition. However, the thickness of the
strip of material must be balanced with the consumer
acceptance of comfort of wearing the strip.

[0056] The strip of material 12 should have a relatively
low flexural stiffness so as to enable it to drape over the
contoured surfaces of the teeth with very little force being
exerted; that is, conformity to the curvature of the wearer’s
mouth, teeth, and gaps between teeth is maintained because
there is little residual force within the strip of material to
cause it to return to its substantially flat shape. The flexibility
of the strip of material enables it to contact adjoining soft
tissue over an extended period of time without physical
irritation. The strip of material does not require pressure to
form it against the teeth and it is readily conformable to the
tooth surfaces and the interstitial tooth spaces without per-
manent deformation when it is applied.

[0057] Flexural stiffness is a material property that is a
function of a combination of strip thickness, width, and
material modulus of elasticity. This test is a method for
measuring the rigidity of polyolefin film and sheeting. It
determines the resistance to flexure of a sample by using a
strain gauge affixed to the end of a horizontal beam. The
opposite end of the beam presses across a strip of the sample
to force a portion of the strip into a vertical groove in a
horizontal platform upon which the sample rests. A
microammeter, wired to the strain gauge is calibrated in
grams of deflection force. The rigidity of the sample is read
directly from the microammeter and expressed as grams per
centimeter of sample strip width. In a preferred embodiment
but not required for the present invention, the flexible strip
of material has a flexural stiffness of less than about 5
grams/cm as measured on a Handle-O-Meter, model #211-
300, available from Thwing-Albert Instrument Co. of Phila-
delphia, Pa., as per test method ASTM D2923-95. Prefer-
ably, the strip of material 12 has a flexural stiffness less than
about 4 grams/cm, more preferably less than about 3 grams/
cm, and most preferably from about 0.1 grams/cm to about
1 grams/cm.

[0058] For a tooth whitening composition, it is often
desirable to include a humectant as a constituent of the
composition. A humectant provides rheological and/or
physical stability and provides various aesthetics for a user.
However, for common humectants such as polyols (e.g.,
glycerin, sorbitol, polyethylene glycol, propylene glycol),
the stability of the peroxide active can be negatively affected
by large concentrations of the humectant, especially in the
presence of polyester. The polyol of the thin layer 14 of the
tooth whitening composition can be present in a concentra-
tion less than about 40%, preferably between about 0% and
about 35%, more preferably between about 1% and about
30%, and most preferably between about 5% and about
15%, by weight of the tooth whitening composition.

[0059] In addition, the amount of the humectant/polyol
can affect the solubility of the whitening composition in
water. The application of a tooth whitening composition to
a tooth surface is dynamic throughout the use time of the
product. When the tooth whitening composition is applied to
the surface of the tooth, the peroxide transfers to the surface
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of the tooth and into the tooth at a rate that is proportional
to the concentration of the whitening active in the compo-
sition. The faster the peroxide transfers, the faster the
whitening effect occurs. After applying the peroxide active
to the tooth surface, the concentration of the peroxide in the
finite amount of tooth whitening composition will begin to
decrease for several reasons. First, the peroxide that trans-
fers into the tooth lowers the amount of peroxide left in the
whitening composition and thus results in a lower concen-
tration. Second, saliva begins to dilute the whitening com-
position. Third, the peroxide active begins reacting with
salivary components (such as bacteria, proteins and
enzymes), oral tissues, dental plaque, dental tartar and other
oral debris. Thus, the peroxide active is being diluted,
transferred and reacted away during the whitening process.
When lower amounts of a whitening composition are
applied, such as with the present invention, the whitening
composition can be diluted to a greater degree with the
saliva available in the tissue, on the tissue and in the oral
cavity. Thus the water solubility of the tooth whitening
composition can affect the shape of the efficacy and toler-
ability iso-composition loading lines in FIG. 9. Similarly, the
peroxide release rate from the whitening composition can
also affect the shape of the curves in FIG. 9.

[0060] The tooth whitening composition also can include
water in a concentration between about 0% and about 92%,
preferably between about 50% and about 92%, and more
preferably between about 60% and about 90% by weight of
the total tooth whitening composition. This concentration of
water includes the free water that is added plus that amount
that is introduced with other materials.

[0061] Referring to FIGS. 11 to 14, the peroxide stability
of the thin layer of the tooth whitening composition can also
be improved by appropriate selection of the exposed surface
area and volume of the thin layer of the tooth whitening
product. As used herein, the term “exposed surface area” is
intended to refer to the side surface area of the thin layer of
the tooth whitening composition (shown by way of example
in FIG. 11 as reference numeral 50) which is directly
exposed to head space 32 of a closed package 34 while the
volume refers to the volume of the thin layer of the tooth
whitening composition. As used herein, the phrase “head
space” is intended to refer to the empty volume (i.e., without
the tooth whitening product) of the package 34. Both the
surface area and volume for this ratio can be lager than the
surface area and volume of the tooth whitening composition
that is applied to the oral cavity (and therefore different from
the surface area value used to calculate the previously
discussed peroxide density, peroxide dose, and composition
loading values) if there is a sacrificial border or some other
peroxide composition disposed within the package which is
not applied to the oral cavity. One arrangement having a
sacrificial border of tooth whitening composition is shown
by way of example in FIGS. 12, 13, and 14. Other arrange-
ments are described in U.S. application Ser. No. 09/675,767,
the substance of which is incorporated herein by reference.

[0062] Referring to FIGS. 12, 13, and 14 in greater detail,
the tooth whitening product 100 comprises a strip of mate-
rial having a first section 120 which is applied to the oral
cavity and a second section 122 (the sacrificial border) that
remains with the release liner 127. The first and second
sections 120 and 122 are separated by a slit 124 which
preferably passes through the thickness of the strip of
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material, although a frangible or otherwise partible separa-
tion (e.g., a perforated line, a partial slit, etc.) can be
employed in place of the slit 124 such that the first and
second sections 120 and 122 of the strip of material remain
at least partially interconnected until fully separated by a
user. The slit 124 can be unshaped in top plan view, wherein
both ends 126 of the slit 124 extend from a common edge
128 of the strip of material. While this arrangement is
preferred, it will be appreciated that other slit arrangements
can be provided. The first and second sections 120 and 122
of the strip of material overlie first and second sections 130
and 132, respectively, of the thin layer 114 of the tooth
whitening composition, as best seen in FIG. 14. In other
words, the first section 130 of the tooth whitening compo-
sition is substantially coextensive with the first section 120
of the strip of material while the second section 132 of the
tooth whitening composition is substantially coextensive
with the second section 122 of the of the strip of material.
The first and second sections 130 and 132 of the tooth
whitening composition are preferably integral with each
other until separation during use in order to enhance the
peroxide stabilizing effect of the second section 132. How-
ever, it is appreciated that partial or full separation between
the first and second sections 130 and 132 of the tooth
whitening composition might occur during the operation
which forms the slit 124. Because the ratio of the exposed
surface area to volume of the thin layer of the tooth
whitening composition of the tooth whitening product 100 is
relatively less than that of a tooth whitening product without
the second sections 122 and 132, it can be a more stable
product. In one embodiment, the ratio of the exposed surface
area of the entire thin layer of tooth whitening composition
(i.e., for all of the tooth whitening composition in the
package regardless whether it is or is not applied to the oral
cavity) to the volume of that thin layer is less than about 0.12
mm™ and, more preferably, is between about 0.01 mm™ and
about 0.18 mm™". Most preferably, the ratio of the exposed
surface are of the thin layer 14 to the volume of the thin layer
14 is between about 0.01 mm~" and about 0.15 mm™".

[0063] The package 34 can be provided in a variety of
shapes and sizes. However, it is desirable that the shape and
size of the package 34 closely conform to the shape and size
of the tooth whitening product 10. The package can be
provided in the form of a pouch, a box, a plastic container,
an envelope, a bag, or other suitable package known in the
art. A plurality of packages 34 and tooth whitening products
10 can be bundled or otherwise provided as a set so that a
sufficient supply of tooth whitening products is available for
multi-day use. More preferably, the volume of the headspace
32 of the package 34 is between about 0.1 mm> and about
30,000 mm? and, more preferably, is between about 50 mm?>
and about 10,000 mm?®. The ratio of the volume of the head
space 32 to the volume of the thin layer of tooth whitening
composition is between 1 and about 500 and, preferably, is
between 1 and about 400. More preferably, the ratio of the
volume of the head space 32 to the volume of the thin layer
of tooth whitening composition is between 1 and about 200
and most preferably is between 1 and about 100. The
package 34 should be made of a material that is not
translucent, has low or no moisture permeability, and is
generally impermeable. The package 34 may be made of one
or more materials and may optionally have a liner. For
example, a pouch could be made of foil and have a poly-
ethylene lining. Other suitable materials that are not trans-
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lucent and prevent moisture permeability include plastic,
paper, foil, cardboard, polymers, and rubbers. A secondary
package (not shown) can also be provided which stores a
plurality of the packages 34.

[0064] The stability of the peroxide active can also be
improved by appropriate selection of the unexposed surface
areas of the thin layer of the tooth whitening composition
and volume of the thin layer of tooth whitening composition.
As used herein, the term “unexposed surface area” is
intended to refer to the surface areas of the thin layer of tooth
whitening composition which are not directly exposed to the
headspace of a package, such as the surface areas 134 which
are disposed adjacent the strip of material and the release
liner 127. The surface area and volume for this ratio can be
larger than the surface area and volume that is applied to the
oral cavity (and therefore different from the surface area
value used to calculate the previously discussed peroxide
density, peroxide dose, and composition loading values) if
there is a sacrificial border or some other peroxide compo-
sition disposed within the package which is not applied to
the oral cavity. The ratio of the unexposed surface area of the
thin layer of tooth whitening composition to the volume of
the thin layer of the tooth whitening composition is less than
about 1500 cm™" and, more preferably, is between about 5
cm  and about 500 cm™'. Most preferably, the ratio of the
unexposed surface of the thin layer of the tooth whitening
composition to the volume of the thin layer of the tooth
whitening composition is between about 10 cm™, and about
110 em™.

[0065] In general, a tooth whitening product having one or
more of a polyol concentration of less than about 40%, a
ratio of the exposed surface area of the thin layer to the
volume of the thin layer of less than about 0.2 mm™, a ratio
of the unexposed surface area of the thin layer to the volume
of the thin layer of less than about 1500 cm™, or the material
forming the surfaces of the strip of material 12 and the
release liner 27 which is in contact with the tooth whitening
composition are polyolefins can have between about 10%
and about 70% of the original concentration of the peroxide
active present at twelve months after its manufacture. In
another embodiment, such a tooth whitening product may
have between about 10% and about 50% of the original
concentration of the peroxide active present at twelve
months after manufacture.

[0066] 1t has been found that the largest increases in
stability of the peroxide active are from decreasing the
concentration of the polyol or decreasing the value of the
ratio of the exposed surface area of the thin layer 14 to the
volume of the thin layer. Lesser increases in the stability of
the peroxide active are achieved by the release liner and strip
of material and decreasing the value of the ratio of the
unexposed surface area of the thin layer to the volume of the
thin layer.

[0067] Referring to FIG. 15, a preferred method for form-
ing tooth whitening products of the present invention will
now be described. A sheet 60 of the release liner 27 is
unrolled from the roller 62 and is fed over drum 64. The
sheet 60 of the release liner 27 (as well as sheet 66 of the
strip of material 12) may be formed by any one of several
film making processes known in the art (e.g., a blown
process or a cast process). Processes, such as extrusion and
other processes that do not affect the flexural rigidity of the
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strip of material might also be used. A nozzle 68 applies a
thin layer 70 of the tooth whitening composition onto the
sheet 60 of the release liner 27. The appropriate thickness of
the thin layer can be achieved by proper selection and design
of the nozzle 68 as well as design and selection of the drum
bearings and other elements of the manufacturing system
that might affect deposition of the thin layer on the sheet 60.
The sheet 66 of the strip of material 12 is unrolled from the
roller 70 and lightly pressed onto the thin layer 70 of the
tooth whitening composition, thereby forming a three layer
laminate. The laminate is fed to the rollers 72 which create
the slit 40 as well as cut through the sheet 66 of the strip of
material 12 and the thin layer 70 of the tooth whitening
substance 12 to define the outer edges 74 (FIG. 5) of the
second sections 38 and 48 thereof. After the cutting and
slitting operation at rollers 72, the excess sheet 66 of the strip
of material 12 is taken up by the roller 76, thereby leaving
the first and second sections of the strip of material 12 and
the tooth whitening composition on the sheet 60 of the
release liner 27. The rollers 78 cut the release liner 27 to
form individual tooth whitening products 10. The excess
release liner 27 is taken up by the roller 80 while the tooth
whitening products 10 are collected by the conveyor 82,
after which the tooth whitening products can be inserted into
a package to form a packaged tooth whitening product. As
will be appreciated, these steps can be rearranged, deleted,
and other steps added as is known in the art.

[0068] In general, after manufacture, the tooth whitening
product 10 is stored in the package (and/or in a secondary
package or packages) at least about twelve months between
about 20° C. and about 45° C. and substantially in the
absence of light (if the package is not opaque), although it
is contemplated that at least a portion of this storage time
(typically two to four months) can occur under refrigeration.
More preferably, the tooth whitening product is stored at
about room temperature (e.g., about 25° C.) in the absence
of light (if the package is not opaque). After storage, the
package can be opened by a user and the tooth whitening
product is removed from the package. Following storage and
after application of the tooth whitening composition to the
teeth using the strip of material 12, at least a portion of a
tooth (and more desirably an entire tooth) will be whitened.

Method for Determining Whitening Efficacy

[0069] Tooth color can be measured by using a digital
camera having a 4x50 motorized zoom lens equipped with
a polarizer filter, such as camera model no. HC-1000 manu-
factured by Fuji Film Corp. of Japan. The lighting system
can be provided by Dedo lights equipped with 150 watt, 24V
bulbs positioned 35 cm apart and aimed at a 45 degree angle
such that the light paths intersect 114 cm in front of each
light. Each light has a polarizing filter and a cutoff filter.

[0070] At the intersection of the light paths, a fixed chin
rest can be mounted for reproducible repositioning in the
light field. The HC1000 camera is placed between the two
lights and focused on the chin rest. Prior to beginning the
measurement of tooth color, color standards are imaged to
establish calibration set-points. A white standard is imaged
first. The white balance of the camera is adjusted such that
the RGB values are 250, 250 and 250, respectively. Next, the
lens cover is placed on the lens to eliminate all light and the
black balance is set using the auto black feature of the
camera. Lastly, a macbeth color chart is imaged to get
standard RGB values of the color chips.
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[0071] For baseline tooth color, subjects brush with water
to remove any debris from their teeth. Each subject then uses
lip retractors to pull the cheeks back and allow the facial
surfaces of their teeth to be illuminated. Each subject is
instructed to bite their teeth together such that the incisal
edges of the maxillary incisors contact the incisal edges of
the mandibular incisors. The subjects are then positioned in
the center of the camera view and the tooth images are
captured. After all subjects are imaged, the images can be
processed using an image analysis software, such as Opti-
mas manufactured by Media Cybernetics, Inc. of Silver
Spring, Md. The central four incisors are isolated and the
average RGB values of the teeth are extracted.

[0072] After the subjects have used a whitening product
but prior to capturing subject’s tooth images, the system is
set to the baseline configuration and calibrated as previously
discussed. After calibration, each subject is imaged a second
time using the same procedure as before. The images are
processed using the image analysis software to obtain the
average RGB values of the central four maxillary incisors.
The RGB values of all of the images are then mapped into
CIE L*a*b* color space using the RGB values and the
L*a*b* values of the color chips on the color standard. The
L*a*b* values of the color chips on the color standard can
be measured using a Photo Research SpectraScan PR650
and the same lighting conditions described for capturing
digital images of the facial dentition. Each chip is individu-
ally measured for L*a*b* after calibration according to the
manufacturers instructions. The RGB values are then trans-
formed into L*a*b* values using the following transforma-
tion equations:

L*=0.104*R+0.183*G+0.00847*B+20.12
a*=0.319*R-0.468 *G+0.138 *B+3.82
b*=0.176 *R+0.262*G-0.425*B-1.78

[0073] These equations are generally valid transforma-
tions in the area of tooth color (60<L*<95, 0=a<l14,
6<b<25). The data from each subject’s set of images is then
used to calculate product whitening performance in terms of
changes in L*, a* and b*—a standard method used for
assessing whitening benefits. Changes in L* (luminance) is
defined as AL*=L 4, 14=Lyqeeline- A positive change indi-
cates improvement in brightness. Changes in a* (red-green
balance) is defined as Aa*=a,  ,-8,.in.- A Degative
change indicates teeth which are less red. Changes in b*
(yellow-blue balance) is defined as Ab*=b*;_ | ,=b*, _jipc-
A negative change indicates teeth are becoming less yellow.
An overall color change is calculated by the equation
AE=(AL>+Aa*?+Ab*?)H2

[0074] After using the whitening products, color changes
in CIE Lab color space can be calculated for each subject
based on the equations given. The average color change for
each group of subjects is determined by the average in the
individual changes in the CIE color parameters. This can
produce an average AL, Aa and Ab for a whitening product.

Method for Determining Percentages and
Concentrations of Peroxide Actives

[0075] Peroxide concentrations can be measured using the
Iodometric titration method (“Hydrogen Peroxide”, Walter
C. Schumb, Reinhold Publishing, copyright 1955). The
Iodometric titration method is a standard method known in
the art for measuring peroxide concentration. In general, the
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method is performed by weighing the strip of material and
composition containing the peroxide active, dissolving the
composition in 1M sulfuric acid, and reacting the peroxide
with an excess of 10% potassium iodide aqueous solution
(granular reagent available from J.T. Baker cat no. 3162-01,
CAS no. 7681-11-0) in the presence of a few drops of 1%
ammonium molybdate (VWR cat no. VW3627-1). This is
then titrated with a 0.025N concentration of sodium thio-
sulfate (VWR cat. No. VW3127-1) to a clear endpoint using
a starch indicator. The 1% starch indicator (VWR cat no.
VW3368-1) is added when the titration solution is a pale
yellow. The strip of material is weighed upon completion of
the titration and the composition weight is determined by
difference from the starting weight of the device plus the
weight of the composition. The peroxide concentration in
the composition can then be calculated.

[0076] 1If the peroxide concentration is measured after a
period of storage of the tooth whitening product and the
storage period is long, the concentration of the peroxide
active can alternatively be determined by measuring the
concentration as described above after at least one hundred
and twenty days and then extrapolating for the remainder of
the period using first order kinetics, as is known in the art.
The above-described method can be performed just after
manufacture of a peroxide product and at the end of the
specified storage period in order to determine the absolute
peroxide concentrations as well as the percentage of the
original concentration remaining, as is known in the art.

[0077] While particular embodiments of the present
invention have been illustrated and described, it will be
obvious to those skilled in the art that various changes and
modifications may be made without departing from the spirit
and scope of the invention, and it is intended to cover in the
appended claims all such modifications that are within the
scope of the invention.

What is claimed is:
1. A tooth whitening product, comprising:

a barrier layer sized to cover the front surface of one or
more teeth;

a layer of a tooth whitening composition comprising a
peroxide active having a concentration greater than
about 7.5% by weight of said tooth whitening compo-
sition; and

wherein said tooth whitening composition has a peroxide
density less than about 1.3 mg/cm?.

2. A packaged tooth whitening product, comprising:

a package having a headspace;

a barrier layer sized to cover the front surface of one or
more teeth, wherein said barrier layer is disposed
within said package;

a layer of a tooth whitening composition comprising a
peroxide active having a concentration between about
7.5% and about 40% by weight of said tooth whitening
composition; and

wherein said tooth whitening composition has a peroxide
density between about 0.01 mg/cm® and about 1.3
mg/cm?>.



