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Description

Field of the Invention

[0001] The present invention is directed to a medica-
tion delivery tray for applying medication to the teeth
and/or gum tissue of a patient, and in particular, to med-
ication delivery trays having one or more medication
reservoirs that include a plurality of support members
which restrict the flow of the medication and resist com-
pression of the medication reservoirs. A device accord-
ing to the preamble of claim 1 is known from US-A-4 968
251.

Background of the Invention

[0002] Dental trays are commonly used to apply med-
ication to the teeth and/or gum tissue of patients. The
movement of the tongue, muscles of the mouth and op-
posing dentition against the dental tray, however, create
hydrodynamic forces that causes water or saliva and the
medication to move. The primary movement is from the
lingual to buccolabial side of the arch, and out over the
gingival edge of the dental tray. A secondary movement
is created along the length of the recess of the dental
tray and out the distal ends of the tray. Consequently,
the medication tends to be expelled from the tray and
swallowed by the patient in a relatively short period of
time.
[0003] U.S. Patent No. 2,257,709 (Anderson) disclos-
es a dental appliance that defines a closed chamber
around the teeth. The dental appliance includes a plu-
rality of fingers that create a massaging or rubbing ac-
tion against the teeth. A cleansing preparation can be
applied to the chamber so that it will be flushed in and
out around the fingers to aid in the cleansing and mas-
saging actions. A plunger action from the hydrodynamic
forces in the mouth is thus created in the chamber, which
forces the cleansing and treating material into and out
of all cavities, spaces between the teeth, and even be-
tween the marginal edges of the gums and the teeth.
Although the flaps on the dental appliance theoretically
adhere to the gums, in practice, the plunger action dis-
closed in Anderson likely forces the cleansing prepara-
tion into the patient's mouth, where it is swallowed.
[0004] U.S. Patent No. 3,527,219 (Greenberg) dis-
closes a dental tray having a foam or open cell insert for
carrying a medication. The hydrodynamic forces within
the mouth compress the foam to create a pumping ac-
tion that expels the medication from the dental tray.
[0005] U.S. Patent No. 5,460,527 (Kittelsen) disclos-
es a composite dental bleaching tray having a plurality
of pockets on an inner surface to receive and hold a
bleaching gel for bleaching teeth. Similarly, U.S. Pat.
No. 5,234,342 (Fischer) discloses a method of making
a dental tray with reservoirs formed opposite the teeth.
The pockets of Kittelsen and the reservoirs of Fischer
are both subject to the hydrodynamic forces of the

mouth that cause the medication to be expelled from the
dental tray.
[0006] Both the thickness and the flexibility of the ma-
terial from which the tray is constructed are significant
factors in the ability of the tray to resist hydrodynamic
forces in the mouth. Dental trays made from material of
about 2 millimeters (0.080 inches) to about 3.8 millime-
ters (0.150 inches) thick tend to be better at resisting
hydrodynamic forces than dental trays made from thin-
ner materials. On the other hand, dental professionals
know that patients are more likely to wear a tray that is
less obtrusive in the mouth. Dental trays made from
sheet material of about 1 millimeter (0.040 inches) thick
are far more comfortable to wear. Unfortunately, a dental
tray of this thickness is more flexible and therefore tends
to lack the mechanical stability to resist hydrodynamic
forces.
[0007] When dental trays are used for teeth bleaching
at home, the patient places an amount of a bleaching
solution into each area of a dental tray for each tooth to
be bleached. The tray is then placed in the mouth. Often,
the bleaching solution is changed every 0.5 to 2.5 hours,
and the dental tray is removed during meals. Sometimes
a recommendation is made to wear the dental tray over-
night. The efficacy of the bleaching procedure depends
upon such factors as type and intensity of the stain, the
bleaching agent contact time on the teeth, the amount
of available active ingredient in the bleaching agent as
well as patient acceptance and adherence to the proce-
dure.
[0008] As can be appreciated, the cost for the teeth
bleaching procedure is substantially less when the pro-
cedure is carried out at the patient's home rather than
in the dental office, since the practitioner's time associ-
ated with the procedure is reduced. Moreover, patient
discomfort associated with home-use tooth bleaching
techniques both during and after treatment is reportedly
less than that associated with conventional in-office
bleaching.
[0009] Notwithstanding the foregoing advantages,
there remain some important disadvantages to conven-
tional home-use bleaching products and techniques.
For example, the hydrodynamic forces in the mouth
cause the volume of the bleaching agent in the tray to
diminish rapidly over time, thereby decreasing the
amount of active ingredient available for tooth bleach-
ing. Test results show that after 30 minutes, less than
50% of the original quantity of bleaching agent was
available for bleaching activity. After one hour, less than
25% of the bleaching agent was available for bleaching
activity on the tooth surface (April 1997 Clinical Re-
search Associates Newsletter). Thus, existing bleach-
ing agents typically need to be replenished about every
15 to 30 minutes in order to maintain the most effica-
cious dosage of bleaching agent in contact with the
tooth.
[0010] Unfortunately, the daytime schedules of many
patients do not easily accommodate periodic, continu-
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ous replenishment of the bleaching agent. In addition,
periodically replenishing the bleaching agent during the
night is unrealistic for many patients. Since patient ad-
herence to the procedure determines the ultimate suc-
cess of the tooth bleaching treatment, the need to con-
stantly replenish the dental bleaching agent is a major
obstruction that limits the success of the treatment.

Brief Summary of the Invention

[0011] The present invention is directed to a medica-
tion delivery tray that provides a controlled release of
medication to target dental structures in the mouth, such
as the teeth and/or gingiva, while maintaining a high
concentration of the active chemical for an extended pe-
riod of time.
[0012] The medication delivery tray includes a dental
tray having a base, a buccal wall and a lingual wall de-
fining an inner surface. At least one medication reservoir
is located on the dental tray. The medication reservoir
includes a plurality of discrete support members project-
ing away from the medication reservoir to engage the
dental structure of the patient. The support members are
arranged to resist the flow of medication from the med-
ication reservoir in a gingival direction. A custom dental
tray is typically preferred.
[0013] The hydrodynamic forces in the mouth typical-
ly propel the medication in a direction normal to the base
toward a gingival edge of one of the tray walls. A sec-
ondary motion is indicated along the length of the tray.
The support members resist the hydrodynamic forces
by minimizing the compression of the medication reser-
voirs. The support members are preferably arranged to
form tortuous paths that resist the flow of medication in
these directions. The support members are optionally
constructed of a hydrophilic material that assists in re-
taining the medication within the medication reservoir.
[0014] For some embodiments, such as embodi-
ments that include a dental bleach agent, the medication
is activated with water and/or saliva. Although the sup-
port members resist the flow of medication out of the
present dental tray, a limited amount of saliva is permit-
ted to enter the tray to activate the medication. As the
medication reacts with the dental structure, additional
saliva enters the tray to provide a fresh surface of acti-
vated medication.
[0015] In one embodiment, the medication reservoirs
comprise an applique embedded in a custom dental
tray. The applique may be constructed from a hy-
drophilic material. In another embodiment, the medica-
tion reservoirs are formed integrally with a custom den-
tal tray. The medication reservoirs are typically located
on the inner surface of the medication delivery tray. The
medication reservoir may extend over substantially the
entire inner surface of the dental tray.
[0016] The support members may be selected from a
group consisting of cubes, rods, cones, truncated
cones, pyramids, truncated pyramids, semispheres, cyl-

inders, nail heads, or mushroom-shaped members. In
one embodiment, the support members are arranged to
define a tortuous path. The tortuous path resists the flow
of medication in a direction along at least one of a me-
sial-distal direction and a gingival direction.
[0017] The medication reservoirs are positioned to
extend over at least one tooth and/or at least a portion
of the gum tissue when the medication delivery tray is
retained by the dental structure of a patient. For dental
bleaching applications, the medication reservoirs are
positioned to extend over the buccolabial surfaces of the
teeth.
[0018] The present invention is also directed to a
method of making a medication delivery tray for deliver-
ing medication to dental structures of a patient. The
method includes the acts of applying at least one appli-
que to a model of the patient's dental structure. Each
applique defines a plurality of support members ar-
ranged to resist the flow of medication from the medica-
tion reservoir in a gingival direction. A custom dental tray
is formed over the model and each applique from a ther-
moplastic material. The custom dental tray is removed
from the model. The method also includes the acts of
applying a medication to the medication reservoirs and
applying the custom mouth tray to the patient's dental
structure such that the medication reservoirs are posi-
tioned opposite at least a portion of the dental structure.
[0019] Further details of the invention are defined in
the features of the claims.

Brief Description of the Several Views of the Drawing

[0020]

Figure 1 is a perspective view of a medication de-
livery tray in accordance with certain embodiments
of the present invention.
Figure 2 is a perspective view of an exemplary cast-
ing of a patient's dental structure containing appli-
ques in accordance with certain embodiments of
the present invention.
Figure 3 is an enlarged side sectional view of the
casting and one of the appliques shown in Figure 2.
Figure 4 is an enlarged side sectional view of the
present medication delivery tray being formed over
the casting and applique of Figure 3.
Figure 5 is an enlarged side sectional view of the
medication delivery tray shown in Figure 4 after re-
moval from the casting and once engaged with a
tooth.
Figure 6 is an enlarged side sectional view of an
alternate applique applied to a tooth casting in ac-
cordance with another embodiment of present in-
vention.
Figure 7 is an enlarged side sectional view of a med-
ication delivery tray formed over the casting and ap-
plique of Figure 6.
Figure 8 is an enlarged side sectional view of the
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medication delivery tray illustrated in Figure 7 after
the tray has been removing from the casting and
placed in engagement with a patient's teeth and
gum tissue.
Figure 9 is an enlarged side sectional view of a med-
ication delivery tray in accordance with another em-
bodiment of the present invention for applying med-
ication to a gum region adjacent to a tooth as well
as to the tooth.
Figure 10 is an enlarged schematic illustration of a
sheet of appliques in accordance with certain em-
bodiments of the present invention.
Figure 11 is a side elevational view of an applique
according to another embodiment of the invention,
wherein the applique is carried on a release liner.
Figure 12 is an end cross-sectional view (not to
scale) of the applique and release liner shown in
Figure 11.
Figure 13 is a perspective view of a casting of a pa-
tient's dental structure along with the applique
shown in Figures 11 and 12.

Detailed Description of the Preferred Embodiments

[0021] Figure 1 is a perspective view of a medication
delivery tray 20 in accordance with the present inven-
tion. The medication delivery tray 20 comprises a cus-
tom dental tray 22 having a base 24, a buccal wall 26
and a lingual wall 28. The medication delivery tray 20
has an inner surface 29 that defines a channel 30. In the
illustrated embodiment, a plurality of medication reser-
voirs 32 are located on the buccal wall 26, although they
may be located anywhere on the medication delivery
tray 20. In some of the embodiments discussed below,
a single medication reservoir extends across all or
across a major extent of the inner surface 29.
[0022] Each of the medication reservoirs 32 defines
a recess 34 containing a plurality of support members
36 projecting outwardly therefrom. The support mem-
bers 36 next to the buccal wall 26 project away from the
recess 34 in a lingual direction to engage with the dental
structures of a patient (see Figures 5 and 8). However,
if support members are located next to the base 24 or
the lingual wall 28, those support members would ex-
tend in a gingival direction or in a buccolabial direction
respectively.
[0023] Custom dental tray refers to a dental tray made
using a mold, casting or other model of the patient's den-
tal structures. Custom dental tray also refers to a dental
tray that is made using digital data representative of the
patient's dental structure. A further discussion of the use
of digital data is set out below. Dental structures refer to
the teeth and/or gum tissues.
[0024] Figure 2 is a perspective view of a model or
casting 40 formed from an alginate impression of a pa-
tient's dental structure. The casting 40 may be made
from either the teeth and/or gum tissues of the patient's
upper or lower jaw. In one embodiment, a number of ap-

pliques 42 are applied to various surfaces of the casting
40 using an adhesive or other suitable means. The ap-
pliques 42 include a series of discrete, free standing pro-
trusions 45 that define the support members 36 (Fig. 1)
during the forming process. That is, the protrusions 45
either serve as the support members 36 in the medica-
tion delivery tray or the protrusions 45 act as a mold for
forming the support members 36, as will be discussed
below.
[0025] In the embodiment illustrated in Figure 2, the
appliques 42 are applied to the casting 40 in regions cor-
responding to the buccolabial surfaces 44 of the teeth
46. The appliques 42 can also be applied to portions of
the casting 40 corresponding to the lingual tooth surfac-
es and/or portions of the gum tissue. A medication de-
livery tray 20 such as illustrated in Figure 1 is then ther-
moformed or vacuum formed over the casting 40 and
the appliques 42.
[0026] When the medication delivery tray 20 is placed
in a patient's mouth, the hydrodynamic forces tend to
force any medication retained in the tray 20 in directions
from the lingual wall 28 to the buccal wall 26, and then
in a gingival direction 38 normal to the base 24. Even-
tually, the medication is expelled from the tray 20 over
gingival edge 37, where it mixes with water or saliva and
is swallowed by the patient. A secondary movement of
medication is created in a mesial-distal direction 31
along the length of the channel 30 of the medication de-
livery tray 20. The support members 36 minimize the
compression of the medication reservoirs 32 by hydro-
dynamic forces within a patient's mouth. Additionally,
the discrete, free standing nature of the support mem-
bers 36 increases the resistance to fluid movement with-
in the medication delivery tray 20.
[0027] With conventional dental trays, the flow of
medication out of the tray restricts the in-flow of saliva
into the tray. In the present invention, minimizing the
compression of the medication reservoirs 32 typically
permits a limited amount of saliva to enter the tray 20
over the gingival edge 37, where it mixes with and for
some applications activates the medication.
[0028] The medication is applied around the discrete,
free standing support members 36. The surface tension
and viscosity of the medication tends to allow the med-
ication to adhere to the support members 36 and con-
sequently reduce the flow of the medication out of the
custom dental tray 22. In one embodiment, the support
structures 36 are arranged to define tortuous paths 43.
A tortuous path refers to a passageway or conduit that
is not substantially straight and extends past the sides
of a plurality of support structures 36 in the spaces be-
tween the adjacent support structures 36. The tortuous
paths are preferably arranged to increase flow resist-
ance in the gingival direction 38 and/or in the mesial-
distal direction 31 along the channel 30. To the extent
that any segment of the tortuous paths 43 is straight,
that segment is preferably skewed with respect to the
gingival direction 38 or the mesial-distal direction 31 of
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the channel 30. In one embodiment, the support mem-
bers 36 are constructed from a hydrophilic material.
[0029] Figure 3 is a side sectional view of the casting
40 with an applique 50 applied to a surface correspond-
ing to a buccal surface 44 by an adhesive 52. The ap-
plique 50 includes a series of protrusions 54 in the shape
of truncated cones or pyramids. Optionally, a land area
56 separates each of the protrusions 54 from adjacent
protrusions 54. Figure 4 is a side sectional view of the
casting 40 and applique 50 of Figure 3 during the for-
mation of a medication delivery tray 60. The spaces 58
between the truncated cones or pyramids 54 define a
series of support members 72 on an inside surface of
the medication delivery tray 60 as the tray 60 is molded.
When the medication delivery tray 60 is removed from
the casting 40 and applique 50, a lingual-facing portion
of the buccal wall 62 has a microreplicated surface that
is an inverse of the protrusions 54 on the applique 50.
[0030] The medication delivery tray 20 maybe con-
structively a variety of thermoplastic materials, such as
polypropylene, rayon, or copolymers of ethylene and vi-
nyl acetate, such as ethylene vinyl acetate (EVA). EVA
is commercially available and approved for oral use by
the U.S. Food and Drug Administration. These materials
are easily thermoformed or vacuum formed over the
casting 40 using conventional techniques.
[0031] Figure 5 is a side sectional view of the medi-
cation delivery tray 60 shown in Figure 4 retained by the
teeth 70 of a patient. The land areas 56 of the applique
50 correspond to outer ends 74 on each of the support
members 72. When engaged with the patient's teeth 70,
the outer ends 74 of the support members 72 engage
the buccolabial surface 76 of the teeth 70. The regions
between the support members 72 define a medication
reservoir 78 for receiving a medication 80.
[0032] In the embodiment illustrated in Figure 5, hy-
drodynamic forces in the general directions of the ar-
rows 82 acting on the medication delivery tray 60 would
have a tendency to expel the medication 80 along a gin-
gival reference axis 84. The support members 72, how-
ever, resist the pumping action caused by the forces 82
and reduce the flow of medication 80 from the medica-
tion delivery tray 60.
[0033] The support members 72 can have a variety of
geometric shapes in cross section, such as rectangular,
circular, semi-circular, triangular, square, hexagonal,
and the like. The support members may assume a va-
riety of shapes, such as cones, truncated cones, rods,
pyramids, truncated pyramids, cubes, gum drops, cylin-
ders, nail heads or mushroom-shaped members, and
the like. The outer ends 74 may be flat, rounded, pointed
or a variety of other shapes, as determined by the shape
of the spaces between the protrusions 54 and the op-
tional land areas 56. Forming appliques 50 having a mi-
cro-replicated surface may be accomplished by using a
variety of methods, such as disclosed and U.S. Patent
Nos. 5,152,917 (Pieper, et al.) and 5,500,273 (Holmes,
et al.).

[0034] The support members 72 preferably decrease
in transverse cross-sectional area in this embodiment
as the outer ends 74 are approached. In general, the
number of support members 72 per unit area is prefer-
ably in the range of about 78 per square centimeter (500
per square inch) to about 465 per square centimeter
(3000 per square inch). However, a higher or lower
number of support members 72 per unit area may be
optimal in certain circumstances and the optimal
number may depend on factors such as the nature of
the material used to form the medication delivery tray
60, the characteristics of the medication and the shape,
height and diameter of the support members 72. The
height of the support members 72 is preferably in the
range of about 0.5 millimeters to about 1.5 millimeters,
although larger and smaller support members 72 may
be used for specific applications, depending upon the
viscosity of the medication, the nature of the treatment,
the specific dental structure being treated, etc.
[0035] Figure 6 illustrates an alternate applique 90 ap-
plied to the casting 40 according to another embodiment
of the present invention. The applique 90 includes a plu-
rality of headed protrusions or stems 94 projecting out-
wardly from a backing 92. Heads 96 of the stems 94 are
retained against the casting 40 by an adhesive sheet 98
containing a layer of adhesive on both sides. In the em-
bodiment illustrated in Figure 6, the applique 90 extends
down below the region corresponding to the gingival line
100 on the casting 40. Various manufacturing processes
for forming an array of upstanding headed stems inte-
gral with a backing are described in U.S. Patent Nos.
4,290,174 (Kalleberg), 4,984,339 (Provost, et al), WO
94/23610 (Miller, et al) and WO 98/30381 (Miller, et al)
and PCT/US97/15960 (Kempfer).
[0036] Figure 7 illustrates the act of thermoforming a
medication delivery tray 102 over the applique 90 of Fig-
ure 6. In the embodiment illustrated in Figure 7, the ap-
pliques 90 are embedded within the material forming the
medication delivery tray 102. That is, the appliques 90
are integrally molded into the medication delivery tray
102.
[0037] Figure 8 is a side sectional view of the medi-
cation delivery tray 102 applied to the teeth 70 and gum
tissue 106 of a patient. The headed stems 94 comprise
the support members 95 that resist the forces 82. Spac-
es 108 between the headed stems 94 comprise the
medication reservoir 110. The undercut regions of the
headed stems 94 aid in retaining medication 114 in the
reservoir 110. The outer ends of the headed stems 94
engage with a buccal surface 76 of tooth 70, as well as
part of the gum tissue 106. Consequently, the medica-
tion 114 may be simultaneously applied to the tooth 70
and the gum tissue 106.
[0038] Figure 9 illustrates an alternate medication de-
livery tray 120 in which the medication reservoirs 122
are located to extend across and engage with both sides
of the teeth 70 and a portion of the gum tissue below the
gingival line 124. A single continuous medication reser-
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voir 122 may be formed extending over all sides of the
teeth 70. Alternatively, discrete medication reservoirs
may be located to treat selected areas of the gum tissue
106. When the medication delivery tray 120 is engaged
with the teeth 70, the medication reservoir 122 and sup-
port members 126 are positioned opposite the teeth 70
and gum tissue 106 to resist compression under the
forces 82.
[0039] Figure 10 is a schematic illustration of a sheet
130 containing a plurality of appliques 132 in accord-
ance with the present invention. After a micro-replicated
surface 134 having a number of protrusions is formed
on the sheet 130, the appliques are die-cut to the de-
sired shape. In one embodiment, the back surface of the
sheet 130 includes a pressure sensitive adhesive 136
covered by a release liner 138. Optionally, the pressure
sensitive adhesive 136 comprises a tape having adhe-
sive on both sides. The appliques 132 (which include
the adhesive) may be peeled from the release liner 138
and remaining portions of the sheet 130 and applied to
a casting 40, as discussed above. In another embodi-
ment, a double-sided adhesive tape extends over the
outer ends of the protrusions of each applique and is
applied to the casting 40. In yet another embodiment,
an adhesive is applied directly to the casting. In this em-
bodiment, either the back surface or the microreplicated
surface 134 of the appliques may be attached to the
casting.
[0040] In one embodiment, a separate medication
reservoir is provided for each tooth being treated. Con-
sequently, the appliques 132 are configured for attach-
ment to the portion of the casting corresponding to the
teeth. For example, and as shown in Fig. 10, each ap-
plique has a shape that generally matches the shape of
the buccolabial surface of a typical tooth. Alternatively,
the appliques 132 may be configured as elongated
strips to engage with portions of the casting correspond-
ing to multiple teeth or large sections of gum tissue. In
one embodiment, a single applique extends across sub-
stantially all of the teeth on the casting.
[0041] Figures 11 and 12 are illustrations of an exem-
plary applique 150 having an elongated strip configura-
tion. The applique 150 is made of a backing layer 152
and a number or protrusions 154 connected to the back-
ing layer 152. The protrusions 154 are preferably similar
to the protrusions 45, 54 or 94 described above. Option-
ally, the protrusions are made by a micro-replication
process. An example of a suitable applique 150 is a die-
cut section of the hook side of a polypropylene micro-
replicated mechanical fastener, such as No. CS-200
diaper tape from 3M Company.
[0042] A layer of adhesive 156 is preferably com-
prised of a section of tape that is coated on both sides
with pressure sensitive adhesive, although other con-
structions and other types of adhesive are also possible.
An example of a suitable adhesive layer is a medical
grade double-sided adhesive tape such as no. 1522
from 3M Company. One side of the adhesive 156 is re-

leasably connected to outer ends of the protrusions 154,
and the other side of the adhesive is attached to a re-
lease liner 158 to facilitate handling of the applique 150.
Suitable materials for the release liner 158 include a
section of poly(ethylene terephthalate) ("PET") sheeting
that is coated with silicone to enhance release of the
adhesive.
[0043] In use, the applique 150 and the adhesive 156
are detached from the release liner 158 and trimmed as
necessary. The applique 150 and the adhesive 156 may
be trimmed after initially placed on the casting 40 or al-
ternatively trimmed before detachment from the release
liner 158. The applique is trimmed to a length sufficient
to extend across all of the tooth surfaces intended to
receive medication. Optionally, and as shown in Fig. 13,
the applique 150 and the underlying adhesive 156 are
trimmed to a length corresponding to a length extending
mesially-distally along the dental arch from one of the
second bicuspid teeth to the other. However, if the molar
teeth are heavily stained, the applique 150 may be
somewhat longer in order to extend over the molar tooth
surfaces as well.
[0044] Preferably, a gingival edge of the applique 150
includes a notch 160 that is located in the center of the
applique 150 along its length. When the applique 150 is
placed on the casting 40, the practitioner places the
notch 160 along the midline (i.e., in the center of the
dental arch of the casting 40 in alignment with reference
axis 162), so that the applique 150 is properly centered
on the casting 40. The notch 160 provides a visual align-
ment guide to facilitate placement of the applique 150
on the casting 40. Preferably, the applique 150 is aligned
to the mid-third of the model teeth 46 as shown in Fig.
13.
[0045] Preferably, but not necessarily, the applique
150 is initially curved in a wide arc when attached to the
release liner 158 as can be observed by reference to
Figure 11. The arc-shaped configuration of the applique
150 facilitates conforming the applique 150 to the buc-
colabial tooth surfaces of the casting 40 as the applique
150 is attached to the casting 40. Optionally, the practi-
tioner may apply finger pressure to the applique 150 in
areas extending over interproximal regions of the dental
arch in order to better conform the applique 150 to the
curvature of the individual teeth 46.
[0046] Next, a dental medication delivery tray is
formed over the casting 40 and the applique 150. For
example, a sheet of thermoplastic material may be ther-
moformed or vacuum formed over the casting 40 and
the applique 150. Suitable thermoplastic materials in-
clude, for example, 0.04 inch (1.0 mm) thick EVA vacu-
um forming material (catalog no. 089-5003, from Patter-
son Dental Supply, Inc.). Preferably, the applique 150
both chemically and mechanically bonds to the thermo-
plastic material in order to remain nonremovably affixed
in place in the tray.
[0047] The resultant dental tray is then removed from
the casting 40. Preferably, the adhesive 156 preferen-
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tially adheres to the casting 40, so as the tray is pulled
from the casting the adhesive 156 detaches from the
applique 150 and remains on the casting 40. Medication
such as a dental bleaching agent is then applied to the
applique 150 in the tray and the tray is then placed over
the patient's dental arch.
[0048] When the tray is used to whiten teeth, the tray
is preferably trimmed with scissors near the gingival
margin. The trimmed tray in this application should not
contact the gingival tissues in order to reduce the pos-
sibility of soft tissue irritation. The finished tray should
fit snugly around the teeth for best results.
[0049] Use of the applique 150 is a significant advan-
tage over conventional tray fabrication techniques, in
that the applique 150 can be applied to a plurality of
model teeth 46 at once and preferably to all of the model
teeth 46 that correspond to the patient's teeth to be treat-
ed. As a result, application of a reservoir-making mate-
rial to the surface of each model tooth 46 on an individual
basis can be avoided and the total time required to make
the tray is substantially reduced. The tray is preferably
made with the applique 150 permanently bonded to the
thermoplastic material, although as an alternative the
applique 150 may be placed over the model teeth 46
with its protrusions facing outwardly (i.e. buccolabially)
such that an impression of the applique 150 is formed
in the thermoplastic material to create the support struc-
tures.
[0050] As illustrated in Figures 11 and 13, the appli-
que 150 has a generally rectangular, strip-like configu-
ration, although other configurations are also possible.
For example, the applique may have a substantially
straight upper edge to match the occlusal edges of the
teeth 46, and a scalloped lower edge to match the shape
of the gingival margin. In practice, however, satisfactory
results have been obtained with the generally rectangu-
lar shape shown in Figures 11 and 13. Since the medi-
cation in the tray slowly escapes from the reservoir cre-
ated by the applique 150 and contacts adjacent tooth
structure while the tray is in use, substantially all of the
buccolabial surfaces of the teeth underlying the appli-
que 150 are subjected to the medication. For example,
if the medication is a dental bleaching agent, the escape
of the bleaching agent from the reservoir ensures that
the entire buccolabial surface of each tooth is uniformly
bleached to generally the same color, even though the
reservoir does not extend over gingival portions of the
buccolabial tooth surfaces.
[0051] In another embodiment, a continuous sheet
containing the microreplicated surface (such as sheet
130 with surface 134) that has not been die cut is formed
directly over the casting 40. The adhesive and release
liner (such as adhesive 136 and release liner 138) are
typically omitted in this embodiment. Consequently, the
entire inner surface of the medication delivery tray (such
as tray 12 in Figure 9) contains the microreplicated sur-
face. In one embodiment, the microreplicated surface
may be constructed from a different material than back-

ing layer (for example, backing layer 131). The softening
point of the microreplicated surface may be greater
than, less than or equal to the softening point of the
backing layer, depending upon the application. For ex-
ample, it may be desirable for some applications that
the microreplicated structure is partially deformed dur-
ing the molding process in order to better conform to the
shape of the patient's dental structure. The continuous
sheet with the microreplicated surface may be formed
over the casting 40 or directly over the patient's dental
structure. The medication (such as medication 128) may
be applied to the entire inner surface of the medication
delivery tray or to selective portions thereof.
[0052] Moreover, any of the techniques described
above for making a dental tray may include as an option
the use of a dental model that is made using digital data
instead of a dental model that is cast from a dental im-
pression. For example, a model arch similar to the cast-
ing 40 may be prepared by generating digital information
defining the shape of the patient's upper dental arch,
and then using the digital information to create the mod-
el. For example, the digital information may be created
by the methods set out in PCT application no. WO
97/03622. In brief, PCT application no. WO 97/03622
describes a method of generating digital information of
a patient's dental arches by making an impression of the
patient's arches, and then removing a layer from the im-
pression (or alternatively removing a layer from a model
made from the impression) to obtain a flat surface; a vid-
eo camera or other device is then used to collect digital
data of the flat surface and the method is repeated; fi-
nally, the data is combined to provide a data set repre-
sentative of the configuration of the patient's dental
arches. Stereolithographic apparatus can then be used
to make the model arch.
[0053] Other means for generating digital information
of the patient's dental arch may also be employed. For
example, the digital information may be generated elec-
tromechanically (e.g., stylus scanning), by laser scan-
ning, by photogammetry, by sonic ranging, by digital vid-
eo scanning or magnetically. Examples of devices for
generating the information are described in an article by
Rekow entitled "Computer Aided Design and Manufac-
ture in Dentistry: A Review of the State of the Art", from
the Journal of Prosthetic Dentistry, Vol. 58, page 512
(1987). Other examples are described in U.S. Patent
Nos. 5,078,599, 5,131,844, 5,338,198, 4,611,288 and
5,372,502 as well as in an article entitled "Threedimen-
sional dental cast analyzing system with laser scanning"
(Kuroda, et al., Am. J. Ortho. Dent. Othrop., Vol. 110 [4],
October 1996, pages 365-69).
[0054] In yet another embodiment, any of the medi-
cation reservoir configurations discussed herein may be
provided in a preformed or non-custom mouth tray.
Some of the advantages of preformed or non-custom
mouth trays include lower cost, immediate availability to
the patient, and distribution through retail channels.
[0055] The medication delivery tray in accordance
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with the present invention is particularly suited for pa-
tients who desire to bleach their teeth. A common dental
bleaching agent contains about 10% to about 16% car-
bamide peroxide, also called urea hydrogen peroxide,
urea peroxide, hydrogen peroxide carbamide and per-
hydrol-urea. Carbamide peroxide has been used by
dental clinicians since the 1960's as an oral antiseptic.
Tooth whitening was a side effect of extended contact
time. Over the counter ("OTC") compositions of 10%
carbamide peroxide are available as "Gly-Oxide" by
Marion Laboratories and "Proxigel" by Reed and Carn-
rick. A preferred dental bleaching agent comprises
64.86% propylene glycol, 21.00% glycerol, 1.5% car-
boxypolymethylene polymer (e.g. Carbapol brand No.
980), 2.34% tris amino, 0.30% mint flavor and 10.00%
carbamide peroxide, with the viscosity increased by ad-
justing the pH to about 5.8.

Claims

1. A medication delivery tray (20, 60, 102, 120) for de-
livering medication to dental structures of a patient,
comprising:

a dental tray (22) comprising a base (24), a buc-
cal wall (26, 62) and a lingual wall (28) defining
an inner surface (29), and
at least one applique (42, 50, 90, 132, 150) in
the dental tray, characterized in that each ap-
plique comprises a plurality of discrete support
members (36, 72, 95, 126) and presents at
least one reservoir (32, 78, 110, 122) the sup-
port members being arranged to resist the flow
of medication from the medication reservoir in
a gingival direction (38) and extending toward
the dental structures of the patient when the de-
livery tray is placed over the patient's teeth (46,
70).

2. The medication delivery tray of claim 1 wherein the
applique comprises a hydrophilic material.

3. The medication delivery tray of claim 1 wherein the
medication reservoir extends over substantially the
entire inner surface (29) of the medication delivery
tray.

4. The medication delivery tray of claim 1 wherein the
medication reservoir is located on the inner surface
(29) of the medication delivery tray.

5. The medication delivery tray of claim 1 wherein the
support members (36, 72, 95, 126) are selected
from a group consisting of cubes, rods, cones, trun-
cated cones, pyramids, truncated pyramids, semi-
spheres, cylinders, nail heads, and mushroom-
shaped members.

6. The medication delivery tray of claim 1 wherein the
plurality of discrete support members (36) are ar-
ranged to define a tortuous path (43).

7. The medication delivery tray of claim 6 wherein the
tortuous path (43) resists the flow of medication in
a direction along at least one of a mesial-distal di-
rection (31) and a gingival direction (38).

8. The medication delivery tray of claim 1 wherein the
medication reservoir extends over at least one of a
tooth or gum tissue when the medication delivery
tray is retained by the dental structure of a patient.

9. The medication delivery tray of claim 1 wherein the
dental tray comprises a custom dental tray (22).

10. The medication delivery tray of claim 1 wherein the
dental tray comprises a dental bleaching tray.

11. A method of making a medication delivery tray (20,
60, 102, 120) for delivering medication to dental
structures of a patient comprising the acts of:

applying at least one applique (42, 50, 30, 132,
150) to a model of the patient's dental structure,
each applique defining a plurality of discrete
support members (36, 72, 95, 126) arranged to
resist the flow of medication from the medica-
tion reservoir in a gingival direction;
forming a custom dental tray (22) over the mod-
el and each applique from a thermoplastic ma-
terial; and
removing the custom dental tray (22) from the
model.

12. The method of claim 11 wherein each applique is
embedded into the thermoplastic material after the
custom dental tray (22) is removed from the model
such that the support members project toward the
dental structures of the patient when the tray is
placed on the dental structures.

13. The method of claim 11 wherein each applique re-
mains on the model after the custom dental tray (22)
is removed.

14. The method of claim 11 wherein the support mem-
bers (36, 72, 95, 126) are selected from a group
consisting of cubes, rods, cones, truncated cones,
pyramids, truncated pyramids, semispheres, cylin-
ders, nail heads, and mushroom-shaped members.

15. The method of claim 11 wherein the support mem-
bers (26) are arranged to define a tortuous path
(43).

16. The method of claim 11 further comprising the acts
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of:

applying a medication to areas adjacent the
support members; and
applying the custom mouth tray to the patient's
dental structure such that the support members
are positioned opposite at least a portion of the
dental structure.

17. The method of claim 16 wherein the act of applying
a medication includes the act of applying a dental
bleaching agent.

18. The method of claim 11 wherein the act of applying
at least one applique to a model of the patient's den-
tal structure includes the act of applying a single ap-
plique over a plurality of teeth of the model.

19. The method of claim 18 wherein the single applique
has an elongated, generally rectangular configura-
tion.

Patentansprüche

1. Schale (20, 60, 102, 120) zur Abgabe von Medika-
menten an Dentalstrukturen eines Patienten, um-
fassend: eine Dentalschale (22) mit einem Boden
(24), einer Bukkalwand (26, 62) und einer Lingual-
wand (28), die eine Innenfläche (29) definiert, und
zumindest einem Applikationsstück (42, 50, 90,
132, 150) in der Dentalschale, dadurch gekenn-
zeichnet, dass jedes Applikationsstück eine Viel-
zahl diskreter Stützelemente (36, 72, 95, 126) um-
fasst und zumindest ein Reservoir (32, 78, 110, 122)
bildet, wobei die Stützelemente so angeordnet sind,
dass sie dem Medikamentenfluss aus dem Medika-
mentenreservoir in einer gingivalen Richtung (38)
widerstehen und sich zu den Dentalstrukturen des
Patienten erstrecken, wenn die Abgabeschale über
den Zähnen (46, 70) des Patienten angeordnet ist.

2. Schale zur Abgabe von Medikamenten nach An-
spruch 1, bei der das Applikationsstück ein hydro-
philes Material umfasst.

3. Schale zur Abgabe von Medikamenten nach An-
spruch 1, bei der sich das Medikamentenreservoir
im Wesentlichen über die gesamte Innenfläche (29)
der Schale zur Abgabe von Medikamenten er-
streckt.

4. Schale zur Abgabe von Medikamenten nach An-
spruch 1, bei der das Medikamentenreservoir auf
der Innenfläche (29) der Schale zur Abgabe von
Medikamenten angeordnet ist.

5. Schale zur Abgabe von Medikamenten nach An-

spruch 1, bei der die Stützelemente (36, 72, 95,
126) aus einer Gruppe ausgewählt sind, die aus
Würfeln, Stangen, Kegeln, Kegelstümpfen, Pyrami-
den, Pyramidenstümpfen, Halbkugeln, Zylindern,
Nagelköpfen und pilzförmigen Elementen besteht.

6. Schale zur Abgabe von Medikamenten nach An-
spruch 1, bei der die Vielzahl diskreter Stützele-
mente (36) so angeordnet ist, dass sie einen ge-
wundenen Pfad (43) definieren.

7. Schale zur Abgabe von Medikamenten nach An-
spruch 6, bei der der gewundene Pfad (43) dem Me-
dikamentenfluss in einer Richtung zumindest ent-
lang einer mesial-distalen Richtung (31) und/oder
einer gingivalen Richtung (38) widersteht.

8. Schale zur Abgabe von Medikamenten nach An-
spruch 1, bei der sich das Medikamentenreservoir
zumindest über einen Zahn und/oder Zahnfleisch
erstreckt, wenn die Schale zur Abgabe von Medi-
kamenten von der Dentalstruktur eines Patienten
festgehalten wird.

9. Schale zur Abgabe von Medikamenten nach An-
spruch 1, bei der die Dentalschale eine speziell an-
gepasste Dentalschale (22) umfässt.

10. Schale zur Abgabe von Medikamenten nach An-
spruch 1, bei der die Dentalschale eine Dentalb-
leichschale umfasst.

11. Verfahren zur Herstellung einer Schale (20, 60,
102, 120) zur Abgabe von Medikamenten auf Den-
talstrukturen eines Patienten, das folgende Hand-
lungen umfasst: Anlegen mindestens eines Appli-
kationsstücks (42, 50, 90, 132, 150) an ein Modell
der Dentalstruktur des Patienten, wobei jedes Ap-
plikationsstück eine Vielzahl diskreter Stützelemen-
te (36, 72, 95, 126) definiert, die so angeordnet sind,
dass sie dem Medikamentenfluss aus dem Medika-
mentenreservoir in gingiväler Richtung widerste-
hen; Bildung einer angepassten Dentalschale (22)
über dem Modell und jedem Applikationsstück aus
einem thermoplastischen Material; und Entfernung
der angepassten Dentalschale (22) vom Modell.

12. Verfahren nach Anspruch 11, bei dem jedes Appli-
kationsstück in das thermoplastische Material ein-
gebettet ist, nach Entfernung der angepassten
Dentalschale (22) vom Modell, so dass die Stütze-
lemente zu den Dentalstrukturen des Patienten ra-
gen, wenn die Schale auf den Dentalstrukturen an-
geordnet wird.

13. Verfahren nach Anspruch 11, bei dem jedes Appli-
kationsstück nach Entfernung der angepassten
Dentalschale (22) auf dem Modell bleibt.
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14. Verfahren nach Anspruch 11, bei dem die Stützele-
mente (36, 72, 95, 126) aus einer Gruppe ausge-
wählt sind, die aus Würfeln, Stangen, Kegeln, Ke-
gelstümpfen, Pyramiden, Pyramidenstümpfen,
Halbkugeln, Zylindern, Nagelköpfen und pilzförmi-
gen Elementen besteht.

15. Verfahren nach Anspruch 11, bei dem die Stützele-
mente (36) so angeordnet sind, dass sie einen ge-
wundenen Pfad (43) definieren.

16. Verfahren nach Anspruch 11, ferner umfassend fol-
gende Handlungen: Verabreichung eines Medika-
ments in neben den Stützelementen liegenden Be-
reichen; und Anlegen der angepassten Mundschale
an die Dentalstruktur des Patienten, so dass die
Stützelemente gegenüber zumindest einem Teil der
Dentalstruktur positioniert sind.

17. Verfahren nach Anspruch 16, bei dem die Handlung
der Verabreichung eines Medikaments die Hand-
lung der Verabreichung eines Zahnbleichmittels be-
inhaltet.

18. Verfahren nach Anspruch 11, bei dem die Handlung
des Anlegens zumindest eines Applikationsstücks
an ein Modell der Dentalstruktur des Patienten die
Handlung des Anlegens eines einzelnen Applikati-
onsstücks über mehrere Zähne des Modells be-
inhaltet.

19. Verfahren nach Anspruch 18, bei dem das einzelne
Applikationsstück eine längliche, im Allgemeinen
rechteckige Konfiguration aufweist.

Revendications

1. Plateau de distribution de médicaments (20, 60,
102, 120) pour distribuer des médicaments à des
structures dentaires d'un patient, comprenant :

un plateau dentaire (22) comprenant une base
(24), une paroi buccale (26, 62) et une paroi
linguale (28) définissant une surface interne
(29), et

au moins une applique (42, 50, 90, 132, 150)
dans le plateau dentaire, caractérisé en ce
que chaque applique comprend une pluralité
d'organes de support discrets (36, 72, 95, 126)
et présente au moins un réservoir (32, 78, 110,
122), les organes de support étant prévus pour
s'opposer à l'écoulement de médicaments de-
puis le réservoir de médicaments dans une di-
rection gingivale (38) et s'étendant vers les
structures dentaires du patient lorsque le pla-
teau de distribution est placé par-dessus les

dents (46, 70) du patient.

2. Plateau de distribution de médicaments selon la re-
vendication 1, dans lequel l'applique comprend un
matériau hydrophile.

3. Plateau de distribution de médicaments selon la re-
vendication 1, dans lequel le réservoir de médica-
ments s'étend par-dessus substantiellement toute
la surface interne (29) du plateau de distribution de
médicaments.

4. Plateau de distribution de médicaments selon la re-
vendication 1, dans lequel le réservoir de médica-
ments est situé sur la surface interne (29) du pla-
teau de distribution de médicaments.

5. Plateau de distribution de médicaments selon la re-
vendication 1, dans lequel les organes de support
(36, 72, 95, 126) sont choisis parmi un groupe cons-
titué de cubes, barres, cônes, cônes tronqués, py-
ramides, pyramides tronquées, hémisphères, cylin-
dres, têtes de clous, et organes en forme de cham-
pignon.

6. Plateau de distribution de médicaments selon la re-
vendication 1, dans lequel la pluralité d'organes de
support discrets (36) est prévue pour définir un che-
min tortueux (43).

7. Plateau de distribution de médicaments selon la re-
vendication 6, dans lequel le chemin tortueux (43)
s'oppose à l'écoulement de médicaments dans une
direction le long d'au moins une direction mésiale-
distale (31) et d'une direction gingivale (38).

8. Plateau de distribution de médicaments selon la re-
vendication 1, dans lequel le réservoir de médica-
ments s'étend sur au moins l'un d'une dent ou d'un
tissu gingival lorsque le plateau dé distribution de
médicaments est retenu par la structure dentaire
d'un patient.

9. Plateau de distribution de médicaments selon la re-
vendication 1, dans lequel le plateau dentaire com-
prend un plateau dentaire particularisé (22).

10. Plateau de distribution de médicaments selon la re-
vendication 1, dans lequel le plateau dentaire com-
prend un plateau de blanchiment dentaire.

11. Procédé pour fabriquer un plateau de distribution
de médicaments (20, 60, 102, 120) pour distribuer
des médicaments à des structures dentaires d'un
patient, comprenant les étapes consistant à :

appliquer au moins une applique (42, 50, 90,
132, 150) à un modèle de la structure dentaire
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du patient, chaque applique définissant une
pluralité d'organes de support discrets (36, 72,
95, 126) prévue pour s'opposer à l'écoulement
de médicaments provenant du réservoir de mé-
dicaments dans une direction gingivale ;

former un plateau dentaire particularisé (22)
par-dessus le modèle et chaque applique à par-
tir d'un matériau thermoplastique ; et

enlever le plateau dentaire particularisé (22) du
modèle.

12. Procédé selon la revendication 11, dans lequel cha-
que applique est noyée dans le matériau thermo-
plastique après que le plateau dentaire particularisé
(22) a été enlevé du modèle de sorte que les orga-
nes de support fassent saillie vers lés structures
dentaires du patient lorsque le plateau est placé sur
les structures dentaires.

13. Procédé selon la revendication 11, dans lequel cha-
que applique reste sur le modèle après que le pla-
teau dentaire particularisé (22) a été enlevé.

14. Procédé selon la revendication 11, dans lequel les
organes de support (36, 72, 95, 126) sont sélection-
nés à partir d'un groupe constitué dé cubes, barres,
cônes, cônes tronqués, pyramides, pyramides tron-
quées, hémisphères, cylindres, têtes de clous et or-
ganes en forme de champignon.

15. Procédé selon la revendication 11, dans lequel les
organes de support (36) sont prévus pour définir un
chemin tortueux (43).

16. Procédé selon la revendication 11, comprenant en
outre les étapes consistant à :

appliquer un médicament à des zones adjacen-
tes aux organes de support ; et

appliquer le plateau buccal particularisé à la
structure dentaire du patient de sorte que les
organes de support soient positionnés en face
d'au moins une portion de la structure dentaire.

17. Procédé selon la revendication 16, dans lequel
l'étape consistant à appliquer un médicament inclut
l'étape consistant à appliquer un agent de blanchi-
ment dentaire.

18. Procédé selon la revendication 11, dans lequel
l'étape consistant à appliquer au moins une appli-
que à un modèle de la structure dentaire du patient
inclut l'étape consistant à appliquer une applique
unique sur une pluralité de dents du modèle.

19. Procédé selon la revendication 18, dans lequel l'ap-
plique unique a une configuration allongée, géné-
ralement rectangulaire.
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