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(57) Abstract

A dental tray for delivering medication to
oral structure is custom-made to closely match the
configuration of the oral structure, A lingual wall
of the tray includes a lingual edge section having
an outer edge that is spaced in a gingival direction
from the patient’s gingival margin a certain distance
in order to reduce the possibility of adverse effects as
might be caused by movement of the patient’s tongue.
A buccolabial wall of the tray has an outer edge
that is closely adjacent the patient’s gingival margin
in order to increase patient comfort, reduce gingival
irritation and improve patient compliance during the
course of treatment.
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CUSTOM TRAY FOR DELIVERING MEDICATION TO ORAL STRUCTURES

Background of the Invention

1. Field of the Invention

The present invention relates to a tray for delivering medication to the teeth and/or
gingiva of a dental patient. More particularly, the field of the present invention concerns a
dental medication delivery tray that is custom-made to closely match the configuration of

at least part of a patient’s dental arch.

2. Description of the Related Art

A variety of methods have been proposed in the past to deliver medication to the
teeth and/or gingiva (i.e., the gum tissue) of a dental patient. One method of applying
medication to teeth involves direct application of the medication to the tooth surface by
the use of a brush, swab or the like. This method is relatively inexpensive and can be
carried out either by the dental practitioner or by the patient.

Unfortunately, the direct application of a medicant to oral structures is generally
unsatisfactory because the medication typically does not remain on the oral structure for a
significant length of time. The length of time is variable and may depend on factors such
as the viscosity of the medication, the presence of saliva and the ability of the patient to
prevent adjacent soft tissues such as inner surfaces of the labia or lips and bucca or cheeks
from contacting the tray containing the medication. In many instances, the effectiveness
of the medication is substantially diminished if the medication is prematurely removed
from the oral structure under treatment.

Another common method for delivering medication to teeth involves the use of a
dental tray that is placed over the dental arch. The tray has a channel that receives the
teeth and has a length that is sufficient to receive all or at least a portion of the dental arch.
In some instances, the channel has a sufficient depth to receive a portion of the gingiva

along with the teeth.
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Many dental medication delivery trays are mass-produced and not custom made to
closely fit the dental arch of a particular patient. Although such trays are relatively
inexpensive, they are often considered quite bulky and unpleasant to wear for any
significant length of time. Additionally, some mass-produced dental trays do not retain
medication against the oral structures under treatment unless the patient remains relatively
immobile.

Dental trays that are custom-made to closely fit the dental arch of a patient are
considered by many to represent a significant improvement over mass-produced dental
trays. The close fit provided by custom-made trays largely avoids unnecessary void
spaces that are common with mass-produced dental trays. Most custom-made trays are
less obtrusive in the mouth than mass-produced trays, and as such are more comfortable to
wear for extended periods of time.

One technique of making a custom dental tray involves taking an alginate
impression of a patient’s dental structure, and then making a model or casting from the
impression. Next, a thin sheet of heat softenable plastic material is placed over the casting
and heated, causing the plastic sheet to drape over the model and ultimately form a
configuration that closely matches the shape of the underlying model. The tray is then
trimmed as needed.

One of the most common uses of both mass-produced and custom-made dental
medication trays is in connection with a bleaching gel or solution to whiten the patient’s
teeth. Many individuals desire whiter teeth and seek to eliminate or at least reduce the
discoloration of stained teeth. Tooth stains are caused by a variety of sources, including
food and beverages, drugs (such as tetracycline), tobacco products and poor oral hygiene.

When dental trays are used for bleaching teeth at home, the patient is typically
instructed to place an amount of bleaching solution into a corresponding area of the tray
for each tooth to be treated. The tray is then placed over the dental arch. Often, the
bleaching solution is changed every 0.5 to 2.5 hours and the tray is removed during meals.
Sometimes a recommendation is made to wear the dental tray overnight. The efficacy of
the bleaching procedure depends on factors such as the type and intensity of the stain, the
bleaching agent contact time on the tooth surfaces, the amount of available active
ingredient in the bleaching solution as well as patient acceptance and adherence to the

procedure.
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Unfortunately, the volume of bleaching solution that is available in conventional
trays tends to diminish rapidly over time, thereby decreasing the amount of active
ingredient available for bleaching the teeth. Test results in the April, 1997 issue of the

Clinical Research Associates Newsletter show that in many instances after 30 minutes,

less than 50% of the original quantity of bleaching agent was available for bleaching
activity. The same test results show that in many instances after one hour, less than 25%
of the bleaching agent was available for bleaching activity. Consequently, it is often
recommended to replenish the bleaching agents in conventional trays about every 15 to 30
minutes in order to maintain the most efficacious dosage of bleaching agent in contact
with the tooth.

Unfortunately, the daytime schedules of many patients do not easily accommodate
periodic, continuous replenishment of the bleaching agent. In addition, periodically
replenishing the bleaching agent during the night is unrealistic for many patients. Since
patient adherence to the procedure determines the ultimate success of the treatment
program, the need to constantly replenish the dental bleaching solution is a major

obstruction that limits the success of the treatment.

Summary of the Invention

The present invention is directed in one aspect to a custom-made medication
delivery tray for delivering medication to tooth structure of a dental patient. The tray
comprises a body having a base, a buccolabial wall and a lingual wall. The base, the
buccolabial wall and the lingual wall present a channel that is generally complemental in
configuration to the patient’s tooth structure. The buccolabial wall extends at least in part
along the gingival margin of the buccolabial side of the tooth structure without contacting
the gingiva. The lingual wall extends along a line that is spaced at least in part at least 4
mm. in a gingival direction from the gingival margin of the tooth structure on a lingual
side of the tooth structure.

Another aspect of the present invention relates to a method of making a medication
delivery tray for delivering medication to the dental structure of a patient. The method
comprises the acts of providing a model of at least a portion of a dental arch, and forming

a sheet member over at least part of the model. The method also includes the act of
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trimming the sheet member to make the tray. The act of trimming the sheet member
includes the act of trimming the sheet member along a path corresponding to a line spaced
no greater than 2.0 mm in an occlusal direction from the gingival margin of the model on a
buccolabial side of the model. The act of trimming the sheet member also includes the act
of trimming the sheet member along a path corresponding to a line that is spaced at least in
part at least 4 mm. in a gingival direction from the gingival margin of the model on a
lingual side of the model.

The present invention has been found to significantly enhance retention of
medication such as bleaching solution in the tray in comparison to conventional trays. The
section of the lingual wall of the tray that extends past the gingival margin provides an
effective seal that resists movement of the medication in a direction from a lingual side to
a buccolabial side of the arch and ultimately out over the gingival edge of the tray along
the buccolabial wall. Moreover, by extending the lingual wall at least 4 mm. past the
gingival margin, a comfortable area is presented to receive the patient’s tongue and it is
less likely that the tongue will engage the edge of the lingual wall and urge the tray away
from the arch. The lingual extension also provides better stability of the tray in use so that
the tray does not substantially rock or shift relative to the underlying arch.

Further details of the invention are defined in the features of the claims.

Brief Description of the Drawings

Fig. 1 is a perspective view of an exemplary medication delivery tray constructed
in accordance with certain embodiments of the present invention;

Fig. 2 is a perspective view of an exemplary model of a patient’s dental arch as
may be useful in making the tray shown in Fig. 1; |

Fig. 3 is an enlarged side sectional view of the model illustrated in Fig. 2 along
with a sheet of plastic material that has been formed over the model to make the tray of
Fig. 1,

Fig. 4 is a perspective view of an exemplary model of a patient’s dental structure
along with an applique for making a medication delivery tray according to alternative

embodiments of the invention;
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Fig. 5 is a side elevational view of the applique alone that is shown in Fig. 4 as it
appears before placement on the model, wherein the applique is carried on a release liner;
and

Fig. 6 is an end cross-sectional view (not to scale) of the applique and release liner

shown in Fig. 5.

Detailed Description of the Preferred Embodiments

A custom-made medication delivery tray for delivering medication to tooth
structure of a dental patient according to one embodiment of the invention is illustrated in
Fig. 1 and is broadly designated by the numeral 10. The tray includes a body 12 having a
base 14, a buccolabial wall 16 (i.e., a wall next to the patient’s lips or cheeks) and a lingual
wall 18 (i.e., a wall next to the patient’s tongue). The base 14 and the walls 16, 18
combine to present an elongated channel 20.

The channel 20 has an overall, generally "U"-shaped configuration in reference
planes perpendicular to the longitudinal axis of the channel 20. Moreover, the body 12 as
well as the channel 20 have an overall, generally "U"-shaped configuration in plan view or
when considered in a reference plane containing the longitudinal axis of the channel 20.
Preferably, the body 12 extends a distance equivalent to the entire length of the patient’s
arch or at least a substantial majority of the length of the patient’s dental arch, although
other constructions are also possible. For example, the tray 10 and the channel 20 may
extend along only the patient’s anterior teeth, or only along one quadrant of one dental
arch.

Preferably, the channel 20 is generally complemental in configuration to the
patient’s dental arch so that unnecessary void spaces between the tray and the patient’s oral
structures are avoided and the resulting tray is not considered obtrusive when worn in the
mouth. As an option, however, small recesses or wells 21 may be made along the inner
surface of the buccolabial wall 16 adjacent the facial surface of each tooth in order to
provide a pocket for receiving a quantity of the medication. Optionally, the wells 21 are
provided only along the patient’s anterior, cuspid and bicuspid teeth as may be useful, for
example, when the tray 10 is used for delivering a bleaching composition to the most

visible teeth. However, if the patient’s molar teeth are also heavily stained, it may be
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desirable to provide such wells in areas of the buccolabial wall 16 adjacent such molar
teeth as well. |

The lingual wall 18 includes a peripheral edge section 22. The edge section 22 has
an outer edge 24 that extends along a line that is spaced at least in part and preferably
spaced along substantially its entire length at least 4 mm. in a gingival direction from the
gingival margin of the lingual side of the patient’s dental arch receiving the tray 10. More
preferably, the outer edge 24 extends along a line that is spaced at least in part (and more
preferably is spaced substantially along its entire length) a distance of 6 mm. in a gingival
direction from the gingival margin of the patient’s dental arch along its lingual side.
Optionally, the edge 24 is spaced no greater than 20 mm. and more preferably less than 12
mm. in a gingival direction at any point from the gingival margin of the lingual side of the
dental arch.

The preferred spacing of the edge 24 from the gingival margin along the lingual
side of the dental arch as mentioned in the previous paragraph is provided at least in
regions adjacent the patient’s anterior teeth (i.e., in regions adjacent the patient’s central
and lateral incisors). Optionally, the edge 24 approaches the gingival margin and the edge
section 22 narrows in width as either end of the channel 20 is approached. For example,
the edge 24 may be as close as 2 mm., or optionally directly adjacent the patient’s gingival
margin in regions next to the patient’s molar teeth.

As another option, the tray 10 when made to fit the upper arch includes palatal
section that extends across a majority of the patient’s palate and is integrally connected to
the lingual wall 18. In that instance the outer edge is spaced a distance greater than 12
mm. from the gingival margin at least in regions next to the anterior teeth.

The buccolabial wall 16 has an outer edge 26 that extends along the gingival
margin of the patient’s dental arch on a buccolabial side of the teeth. Preferably, the outer
edge 26 is located up to 2.0 mm, and more preferably only up to 1.0 mm, in an occlusal
direction from the gingival margin and does not contact the gingival margin of the
patient’s dental arch when the tray is in use in the oral cavity. Preferably, the edge 26 has
a scalloped configuration that precisely matches the contoured shape of the adjacent
gingival margin. Alternatively, however, the edge 26 could extend along the gingival
margin in a generally straight path and pass across the location of each tooth where the

gingival margin reaches an apex in a gingival direction (i.e., the location of each tooth,
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typically near the center of each tooth, where the exposed enamel extends the greatest
distance in a gingival direction; in this alternative, the buccolabial wall 16 completely
covers each gingival papilla that extends in an occlusal direction toward an interproximal
region between adjacent teeth. The location of the outer edge 26 as described above helps
ensure that the tray 10 does not irritate the soft gingival tissue of the buccolabial side of
the arch. Gingival irritation from abrasion from the tray in this region when combined
with the presence of certain medications (such as bleaching compositions) might otherwise
result in the formation of highly unpleasant sores.

A custom or custom-made dental tray refers to a dental tray that is made using a
mold, casting or other model of the patient’s dental structures. Custom dental tray also
refers to a dental tray that is made using digital data representative-of the patient’s dental
structure as described in further detail below. Dental structures and oral structures refer to
the teeth and/or gingiva.

Fig. 2 is a perspective view of an example of a casting or model 30 that is a replica
of one dental arch of the patient’s dental structure. One method of making the model 30
involves first taking an impression of the patient’s dental structure using an alginate
impression material or other suitable impression material. The model 30 may be a replica
of either the patient’s upper or lower dental arch.

In the example of the model 30 as shown in Fig. 2, the model 30 includes a number
of model teeth 32 representing the teeth of the patient’s selected dental arch. In addition,
the model 30 includes model gingival tissue 34 that is a replica of the patient’s gingival
tissue of the selected dental arch. In Fig. 2, a model gingival margin is designated by the
numeral 36 and generally has the appearance of a scalloped line extending along the
model arch and along a path that follows the line of differentiation between the replica
enamel of each model tooth 32 and the adjacent model gingival tissue 34.

A preferred method of making the tray 10 includes providing a sheet member that
is made of a thermoplastic material such as polypropylene, ethylene or vinyl acetate, such
as ethylene vinyl acetate (EVA). Suitable EVA materials include, for example, 0.04 in.
(1.0 mm.) thick EVA vacuum forming material (Catalog No. 089-5003, from Patterson
Dental Supply, Inc.). EVA is commercially available and approved for oral use by the

U.S. Food and Drug Administration. These materials are easily thermoformed or



10

15

20

25

30

WO 00/44303 PCT/US99/30912

vacuumed formed over the model 30 using conventional techniques. Preferably, the sheet
member has a thickness no greater than .080 in (2.0 mm) and is translucent.

Once the sheet member has been formed over the model 30, the sheet member is
trimmed according to the principles of the present invention. Fig. 3 is a sectional
illustration of an exemplary sheet member 40 that has been formed over one of the model
teeth 32 and a portion of the model gingival tissue 34. As shown, the sheet member 40
has assumed a configuration closely complemental to underlying areas of the model tooth
32 and the model gingival tissue 34.

The sheet member 40 is trimmed so that the resulting tray 10 has a buccolabial
wall 16 and lingual wall 18 as described above. The sheet member 40 may be trimmed
with a scissors, a knife or any other suitable tool as desired. Optionally, a pencil or ink
marking may be made on the sheet member 40 while the tray 10 is on the model 30 to
serve as a guide for trimming once the tray 10 has been removed from the model 30. As
another option, a knife is used to trim the tray 10 while the tray 10 is still in place on the
model 30. The placement of such guide lines is facilitated when the sheet member 40 is
made of a transparent or translucent material having sufficient light transmittance to allow
the practitioner to see the model gingival margin through the sheet member 40 while the
sheet 10 is received on the model 30.

It has been found that the lingual edge section 22 is a significant advantage, in that
the edge section 22 provides an effective seal that helps to reduce the flow of saliva into
the channel 20. When the tray 10 is in use, the patient’s tongue may bear against the
lingual wall 18, and in some instances may bear against the lingual wall 18 at repeated,
spaced apart intervals of time. Such pressure on the lingual wall 18 tends to establish a
"pumping" action that causes movement of water, saliva and/or medication.

The pumping action caused by the tongue creates a hydrodynamic force that tends
to move the water, saliva and/or medication in the tray 10 in various directions. One
direction of movement is in a direction from the lingual wall 18 to the buccolabial wall 16
over the occlusal tips of the teeth, and toward the gingival edge of the buccolabial wall 16.
The lingual edge section 22 provides a flap of material that functions as a seal to resist and
hinder such flow.

Additionally, many patients have a tendency to fidget with dental trays when the

tray is in use. For example, many patients, whether consciously or unconsciously, use
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their tongue to "play" with the gingival edge of the tray along its lingual side. Disturbing
of the outer edge in such fashion is a disadvantage, in that the tongue may unintentionally
lift the outer edge on the lingual side and enable the medication to escape. Lifting of the
gingival edge may also enable additional saliva or water to enter the tray channel, thus
diluting the medication in the tray and/or enhancing the hydrodynamic "pumping" action
the next time that the tongue is pressed against the lingual wall of the tray.

The lingual edge 24 of the present invention is a significant advantage in that it is
spaced a significant distance from the gingival margin of the lingual side of the patient’s
dental arch. That spacing hinders the patient’s tongue from lifting the lingual edge section
22 and many of the problems described above are consequently avoided. As a result,
medication in the channel 20 remains in place for a greater length of time than would
otherwise be possible and more effectively treats the dental structure of interest.

The present invention is also beneficial because the tray 10 can be made from a
relatively thin sheet member, resulting in a tray that is less obtrusive in the mouth. In the
past, dental trays were often made of a material having a thickness ranging from about
0.08 in. (2 mm.) to about 0.15 in. (3.8 mm.) since such materials tend to be better at
resisting hydrodynamic forces than dental trays made from thinner materials. However,
because the lingual edge section 22 of the present invention provides an effective seal that
reduces the flow of medication, saliva and/or water the channel 20, the tray 10 can be
made from a relatively thin sheet member (such as 0.04 in., or 1 mm. as described above).
Moreover, use of a relatively thin sheet member increases the flexibility of the lingual
edge section 22 so that the edge section 22 readily shifts as needed to closely contact the
underlying tissue and quickly establish a good seal against adjacent soft tissue.

Optionally, each of the wells 21 that is located along the buccolabial wall 16 of the
tray 10 contain a plurality of support members 42 (shown in Fig. 1 but not to scale) that
extend in a lingual direction to engage the patient’s dental structure. These support
members 42 are preferably discreet and free standing and resist compression of the
reservoirs as might otherwise occur due to hydrodynamic forces and/or movement of the
tray 10 in the patient’s oral cavity.

One method of making the support members 42 involves the use of appliques 44
such as are shown in Fig. 2. In this method, an applique 44 is applied to buccolabial

surfaces of the model teeth 32. The overall shape of the applique 44 is selected to match
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to the desired, overall shape of the corresponding well 21. A suitable adhesive is used to
éffix the appliques 44 to the selected model teeth 32.

Each applique 44 includes a series of protrusions 46 that project outward from a
backing 48 as illustrated in Fig. 3. In this embodiment, the protrusions 46 serve as a mold
for molding the support members 42 in the sheet member 40. The appliques preferably
remain on the model 30 as the molded tray 10 is detached from the model 30 so that
further handling of individual appliques 44 is avoided. Once the tray 10 is detached from
the model 30 and the appliques 44, the wells 21 with the support members 42 are exposed
and present a configuration that represents the inverse of the shape of the appliques 44.

The protrusions 46 and/or the resulting support members 42 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 42 may assume a variety of shapes,
such as cones, truncated cones, rods, pyramids, truncated pyramids, cubes, gum drops,
cylinders, nail heads or mushroom-shaped members, and the like. The outer ends of the
support members 42 may be flat, rounded, pointed or a variety of other shapes, as
determined by the shape of the spaces between the protrusions 46 and the optional land
areas between the protrusions 46. The appliques 44 may have a micro-replicated surface
that is accomplished by using a variety of methods, such as disclosed in U.S. Patent Nos.
5,152,917 (Pieper, et al.) and 5,500,273 (Holmes et al.).

The protrusions 46 may be discrete and spaced apart from each other.
Alternatively, the protrusions 46 may be integrally interconnected to form one or more
networks of protruding structure. For example, the protrusions 46 may present an ordered
or random configuration. An example of an ordered configuration includes a honeycomb
pattern where optionally one or more honeycombs may be separated or decoupled from
adjacent honeycombs. Other examples of an ordered configuration include oral structures
and elongated rails.

Optionally, if the projections 46 are the support members 42, the projections 46
(such as, for example, the oval or honeycomb structures) may have a small medication-
receiving recess or cavity at their outer ends that presents the oval or honeycomb (i.e.,
hexagonal) appearance. Preferably, the protrusions 46 have sufficient stiffness or rigidity

so that the recess or cavity does not collapse under the forces present in the oral cavity
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during use. In this manner, the medication tends to remain in the cavities for a longer
period of time.

As an alternative, the appliques 44 may be embedded and integrally molded with
the sheet member 40 during molding of the sheet member 40. In this alternative,
appliques 44 are reversed from their orientation shown in Fig. 3 so that the protrusions 46
serve as the support members 42. Optionally, a section of double-sided adhesive tape
extends across outer ends of the protrusions 46 in this embodiment to temporarily retain
the appliques 44 on the model 30 during molding of the sheet member 40.

Fig. 4 is an illustration of an applique 50 that is provided on a model 52 according
to other embodiments of the invention. The model 52 is identical to the model 30, and
includes a series of model teeth 54 as well as gingival tissue 56.

The applique 50 has an elongated strip configuration to engage with portions of the
model 52 corresponding to portions of multiple teeth. In the embodiment shown in Fig. 4,
the applique 50 extends from one second bicuspid tooth to the other. However, if the
patient’s molar teeth are heavily stained, it may be desirable to provide a somewhat longer
applique in order to extend over the molar tooth surfaces as well.

As shown in more detail in Figs. 5 and 6, the applique 50 includes a backing layer
58 and a number of protrusions 60 connected to the backing layer 58. The protrusions 60
provide the discreet, freestanding support members described above. Preferably, the
protrusions 60 (as well as the support members 42 in Fig. 1) are arranged to define
tortuous paths. A tortuous path refers to a passageway or conduit that is not substantially
straight and extends past the sides of a plurality of protrusions 60 (or support members) in
the spaces between adjacent protrusions 60 (or support members). The tortuous paths are
preferably arranged to increase flow resistance in a gingival direction through the resulting
reservoir and/or in a mesial-distal direction along the length of the tray channel. To the
extent that any segment of the tortuous paths is straight, that segment is preferably skewed
with respect to the gingival direction or the mesial-distal direction of the channel.
Optionally, the protrusions or support members are constructed of a hydrophilic material.

In general, the number of protrusions 60 (or support members 42) per unit area is
preferably in the range of about 78 per square cm. (500 per sq. in.) to about 465 per sq.
cm. (3000 per sq. in.). An example of a suitable number is about 144 per sq. cm. (900 per

sq.in.). However, a higher or lJower number of protrusions 60 or support members 42 per
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unit area may be optimal in certain circumstances and the optimal number may depend on
factors such as the nature of the sheet member material forming the tray, the
characteristics of the medication and the height, shape and diameter of the protrusions 60.
The height of the protrusions 60 or support members 42 is preferably in the range of about
0.5 mm. to about 1.5 mm., although longer or shorter protrusions 60 or support members
42 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.

The protrusions 60 that are illustrated in Fig. 6 each include a stem that projects
outwardly from the backing layer 58 as well as an enlarged head. Various manufacturing
processes for forming an array of upstanding headed stems integral with a backing layer
are described in U.S. Patent No. 4,290,174 (Kalleberg) U.S. Patent No. 4,984,339 (Provost
etal.), WO 94/23610 (Miller et al.), WO 98/30381 (Miller et al.) and PCT/US97/15960
(Kempfer).

Optionally, the protrusions 60 are made by a micro-replication process. An
example of a suitable applique 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.
Optionally, the protrusions 60 may be identical or similar to the protrusions 46 mentioned
above.

An adhesive tape 62 is releasably connected to the enlarged heads of the
protrusions 60. An example of a suitable adhesive tape is a medical grade double-sided
adhesive tape such as no. 1522 from 3M Company. As an alternative, a layer of adhesive
may be provided in place of the adhesive tape 62.

The adhesive tape 62 is also initially connected to a release liner 64 to facilitate
handling of the applique 50 before the applique 50 is applied to the model 52. Suitable
materials for the release liner 64 include a section of poly(ethylene terephthalate) ("PET")
sheeting that is coated with silicone to enhance release of the adhesive.

In use, the applique 50 and the adhesive tape 62 are detached from the release liner
64 and trimmed as necessary. The applique 50 and the adhesive tape 62 may be trimmed
after being initially placed on the model 50 or alternatively trimmed before detachment
from the release liner 64. The applique 50 is trimmed to a length sufficient to extend

across all of the tooth surfaces intended to receive medication.
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Preferably, a gingival edge of the applique 50 includes a notch 66 that is located in
the center of the applique 50 along its length. When the applique 50 is placed on the
model 52, the practitioner places the notch 66 along the midline (i.e., in the center of the
dental arch of the model 52), so that the applique 50 is properly centered on the model 52.
The notch 66 provides a visual alignment guide to facilitate placement of the applique 50
on the model 50. Preferably, the applique 50 is aligned to the mid-third of the model teeth
54 in an occlusal-gingival direction as shown in Fig. 4.

Preferably, but not necessarily, the applique 50 is initially curved in a wide arc
when attached to the release liner 64 as can be observed by reference to Figure 5. The arc-
shaped configuration of the applique 50 facilitates conforming the applique 50 to the
buccolabial tooth surfaces of the model 52 as the applique 50 is attached to the model 52.
Optionally, the practitioner may apply finger pressure to the applique 50 in areas
extending over interproximal regions of the dental arch in order to better conform the
applique 50 to the curvature of the individual model teeth 54.

Next, a dental medication delivery tray is formed over the model 52 and the
applique 50. For example, a sheet member of thermoplastic material may be
thermoformed or vacuum formed over the model 52 and the applique 50. Suitable
thermoplastic materials include, for example, the EVA materials described above.
Preferably, the applique 50 both chemically and mechanically bonds to the thermoplastic
material in order to remain non-removably affixed in place in the tray.

The resultant dental tray is then removed from the model 52. Preferably, the
adhesive tape 62 preferentially adheres to the model 52, so that as the tray is pulled from
the model 50 the adhesive tape 62 detaches from the applique 50 and remains on the
model 52. The tray is trimmed as described above in connection with the tray 10. In use,
medication such as a dental bleaching agent is applied to the applique 50 in the tray and
the tray is then placed over the patient’s dental arch.

Use of the applique 50 is a significant advantage over conventional tray fabrication
techniques, in that the applique 50 can be applied to a plurality of model teeth 54 at once
and preferably to all of the model teeth 54 that correspond to the patient’s teeth to be
treated. As a result, application of a reservoir-making material to the surface of each
model tooth 54 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 50
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permanently bonded: to the thermoplastic material, although as an alternative the applique |
50 may be placed over the model teeth 54 with its protrusions 60 facing outwardly (i.e.
buccolabially) such that an impression of the applique 50 is formed in the thermoplastic
material to create the reservoir and support structures.

As illustrated in Figures 4 and 5, the applique 50 has a generally rectangular, strip-
like configuration, 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 54, and a scalloped lower edge to match the shape of the gingival margin. In
practice, however, satisfactory results have been obtained with the generally rectangular
shape shown in Figures 4 and 5. Since the medication in the tray slowly escapes from the
reservoir created by the applique 50 and contacts adjacent tooth structure while the tray is
in use, substantially all of the buccolabial surfaces of the teeth underlying the applique 50
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.

Alternatively, medication delivery trays according to the invention may also be
made using appliques of other shapes or sizes, using appliques made of other materials or
using appliques in different methods for making the tray. Such alternative appliques and
methods are described in applicant’s pending U.S. Patent Application Serial No.09/217765
entitled "MEDICATION DELIVERY TRAY".

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 impression. For example, a model arch similar to
the model 30 or 52 may be prepared by generating digital information defining the shape
of the patient’s dental arch, and then using the digital information to create the model.
Optionally, 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 impression (or

alternatively removing a layer from a model made from the impression) to obtain a flat
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surface; a video camera or other device is then used to collect digital data of the flat
surface and the method is repeated; finally, the data is combined to provide a data set
representative of the configuration of the patient’s dental arches. Stereolithographic
apparatus can then be used to make the model arch.

Other means for generating digital information of the patient’s dental arch may also
be employed. For example, the digital information may be generated electromechanically
(e.g., by stylus scdnning), by laser scanning, by photogammetry, by sonic ranging, by
digital video scanning or magnetically. Examples of devices for generating the

information are described in an article by Rekow entitled “Computer Aided Desien and

Manufacture 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 "Three-dimensional dental cast analyzing system with laser scanning"

(Kuroda, et al., Am. J. Ortho. Dent. Othrop., Vol. 110 [4], October 1996, pages 365-69).

The medication delivery tray in accordance with the present invention is
particularly suited for patients who desire to bleach their teeth. A common dental
bleaching agent contains about 10% to about 16% carbamide peroxide, also called urea
hydrogen peroxide, urea peroxide, hydrogen peroxide carbamide and perhydrol-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 Carnrick. A preferred dental bleaching
agent comprises 64.86% propylene glycol, 21.00% glycerol, 1.5% carboxypolymethylene
(e.g. Carbopol brand No. 980), 2.34% tris(hydroxymethyl)aminomethane, 0.30% mint
flavor and 10.00% carbamide peroxide, with the viscosity increased by adjusting the pH to
about 5.8.

A number of possible modifications and additions will become apparent to those
skilled in the art after reviewing the description above. Accordingly, the invention should
not be deemed limited to the specific, currently preferred embodiments that are described
in detail above, but instead only by a fair scope of the claims that follow along with their

equivalents.
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Claims:

1. A custom-made medication delivery tray for delivering medication to tooth
structure of a dental patient comprising:

a body having a base, a buccolabial wall and a lingual wall, wherein the base, the
buccolabial wall and the lingual wall present a channel generally complemental in
configuration to the patient’s tooth structure, wherein the buccolabial wall extends at least
in part along the gingival margin of the buccolabial side of the tooth structure without
contacting the gingiva and wherein the lingual wall extends along a line that is spaced at
least in part at least 4 mm. in a gingival direction from the gingival margin of the tooth

structure on a lingual side of the tooth structure.

2. A custom-made medication delivery tray according to claim 1 wherein the lingual
wall extends along a line that is spaced at least in part at least 6 mm. in a gingival direction

from the gingival margin from the tooth structure on a lingual side of the tooth structure.

3. A custom-made medication delivery tray according to claim 1 wherein the lingual
wall extends along a line that is spaced no greater than 20 mm. in a gingival direction from

the gingival margin of the tooth structure on a lingual side of the tooth structure.

4. A custom-made medication delivery tray according to claim 1 wherein the lingual
wall extends along a line that is spaced no greater than 12 mm. in a gingival direction from

the gingival margin of the tooth structure on a lingual side of the tooth structure.

3. A custom-made medication delivery tray according to claim 1 wherein the lingual
wall includes an outer edge that extends along a line that decreases in spacing from the
gingival margin of the tooth structure on a lingual side of the tooth structure as distal ends

of the channel are approached.

6. A custom-made medication delivery tray according to claim 1 wherein the body is

made from a sheet member having a thickness of about 1 mm or less.
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7. A custom-made medication delivery tray according to claim 1 wherein the lingual

wall includes at least one medication reservoir.

8. A method of making a medication delivery tray for delivering medication to dental
structure of a patient comprising the acts of:

providing a model] of at least a portion of a dental arch;

forming a sheet member over at least part of the model; and

trimming the sheet member to make the tray, wherein the act of trimming the sheet
member includes the act of trimming the sheet member along a path corresponding to a
line spaced no greater than 1.0 mm in an occlusal direction from a the gingival margin of
the model on a buccolabial side of the model and also includes the act of trimming the
sheet member along a path corresponding to a line that is spaced at least in part at least 4
mm. in a gingival direction from the gingival margin of the model on a lingual side of the

model.

9. A method of making a medication delivery tray according to claim 8 wherein the
act of trimming the sheet member includes the act of trimming the sheet member along a
line that is spaced at least in part at least 6 mm. in a gingival direction from the gingival

margin of the model on a lingual side of the model.

10. A method of making a medication delivery tray according to claim 8 wherein the
act of trimming the sheet member includes the act of trimming the sheet member along a
line that is spaced no greater than 20 mm. in a gingival direction from the gingival margin

of the model on a lingual side of the model.

11. A method of making a medication delivery tray according to claim 8 wherein the
act of trimming the sheet member includes the act of trimming the sheet member along a
line that is spaced no greater than 12 mm. in a gingival direction from the gingival margin

of the model on a lingual side of the model.

12 A method of making a medication delivery tray according to claim 8 wherein the

act of trimming the sheet member includes the act of trimming the sheet member along a
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line that is spaced a decreasing dimension in a gingival direction from the gingival margin
of the model on a lingual side of the model as at least one distal end of the tray is

approached.

13. A method of making a medication delivery tray according to claim 8 wherein the
act of forming a sheet member over at least part of the model includes the act of providing

a sheet member having a thickness of about 1 mm or less.

14. A method of making a medication delivery tray according to claim 8 wherein the
act of forming a sheet member over at least part of the model includes the act of making at

least one medication reservoir in a lingual wall of the tray.

15. A method of making a medication delivery tray according to claim 8 wherein the
act of trimming the sheet member is carried out after the sheet member has been detached

from the model.

16. A method of making a medication delivery tray according to claim 8 wherein the
act of trimming the sheet member is carried out while the sheet member is connected to

the model.
17. A method of making a medication delivering tray according to claim 8 wherein the

act of trimming the sheet member includes the act of trimming the sheet member as

necessary to provide a palatal region.

- 18-



WO 00/44303 PCT/US99/30912

o

R
g

30



WO 00/44303 PCT/US99/30912

2/2

52




INTERNATIONAL SEARCH REPORT

International Application No

PCT/US 99/30912

. CLASSIFICATION OF SUBJECT MATTER

TP A1 C 10706

According to intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 A61C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

10

12 November 1996 (1996-11-12)
column 3, line 1 -column 3, line 5; figure

column 3, line 20 —column 3, line 67
column 6, line 12 -column 6, line 24

Y US 5 234 342 A (FISCHER DAN E) 1-17
10 August 1993 (1993-08-10)

column 1, line 11 -column 1, line 42
column 1, line 62 -column 2, line 51
column 4, line 19 -column 4, line 23
column 4, line 43 -column 4, line 50
column 7, line 17 -column 8, line 21;-
figures
Y US 5 573 399 A (MCCLINTOCK II ROBERT A) 1-17

-

m Further documents are listed in the continuation of box C.

E Patent family members are fisted in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of patticular relevance

“E" earlier document but published on or after the international
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

"T* later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments. such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the intemational search report
4 April 2000 14/04/2000
Name and mailing address of the ISA ) Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31~70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Fouquet, M

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

international Application No

PCT/US 99/30912

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A

US 2 257 709 A (LOUIS P. ANDERSON)

30 September 1941 (1941-09-30)

page 1, column 1, line 4 -page 1, column
1, line 14

page 2, column 1, line 24 —page 2, column
2, line 4

page 1, column 1, line 54 -page 1, column
2, line 2

US 4 968 251 A (DARNELL DANIEL H)

6 November 1990 (1990-11-06)

column 2, line 52 -column 2, line 56;
figure 4

cotumn 3, line 24 -column 3, line 56
column 6, line 6 -column 6, line 21
column 8, tine 60 —column 9, line 30

US 4 138 814 A (WEITZMAN STEWART)

13 February 1979 (1979-02-13)
abstract; figures

column 3, Tine 34 -column 3, line 44
US 5 460 527 A (KITTELSEN JON D)

24 October 1995 (1995-10-24)

the whole document

US 5 707 235 A (KNUTSON ERIC J)
13 January 1998 (1998-01-13)
the whole document

WO 98 55044 A (DIRKSING ROBERT S ET AL)
10 December 1998 (1998-12-10)
the whole document

WO 00 09036 A (3M INNOVATIVE PROPERTIES
COMPANY) 24 February 2000 (2000-02-24)
figures 7,8

1-17

1-17

1-17

1-17

1-17

1-17

1-17

Form PCT/1SA/210 (continuation of second sheet) (July 1982)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International Application No

PCT/US 99/30912

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5234342 A 10-08-1993 AT 129485 T 15-11-1995
: AU 654955 B 01-12-1994
AU 7753291 A 21-10-1991
CA 2078776 A,C 23-09-1991
DE 69114128 D 30-11-1995
DE 69114128 T 13-06-1996
DE 522087 T 03-02-1994
DK 522087 T 04-03-1996
EP 0522087 A 13-01-1993
ES 2079659 T 16-01-1996
GR 3018468 T 31-03-1996
JP 2909040 B 23-06-1999
JP 9224962 A 02-09-1997
JP 2909041 B 23-06-1999
JP 9224963 A 02-09-1997
JP 8113520 A 07-05-1996
JP 2670497 B 29-10-1997
Wo 9114650 A 03-10-1991
us 5770182 A 23-06-1998
us 5098303 A 24-03-1992
us 5846058 A 08-12-1998
us 5759037 A 02-06-1998
us 5759038 A 02-06-1998
us 5770105 A 23-06-1998
us 5725843 A 10-03-1998
us 5746598 A 05-05-1998
us 5409631 A 25-04-1995
us 5851512 A 22-12-1998
us 5855870 A 05-01-1999
us 6036943 A 14-03-2000
us 5985249 A 16-11-1999
us 5376006 A 27-12-1994
US 5573399 A 12-11-1996 Wo 9818423 A 07-05-1998
us 5702251 A 30-12-1997
AU 7680396 A 22-05-1998
us 2257709 A 30-09-1941 NONE
US 4968251 A 06-11-1990 AT 110556 T 15-09-1994
AU 647033 B 17-03-1994
AU 6039990 A 17-01-1991
CA 2064593 A 04-01-1991
DE 69012124 D 06-10-1994
DE 69012124 T 27-04-1995
EP 0480997 A 22-04-1992
ES 2065539 T 16-02-1995
JP 5502170 T 22-04-1993
MX 172910 B 20-01-1994
NZ 234320 A 24-02-1995
us 5356291 A 18-10-1994
WO 9100068 A 10-01-1991
us 5575655 A 19-11-1996
US 4138814 A 13-02-1979 IE 42596 B 10-09-1980
US 5460527 A 24-10-1995 us 5339832 A 23-08-1994
us 5385155 A 31-01-1995

Form PCT/ISA/210 (patent tamily annex) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International Application No

PCT/US 99/30912

information on patent family members

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5460527 A AU 671551 B 29-08-1996
AU 6911494 A 20-12-1994
CA 2106447 A 25-11-1994
EP 0652796 A 17-05-1995
WO 9427691 A 08-12-1994

US 5707235 A 13-01-1998 NONE

W0 9855044 A 10-12-1998 us 5879691 A 09-03-1999
us 5891453 A 06-04-1999
AU 7805398 A 21-12-1998
NO 995930 A 03-02-2099

W0 0009036 A 24-02-2000 NONE

Form PCT/ISA/210 (patant family annex) {July 1892)

page 2 of 2



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

