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SYSTEMS AND METHODS FOR INTRA-ORAL 
DRUG DELIVERY 

BACKGROUND 

[0001] The present invention is related to systems and 
methods for intra-oral drug delivery. 

[0002] As noted in commonly oWned US. Pat. No. 6,607, 
382 entitled “Methods and systems for concurrent tooth 
repositioning and substance delivery,” the content of Which 
is incorporated hereWith, the repositioning of teeth may be 
accomplished With the use of a series of removable elastic 
positioning appliances such as the lnvisalign® system avail 
able from Align Technology, Inc., the assignee of the present 
invention. Such appliances have a thin shell of elastic 
material that generally conforms to a patient’s teeth but is 
slightly out of alignment With an initial or immediately prior 
tooth con?guration. Placement of the elastic positioner over 
the teeth applies controlled forces in speci?c locations to 
gradually move the teeth into the neW con?guration. Rep 
etition of this process With successive appliances comprising 
neW con?gurations eventually moves the teeth through a 
series of intermediate con?gurations or alignment patterns to 
a ?nal desired con?guration. A full description of an exem 
plary elastic polymeric positioning appliance is described in 
US. Pat. No. 5,975,893, and in published PCT application 
WO 98/58596, the content of these documents are incorpo 
rated by reference for all purposes. 

[0003] The appliance is effective in repositioning teeth 
When it is placed over the patient’s teeth. Removal of the 
appliance for any reason interrupts the treatment plan and 
lengthens the overall period of treatment. Therefore, 
removal of the appliance should be minimiZed for effective 
and timely treatment. HoWever, a number of dental and 
periodontal therapies Which may be desired or required by 
the patient may not be effectively utiliZed While the appli 
ance is in place. Such therapies may be prescribed by a 
practitioner to improve oral health or they may be requested 
by the patient for cosmetic purposes. 

[0004] The ’382 patent discloses devices, systems and 
methods for orthodontic treatment using elastic reposition 
ing appliances While concurrently providing dental and 
periodontal therapies. Such therapies are traditionally pro 
vided With the use of a variety of accessories and devices 
Which are applied When the repositioning appliance is 
removed from the patient’s mouth. The ’382 system elimi 
nates the need for such removal and additional devices by 
incorporating these therapies into the repositioning appli 
ance. 

[0005] United States Patent Application 20040115587, the 
content of Which is incorporated hereWith, discloses an 
orthodontic treatment involving applying force to reposition 
teeth and administering a tissue remodeling and/ or an angio 
genic substance(s) to the periodontal tissue surrounding the 
teeth to be moved. The substance(s) may be delivered 
before, during, or after the teeth are moved, and the sub 
stance(s) may be selectively applied only to those teeth 
undergoing movement at any particular time. The sub 
stance(s) may be applied from the dental repositioning 
appliance or may be applied separately, either topically or by 
injection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] FIG. 1 shoWs an exemplary method for intra-oral 
delivery of a substance to an individual. 
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[0007] FIGS. 2A-2B are exemplary removable appliances 
adapted to ?t over teeth on a jaW. 

[0008] FIG. 2C shoWs a cross-sectional vieW of the appli 
ance of FIG. 2B on an exemplary tooth. 

[0009] FIG. 2D is a cross sectional vieW of FIG. 2C 
Without the tooth and gum line. 

[0010] FIGS. 2E-2F shoW additional embodiments of 
appliances for delivery of drugs or agents. 

[0011] 
[0012] FIGS. 4A-4E illustrate various vieWs of a bracket 
With a reservoir. 

[0013] FIGS. 5A-5E shoW various embodiments of drug 
delivery systems. 

[0014] FIG. 6A illustrates an embodiment Where energy is 
applied to an appliance to effect teeth movement or drug 
delivery. 

FIG. 3 illustrates another drug delivery system. 

[0015] FIG. 6B illustrates an embodiment Where energy is 
applied to Wires to effect teeth movement or drug delivery. 

SUMMARY 

[0016] Systems and methods are disclosed for intra-oral 
delivery of drugs. 

[0017] Advantages of the system include one or more of 
the folloWing. The system enables drugs or therapeutic 
agents to be delivered through the mouth. The system 
provides ideal drug delivery for certain diseases relating to 
periodontics, tooth surface, endodontics, and diseases asso 
ciated With cancer and medical conditions. 

[0018] For dental diseases, the system is placed so that 
release of the therapeutic agent occurs in the immediate 
vicinity of the disease process. As the volume of distribution 
is limited to the volume of gum pocket or crevice, relatively 
high concentrations of therapeutic agent can be delivered by 
devices With small therapeutic agent reservoir capacities. 
The small amount of therapeutic agent required under these 
conditions, typically a feW milligrams, greatly reduces the 
effect of the therapeutic agent at distal sites Within the body, 
thereby greatly decreasing the potential for systemic side 
effects. Thus, a high degree of effectiveness is achieved 
using a relatively small amount of drug. 

DESCRIPTION 

Appliance for Drug Delivery 

[0019] FIG. 1 shoWs an exemplary method for intra-oral 
delivery of a substance to an individual such as a patient, for 
example. The substance can be a drug or a bio-active agent, 
among others. The process of FIG. 1 includes attaching the 
substance to an oral structure (10) and alloWing the sub 
stance to intra-orally interact With the body of the individual 
(12). In one embodiment, the substance is ?uidly provided 
from the oral structure into the body at a predetermined rate. 
The substance eventually affects or alters the individual’s 
physiology in a desired manner (14). The term “oral struc 
ture” refers to all areas Within the mouth, including teeth, 
gingiva, cheeks, gums, lips, tongue, thorax, back of the 
throat, and beneath the tongue. 
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[0020] The method of FIG. 1 thus attaches the substance 
to an oral structure using a suitable dental device; and ?uidly 
providing the substance from the oral structure into a body 
at a pre-selected dose. The substance can accelerate or 
decelerate tooth movement. 

[0021] The substance can induce irritation of the oral 
structure or can induce in?ammation of a bone structure. 

The pattern or sequence of irritation or in?ammation can be 
varied. For example, the pressure, timing, location, degree 
of irritation or in?ammation, and the depth of the irritation 
or in?ammation can be varied. 

[0022] The substance can be positioned on a bracket, a 
dental attachment, a bracket auxiliary, a ligature tie, a pin, a 
bracket slot cap, a Wire, a screW, a micro-staple, a denture, 
a partial denture, a dental implant, a periodontal probe, a 
periodontal chip, a ?lm, or a space betWeen teeth. The 
substance can also be positioned on a removable appliance, 
and one or more modules may be positioned on the remov 
able appliance to house the substance. The substance can 
provide energy for treatment, for example electric, light, 
heat, sound, magnetic or electromagnetic energy. The oral 
structure can be recharged With an additional amount of the 
same or different substance. 

[0023] In one embodiment, the physical volume or shape 
of the substance is computer designed to support a precise 
delivery of the substance. A computer system can scan a 
patient’s dentition; and design one or more appliances to 
attach the substance to the oral structure based on the 
scanned dentition. At least one of the appliances is designed 
to dispense the preselected dose. Moreover, the appliances 
can dispense the substance in a predetermined sequence. For 
example, at least tWo of the appliances can dispense the 
substance in two different dosages for delivery at two 
different periods. Thus, for birth control drugs, more can be 
delivered on day 15 and less can be delivered on day 30, for 
example. 
[0024] The system can perform diagnostics as Well. To do 
this, the system samples an intra-oral substance; and detects 
a body condition (such as a disease) based on the intra-oral 
substance. A processor can receive the sampling result and 
performs a close-loop delivery of substance based on a 
sampled intra-oral substance, as discussed in more detail 
beloW. The system can also transmit the detected body 
condition to a remote computer for diagnosis. 

[0025] The substance can be any knoWn chemical sub 
stance. Preferably, the substance is a medical grade drug, 
chemical agent, or a bioactive agent. Examples of the drug 
or agent can include antibacterials, antibiotics, anti-in?am 
matory agents, immune-suppressive agents, immune-stimu 
latory agents, dentinal desensitiZers, odor masking agents, 
immune reagents, anesthetics, nutritional agents, antioxi 
dants, lipopolysaccharide complexing agents, and perox 
ides, among others. 

[0026] The attachment of the substance to the oral struc 
ture can be done through a removable appliance, a ?xed 
appliance such as a bracket, a dental attachment, a Wire, a 
screW, a tap, a micro-staple, a dental implant, a perioprobe, 
a periochip, a ?lm or composite material, or a space betWeen 
teeth, among others. 

[0027] The tooth is held ?rmly in place by the cementum, 
periodontal ligament, alveolar bone and gingiva. These 
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connective tissue structures contain collagen and elastin 
?bers crosslinked into a supporting matrix. Additional com 
ponents of this matrix include glycosaminoglycans (GAGs) 
and proteoglycans Which play a role in resisting compressive 
forces in tissues. The architecture of this matrix can shift 
over time in response to a constant pressure that stimulates 

matrix breakdoWn, matrix resynthesis and remodeling of the 
tissue. To accelerate tooth movement, agents increase the 
rate of matrix degradation during the period in Which force 
is applied to the tooth. 

[0028] FIG. 2A shoWs an exemplary removable appliance 
15 adapted to ?t over teeth on a jaW 16. The appliance can 
be coated With a drug, chemical agent, or a bioactive agent. 
In one embodiment, the drug is inactive until contact With 
Water or saliva. Alternatively, release of the agent can be 
stimulated by Water or by saliva. Thus, in one case, upon 
Wearing, saliva activates the drug/agent and alloWs the 
drug/agent to seep out and treat the patient through the oral 
cavity of the patient. The substance can also be delivered 
through the patient’s gingiva. 

[0029] The appliance can release the agent to the oral 
environment When the appliance is placed over the teeth. 
Such means may comprise a layer Which includes the agent. 
The layer may be formed over at least a portion of the 
surfaces of the repositioning appliance. These surfaces 
include both the cavity surfaces, the surfaces Within the 
cavities Which contact the teeth When in place, and the 
external surfaces, the surfaces of the appliance Which con 
tact the cheeks and lips When in place. The layer may be 
comprised of various materials and may take a variety of 
forms. For example, the layer may consist essentially of the 
agent. In other Words, the agent may be attached directly to 
a surface of the polymer shell of an elastic repositioning 
appliance. This may be achieved by applying the agent 
(optionally in an inert carrier or diluent) itself to the surface 
utiliZing a number of methods, such as spraying, painting 
and/or dipping. When the repositioning appliance is placed 
over the patient’s teeth, the agent may then be released to the 
oral environment. 

[0030] Alternatively, the layer may comprise the agent 
present in or on a carrier or binder Which promotes adhesion 
or attachment to the appliance and/or Which creates a matrix 
from Which the agent can be released by diffusion or 
dissolution. In one embodiment, the agent is dissolved in the 
carrier or binder. In this case, the agent may be provided in 
poWder or similar form and dissolved in a liquid solvent. The 
result may be a solution Which may be applied to a surface 
of the shell, typically by spraying, painting and/or dipping, 
to form a coating or ?lm. When the repositioning appliance 
is placed over the patient’s teeth, the agent may then be 
released from the coating to the oral environment. Release 
may be due to activation or deactivation of the carrier or any 
other releasing mechanism, such as by enZymes or proteins 
in saliva. Or release may be due to degradation of the carrier 
by contact With, for example, saliva. In some cases, the 
binder or carrier may evaporate upon application to the layer 
to the surface leaving the agent behind. In these cases, the 
agent may be released in a similar fashion as When the agent 
is directly attached to the surface, as described above. It may 
be appreciated that any agent, particularly ?uoride materials, 
antibiotics, bleaching materials and breath fresheners, may 
be delivered to the oral environment in this manner. 
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[0031] In another embodiment, the agent is encapsulated 
or suspended in the layer. A common material for suspension 
of an agent is a semisolid material, such as a gel, jelly or 
putty. Such a material may be applied to a surface of the 
shell by spraying, painting and/or dipping to form a coating 
or ?lm. Here, as in all cases, suspension is not limited to a 
scienti?c de?nition and may refer to any situation in Which 
a carrier holds, contains, supports or otherWise includes an 
agent. Alternatively or in addition, the semisolid material 
may be deposited in the cavities of the polymer shell Which 
are shaped to receive the teeth. The cavities may be ?lled to 
any desired level. When the repositioning appliance is 
positioned over the teeth, the teeth Will directly contact the 
semisolid material in the cavities and displace any extra 
material as the teeth are inserted into the cavities. Therefore, 
it is desired to ?ll the cavities to a level Which Will avoid 
excess over?oW of the material from the appliance. Delivery 
of an agent by use of a semisolid suspension material is 
common in bleaching treatments and ?uoride treatments, for 
example. HoWever, such treatments apply the material With 
the use of a tray or generic appliance Which does not apply 
repositioning forces to the teeth. By modifying a reposition 
ing appliance, as described above, orthodontic treatment 
may continue throughout the delivery of such agents. It may 
be appreciated that any agent, particularly ?uoride materials, 
antibiotics, bleaching materials and breath fresheners, may 
be delivered to the oral environment in this manner. 

[0032] Another common material for encapsulation or 
suspension of an agent is a controlled-release material. Thus, 
the layer may be comprised of a rate-controlling material 
Wherein the rate controlling material controls the rate at 
Which the agent is released from the layer. Controlled 
release or rate-controlled materials deliver a predetermined 
amount of an agent at a predetermined rate. Often such 
delivery maintains a steady-state concentration of an agent 
in an environment Within a desired therapeutic range for a 
prolonged period of time. Thus, a prescribed dosage may be 
delivered. In addition, the ability to sustain delivery elimi 
nates the need for repeated applications of the agent for 
dosed delivery to the oral environment. 

[0033] Although such controlled release materials may be 
provided as a semisolid material, such as a gel, jelly or putty, 
as described above, these materials may also be provided as 
a solid material Which is attached to the polymeric shell of 
the repositioning appliance. One type of controlled-release 
material comprises a polymer matrix membrane Within 
Which ?nely dispersed particles of an agent are suspended. 
The agent may diffuse through the matrix membrane accord 
ing to a concentration gradient. Alternatively or in addition, 
the agent may be released by degradation of the polymer 
matrix membrane material. In either case, the controlled 
release material may be provided as a sheet Which may be 
laminated to a surface of the shell. The controlled-release 
sheet may be layered With the elastomeric polymer and 
vacuum formed over a mold to form the repositioning 
appliance. The controlled-release material may be arranged 
so that it is present on the inside or outside surfaces of the 
appliance depending on the material and desired application. 
Or, the controlled-release sheet may be laminated or bonded 
to a surface of the polymeric shell after forming to supply 
agent delivery in desired areas. Alternatively, the controlled 
release material may be provided as a tablet or similar mass 
Which may be inserted into the polymeric shell of the 
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repositioning appliance. The agent may then elute from the 
tablet into the oral environment over time. 

[0034] In another embodiment, the agent may be held 
Within pores of a material and may elute out at a controlled 
rate from the pores. The agent itself may be absorbed into 
the pores of the material, or the agent may be suspended in 
a carrier Which is absorbed into the pores of the material. In 
the latter case, the agent may be released from the carrier by 
diffusion and/ or by controlled degradation of the carrier 
material. This may incorporate a rate-controlling mechanism 
in addition to the controlled-release of the agent from the 
pores. As mentioned, in some cases, enZymes in the patient’ s 
saliva Will activate the release or degrade the carrier material 
to release the agent. It may be appreciated that the agent may 
be released by a combination of any of the release methods. 

[0035] In a further embodiment, the polymeric shell of the 
repositioning appliance itself comprises a controlled-release 
material containing the agent. In this case, at least a portion 
of a polymeric shell is formed from a controlled release 
material Wherein the rate controlling material controls the 
rate at Which the agent is released from the shell. As 
previously described, the controlled-release material may be 
a provided in the form of a sheet. Thus, the sheet of 
controlled-release material may be vacuum formed over a 
mold of the patient’s teeth to form a repositioning appliance 
itself. In this manner, no additional elastomeric materials 
may be needed to form the appliance. The controlled-release 
material may be a polymer matrix membrane, a porous 
material or any suitable material. Controlled-release may be 
designed so that the elution rate of the agent corresponds to 
the repositioning rate of the teeth. The agent may elute 
throughout the repositioning process, concluding as the teeth 
reach the desired arrangement prescribed by the appliance. 

[0036] In another embodiment, the appliance is made from 
a polymeric material that exhibits reduced stress relaxation 
and creep When used as a tooth positioner in the oral cavity. 
Tooth positioners are made from polymeric materials. Once 
fabricated the tooth positioners are coated With a thin layer 
of a polymeric material. This coating serves to protect the 
tooth positioner from the potentially harmful environmental 
effects of salivary components, Water and temperature. The 
physical properties of the polymeric coating (e.g, durometer, 
lubricity, elasticity, etc.) may be adjusted by modifying the 
polymer chemistry. Furthermore, a Wide variety of sub 
stances may be combined With the polymeric coating solu 
tion to provide ancillary patient bene?ts. For example, 
?avorants may be combined With the polymeric coating and 
released over time to help control oral malodor. Drugs to 
control gingivitis or treat periodontal disease may also be 
combined With the polymeric coating. Finally, biocompat 
ible dyes or colorants contained in the polymer matrix may 
be released When exposed to salivary ?uids. The gradual 
disappearance of the colorant may signify Whether or not the 
tooth positioner is being Worn by the patient. The polymeric 
coatings applied to the dental appliance serve as a protective 
barrier to the harmful effects of salivary components, tem 
perature and Water and can contain ?avorants, dyes, poly 
mers, surface active molecules, antimicrobial agents and 
drugs. 

[0037] In a still further embodiment, the releasing means 
coupled to at least some of the repositioning appliances 
comprises a reservoir formed in the shell of the appliance in 
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addition to the cavity Which receives the teeth. Typically, a 
rate controlling membrane is disposed over the reservoir 
Wherein the rate controlling membrane controls the rate at 
Which the substance is released from the reservoir. The 
reservoir may be pre-?lled or pre-loaded With an agent or 
substance for delivery. In this case, the appliance may be 
ready for insertion or use upon removal from any packaging 
Without the need of loading the appliance With the agent for 
delivery. If the releasing means is designed for a single 
delivery period, the appliance may be Worn throughout the 
prescribed repositioning period and then disposed of. If the 
releasing means is designed for multiple delivery periods, 
the reservoir may be replenished With the agent to be 
released any number of times throughout the prescribed 
repositioning period. It may be appreciated that any agent, 
particularly ?uoride materials, antibiotics, bleaching mate 
rials and breath fresheners, may be delivered to the oral 
environment in this manner. 

[0038] In some instances, it may be desirable to change a 
visual characteristic of the polymeric shell of an oral appli 
ance. Such appliances comprise a polymeric shell having a 
cavity shaped to be removably placeable over the teeth and 
a material on or Within the shell that changes a visual 
characteristic of the shell. Such a change is typically in 
response to a change in the environment. In some cases, the 
visual characteristic is a color, such as green, red or blue. 
Thus, the appliance may appear colored or a particular color 
under certain environmental conditions, either in the oral 
environment or When removed. The described material may 
be a dye Which changes color in response to a change in 
temperature. For example, the dye may change color When 
the appliance is removed from the mouth and changes 
temperature from body temperature (37° C.) to room tem 
perature (250 C.). Similarly, the dye may change color When 
the appliance is rinsed With cool Water. 

[0039] The appliance can be used to provide an intra-oral 
drug delivery system. In addition to the drugs described 
above, other compounds can be used as Well. For example, 
a drug coated appliance can be used to deliver desensitiZing 
medication to sensitive teeth. The drug substance can simply 
be a small amount of the active ingredient in a desensitiZing 
toothpaste or gel, such as Sensodyne®. The desensitiZing 
agent is dispersed throughout the surface of the appliance 
and is delivered, at a substantially constant rate, to the 
patient’s sensitive teeth for a relatively extended period of 
time. 

[0040] Although the appliance may be pre-loaded With the 
agent and ready for use upon removal from any packaging, 
appliances that are not pre-?lled or pre-loaded may require 
loading prior or immediately prior to placing the appliance 
over the teeth. Loading may comprise placing the agent in 
a teeth-receiving cavity. As described previously, the cavi 
ties may be ?lled to any desired level. When the appliance 
is positioned over the teeth, the teeth Will directly contact the 
agent in the cavities as the teeth are inserted into the cavities. 
Alternatively, loading may comprise placing the agent into 
an agent release reservoir in the appliance immediately prior 
to placing the appliance over the teeth. The agent Will then 
elute from the reservoir into the oral environment When the 
appliance is in place over the teeth. The elution rate may be 
controlled by a controlled release membrane Which sepa 
rates the reservoir from the surrounding environment. Load 
ing may also comprise adhering a rate controlling material 
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containing the agent to a surface of the appliance prior to 
placing the appliance over the teeth. Such a material may 
comprise a polymer matrix membrane Which may be remov 
ably or permanently adhered to the polymeric shell of the 
appliance in desired areas for delivery of the agent. And 
?nally, loading may comprise absorbing the agent into a 
porous material on or Within the appliance immediately prior 
to placing the appliance over the teeth. 

[0041] Repositioning of the teeth With the use of a position 
adjustment appliance involves placing the appliance over the 
teeth. HoWever, the appliance is periodically removed for 
daily dental hygiene practices and other events throughout 
the repositioning protocol until the teeth are moved to at 
least near the desired tooth arrangement. While the appli 
ance is removed from the teeth, the appliance may be 
replenished With the agent or substance for delivery. Replen 
ishment may be performed immediately prior to each time 
the appliance is replaced over the teeth or it may be 
performed according to any prescribed protocol. 

[0042] In another aspect, methods for introducing agent 
delivery to a prescribed tooth repositioning treatment plan 
are provided. A treatment plan is determined by an orth 
odontist or practitioner at the outset of orthodontic treat 
ment. The plan involves moving the teeth through a series of 
intermediate con?gurations or arrangements to a ?nal 
desired arrangement With the use of a system of tooth 
positioning appliances. Each appliance comprises a poly 
meric shell having cavities Which is removably placeable 
over the teeth and Wherein the cavities of successive shells 
are shaped to reposition teeth from one arrangement to a 
successive arrangement according to the treatment plan. The 
entire series of appliances may be provided at the outset of 
treatment, or a subset of appliances. In any case, the need or 
desire for delivery of an agent to the oral environment may 
occur at any point during the course of treatment. In such a 
case, an agent and/ or means for releasing an agent to the oral 
environment may be coupled to an appliance at any time 
during treatment. 

[0043] Means for releasing the agent may include a num 
ber of embodiments, including any such means previously 
described. Typically, means for releasing the agent com 
prises a layer including the agent, as previously described, 
and coupling comprises adhering the layer to at least a 
portion of a surface of the appliance. When the layer consists 
essentially of the agent, adhering may involve coating, 
spraying, dipping or painting the agent on the surface of the 
appliance. Thus, a pre-formed appliance may simply be 
coated With the agent prior to insertion in the patient’s 
mouth. When the layer comprises an agent present in or on 
a carrier or binder, adhering may involve attaching the 
carrier or binder a surface of the appliance. Similarly, When 
the agent is encapsulated in the layer, the layer may be 
attached to the surface of the appliance. The layer may 
comprise a sheet of rate controlling material Wherein the rate 
controlling material controls the rate at Which the agent is 
released from the layer. In this case, the sheet may be bonded 
to the surface of the appliance With an adhesive. Altema 
tively, the sheet may be attached to the surface by press 
?tting. The sheet and the surface may each be shaped so that 
they snap or ?t together by pressing them together. For 
example, the sheet may have a formed protrusion and the 
surface a formed inset, Wherein the protrusion ?ts into the 
inset When pressed upon the inset and holds the sheet in 
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place. In many instances, the appliance may be porous or 
have a reservoir Which can be loaded With a desired agent at 
any time the treating professional and/ or the patient decide 
that it is appropriate. For example, an appliance can be 
immersed in a solution of the agent, alloWing the appliance 
to absorb or adsorb the agent at a particular time. 

[0044] In addition, the sheet may be pre-formed to a shape 
adapted for ?tting against the surface of the appliance or a 
surface of the teeth or gingiva. For example, the sheet may 
be pre-formed to re?ect the shape of the surface of one or 
more teeth or the gingiva, particularly along the gingival 
margin. The preformed sheet may then be held against that 
surface When the sheet is coupled to the appliance and the 
appliance is placed over the teeth. Coupling may involve any 
means of attaching the sheet to the appliance. In particular, 
the pre-formed sheet may further comprise an adhesive layer 
Which may provide bonding of the sheet to the surface of the 
appliance. 

[0045] The material to make the appliance of FIG. 2A can 
be supplemented With additional ?llers such as electrically 
conducting ?llers, magnetic ?llers, illuminating ?llers, 
pieZoelectric ?llers, and/or light sensitive ?llers. The mate 
rial properties of the appliance made With or Without these 
additional ?llers such as modulus, electrical resistance, 
material permeability, and birefringence (degree of orienta 
tion of the material or stress), illuminating patterns or 
patterns under special light sources may change after the 
appliance is Worn over time, as these properties are altered 
due to changes in structure, organiZation, and/or spatial 
spacing betWeen the ?llers. For example, it is Well estab 
lished that electrical conductivity of ?lled composites scales 
With ?ller volume concentration according to percolation 
theory. Therefore, mechanical deformation or thermal 
expansion of the non-conductive polymer matrix Will lead to 
increased average inter-?ller spacing, or decreased ?ller 
volume concentration, and consequently decreased electri 
cal conductivity. Examples of electrically conductive ?llers 
include metals, graphite, electrically conductive polymers, 
semiconductors, and superconductors. These changes in 
properties can be used as an indicator for compliance and 
can be diagnosed by instrumentation. Similarly, separation 
of conductive ?llers Will also loWer thermal conductivity, 
Which can also be measured by instrumentations. If the 
?llers have magnetic behavior in the presence of external 
stimulation, such as diamagnetics (Cu, Au, Ag, etc.) and 
paramagnetics (e.g. Al, Cr, Na, Ti, Zr, etc.); or exhibit 
intrinsic magnetic properties, such as ferromagnetics (Fe, 
Co, Ni, etc.), antiferromagnetics (e.g. MnO), and ferromag 
netics (MFe2O4), then separation of the ?ller spacing due to 
mechanical deformation of the polymer matrix can also lead 
to decreases in magnetic properties above the Curie tem 
perature. Mechanical deformation of composites With illu 
minating ?llers, such as those that exhibit luminescence, 
?uorescence, or phosphorescence, Will result in decreased 
illumination intensity. Bending deformation or displacement 
of pieZoelectric ?bers can result in electrical potentials 
Which can be either measured, or used to activate other 
electrically driven indicators (eg low poWer LED light). 
Fillers With optical properties Which depend on external 
electric ?eld, for example those that shift their absorption 
coef?cients in the UV, IR, or visible spectrum can also serve 
as indicators of matrix deformation. 
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[0046] FIG. 2B shoWs a second embodiment of FIG. 2A. 
In this embodiment, an appliance 17 has a plurality of 
delivery noZZles 18A-18C that project from the appliance 17 
to contact the patient’s gum tissue on the side of the gum or 
in a periodontal pocket. The noZZles 18A-18C can be on 
either the frontal side, the lingual side, or both sides of the 
teeth on the jaW 16. Optionally, one or more reservoirs 
19A-19C can store extra drug/agent for delivery through 
noZZles 18A-18C. In one embodiment, reservoirs 19A, 19B, 
and 19C can contain the same drug or substance. In another 
embodiment, reservoirs 19A, 19B, and 19C can each contain 
a different drug/ substance. In yet another embodiment, res 
ervoir 19A and 19C can contain the same drug and reservoir 
19B can contain a different drug/ substance. The combination 
of drug storage as discussed above is illustrative only and 
any suitable combination for storing a plurality of drugs or 
substances in a plurality of reservoirs 19A-19C can be used. 

[0047] FIG. 2C shoWs a cross-sectional vieW of the appli 
ance of FIG. 2B on an exemplary tooth. As can be seen, the 
noZZle 18A either stores the drug or agent or receives 
drug/agent from the reservoir 19A. Moreover, the noZZle 
18A is adapted to be inserted into the gum of the patient to 
deliver the drug/agent to the patient. FIG. 2D is a cross 
sectional vieW of FIG. 2C Without the tooth and gum line. 

[0048] Referring noW to FIG. 2E, another embodiment of 
a drug/agent delivery device is shoWn. In this embodiment, 
a plurality of drug/agent containers or modules 23 are 
positioned in an inside lining of a removable dental appli 
ance 21. The appliance 21 is ?tted over a tooth 25. During 
cheWing or other oral activities, the appliance 21 carrying 
the modules 23 is pressed toWard the tooth 25. At a prede 
termined pressure or force, one or more of the modules 23 
burst, releasing the drug or agent into the oral cavity. In 
addition to being positioned inside the lining of the appli 
ance 21, the modules 23 can also be positioned on an outside 
lining of the appliance 21 as Well. 

[0049] Turning noW to FIG. 2F, yet another embodiment 
of a drug or agent delivery device is shoWn. In this embodi 
ment, an attachment 27 is mounted on a tooth 25. The 
attachment contains a ?rst material that is inactive absent the 
presence of a second material. The second material is coated 
on an appliance 29 and is also inactive in the absence of the 
?rst material. When the appliance 29 is Worn over the tooth 
25 and the attachment 27, the ?rst and second materials react 
to form a drug or an agent suitable for intra-oral delivery. 

[0050] Referring noW to FIG. 3, another drug delivery 
system is shoWn. In this system, brackets and Wires are used 
to effect tooth positioning as Well as drug delivery. On the 
frontal side of the teeth, a base 20 and a plurality of brackets 
24 are positioned on the teeth. Additionally, a Wire 28 is 
positioned in the slots of the brackets 24. The base 20 and 
the brackets 24 contain drug/agent to treat the patient. 

[0051] In an alternative embodiment, the ?xed appliances 
can be mounted on the lingual side of the teeth as Well. For 
example, a base 30 and a plurality of brackets 34 are placed 
on the rear or lingual side of the teeth, and a Wire 38 links 
the base and brackets for orthodontic treatment and drug 
delivery. 

[0052] In yet another alternative embodiment, the drug/ 
agent can be delivered using bases and brackets and Wires on 
both sides of the teeth such as that shoWn in FIG. 3. 
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[0053] Reservoirs can be positioned on the base and 
brackets to provide treatment drugs or agents. FIG. 4A 
shoWs a cross-sectional vieW While FIG. 4B shoWs a per 
spective vieW of a bracket With a reservoir. As shoWn in 
FIGS. 4A-4B, a bracket body 42 has a base region 46 and 
a slot 47 to receive a Wire (not shoWn). Above the body 42 
is a reservoir 44 that contains drugs or agents for delivery to 
the patient. The bracket body 42 and reservoir 44 can be of 
any suitable metal, or can be of a translucent or transparent 
plastic material or any suitable biocompatible metal. These 
general types of materials are commonly used in the practice 
of orthodontic care. It should be understood that the siZe and 
shape of the bracket body 42 and reservoir 44 are not critical 
and the exemplary bracket is described for purposes of 
illustration. 

[0054] FIG. 4C shoWs another embodiment Where the 
substance can be stored in a cap 48 that is received by the 
slot 47. The cap 48 can be used With a conventional bracket 
Without the reservoir 44 as Well as With the bracket of FIG. 
4A. When used With the bracket of FIG. 4A, the substance 
in the cap can be the same as the substance in the reservoir 
44 or can be different from the substance stored in the 
reservoir 44. 

[0055] FIG. 4D shoWs yet another embodiment Where the 
substance can be stored in a band 52 that encircles the slot 
47. The band 52 can be used With a conventional bracket 
Without the reservoir 44 as Well as With the bracket of FIG. 
4A. When used With the bracket of FIG. 4A, the substance 
in the band 52 can be the same as the substance in the 
reservoir 44 or can be different from the substance stored in 
the reservoir 44. Optionally, the band 52 can receive a 
substance from a band reservoir 54. 

[0056] FIG. 4E shoWs yet another embodiment With a 
bracket 56 that has an opening 57 extending from one side 
of the bracket 56 to the other side of the bracket 56. A 
substance is provided in a housing 58 Which can be ball 
shaped or box-shaped, among others. A Wire 59 is attached 
to the housing 58 and the Wire 59 can be threaded through 
the opening 57. After reaching the other side of the bracket 
56, the Wire can be tWisted or bent or otherWise secured to 
the bracket 56, as shoWn by a bent Wire 59A. The bent Wire 
secures the housing 58 to the bracket 56 for delivery of 
substances to the patient. 

[0057] FIG. 5A shoWs another embodiment Where a sec 
ond reservoir is mounted on a second side of the teeth 
opposite to the side Where the bracket of FIG. 4A is 
mounted. In this embodiment, a second reservoir 50 contains 
additional drugs or agents. The second reservoir 50 is 
connected to the reservoir 44 through a pipe 52 to replenish 
the drug or agent as needed. 

[0058] In another embodiment, the reservoirs 44 or 50 can 
be recharged using a needle to inject additional drug/agent 
to the reservoirs. Alternatively, the reservoir 44 or 50 can be 
replaceable to replenish the drug/agent. 

[0059] FIG. 5B shoWs another embodiment Where a 
bracket 64 is used as a mount or support for a drug/agent 
housing 66 on a tooth 60. In this embodiment, the housing 
66 abuts the gum or a surface of the oral cavity to expedite 
delivery of drug/agent to the patient’s body. 

[0060] FIG. 5C shoWs another embodiment Where the 
bracket 64 is used as a mount or support for a drug/agent 
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housing 68 on the tooth 60. In this embodiment, the housing 
68 is spaced apart from the gum or a surface of the oral 
cavity to delivery drug/agent to the patient’s body. 

[0061] FIG. 5D shoWs yet another embodiment for deliv 
ery of drug or therapeutic agent. A permeable implant 70 is 
mounted on the patient’ s gum 71. Apost or abutment 73 With 
a screW or threaded end 72 is mounted on the implant 70. A 
croWn-shaped housing 74 contains a drug or agent that seeps 
or permeates through the abutment 73 and the implant 70 to 
be delivered to the patient’s body. 

[0062] FIG. 5E shoWs a screW embodiment Where drug or 
agent is embedded in a screW having a head 76 and a 
threaded portion 75. The screW is tapped into the patient’s 
gum Where it delivers the drug or agent into the patient’s 
body. In addition to screWs, micro-staples can be used to 
deliver drugs to the body. Moreover, dentures and partial 
dentures can have drug(s) or agent(s) embedded therein to 
deliver drug to the patient’s oral cavity or body. In addition, 
the drugs or agents can be embedded in spaces betWeen 
teeth. 

[0063] FIG. 6A shoWs another embodiment Where energy 
is applied to an appliance 78 to affect teeth movement or 
drug delivery. In this embodiment, electricity is stored in an 
energy source 83 such as a battery. A sWitch 81 is used to 
deliver energy to the oral cavity. The sWitch 81 is controlled 
by electronics 79 such as a microcontroller. The electronics 
79 delivers a predetermined amount of energy to treat the 
patient or to deliver drug. 

[0064] FIG. 6B shoWs another embodiment Where energy 
is applied to Wires 80 and 82 to effect teeth movement or 
drug delivery. In this embodiment, electricity is stored in an 
energy source 88 such as a battery. A sWitch 84 is used to 
deliver energy to the oral cavity through Wires 80 and 82. 
The sWitch 84 is controlled by electronics 86 such as a 
microcontroller. The electronics 86 delivers a predetermined 
amount of energy to treat the patient. The energy in one 
instance can be loW-level electrical current to promote 
healing at the bone level. In another instance Where the 
energy source 88 is connected through sWitch 84 to a 
material such as nichrome, the energy can be loW level heat. 
In another instance Where the energy source 88 is connected 
through sWitch 84 to a light emitting diode (LED), the 
energy can be light and When the LED is in a lasing mode, 
the energy can be a laser beam. The energy can be a 
magnetic ?eld in another instance Where the energy source 
88 is connected through sWitch 84 to an inductor. 

[0065] Ultra-sound can be used as Well Where the energy 
source 88 is connected through sWitch 84 to an ultrasound 
vibratory source or transducer. The transducers can be 
electronically activated to vibrate and emit ultrasonic pulses 
to promote bone healing. In addition to healing the bone, 
some of the pulses penetrate the tooth and are returned to 
other transducers on a sensor array. These echo or re?ected 

pulse signals, after being detected by transducers on the 
array, can be collected, analyZed and compared to produce 
a recreation of the tooth or dental structure being examined. 
By collecting re?ected or scattered signals from as many 
angles as possible, the electronics Will have su?icient time 
of-?ight measurements to perform a tomographic computa 
tion to model or map the tooth volume. 

[0066] Vibrations can be used to in?ame or irritate the 
bone structures to promote tooth movement as Well. In one 



US 2006/0115785 A1 

embodiment, the appliance is coated With a material that can 
expand and contract upon receipt of an electrical stimulus. 
Electroactive polymer composites, fabricated from an 
organic ?ller possessing very high dielectric constant dis 
persed in an electrostrictive polymer matrix, can be used as 
dental actuators. The composite can have a matrix made 
from electrostrictive poly(vinylidene ?uoride-tri?uoroethyl 
ene), an electroactive copolymer and a ?ller such as an 
organic semiconductor, copper-phthalocyanine. The com 
posite acts as arti?cial muscles. Upon actuation, they can 
repetitively contract and expand to create vibrations on the 
teeth to encourage teeth movement. 

[0067] Alternatively, memory-materials such as nitinol 
can be used and the contraction/expansion can be controlled. 
Heat, electrical, or microWave energy can be used on other 
materials to induce them to change state and to in?ame or 
stress the bone/gum structure to induce teeth movement. 

[0068] In another embodiment, a Wire can be attached 
directly to the teeth or indirectly to the teeth using a 
removable appliance and the Wire can be repetitively Wound 
and unWound using a micro-motor. Such repetitive move 
ments apply stress that in?ame or irritate the gum or bone 
structure to enhance teeth movement. 

[0069] Thus, as discussed above, FIGS. 6A-6B shoW that 
the substance (in this case battery 83 or 88) provides energy 
to the oral cavity. The energy can be physical, electric, light, 
heat, sound, magnetic or electromagnetic energy. 

[0070] In addition to injecting energy, the devices of 
FIGS. 6A-6B can be used to irritate or in?ame the oral 
structure. For instance, the devices can be used to in?ame 
gingival or the bone structure of the teeth to encourage teeth 
repositioning. 
[0071] In another embodiment, the appliances can be used 
to enhance drug delivery by using electrical current to 
induce drug movement. For example, the drug molecules 
can be transported betWeen one electrical pole to another 
electrical pole. Another implementation provides a positive 
current on one side of the appliance, and a negative current 
on the other side of the appliance to force the drug through 
the gum or dental tissue. 

[0072] In another embodiment, the appliance induces a 
change in the polarity of the teeth. The tooth is normally 
negatively charged and the drug in the appliance is posi 
tively charged. Opposite charges attract and bond to each 
other and the drug or agent can be attached to the tooth 
surface by “ionic bonding”. 

[0073] In yet another embodiment, the appliance contain 
ing drug can be con?gured so that positively charged ions 
are transferred to the teeth. The tooth polarity changes from 
negative to positive. The positively charged tooth ions repel 
the positively charged ions from other substances. For 
example, plaque ions are repelled from tooth ions such that 
plaque can be removed from the oral cavity. 

[0074] In yet another embodiment, the appliance applies 
submucosal iontophoresis to accelerate tooth movement. 
lontophoresis stimulates osteoclasts in the periodontal pres 
sion side and osteoblasts in the tension side. 

Agents to Accelerate or Decelerate Movement 

[0075] In one embodiment, the substance accelerates tooth 
movement by degrading the matrix. Matrix degradation can 
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be stimulated either directly or indirectly. Chemical agents 
may act as enzymes to directly breakdoWn structural pro 
teins in the matrix. Proteases degrade protein, elastases 
degrade elastin, collagenase degrades collagen, among oth 
ers. Other drugs or hormones such as relaxin, estrogen, or 
nicotine may act on cells Within the matrix and cause those 
cells to secrete endogenous matrix degrading enZymes. 
Many of these naturally occurring enZymes are knoWn as 
matrix metalloproteases (MMPs) and in the periodontal 
space these enZymes include MMP-l, MMP-2, MMP-3, 
MMP-8, and MMP-9. The expression and function of these 
enZymes is usually under tight control, in part, by a con 
comitant expression of a group of molecules knoWn as tissue 
inhibitors of matrix metalloproteases (TIMPs). 

[0076] A large number of drugs have been developed to 
prevent matrix breakdown. These drugs are typically useful 
as anti-in?ammatory agents or anti-cancer therapies. Some 
of these candidates have been used to prevent or treat 
periodontitis. A very feW drugs are available to stimulate 
matrix breakdoWn and those are commonly used for indi 
cations like Wound debridement, breakdoWn of blood clots, 
or stimulating gastrointestinal digestion. Their utility in the 
setting of orthodontic remodeling Would need to be tested in 
appropriate preclinical models. 

[0077] One exemplary drug can be Granulex or Xenad 
erm.TM Whose active ingredient is trypsin. This drug is 
indicated for Wound debridement, Wound healing, or vari 
cose vein treatment. This ingredient breaks doWn many 
different types of protein. Alternatively, another active ingre 
dient such as hyaluronidase can be used to degrade hyalu 
ronan Which is thought to have a role in resisting compres 
sive forces in tissue. Also, elastase can be used to degrade 
elastin preferentially and may help to both accelerate remod 
eling and prevent relapse. 

[0078] Another exemplary drug can be Alteplase or Acti 
vase® Whose active ingredient is tissue plasminogen acti 
vator. These drugs are indicated for thrombolytic therapy. In 
the presence of a thrombus Activase binds to ?brin and 
converts plasminogen to plasmin to stimulate ?brinolysis. 
These drugs may only Work in the context of blood clots. 

[0079] Examples of other exemplary drugs are Arco 
Lase®, Creon®, Kutrase®, KuZyme®, Ultrase®, and Vio 
case®, Whose activity depends on a combination of 
enZymes: amylolytic, proteolytic, celluloytic and lipase. 
These drugs are indicated for the treatment of gastrointes 
tinal disorders due to poor digestion. The drug, Arco-Lase, 
comes in soft, mint ?avored tablets. All these drugs Warn 
that they may irritate oral mucosa, Which may be an indi 
cation that they could Work to soften gum tissue as Well as 
degrade food proteins. 

[0080] Examples of other exemplary drugs are 
AccuZyme®, Gladase®, and Pana?l® Whose active ingre 
dient is papain. This drug is indicated for treatment of Wound 
debridement. Papain combined With urea dissolves non 
viable protein but supposedly leaves viable tissue intact. 

[0081] Another exemplary drug can be Potaba® Whose 
active ingredient is aminobenZoate potassium. This drug is 
indicated for anti?brosis therapy for scleroder'ma, Peyro 
nie’s disease, der'matomyositis and morphea. This ingredient 
is part of the vitamin B complex and is reported to soften 
tissue With long term use. 












