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ELASTIC-COATED ORTHODONTIC APPLIANCE

CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provisional Application No. 62/015,217, filed

June 20, 2014, which application is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Orthodontic procedures typically involve repositioning a patient's teeth to a desired

arrangement in order to correct malocclusions and/or improve aesthetics. To achieve these

objectives, orthodontic appliances such as braces, retainers, shell aligners, and the like can be

applied to the patient's teeth by an orthodontic practitioner. The appliance is configured to exert

force on one or more teeth in order to effect desired tooth movements. The application of force can

be periodically adjusted by the practitioner (e.g., by altering the appliance or using different types of

appliances) in order to incrementally reposition the teeth to a desired arrangement.

[0003] In some instances, however, current orthodontic appliances may not be able to effectively

generate the forces needed to achieve the desired tooth repositioning, or may not afford sufficient

control over the forces applied to the teeth. The prior orthodontic approaches may often employ a

single appliance shell with homogeneous and/or continuous material properties, which can provide

less than ideal movement and comfort. Additionally, the rigidity of some existing appliances may

interfere with the ability of the appliance to be coupled to the patient's teeth and may increase

patient discomfort.

SUMMARY

[0004] Improved orthodontic appliances, as well as related systems and methods, are provided. An

orthodontic appliance can include a thin, flexible shell covered by an elastic coating. The properties

of the elastic coating may dictate the overall properties of the appliance, such as the stiffness of the

appliance. When worn by a patient, the appliance may apply forces onto the underlying teeth via the

elastic coating in order to reposition the teeth. The appliances described herein provide enhanced

control over forces exerted onto the teeth, thus enabling improved orthodontic treatment procedures.

[0005] Accordingly, in one aspect, an orthodontic appliance includes a shell having a plurality of

cavities shaped to receive a patient's teeth and comprising an interior surface and an exterior surface,

and an elastic coating covering at least a portion of one or more of the interior surface or exterior



surface of the shell. A stiffness of a portion of the orthodontic appliance corresponding to the

portion of the shell covered by the elastic coating is determined by a stiffness of the elastic coating.

[0006] Other objects and features of the present invention will become apparent by a review of the

specification, claims, and appended figures.

INCORPORATION BY REFERENCE

[0007] All publications, patents, and patent applications mentioned in this specification are herein

incorporated by reference to the same extent as if each individual publication, patent, or patent

application was specifically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The novel features of the invention are set forth with particularity in the appended claims. A

better understanding of the features and advantages of the present invention will be obtained by

reference to the following detailed description that sets forth illustrative embodiments, in which the

principles of the invention are utilized, and the accompanying drawings of which:

[0009] FIG. 1A illustrates a tooth repositioning appliance, in accordance with many embodiments.

[0010] FIG. IB illustrates a tooth repositioning system, in accordance with many embodiments.

[0011] FIG. 2 illustrates a method of orthodontic treatment using a plurality of appliances, in

accordance with many embodiments.

[0012] FIG. 3A illustrates an elastic-coated orthodontic appliance, in accordance with many

embodiments.

[0013] FIG. 3B illustrates the appliance of FIG. 3A placed over the teeth of a patient, in accordance

with many embodiments.

[0014] FIG. 3C illustrates the appliance of FIG. 3B after tooth repositioning has occurred, in

accordance with many embodiments.

[0015] FIG. 4A illustrates an elastic-coated orthodontic appliance with segments, in accordance

with many embodiments.

[0016] FIG. 4B illustrates an elastic-coated orthodontic appliance with discrete regions, in

accordance with many embodiments.

[0017] FIG. 4C illustrates an elastic-coated orthodontic appliance with striations, in accordance

with many embodiments.

[0018] FIG. 5 illustrates a method for creating an orthodontic appliance, in accordance with many

embodiments.



[0019] FIGS. 6A and 6B illustrate fabrication of an orthodontic appliance, in accordance with many

embodiments.

[0020] FIG. 7 illustrates a method for digitally planning an orthodontic treatment, in accordance

with many embodiments.

[0021] FIG. 8 is a simplified block diagram of a data processing system, in accordance with many

embodiments.

DETAILED DESCRIPTION

[0022] A better understanding of the features and advantages of the present disclosure will be

obtained by reference to the following detailed description that sets forth illustrative embodiments,

in which the principles of embodiments of the present disclosure are utilized, and the accompanying

drawings.

[0023] Although the detailed description contains many specifics, these should not be construed as

limiting the scope of the disclosure but merely as illustrating different examples and aspects of the

present disclosure. It should be appreciated that the scope of the disclosure includes other

embodiments not discussed in detail above. Various other modifications, changes and variations

which will be apparent to those skilled in the art may be made in the arrangement, operation and

details of the methods, systems, and apparatus of the present disclosure provided herein without

departing from the spirit and scope of the invention as described herein.

[0024] As used herein, A and/or B encompasses one or more of A or B, and combinations thereof

such as A and B.

[0025] The orthodontic appliances described herein, along with related systems and methods, can be

employed as part of an orthodontic treatment procedure in order to reposition one or more teeth,

maintain a current position of one or more teeth, or suitable combinations thereof. An orthodontic

appliance can include a shell covered at least in part by an elastic coating. The shell can be

relatively thin and compliant compared to the elastic coating. Consequently, the properties of the

coated portions of the appliance may be controlled primarily by the properties of the elastic coating,

such that the tooth repositioning forces generated by the appliance are provided wholly or

predominantly by the elastic coating. The material properties (e.g., stiffness) of the appliances

described herein can be varied via the elastic coating, thus affording different force application to

different teeth of the patient's arch and, in some instances, more precise application or delivery of

one or more forces to teeth with decreased patient discomfort.



[0026] Thus, in one aspect, an orthodontic appliance includes a shell having a plurality of cavities

shaped to receive a patient's teeth and comprising an interior surface and an exterior surface, and an

elastic coating covering at least a portion of one or more of the interior surface or exterior surface of

the shell. A stiffness of a portion of the orthodontic appliance corresponding to the portion of the

shell covered with the elastic coating is determined by a stiffness of the elastic coating. In some

instances, the stiffness of the portion can be determined mainly by the stiffness of the elastic coating.

[0027] The elastic coating may vary in design. For example, the elastic coating can have a variable

thickness over the portion of the shell. The stiffness of the elastic coating can be variable over the

portion of the shell. The portion can include any part of the shell, such as the entire shell. Various

techniques can be used to couple the elastic coating to the shell. In some instances, the elastic

coating can be sprayed or extruded onto the portion of the shell. The elastic coating can be formed

by attaching discrete pieces of elastic material to the shell. The elastic coating can be transparent,

translucent, or opaque. Optionally, the elastic coating can be colored.

[0028] The shell may be flexible. The dimensions of the shell can be varied. For example, a

thickness of the shell can be less than or equal to about 0.02 mm.

[0029] In another aspect, an appliance as described herein may be included in a series of appliances

so as to provide an orthodontic system for positioning teeth. Such an orthodontic system can include

a plurality of orthodontic appliances each comprising a shell including one or more cavities shaped

to receive at least portions of a patient's teeth. The appliances may be successively worn or

wearable by the patient to move one or more teeth from a first arrangement to a second arrangement.

One or more of the appliances can include an elastic-coated orthodontic appliance as described

herein. For example, an elastic-coated appliance of a system can include an appliance shell having a

plurality of cavities shaped to receive the patient's teeth and comprising an interior surface and an

exterior surface; and an elastic coating covering at least a portion of one or more of the interior

surface or exterior surface of the appliance shell, wherein stiffness of a portion of the orthodontic

appliance corresponding to the portion of the appliance shell covered with the elastic coating is

determined by a stiffness of the elastic coating.

[0030] The characteristics of an appliance of an orthodontic system can be varied as necessary in

order to impart the desired tooth repositioning forces to a patient's teeth. For instance, the elastic

coating can have a variable thickness over the portion of the appliance shell. Alternatively or in

addition, the stiffness of the elastic coating can be variable over the portion of the appliance shell.

The portion of the appliance shell covered by the elastic coating can include the entire appliance



shell. The method for fabricating an appliance can be varied. For example, the elastic coating can

be sprayed or extruded onto the portion of the appliance shell. In many embodiments, the elastic

coating is formed by attaching discrete pieces of elastic material to the appliance shell. The

aesthetics of the elastic coating can be varied as desired, such that the elastic coating can be

transparent, translucent, opaque, and/or colored.

[0031] A shell of an orthodontic appliance can be manufactured with any suitable characteristics.

For example, the appliance shell may be flexible. A thickness of the appliance shell can be less than

or equal to 0.02 mm.

[0032] In another aspect, a method for creating an orthodontic appliance is provided herein. A

method of creating or fabricating an appliance can include providing a shell having a plurality of

cavities shaped to receive a patient's teeth and comprising an interior surface and an exterior surface.

At least a portion of one or more of the interior surface or exterior surface of the shell may be

covered with an elastic coating, such that a stiffness of a portion of the orthodontic appliance

corresponding to the portion of the shell covered with the elastic coating is determined by a stiffness

of the elastic coating.

[0033] A method may permit the design of the elastic coating to be varied. For example, the elastic

coating can have a variable thickness over the portion of the shell. The stiffness of the elastic

coating can be variable over the portion of the shell. The portion can include the entire shell.

Covering at least a portion of the interior and/or exterior surface of the shell with the elastic coating

can include spraying or extruding the elastic coating onto the portion of the shell, as well as

attaching discrete pieces of elastic material onto the shell. The elastic coating can be transparent,

translucent, opaque, and/or colored.

[0034] The provided shell may be flexible. A thickness of the shell can be any suitable amount,

such as less than or equal to about 0.02 mm.

[0035] In another aspect, a method for creating an orthodontic appliance is provided herein. A

method of creating or fabricating an appliance can include providing a shell having a plurality of

cavities shaped to receive a patient's teeth. At least a portion of one or more of the interior surface

or exterior surface of the shell may be covered with an elastic coating. The method can further

include removing the shell from the elastic coating in order to form the orthodontic appliance

comprising the elastic coating.

[0036] The various steps and features of the method can be varied as desired. For example, covering

at least a portion of the interior and/or exterior surface of the shell with the elastic coating can



include spraying or extruding the elastic coating onto the portion of the shell, as well as attaching

discrete pieces of elastic material onto the shell. As another example, removing the shell can

comprise dissolving the shell or releasing the shell from the elastic coating.

[0037] Turning now to the drawings, in which like numbers designate like elements in the various

figures, FIG. 1A illustrates an exemplary tooth repositioning appliance or aligner 100 that can be

worn by a patient in order to achieve an incremental repositioning of individual teeth 102 in the jaw.

The appliance can include a shell (e.g., a continuous polymeric shell or a segmented shell) having

teeth-receiving cavities that receive and resiliently reposition the teeth. In one embodiment, an

appliance or portion(s) thereof may be indirectly fabricated using a physical model of teeth. For

example, an appliance (e.g., polymeric appliance) can be formed using a physical model of teeth and

a sheet of suitable layers of polymeric material. An appliance can fit over all teeth present in an

upper or lower jaw, or less than all of the teeth. The appliance can be designed specifically to

accommodate the teeth of the patient (e.g., the topography of the tooth-receiving cavities matches

the topography of the patient's teeth), and may be fabricated based on positive or negative models of

the patient's teeth generated by impression, scanning, and the like. Alternatively, the appliance can

be a generic appliance configured to receive the teeth, but not necessarily shaped to match the

topography of the patient's teeth. In some cases, only certain teeth received by an appliance will be

repositioned by the appliance while other teeth can provide a base or anchor region for holding the

appliance in place as it applies force against the tooth or teeth targeted for repositioning. In some

cases, many or most, and even all, of the teeth will be repositioned at some point during treatment.

Teeth that are moved can also serve as a base or anchor for holding the appliance as it is worn by the

patient. Typically, no wires or other means will be provided for holding an appliance in place over

the teeth. In some cases, however, it may be desirable or necessary to provide individual

attachments or other anchoring elements 104 on teeth 102 with corresponding receptacles or

apertures 106 in the appliance 100 so that the appliance can apply a selected force on the tooth.

Exemplary appliances, including those utilized in the Invisalign® System, are described in numerous

patents and patent applications assigned to Align Technology, Inc. including, for example, in U.S.

Patent Nos. 6,450,807, and 5,975,893, as well as on the company's website, which is accessible on

the World Wide Web (see, e.g., the url "invisalign.com"). Examples of tooth-mounted attachments

suitable for use with orthodontic appliances are also described in patents and patent applications

assigned to Align Technology, Inc., including, for example, U.S. Patent Nos. 6,309,215 and

6,830,450.



[0038] FIG. IB illustrates a tooth repositioning system 110 including a plurality of appliances 12,

114, 116. Any of the appliances described herein can be designed and/or provided as part of a set of

a plurality of appliances used in a tooth repositioning system. Each appliance may be configured so

a tooth-receiving cavity has a geometry corresponding to an intermediate or final tooth arrangement

intended for the appliance. The patient's teeth can be progressively repositioned from an initial

tooth arrangement to a target tooth arrangement by placing a series of incremental position

adjustment appliances over the patient's teeth. For example, the tooth repositioning system 110 can

include a first appliance 112 corresponding to an initial tooth arrangement, one or more intermediate

appliances 114 corresponding to one or more intermediate arrangements, and a final appliance 116

corresponding to a target arrangement. A target tooth arrangement can be a planned final tooth

arrangement selected for the patient's teeth at the end of all planned orthodontic treatment.

Alternatively, a target arrangement can be one of many intermediate arrangements for the patient's

teeth during the course of orthodontic treatment, which may include various different treatment

scenarios, including, but not limited to, instances where surgery is recommended, where

interproximal reduction (TPR) is appropriate, where a progress check is scheduled, where anchor

placement is best, where palatal expansion is desirable, where restorative dentistry is involved (e.g.,

inlays, onlays, crowns, bridges, implant, veneers, and the like), etc. As such, it is understood that a

target tooth arrangement can be any planned resulting arrangement for the patient's teeth that

follows one or more incremental repositioning stages. Likewise, an initial tooth arrangement can be

any initial arrangement for the patient's teeth that is followed by one or more incremental

repositioning stages.

[0039] FIG. 2 illustrates a method 200 of orthodontic treatment using a plurality of appliances, in

accordance with many embodiments. The method 200 can be practiced using any of the appliances

or appliance sets described herein. In step 210, a first orthodontic appliance is applied to a patient's

teeth in order to reposition the teeth from a first tooth arrangement to a second tooth arrangement. In

step 220, a second orthodontic appliance is applied to the patient's teeth in order to reposition the

teeth from the second tooth arrangement to a third tooth arrangement. The method 200 can be

repeated as necessary using any suitable number and combination of sequential appliances in order

to incrementally reposition the patient's teeth from an initial arrangement to a target arrangement.

The appliances can be generated all at the same stage or in sets or batches (e.g., at the beginning of a

stage of the treatment), or one at a time, and the patient can wear each appliance until the pressure of

each appliance on the teeth can no longer be felt or until the maximum amount of expressed tooth



movement for that given stage has been achieved. A plurality of different appliances (e.g., a set) can

be designed and even fabricated prior to the patient wearing any appliance of the plurality. After

wearing an appliance for an appropriate period of time, the patient can replace the current appliance

with the next appliance in the series until no more appliances remain. The appliances are generally

not affixed to the teeth and the patient may place and replace the appliances at any time during the

procedure (e.g., patient-removable appliances). The final appliance or several appliances in the

series may have a geometry or geometries selected to overcorrect the tooth arrangement. For

instance, one or more appliances may have a geometry that would (if fully achieved) move

individual teeth beyond the tooth arrangement that has been selected as the "final." Such over

correction may be desirable in order to offset potential relapse after the repositioning method has

been terminated (e.g., permit movement of individual teeth back toward their pre-corrected

positions). Over-correction may also be beneficial to speed the rate of correction (e.g., an appliance

with a geometry that is positioned beyond a desired intermediate or final position may shift the

individual teeth toward the position at a greater rate). In such cases, the use of an appliance can be

terminated before the teeth reach the positions defined by the appliance. Furthermore, over¬

correction may be deliberately applied in order to compensate for any inaccuracies or limitations of

the appliance.

[0040] Although the above steps show a method 200 of orthodontic treatment using a plurality of

appliances in accordance with embodiments, a person of ordinary skill in the art will recognize many

variations based on the teaching described herein. Some of the steps may comprise sub-steps. Many

of the steps may be repeated as often as beneficial to the treatment. One or more steps of the method

200 may be applied to any suitable orthodontic appliance, such as the embodiments described

herein.

[0041] Various embodiments and configurations of appliances can be used with the orthodontic

systems and treatment procedures described herein. For example, an orthodontic appliance can

include a thin shell covered wholly or in part by a coating of elastic material. The shell may serve

primarily as a template for the geometry of the elastic coating, and thus the properties (e.g., stiffness,

thickness) of the shell may provide relatively little contribution to the overall properties (e.g.,

stiffness, thickness) of the appliance. The properties of the appliance may be determined primarily

by the properties of the elastic coating. This may mean, for instance, that the elastic coating is

responsible for at least 50%, at least 75%, at least 80%, or at least 90%, of the value of the property

of the appliance. For example, the elastic modulus of the shell can be approximately 2000 psi, or



within a range from approximately 200 psi to approximately 20,000 psi, while the elastic modulus of

the coating may be approximately 1000 psi, approximately 4000 psi, or within a range from

approximately 200 psi to approximately 20,000 psi. The ratio of the contribution of the elastic

coating to the contribution of the shell, e.g., with respect to the properties of the shell such as

thickness and/or elastic modulus, may be any suitable value, such as approximately 100:0, 90:10,

80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, or 0:100. The properties of the elastic

coating can be selected so as to exert forces on the patient's teeth for eliciting various tooth

movements (e.g., translation, rotation, extrusion, intrusion, tipping) as part of an orthodontic

treatment procedure.

[0042] FIGS. 3A through 3C illustrate an elastic-coated orthodontic appliance 300, in accordance

with many embodiments. The appliance 300 includes a shell 302 covered by an elastic coating 304.

The shell 302 can include a plurality of cavities adapted to receive some or all of the teeth of a

patient's arch. The elastic coating 304 can cover a portion of the shell 302, including one or more of

the exterior and/or interior surfaces of the shell 302. The terms interior surface and exterior surface

may be used herein to refer to surfaces adjacent to and away from the received teeth, respectively.

The elastic coating 304 may conform to the surface topography of the shell 302, so that the tooth

arrangement specified by the geometry of the elastic coating is identical or similar to the tooth

arrangement of the shell 302. In some instances, the elastic coating 304 may form a single

continuous layer covering the entirety of the shell 302. Alternatively, the elastic coating 304 may

cover only some portions of the shell 302, leaving other portions exposed. For example, the elastic

coating 304 may cover only the exterior surface of the shell 302 or only the interior surface of the

shell 302.

[0043] The shell 302 can be a flexible shell that is relatively thin and compliant compared to the

elastic coating 304. For instance, the thickness of the shell 302 can be less than or equal to

approximately 0.02 mm, or within a range from approximately 0.01 mm to approximately 0.3 mm,

whereas the thickness of the elastic coating 304 can be greater than or equal to approximately 0.01

mm, or within a range from approximately 0.01 mm to approximately 4 mm. Consequently, the

overall properties of the coated portions of the appliance 300 may be determined mainly by the

properties of the elastic coating 304, rather than by the properties of the shell 302. As an example,

the stiffness of the elastic coating 304 may dictate the stiffness of the coated portions of the

appliance 300, with minimal or no contribution from the shell 302. The shell 302 may serve

primarily as a template or "skeleton" for forming the geometry of the elastic coating 304, and may



provide little or no structural support to the overall appliance 300. In many embodiments, the shell

302 applies little or no force when deflected by a patient's teeth (e.g., when worn). Alternatively,

the overall properties of the coated portions of the appliance 300 may be determined by any suitable

combination of the properties of the elastic coating 304 and the properties of the shell 302. For

example, the stiffness of the coated portions of the appliance 300 may be determined partially by the

stiffness of the elastic coating 304 and partially by the stiffness of the shell 302. The properties of

the shell 302 and/or elastic coating 304 (e.g., thickness, elastic modulus) can be varied as desired in

order to generate the appropriate forces for repositioning teeth. The elastic modulus of the shell 302

may be approximately 2000 psi, or within a range from approximately 200 psi to approximately

20,000 psi. The elastic modulus of the coating 304 may be approximately 1000 psi, approximately

4000 psi, or within a range from approximately 200 psi to approximately 20,000 psi. The ratio of

the contribution of the coating 304 to the contribution of the shell 302, e.g., with respect to the

properties of the shell such as thickness and/or elastic modulus, may be any suitable value, such as

approximately 100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, or 0:100.

[0044] When the appliance 300 is worn by a patient (as depicted in FIG. 3B), the shell 302 may

readily deform (e.g., flex, stretch) to accommodate the patient's current tooth arrangement. The

deformation may result from an intentional mismatch between the geometry of the appliance 300

(e.g., the shell 302 and/or elastic coating 304) and the patient's current tooth arrangement. The

elastic coating 304 can resist the deformation of the shell 302, such that the overall extent of

deformation of the appliance 300 is smaller than what would occur if the coating 304 were not

present. The resistance of the elastic coating 304 to deformation can exert forces onto the

underlying teeth, thereby eliciting movements of one or more teeth with respect to up to six degrees

of freedom of motion (e.g., translation, rotation, intrusion, extrusion, tipping, torqueing, etc.).

Alternatively or in combination, the elastic coating 304 may apply forces to one or more teeth in

order to retain the teeth at their current positions and/or orientations. The repositioning or

movements of the teeth may reduce the extent of deformation of the elastic coating 304 and shell

302, thus decreasing the amount of force applied to the teeth (as depicted in FIG. 3C).

[0045] The properties of the elastic coating (e.g., length, width, thickness, area, shape, cross-section,

stiffness, elastic coefficient, etc.) can be used to control the magnitude and/or direction of the forces

exerted on the teeth. These properties may be homogeneous or approximately homogeneous

throughout the entire coating. Approximately homogeneous may mean that the variations of the

properties are no higher than 50%, no higher than 25%, or no higher than 10% of the largest value of



this property present in the coating. Alternatively, the coating may be heterogeneous, such that some

or all of these properties are variable, e.g., some or all of these properties are higher than 10%,

higher than 25%, or higher than 50% of the largest value of the property present in the coating. For

instance, the coating can include a plurality of different portions, some of which may have different

properties. The portions may span a plurality of teeth, a single tooth, or parts of one or more teeth.

A portion may have approximately uniform properties, or may have variable properties. The

geometry and configuration of the different portions can be selected based on the targeted tooth

movements for the current treatment stage. As an example, portions adjacent to teeth targeted for

repositioning may have a greater stiffness than portions adjacent to teeth used for anchoring the

appliance. Furthermore, in some instances, the elastic coating can have anisotropic characteristics or

properties. For example, at least some portions of the elastic coating may be relatively compliant

along a first direction, and less compliant (or noncompliant) along a second direction. The

directionality of the elastic coating can be used to control the direction of the resultant forces applied

to the teeth.

[0046] FIG. 4A through 4C illustrate various examples of elastic-coated appliances with

heterogeneous properties, in accordance with many embodiments. The appliance 400 of FIG. 4A

includes a shell 402 covered by an elastic coating 404 having a plurality of segments 406, 408, 410.

In one embodiment, when the appliance 400 is worn by a patient, the segment 408 covers a plurality

of front teeth, while the segments 406, 410 cover a plurality of back teeth. However, it will be

appreciated that the coating 404 can include any number of segments, each covering one or more

teeth or parts thereof. The geometry and properties of each segment can be varied as necessary in

order to apply the desired forces to the patient's teeth. Some segments of the coating 404 may have

different properties than other segments. This may mean, for example, that the variations in a

property are higher than 10%, higher than 25%, or higher than 50% of the maximum value present

for the property in the segments. For example, the segment 408 may have a different thickness,

stiffness, etc. compared to the segments 406, 410. Conversely, some segments may have the same

or similar properties (e.g., segments 406, 410). Similar properties may mean, for instance, that the

variations in a property are no higher than 50%, no higher than 25%, or no higher than 0% of the

maximum value present for the property in the segments.

[0047] FIG. 4B illustrates an appliance 420 in which the shell 422 is covered by an elastic coating

424 with a plurality of discrete regions 426. The properties of the regions 426 (e.g., stiffness,

thickness, etc.) may differ from the properties of the surrounding portions of the coating 424. In



many embodiments, the geometry (e.g., size, surface area, shape), arrangement, and properties of the

regions 426 are designed to facilitate the repositioning of one or more teeth. For instance, although

the regions 426 are depicted in FIG. 4B as covering portions of the buccal surfaces of the teeth, in

other embodiments, the regions 426 may additionally or alternatively cover other portions of the

teeth, such as portions of one or more lingual surfaces, one or more occlusal surfaces, one or more

interproximal regions, or suitable combinations thereof.

[0048] FIG. 4C illustrates an appliance 430 in which the shell 432 is covered by an elastic coating

434 having a plurality of striations 436. The properties of the elastic coating 434 may vary

according to the striation pattern. For example, in one embodiment, each of the striations 436 may

have an increased thickness compared to other portions of the coating 434. This may mean, for

example, that each of the striations is more than 10%, more than 25%, more than 50%, or more than

100% thicker than the portion of the coating with the least thickness. As another example, the

striations 436 may correspond to bands of stiffer material formed in the coating 434. The striations

436 may extend across the entirety of the appliance 430 or only across certain portions of the

appliance 430. The striations 436 can be oriented along a mesial-distal direction (as depicted in

FIG. 4C), a gingival-occlusal direction, or any other direction suitable for facilitating the desired

tooth movements. Similar to the other embodiments provided herein, the geometry (e.g., length,

width, spacing, gradient) and properties of the striations 436 can be determined based on the targeted

tooth movements for the appliance 430.

[0049] The elastic-coated appliances described herein may accommodate various different

configurations for elastic materials used for the elastic coating, including different compositions

and/or structures of elastic materials. Elastic material for the coating may include a single

continuous coating of elastic material or multiple coatings of the same elastic material, different

materials, or a combination of some coatings of the same material and one or more coatings of

different material(s). Properties of the elastic coating such as resiliency, elasticity,

hardness/softness, color, and the like can be determined, at least partially, based on the selected

material, coatings of material, and/or elastic coating thickness. In some instances, the elastic

material or coating can be configured such that one or more properties are uniform along a length or

portion of the elastic (or entire elastic). Additionally, one or more properties of the elastic material

or coating may vary along a length or portion of the elastic (or entire elastic). This may mean, for

example, that the variations in a property may be greater than 10%, greater than 25%, or greater than

50% of the maximum value of the property along the length or portion of the elastic (or entire



elastic). For example, an elastic or coating may have substantially uniform thickness along a length

or portion, or may vary along a length/portion. As will be appreciated, characteristics of the elastic

or coating may be selected so as to affect the force application to the patient's teeth or tooth

movement aspects of a particular treatment desired.

[0050] FIG. 5 illustrates a method 500 for creating an orthodontic appliance, in accordance with

many embodiments. The method 500 can be applied to any embodiment of the orthodontic

appliances described herein. FIGS. 6A and 6B illustrate fabrication of an orthodontic appliance, in

accordance with many embodiments.

[0051] In step 510, a shell having a plurality of cavities shaped to receive teeth is provided (see, e.g.,

shell 600 of FIG. 6A). Exemplary methods for fabricating shells include thermoforming, rapid

prototyping (e.g., stereolithography, 3D printing, etc.), or computer numerical control (CNC)

milling. For example, the shell can be thermoformed from one or more layers of polymer sheets.

The material(s) used for the shell may be translucent or colored. Alternatively, the shell or shell

segments can be transparent, opaque, or any other suitable level of optical clarity. In some instances,

the shell can be fabricated based on a physical or digital model of the patient's teeth. The model can

be generated from dental impressions or scanning (e.g., of the patient's intraoral cavity, of a positive

or negative model of the patient's intraoral cavity, or of a dental impression formed from the

patient's intraoral cavity).

[0052] In step 520, at least a portion of the interior and/or exterior of the shell (e.g., interior and/or

exterior surfaces) is covered with an elastic coating (see, e.g., elastic coating 602 of FIG. 6B). The

elastic coating can be provided as strips, meshes, sheets, or layers, or suitable combinations thereof.

Any suitable material or combination of materials can be used for the elastic coating, such as rubber,

latex, polyurethane, or other elastomeric or biocompatible materials. The elastic material can have

varying levels of optical clarity. In many embodiments, the elastic material is transparent,

translucent, or opaque. Optionally, the material may be translucent or colored so as to improve the

aesthetics of the appliance when worn by the patient.

[0053] The elastic coating can be placed on the shell using any suitable method, including spraying,

dipping, extrusion, deposition, painting, sputtering, casting, dip-coating, and the like, or

combinations thereof. In some instances, the elastic coating can be coupled to the shell, using

suitable adhesives, bonding agents and the like. Alternatively, the elastic coating may have adhesive

properties, thus allowing the coating to be directly attached to the shell without the use of additional

external agents. The elastic coating may include different portions with differing properties, as



discussed above, with different portions being fabricated using different materials and/or techniques.

In one embodiment, the elastic coating can be directly fabricated on the shell by using an extrusion

system to place one or more layers of material onto the shell. The extruded material can be provided

in any suitable form (e.g., a fluid or gel, a solid such as a filament). A fluid material can be cured or

fixed as it is dispensed from the extrusion system in order to solidify the elastic coating, e.g., using

various energy sources such as ultraviolet, infrared, laser, and/or thermal energy sources.

Alternatively or in combination, the elastic coating can be placed or deposited by a manufacturing

system configured to attach discrete pieces of material (e.g., bands, strips, layers) to the shell. The

fabrication systems presented herein may be computer-controlled systems, thereby permitting fully

automated manufacturing of orthodontic appliances.

[0054] Although the above steps show a method 500 for creating an orthodontic appliance in

accordance with embodiments, a person of ordinary skill in the art will recognize many variations

based on the teaching described herein. Some of the steps may comprise sub-steps. Many of the

steps may be repeated as often as is beneficial. One or more steps of the method 500 may be applied

to any suitable orthodontic appliance, such as the embodiments described herein.

[0055] Moreover, in many embodiments, the shell is removed from the orthodontic appliance once

the elastic coating has been applied (e.g., after the step 520 has been performed), thereby resulting in

an "elastic appliance" that includes the elastic coating without the shell. Optionally, the resultant

elastic appliance may include only the elastic coating. Various methods can be used to remove the

shell from the elastic coating, e.g., by dissolving the shell, applying a releasing agent allowing the

shell to be physically separated from the elastic coating without damaging the elastic coating, or

combinations thereof. Accordingly, in such embodiments, the shell serves only as a fabrication

template for the geometry of the elastic coating and is therefore not intended for use in the final

appliance for treating the patient. The forces applied to the patient's teeth when the elastic appliance

is worn can result solely from the deformation of the elastic appliance (e.g., due to mismatch

between the patient's current tooth arrangement and the tooth arrangement defined by the geometry

elastic coating).

[0056] This approach of removing the shell following application of the elastic coating can be

advantageous in producing appliances made of elastic materials that would otherwise be relatively

difficult to directly fabricate without use of a template. Moreover, the properties of such elastic

appliances can be locally varied (e.g., by locally changing the coating thickness, coating material,

degree of cure, etc.), thus allowing for appliances with heterogeneous properties, in contrast to



conventional sheet-based thermoforming methods which produce relatively homogeneous

appliances. Additionally, this technique is compatible with thermoset materials such as thermoset

elastomers, which may provide better resistance to stress relaxation than thermoplastic materials

(e.g., thermoplastic elastomers) typically used in thermoforming procedures. It shall be understood

that any of the embodiments of the orthodontic appliances provided herein can be further modified

as described herein to remove the shell and retain only the elastic coating, and the elastic appliances

resulting from such modifications are considered part of the present disclosure.

[0057] Appliance fabrication or design can make use of one or more physical or digital

representations of the patient's teeth. Representations of the patient's teeth can include

representations of the patient's teeth in a current arrangement, and may further include

representations of the patient's teeth repositioned in one or more treatment stages. Treatment stages

can include a desired or target arrangement of the patient's teeth, such as a desired final arrangement

of teeth. Treatment stages can also include one or more intermediate arrangements of teeth (e.g.,

planned intermediate arrangements) representing arrangements of the patient's teeth as the teeth

progress from a first arrangement (e.g., initial arrangement) toward a second or desired arrangement

(e.g., desired final arrangement).

[0058] FIG. 7 illustrates a method 700 for digitally planning an orthodontic treatment and/or design

or fabrication of an appliance, in accordance with many embodiments. The method 700 can be

applied to any of the treatment procedures described herein and can be performed by any suitable

data processing system.

[0059] In step 710, a digital representation of a patient's teeth is received. The digital representation

can include surface topography data for the patient's intraoral cavity (including teeth, gingival

tissues, etc.). The surface topography data can be generated by directly scanning the intraoral cavity,

a physical model (positive or negative) of the intraoral cavity, or an impression of the intraoral

cavity, using a suitable scanning device (e.g., a handheld scanner, desktop scanner, etc.).

[0060] In step 720, one or more treatment stages are generated based on the digital representation of

the teeth. The treatment stages can be incremental repositioning stages of an orthodontic treatment

procedure designed to move one or more of the patient's teeth from an initial tooth arrangement to a

target arrangement. For example, the treatment stages can be generated by determining the initial

tooth arrangement indicated by the digital representation, determining a target tooth arrangement,

and determining movement paths of one or more teeth in the initial arrangement necessary to

achieve the target tooth arrangement. The movement path can be optimized based on minimizing



the total distance moved, preventing collisions between teeth, avoiding tooth movements that are

more difficult to achieve, or any other suitable criteria.

[0061] In step 730, at least one orthodontic appliance is fabricated based on the generated treatment

stages. For example, a set of appliances can be fabricated to be sequentially worn by the patient to

incrementally reposition the teeth from the initial arrangement to the target arrangement. Some of

the appliances can be shaped to accommodate a tooth arrangement specified by one of the treatment

stages. Alternatively or in combination, some of the appliances can be shaped to accommodate a

tooth arrangement that is different from the target arrangement for the corresponding treatment

stage. For example, as previously described herein, an appliance may have a geometry

corresponding to an overcorrected tooth arrangement. Such an appliance may be used to ensure that

a suitable amount of force is expressed on the teeth as they approach or attain their desired target

positions for the treatment stage. As another example, an appliance can be designed in order to

apply a specified force system on the teeth and may not have a geometry corresponding to any

current or planned arrangement of the patient's teeth.

[0062] The appliance set may include one or more of the elastic-coated orthodontic appliances

described herein. The properties of the shell and/or elastic coating of such appliances (e.g.,

geometry, configuration, material characteristics, etc.) can be selected to elicit the tooth movements

specified by the corresponding treatment stage. At least some of these properties can be determined

via suitable computer software or other digital-based approaches. For example, computer modeling

strategies can be used to determine suitable force systems including one or more forces and/or

torques to be applied to the teeth in order to elicit the desired tooth movements. The properties of

the shell and/or elastic coating can be then be designed to provide the specified forces and/or torques

when the appliance is worn by the patient during an appropriate stage of treatment. Additional

examples of digital modeling techniques suitable for use with the embodiments provided herein are

described in Application Nos. 12/623,340, 12/324,714, and 13/365,167, and in U.S. Patent No.

8,439,672, the disclosures of which are herein incorporated by reference in their entirety. The digital

models created using such methods may be used as input to a computer-controlled fabrication

system for fabricating appliances.

[0063] Although the above steps show method 700 of digitally planning an orthodontic treatment

and/or design or fabrication of an appliance in accordance with embodiments, a person of ordinary

skill in the art will recognize many variations based on the teaching described herein. Some of the

steps may comprise sub-steps. Many of the steps may be repeated as often as is beneficial to the



design and/or fabrication process. One or more steps of the method 700 may be applied to the

fabrication of any orthodontic appliance, such as the embodiments described herein. Some of the

steps may be optional, and the order of the steps can be varied. In some instances, staging of various

arrangements or treatment stages may not be necessary for design and/or fabrication of an appliance.

As illustrated by the dashed line in FIG. 7, design and/or fabrication of an orthodontic appliance,

and perhaps a particular orthodontic treatment, may include use of a representation of the patient's

teeth (e.g., receive a digital representation of the patient's teeth 710), followed by design and/or

fabrication of an orthodontic appliance based on a representation of the patient's teeth in the

arrangement represented by the received representation. For example, a shell may be generated

based on the representation of the patient's teeth (e.g., as in step 710), then coated with elastic to

generate an appliance described in various embodiments herein.

[0064] FIG. 8 is a simplified block diagram of a data processing system 800 that may be used in

executing methods and processes described herein. The data processing system 800 typically

includes at least one processor 802 that communicates with one or more peripheral devices via bus

subsystem 804. These peripheral devices typically include a storage subsystem 806 (memory

subsystem 808 and file storage subsystem 814), a set of user interface input and output devices 818,

and an interface to outside networks 816. This interface is shown schematically as "Network

Interface" block 816, and is coupled to corresponding interface devices in other data processing

systems via communication network interface 824. Data processing system 800 can include, for

example, one or more computers, such as a personal computer, workstation, mainframe, laptop, and

the like.

[0065] The user interface input devices 818 are not limited to any particular device, and can

typically include, for example, a keyboard, pointing device, mouse, scanner, interactive displays,

touchpad, joysticks, etc. Similarly, various user interface output devices can be employed in a

system of the invention, and can include, for example, one or more of a printer, display (e.g., visual,

non-visual) system/subsystem, controller, projection device, audio output, and the like.

[0066] Storage subsystem 806 maintains the basic required programming, including computer

readable media having instructions (e.g., operating instructions, etc.), and data constructs. The

program modules discussed herein are typically stored in storage subsystem 806. Storage subsystem

806 typically includes memory subsystem 808 and file storage subsystem 814. Memory subsystem

808 typically includes a number of memories (e.g., RAM 810, ROM 812, etc.) including computer

readable memory for storage of fixed instructions, instructions and data during program execution,



basic input/output system, etc. File storage subsystem 814 provides persistent (non-volatile) storage

for program and data files, and can include one or more removable or fixed drives or media, hard

disk, floppy disk, CD-ROM, DVD, optical drives, and the like. One or more of the storage systems,

drives, etc may be located at a remote location, such coupled via a server on a network or via the

internet/World Wide Web. In this context, the term "bus subsystem" is used generically so as to

include any mechanism for letting the various components and subsystems communicate with each

other as intended and can include a variety of suitable components/systems that would be known or

recognized as suitable for use therein. It will be recognized that various components of the system

can be, but need not necessarily be at the same physical location, but could be connected via various

local-area or wide-area network media, transmission systems, etc.

[0067] Scanner 820 includes any means for obtaining a digital representation (e.g., images, surface

topography data, etc.) of a patient's teeth (e.g., by scanning physical models of the teeth such as casts

821, by scanning impressions taken of the teeth, or by directly scanning the intraoral cavity), which

can be obtained either from the patient or from treating professional, such as an orthodontist, and

includes means of providing the digital representation to data processing system 800 for further

processing. Scanner 820 may be located at a location remote with respect to other components of

the system and can communicate image data and/or information to data processing system 800, for

example, via a network interface 824. Fabrication system 822 fabricates appliances 823 based on a

treatment plan, including data set information received from data processing system 800.

Fabrication machine 822 can, for example, be located at a remote location and receive data set

information from data processing system 800 via network interface 824.

[0068] While preferred embodiments of the present invention have been shown and described

herein, it will be obvious to those skilled in the art that such embodiments are provided by way of

example only. Numerous variations, changes, and substitutions will now occur to those skilled in

the art without departing from the invention. It should be understood that various alternatives to the

embodiments of the invention described herein may be employed in practicing the invention.

Numerous different combinations of embodiments described herein are possible, and such

combinations are considered part of the present disclosure. In addition, all features discussed in

connection with any one embodiment herein can be readily adapted for use in other embodiments

herein. It is intended that the following claims define the scope of the invention and that methods

and structures within the scope of these claims and their equivalents be covered thereby.



CLAIMS

WHAT IS CLAIMED IS:

1. An orthodontic appliance, comprising:

a shell having a plurality of cavities shaped to receive a patient's teeth and comprising

an interior surface and an exterior surface; and

an elastic coating covering at least a portion of one or more of the interior surface or

exterior surface of the shell, wherein a stifmess of a portion of the orthodontic appliance

corresponding to the portion of the shell covered with the elastic coating is determined by a stiffness

of the elastic coating.

2. The appliance of claim 1, wherein the stiffness of the portion is determined mainly by

the stiffness of the elastic coating.

3. The appliance of claim 1, wherein the elastic coating has a variable thickness over the

portion of the shell.

4. The appliance of claim 1, wherein the stiffness of the elastic coating is variable over

the portion of the shell.

5. The appliance of claim 1, wherein the portion comprises the entire shell.

6. The appliance of claim 1, wherein the elastic coating is sprayed onto the portion of

the shell.

7. The appliance of claim 1, wherein the elastic coating is extruded onto the portion of

the shell.

8. The appliance of claim 1, wherein the elastic coating is formed by attaching discrete

pieces of elastic material to the shell.

9. The appliance of claim 1, wherein the elastic coating is transparent, translucent, or

opaque.



10. The appliance of claim 1, wherein the elastic coating is colored.

11. The appliance of claim 1, wherein the shell is flexible.

12. The appliance of claim 1, wherein a thickness of the shell is less than or equal to

about 0.02 mm.

13. An orthodontic system, comprising:

a plurality of orthodontic appliances each comprising a shell including one or more

cavities shaped to receive a patient's teeth, wherein the appliances are successively wearable by the

patient to move one or more teeth from a first arrangement to a second arrangement, and wherein at

least one of the appliances comprises:

an appliance shell having a plurality of cavities shaped to receive the patient's

teeth and comprising an interior surface and an exterior surface; and

an elastic coating covering at least a portion of one or more of the interior

surface or exterior surface of the appliance shell, wherein a stiffness of a portion of said at least one

of the appliances corresponding to the portion of the appliance shell covered with the elastic coating

is determined by a stiffness of the elastic coating.

14. The system of claim 13, wherein the elastic coating has a variable thickness over the

portion of the appliance shell.

15. The system of claim 13, wherein the stiffness of the elastic coating is variable over

the portion of the appliance shell.

16. The system of claim 13, wherein the portion comprises the entire appliance shell.

17. The system of claim 13, wherein the elastic coating is sprayed onto the portion of the

appliance shell.



. he system of claim 13, wherein the elastic coating is extruded onto the portion of the

appliance shell.

19. The system of claim 13, wherein the elastic coating is formed by attaching discrete

pieces of elastic material to the appliance shell.

20. The system of claim 13, wherein the elastic coating is transparent, translucent, or

opaque.

2 1. The system of claim 13, wherein the elastic coating is colored.

22. The system of claim 13, wherein the appliance shell is flexible.

23. The system of claim 13, wherein a thickness of the appliance shell is less than or

equal to 0.02 mm.

24. A method for creating an orthodontic appliance, comprising:

providing a shell having a plurality of cavities shaped to receive a patient's teeth and

comprising an interior surface and an exterior surface; and

covering at least a portion of one or more of the interior surface or exterior surface of

the shell with an elastic coating, wherein a stiffness of a portion of the orthodontic appliance

corresponding to the portion of the shell covered with the elastic coating is determined by a stiffness

of the elastic coating.

25. The method of claim 24, wherein the elastic coating has a variable thickness over the

portion of the shell.

26. The method of claim 24, wherein the stiffness of the elastic coating is variable over

the portion of the shell.

27. The method of claim 24, wherein the portion comprises the entire shell.



28. The method of claim 24, wherein covering at least the portion of the interior and/or

exterior of the shell with the elastic coating comprises spraying the elastic coating onto the portion of

the shell.

29. The method of claim 24, wherein covering at least the portion of the interior and/or

exterior of the shell with the elastic coating comprises extruding the elastic coating onto the portion

of the shell.

30. The method of claim 24, wherein covering at least the portion of the interior and/or

exterior of the shell with the elastic coating comprises attaching discrete pieces of elastic material to

the shell.

31. The method of claim 24, wherein the elastic coating is transparent, translucent, or

opaque.

32. The method of claim 24, wherein the elastic coating is colored.

33. The method of claim 24, wherein the shell is flexible.

34. The method of claim 24, wherein a thickness of the shell is less than or equal to about

0.02 mm.

35. A method for creating an orthodontic appliance, comprising:

providing a shell having a plurality of cavities shaped to receive a patient's teeth and

comprising an interior surface and an exterior surface; and

covering at least a portion of one or more of the interior surface or exterior surface of

the shell with an elastic coating; and

removing the shell from the elastic coating in order to form the orthodontic appliance

comprising the elastic coating.

36. The method of claim 35, wherein removing the shell comprises dissolving the shell.



37. The method of claim 35, wherein removing the shell comprises releasing the shell

from the elastic coating.

38. The method of claim 35, wherein covering at least the portion of the interior and/or

exterior of the shell with the elastic coating comprises spraying the elastic coating onto the portion of

the shell.

39. The method of claim 35, wherein covering at least the portion of the interior and/or

exterior of the shell with the elastic coating comprises extruding the elastic coating onto the portion

of the shell.

40. The method of claim 35, wherein covering at least the portion of the interior and/or

exterior of the shell with the elastic coating comprises attaching discrete pieces of elastic material to

the shell.
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